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Welcome Addresses 

Dear colleagues, guests, and friends of ISOLS, 

We hope that this message finds you, your family, and your 
loved ones safe and well during these difficult times. 
The International Society of Limb Salvage (ISOLS) Governing 
Board has diverse- global representation. As a proud member of 
this leadership group, I would like to welcome you to Los 
Angeles, California, the site of the 21st General Meeting of ISOLS. 
I am excited to host this meeting at the UCLA Luskin Convention 
Center on the UCLA main campus from 6 to 9 September 2022. 

We are fortunate to have tremendous support from the leadership of 
UCLA Health to host this event along with many companies with similar 
expectations. The UCLA Department of Orthopedic Surgery and ISOLS have scheduled an exciting 
meeting for all those interested in musculoskeletal tumors. It will include presentations on basic 
science, clinical trials, and translational projects dealing with limb salvage. Problems that have 
persisted for many years will be a common theme and approaches to solve them will only come 
from diverse thought processes which are novel.  

We are fortunate to have support from the leadership of UCLA, UCLA Health, and UCLA Orthopedic 
Surgery to host this event along with many sponsors, corporations, and companies with similar 
goals. The UCLA Department of Orthopedic Surgery and ISOLS have scheduled an exciting meeting 
for all those interested in musculoskeletal tumors. It will include presentations on basic science, 
clinical trials, and translational projects. Musculoskeletal oncologic problems that have persisted for 
many years will also be a common theme.  These presentations will include approaches to solve 
them and will only come from diverse thought processes which are novel. 

We want to give all attendees a chance to communicate their thoughts in various formats used 
previously in ISOLS meetings. Plenary lectures, crossfire sessions, symposia, roundtable discussions, 
and debates will focus on the most current and controversial topics in musculoskeletal oncology. 
We need time to allow for physicians, scientists, and colleagues to present their ideas and ask 
provocative questions. Discussions are crucial and, in many circumstances, just as important as the 
presented material. 

We welcome you to Los Angeles, California, and hope your stay is exciting and rewarding to you. 
Best regards and safe travels, 

Francis J. Hornicek, MD, PHD 
President of the ISOLS 2022 General Meeting 
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Dear Colleagues, 

Forty years after the foundation of the International Society 
of Limb Salvage (ISOLS) in Rochester, MN, USA in 1981, I am 
very honored and excited to welcome you to the 21st General 
Meeting of our Society in Los Angeles, California, USA. 

In line with the Society’s purpose to promote research, education 
and clinical practice for musculoskeletal tumors and improve 
patient care related to limb salvage interventions, the Organizing 
Committee has developed a scientifically prolific program that 
brings together world experts from all disciplines related to our 
field and comprehensively covers the multiple aspects of research 
and clinical innovation in musculoskeletal tumors and limb salvage. The 
Meeting will provide the ideal ground for intellectual exchange among physicians, engineers, 
scientists and other health professionals interested in limb salvage. 

Since the ISOLS 2019 meeting in Athens, Greece, both we, as health care providers, and our patients 
had to face the unprecedented reality of the Covid-19 pandemic, global social unrest and the tragedy 
of war. Despite the necessity to reschedule our General Meeting for 2022, ISOLS, true to its mission 
and values, remained active and resilient with many educational activities including online webinars 
and courses, multidisciplinary scientific exchange and international effort coordination that our 
ISOLS members have enthusiastically endorsed and supported. 

I strongly believe that the ISOLS 2022 meeting will be fruitful and successful both scientifically and 
socially, despite the physical absence of valued colleagues, especially from Asia, due to travel 
restrictions. 

I would like to express my deep appreciation to the Organizing Committee and especially the 
Meeting President Professor Francis Hornicek, the faculty, presenters and participants, exhibitors 
and sponsors as well as the congress organizer Erasmus for their efforts and I am looking forward 
to seeing you all in Los Angeles. 

With warm regards, 

Panayiotis J Papagelopoulos, MD, DSc, FACS 
ISOLS President 
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IL1 

Autobiologic reconstruction of the shoulder with a single vascularized 
fibula graft in the immature skeleton. A 20-year follow-up with functional 
evaluation 
Örjan Berlin1, Peter Bergh1, Christina Berger1, Jonas Lundberg2, Hans Mark2

1Sahlgren University Hospial, Dept of Orthopedics, Gothenburg, Sweden, 2Sahlgren University Hospital, Dept of Plastic 
Surgery, Gothenburg, Sweden 

Background. Limb-sparing surgery with preserved joint-function in children with immature skeleton can be performed 
using vascularized fibula grafts (VFGs) after tumor resection. An autobiological reconstruction is defined as exclusively 
using the patient’s own skeleton and soft tissues, and an absolute minimum of foreign material performing the 
reconstruction.  
Method. In November 1999 a six-year-old girl with a IIB telangiectatic osteosarcoma of the proximal humerus had 
chemotherapy (ISG-SSG I). 10 cm of her proximal humerus was resected and a single VGF was used for the 
reconstruction. The long biceps brachi tendon was sutured to the LCL (lateral collateral ligament) and to the distal end 
of the BF (biceps femoris) tendon of the fibula graft. Part of the remaining rotator cuff was sutured like a pouch around 
the fibula head. She had a thoraco-brachial plaster for 12 weeks postoperatively. The patient has submitted her consent 
to this abstract. 
Results. Functional Score (FS-AMSTS) 2 years postoperatively was 26/30, and 28/30 at 5 years. 6-years postop she 
presented with a soft tissue recurrence in the triceps brachi muscle. After pre-operative chemotherapy a local wide 
excision was performed (2006-05).        
At Follow-up 20 years postop there are no signs of local or distant recurrence. Her HLD (Humeral Length Discrepancy) 
is 93 mm. Lengthening has been deemed too risky due to the narrow diameter of the remaining humerus. The fibula 
head transforms into a new humeral head, but not to the same extent as a similar operation in the hip, since it is less 
well-contained. The patient experience no pain due to denervation despite subluxation of the new “humeral” head. Her 
FS is 25/30 (TESS 143/145, 99%. ADL 5/5, Handicap 4/5). She has an industrial labor job which is described as fairly 
streneous and she has a Family with a husband and a 2 year old daughter. 
Conclusion. Autobiologic reconstruction of the shoulder remains a functional permanent reconstruction 20 years 
postoperatively. Her FS remains at a satisfactory 25/30. 
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IL2 

Surgical treatment for pelvic bone metastatic disease from renal cell 
carcinoma 
Guido Scoccianti, Roberto Scanferla, Maurizio Scorianz, Francesco Muratori, Federico  Sacchetti, Domenico 
Andrea Campanacci 
Careggi University Hospital, Firenze, Italy 

Background. Pelvic bone metastases from renal cell carcinoma (RCC) are challenging due to their destructive pattern, 
poor response to radiotherapy and hypervascularity increasing the risk of surgical complications mostly in difficult 
anatomical site like the pelvis. Purpose of our study was to review a series of patients undergoing surgical treatment 
with the aim to investigate: 1) survival; 2) local disease control; 3) complications; 4) gait restoration 

Methods. A series of 16 patients surgically treated for pelvic metastases from RCC, clear cell subtype, was reviewed. A 
curettage procedure was performed in 12 patients. The remaining four patients received a resection. In eight out of 12 
patients receiving a curettage procedure the lesion involved the acetabulum; a cemented total hip arthroplasty with 
cage was performed in seven; a flail hip in one. An acetabular involvement was present in 2 out of 4 patients treated 
with resection; reconstruction was performed with a custom-made prosthesis in one patient and with an allograft and 
arthroplasty in the second one. All patients, except one, underwent a selective arterial embolization to decrease 
intraoperative bleeding. The patient not receiving preoperative embolization was treated with intraoperative 
cryotherapy with argon-helium probes. In selected cases, with a major risk for massive bleeding during intralesional 
procedures due to volume and extraosseous expansion of the tumor, we associated both techniques, performing a 
selective arterial embolization before the procedure and using cryotherapy intraoperatively (seven patients received 
both treatments).  

Results. Disease-specific survival accounted for 70% at 3 years and 41% at 5 years (76% and 57% in patients with single 
bone disease and 57% and 20% in patients with multiple metastases). 
Local revision surgery (flail hip) was necessary in one patient due to deep infection of the custom-made prosthesis.  One 
local tumor progression after curettage occurred; no further surgical treatment was performed with the patient being 
treated only with systemic therapy. Gait recovery was obtained in all patients: seven patients without crutches, five 
with one crutch, four with two crutches.  

Conclusion. The possibility of a prolonged survival in patients affected by bone metastatic disease at the pelvis from 
RCC justify the choice of performing also major surgical procedures, when needed. Due to the low local progression rate 
after intralesional procedures, curettage and cement filling with a cemented total hip arthroplasty with cage, when 
feasible, should be preferred to more demanding surgeries including resections and complex reconstructions with a 
higher risk of failure 
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IL3 

Innovative surgical technique of sacral resections in treatment of bone 
sarcoma and its impact on function and overall survival 
Daniel Kotrych 
Center for Diagnostics and Therapy of Hereditary Tumors, Department of Children Orthopaedics and Orthopaedic 
Oncology, Pomeranian Medical University of Szczecin, Poland 

Objective.  Large pelvic defects following tumor resections around sacrum and posterior pelvic column require 
sophisticated reconstructive solutions such as dedicated customized implants manufactured with 3D technology. The 
aim of the study is to present the innovative methods of reconstructions in sarcoma patients in whom the sacral and 
pelvic resections were performed at the same surgical procedure.  

Study Design and Methods. Material was composed of 20 selected patients hospitalised at The Department of Ortho-
paedic Oncology of Pomeranian Medical University of Szczecin, Poland between 2013 and Janu-ary 2022 due to 
advanced forms of primary bone tumors. All patients were reconstructed with 3 D custom made implants of the same 
origin. The surgical procedure in all cases was combined partial or total sacrectomy with the resection of posterior pelvic 
column. The reconstruction of the defect was performed by 3D custom made implants covered with deep EPORE® 
surface (Implantcast). We used gammakamera SPECT/CT GE Hawkeye 4 bone scintigraphy with TcPPm MDP dynam-ic, 
planar and tomographic aquisities to precisely visualise the bone ingrowth into the surface of the implant. The test and 
clinical evaluation were performed at 12 month after surgery in all patients. 

Results.  We showed promising short term results regarding both oncological aspects and reconstruc-tion options in 
patients treated with wide sarco-pelvic resections. Good functional results were achieved as the presented surgical 
techniques and firm primary stability of the new concepts of im-plants enabled better healing and osseointegration. 

Conclusions. The presented methods show the possibilities of oncologically clear wide sacro-pelvic tumor resections, 
step by step surgical techniques of nerve roots release have a great impact on functional results. Sacro-pelvic 
reconstructions which are mainly based on innovative implants designs can help stimulate osteoblasts migration form 
the adherent bony area. 
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IL4 

Limb salvage - Evolution of techniques 
Anna Kulidjian 
Clinical Professor, Director, Musculoskeletal Oncology Program, Scripps MD Anderson Cancer Center, La Jolla, United 
States 

Limb salvage techniques have evolved over time. Change has been driven by evolution in understanding the biology of 
musculoskeletal tumors, improvements in imaging technologies, advancement in medical treatment and recent 
accelerated technological progress including implant design, rapid prototyping with better accuracy 3D printing and 
improved robotics, artificial intelligence and virtual reality. We stand to benefit from the rapidly changing world 
of  technology by sharing the experiences to accelerate adaptation of what is collectively felt as useful, and avoiding the 
pitfalls of energy and resource heavy technologies that would likely fail the test of time. 
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IL5 

Ewing sarcoma and liquid biopsy: plasma ctDNA quantification by ddPCR 
for monitoring residual disease  
Markus Seidel1, Andreas Leithner2, Karl Kashofer3, Tina Moser4, Andrea Thueringer3, Bernadette Liegl-
Atzwanger3, Joanna Szkandera5, Martin Benesch1, Amin El-Heliebi6, Ellen Heitzer4

1Division for Pediatric Hematology-Oncology, Department of Pediatrics and Adolescent , Graz, Austria, 2Department of 
Orthopedics and Trauma, Medical University of Graz, Graz, Austria, 3Diagnostic and Research Institute of Pathology, 
Medical University of Graz, Graz, Austria, 4Diagnostic and Research Institute of Human Genetics, Medical University of 
Graz, Graz, Austria, 5Division of Oncology, Department of Internal Medicine, Medical University of Graz, Graz, Austria, 
6Division of Cell Biology, Histology and Embryology, Gottfried Schatz Research Center, Medical University of Graz, Graz, 
Austria 

Introduction. Sensitive and specific biomarker are needed to monitore paediatric and adolescent patients with Ewing 
sarcoma (EWS) for minimal residual disease / local or systemic recurrence. Therefore, we focused on liquid biopsy, 
allowing the detection of minute amounts of cell-free specifically tumor-derived DNA (ctDNA) in the blood plasma with 
high validity. We performed a feasibility study of plasma ctDNA quantification by ddPCR resulting in the recent 
implementation of liquid biopsy in the clinical routine of high-risk EWS patients. 

Patients and Methods. After sequencing of the whole genome of tumor tissue to define the exact breakpoints of the 
EWS-FLI1 fusion gene and collecting peripheral blood plasma samples at several points before, under, and after therapy, 
we applied digital droplet quantitative PCR in six consecutive children and young adults with EWS in samples obtained 
at numerous occasions from initial manifestation to remission or relapse to correlate their ctDNA content to the disease 
courses. The genetic changes of the tumors were defined, and inter- and intra-individual changes of the tumor DNA 
copy loads were noted over time. 

Results. In this study we show that the detection of ctDNA in peripheral blood of EWS patients, i) is feasible in the clinical 
routine, and, ii) allows for a longitudinal on-line monitoring of minimal residual disease activity in children and young 
adults. However, although very useful longitudinally per individual, the detected abundance of ctDNA molecules did not 
correlate to tumor sizes or other risk factors in our study; and ctDNA concentrations were not comparable inter-
individually between the six patients described here. 

Conclusions. This study proves the practical feasibility in the clinical routine to detect minute amounts of fusion gene 
breakpoint-containing DNA molecules in peripheral blood and correlate their abundance with the clinical courses of 
pediatric and adolescent patients with Ewing sarcoma in real time. In some instances, such molecular detection of 
residual disease preceded clinically overt relapse, warranting future application of ctDNA quantification as means to 
support disease monitoring and treatment stratification 
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IL6 

Is Mixed Reality beneficial in infiltrative soft tissue sarcoma surgery? – A 
proof-of-concept study - 
Shintaro Iwata, Akira Kawai 
National Cancer Center Hospital Japan, Japan 

Background. Mixed reality (MR) technology has recently begun to be used in the medical field, and its usefulness has 
been demonstrated in hepatobiliary and pancreatic surgery, which has complex anatomical structures. However, in 
previous reports, MR technology has been used only as a reference for organ structure and not as surgical navigation. 
We are applying this innovative technology to bone and soft tissue tumor surgery to improve the accuracy of tumor 
resection for infiltrative soft tissue sarcoma (iSTS) or to contribute to preoperative review in complex surgeries such as 
pelvic, spinal, or retroperitoneal surgery. This proof-of-concept study aims to verify whether MR-assisted surgery could 
improve the accuracy of surgery for iSTS. 

Methods. CT DICOM data of a patient with iSTS were exported as polygon data (STL format) and converted into the MR 
application using Holoeyes XR (Holoeyes). We visualized the 3D virtual model consisting of an infiltrative tumor, bone, 
and soft tissue through the MR device, HoloLens2 (Microsoft), an MR wearable computer with a semi-transmissive head-
mounted display system. A surgical model of the tumor was created using 3D printer modeling based on the same CT 
data, composed of three structures mentioned above. Two simulation surgeries were performed; one was a tumor 
resection using a conventional method (conventional group), such as a reference to tumor palpitation or landmarks on 
the body surface. Another was using an MR navigation system (MR group). We made a 1-cm surgical margin in both 
surgeries. The excised specimen was sliced into five horizontal and three vertical specimens, and the resection margin 
on both sides of each specimen was measured. A comparison of the variability of both surgeries was evaluated by the 
F-test.

Results. The resection margin in the conventional group ranged from 5 to 10 mm (median 7 mm, standard deviation 
1.57), and that in the MR group ranged from 9 to 12 mm (median 10 mm, standard deviation 0.89). Mean absolute 
deviation was lower in the MR group compared with the conventional group (0.67 vs. 1.28, p=0.033). 

Conclusion. Our proof-of-concept study suggested that MR-assisted surgery could be beneficial in improving the 
accuracy of surgery for iSTS. Further validation by evaluation of resection margins in actual surgery is required. 
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IL7 

Orthoplastic approach with one-stage soft tissue reconstruction following 
sarcoma excision: analysis of 161 patients 
Andrea Angelini1, Cesare Tiengo2, Antonio Berizzi1, Elisa Pala1, Giulia Trovarelli1, Pietro Ruggieri1 

1Department of Orthopedics and Orthopedic Oncology, University of Padova, Padova, Italy, 2Clinic of Plastic Surgery, 
University of Padova, Padova, Italy 

Background. Radical surgical resection with free margins remains the single-most important treatment in the surgical 
management of soft tissue sarcomas. Refinements in surgical techniques have resulted in the development of function 
preserving approaches avoiding limb amputation with the simultaneous increased necessity of flap reconstruction. 
Moreover the need of a postsurgical  stable wound healing with a quicker start of adjuvant radiotherapy forces the 
oncologic team to ensure more suitable soft tissue coverage. We analyzed patients treated by a multidisciplinary team 
to evaluate indications and surgical approaches, complications and therapeutic/functional outcomes.  

Methods. We analyzed 161 patients (86 males (53%), mean age 56 years) from 2006 to 2017. Patients were treated for 
their primary tumor (120, 75.5%) or after unplanned excision/recurrence (41, 25.5%). Sites included lower limbs (36.6%), 
upper limbs (19.2%), head/neck (21.1%), trunk (14.9%) and pelvis (8.1%). Orthoplasty has been considered for flaps (54), 
skin grafts (42), wide excisions (40) and other procedures (25). Perioperative morbidity, mortality and flap loss were 
studied. Functional outcome was assessed pre and postoperatively using the Toronto Extremity Salvage Score (TESS), 
and the Musculoskeletal Tumour Society Rating Scale (MSTS). Statistical analyses were performed to evaluate the 
relationship between type of flaps and functional outcome scores. 

Results. At a mean follow-up of 5.3 years (range 2-10.5), patients continuously showed no evidence of disease (NED) in 
130 cases (80.7%), were alive with disease (AWD) in 10 cases (6.2%) and were dead with disease (DWD) in 21 cases 
(13.0%). Overall, 62 patients (38.5%) developed a complication (56 minor (90.3%) and 6 major (9.7%)). Flap loss occurred 
in 5/48 patients (10.4%). The mean Musculoskeletal Tumor Society (MSTS) and Toronto Extremity Salvage Score (TESS) 
was 74.8 ± 14 and 79.1 ± 13, respectively. Comparison of the post-operative MSTS and TESS revealed no significant 
differences between the free and pedicled flap groups. A significant pre- to post-operative difference was identified in 
MSTS scores for patients in both the pedicled (p < 0.02) and free flap groups (p < 0.04). No differences in terms of 
complications rate, flap lost and morphological results were noticed between fasciocutaneous and musculocutaneous 
flap. 

Conclusions. Orthoplasty is a combined approach effective in management of sarcoma patients, maximizing adequate 
surgical resection, limb salvaging and functional recovery. Plastic surgery contributes by offering microsurgical 
reconstruction using free tissue transfer and perforators pedicle flaps. One-stage reconstructions are technically feasible 
and are not associated with increased risk of complications. 
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IL8 

A Systematic Review of Patient-reported outcomes used to measure 
Health-related Quality of Life in Soft-tissue Sarcoma 
Krista Goulding1, Kedar Mate2, Urska Kosir3, Argerie Tsimicalis4, Robert Turcotte5

1Department of Orthopedic Surgery - Mayo Clinic Arizona, Phoenix, United States, 2Research coordinator, Centre for 
outcomes Research and Evaluation, McGill University Health Centre- Research Institute, Montreal, Canada, 3PhD 
Candidate, Department of Experimental Psychology, University of Oxford, Oxford, United Kingdom, 4Ingram School of 
Nursing, McGill University, Montreal, Canada, 5Department of Orthopedic Surgery, McGill University Health Centre, 
Montreal, Canada 

Background. FDA defines Patient-reported Outcomes (PRO) as measurement that are based on a report that comes 
directly from the patient (i.e., study subject) about the status of a patient’s health condition without amendment or 
interpretation of the patient’s response by a clinician or anyone else. Health-related quality of life (HRQOL) is defined 
an individual’s perception of the effects of illness or treatment on various aspects of his life. HRQOL is a multi-
dimensional construct and quantified using PROs. PROs provide direct information as it relates to the patient’s 
perspective of their health. Soft-tissue sarcomas (STS) are heterogenous group that arise from connective tissues such 
as muscle and fat. STS are rare cancers and typically affects young population in the productive years of their life.  
There is limited information related to what PROs are used to measure HRQOL in people with STS. The purpose of this 
study is to systematically review recent literature on PROs used STS from active care through survivorship. 

Methods. We have systematically reviewed the literature between 2015 and 2018 and included all articles that were 
published in English-language where any PROs were reported in studies with STS.  

Results. An integrated research methodology was be used to summarize the PROs used STS. A total of seven studies: 
two cross-sectional surveys, one systematic review, one expert review, one cohort study and two qualitative studies 
were obtained were included in this review. Beside functional restoration, there were three areas of importance to 
extremity STS patients: symptom management, the experienced distress under the course of diagnosis and treatment 
and emotional restoration. Fourteen PRO measures were used across the included studies, although none of them was 
specified to Extremity STS patients. 

Conclusion. There is a compelling need to further QOL-related research, specifically in patients with extremity soft-
tissue sarcoma, Using existing PROs and patient’s areas of importance to develop STS-specific QOL measure 
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IL9 

3d printed plates in Orthopaedic Oncology Reconstruction: Are they worth 
the effort and cost?  
Manish Agarwal, Ashik Bary, Amit Gupta 
Nanavati Max Superspeciality Hospital, Mumbai, India 

Introduction. Orthopaedic Oncology reconstructions often involve large defects with distorted bony anatomy from the 
tumour. In many situations, no conventional implants are available (e.g Tibio-talar or pelvi-femoral fixation). Often, the 
segment available for bony purchase is small particularly when doing joint sparing or physis sparing surgeries.  In pelvic 
reconstruction with ECRT, customised plates allow faster surgery by saving the time and effort required for contouring. 
Having the option to direct the screws in areas of good bone stock and ability to lock the screw head help get secure 
purchase for the length of time needed for the union of the radiated bone. In this paper, we aim to report our early 
experience with custom 3D printed Titanium plates. 
 
Material & Methods. 13 customised 3D printed plates were used in 11 patients between Feb 2019 and December 2021 
where we anticipated that conventional implants would not provide a secure purchase.  Plates were designed from CT 
scans of the involved bone. A detailed plan was made including where the screw purchase was desired. The design was 
finalised in close consultation with the operating surgeon. 3D printed surgical guides were used in most of the cases. 
Post printing, the processing included drilling the locking threads and channels as per plan. Retrospective analysis of 
prospectively collected data was analysed from 13 plates used in 11 patients.  Plain radiographs were done to 
periodically check for union and any implant related failures. 
 
Results. 13 customised 3d printed plates were used in 11 patients between Feb 2019 and December 2021. The 
indications varied from ' tibiotalar fusion (2) , pelvic ECRT (2), long bone ECRT(5), hip Rotationplasty(1), scapula(1), femur 
ABC (1). 6 of these plates were in children <10y old. The plates were delivered in 8-20 days after finalisation of the 
design. 1 patient of hip rotationplasty underwent an amputation for vascular compromise in early postoperative period. 
There was one non union with deformity in patient who underwent ECRT of his Tibia. This was treated by another plate 
and bone grafting after which the junction healed. There were no plate breakages at a followup period. There was no 
intraoperative mismatch between plate and bone in any case.  
 
Conclusions. 3D printed plates have helped us get a secure fixation in challenging reconstructions, particularly in 
children. The cost has been higher than conventional plates but have the benefit of reducing the time for reconstruction 
and in some cases saving the cost of 2nd plate. In addition, secure purchase was obtained in all cases. The lead time has 
been short and technical challenges are few. We believe this technology has wide application in several orthopaedic 
oncology and other complex orthopaedic reconstructions. 
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IL10 

Identifying potential risk factors for stem breakage in distal femoral 
endoprosthetic replacements undertaken for primary bone tumours  
Emma Carlisle Carlisle3, Scott Sommerville1,3, Peter Steadman1,2,3, Martin Lowe1,3 

1Queensland Bone and Soft Tissue Tumour Service, Woolloongabba, Australia, 2School of Medicine- University of 
Queensland, St Lucia, Australia, 3Orthopaedic Department- Princess Alexandra Hospital, Woolloongabba, Australia  

Background. The role of distal femoral endoprosthetic replacements in the surgical management of primary and 
metastatic bone tumours is well accepted and utilised routinely in specialist bone sarcoma units worldwide. Their use 
is not just isolated to the tumour setting and extends to complex revision knee arthroplasty or cases of trauma with 
extensive bone loss or comminution. Their use is increasing.  
The use of distal femoral replacement in primary bone tumours, most often sarcoma, offers the patient a limb salvage 
procedure and has been demonstrated to have excellent functional outcomes, an acceptable complication profile and 
implant longevity.  
The use of such megaprostheses requires careful preoperative planning, management of patient expectations and 
specialist orthopaedic surgical expertise. Complications are an unavoidable feature of any surgical intervention and 
generally only rarely occur. The risk factors for many of the more common complications have been thoroughly 
analysed. There is however little published information regarding the incidence and risk factors for stem fractures 
occurring in modular distal femoral replacement systems.  
Whilst the number of patients undergoing a distal femoral replacement is low, it is increasing, and this complication 
may therefore confront surgeons more frequently. Stem breakage is a serious and traumatic complication for the 
patient and every effort should be made to minimise the possibility.  

Methods. We retrospectively reviewed the Queensland Bone and Soft-tissue Tumour Service database to identify all 
patients who underwent distal femoral replacement surgery using a specific commonly used modular endoprosthesis 
system between 2003 and 2018. The chosen dates reflect the introduction of the Stryker Global Modular Replacement 
System (GMRS) into the Australian market in 2003.  
In particular, we analysed those patients in whom a fracture of the femoral stem was documented to have occurred 
and for which revision surgery was undertaken. We aimed to identify patient and implant factors potentially 
contributing to the complication of stem fracturing. Ethics committee approval was sought and obtained.  

Results. A Stryker modular GMRS distal femoral endoprosthetic replacement was used in 130 patients during that time 
period. We identified fracture of the femoral stem in 5 patients (3.8%) who as a consequence required revision surgery. 
We analyse both the patient and implant factors contributing to the implant failure.  

Conclusion. Recommendations are made to minimise the risk of stem breakage. Those with smaller diameter stems, a 
stem-body construct and reduced bony ongrowth likely have a higher risk of stem fracture. Implanting a larger diameter 
stem either via a cemented construct, or considering a press fit if necessary to enable a large stem should be the aim. 
Avoiding a stem- body construct and thus minimising stress points in addition to considering a collar with greater bony 
ongrowth capacity are also suggested.
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Non-Invasive Detection of Soft Tissue Sarcoma using Volatile Organic 
Compounds in Exhaled Breath: A Pilot Study 
Ibtissam Acem1,2, Veroniek Van Praag1, Cassidy Mostert1, Robert Van der Wal1, Ralph Neijenhuis1, Cornelis 
Verhoef2, Dirk Grunhagen2, Michiel Van de Sande1 

1Leiden University Medical Center, Leiden, The Netherlands, 2Erasmus MC Cancer Institute, Rotterdam, The Netherlands 

Introduction. Differentiating soft tissue sarcomas (STS) from benign soft tissue tumors is challenging in daily practice. It 
has been estimated that benign soft tissue tumors occur 300 times more often than their malignant counterparts. This 
explains why STS are often thought to be benign, which results in frequently performed unplanned excisions. Referrals 
after unplanned excisions account for 8-53% of the new patients treated in sarcoma centres. These patients often 
require re-excision due to incomplete surgical margins. Although core needle biopsy is an invasive procedure that is 
prone to various complications, it is the gold standard for differentiating STS from benign soft tissue tumors. Therefore, 
there is a serious need for novel non-invasive diagnostic tools that accurately detect patients with STS. Achievement of 
a higher pre-test probability for STS could reduce the number of unplanned excisions and re-excisions. In the past years, 
Volatile Organic Compounds (VOC) were widely investigated as a new diagnostic biomarker in medicine. However, the 
diagnostic ability of VOC for STS has never been investigated. The aim of this pilot study is to assess whether an 
electronic nose can discriminate between patients with and without STS based on VOC profiles in exhaled breath. 

Methods. In this cross-sectional pilot study, patients with primary histologically proven high-grade STS were included 
for breath analysis. Healthy persons matched on sex and age were included in the control group. Machine-learning 
techniques were used to develop the best fitting model. Ten-fold cross-validation was used for internal validation. 

Results. Fifty breath samples were collected (25 STS and 25 control) from March 2018 until March 2022. The best fitting 
model yielded an area under the curve of 0.78 with a sensitivity and specificity of 84% (95% CI 63-95) and 64% (95% CI 
43-81), respectively (Figure 1). Thirteen participants were misclassified. Nine controls were false positive, and four
patients were false negative (overall accuracy of 74%) (Figure 2).

Discussion. This study suggests that exhaled VOC analysis could serve as a non-invasive diagnostic biomarker to achieve 
a higher pre-test probability for STS with a good overall performance. Future studies are needed to validate these 
promising preliminary findings before VOC analyses could be incorporated in clinical practice. 

Figure 1 Figure 2 
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Efficacy of Electrochemotherapy for minimal-invasive treatment of bone 
metastases 
Davide Maria Donati, Laura Campanacci, Giuseppe Bianchi, Luca Cevolani
IRCCS Rizzoli, Bologna, Italy 

Introduction. Bone metastases are frequent in patients with cancer. Electrochemotherapy (ECT) is a minimally invasive 
treatment based on a high-voltage electric pulse combined with an anticancer drug. Preclinical and clinical studies 
supported the use of ECT in patients with metastatic bone disease (MBD), demonstrating that it does not damage the 
mineral structure of the bone and its regenerative capacity, and that is feasible and efficient for the treatment of bone 
metastases.  
2014 saw the start of a registry of patients with bone metastases treated with ECT, whose data are recorded in a shared 
database. The purposes of this multicentre study are to confirm the safety and efficacy of ECT, and to identify 
appropriate operating procedures in different MBD conditions. 

Materials and methods. 102 patients were treated in 11 Centres and recorded in the REINBONE registry (a shared 
database protected by security passwords): clinical and radiological information, ECT session, adverse events, response, 
quality of life indicators and duration of follow-up were registered. 

Results. 105 ECT sessions were performed (one ECT session in 99 patients, two ECT sessions in 3 patients). 24 patients 
(23.5%) received a programmed intramedullary nail after ECT, during the same surgical procedure. Mean follow-up was 
5.9 ± 5.1 months (range 1.5–52). The response to treatment by RECIST criteria was 40.4% objective responses, 50.6% 
stable disease and 9% progressive disease. According to PERCIST criteria the response was: 31.4% OR; 51.7% SD, 16.9% 
PD with no significant differences between the 2 criteria. Diagnosis of breast cancer and ECOG values 0–1 were 
significantly associated to objective response. A significant decrease in pain intensity and significant better quality of 
life was observed after ECT session at follow-up. 

Conclusion. The results are encouraging on pain and tumour local control. ECT proved to be an effective and safe 
treatment for MBD and it should be considered as an alternative treatment as well as in combination with radiation 
therapy.
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OP1.1 

The Effect of Implant Type on Re-operation Rates Following Endoprosthetic 
Reconstruction Surgery 
Victoria Giglio1, Aaron Gazendam1, Patricia Schneider1, Michelle Ghert1, David Wilson2

1McMaster University, Hamilton, Canada, 2Dalhousie University, Dalhousie, Canada 

Background. Endoprosthetic reconstruction following oncologic resection of periarticular bone has become the 
standard of care. However, prospective evidence supporting the use of cemented or uncemented implants in 
endoprosthetic reconstruction is lacking. Implant failure resulting in reoperation can have extremely negative 
consequences in this oncologic population; re-operations may delay chemotherapy, increase the risk of surgical site 
infection, and negatively affect the overall survival in these patients. This study aims to determine the effect of cement 
fixation compared to cementless fixation on all-cause reoperations one year post-operatively. 

Methods. The Prophylactic Antibiotic Regimens In Tumor Surgery (PARITY) trial was a multi-centre, randomized 
controlled trial using a parallel two-arm design. From January 2013 to October 2019, 604 patients 12 years of age or 
older undergoing surgical excision and endoprosthetic reconstruction of a lower extremity primary bone tumor were 
randomized to receive either long- or short-duration post-operative prophylactic antibiotics. Participants were followed 
post-operatively at regular intervals for one year. This secondary analysis utilized a multivariate cox proportional hazards 
model to assess the independent relationship between fixation group and implant survivorship with all-cause revision 
as the endpoint. A cox regression analysis was utilized to identify risk factors of all-cause reoperations.  

Results. A total of 529 patients were included in the analysis. There were 396 cemented implants and 133 uncemented 
implants. Participants were a mean age of 41.8 years old (SD: 22.0) and 60% male. Overall, 138 revision surgeries were 
identified over the one-year follow-up period. There were no significant differences found in all-cause reoperation 
(HR:0.99, 95%CI:0.65 – 1.51, p=0.952), septic reoperation or aseptic reoperation between cemented and uncemented 
fixation one year post-operatively. A cox regression analysis was performed and demonstrated that total operative time 
(HR:1.10, 95%CI:1.02 – 1.18, p=0.012) and length of incision (HR: 1.02, 95%CI:1.001 – 1.04, p=0.039) were independent 
predictors for revision. The risk of reoperation was lower in patients with a diagnosis of benign aggressive disease 
(HR:0.18, 95%CI:0.02 – 0.82, p=0.031) or metastatic bone disease (HR=0.27, 95%CI: 0.09 – 0.79, p=0.017).  

Conclusion. Cement fixation compared to cementless fixation has no effect on one-year all-cause reoperation rates in 
endoprosthetic reconstruction surgery. A surgery of longer duration confers a higher risk of revision surgery; therefore, 
surgeons should consider the most efficient fixation type in oncologic populations in order to reduce risk of revision. 
Further research is required to investigate the long-term survival of cemented versus uncemented implants. 
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OP1.2 

Extracorporeal irradiation and reimplantation of the distal tibia shortens 
the period of protected weight bearing for distal tibia reconstructions. 
Manish Agarwal, Ashik Bary, Amit Gupta 
Nanavati Max Superspeciality Hospital, Mumbai, India 

Distal tibia tumors, though rare, pose a unique challenge for reconstruction. Traditionally, to reconstruct these defects, 
we have used Tibialisation of the fibula also called fibular centralisation where a segment of fibula is transposed into 
the defect as a live graft.  The fibula takes considerable time to hypertrophy requiring many months of protected weight 
bearing. Often the fibula fractures or the implant holding the construct fails. Applying from our experience with long 
bone reconstructions using Extracorporeal irradiation and reimplantation(ECRT), we evolved our technique using ECRT 
for the  distal Tibia into which a free non vascularised fibula was added. The recycled autograft provided strength to the 
construct till the fibula hypertrophied. In this paper, we present our early experience with this method. 

Patients and Methods. Four patients; with the diagnosis of osteosarcoma in 3 patients and recurrent giant cell tumor 
of the bone in 1 patient, underwent resection of the distal tibia for tumors between 2017 and 2019. Extracorporeally 
irradiated (50 Gy) distal tibia along with ipsilateral nonvascularized fibula was used to bridge the defect and fuse the 
tibiotalar joint. A plate was used to rigidly hold the construct.(standard plate s in first two cases and a 3D printed plate 
in the 2 later cases). The final outcome was compared to the historical control group that underwent only pedicled 
ipsilateral fibula transposition and ankle arthrodesis without recycled autograft or allograft between 2009 and 2017. 
Oncological reconstruction and functional outcomes were compared for each group. Patient reported outcomes on the 
acceptability of ankle fusion; cosmesis and function were analyzed and compared between the two groups.  

Results. The mean resection length in the study group (4 patients) was 7.75 cm (7 to 8.5 cm). As compared to the 
historical cohort of 7 patients,the study population showed statistically superior results in all reconstruction, functional, 
and patient-reported outcomes. 
There were no reconstruction failures, infection, or nonunions in the study group, whereas the control comparative 
group had 2 proximal junction nonunions and a mean time to fibular hypertrophy of 143 weeks (82 to 430 weeks) with 
fibula centralization. Earlier weight-bearing was allowed (mean 26.75 weeks; median 27 weeks) compared to (mean 
80.75 weeks; median 80 weeks) in the control group.  

Conclusion. We think that ECRT  with ipsilateral vascularized fibula is a promising method of reconstructing the distal 
tibia. The recycled autograft tibia added strength to the distal tibia construct in our study and aided the anatomical 
reconstruction of the distal tibia. The patient-reported outcomes for cosmesis and acceptability add to the benefits of 
performing this procedure. Consistent early union across the proximal junction and earlier weight-bearing were clear 
advantages of this method. 
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OP1.3 

Outcome of the surgical treatment of chondrosarcoma outside the spine 
and pelvis  
Philipp Theodor Funovics, Stephan Frenzel, Fabian Kuehhas, Kevin Staats, Alexandra Kaider, Joannis 
Panotopoulos, Christoph Stihsen, Reinhard Windhager 

Medical University of Vienna, Vienna, Austria 

Background. Chondrosarcoma is the second most common primary malignant bone tumour. With a prevalence of 1:100 
000 and most cases happening in the pelvis and the spine, tumors in the extremities and ribs are rare. Primary therapy 
consist in wide resection for high grade tumors, while the adequate treatment for low grade lesions remains in 
discussion. The aim was to present the data of a single institution regarding the surgical treatment of chondrosarcoma 
of the extremities and ribs. 
 
Methods. In a single-centre study, 133 chondrosarcomas of the extremities and ribs were reviewed, including 78 males 
(59%) and 55 females (41%) who had a mean age of 50 years at the time of diagnosis. The mean follow-up time was 
nine years (1 to 44 years). All complications after the first surgery were analysed and ranked by a surgery-related 
complication system by Campanacci and Capanna. A total of 56 (42%) patients had their tumour localised in the proximal 
humerus or femur. 31 (23%) patients had a primary localisation in the distal femur or humerus. Additionally, 27 (20%) 
had their tumour localised in the tibia, fibula, radius or ulna, while 19 (14%) had the tumour localised in the ribs. 
 
Results. A total of 100 patients (75%) were alive and 33 patients (25%) had died at the endpoint of the study. Hence, 
overall survival was 94%, 87% and 77% at one, five and ten years post-operatively, respectively. The cumulative risk for 
developing a surgery-related complication was 15% at six months and 23% at two years, post-operatively, respectively. 
In total, 34.6% had a grade I lesion, while 40% had a grade II lesion, 16.7% a grade III lesion and 8.4% a dedifferentiated 
type of tumour. There was no significant difference in the chi-square test by comparing the localisation and the MSTS 
staging. In 42 (31%) patients, complications had been treated surgically. 
 
Conclusion. A localisation of the tumour close to the body trunk in the proximal joints increases the risk for later surgical 
complications (p=0.042). An aggressive surgical resection with the aim to achieve wide margins whenever possible 
remains the main goal of treatment for high grade tumors 
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OP1.4 

Feasibility of novel in-situ local tumor ablation and recycling machine using 
radiofrequency dielectric heating 
Min Wook Joo1, Sangrok Jin2, Yong-Suk Lee1, Yang-Guck Chung1 

1Department of Orthopaedic Surgery, College of Medicine, The Catholic University of Korea, Seoul, Republic of Korea, 
2School of Mechanical Engineering, Pusan National University, Busan, Republic of Korea 

Background. Standard operation for malignant musculoskeletal tumors is a limb salvage surgery (LSS), which involves 
wide resection and reconstruction of tissue defect. Common skeletal substitute includes tumor prosthesis, allograft, 
and recycled autograft. LSS procedure can vary depending on the reconstruction method, each of which has different 
disadvantages. While tumor-bearing autografts were treated by ablation techniques such as irradiation and 
pasteurization, all have the issues of long-term durability and non-union. Pedicle frozen autograft, developed to 
overcome such complications, still has possibility of insufficient tumor ablation. We devised a novel concept, in-situ 
local tumor ablation and recycling machine using radiofrequency (RF) dielectric heating and intended experimental 
research to demonstrate its feasibility. 

Methods. In all experiments, fresh femurs of 6-month-old pigs were used after epiphyses cut off, and cancellous bone 
curetted. The distal part was contained in the dielectric heating device using RF generator and converter. Most distal 
part was located in the middle line of the electrode plate, and the length of the part inside the machine was 10.75 cm. 
Two tips of fiber optic temperature sensors were inserted in the metaphysis, two in the meta-diaphysis, and one in the 
diaphysis, then, temperature was measured during heating at 27.12 MHz, and 50, 100, 150, 200, 250, and 300 W five 
times. 
Biomechanical study was conducted to assess the rigidity of the bone treated by RF heating. Compressive and bending 
rigidities were measured for the treated bones, pasteurized ones and untreated ones six times, and the results were 
statistically analyzed. Modeling analysis using COMSOL Multiphysics® was performed. Subject was simulated to be 
heated at 600, 700, 800 and 900 V by the electrode of the same shape as the current device, and at 2000 V by using 
another narrow bottom electrode. 

Results. Under 300 W, the highest temperature and the time for the temperature to reach 70°C were 129.8°C and 14 
minutes in all regions. The RF-heated bones showed no significant difference in compressive rigidity compared to the 
untreated bone (p=0.485). While the median compressive and bending rigidities were 2686.4 (range, 1479.2-4363.5) 
N/mm and 1856 (range, 1586.8-3717.7) N/mm, and 711.98 (range, 381.91-931.27) N/mm and 572.105 (range 448.7-
748.42) N/mm in RF-heated and pasteurized bones, no significant differences was revealed (p=0.31, and 0.589). 
Simulation study showed that temperature rise was inconsistent between regions under electrode of the same shape 
as the experimental device. However, such discrepancy was alleviated at 2000 V by using a narrow bottom electrode. 

Conclusion. It might be feasible to maintain the temperature at which tumor ablation can be expected and the favorable 
bone rigidity by in-situ local tumor ablation and recycling machine using RF dielectric heating. Clinical trials should be 
required after further improving its electrodes and appearance for practical application. 
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OP1.5 

Frozen bone Auto graft for reconstruction of Bone and soft tissue Sarcoma; 
our Experience  
Badaruddin Sahito, Azam Kamboh, Awais Abro, Asif Jatoi, Khalil Rehman, M Soughat Katto 
Dow University of Health Sciences, Dr Ruth KM Pfau Civil Hospital Karachi, Karachi, Pakistan 

Background. Frozen bone auto graft is one of the excellent biological methods of reconstruction for bone sarcomas. 
 
Material & Methods. 19 patients were included in this study from 2014 to 2022 March at department of orthopaedic 
Surgery Dow University of health Sciences / Civil Hospital Karachi Pakistan. 17 were bone sarcomas and one soft tissue 
involving bone. Age ranges from 6 to 60yrs. Male 14, female 5.  10 right & 8 left. 2 chondrosarcomas, 1 synovial sarcoma, 
7 osteosarcomas, Ewing sarcoma 9. Pelvis 1, Distal femur 6, Proximal femur 6, proximal tibia 2, Proximal Humerus 2, 
ulna 1, calcaneum 1. Free freezing done in 7 and 12 pedicles freezing. PHILOS used for proximal Humerus, Wagner 
prosthesis & PFNA for proximal femur, DFLCP for distal femur, DCP for tibia, TBW for ulna.  5 patients develop infection, 
3 hip disarticulation, 1 knee disarticulation. One patient had soft tissue recurrence.  100 % osteotomy site united. Redo 
for Humerus done after plate removal. MSTS in upper limb 28, lower limb score was 20 to 28 variables. Maximum follow-
up more than five years, minimum 1 month. 1 patient lost follow-up. 4 patients died till last follow up out of 19. 
 
Conclusion. Frozen bone auto graft is one of the best methods of reconstruction, with excellent union at osteotomy site 
and no bony recurrence. Infection was worrying in our series. 
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Failures and management experience in proximal femur tumor 
endoprostheses 
Osman Emre Aycan1, Dr Ümit Burak Alparslan1 

1Baltalimanı Bone Disease Education and Research Hospital, Istanbul, Turkey 

Background. Wide resection and reconstruction with modular tumor endoprosthesis is the most common treatment 
method for primary malignant bone tumors and metastases of proximal femur. With increased survival of patients the 
complication of prostheses is encountered more frequently. We sought to evaluate the complication profiles of proximal 
femur modular tumor endoprostheses according to Henderson failure classifications. 
 
Method. We retrospectively reviewed 49 patients, who operated for proximal femur malignancy and reconstructed with 
modular endoprosthesis between 2011-2021. We excluded 20 patients with less than six months follow-up. Apart from 
the demographic data, a total of 29 patients were evaluated regarding survival of prostheses, complication rates and 
profiles, revision rates, patient survival and functional scores.  
 
Results. The mean age was 49.7∓19.1 (17-82) and the median follow up was 41 months. Primary diagnosises were 
osteosarcoma and chondrosarcoma with eight patients in each group. According to Henderson’s complications profile 
Type 1 failure (soft tissue failure) rate was 6.9%, Type 3 failure (structural failure) rate was 3.4%, Type 4a failure (early 
prosthetic infection) rate was 6.9%, tip 4b failure (late prosthetic infection) rate was %6.9, Type 5 failure (local tumor 
progression) rate was 13.8%. Most type 1 and 4a failures managed by debridement and vacuum assisted closure 
therapy. Hemipelvectomy was performed for salvage in two patients due to local tumor progression. Four prostheses 
were revised due to infection, local recurrence and structural failures which were managed by two stage revision 
procedure. Five years stem survival was 87.4% and implant survival was %80.7. Overall patient survival 63.8%. The mean 
MSTS was 21.7 (range 16-26). 
 
Conclusion. Infections and local recurrens were the most common complication types encountered in our study which 
required revisions. Due to low survival of metastatic patients in proximal femur, it is difficult to detect, that survival 
rates of prostheses in these patients. Sparing stems in tumor endoprosthesis revisions whenever possible have good 
functional results when compared to total revisions.  
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Reconstruction after pelvic bone massive resection: evolution and actuality 
of 3D-printed technology 
Fabio Cosseddu, Sheila Shytaj, Lorenzo Andreani, Olimpia Mani, Antonio D'Arienzo, Rodolfo Capanna, Lorenzo 
Andreani 
University Of Pisa, Pisa, Italy 

Background. Pelvic reconstructions after massive bone resections are among the most challenging practices in 
orthopedic surgery. Whether the bone gap results after a trauma, a tumor resection, or it is due to a prosthetic revision, 
it is mandatory to reconstruct pelvic bone continuity and rebuild the functional thread that connects spine and hip joint. 
Several different approaches have been described in literature through the decades to achieve those goals. To this date, 
3D printed implants represent one of the most promising surgical technologies in orthopedic oncology and complex 
reconstructive surgery.  
 
Methods. We present our experience with 17 cases who underwent massive pelvic bone resections and subsequent 
reconstruction using 3D-printed prostheses. In our study, we included both patients who had a one-step or a two-step 
surgical approach. Cutting jigs were used to increase cutting precision. For each patient we collected pre-operative and 
post-operative clinical and radiological data. Cases with a Follow-Up of 6 months or less were excluded.   
 
Results. Out of our 17 patients, 9 suffered from bone tumors: 5 primary bone sarcomas and 4 metastases. Resection 
was limited to the periacetabular region alone in 9 cases whereas it was extended also to the iliac wing in 4 cases and 
to the anterior pelvis in the remaining 4 cases. The oncological outcome of the 9 cases treated for bone tumors were 
classified as follows: 3 DOD, 3 CDFs, 2 NED, 1 AWD. All the 3 cases who died of disease during the follow-up developed 
a local recurrence of the neoplasm. Six of our 17 cases (35%) developed at least one local complication: of these, 3 were 
local recurrences. Mean pre-operative VAS score was 5.7 (3-9), while the post-operative one was reduced to 1.8 (0-9). 
The average pre-operative MSTS score was 8.2, but at the latest follow-up the value increased to 22.30. T-student tests 
proved that the difference between pre-operative and post-operative values was significant (p<0.001). Both MSTS score 
and VAS score had the tendency to get better as the follow-up time increased, as testified by Pearson correlation tests 
(p<0.040).  
 
Conclusions. Our data confirm the idea that 3D printing and custom-made implants are promising technologies that 
one day could shape the future of orthopedic oncology and reconstructive surgery. 
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Distal Femur Replacement with modular prosthesis. Retrospective study of 
75 patients 
Dimitra Melissaridou, Ioannis Zafeiris, Ioannis Trikoupis, Panagiotis Gavriil, Olga Savvidou, Vasileios 
Kontogeorgakos, Panayiotis Papagelopoulos 

National And Kapodistrian University of Athens, Athens, Greece 

Background. Malignant tumors of the distal femur require wide resection and reconstruction. Today, development of 
biomaterials and modular endoprostheses enables limb salvage and restores function. 

Objectives. The aim of this study was to present the functional and oncological outcome and complications of 
endoprosthetic reconstruction of distal femur after bone tumor resection. 

Design & Methods. Since 2000, 75 patients have undergone prosthetic reconstruction of distal femur in our 
department. The mean age was 30 years old (range, 16–75 years). Twenty-five patients were diagnosed with 
chondrosarcoma, 15 with metastatic disease, 15 with Ewing sarcomas, and 20 with osteosarcoma. The average follow-
up time was 55 months (6 months - 18 years). For the evaluation of function, MSTS score was used and the complications 
were classified based on Henderson Classification System. 

Results. At the latest follow up, the mean MSTS score was 85%. The complication rate was 16% (12 patients). Based on 
the Henderson classification system complications included loosening (type 2) in 4 patients (33.3%), implant failure 
(type 3) in 3 patients (25%), infection (type 4) in 3 patients (25%) and local recurrence (type 5) in 2 patients (16.6%). 
Fourteen patients underwent revision surgery and 1 was amputated.  The average MSTS score was 24 (range, 9-30). The 
5-year survival rate of the prosthesis was 85%.

Conclusion. Prosthetic reconstruction of distal femur in patients with musculoskeletal tumors enables limb salvage, with 
good oncological and functional outcome. Despite the high complication rate, megaprostheses are a valuable 
reconstruction option after tumor resection of the distal femur.  
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Long-term clinical outcome of prosthetic reconstruction for tumors of the 
distal tibia and fibula 
Han-Soo Kim1,2, Yongsung Kim3, Woo Young Jang4, Ilkyu Han1,2 

1Seoul National University Hospital, Seoul National University School of Medicine, 101 Daehak-ro Jongno-gu, Seoul 03080, 
South Korea, 2Department of Orthopaedic Surgery, Seoul National University Hospital, 101 Daehak-ro Jongno-gu, Seoul 
03080, South Korea, 3Department of Orthopaedic Surgery, Seoul National University Bundang Hospital, 82, Gumi-ro 173 
Beon-gil, Bundang-gu, Seongnam, South Korea, 4Department of Orthopaedic Surgery, Korea University Anam Hospital, 73, 
Goryeodae-ro, Seongbuk-gu, Seoul, Republic of Korea, South Korea 

Background. Primary malignant bone tumors around the distal tibia or the distal fibula are very rare. When the ankle 
joint is involved with tumor, limb salvage procedure is one of the most challenging operations because the ankle 
biomechanics is complex and soft-tissue coverage of ankle is difficult, which result in arthrodesis is still considered as 
the best reconstructive procedure. For these reasons, little information is available in the literature regarding clinical 
outcome of limb salvage procedure with ankle endoprosthesis. We had performed prosthetic reconstruction with 
custom-made, hinged prostheses for tumors of the distal tibia and the ankle in 7 patients in early 1990s. Hereby, we 
present the long-term outcome of this cohort  
 
Methods. We retrospectively reviewed seven patients who underwent salvage operation with custom-made 
endoprosthesis for the malignant or aggressive benign tumors in distal tibia or fibula between 1991 and 1996. The 
diagnoses were osteosarcoma in five patients, periosteal osteosarcoma in one and recurrent giant cell tumor in one. Six 
tumors were in the distal tibia and one in the distal fibula. The custom-made endoprosthesis consists of a dome-shaped 
talar articulating surface and a tibial component which enables ankle motion. The clinical outcome of the endoprosthesis 
was evaluated based on survival rate and functional score. Mean age at the time of surgery was 24 years old (range: 11 
to 46 years). The mean follow-up duration was 21.2 years.  
 
Results. Three patients (42.8%) maintained the entire prosthesis at the last follow up. Among them, one patient 
underwent revision of the talar component due to subsidence. Functionally, the mean range of motion in the three 
patients with the implant was 1.67o (range: -5 o to +10 o) of ankle dorsiflexion and 23.3o (range: +10 o to +30 o) of 
ankle plantar flexion. With this range of motion, all three patients had no discomfort in their daily life, and pain was 
tolerable. In remained four patients, two patients underwent ankle arthrodesis due to tibial stem loosening or infection 
and two patients underwent below-knee amputation due to deep infection. In total three patients (71.4%) underwent 
revision surgery. Ten-year implant survival rate with Kaplan-Meier curve was 57.1%. Oncologically, all patients remained 
free from disease.  
 
Conclusions. Nearly half of our cohort maintained the custom-made endoprosthesis longer than 20 years without major 
complication. Even though the current implant does not seem to be superior to the arthrodesis functionally, our results 
suggest that the distal tibial endoprosthesis can be a acceptable alternative as limb salvage surgery. 
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Mid- term results of modular noninvasive expandable endoprosthesis after 
bone tumor resection in skeletal immature patients 
Ioannis Trikoupis1, Panagiotis Gavriil1, Stavros Goumenos1, Dimitra Melissaridou1, Olga Savvidou1, Christos 
Zambakidis2, Vasileios Kontogeorgakos1, Panayiotis Papagelopoulos1 

1First Department of Orthopedic Surgery, National and Kapodistrian University of Athens, 'Attikon' University Hospital, 
Athens, Greece, 2Department of Orthopedics, General Children's Hospital of Athens "P. & A. Kyriakou, Athens, Greece, 
Athens, Greece 

Introduction. Mechanical expandable prosthesis offered a very reliable solution for leg length discrepancy after tumor 
resection in children and adolescents. However, they are associated with high rate of periprosthetic joint infection. New 
generation, non-invasive modular endoprosthesis are currently used. The purpose of this study is to assess the clinical, 
oncological, and functional outcome after musculoskeletal tumor resection and reconstrcuction using non-invasive 
expandable endoprosthesis, in pediatric patients. 

Materials and Methods. Between 2005 and 2020, 20 pediatric patients with bone sarcoma of the lower extremities, 
were treated using noninvasive expandable prosthesis (Stanmore in 11 patients and MUTARS in 9 patients). Fourteen 
(70%) male and 6 female patients, with 2-year minimum follow-up were retrospectively reviewed. The mean age was 
11,6 years, at the time of the surgery. Nine patients (45%) were diagnosed with osteosarcoma and 11 with Ewing 
sarcoma.  

Results. In twelve patients (60%), the tumor was located in distal femur, in 7 patients (35%) in proximal tibia and in one 
patient (5%) the tumor was located in proximal femur. Post-operative complications included: knee stiffness in 5 
patients, periprosthetic joint infection in 3 patients, mechanical failure of the expand mechanism in 2 patients, and 
periprosthetic fracture after fall in 1 patient. Six patients required reoperation (above knee amputation was required in 
two patients with periprosthetic joint infection). The overall mean gaining leg length after the finish of the lengthening 
process was 12 cm.  

Conclusion. Noninvasive expandable prosthesis consists an effective reconstructive option after bone tumor resection 
in skeletal immature patients, offering very satisfactory clinical outcomes and restoration of leg length. Periprosthetic 
infection and knee stiffness are the main complications.
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Autobiologic reconstruction of the knee with dual vascularized fibula grafts 
in the immature skeleton. A 20-year follow-up with functional evaluation 
Örjan Berlin1, Peter Bergh1, Christina Berger1, Jonas Lundberg2, Hans Mark2 

1Sahlgren University Hospital, Dept. of Orthopedics, Gothenburg, Sweden, 2Sahlgren University Hospital, Dept. of Plastic 
Surgery, Gothenburg, Sweden 

Background. Limb-sparing surgery with preserved joint-function in children with immature skeleton can be performed 
using vascularized fibula grafts (VFGs) after tumor resections. An autobiological reconstruction is defined as exclusively 
using the patient’s own skeleton and soft tissues, and an absolute minimum of foreign material performing the 
reconstruction.  
 
Method. A nine-year-old girl with a IIA osteosarcoma of the distal femur had chemotherapy (ISG-SSG I). In 2000-09 her 
distal femur was resected and dual VFGs were used for reconstruction. The cruciate ligaments (ACL/PCL) were 
reconstructed using the Lateral Collateral Ligament and Biceps Femoris tendon of the fibula grafts sutured to the 
remaining insertions of the ACL/PCL on the tibia. The patient has submitted her consent to this abstract.  
 
Results. Functional Score (FS-AMSTS) at 3-y-postop; 20/30. Epiphysiodesis was performed when leg-length-discrepancy 
(LLD) was 4.5 cm. An anterior dislocation of the VFGs led to resection of the distal femur reconstruction at the age of 17 
years, and a Mutars prosthesis (TKP) replaced it (2007- 09). FS with the original reconstruction remained at 20/30 but 
had improved to 26/30 one year after the TKP. 2012-05 the LLD was 65 mm and lengthening with callus distraction was 
performed with a Taylor Spatial Frame. It took more than 3 years before healing was complete yet causing a valgus 
deformity. Her MSTS score 20 years postop with the Mutars TKP is 27/30 (TESS 146/150; 97%. ADL 5/5, Handicap 4/5). 
She has a Family with a husband, 2 children, and a dog, and work full-time with a less strenuous clerical job. She leads 
an active life with forest and mountain walks including skiing and regular gym activities (crossfit). The Mutars prosthesis 
has been revised twice due to wear of components without further complications.  
 
Conclusion. The Autobiologic reconstruction of the knee functioned as a temporary reconstruction for 8 years. Her 
unstable knee necessitated the use of an orthosis, but she had no pain – an acceptable but not good function. TKP at 
skeletal maturity improved her FS, but valgus deformity after a LLD operation remains an issue. So, at best this can be 
regarded as a medium-long temporary solution.  
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Which factors are associated with negative surgical margins in soft tissue 
and bone sarcoma patients? Results from a German-wide cohort study 
(PROSa study) 
Dimosthenis Andreou1, Martin Eichler3, Stephan Richter3, Peter Hohenberger4, Bernd Kasper4, Daniel Pink2, 
Henriette Golcher9, Stephan Fung5, Eva Wardelmann6, Karin Arndt7, Vitali Heidt8, Leopold Hentschel3, Maria 
Eberlein-Gonska3, Martin Bornhaeuser3, Jochen Schmitt3, Markus Schuler3 

1Department of Orthopaedics and Trauma, Medical University of Graz, Graz, Austria, 2 Helios Hospital Bad Saarow, 
Sarcoma Center Berlin-Brandenburg, Bad Saarow, Germany, 3University Hospital and Medical Faculty Carl Gustav Carus, 
TU Dresden,, , Germany, 4Interdisciplinary Tumor Center Mannheim, Sarcoma Unit, University Medical Centre Mannheim,, 
Mannheim, Germany, 5University Hospital Duesseldorf, Duesseldorf, Germany, 6Gerhard-Domagk-Institute of Pathology, 
University Hospital Muenster,, Muenster, Germany, 7Das Lebenshaus e.V., Bad Nauheim, Germany, 8The Scientific Institute 
of Office-based Hematologists and Oncologists,, Cologne, Germany, 9University Hospital Erlangen, Erlangen, Germany 

Background. A wide excision with negative surgical margins (R0 resection) is the local treatment of choice for the 
majority of bone and soft tissue sarcomas. Most available studies in the literature originate from specialized sarcoma 
centers, while little real-life data are available. The objective of our study was to evaluate which factors are associated 
with R0 resections in German sarcoma patients.  
 
Methods. We analyzed data from 650 adult patients from the Germany-wide PROSa cohort study with bone (22%) and 
soft tissue (78%) sarcomas, who underwent surgical treatment between 1995 and 2019. Patients with unplanned 
excisions and patients, whose margin status was not documented or unclear, were excluded from this study. The median 
age at diagnosis amounted to 52 years (IQR, 42 – 67 years). Contingency tables were analyzed using the chi-square test. 
Possible predictors for negative surgical margins were evaluated with multivariable logistic regression analysis.  
 
Results. Negative surgical margins were achieved in 67% of the patients with soft tissue sarcomas and 89% of patients 
with bone sarcomas (p < 0.001). Patients treated in sarcoma centers had a significantly higher probability to have 
negative surgical margins (OR 2.7 (95% CI, 1.6 - 4.5)), compared to patients treated outside sarcoma centers. A tumor 
localization in the extremities was also associated with a higher probability for negative surgical margins, compared to 
a localization in the axial skeleton (OR 1.7 (95% CI, 1.2 - 2.7)). Furthermore, patients who underwent neoadjuvant 
chemotherapy had a significantly higher probability to have negative surgical margins (OR 3.9 (95% CI, 1.9 - 8.2)), 
compared to patients who underwent primary surgery. On the other hand, neoadjuvant radiotherapy was not 
associated with a higher probability of negative surgical margins, compared to primary surgery (OR 1.01 (95% CI 0.5 - 
2.2)).  
 
Conclusions. Surgical treatment in sarcoma centers appears to be associated with a higher probability for negative 
surgical margins. Neoadjuvant chemotherapy was also associated with a higher probability for R0 resections in our 
cohort, while neoadjuvant radiotherapy was not 
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Treatment delays are associated with an unfavorable outcome in patients 
with localized Ewing sarcoma: a retrospective analysis of data from the 
Euro-E.W.I.N.G.99 trial 
Dimosthenis Andreou1, Andreas  Ranft2, Daniel  Baumhoer3, Henk  van den Berg4, Benedicte  Brichard5, P.D. 
Sander  Dijkstra6, Hans-Roland  Duerr7, Hans-Theodor  Eich8, Hans  Gelderblom7, Georg  Gosheger8, Jendrik  
Hardes2, Wolfgang  Hartmann8, Lianne  Haveman9, Heribert  Juergens8, Atilla  Kollar10, Jarmila  Kruseova11, 
Thomas  Kuehne12, Ruth  Ladenstein13, Andreas  Leithner14, Michael  Paulussen15, Peter  Reichardt16, Arne  
Streitbürger2, Beate  Timmermann17, Per-Ulf  Tunn16, Reinhard  Windhager18, Uta  Dirksen2 
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Center Berlin-Brandenburg, Bad Saarow, , Germany, 2West German Cancer Center, University Hospital Essen, Essen, , 
Germany, 3Bone Tumour Reference Center at the Institute of Pathology, University Hospital Basel, Basel, , Swaziland, 
4Amsterdam University Medical Center, Amsterdam, , The Netherlands, 5Cliniques Universitaires Saint Luc, Brussels, , 
Belgium, 6Leiden University Medical Center, Leiden, , The Netherlands, 7Ludwig Maximilian University Munich, Munich, , 
Germany, 8Muenster University Hospital, Muenster, , Germany, 9Princess Maxima Center for Pediatric Oncology, Utrecht, 
, The Netherlands, 10Inselspital Bern, Bern, , Swaziland, 11Charles University, 2nd School of Medicine, Prague, , Czech 
Republic, 12University Children\'s Hospital Basel, Basel, , Switzerland, 13St. Anna Children\'s Hospital and St. Anna 
Kinderkrebsforschung, Medical University of Vienna, Vienna, , Austria, 14Department of Orthopaedics and Trauma, Medical 
University of Graz, Graz, , Austria, 15Vestische Kinder- und Jugendklinik Datteln, University Witten/Herdecke, Datteln, , 
Germany, 16Sarcoma Center Berlin-Brandenburg, Helios Hospital Berlin-Buch, Berlin, , Germany, 17West German Proton 
Therapy Center, Essen, , Germany, 18University Hospital of Vienna, Vienna, , Germany 

Background. Long-term survival in Ewing sarcoma patients is possible due to multimodal treatment approaches. A 
prerequisite is a close cooperation among physicians of all involved clinical disciplines within a sarcoma center or 
between different hospitals. If patients are not treated at a sarcoma center, the logistics of this cooperation may lead 
to treatment delays. The aim of this study was to evaluate the prognostic impact of treatment delays in Ewing sarcoma 
patients.  
 
Methods. Data from 692 patients with a localized Ewing sarcoma registered in the German Society for Pediatric 
Oncology and Hematology Ewing sarcoma database and treated in the Euro-E.W.I.N.G. 99 trial (NCT00020566) were 
analyzed. All patients underwent surgical treatment after induction chemotherapy. Hazard ratios (HR) were estimated 
with respective 95% confidence intervals (CI) in multivariate Cox regression models.  
 
Results. Only in 5% of patients was the duration between the 6 protocol designated VIDE induction cycles 21 days as 
per protocol. Median interval between day 1 of the first induction chemotherapy cycle and definitive tumor surgery was 
141 (IQR, 133 – 153) days in patients receiving exactly 6 VIDE cycles prior to surgery. Patients with a duration of induction 
chemotherapy of > 150 days were at a higher risk to develop an event (HR, 1.546; 95% CI, 1.103 – 2.166) and had a 
higher risk for death (HR, 1.574; 95% CI, 1.095 – 2.262), compared to patients with a duration of induction chemotherapy 
of < 150 days. Patients with a delay in induction chemotherapy also experienced a significant delay between VIDE 6 and 
surgery (36 vs. 27 days, p < 0.001) and were treated significantly more often at low-volume centers (63% vs. 48%, p = 
0.005). Patients with a prolonged interval > 21 days between surgery and day 1 of consolidation chemotherapy were at 
a higher risk to develop an event (HR, 1.406; 95% CI, 1.011 – 1.955), and had a significantly higher rate of postoperative 
complications (26% vs. 11%, p < 0.001), compared to patients with a shorter interval.  
 
Conclusions. Delays between induction chemotherapy and surgery and between surgery and consolidation 
chemotherapy are independently associated with a poorer prognosis in patients with localized Ewing sarcoma. Our 
results underscore the need to optimize referral pathways between different departments or hospitals and support 
treating Ewing sarcoma patients in high-volume centers. Future studies should assess the safety and efficacy of an earlier 
initiation of consolidation chemotherapy after optimized management of postoperative complications 
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A Re-evaluation of Amputations versus Rotationplasties in the 
Reconstruction of Tumors about the Knee 
Abigail Tud1, Tanveer Singh2, Richard  Servando Rotor1, Saminathan  Suresh Nathan2 

1Philippine Orthopedic Center, Philippines, 2Mount Elizabeth Medical Center, Singapore 

Background. Rotationplasties ostensibly resemble below knee amputations and hence believed to be superior to above 
knee amputations in the reconstruction of tumor-ablated limbs. 
 
Purpose. We compare above knee amputations with rotationplasties using motion capture and force plate array 
technology. 
 
Methods. We evaluated 19 subjects who had undergone above-knee amputation or rotationplasty for malignant and 
benign aggressive tumors about the knee, including 8 healthy volunteers. Four patients had undergone amputations, 
while 7 had knee rotationplasties. Patients were assessed using a non-optical motion capture system based on 
accelerometer, gravitometer and GPS assessment. In addition, a force plate array analysis was performed for foot 
reaction force analyses. Subjective functional outcomes were assessed using the Musculoskeletal Tumor Society Score. 
 
Results. There were 10 males and 9 females followed an average 4.0±SD5.5 years. Average age at time of survey was 
31±SD10 years. Absolute range of motion about the knee joint was comparable between affected and unaffected sides 
for both groups (51°± SD3 at the exoprosthesis knee joint versus 60° ± SD5 for the normal knee among above-knee 
amputees, p=0.06; 51° ± SD22 at the pseudo-knee joint versus 60° ± SD4 for the normal knee among rotationplasties, 
p=0.16). Above-knee amputees showed greater thigh acceleration on the affected side (22m/s2 ± SD 9) compared to 
the unaffected side (13m/s2 ± SD6, p=0.02) whereas rotationplasty patients exhibited greater acceleration on the 
normal thigh (29m/s2 ± SD7) compared to the post-operative thigh (15m/s2 ± SD5, p=0.0009). Above-knee amputees 
exerted stronger thigh (166N ± SD56 versus 105N ± SD47, p=0.005) as well as leg movement forces (101N ± SD39 versus 
43N ± SD22, p=0.02) on the operated side compared to the unaffected side, while rotationplasty patients generated 
weaker thigh forces on the post-operative side (105N ± SD42 versus 208 ± SD62, p=0.02). This trend was not significant 
for the leg segment (p=0.2). Musculoskeletal Tumor Society scores were not statistically significant between the two 
groups although this was mutually counterbalanced by more pain in rotationplasties and poorer gait in above-knee 
amputations. 
 
Conclusion. Above knee amputated limbs are stronger and more functionally normal than rotationplasty limbs. It is 
likely that advances in prosthetic design may circumvent the need for the more complex procedure in the future
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Impact of pulmonary metastasectomy on outcome of bone sarcoma 
patients with lung metastases. A retrospective, IPTW-weighted analysis 
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Adolescent Surgery, Medical University of Graz, Graz, Austria, 3Division of Paediatric Haematology/Oncology, Department 
of Paediatrics and Adolescent Medicine, Medical University of Graz, Graz, Austria, 4Division of Oncology, Department of 
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Background. Prognosis of bone sarcoma patients with pulmonary metastases is rather poor. Having gained importance 
over the years, metastasectomy constitutes a treatment option in the metastatic setting, apart from chemotherapy 
(CTX) and radiotherapy (RTX). Yet, decision to perform metastasectomy depends on several prognostic factors, including 
metastasis-free interval, patient’s general condition, and number of metastatic lesions. 
This retrospective, monocentric study aimed at investigating the impact of pulmonary metastasectomy on survival of 
patients with primary malignant bone tumours who developed lung metastases. In order to independently assess the 
effect of metastasectomy irrespective of confounding factors, inverse probability of treatment weight (IPTW) was used. 
 
Methods. Fifty-one bone sarcoma patients (median age at metastasis diagnosis 23.2 years; interquartile range [IQR]: 
15.6 - 47.6 years) with primary (n=10) or secondary lung metastases (n=41) who had been treated at a single university 
hospital, were retrospectively included. A propensity score depicting the likelihood of a patient to undergo 
metastasectomy based on age (at diagnosis of metastases), gender, CTX, RTX, primary vs. secondary metastases, 
histology (osteosarcoma vs. Ewing sarcoma vs. others), metastasis-free interval split at 9 months, and bilateral 
involvement, was calculated to account for selection bias. An IPTW was thereafter generated, and data weighted for 
this score.  In order to assess the impact of metastasectomy on post-metastasis survival (PMS), IPTW-weighted 
univariate and multivariate Cox-regression models were performed. 
 
Results. Median follow-up from primary tumour diagnosis amounted to 47.0 (IQR: 25.0 – 93.0) months. Most patients 
had osteosarcoma as the underlying histology (n=37; 72.5%). For the entire cohort, three and 5-year PMS was 55.6% 
and 41.1%. Altogether, 80.4% of patients (n=41) underwent metastasectomy, whilst the remaining 19.6% were treated 
with CTX and/or RTX or best supportive care. Patients undergoing metastasectomy were significantly younger (p=0.012), 
had a longer interval until lung metastasis-development (p=0.023), and rather presented with singular (p=0.023) as well 
as unilateral metastatic disease (p=0.009). In the naïve univariate Cox-regression analysis for PMS, patients undergoing 
metastasectomy had a significantly better prognosis than patients treated otherwise (HR: 0.117; 95%CI: 0.040 - 0.339; 
p < 0.001). After IPTW-weighting, this effect ¬– albeit less pronounced – prevailed for patients with pulmonary 
metastasectomy (HR: 0.211; 95%CI: 0.074 - 0.603; p=0.004). In the multivariate IPTW-weighted Cox-regression model 
for PMS, the positive effect of metastasectomy prevailed (HR: 0.275; 95%CI: 0.129-0.589; p=0.001), irrespective of 
patient age (p<0.001), presence of multiple lesions (p=0.433), and time to lung metastases (p=0.003). 
 
Conclusion. Patients treated with metastasectomy have a rather favourable prognostic profile, including young age, 
long time interval until development of metastases, and rather singular metastatic lesions. Yet, even after accounting 
for these potential confounders in an IPTW-weighted multivariate Cox-regression model, there appears to be a positive 
impact of metastasectomy towards prolonged PMS.
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Which variables should be evaluated in Surgical Case Report Forms of 
prospective randomized trials in Ewing Sarcoma? A proposal of the Euro 
Ewing Consortium (EEC) Surgical Working Group 
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Foundation Trust, Birmingham, United Kingdom, 3Department of Tumor Orthopedics, University Hospital Essen, Essen, 
Germany, 4Department of Orthopedic Surgery, Institut de Recherche Expérimentale et Clinique (IREC), Cliniques 
Universitaires Saint Luc, Université Catholique de Louvain (UCLouvain), Brussels, Belgium, 5Departement de Chirurgie, 
Onco-Orthopedie, Centre Leon-Berard, Lyon, France, 6Leiden University Medical Center, Leiden, Netherlands, 7Dept. of 
orthopedic oncology, the Norwegian Radium Hospital, Oslo, Norway, 8Euro-Ewing-Consortium, London, United Kingdom, 
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Introduction. Although surgery is an important treatment modality in patients with Ewing Sarcoma (EwS), current and 
previous international trials have not included prospective questions regarding the optimization of surgical treatment. 
As such, most recent evidence has been produced through retrospective analyses of the surgical data gathered in these 
trials. Our aim was to develop a uniform, standardized surgical Case Report Form (CRF) for future trials. 
 
Methods. After analyzing the surgical CRFs of previous European EwS trials and current literature on local surgical 
treatment of EwS, focusing on the unanswered questions and areas of controversy, possible variables were identified. 
These variables were then defined, prioritized, and discussed within the EEC Surgical Working Group, taking into 
consideration the need to avoid an excessive collection of unnecessary data. 
 
Results. The resulting CRF proposal contains 28 variables divided in 4 sections. The first section was designed to be 
completed by study nurses and includes data on the place and time of surgical treatment. The second section should be 
completed by the surgeon and involves the aim of surgical treatment, the type of surgery and reconstruction, the 
surgeon’s assessment of surgical margins, and possible complications requiring additional surgery or delaying 
consolidation chemotherapy. The third section details the data that should be provided by the pathologist, including 
the width of surgical margins in bone and soft tissue and the histological response to induction chemotherapy. Details 
on the surgical treatment of pulmonary and extrapulmonary metastases are documented in the fourth section. 
 
Conclusions. The proposed surgical CRF allows for a structured reporting of those surgical data, that are necessary to 
address controversial topics and open surgical questions in patients with EwS.
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Chondrosarcoma in Norway 1990-2013; Risk stratification without 
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1Division of Orthopedic Surgery, Oslo University Hospital, Oslo, Norway, 2Department of Radiology, Oslo University 
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Oslo, Norway, 5Department of Research and Innovation, Møre and Romsdal Hospital Trust, Ålesund, Norway, 6Department 
of Oncology, Oslo University Hospital, Norwegian Radiumhospital, Oslo, Norway, 7Institute of Clinical Medicine, University 
of Oslo, Oslo, Norway 

Background. For the last 50 years chondrosarcoma(CS) epidemiology has focused on the study of histological grade. Observer 
variation in interpretation of grade means that there is a need to achieve risk stratification without grade, in order to progress in our 
understanding of CS as a disease. 
Methods. We searched the Cancer Registry of Norway(CRN) for cases of CS of bone from 1990-2013, performed quality control of all 
variables, review of  available radiological files (N=223) and pathological review by set criteria(N=112). The cohort consisted of 311 
cases with subtype specific data. Size of the soft tissue component was measured by standardized means(figure 1). We calculated 
incidence and Kaplan-Meier rates of local recurrence, metastasis and survival per CS subtype. For the central conventional CS subtype 
we performed uni- and multivariate cox analysis to establish predictors of metastasis and death, aiming to establish a new system of 
risk stratification. 
Results. The total incidence for the period was 2.85 per million/year. There was an increase in the most common central subtype and 
grade 2 disease, larger for women than for men giving equal incidence by sex in the most recent period(3.45 per million/year). 
Patterns of local control, metastatic disease and survival were clearly subtype specific 
Axial skeletal location [HR=19.06(2.35-145.91)] was a significant predictor of metastatic risk together with the size of a soft tissue 
component [HR=13.45(1.75-103.47)]. The combination of axial location and soft tissue component>1cm independently predicted 
metastatic risk and death without the use of histological grade(figure 2) at multivariate level [HR=14.02(2.98-69.94)](P<0.001). We 
called this variable “Oslo high risk” and the rest of the cohort for “Oslo low risk”. This division created a small(39 cases) high risk 
cohort (33% risk of metastasis and 70% survival) and a larger(103 cases) low risk cohort (2% risk of metastasis and 91% survival)(figure 
3). The low risk cohort had no further local or metastatic events after 5 years observation. 50% of local recurrence(LR) were 
asymptomatic, but discovered by routine radiological surveillance. LR was associated with a significant increased risk of metastasis 
[HR=4.1(1.5-10.7)] and death [HR=9.3(5.0-17.5)] overall. This was driven by aggressive tumours at initial diagnosis and not valid for 
indolent tumour situations. Our combined variable (Oslo high risk) from primary diagnosis also predicted risk of metastasis and death 
in the event of LR, while this did not appear to be an association for the rest of the cohort (Oslo low risk). 
Conclusion. In Norway, the most recent incidence of CS of bone was 3.45 per million/ year. The combination of axial location and a 
soft tissue component> 1cm independently identifies a cohort at high risk of metastasis and death without the use of histological 
grade leaving the majority of the cohort at low risk of adverse outcome. 
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Unplanned resections of soft tissue sarcomas – is further surgery necessary 
in every case?  
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Background. Wide resection with or without (neo-) adjuvant radio- or chemotherapy is the gold standard in 
management of unplanned (maybe incompletely) resected soft tissue sarcomas. However, in the last years there has 
been a controversial debate about the necessity of surgical reresection. Assuming that surgical interventions lower the 
rate of local recurrence after unplanned sarcoma resections, some studies have shown no benefit for overall survival or 
event-free-survival compared to radiotherapy alone or watchful waiting. 

Methods. We retrospectively analyzed all patients treated for soft tissue sarcomas between 2012 and 2021 at our 
institution. Included were all patients with R1-resected soft tissue sarcomas, that had a second surgery and all patients 
with R1-resected soft tissue sarcomas, that were treated with radio- or chemotherapy, but without further surgical 
resection. We analyzed diagnosis, tumor location, size and treatment. All patients were followed regarding survival, 
local recurrence, or metastatic disease. Overall- and local recurrence-free survival were correlated with the 
beforementioned parameters.  

Results. 185 patients were treated between 2012 and 2021 at our institution after an incomplete (R1) resection of a 
soft tissue sarcoma. Out of those 156 patients had another surgical resection (group A), 29 patients were treated with 
radio- and/or chemotherapy alone (group B). Mean age was 57 (group A) and 60 (group B) years, respectively. The most 
frequent diagnosis was Undifferentiated Pleomorphic Sarcoma in 28% of the patients (n=51), followed by 
myxofibrosarcoma in 16% (n=29). 8% of the patients with surgical therapy and 14% of the patients treated with radio-
/chemotherapy alone developed local recurrence (p=0,2844). Both, local recurrence free survival and overall survival 
showed a tendency towards a worse outcome in the non-surgically group, but there was no significance for that.  

Conclusion. While there is a tendency towards worse overall survival and a higher rate of local recurrence in patients 
without surgical reintervention, there was no statistical significance. This could be due to the heterogeneity of the two 
groups or the group size. The question whether radio-/chemotherapy alone without surgical intervention is sufficient 
after incomplete resections in soft tissue sarcoma patients continues to be unanswered. However, no advantage of 
either treatment group could be shown either. 
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Surgical management of 144 diffuse-type tenosynovial giant cell tumor 
patients in a single institution: a 20-year cohort study 
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1Department of Orthopedic Surgery, Leiden University Medical Center, Leiden, The Netherlands, 2Department of Radiology, 
Leiden University Medical Center, Leiden, The Netherlands, 3Department of Medical Oncology, Leiden University Medical 
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Background. Surgery is the mainstay of treatment for Tenosynovial giant cell tumors (TGCT). However, achieving cure 
through surgery alone remains challenging, especially for the diffuse-type (D-TGCT). 
 
Methods. Our goal was to describe the surgical management of patients with D-TGCT related to large joints, treated 
between 2000-2020. We analyzed the effect of (in)complete resections and the presence of postoperative tumor (POT) 
on MRI on radiological and clinical outcomes. 
 
Results. 144 patients underwent open surgery for D-TGCT, of which 58 (40%) had treatment before. Median follow-up 
was 65 months. One hundred twenty-five patients underwent isolated open surgeries, in which 25 (20%) patients D-
TGCT was intentionally removed incompletely. POT presence on first postoperative MRI was observed in 64%. Both 
incomplete resections and POT presence were associated with higher rates of radiological progression (73% vs. 44%; 
KM-analysis p=0.021) and 59% vs. 7%; KM-analysis p<0.001), respectively. Furthermore, patients with POT presence 
clinically worsened more often than patients without having POT (49% vs. 24%; KM-analysis p=0.003).  
 
Conclusions. D-TGCT is often resected incompletely and tumor presence is commonly observed on the first 
postoperative MRI, resulting in worse radiological and clinical outcomes. Therefore, surgeons should try to remove D-
TGCT in toto and consider other multimodal therapeutic strategies. 
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Risk factors for surgical-site infection after soft-tissue sarcoma resection 
and development of a risk scoring system 
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Background. Surgical-site infection (SSI) after soft-tissue sarcoma (STS) resection is a serious complication. In this 
retrospective single-center study, we investigated the risk factors for SSI after STS resection. Furthermore, a risk scoring 
system was developed by combining the risk factors.  
 
Methods. The clinical records of 534 patients, who underwent surgical resection of STS, were reviewed. The associations 
of various variables (age, diabetes, smoking during the previous year, tumor depth, resected tumor size, preoperative 
chemotherapy, radiation therapy, intraoperative blood loss, and operative time) with SSI were evaluated. The optimal 
cutoff values for age, resected tumor size, operative time, and intraoperative blood loss were determined using receiver 
operating characteristic curve analysis. Furthermore, a scoring system for assessing the risk of SSI in each patient was 
developed by combining the risk factors. Among the risk factors that were significantly associated with SSI in 
multivariate analysis, 2 points were assigned to factors with an odds ratio (OR) of ≥ 2.5 and 1 point was assigned to 
factors with an OR of < 2.5 and ≥ 1.0. The risk score for SSI was defined as the total score of these points. The patients 
were classified into three groups: low-risk group (0–1 point), intermediate-risk group (2–3 points), and high-risk group 
(≥ 4 points). The incidence of SSI was compared among the three groups. 
 
Results. Among the 534 patients, 48 (9%) had SSI. In univariate analysis, age ≥ 73 years, smoking during the previous 
year, resected tumor size ≥ 148 mm, operative time ≥ 222 min, intraoperative blood loss ≥ 90 mL, and radiation therapy 
were significantly associated with SSI. Furthermore, multivariate analysis revealed that age (OR, 3.1; 95% CI, 1.6–6.2; p 
< 0.001), smoking during the previous year (OR, 2.3; 95% CI, 1.1–4.8; p = 0.030), resected tumor size (OR, 2.2; 95% CI, 
1.1–4.3; p = 0.024), operative time (OR, 3.8; 95% CI, 1.8–8.3; p <0.001), and radiation therapy (OR, 4.6; 95% CI, 1.8–11.7; 
p = 0.001) were independent risk factors for SSI. A risk scoring system combining these factors was developed on the 
basis of the correlations between the risk factors and SSI. The incidence of SSI was 2% (7/296) in low-risk group, 11% 
(20/181) in intermediate-risk group, and 37% (21/57) in high-risk group.  
 
Conclusions. In the treatment of STS, deciding the operative procedure and postoperative treatment based on SSI risk 
assessment is recommended. Our risk scoring system will aid surgeons in making appropriate surgical plans for patients 
with STS. 
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Perioperative complications of freezing nitrogen ethanol composite in 
treating bone tumors: Clinical experience from a single-center 
Hung-Kai Weng1,2,3, Chao-Ming Chen3,4,5, Po-Kuei Wu3,4, Wei-Ming Chen3,4 

1Department of Orthopaedics, National Cheng Kung University Hospital, College of Medicine, National Cheng Kung 
University, Tainan, Taiwan, 2Institute of Basic Medical Sciences, College of Medicine, National Cheng Kung University, 
Tainan, Taiwan, 3Therapeutical and Research Center of Musculoskeletal Tumor, Department of Orthopaedics and 
Traumatology, Taipei Veterans General Hospital, Taipei, Taiwan, 4Department of Orthopaedics, School of Medicine, 
National Yang-Ming University, Taipei, Taiwan, 5Institute of Clinical Medicine, College of Medicine, National Yang-Ming 
University, Taipei, Taiwan 

Introduction. The semi-solid freezing nitrogen ethanol composite (FNEC) has been shown antineoplastic effects 
comparable to that of liquid nitrogen used in conventional cryotherapy in treating bone tumors and with a decreased 
complication rate in preclinical and pilot patient case studies. The aim of this study was to present the perioperative 
complications of FNEC-assisted cryoablation base on the type of bone defects. 
 
Materials and Methods. The medical charts of patients who received adjuvant cryoablation using FNEC for bone tumors 
during December 2013 to January 2018 were reviewed. The bone defects were categorized into 3 types according to 
the orientation, location, and risk of leakage and spillage. Type 1 bone cavities: able to hold liquid without the assistance 
of limb manipulation or change in body positioning; Type 2: required extensive limb manipulation or altering body 
postures for retaining and evenly distributing liquid; Type 3: unable to retain liquid due to its location or shape. The 
incidence rate of perioperative complications was evaluated. 
 
Results. Among the 76 patients, 30.3%, 57.9%, and 11.8% of them presented with Types 1, 2, and 3 bone cavities, 
respectively. The mean follow-up time for perioperative complications was 43.5±24.1 days. The overall perioperative 
complication rate was 6.4% with only 5 incidences of complications (skin damage (n=2), infection (n=2), and fracture 
(n=1)). Both the skin damage and infection affect the superficial part of the skin and manageable by oral antibiotics. The 
case with pathologic fracture recovered well after being treated with open reduction and plate fixation. No neuropraxia 
was noted within the first few days post-surgery. The respective complication rate in Types 1, 2, and 3 bone cavities was 
13%, 4.6%, and 0%. 
 
Conclusions. Our results indicated a comparably favorable perioperative outcome in intralesional curettage combined 
with FNEC-assisted cryotherapy. We recommend use of semisolid FNEC to accommodate the differences in post-
curettage bone cavities and ease of application during intraoperative procedures comparing to conventional liquid 
nitrogen. 
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A single-center experience with Giant Cell Bone tumors 2005-2021 
Vetra Markeviciute1,2, Juste Ramonaite2, Mindaugas Stravinskas1 

1Hospital of Lithuanian University of Health Sciences, Kaunas Clinic, Department of Orthopaedics and Traumatology, 
Kaunas, Lithuania, 2Lithuanian University of Health Sciences, Kaunas, Lithuania 

Background. Giant cell tumor of bone (GCTB) is normally a benign but locally aggressive lesion with highly variable, 
unpredictable behavior, and may result in metastasis to the lungs. Although considered to be benign tumors of bone, 
GCTB has a relatively high recurrence rate. Local benign GCTB recurrence occurs in approximately 25% of patients, with 
the highest rates reported (up to 50%) following curettage. Extended curettage with local chemical adjuvant therapy 
can decrease the recurrence rate to 6–25%. Wide excision with several reconstructions technique can decrease the 
recurrence rate to 5%. However, the function in assessing MSTS and TESS scales was statistically significantly better 
after curettage.  
 
Methods. A retrospective analysis was performed of patients with GCTB treated in the Department of Orthopedic and 
Trauma surgery of Lithuanian Health Science University’s Kaunas Clinic 2005-2021. Data analysis was performed using 
the Stata program, data was considered statistically significant when p<0.05. 
 
Results. 37 patients were treated with a histologically confirmed diagnosis of GCTB:17 women and 20 men, with a mean 
age of 36,2(+-12,63) years. Patients were followed-up after surgery for an average period of 62(+-45,9) months. Low 
grade GCTB was diagnosed in 33 patients and high grade GCTB -4 patients. The most common location was the leg (26 
patients): tibia-12(32% all tumors), 10–femur (27% all tumors). The volume of operated tumors ranged from 0.8 ml to 
241.63 ml, with a mean of 68,57ml(+-68,9). Local recurrences were diagnosed in 2 (5,4%) patients. Denosumab 
treatment was also indicated for 3 patients. All 37 patients underwent surgery, but surgical techniques were chosen 
depending on location, disease aggressiveness, tumor size, and age. Analyzing the technical elements selected during 
surgery, following were performed: 19(51,35%) osteosyntheses, 18(48,65%) cementoplasties, 17(45,95%) 
spongioplasties, 9(24,32%) spongioplasties with cementoplasty, 24(64,86%) curettages, 10(27,03%) wide resections, 
2(5,4%) endoprostheses, and 3(8,1%) amputations. MSTS score average was 30,3. TESS score average was 91,2. 
Statistically, significantly larger volumes of tumors were diagnosed in the men group. Larger tumors were observed in 
the 20-40 age group, although no statistical significance was observed. No statistical significance on the MSTS and TESS 
scales were observed in the 20-40 age group, as well as in the male group. 
 
Conclusion. Larger tumors are most diagnosed in men. Due to their scope and complexity, pelvic surgeries remain the 
most detrimental to the quality of life and function. The relapse rate is very low compared to the world's leading 
oncology clinics, it is not only comparable, but in some cases even lower. When selecting a method of treatment, each 
clinical case should be evaluated individually regarding the histological examination done by an experienced 
professional, and surgical tactics 
should be selected taking into account all possible factors: overall quality of life, disease type, aggression, and the chance 
of recurrence.
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One- versus two-stage synovectomy of diffuse-type tenosynovial giant cell 
tumor of the knee: an international, retrospective, cohort study 
Geert Spierenburg1, Floortje Verspoor2, David King3, Anthony Griffin4, Jay Wunder4, Matthew Houdek5, Richard 
Boyle6, Erik Geiger7, Steve Thorpe8, Jacob Priester8, Erik Staals9, Lizz van der Heijden1, Bart Schreuder10, 
Nicholas Bernthal7, Hans Gelderblom11, Michiel van de Sande1 

1Department of Orthopedic Surgery, Leiden University Medical Center, Leiden, The Netherlands, 2Department of 
Orthopedic Surgery, Amsterdam UMC, Amsterdam, The Netherlands, 3Department of Orthopedic Surgery, Medical College 
of Wisconsin, Milwaukee, United States, 4Department of Orthopedic Surgery, Mount Sinai Hospital, Toronto, Canada, 
5Department of Orthopedic Surgery, Mayo Clinic, Rochester, United States, 6Department of Orthopedic Surgery, Royal 
Prince Alfred Hospital, Sydney, Australia, 7Department of Orthopedic Surgery, UCLA Health, Los Angeles, United States, 
8Department of Orthopedic Surgery, UC Davis Health, Davis, United States, 9Department of Orthopedic Surgery, Instituto 
Ortopedico Rizzoli, Bologna, Italy, 10Department of Orthopedic Surgery, Radboud UMC, Nijmegen, The Netherlands, 
11Department of Medical Oncology, Leiden University Medical Center, Leiden, The Netherlands 

Background. Diffuse-type TGCT (D-TGCT) is a rare, mono-articular, soft-tissue tumor affecting large joints, particularly 
the knee. D-TGCT can behave locally aggressively and significantly impact the quality of life. Surgery is the mainstay of 
treatment aiming to remove tumor by synovectomy. Due to the extensive growth of D-TGCT in the knee, it is often 
required to approach the knee from anterior and posterior sides. Consensus whether a two-sided synovectomy should 
be performed in one- or two-stages is lacking. We compared short-term outcomes of one-stage (OS) vs. two-stage 
synovectomies (TS) of the anterior and posterior side of D-TGCT of the knee. 
 
Methods. In this international, multicenter, retrospective study, patients were included in 11 sarcoma centers 
worldwide. All patients underwent OS or TS of the anterior and posterior side of the knee between 2000 and 2020. TS 
is defined as two surgeries of separate sides but within six months. TGCT was histologically confirmed in all patients. 
The primary aim of this study was to compare the short-term outcomes related to the surgical techniques, such as time 
of surgery, length of hospital stay, postoperative range of motion, and complication rate. Secondary outcome was the 
postoperative progression rate.  
 
Results. 237 patients underwent a two-sided synovectomy of the knee, 156 in one stage and 81 in two stages. Patients 
undergoing an OS had a mean age of 41 years, and 71 were treated before. The mean age of patients undergoing a TS 
was 39 years, and 41 were treated before. Median time of OS was 160 minutes and patients stayed for a median of 3 
days. Median time of TS (sum of the two surgeries) was 166 minutes and length of stay (sum of two admissions) was 6 
days. TS was mainly performed open on both sides (n=72/80; 90%), while OS was performed completely open in 37% 
(n=55/149), arthroscopic anterior and open posterior in 36% (n=53/149) and completely arthroscopic in 28% 
(n=41/149). One year postoperatively, the median flexion was 120 degrees, and the median extension was 0 degrees 
for both approaches. Complications occurred in 22% (n=34/141) after OS, while the complication rate of TS was 36% 
(n=28/78). The progression rate of patients undergoing OS was 42% (n=65/151) after a median of 45 months and for TS, 
this was 49% (n=39/79) after a median of 58 months. 
 
Conclusion. Although no considerable differences were observed between both approaches in terms of surgery time or 
postoperative range of motion, length of hospital stay, and the complication rate were lower for patients undergoing 
OS. Therefore, we suggest performing OS for advanced D-TGCT if possible. Nevertheless, it remains challenging to 
control D-TGCT by surgery alone, and multimodal treatment needs to be considered
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Unplanned excision of soft tissue sarcomas of the hand and the wrist 
Vasileios Kontogeorgakos1, Ioannis Trikoupis1, Stavros Goumenos1, Panagiotis Gavriil1, Anastasios Roustemis1, 
Olga Savvidou1, Dionysios Papachristou2, Panayiotis Papagelopoulos1 

1First Department of Orthopedic Surgery, National and Kapodistrian University of Athens, 'Attikon' University Hospital, 
Athens, Greece, 2Anatomy and Histology Lab, University of Patras, Patra, Greece 

Excisional biopsy for soft tissue sarcomas (STS) is a common treatment strategy for many patients with masses of the 
hand and the wrist. The inappropriate preoperative evaluation and staging frequently leads to excisions with 
contaminated margins. Most of these patients are undergoing a supplementary surgical excision using complex 
reconstruction methods. The purpose of this study is to assess the clinical, oncological and functional outcome of these 
patients after definite surgical treatment 

Material. Between 2014 and 2020, 24 patients (14 male and 10 female), mean age 52   12 years, were referred to out 
department, after unplanned excision of a STS of the hand and wrist. All patients had at least positive microscopic tumor 
margins after the initial surgical procedure. The minimum follow-up period was 24 months.  

Results. Epithelioid sarcoma was the most common diagnosis, after the final biopsy, followed by fibrosarcoma and 
synovial sarcoma.  30% of the patients underwent tumor resection without pre-op imaging and in 50%, the surgery was 
performed under local anesthesia. 20 patients (83%) underwent limb salvage surgery with tumor bed re-excision, while 
amputation was performed to 4 patients.  Negative resection margins were achieved in 23 out of the 24 patients. 
Microsurgical techniques for wound reconstruction were used for soft and bone tissue defects in 12 patients (70%). 
Wound healing complications developed in 2 patients, successfully treated. Regional node or lung metastatic disease 
developed in 4 patients (16,5%). The mean DASH score was 24.2 points (range 9.2-79.2).   

Conclusion. Unplanned excisions of the hand and wrist STS results in a relative high amputation rate. Tumor bed re-
excision can offer satisfying oncological, clinical and functional outcome. Microsurgical techniques are frequently 
needed for reconstruction of tissue and functional defects with a low complication rate. 
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Clinical outcomes of chondroblastomas in the femoral head: a Japanese 
Musculoskeletal Oncology Group (JMOG) study 
Jungo Imanishi1, Hidetatsu Outani3, Takashi Saisu4, Hiroshi Kobayashi5, Kunihiro Ikuta6, Hiroyuki Kawashima7, 
Makoto Endo8, Keisuke Ae9, Kenji Morii10, Makoto Nakagawa11, Kenji Sato1, Yasuo Yazawa2, Takafumi Ueda12, 
Hirotaka Kawano1, Tomoaki Torigoe2 

1Teikyo University, Tokyo, Japan, 2Saitama Medical University International Medical Center, Hidaka, Japan, 3Osaka 
University, Osaka, Japan, 4Chiba Children's Hospital, Chiba, Japan, 5Tokyo University, Tokyo, Japan, 6Nagoya University, 
Nagoya, Japan, 7Niigata University, Niigata, Japan, 8Kyusyu University, Fukuoka, Japan, 9Cancer Institute Hospital for JFCR, 
Tokyo, Japan, 10Kyorin University, Tokyo, Japan, 11National Cancer Center Hospital, Tokyo, Japan, 12Kodama Hospital, 
Takarazuka, Japan 

Backgrounds. Chondroblastoma is a rare benign bone tumor predominantly occurring in the childhood and adolescence, 5-10% of 
which arises in the femoral head. Because proximal femoral epiphysis cannot be accessed without passing either the growth plate or 
the articular cartilage, dilemma exists in terms of the best surgical approach to chondroblastoma in the femoral head. The past studies 
have reported a high ratio of local recurrence and dysfunctions after surgery. However, due to its rarity, detailed clinical outcomes 
have been still unclear. The aim of this study was to determine the best treatment by retrospective analysis of our cases. 
 
Methods. This is a multi-institutional retrospective study of chondroblastomas in the femoral head, treated in JMOG-associated 
institutions between1980 and 2019. Procedure methods, clinical outcomes, patient factors and tumor factors were collected using 
case report form. Clinical outcomes include local recurrence, osteoarthritis according to the Kellgren-Lawrence classification, 
osteonecrosis of the femoral head, limb length discrepancy, and re-surgery. 
 
Results. Twenty-eight cases from 11 institutions were analyzed in this study. Data of the 28 cases are summarized in Table 1. Three 
cases were aged under 10 years, 10 cases aged 10-14 years, 7 cases aged 15-19 years, and 8 cases aged ≥20 years. The growth plate 
remained open in 9 cases, and partially closed in 4 cases. The maximal diameter was 14-60 (median, 26) mm. Follow-up duration 
ranged 9-253 (median, 50) months. Initial procedure methods were (a) curettage or resection via anterior hip approach without hip 
dislocation (n=16), (b) curettage or resection after hip dislocation (n=5), (c) curettage using arthroscopy via two windows (n=4), (d) 
curettage via a drill along the femoral neck (n=1), (e) resection plus total hip arthroplasty (n=1), and (f) radio frequency ablation (n=1). 
Only the case undergoing (e) required multiple surgeries due to local recurrences. Osteoarthritis in the affected hip joint was observed 
in 11 cases including one case with developmental dysplasia of the hip (Case 1). Univariate analysis revealed that only the procedure 
method was significantly associated with the development of osteoarthritis (Table 2). Limb length discrepancy of < 2 cm was observed 
in 4 out of 9 cases with open growth plate at surgery.  
 
Discussion. Procedure methods can vary depending on the age of patient and the tumor location when performing surgery for 
chondroblastomas in the femoral head. Each procedure can offer relatively satisfactory results with low risks of local recurrence and 
osteonecrosis of femoral head, but osteoarthritis is not uncommon especially for those undergoing curettage/resection with hip 
dislocation. If the growth plate is already or nearly closed and the tumor is approachable from the femoral neck, anterior hip approach 
without hip dislocation can be the first choice to reduce the risk of osteoarthritis. 
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Prognostic Factors for Survival in Patients with Metastatic Ewing sarcoma: 
an Insight from the Surveillance, Epidemiology, and End Results (SEER) 
Program Database 
Robert Kamil, Gabriel Hanna, Reif Taylor, Derek Hansen 

Hospital For Special Surgery, New York, United States 

Introduction. Ewing sarcoma is a high-grade malignancy that most often occurs in children. Few studies have been 
published on the epidemiology and prognostic factors of metastatic Ewing sarcoma. By using data from a large, 
population-based cancer registry, the authors designed the present study to examine the outcome of metastatic Ewing 
sarcoma and relevant prognostic factors. 
 
Methods. A retrospective review of the Surveillance, Epidemiology, and End Results (SEER) Registry was performed to 
search for Ewing sarcoma patients with metastasis at diagnosis between 2000-2018. Comparisons were made to 
examine differences in demographics, disease characteristics, treatment, and survival. Survival analyses were 
performed using Kaplan-Meier method with log-rank tests and Cox proportional hazards models. 
 
Results. Eight hundred and fifty-two patients with metastatic Ewing sarcoma were identified with a mean age of 23.8 
±15.7 years. The overall 5-and 10-year disease-specific survival was (37% and 31%, respectively). After adjusting for 
clinically relevant factors (tumor location, age, site of metastases and type of treatment modality), only type of 
treatment modality, site/number of metastases and age remained significant factors that affected disease-specific 
survival. Compared with patients who did not receive chemotherapy, patients who used chemotherapy had lower Ewing 
sarcoma-related deaths (hazard ratio [HR], 0.21; 95% confidence interval [CI], 0.11-0.40), while mortality risk increased 
with number of metastases (hazard ratio [HR], 3.07; 95% confidence interval [CI], 2.00-4.69) and with age (hazard ratio 
[HR], 1.02; 95% confidence interval [CI], 1.01-1.03). Race, gender, and tumor location did not affect survival in such 
patients. 
 
Discussion and Conclusion. The authors determined that metastatic Ewing sarcoma has poor prognosis. Factors that 
were associated with increased survival included type of treatment modality with chemotherapy conferring the highest 
survival advantage while increasing age and number of metastases were associated with decreased survival. 
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New surgical approach for pelvic reconstructions and 3D printing 
technology on the expe-rience of 10 years follow up - how to avoid 
complications? 
Daniel Kotrych, A.  Szafrański, A.  Kamiński, A.  Chrobok, A.  Baryluk, A.  Szwed, S.  Zacha 

Center for Diagnostics and Therapy of Hereditary Tumors. Department Children Orthopaedics, Poland 

Purpose. Surgical treatment of primary malignant bone tumors has radically changed in recent years since modern 
imaging, modern reconstructive surgery techniques were put into use. In massive or neglected bone tumors there is a 
frequent dilemma whether reconstructive surgery is a reasonable treatment or not. The aim of the study is to present 
innovative methods of treatment that allow quick patient’s recovery after hemipelvectomy. 
 
Material and Method. Material was composed of 50 selected patients who had undergone hemipelvectomy and were 
hospitalised at The Department of Orthopaedic Oncology of Pomeranian Medical University of Szczecin between 2009 
and April 2022. All of them were diagnosed with advanced forms of prima-ry pelvic tumors and were qualified for 
salvage surgery. The surgical techniques were based on individual custom-made designs produced by means of 3D 
printing technology of Mutars Im-plantcast, Germany and Stanmore/Stryker, USA. Hemipelvectomy was performed in 
31 cases, combined sacro-pelvic resection in 10 cases and sacrectomy in 9 cases. All defects were recon-structed with 
3D custom made Mutars implants. The mean folow up was 5 years with the survival rate of 87%.  
 
Results. Seven patients died of tumor progression, one patient who developed metastatic disease is still alive, in 43 
cases the performed treatment was successful in long term follow up.  The functional results were good or excellent in 
most cases even in the group with poor survival. The shortest time of hospitalisation was 5 days in non-complicated 
cases. 
 
Conclusions. One of the main conclusions emphasized by authors was the importance of firm primary fixation of the 
implant, and the design of its structure which should resemble anatomy at the osteon level. The depth of porousity 
should be limited to mantain the clearness of the implan
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Total Femoral Replacement following prior oncologic or joint 
reconstruction is associated with increased risk for infection and limb-
salvage failure 
Ippolito Joseph1, Yazan Kadkoy1, Gregory Schneider1, Francis Patterson2, Kathleen Beebe1, Joseph Benevenia1 

1Rutgers, New Jersey Medical School, Newark, United States, 2Hackensack University Medical Center, Hackensack, United 
States 

Background. Total femoral replacement (TFR) with an endoprosthesis is indicated in a few instances, including tumors 
involving most of the femur and combined ipsilateral total hip and knee arthroplasty failure(s). While TFR is typically 
used following an oncologic resection, its use for non-oncologic complications is becoming more common.  Such a 
reconstruction is reserved as a last resort in limb salvage as it is associated with a high complication rate. Major 
complications following this type of revision include infection and mechanical failure of the device. 
 
Questions.  We asked the following questions: (1) What is the current survival rate of TFRs implanted at our institution? 
(2) Do survival and complication rates differ between patients who underwent primary TFR for oncologic indications 
compared with patients who underwent TFR following failed arthroplasty?  
 
Methods. We performed a retrospective cohort study of patients receiving total femur endoprostheses for oncologic 
and revision arthroplasty indications from 2000-2020: 22 patients met these criteria. Data including age, sex, diagnosis 
group, indications, and implant characteristics were collected for reporting and analysis. Patient outcomes were 
compared using Chi squared and fisher’s exact test.  
 
Results. Mean age of patients undergoing TFR was 51±24.6 years. Indications included primary reconstruction with TFR 
following oncologic resection (9), revision of prior arthroplasty infection (7), or revision after mechanical failure of prior 
reconstruction (6). Sixteen patients (73%) experienced complication. Non-oncologic failure modes as classified by 
Henderson were as follows: Three (13.6%) soft tissue, three (13.6%) mechanical failures, and ten infections. At last 
follow-up, six patients have undergone hip disarticulation, one patient has died with an antibiotic spacer, and four 
patients have required single stage revision to antibiotic coated TFR for infection. Of the six remaining patients without 
failure, 4/6 have died and 1/6 have been lost to follow-up at less than two years. Patients who underwent TFR following 
infection were at increased risk for failure compared with those who underwent primary TFR following oncologic 
resection (71% vs 17%; p=0.048).  We noted a trend for increased rates of implant failure and infection when comparing 
rates between revision and primary TFR, but this difference was not statistically significant. TFRs have very high failure 
rates following implantation, with a 46% infection rate and overall complication rate of 73% in this series. Patients who 
underwent TFR following revision of prior failed reconstruction or infection were at increased risk for limb-salvage 
failure. 
 
Conclusion. Total Femoral Replacement continues to be a difficult procedure with high complication rates. This series 
shows an increased risk of failure for patients undergoing TFR for infectious causes. Patient counseling in these cases 
may be beneficial as there is an increased risk of limb salvage failure. 
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Decompressive surgery for spine metastases: factors related to clinical 
outcomes and neurologic recovery in 49 patients 
Andrea Angelini, Riccardo Baracco, Maddalena Barbato, Maria Grazia Rodà, Pietro Ruggieri 
Department of Orthopedics and Orthopedic Oncology, University of Padova, Padova, Italy 

Background. Metastatic spinal cord compression (MSCC) can occur in advanced stages of various neoplastic forms, 
causing painful and neurological symptoms that have a serious impact on the quality of life. Standard treatment consists 
of corticosteroids and radiotherapy while the role of surgery is not clearly established. The study aim was to evaluate 
the effectiveness of a surgical treatment of MSCC.  
 
Methods. We retrospectively analyzed 49 patients (29 men, 20 women) with a mean age of 64 years (min 35-max 85 
years), surgically treated for MSCC from 2014 to 2021. Forty patients were treated with vertebral stabilization and 
decompression (8 with partial debulking) whereas 9 decompressed without stabilization. A kyphoplasty was performed 
in 7 cases, vertebroplasty in 1 and one patient was treated with anterior somatectomy after posterior stabilization. 
Frankel grade, pain, onset of complications and survival were analyzed. 
 
Results. Lesions were located at the thoracic level (59%) and lumbar level (39%). The three most frequent histotypes 
were multiple myeloma (11), lung cancer (9) and breast cancer (8). 89% of patients had further metastases at the time 
of MSCC. In 37 cases (75%) an improvement in Frankel Grade and pain was noted (p <0.05); 63% regained the ability to 
walk after surgery. Complication rate was low (9%). At a mean follow-up of 19 months, survival was 77%. Five patients 
developed postoperative complications (with the need for reoperation or exitus), while 6 patients had a survival of less 
than 90 days after surgery. 
 
Conclusions: Surgical decompression associated with postoperative radiotherapy appears to be superior to 
radiotherapy alone for patients with MSCC. An early diagnosis and timely appropriate surgical treatment can 
significantly decrease the patient's neurological and pain symptoms, with a consequent improvement in the quality of 
life. The perioperative mortality and the percentage of complications detected are not sufficient to justify a conservative 
treatment of these patients.
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Orthopaedic-vascular multidisciplinary approach to improve patient safety 
in surgery for musculoskeletal tumors 
Andrea Angelini1, Michele Piazza2, Giulia Trovarelli1, Elisa Pala1, Pietro Ruggieri1 

1Department of Orthopedics and Orthopedic Oncology, University of Padova, Padova, Italy, 2Department of Vascular and 
Endovascular Surgery, University of Padova, Padova, Italy 

Background. Wide-margin resection is mandatory for malignant bone and soft tissue tumors. However, this increases 
the complexity of resections, especially when vessels are involved. Patients in this high-risk clinical setting could be 
surgically treated in orthopaedic-vascular multidisciplinary approach. This study was carried out in this health-care 
organization to evaluate patient safety in term of oncologic outcomes and reduction of complication rate.  
 
Methods. We retrospectively reviewed 74 patients (37 males, 37 females; mean age 46 years, range 9-88) who 
underwent surgical excision for bone/soft tissue malignant tumors closely attached to vascular structures, from October 
2015 to February 2019. Vascular surgery consisted of isolation of at least one vessel (64 patients), bypass reconstruction 
(9 patients), and end-to-end anastomosis (1 patient). Mean follow-up was 27 months (range, 24-44 months). Patients’ 
demographics, tumor characteristics, adjuvant treatments, type of orthopaedic and vascular procedures, oncologic, 
functional outcomes and complications were recorded. 
 
Results. Overall survival was 85% at last follow-up. Eleven patients experienced at least one major complication 
(hematoma and deep venous thrombosis the more frequent), 22 experienced one minor complication. Major 
complications were higher in pelvic resections compared to limb salvage procedures (p=0.0212) at univariate analysis, 
whereas the most important multivariate predictor for major complications was radiotherapy (p= 0.0136). 
 
Conclusions. A multidisciplinary ortho-vascular approach for resection of malignant bone and soft tissue tumors tightly 
attached to important vascular structures should be considered a good clinical practice for patient safety. This correlates 
with reduction in complication rate and improvement of oncologic outcome of the patients.  
 
 

 
 

Image 1. A Kaplan–Meier curve shows the overall 
survival of the patients included in this series. It was 

92% at 2 years and 85% at 3 years. 
 

Image 2.  Complications of ortho-vascular surgery in the patients 
included in this series, classified according to the Clavien–Dindo 

system. 
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Pedicled vastus lateralis myocutaneous flap for sacropelvic defects after 
wide oncologic resection: surgical technique and outcomes 
Akash Shah, Santiago Lozano-Calderon, Emily Berner, William Jr Austen, Jonathan Winograd, Nicholas 
Bernthal, Brooke Crawford, Francis Hornicek 
Ronald Reagan UCLA Medical Center, Los Angeles, United States 

Background. Pelvic and sacral malignancies are challenging entities to manage surgically, often requiring morbid 
resections to achieve negative margins. Due to the high risk of wound complications in this patient population, coverage 
of soft-tissue defects with well-vascularized tissue is necessary. The vastus lateralis (VL) flap has been described in the 
setting of trauma and chronic wounds as a result of its bulk and low donor-site morbidity. This flap has not been reported 
for coverage of defects after sacropelvic tumor resection. Our primary aim was to describe the use of a pedicled VL flap 
for coverage after wide sacropelvic resection of malignancies. Secondarily, we aimed to describe short- and long-term 
wound complications with the use of this technique. 

Methods. This is a retrospective study of adults who underwent wide resection of a primary sacropelvic malignancy 
with reconstruction employing a pedicled VL flap between 1997-2020 at two tertiary care centers. Tumors were staged 
as described in the 8th edition of the AJCC Cancer Staging Manual. Demographic data and complications were obtained 
from a review of clinical notes.  

A curvilinear incision is made from the posterior superior iliac spine to the inguinal region and extended to the lateral 
knee. The VL insertion at the quadriceps tendon is released distally and dissection is continued proximally. The proximal 
pedicle (descending branch of the lateral femoral circumflex artery) is identified, and flow is verified with a Doppler 
ultrasound probe (Image 1). The flap is gently elevated and reflected over its pedicle to cover the defect and implants 
entirely (Image 2). The flap is sewn into the residual gluteal muscles and the wound is closed. Post-operatively, the flap 
is inspected daily. The patient is turned frequently and direct pressure on the flap is avoided. 

Results. Twenty-eight patients were included. The most common tumor histology was chondrosarcoma (35.7%) 
followed by chondroblastic osteosarcoma (32.1%). Nine cases involved the pelvis and sacrum, 9 cases involved the pelvis 
without the hip, and 7 involved pelvises with the hip. Median follow-up was 1.1 years. There were 10 cases of wound 
infection requiring re-operation and three flap failures.  

Conclusion. We describe a pedicled VL flap for coverage of defects after wide resection of sacropelvic malignancies. This 
versatile flap has not been described for patients with sacropelvic tumors. Re-operation for wound complications was 
necessary in 35.7% of our cohort, in line with the reported literature. A large proportion of our cohort had independent 
risk factors for wound complications (e.g., neoadjuvant radiation, smoking, diabetes, allograft reconstruction). Even in 
a cohort with a high baseline risk for wound complications, we show that the use of a pedicled VL flap is a safe 
reconstructive option with a wound complication rate that is in line with the literature. 
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OP3.8 

Surveillance AFter Extremity Tumor surgerY (SAFETY): Results of the Pilot 
International Randomized Controlled Trial 
Michelle Ghert, SAFETY Investigators 
McMaster University, Hamilton, Canada 

Background. Following surgical resection of a high-risk extremity soft-tissue sarcoma (STS), between 40 and 50% of all 
patients will develop a local or distant recurrence. Earlier detection of a less advanced disease recurrence may prolong 
survival; therefore, intensive post-operative surveillance, especially of the lungs, is routine practice. However, the 
adverse effects of intensive surveillance must also be considered, including healthcare costs, false positive results, the 
financial/emotional burden on patients, and unnecessary radiation exposure.  
 
Methods. The Surveillance AFter Extremity Tumor surgerY (SAFETY) trial is an international multi-center randomized 
controlled trial (RCT) that addresses the following question: Does the frequency and mode of surveillance affect patient 
survival following extremity soft-tissue sarcoma (STS) surgery? Patients are randomized into one of four surveillance 
groups for the first two years of follow-up: (1) CXR every three months, (2) CT every three months, (3) CXR every six 
months, or (4) CT every six months. The primary outcome is overall survival at five years. The secondary outcomes 
include quality of life and healthcare costs. 
 
Results. At the time of abstract submission, 126 patients have been randomized across 23 enrolling clinical sites in eight 
countries (Argentina, Australia, Austria, Brazil, Canada, Italy, the Netherlands, and USA). An additional 13 clinical sites 
are in the active start-up phase. Patient interest in the trial has matched or exceeded expectations and pilot study 
metrics (data quality, protocol adherence and participant retention) support the feasibility of transitioning to the 
definitive study. 
 
Conclusion. STS patient surveillance has been identified by consensus as a top research priority in the field. The SAFETY 
investigators have successfully demonstrated the ability to coordinate international RCTs through the PARITY trial and 
continue to do so in the SAFETY trial. Further expansion of the SAFETY international collaborative network will be critical 
for the recruitment of the SAFETY target sample size, and ISOLS members are encouraged to visit the study website at 
www.SAFETYrct.com to register as an investigator
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OP3.9 

Oncological and functional outcome of patients with osteosarcoma 
proximal humerus treated by limb salvage and neoadjuvant chemotherapy 
Walid Ebeid1, Emad Ebeid2, Ibrahim Khairy1, Wesam Abousena1, Mustafa Salah1 

1Orthopaedic department, Cairo University, Cairo, Egypt, 2Pediatric oncology department, National cancer institute, Cairo 
university, Cairo, Egypt 

The aim of this study was to answer the following questions regarding osteosarcoma arising in a specific location, the 
proximal humerus.  
1. What is the oncological outcome of these patients when treated by limb salvage and neoadjuvant chemotherapy and 
are there any factors associated with a worse prognosis? 
2. What are the functional outcome of these patients when they are treated with limb salvage and are there any factors 
associated with an inferior outcome? 
 
We analyzed our osteosarcoma database to identify all proximal humeral osteosarcoma who were treated by limb 
salvage and neoadjuvant chemotherapy and were treated prior to 2016. 34 patients matched those criteria and were 
the subject of this study. All of them had the routine staging including a biopsy confirming the diagnosis. 10 patients 
had pathological fracture at presentation. 15 patients were reconstructed with a vascularized fibula and shoulder 
arthrodesis whereas 19 patients had endoprosthetic reconstruction. 
 
The mean follows up period was 5 years (range from 6 month to 256 months). The end point was either the last follow 
up visit or death. 6 patients (18%) developed local recurrence whereas 41% developed chest metastases. The 5 years 
survivorship was 65%. Local recurrence and metastases were poor prognostic factors for survivorship, and this was 
statistically significant (p 0.014 and p 0.001 respectively). Age, sex, size, tumour necrosis and pathological fracture had 
no statistically significant impact on the oncological outcome. 
The mean MSTS functional score for these patients was 25 (range 23 to 29). Both biological and endoprosthetic 
reconstructions had similar function, however the former was associated with more complications. Age <15 years was 
the only factor that was associated with an inferior functional outcome (p 0.0016). 
 
Conclusion. Osteosarcoma of the proximal humerus has a similar oncological outcome to osteosarcoma arising from 
other locations in the long bones. Limb salvage offers an acceptable functional outcome with no superiority of the 
endoprosthetic over the biological reconstruction metho
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OP3.10 

The safety and efficacy of en bloc rescetion of spinal gaint cell tumor with 
preoperative treatment of denosumab: a single-center experience 
Jin Wang, Jin Wang, Qinglian Tang, Xiaojun Zhu, Guohui Song, Hao Wu 

Sun Yat-sen University Cancer Center, Guangzhou, China 

Background. Denosumab, a novel monoclonal antibody that targets RANKL, has been used to treat patients with 
unresectable giant cell tumor of bone (GCTB) or when surgical resection is likely to result in severe morbidity. However, 
few reports have described the clinical outcomes of denosumab treatment for spinal GCTB and evaluated the efficacy 
of en bloc resection of spinal after denosumab therapy. 
 
Methods. We retrospectively reviewed a cohort of 11 patients (between July 2017 and March 2022) with spinal GCTB 
treated with neo-adjuvant denosumab therapy followed by en bloc resection of tumor. Denosumab was administered 
subcutaneously with 120 mg on days 1, 8, 15, 30 and 60 before surgery. The response of the denosumab treatment was 
analyzed by clinical studies and imaging data (CT scan and/or MRI). All patients received en bloc resection of tumor 
using total en bloc spondylectomy (TES) technique by anterior combined with posterior approaches or posterior 
approach alone. 
 
Results. Five man and six women with mean age of 33.1 years (range 23-45 years) were included. The average follow-
up time was 24.3 months (range 5-62 months). Tumor located in thoracic vertebral in 7 cases and lumbar vertebral in 4 
cases. 8 patients were diagnosed with Enneking stage 3, and 4 patients were Ennecking stage 2. Peripheral rim and/or 
bone formation inside the tumor were observed in all of 11 patients after denosumab treatment. Symptom relief was 
found in 8 of 11 patients. Tumor shrinkage was observed in 5 of 11 cases. No denosumab-related complications such as 
osteonecrosis of the jaw and hypocalcemia occurred. The mean operation time was 9.1 hours (range 5-15.2 hours). The 
mean blood loss was 2191 ml (range 800-4400 ml). Anterior combined with posterior approaches was performed in 6 
cases, and 5 cases were treated by posterior approach alone. The number of resected segments was ranged 1 to 4 
segments. Reconstruction of spinal column using 3D-printed vertebrae were performed in 9 cases and titanium mesh 
was used in 2 cases. Surgical site infection was occurred in 2 cases. No instrumentation failure was occurred, and no 
tumor recurrences was observed during the follow-up period. 
 
Conclusion. Preoperative treatment of Denosumab could shrink the size of spinal GCTB, providing symptom relief before 
surgery and facilitate en bloc resection of the tumor.
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OP3.11 

The operative results of enchondroma, atypical chondroid tumor and low-
grade chondrosarcoma: Does it make any difference? 
Osman Emre Aycan, Berkay Doğan, Muhammet Coşkun Arslan 

Baltalimani Bone Diseases Training and Research Hospital, İstanbul, Turkey 

Introduction. The differential diagnosis of enchondroma(E), atypical cartilaginous tumor (ACT) and grade 1 
chondrosarcoma (G1CS) remains controversial. Although the clinical presentation and radiological findings may be 
helpful in preoperative evaluation, the biopsy or final histopathology may differ. We sought to evaluate radiological and 
clinical findings of operated E, ACT and G1CS of the long bones in our series with comparative outcomes.  
 
Patients and Method. We retrospectively reviewed the data of surgically treated patients between January 2010 – 
January 2019. Out of the data of 687 patients with the diagnosis of enchondroma and chondrosarcoma, the patients 
with insufficient data and follow up and low grade chondroid tumors other than long bones, were excluded. We have 
included 56 patients (39F/17M) with a minimum follow up of 24 months. The patients were evaluated regarding biopsy 
diagnosis, resection histopathology, location, lesion’s longitudinal MRI length in coronal plane, endosteal scalloping 
number, pathological fracture, preoperative pain, residual lesion, recurrence, postoperative infection and MSTS at final 
follow up. 
 
Results. The mean age was 47 and the median follow up was 43.5 months (24-145). The biopsy results demonstrated 
41 patients diagnosed with E, 13 with ATC and 2 with G1CS. The resection histopathology revealed that 32 patients 
diagnosed with E, 19 patients diagnosed with ACT and 5 patients diagnosed with G1CS. The biopsy results of 20 patients 
were changed in resection histopathology. The location of the lesions was diaphyseal in 21, metaphyseal in 35 patients. 
Lesion’s longitudinal MRI length in coronal plane was found higher in diaphyseal lesions. (p=0.041) Six patients had 
secondary chondroid tumor lesion over a preexisting chondroid lesion. %96.9 of E patients, %94.7 of ACT patients and 
all of G1CS patients had preoperative pain complaint. Only three patients presented with pathologic fracture. Lesion’s 
longitudinal MRI length in coronal plane was not related with tumor type. (p=0.171) Although not statistically significant, 
the number of endosteal scalloping was found to be increased in G1CS compared to E and ACT. (p=0.065) Two patients 
had infection, two had postoperative fracture, four had residual lesion and a patient (%1.8) had pseudoarthrosis 
postoperatively. No recurrence was seen. The MSTS were significantly higher with age below 50. (p=0,040) Both E and 
ACT groups had mean MSTS of 26.4 and G1CS patients had 27.6.  
 
Conclusion. Pain was the presenting complaint in vast majority of the operated patients. Biopsy remained controversial 
in differential diagnosis of E, ACT and G1CS in our series. There was no clinical significance between tumor type and 
endosteal scalloping, pathological fracture, infection and other type of complications. Lower MSTS scores should be 
expected in this specific patient group above 50 years 
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OP3.12 

Wound healing complication in soft tissue tumors: does it affect follow up 
and local recurrence? 
Michele Boffano1, Nicola Ratto1, Pietro Pellegrino1, Elena Boux1, Stefano Marone1, Andrea Ferro1, Ugo 
Albertini1, Tiziana Robba2, Raimondo Piana1 

1Orthopaedic Oncology AOU Città Della Salute E Della Scienza, Torino, Italy, 2Radiology Dept AOU Città Della Salute E Della 
Scienza, Torino, Italy 

Background. Wound healing complications are common in soft tissue sarcoma surgery after preoperative radiotherapy 
or after the excision of large masses with extensive skin involvement. The aim of the study is to evaluate whether wound 
dehiscence could affect the follow up and local recurrence rate. 
 
Methods. We included 24 patients surgically treated for high grade soft tissue sarcomas with wound healing 
complications requiring further surgery or medications for at least 2 months till wound healing. Oncologic resection 
margins were wide (18) or marginal (6). Wound healing time, first radiologic local evaluation, local recurrence were 
evaluated. 
 
Results. Wound healing was achieved at a mean time of 9 months (range 2-38), first radiologic study was performed at 
a mean time of 6 months (range 2-14). Only 4 local recurrences occurred (follow up range 6-38 months), 1 discovered 
at the first Imaging study, 3 later on during follow up, none clinically. In 2 patients postoperative chemotherapy and 
radiotherapy were delayed by wound complications. Five patients died of disease and 2 for other unrelated diseases 
during follow up. 
 
Conclusion. Even if some follow up protocols consider only clinical evaluation in our center we usually perform US or 
MRI 4 months after surgery. Radiologists do not agree on which is the best radiologic study to check for local recurrence 
with an open wound. Probably the frequent clinical examinations during every medication (if performed in a setting 
with specific expertise) can replace local radiologic studies. Multicentric studies with a larger number of patients could 
confirm this hypothesis.
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OP3.13 

Improving outcomes in proximal tibia replacements 
Anthony Maher, Paul Stalley, Richard Boyle, Daniel Franks, Maurice Guzman 
Royal Prince Alfred Hospital, Sydney, Australia 

Proximal tibial replacements still pose a challenge for surgeons. Failure rates in the proximal tibia are the highest of any 
megaprosthesis in the lower limb, as high as 56% in some series. Extensor mechanism failure and infection are the two 
most common complications. Gastrocnemius flaps are useful adjuncts to decrease wound and extensor mechanism 
complications, in our centre almost all proximal tibial replacements will include the use of gastrocnemius flaps. 
 
The aim of the current paper is to present the medium to long term results of proximal tibial replacements at our 
institution.  
 
We undertook a retrospective review of all proximal tibial replacements done at our institution between 2004 and 2021. 
Analysis included complication data, radiological review, and clinical assessment. Three patients had deceased in the 
timeframe. Of the remaining patients, clinical and radiological data was available for 85% of the patients. 
 
Overall, 55 proximal tibial replacements were included. Most common reason for surgery was malignant primary 
tumours (55%, n=30), of which the majority were osteosarcoma (n=19), 17% for metastatic disease, 14% for benign 
aggressive tumours, and 12% for non-neoplastic causes.  
 
Reoperation rate was 28%. Most common reason for re-operation was wound dehiscence or infection (12%), disease 
recurrence (10%), patella revision (5%), stiffness (5%). No revision for extensor mechanism failure was reported. Of 
those with retained prosthesis, extensor function was good in 90% of patients. 
 
In conclusion, proximal tibial replacements are associated with high complication rates. The most common reason for 
re-operation is infection. In our cohort, there was no revisions for extensor mechanism failure. Suggestions for 
decreasing and managing complications are further discussed in this paper, such as our technique for extensor 
mechanism reconstruction using a gastrocnemius flap. 
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Sacrectomy as a unique indication for 3-D printing custom prosthesis 
Anthony Maher,Paul Stalley, Richard  Boyle, Daniel Franks, Maurice  Guzman 
Royal Prince Alfred Hospital, Sydney, Kirribilli, Australia 

Sacrectomy is a treatment option for benign and malignant tumours of the spinopelvic region. It remains one of the 
most challenging procedures in orthopaedic oncology. Resection involves input from multi-disciplinary surgical teams, 
and reconstruction requires complex spino-pelvic reconstruction. One option for reconstruction includes a custom 3-D 
printed prosthesis. Advantages of this technique include superior fixation options, incorporation of spinal fixation, ability 
to incorporate attachment points for both soft tissue and bony structures. 

The aim of the current paper is to present our series of total and partial sacrectomy cases with 3-D printed custom 
prosthesis reconstruction. 

We retrospectively reviewed all sacral reconstructions with 3-D printed custom prosthesis carried out at our institution. 
These cases form a sub-group of our larger cohort of 3-D printed custom prosthesis used for massive pelvic bone 
reconstruction. Surgical indications, post operative data, and radiological follow up is presented. 

Eight cases were carried out. Minimum follow up of 12 months. Six cases were for primary malignant tumours, one for 
primary benign aggressive tumours, and one for metastatic disease. In majority of cases, wide excision was gained via 
an anterior laparotomy incision, and insertion of the prosthesis via a posterior approach. All prosthesis were still in situ 
at follow up. All patients were able to ambulate post operatively, however mobility did correlate with level of nerve 
root resection at time of surgery. Three patients required re-operations for superficial wound dehiscence, with retained 
prosthesis. Xray follow up is presented. 

In conclusion, sacrectomy and subsequent reconstruction remains a challenge for orthopaedic oncology surgeons. We 
present a series of sacral reconstructions using 3-D printed custom prosthesis. All patients were able to ambulate post 
operatively, however this directly related to level of nerve root resection at time of surgery. Complications are mostly 
wound related. 
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OP4.1 

Allograft versus autograft for reconstruction after resection of primary 
bone tumors: A comparative study of long-term clinical outcomes and risk 
factors for failure of reconstruction 
Taweechok Wisanuyotin, Permsak  Paholpak, Winai  Sirichativapee, Weerachai  Kosuwon 

Department of Orthopaedics, Faculty of Medicine, Khon Kaen University,Thailand 

Background. There have been no studies comparing the outcomes of nonvascularized autograft (NA) and allograft after 
resection of primary bone tumors. This study compares the clinical, functional outcomes of NA and allograft 
reconstruction and analyzes the risk factors for failure after these procedures.  
 
Methods. A retrospective study of patients with primary bone tumors of the extremities who underwent NA (n = 50) 
and allograft reconstruction (n = 47). The minimum follow-up was 24 months.  
 
Results. The mean time to union for the NA and allograft group was 9.8 ± 2.9 and 11.5 ± 2.8, respectively (p = 0.002). 
Reconstruction failure in the NA and allograft group was 19 (38%) and 26 (55.3%), respectively. Nonunion (30%) was 
the most common complication found in the NA group, while structural failure (29.8%) was the most common 
complication in the allograft group. There was no significant difference in functional outcome between the NA and 
allograft groups (23.5 ± 2.8 and 23.9 ± 2.1, respectively, p = 0.42). Age, sex, tumor location, graft length, method of 
reconstruction did not significantly influence failure of reconstruction. Chemotherapy was the only significant risk factor 
affecting outcomes (HR = 3.49, 95% CI = 1.59-7.63, p = 0.002). In subgroup analysis, the use of chemotherapy affected 
graft-host nonunion (p < 0.001) and structural failure (p = 0.02).  
 
Conclusion. Both NA and allograft reconstruction methods provide acceptable clinical and functional outcomes. 
Chemotherapy is a risk factor for failure of both reconstructions, particularly graft-host nonunion and structural failure.
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OP4.2 

Long-term gait analysis after a rotationplasty, a cross-sectional follow up 
study 
Gitte Krebbekx1, Niels Waterval2, Floortje Verspoor1 

1Amsterdam UMC, University of Amsterdam, Department of Orthopaedic Surgery, Amsterdam Movement Sciences, 
Meibergdreef 9, Amsterdam, The Netherlands, 2Amsterdam UMC, University of Amsterdam, Department of Rehabilitation 
Medicine, Amsterdam Movement Sciences, Meibergdreef 9, Amsterdam, The Netherlands 

Background. Rotationplasty is a rare surgical procedure indicated for a select group of patients with malignancies of the 
lower extremity, proximal femoral focal deficiencies, endoprosthetic failures, or trauma. Little is known about the long-
term functional results. This study compares long-term gait biomechanics after a rotationplasty. Insights into these long-
term outcomes are needed to better inform (new) patients about the consequences of rotationplasty and may change 
future procedures and decisions in favor or against this surgical procedure. 
Method. All patients after rotationplasty between 1980 and 2002 at the ‘Academic Medical Center (AMC)’ or ‘Onze 
Lieve Vrouwen Gasthuis’ (OLVG) in Amsterdam were invited to undergo a 3D gait analysis using a 12-camera Vicon 
System. Participants walked at a comfortable speed on a 12-meter walkway using spherical markers placed according 
to the plugin-gait model until three trials were collected. Two force plates were embedded in the walkway, to measure 
ground reaction forces. This data was compared to 27 matched healthy controls. Subsequently, patients with and 
without thigh shank discrepancy were compared. Spatiotemporal, lower limb joint angles, moments, powers, and 
energy cost components were analyzed using SPSS and Matlab. 
Results. A total of 29 patients with a median age of 47.4 (IQR 43.3-50.9) and a median follow-up of 33.1 (IQR 29.2-35.0) 
years after rotationplasty were included. Most patients (n=27) ambulated without assistive devices, two patients used 
one cane. Compared to healthy controls significant differences were found for stride length (p=0.020), step length 
(p=0.006), and comfortable walking speed (p=0.001). The rotationplasty leg did not show a knee flexion pattern in the 
loading response (◆) , while hip flexion was enlarged (▼). No significant differences in gait analysis were found between 
different thigh shank lengths of rotationplasty patients. 
Conclusion. Gait analysis of rotationplasty patients shows a few differences in loading response of the (pseudo)knee 
and hip compared to the healthy control group. No differences were found between patients with or without thigh 
shank length discrepancy. In conclusion, long-term function after rotationplasty is good with only small difference in 
walking pattern compared to healthy controls and acceptable energy costs. Rotationplasty remains a valid alternative 
to amputation from a biomechanical-functional perspective. 
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OP4.3 

Oncologic Outcomes in Myxofibrosarcomas: The Role of a Multidisciplinary 
Approach and Surgical Resection Margins 
Isaac Rhee1, Benedetta Spazzoli1,2, Jarrad Stevens1, Annjaleen Hansa3, Tim Spelman4, Grant Pang1, Gerard  
Powell1, Peter  Choong1,5, Claudia Di Bella1,5

1Department of Orthopaedics, St Vincents Hospital, Melbourne, Australia, 2Department of Musculoskeletal Oncology, 
Rizzoli Orthopaedic Institute, Bologna, Italy,, 3Department of Pathology, Sarcoma Unit, St Vincent's Hospital, Melbourne, 
Australia , 4Department of Biostatistics, Burnet Institute of Medical Research, Melbourne, Australia, 5Department of 
Surgery, The University of Melbourne, Melbourne, Australia 

Background. Myxofibrosarcomas (MFS) are malignant soft tissue sarcomas characterized by an infiltrative growth 
pattern and exhibit a propensity for local recurrence (LR). Treatment for MFS remains a challenge and more so for 
patients who presents with initial unplanned inadequate resections. We aimed to assess our management of MFS and 
make recommendations about the role of a multidisciplinary team approach and margin widths.  

Methods. Fifty-seven patients were identified with MFS treated at a single sarcoma center between 1998 and 2020. 
Patients were stratified into two groups based on whether they presented for a planned resection (59.6%) or after an 
unplanned resection (40.4%) performed at a non-specialized facility. All patients underwent radiotherapy before 
definitive surgery. 

Results. A combined onco-plastic approach was performed in 73.7% of the cases. The cumulative LR rate was 17.5% 
(11.8%, planned, versus 26.1%, unplanned, p=0.287) and found comparable oncological outcomes between the planned 
and unplanned groups for metastasis (23.5% versus 13%, p=0.257), Disease Free Survival (75.9% versus 70.0%, p=0.677), 
and Overall Survival (70.6% versus 65.2%, p=0.950). Margin width ≥ 2cm was obtained in 84.2% of cases and improved 
local control (HR = 0.22; 95% CI 0.06-0.81; p=0.023), metastasis (HR = 0.24; 95% CI 0.07-0.80; p=0.019) and mortality 
rates (HR = 0.23; 95% CI 0.09, 0.61; p=0.003) compared to <2 cm. Margin width >3 cm did not further affect oncological 
outcomes. 

Conclusion. Our study shows that a multidisciplinary team approach allows the achievement of low local recurrence 
rate and good oncological outcomes of myxofibrosarcomas, regardless of presentation status. We recommend a 
minimum of 2 cm margin width.
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Long term outcome of Limb Salvage Surgery, A single Institution 
experience, analysis of 210 cases. 
Ahmad Shehadeh 

King Hussein Cancer Center, Amman, Jordan 

Introduction. Limb salvage surgery is the adopted approach for managing bone sarcomas and aggressive bone tumors. 
In different literature, the outcome has varied based on the surgical approach and expertise of the surgical team. 
In this paper, we will discuss the outcome of limb salvage surgery in a single center where all cases were operated upon 
by the same surgeon. 
Methods. Two hundred forty-four patients with malignant bone tumors were referred to KHCC, Thirty-four of the 
patients were found ineligible for limb salvage surgery and received primary amputation. The remaining 210 patients 
received limb salvage surgery. In 193 patients (92.4%), endoprostheses (Modular type, Joint sparing and expandable) 
were used for reconstruction of the skeletal defects. 
After a mean follow up period of 6 years (1-14.5 years) the following variables were  reviewed; limb salvage rate for all 
patients, oncological outcome (negative margin and local control), surgery related complications, prosthesis and  limb 
survival, and functional outcome. 
Results. Limb salvage was performed in 210 patients out of a total of 244 (86%). Negative resection margins were 
achieved in 204 patients (97%). Local control was achieved in 178 patients (85%), local recurrence in 32 patients, and 
14 of them developed systemic metastasis. One hundred fifty-six patients (74%) did not develop any complications and 
received only the primary surgery. see the attached file for prosthesis and limb survival. There was no significant 
difference between the 3 main subtypes of implants regarding medium- and long-term survival (p = 0.5). 
The mean functional score using the modified musculoskeletal tumor society score (MSTS) was 90% for all anatomical 
locations. 
Conclusion. This study shows the rewarding outcome of limb salvage surgery in terms of oncological, functional and 
complication free course, for the same cohort of patients over a long term follow up period. 
 

  

 
  

61



 

OP4.5 

Tibia Multiplanar deformities and growth disturbance following 
Expandable Endoprosthetic distal femur replacement 
Ahmad Shehadeh 

King Hussein Cancer Center, Amman, Jordan 

Background. Expandable distal femur endoprosthesis (EDFE) are commonly used to compensate for the loss of the distal 
femoral epiphyseal plate in skeletally immature children who have undergone surgical resection of bone malignancies. 
However, the effect of the passive tibial component of the EDFE on tibial growth has not been extensively studied in 
literature. 
Questions/ Purpose. 
(1) What is the type, frequency and associated risk factors of multiplanar proximal tibial deformities in skeletally
immature children following the use of the expandable distal femur endoprosthesis (EDFE)?
(2) How do these deformities influence the long term functionality of the endoprosthesis in defining the need for
subsequent implant revision or further surgical management?
Materials and Methods. A total of 20 patients, aged (7-12) years, underwent expandable distal femur replacement.
Two types of implants were used, Juvenile Tumor System (JTS) noninvasive prosthesis in 14 patients, and Modular
Universal Tumor And Revision System (MUTARS)® Xpand Growing Prostheses, in 6 patients. Scanogram and CT scan
documented measurements of longitudinal and multiplanar growth as leg length discrepancy (LLD), femur length
discrepancy (FLD), tibia length discrepancy (TLD) and to yield values of rotational, sagittal and coronal deformities of
the tibia.  Patients were followed up to assess the need for further management. Sex, age, size of tibial plate perforation 
and type of implant used, were studied for possible correlation with deformities or growth disturbance.
Results. Patients were followed up for a mean of 3 (2-7) years A total of 14 patients, (10 JTS, 4 Implant cast) had tibial
deformity and/or growth disturbance. A single patient was found to have all deformities (growth, rotational, coronal
and sagittal). Thirteen patients were found to have LLD ranging from 5.3 - 59 mm (median 21 mm), 12 had TLD from 3 -
30 mm, (median 10 mm), and 11 patients showed evidence of malrotation from 6 – 32 degrees (median 11 degrees).
TLD was found to contribute entirely to LLD in 3 patients, and > 50% of LLD in 7 patients. All LLD was treated
conservatively except 3 patients; 2 received contralateral tibia epiphisodesis and one received revision with new
implant.  A single patient had a posterior tibia slope angle (PTSA) of -2.8 degrees, 3 patients had coronal deformity, with 
mean medial proximal tibia angle (MPTA) 80.3 (77-83 degrees).
Conclusion. Tibial growth disturbance and multiplanar deformities occur in the majority of patients following EDFE
replacement exacerbating LLD. Yet, these disturbances may be well tolerated, managed conservatively, and rarely
mandate endoprosthetic revision or subsequent corrective surgery. Age at time of surgery was found to be the only
significant contributor to the development of tibia growth disturbance.
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Local zoledronate improves the union of graft-host junctions of pasteurized 
bone autograft after limb-sparing surgery  
Piya Kiatisevi, Bhasanan Sukanthanak, Pongsiri Piakong, Piyabuth Kittithamvongs, Punnawit Pinitchanon 

Lerdsin Hospital, Bangkok, Thailand 

Background. Pasteurized bone autograft is a recycling biological reconstruction method for limb-sparing surgery when 
an allograft or other reconstruction technique is unavailable. Since the application of a local bisphosphonate to 
morselized allografts can reduce graft resorption and enhance bone formation without systemic complications, adding 
the local bisphosphonate to pasteurized bone autografts should reduce the graft resorption and improve the graft 
incorporation to host bone. However, no study that we know of has described the outcomes of local bisphosphonate 
application to massive allografts or pasteurized bone autografts. Thus, this study compared the outcomes of pasteurized 
bone autografts with and without local zoledronate. 
 
Methods. Between July 2011 and December 2019, we reviewed 73 patients who underwent bone tumor resection and 
reconstruction with pasteurized bone autograft who had a follow-up period more than 2 years without an event and 
less than 2 years with an event. The median follow-up time was 46 months (interquartile range, 33-75), median age was 
18 years (15-26) and 71 of 73 patients had a diagnosis of bone sarcoma. From 2011 to 2014, 21 pasteurized bone 
autografts were prepared without local zoledronate, and from 2014 to 2019, 52 pasteurized bone autografts were 
prepared with local zoledronate. Union was defined when a callus was seen to bridge the osteotomy line for at least 
three cortices in both the AP and mediolateral planes. 
 
Results. The 5-year survival rate of all 73 pasteurized grafts was 85% (95%CI 74-92). There was no difference in the 5-
year survival rates between grafts with and without local zoledronate (90% [95%CI 78-96] versus 74% [95%CI 48-89]; p 
= 0.30). Eleven percent (8 of 73) of patients had metaphyseal fractures because of graft resorption, primarily associated 
with osteoarticular grafts rather than pasteurized graft-prosthesis composites and intercalary grafts (p = 0.001); and 
was not associated with the use of local zoledronate (13%; 7 of 52) compared with those without local zoledronate (5%; 
1 of 21) (p = 0.43). Of the 84 graft–host bone junctions, 85% (71) of the grafts unified within 2 years, 7% (6) unified after 
2 years, and 8% (7) of grafts showed nonunion. Union within 2 years was associated with fixation using plate compared 
with those with stem and with both stem and plate (p = 0.02) and grafts treated with local zoledronate compared with 
those without treatment (p = 0.02). 
 
Conclusion. The application of local zoledronate to pasteurized bone autografts for limb-sparing surgery improved the 
likelihood of graft union compared with untreated grafts, especially when the osteotomy junctions were fixed using 
plate osteosynthesis, but it did not appear to alter the proportion of patients who experience metaphyseal fracture of 
the grafts because of graft resorption.
  

63



 

OP4.7 

The use of GMRS megaprosthesis: analysis of 131 cases in a single Center 
Giulia Trovarelli, Elisa Pala, Andrea Angelini, Antonio Berizzi, Pietro Ruggieri 
University Of Padova, Padova, Italy 

Background. Megaprosthetic reconstructions have widely replaced biological reconstrution after tumor resection; 
moreover, megaprosthesis can also be used in selected complex revision cases in non-oncological patients. However, 
implant complications are still high compared to conventional prostheses. Therefore, this study aimed to review our 
experience after the reconstruction of the lower limb with GMRS megaprosthesis, analyzing complications, implant 
survival, and functional results. 

Methods. This is a retrospective analysis of 131 patients treated with reconstruction of the lower limb with GMRS 
between 2015 and 2021 at our Institute. There were 51 males and 80 females, with a mean age of 50 years (range, 11-
87 years). GMRS prostheses were used as primary implants in 102 cases (all oncologic patients) and as revision implants 
in 28 cases (13 oncologic and 16 non-oncologic patients). Primary implants were used after resection of aggressive 
benign tumors (6 cases), primary malignant tumors (42 cases), or bone metastases (54). Revision implants were used to 
treat the failure of previous ORIF (2), periprosthetic fracture (5), loosening of conventional prosthesis (1), non-union (8), 
local recurrence after curettage of benign tumors (5), and failure of previous oncologic reconstructions (8). Sites were 
proximal femur (62), distal femur (44), total femur (2), and proximal tibia (23). Complications were evaluated according 
to Henderson's classification. Functional results were assessed by MSTS score. 

Results. The mean follow-up was 3 years (6 months – 7 years). At the last follow-up, oncologic patients treated with 
primary implants were NED in 46 cases, AWD in 34 cases, and DWD in 22 cases. Patients' survival was 77% at 3 and 6 
years. There were 31 complications (22%): Type 1 (soft tissue failure) in 17 cases, Type 2 (loosening) in 3 cases, Type 3 
(breakage) in 1 case, and Type 4 (infection) in 7 cases. Moreover, 3 cases of local recurrence occurred (Type 5). Implant 
survival to all complications was 80% and 74% at 3 and 6 years, without differences between primary and revision 
implants (p=0.8371). Implant survival to major complications was 90% at 3 ad 6 years, without differences between 
primary and revision implants (p=0.9125). Functional results were satisfactory (good or excellent) in 95% of cases. 

Conclusion. Our series confirms the good functional results of megaprosthesis reconstructions, with a relatively low 
incidence of major complications. Infection remains the most fearsome complication. There are no differences between 
primary and revision implants, confirming the possibility of using GMRS in selected cases of difficult revisions in non-
oncologic patients. 
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OP4.8 

Development of an algorithm for medical management in reconstructions 
in children and adolescents with primary malignant bone tumors, using 
Implantcast growing endoprostheses. 
Andrzej Szafranski1,2, Daniel Kotrych2 

1Children's Memorial Health Institute, Warsaw, Poland, 2Department of Pediatric Orthopedics and Oncology of the 
Locomotor System of the Pomeranian Medical University, Szczecin, Poland 

Introduction. Meta-analysis of patients treated in the Polish group associated with the Polish Society of Oncological 
Orthopedics in the last 22 years. 
 
Method. In the years 2000-2022, 322 children with primary bone tumors were treated. They there were 172 boys and 
150 girls. The patient's age ranged from 4 to 25 years. The median was 13 years. Treatment was started with 
neoadjuvant chemotherapy. After reaching 
regression or stabilization of the primary tumor, patients were qualified for surgery. 
It was a tumor resection and a reconstruction with a growing denture. This is followed by adjuvant chemotherapy with 
or without treatment of metastases. 
 
Results. In this study the authors' own experiences in implantation of various type. Increasing prostheses made it 
possible to present the advantages and disadvantages of each type of increasing prosthesis. All data was displayed as a 
peer analysis of patients with different types of endoprostheses. 
 
Conclusions. In conclusion, the authors published guidelines for handling different types of growing dentures, and more 
specifically Implasntcast's endoprostheses. 
 
Instead of conclusions, the authors presented recommendations for non-invasive limb lengthening: 
 
1. careful qualification for action 
2. recipient of implantation in soft tissue with a depth of no more than 2 cm 
3. start with lengthening quickly after surgery 
4. procedures repeated in short intervals (50 impulses) 
5. Extension of the procedure on an outpatient basis 
6. avoiding general anesthesia 
7. minimizing the risk of infection within the endoprosthesis 
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OP4.9 

3 epochs in the use of Implantcast growing endoprosthesis - Experience of 
the Polish Group for the treatment of primary malignant bone tumors 
Andrzej Szafranski1,2, Daniel Kotrych2 

1Children's Memorial Health Institute, Warsaw, Poland, 2Department of Pediatric Orthopedics and Oncology of the 
Locomotor System of the Pomeranian Medical University, Szczecin, Poland 

Introduction. Metaanalysis of the patients treated in the Polish Centers for Malignant Bone Tomors Treatment in last 
22 years.in chikdres, adolescents and young adults 
 
Methods. From 2006 to 2022 250 Implantcast growing endoprosthesis were implanted.The age of the patient was from 
4 to 25 years old. Median was 13 yrs. old. The treatment was begun from neoadjuvant chemotherapy. After 
achievement the regression or stabilization of primary lesion, the patients were qualited to surgery procedures. It was 
excision of the tumor end reconstruction by the using of the growing endoprosthesis in spite of young age of the 
patients. 
 
Results. 
2006 - 2007: age of trial and errors related to learning 
2008 - 2017: an era of analysis and drawing conclusions 
2018 - 2022: an era of practical knowledge and innovation 
2006 - 2007: endoprosthesis - problematic lengthening 8/25 32.0% 
2008 - 2017: endoprosthesis - problematic lengthening 13/146 9,0% 
2018 - 2022: endoprosthesis - problematic lengthening 2/61 3,3% 
total without mechanical problem 230/250 92% 
 
Conclusions. 
Indications for using growing endoprosthesis in children and adolescents 
• Predicted range of growth more than 2 cm in resected area of the bone. If less than 2 cm it is possible to use modular 
system. 
• Resection of growth plate in children patients is indication to implantation of growing 
endoprosthesis. Without resection (when tumor is located in the middle part of the diaphysis of a long bone) you can 
use non growing solution. 
• Each patient should be consulted by anthropologist with forecast of estimated length of bone growth. 
• The choice of right type of growing endoprosthesis depends on the result of anthropological consultation. 
• To appropriate working of electric motor in growing endoprosthesis the total body weight of patient should not exceed 
75 kg (165 lbs.). 
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OP4.10 

Outcomes of Oncologic Scapular Resection and Reconstruction 
Matthew Houdek1, Katherine E. Mallett1, Mark D.  Heidenreich1, Jonathan D.  Barlow1, Eric R.  Wagner2, Joaquin 
Sanchez-Sotelo1, Peter S.  Rose1

1Mayo Clinic, United States, 2Emory University, United States 

Introduction. The scapula is a common site for primary bone tumors; however large series examining the outcome of scapular 
resections are limited. Previous series examining outcome of these resections have shown a high rate of disease recurrence, 
with functional outcomes determined by preservation of the glenohumeral joint and the status of the deltoid. The purpose of 
the current study was to analyze a series of patients undergoing scapular resections to determine patient and oncologic 
outcome.  

Methods. One-hundred ten (44 females, 66 males; mean age 42±20 years) patients undergoing a scapular resection for a 
malignant bone tumor from 1980-2020 were reviewed (Table 1). The most common histology was chondrosarcoma (n=55, 
50%); with 68 (62%) tumors being high grade. The mean tumor size was 8±4 cm. Based on the Tikhoff-Linberg classification 
the most common resection was Type 2 (n=35, 32%) and based on the Enneking Classification Type 1 (n=32, 29%). In patients 
who had a resection of the humerus (n=52, 47%) the mean length of resection was 12±5 cm. 

Results. Following scapular resection, the 2-, 5-, 10- and 20-year disease specific survival was 75%, 72%, 65% and 60%. 
Compared to other histology, patients with chondrosarcoma had improved 10-year survival (75%, p=0.04). Factors associated 
with worse survival (Table 2) include high tumor grade (HR 4.02, p<0.01), presence of a pathologic fracture (HR 3.6, p<0.01) 
and a local recurrence (HR 3.11, p=0.01).  

Thirty patients developed disease recurrence including metastatic disease (n=19), local recurrence (n=6) and combined 
metastatic disease and local recurrence (n=6). The 2-, 5- and 10-year metastatic free survival was 77%, 76% and 76%. Factors 
associated with metastatic disease (Table 3) included high tumor grade (HR 3.17, p<0.01) and the need for a total scapular 
resection (HR 2.35, p=0.03). The 2-5- and 10-year local recurrence free survival was 92%, 85% and 85%. A positive margin was 
the only analyzed factor associated with local recurrence (HR 10.01, p<0.01).  

Forty-two (38%) patients had a complication, most commonly a wound complication (n=17, 15%). At final follow-up functional 
outcomes were: MSTS93 rating (72±17%), ASES (71±16%), and Simple Shoulder Test (6±3). The mean shoulder forward 
elevation was 61±60o and external rotation was 20±22o (Table 4). Partial scapular resections had improved function compared 
to total scapular resection (p<0.05). Resections including the humerus had worse functional outcome compared to those 
whose resection did not involve the humerus (p<0.05). 

Conclusion. Scapular resections are large undertakings with oncologic outcome tied to tumor grade; with functional outcomes 
associated with the size of resection. We advocate for a negative margin excision in all patients as positive margins were 
associated with local recurrence; and local recurrence was associated with death due to disease. 
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OP4.11 

Modified Hot Dog Technique for Epiphyseal Sparing Primary Malignant 
Bone Sarcomas of Femur, Recreation with Vascularised Composite of 
Recycled Tumor Bone and Pedicle Free Fibula Angiogenesis 
Praveen Gupta, Umesh Bansal 
Bhagwan Mahaveer Cancer Hospital & Research Center, Jaipur, India 

Background. Extracorporeal Radiotherapy to recycle tumor bone[2] and Vascularised Free Fibula[6] are well known 
procedure for intercalary tumor resection and biological reconstructions with their own limitations. HOT DOG 
technique[10] and VFG+ECRT[11] are the Combination of both techniques for early bone union and improve functional 
outcomes. We modified the procedure for shaft and epiphyseal sparing malignancies of Femur to overcome 
complications of delayed bone unions and pathological fracture with maintaining growth potential in children.  
 
Material and methods. Total 25 cases, 9 cases of Modified HOT DOG (ECRT+VFG Composite), operated between 
October 2019 to October 2021 for study and 12 cases of ECRT, 4 cases of ECRT+NVFG, operated between October 2015 
to October 2021 for comparison were included. Functional analysis was done with MSTS score and PG radiological 
assessment score (PGRA) introduced with F score for preoperative assessment and V score for viability and remodeling 
of composites. 
 
Results. Union rate was earliest in ECRT+VFG group (mean for MO-2.66, DO-3.44 months) while NVFG+ECRT group and 
ECRT group showed mean MO-4 and DO-3.57 and MO-6 and DO-9.33 months respectively. MSTS score was 30 at 
9months in ECRT+VFG cases, at 18 months in ECRT+NVFG while at 24 months in ECRT cases. ECRT+VFG group achieved 
PGRA V score 12 at 12months despite the F score, showed viability of whole composite. ECRT+NVFG showed 12 at 18 
months and ECRT cases achieved at 24 months depended upon F score.  
 
Conclusion. Sarcomas of Femur can be managed with Modified HOT DOG procedure for reduce complication rates and 
improve bone quality to achieve its tensile strength for high end functional outcomes with maintain growth potential in 
children.  PGRA score can help to preoperative determination as well as postoperative viability of ECRT bone and its 
Composites.  
 
Key words. Recycling bone, free vascular fibula, Vascularised composite, Limb salvage surgery 
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OP4.12 

Outcome of High-Grade Osteosarcoma Involving the Limbs Treated by 
Pedicle-Freezing Using a Novel Freezing Tank  
Po kuei Wu1,2, Chao-Ming Chen1,2, Wei-Ming Chen1,2 

1Therapeutical and Research Center of Musculoskeletal Tumor, Taipei Veterans General Hospital, Taipei, Taiwan, 2School 
of Medicine, National Yang Ming Chiao Tung University, Taipei, Taiwan 

Background. Biological reconstruction of limbs affected by osteosarcoma is frequently assisted by liquid nitrogen cryoablation of 
resected tumor-bearing bones. The conventional free-freezing method requires the excision of tumor-bearing autograft, have longer 
time-to-union and low union rate; pedicle-freezing could be utilized to minimize the number of osteotomies in cryoablation. In the 
present study, we have adopted an appropriately designed freezing tank with increased flexibility in positioning to assist pedicle 
freezing. We aim to compare the peri-surgical improvements and complications between free-freezing and freezing tank-assisted 
pedicle freezing.  
Our research questions for the present study are: (1) Is there a difference in the number of required osteotomies between free-
freezing and freezing tank-assisted pedicle-freezing for treating high-grade osteosarcoma in the limbs? (2) Is there a difference in the 
non-union rate between the group receiving free-freezing and freezing tank-assisted pedicle-freezing after surgery? (3) Is there a 
difference in the incidence of graft-related complications between patients receiving free-freezing and freezing tank-assisted pedicle-
freezing? (4) Is there a difference between the graft-derived recurrence rate of the two techniques? 
Method. A retrospective review of our hospital database was conducted to screen for eligible patients (n=114) who received 
adjunctive limb salvage treatments for osteosarcoma during June 2017 to January 2019. After excluding patients who received 
treatments other than cryoablation and autograft biological reconstruction, a total of 41 patients had received free-freezing (n=20) 
or freezing tank-assisted pedicle freezing (n=21) were deemed eligible. Patient baseline demographics were comparable between 
the free-freezing and the freezing tank-assisted pedicle-freezing groups. 
Results. The number of osteotomies received was 1.55 per patient (31 osteotomies in 20 patients) in the free-freezing group, whereas 
it was 0.43 per patient (9 osteotomies in 21 patients) in the freezing tank-assisted pedicle-freezing group. The total number of graft-
derived complications including soft tissue failure and structural failure were comparable between the two groups at 1 year after 
surgery.  Three incidences of atrophic nonunion (9.7% of osteotomies) were observed in the free-freezing group, and none occurred 
in the freezing tank-assisted pedicle freezing group. Tumor progression and early infection occurred in 5% of patients treated by free 
freezing, and none was observed in those treated by freezing tank-assisted pedicle-freezing. 
Conclusion. Freezing tank-assisted pedicle-freezing and free-freezing demonstrated comparable oncological outcome, but pedicle-
freezing was associated with, shorter time-to-union, lower non-union rate, an improved trend of osteotomy healing and functional 
recovery. 
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OP4.13 

Biological Allograft Reconstruction following the Acetabulum Tumor Pelvic 
Resection 
Oleg Vyrva, Roman Malyk
Sytenko Institute of Spine and Joint Pathology, Kharkiv, Ukraine 

Background. Reconstruction of pelvic after malignant tumor resection remains a major challenge in orthopedic oncology 
surgery. To restore weight bearing along anatomical axis while preserving motions is the aim after reconstruction to 
improve functional outcome thus provide quality of life. The objective of this study was to evaluate the clinical and 
functional outcome after limb salvage surgery and new technique of allograft reconstruction following the pelvic type 
II and type I + II resection.   

Methods. The files of 12 patients with malignant pelvic bone tumors, who underwent surgical resection at Sytenko 
Institute between 2016 and 2021, were retrospectively analyzed (9 chondrosarcoma, 2 osteosarcoma, 1 Ewing's 
sarcoma). All patients underwent pelvic tumor resection and allograft + attachment “Trevira” tube reconstruction. The 
mean age was 38 years (range, 10–56). The resection involved the acetabular area. We elaborated techniques, 
functional outcome and complication following the new procedure in 1 to 5 years follow up. 

Results. All 12 patients received a non-structural allograft bone reconstruction. They all alive and free of disease, no 
local recurrence, neurological deficits. Deep infection was successfully treated by wound revision and debridement. CT 
and x-rays pictures show good periacetabulum bone formation from 12 to 60 month after surgery. The average MSTS 
functional score was 68 % (range, 54–96 %) when the acetabulum was preserved. All patients walked with or without 
any assistive device, and 8 of them had normal function with a slight limp. 

Conclusion. On the basis of the clinical and functional outcome, our “chips” allograft reconstruction technique seems 
to be a reliable for treating patients with a malignant periacetabulum pelvic bone tumors. Early promising results were 
reported in our 12-cases series with the advantages of preserving more host bone for reconstruction without 
compromising the oncological resection margin when the surgeries were performed with good preoperative planning. 
We recommend the use of new method of pelvic acetabulum allograft that can restore the anatomy and provide good 
functional results.  However, longer period of follow up and larger number of cases treated are needed.
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OP4.14 

Predictors of functional recovery among musculoskeletal oncology 
patients undergoing lower extremity endoprosthetic reconstruction 
Aaron Gazendam, Patricia Schneider, Diane Heels-Ansdell, Mohit Bhandari, Jason Busse, Michelle Ghert 

Mcmaster University, Hamilton, Canada 

Background. Functional outcomes are important for oncology patients undergoing lower extremity reconstruction; 
however, there remains important knowledge gaps. We characterized patient reported function after surgery and 
identified predictors of postoperative function in musculoskeletal oncology patients undergoing lower extremity 
endoprosthetic reconstruction.  

Methods. We acquired functional outcome data from the recently completed Prophylactic Antibiotic Regimens in 
Tumor Surgery (PARITY) trial; specifically, the 100-point Toronto Extremity Salvage Score (TESS) which was administered 
preoperatively and at 3, 6 and 12 months postoperatively. Higher scores indicate better physical functioning, and the 
minimally important difference is 11-points. We calculated mean functional scores at each timepoint after surgery and 
developed a logistic regression model to explore predictors of failure to achieve excellent postoperative function (TESS 
≥80) at 1-year after surgery.  

Results. The 555 patients included in our cohort showed important functional improvement from pre-surgery to 1-year 
post-surgery (mean difference 14.9 points, 95% CI 12.2 to 17.6; p<0.001) and 64% achieved excellent post-operative 
function (Table 1 and 2). Our adjusted regression model found that poor (TESS 0-39) preoperative function (odds ratio 
[OR] 3.3, 95%CI 1.6 to 6.6); absolute risk [AR] 24%, 95%CI 8% to 41.2%), older age (OR per 10-year increase from age 12, 
1.32, 95%CI 1.17, 1.49; AR 4.5%, 95%CI 2.4% to 6.6%), and patients undergoing reconstruction for soft-tissue sarcomas 
(OR 2.3, 95%CI 1.03 to 5.01; AR 15.3%, 95%CI 0.4% to 34.4%), were associated with higher odds of failing to achieve an 
excellent functional outcome at 1-year follow-up. Patients undergoing reconstruction for giant cell tumors were more 
likely to achieve an excellent functional outcome postoperatively (OR 0.40, 95%CI 0.17 to 0.95; AR -9.9%, 95%CI -14.4% 
to -0.7%). 

Conclusions. The majority of patients with tumors of the lower extremity undergoing endoprosthetic reconstruction 
achieved excellent function at 1-year after surgery. Older age, poor preoperative function, and endoprosthetic 
reconstruction for soft tissue sarcomas were associated with worse outcomes; reconstruction for giant cell tumors were 
associated with better post-operative function. 
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OP5.1 

Therapeutic algorithm from diagnosis to management in Gorham-Stout 
disease: analysis of 352 cases 
Andrea Angelini, Nicolò Mosele, Elisa Pagliarini, Elisa Pala, Giulia Trovarelli, Pietro Ruggieri 
Department of Orthopedics and Orthopedic Oncology, University of Padova, Padova, Italy 

Background. Gorham-Stout disease (GSD) is a rare, idiopathic disease of unknown etiology characterized by massive 
osteolysis with replacement of lymphatic vessels of one or multiple bones. GSD affects mainly pediatric patients or 
young adults, but adult/old cases have been reported. Due to its rarity diagnosis is difficult and often late. To date, there 
is no established treatment or diagnosis strategy for GSD and prognosis is frequently poor, leading to functional 
impairment, neurological problems and visceral involvement. Aims of this study were to propose a diagnostic algorithm 
to simplify diagnosis based on clinical and radiological findings and a treatment strategy to prevent further lysis. 

Methods. We analyzed 352 cases of GSD from 1955 up to date focusing on epidemiology, complications, treatment 
strategies and outcome. Of the 352 patients analyzed 80 are children under the age of 10, another 79 between 10 and 
18 and the remainder are adults with cases reaching up to over 70 years. Pathological fracture, neurological deficits and 
chylothorax were the most common complications. Numerous treatments have been proposed over the years: anti-
resorptive agents, radiotherapy, angiogenesis inhibitors, mild chemotherapy, beta blockers and many others. All of 
these medical treatments are often associated to reconstructive surgery. Surgical orthopedic procedures included 
prosthetic reconstructions, bone grafts, ORIF in pathological fractures up to amputation in more severe cases. 

Results. We found 136 cases of major visceral complications, more than half of which in children. Most frequent 
complications were chilothorax, cerebro-spinal fluid leakage and skin malformations. In childhood and adolescence, all 
20 patients with fatal outcome had developed chilothorax. We observed a gradual increase in cases over time, probably 
due to greater awareness to this disease and a consensual gradual improvement in the outcome probably due to newer 
and more accurate therapies. We realized a diagnostic algorithm based on clinical findings, first- and second-line 
radiological exams and our multi-targeted therapy to prevent further osteolysis and to stop lymphangiogenesis. 

Conclusions. GSD is a rare disease and diagnosis is usually challenging and late. Many treatments have been tried since 
1955 but not many have been proved effective. Surgery plays a key-role but must be accompanied by adequate medical 
therapy. Outcome has improved over time but is still poor and burdened with severe sequelae in many cases. 

Image 1: Diagnostic and treatment algorithm for Gorham–Stout disease. 
Image 2: Clinical manifestations and symptoms of Gorham–Stout disease 
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OP5.2 

Efficacy and Safety of JMT103 in Patients with Giant Cell Tumor of Bone: a 
multicenter, single-arm, open-label, phase Ib/II study 
Hairong Xu, Yuan Li, Feng Yu, Xiaohui Niu
Beijing Ji Shui Tan Hospital, Beijing, China 

Background. JMT103 is a novel, fully humanized IgG4 monoclonal antibody targeting RANKL, inhibiting 
osteoclastogenesis and osteoclast-mediated bone resorption. A multicenter, single-arm, open-label, phase Ib/II study 
was conducted to evaluate the efficacy and safety of JMT103 in patients (pts) with Giant cell tumor of bone (GCTB). 

Methods. Eligible pts (ECOG: 0-2) were adults with pathologically confirmed unresectable GCTB or their planned surgery 
is associated with severe morbidity. Pts with active dental or jaw condition requiring oral surgery, other anti-tumor 
therapies, anti-RANKL antibody or concurrent use of bisphosphonates were excluded. 2 mg/kg JMT103 was 
administrated subcutaneously with a loading dose on days 8 and day 15 of the first 4 week of therapy. The primary 
endpoint was tumor response, defined as elimination of at least 90% giant cells or objective response of the target 
lesion assessed by radiologic imaging as per Modified Inverse Choi density/size (ICDS) or the Modified European 
Organization for Research and Treatment of Cancer (EORTC) criteria.  

Results. 38 pts (14 males) were enrolled between June 3 and December 24, 2020. The median age was 31 years (range 
18-57). Lesions sites included lower extremities (39.5%), upper extremities (31.6%), spine (21.1%) and pelvis (13.2%).
Treatment-related adverse events (TRAEs) occurred in 14 pts. The most common TRAEs were hypophosphatemia
(18.4%), hypocalcemia (7.9%) and blood bilirubin increased (7.9%). 1 patient (2.6%) was reported a grade 3 AE but not
related to the treatment; other AEs were grade 1–2. Among 32 pts who had at least once efficacy evaluation, 26 (81.3%,
95% CI: 63.6-92.8) had a tumor response: 7 of 7 (100%) based on histopathology and 25 of 32 (78.1%) based on
radiology, of which 23 of 32 (71.9%) assessed by ICDS criteria and 15 of 17 (88.2%) assessed by EORTC criteria. 21 of 26
(80.8%) pts who complained of pain at baseline experienced reduced pain during the treatment. Median reductions in
bone-resorption biomarkers were 71.8% (IQR 67.7-82.4) for uNTx/Cr (p<0.001) and 81.4% (IQR 68.3-84.7) for sCTx
(p<0.001) at day 8.

Conclusions. JMT103 demonstrated encouraging anti-tumor efficacy and manageable safety profile in pts with 
unresectable GCTB or at high risk of severe morbidity after surgery. 

Clinical trial information: NCT04255576
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OP5.3 

Giant Cell Tumor grade III and Denosumab Effects; prospective study  94 
patients 
Badaruddin Sahito, Nauman Hussain, Awais  Abro, Abdul Qadir, Jagdesh  Kumar, Soughat Katto, Syed Jehanzaib 
Dow University of Health Sciences / Dr Ruth KM Pfau Civil Hospital Karachi, Karachi, Pakistan 

Background. Denosumab is considered as new innovation in the treatment of giant cell tumor of bone.  
 
Material & Methods. From 2017 to March 2022, we have 94 patients with grade III GCT treated with neoadjuvant 
denusumab followed by surgery. 4 doses doses of denuosumab 120 mg   subcutaneously   injected   and clinical and 
radiological effects were observed. 7 proximal humerus, 18 distal radius, 5 distal ulna, 2 pelvic, 9 proximal femur, 21 
distal femur, 19 proximal Tibia, 2 distal Tibia, Talus 1, 5 Fibula, Metatarsal 2. Above all 8 patients were with pathological 
fracture.  Clinically after start of denousumab pain relieved in all patients and radiological tumor showed response with 
consolidation and delinaete the tumor except malignant proximal Tibia, Proximal Humerus Giant Cell tumor and pelvic 
these showed less response.  Per-operative   tumor get solid and makes dissection easier and save time. All patients had 
marginal and wide margin resection except 5 patients treated with extended curettage. Till now no recurrence observed 
in curettage patient.  One recurrence occurs in marginal resection patient and then turn in malignancy after 4 more 
doses of denosumab.  5 patients lost follow-up than came back with increase size of tumor.  
 
Conclusion. We conclude that denusumab can be work as Neoadjuvant for Grade III Giant cell Tumor with advantage of 
analgesic, preop delineation of tumor, makes dissection easier, save operative time, with less risk of malignancy 
conversion & regrowth of tumor if not operated .  
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OP5.4 

Anti-PD-1 antibody plus anlotinib versus anlotinib alone for refractory 
undifferentiated or high-grade conventional chondrosarcoma: A 
multicenter, non-randomized, controlled trial 
Binghao Li1, Xiaobo Yan1, Meng Liu1, Xin Huang1, Nong Lin1, Yunxia Liu2, Hui Dai3, Zhaoming Ye1 

1Department of Orthopaedics, The Second Affiliated Hospital of Zhejiang University School of Medicine, Hangzhou, China, 
2Department of Medical Oncology, Hangzhou Third People's Hospital, Hangzhou, China, 3Department of Medical 
Oncology, Hangzhou Cancer Hospital, Hangzhou, China 

Background. There is no standard systemic therapeutics for unresectable conventional or undifferentiated 
chondrosarcoma (c/uCHS). Prior retrospective studies have illustrated the immune subtypes of cCHS, demonstrating a 
promising role immune checkpoint inhibitor (ICI) might play for this chemoresistant tumor. A prospective clinical trial is 
urgently needed to clarify the value of ICI immunotherapy in this tumor.  
 
Methods. This multicenter, open label, controlled, investigator-initiated trial is recruiting patients with unresectable 
high-grade c/uCHS (NCT05193188). Eligible pts are distributed 1:1 to anti-PD-1 antibody treatment (pembrolizumab 200 
mg Q3W IV) with oral anlotinib (8-12 mg QD; group A) or anlotinib (8-12mg QD; group B) alone, according to patients’ 
intent. Pts with progressed disease in group B are allowed to cross over to group A. The primary endpoint is 6-month 
progression free survival rate. The secondary endpoints included objective response rate and disease control rate at 6 
months.  
 
Results. From Feb 8th, 2022, six pts were enrolled in the study. Four pts were in group A, receiving combination 
treatment while the rest two pts were in group B, taking anlotinib monotherapy. The main reasons that pts chose 
monotherapy were economic burden and potential immunotherapy-related adverse events (irAEs), while pts preferred 
combination therapy were expecting a possible better therapeutic outcome. Three pts in group A have received the first 
radiological evaluation, and one metastatic cCHS case has reached a partial response with a 52% decrease in size, while 
the rest two were determined to be stable disease with no sign of tumor enlargement. One patient in group B was 
evaluated as stable disease with 10% increase in size. The patient with partial response in group A was harboring IDH2 
mutation validated by next generation sequencing. 
 
Conclusion. This trial is still ongoing. With an objective response case to combination therapy, further follow-ups may 
reveal promising outcomes for this refractory tumor. 
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Impacts of preoperative denosumab treatment on bone metabolism in 
young patients with giant cell tumor of bone 
Min Wook Joo, Yong-Suk Lee, Chiyoung Yoon 

Department of Orthopaedic Surgery, College of Medicine, The Catholic University of Korea, Seoul, Republic of Korea 

Background. Since clinical use of denosumab was approved by the Food and Drug Administration of United States in 
2013, the monoclonal antibody for receptor activator of nuclear factor-kappa B ligand has been used for down-staging 
giant cell tumor of bone (GCTB) to perform less-morbid operations. Nevertheless, because GCTBs are prevalent in young 
adults, it is concerned that high-dose denosumab therapy may have a long-term adverse effect on normal bone 
metabolism. Thus, we investigated the serial data on bone metabolism in patients with GCTB who had neoadjuvant 
administration of denosumab. 
 
Methods. This study was a retrospective medical record review of GCTB patients who underwent preoperative 
denosumab treatment followed by surgery at our institution from 2016 to 2019. We analyzed relevant data on bone 
mineral density and laboratory findings such as bone turnover markers. 
 
Results. A total of 10 patients were identified including five females and five males. The mean age was 31.5 (range, 17 
- 45) years. 120 mg of denosumab was subcutaneously injected every four weeks and additional shots were 
administered on the 8th and 15th days of the first month of treatment according to the standard protocol provided by 
the pharmaceutical manufacturer. The mean number of preoperative denosumab administration cycles were 5 (range, 
4 - 6). Compared with before denosumab treatment, changes in bone mineral densities (g/cm²) of lumbar spine, femoral 
neck, trochanter, and total hip were +5.28%, +3.5%, +4.76% and +2.94% at one year after denosumab treatment, 
+1.17%, +2.47%, +2.82% and +0.78% at two years, and +0.57%, +0.04%, -0.64% and +0.71% at three years, respectively. 
And changes in N-terminal propeptide of type 1 procollagen and C-telopeptide of collagen type 1 were -40.03% and -
41.57% at one year after denosumab treatment, -14.13% and -17.62% at two years, and +2.39% and +0.38% at three 
years. Hypercalcemia or hypocalcemia was not observed in any patients. 
 
Conclusions. In our series, bone mineral density increased at one year after preoperative denosumab treatment, then 
tended to decrease. Bone turnover markers decreased at one year, then tended to increase. Long-term follow-up 
studies with more cases should be necessary to identify changes in bone metabolism such as rebound phenomenon 
afterwards
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Favorable outcome of high-dose chemotherapy and autologous 
hematopoietic stem cell transplantation in nonmetastatic osteosarcoma 
patients with less necrosis than 90% after neoadjuvant chemotherapy. 
Han-Soo Kim2,3, Kyung Taek Hong1, Sung-Hye Park5, Jeong Eun Cheon6, Ilkyu Han2,3, Yongsung Kim4, Hyoung Jin 
Kang1 

1Division of Hematology/Oncology, Department of Pediatrics, Cancer Research Institute, Seoul National University College 
of Medicine, Seoul National University Children’s Hospital, 101 Daehak-ro Jongno-gu, Seoul 03080, South Korea, 
2Department of Orthopaedic Surgery, Seoul National University College of Medicine, 101 Daehak-ro Jongno-gu, Seoul 
03080, South Korea, 3Department of Orthopaedic Surgery, Seoul National University Hospital, 101 Daehak-ro Jongno-gu, 
Seoul 03080, South Korea, 4Department of Orthopaedic Surgery, Seoul National University Bundang Hospital, 82, Gumi-ro 
173 Beon-gil, Bundang-gu, Seongnam, South Korea, 5Department of Pathology, Seoul National University College of 
Medicine, 101 Daehak-ro Jongno-gu, Seoul 03080, South Korea, 6Department of Radiology, Seoul National University 
College of Medicine, 101 Daehak-ro Jongno-gu, Seoul 03080, South Korea 

Background. Despite the great advancement in outcome for osteosarcoma, patients who respond poorly to neo-
adjuvant chemotherapy show poor outcome with 5-year event free survival (EFS) of 35-45%. This study evaluated the 
role of high dose chemotherapy and autologous stem cell transplantation (HDCT & ASCT) in osteosarcoma patients with 
poor response to neoadjuvant chemotherapy as a sole risk factor. 
 
Methods. A retrospective medical chart review was done on all the patients who were diagnosed with osteosarcoma 
between June 1997 and May 2015 and the patients with tumor necrosis below 90% after neoadjuvant chemotherapy 
as a sole risk factor were identified. The outcome of the patients treated with conventional chemotherapy only (Group 
1) and that of those treated with HDCT & ASCT (Group 2) were compared.  
 
Results. This review included 21 patients (17 male, 4 female) who were diagnosed at a median age of 11.7 years old and 
all of them had a single primary mass in the extremities and none of them had metastatic lesions. The EFS of the patients 
in Group 1 (n=11) was 63.6% at median 7.8 (range, 0.8-16.2) years from diagnosis whereas that of those in Group 2 
(n=10) was 100% at median 5.6 (range, 1.7-8.9) years from diagnosis and at 5.1 (range, 0.7-8.0) years from ASCT 
(p=0.042). Of the patients in Group 1, 2 patients had lung metastases at median 0.8 years from diagnosis, and 2 patients 
had primary site relapses at median 1.4 years from off-therapy. The overall survival of the patients in Group 1 was 72.7% 
at median 8.3 (range, 2.2-16.2) years from diagnosis whereas that of those in Group 2 was 100% at median 5.6 (1.7-8.9) 
years from diagnosis and at 5.1 (0.7-8.0) years from ASCT (p=0.113). 
 
Conclusions. HDCT & ASCT with melphalan, etoposide and carboplatin improve the EFS of the osteosarcoma patients 
with poor response to neoadjuvant chemotherapy as a sole risk factor. 
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Tumor necrosis in soft tissue sarcoma following multimodal neoadjuvant 
therapy –is it chemo- or radiotherapy? Does it influence prognosis?  
Julian Fromm1, Alexander Klein1, Annika Bilgeri, Boris Holzapfel1, Silke Nachbichler2, Christof Birkenmaier1, Lars 
Lindner3, Sophia Samira Goller4, Hans Roland Dürr1 

1Department of Orthopaedics and Trauma Surgery,  Musculoskeletal University Center Munich (MUM), University Hospital, 
LMU Munich, Munich, Germany, 2Department of Radiation Oncology, University Hospital, LMU Munich, Munich, 
Deutschland, 3Department of Medicine III, University Hospital, LMU Munich, Munich, Deutschland, 4Department of 
Radiology, University Hospital, LMU Munich, Munich, Deutschland 

Background. Wide resection, with or without neoadjuvant chemo- or radiotherapy is widely accepted as the gold 
standard in the treatment of soft tissue and bone sarcomas. Tumor necrosis is often used as a substitute for response 
to neoadjuvant therapy. There are many studies showing its effectiveness as a predictive factor in osteosarcoma and 
Ewing’s-Sarcoma, however, there is little data in soft tissue sarcomas. Furthermore, it’s unclear if radiotherapy or 
chemotherapy have the larger impact on tumor necrosis.  
 
Methods. Between 2012 and 2021 779 musculoskeletal sarcomas have been resected at our institution with curative 
intention. We retrospectively evaluated those patients for diagnosis, localization of the tumor, tumor size, surgical and 
adjuvant treatments as well as histological tumor necrosis. All patients were followed for survival, local recurrence, or 
metastasis. The overall-, as well as the local recurrence free survival are calculated and tested for significance.  
 
Results. Of the 411 men and 368 women (total n=779) 565 had a soft tissue sarcoma (STS) and 214 a bone sarcoma (BS). 
229 of the patients with a STS had either neoadjuvant radiotherapy (n=80), chemotherapy (n=93) or both (n=51). 90 
patients with BS had either neoadjuvant radiotherapy (n=1), chemotherapy (n=81) or both (n=8). Tumor necrosis was 
higher in patients with BS and STS after neoadjuvant therapy. The highest tumor necrosis was found in patients with 
both, radio- and chemotherapy. Patients showed higher tumor necrosis after receiving chemotherapy compared to 
radiotherapy. In our population there was no significant correlation between tumor necrosis and overall survival.  
 
Conclusion. In conclusion there was a significant correlation between the patient’s tumor necrosis and the different 
forms of neoadjuvant therapy. However, in contrast to Osteo- and Ewing’s-sarcoma, there was no significant correlation 
between tumor necrosis after neoadjuvant therapy and overall survival in patients with STS. Therefore, tumor necrosis 
as an indicator for tumor response to neoadjuvant therapy and especially as a prognostic factor could not be proven in 
patients with STS
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A Deep Learning Model for Classification of Chondroid Tumors on CT-
Images 
Felix Gassert1, Julian Fromm2, Hans Roland Dürr2, Alexander Klein2, Johanna Luitjens2, Jan Peeken1, Klaus 
Woertler1, Stefan Bartzsch1, Daniel Lang1, Alexandra Gersing1,2 

1TU Munich, Munich, Germany, 2LMU Munich, Munich, Germany 

Purpose. Differentiation between enchondromas, atypical cartilaginous tumors (ACT) and high-grade chondrosarcomas 
is crucial for adequate patient management. Although, several imaging features have been identified, differentiating 
enchondromas from ACTs radiologically remains challenging. Therefore, the goal of this study was to develop a deep 
learning model (DLM) for the classification of chondroid tumors based on CT images. 
 
Material and Methods. Patients from two independent cohorts (n=344; age=50.3±14.3 years; 175 women) who were 
diagnosed with either an enchondroma (n=124), an ACT (n=92) or a high-grade chondrosarcoma (n=128) and had 
undergone CT imaging as well as clinical and histological assessment of the tumor, were included in this study. The final 
diagnosis was based on the consensus of an interdisciplinary tumor board. The tumors were segmented on the CT 
images. The major cohort was split into training and validation sets (n=168/76), and the smaller cohort was used for 
external testing (n=100). A 2D convolutional neural network (CNN) was trained for classification, consisting of 3 
convolutional layers ending in a fully connected layer followed by one output neuron. The mean squared error loss was 
used for optimization. For comparison, blinded readings were performed on the external test-set by three radiologists 
(3, 4, 10 years of experience). 
 
Results. The DL model achieved an area under the curve (AUC) of 0.87 for the differentiation between benign, 
intermediate and malignant cartilaginous tumors on CT images. The AUC of the readers was at 0.77/0.81/0.83. For the 
differentiation between enchondromas and ACTs performed by the DLM, the AUC was at 0.80, whereas the readings of 
the residents resulted in an AUC of 0.72 and 0.76 and the readings of the musculoskeletal fellowship-trained radiologist 
in an AUC of 0.79 for this analysis. The ROC of the DLM was significantly better than the ROC of resident 1 for the 
differentiation between benign and malignant lesions (P=0.012). Sensitivity, specificity and accuracy are displayed in 
the figure. 
 
Conclusion. Compared to readings of the resident radiologists, the DLM showed better results for the differentiation of 
benign, intermediate and malignant chondroid bone tumors, whereas there was no significant difference found 
compared to the musculoskeletal fellowship-trained radiologist. A DLM may therefore improve and standardize 
diagnosis of chondroid tumors especially for the differentiation between enchondromas and ACTs.  
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Prognostic accuracy of 7th and 8th AJCC classification for soft tissue 
sarcomas. Results from a retrospective, multi-center study 
Maria Anna Smolle1, Michiel van de Sande2, Per-Ulf Tunn3, Andrew Hayes4, Marko Bergovec1, Henry G. Smith4, 
Maya Niethard3, Reinhard Windhager5, Joanna Szkandera6, Andreas Leithner1 

1Department of Orthopaedics and Trauma, Medical University Of Graz, Graz, Austria, 2Department of Orthopaedic 
Surgery, Leiden University Medical Centre, Leiden, The Netherlands, 3Sarcoma Centre, HELIOS Klinikum Berlin-Buch, Berlin, 
Germany, 4Department of Surgery, Royal Marsden Hospital NHS Foundation Trust, London, United Kingdom, 5Department 
of Orthopaedics and Traumatology, Medical University of Vienna, Vienna, Austria, 6Division of Clinical Oncology, Internal 
Medicine, Medical University of Graz, Graz, Austria 

Background. In 2017, the 8th version of the AJCC classification system for soft tissue sarcomas (STS) was released with 
the purpose to further improve prognosis prediction in STS patients. The current study aimed at assessing the prognostic 
accuracy of 8th AJCC version in comparison to the 7th version regarding overall survival (OS) in a large retrospective 
cohort of STS patients with high-grade disease. 
 
Methods. Altogether, 1032 patients (mean age: 60.7±16.3 years; 54.0% males [n=557]), treated at 5 tertiary sarcoma 
centres with curative intent for high-grade (G2/3) localised STS were retrospectively included. Median follow-up 
amounted to 3.1 (IQR: 1.3-5.9) years. The prognostic accuracy of the 7th and 8th AJCC-version regarding OS was 
analysed with uni- and multivariate Cox-regression models. Prognostic power was assessed with Harrell’s C-index. 
 
Results. At final follow-up, 269 (26.1%) and 91 patients (8.8%) had died of disease or unknown causes, respectively, 
whilst 531 (51.4%) and 141 (13.7%) were alive without and with disease. In univariate analysis, the prognostic accuracy 
of both the 7th (c-index: 0.614) and 8th AJCC version (c-index: 0.620) was comparable. In the multivariate analysis 
(including co-variates gender, age, margins, depth, histology, radiotherapy), a slightly better c-index was observed for 
the model including the 8th version (c-index: 0.714 vs. 0.705 for 7th version). Notably, stratification into four different 
T-stages, as used in the 8th version of the AJCC classification, lead to improvement of prognostic accuracy between each 
T-stage (c-index: 0.625), whilst T-stages as defined by the 7th version performed worse (c-index: 0.582). 
 
Conclusion. Both the 7th and 8th version of the AJCC classification have comparable prognostic accuracy regarding 
overall survival. Yet, an advantage of the 8th over the 7th version can be seen in its simplification by omitting tumour 
depth, and strengthening of tumour size as a T-stage defining parameter. 
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Is it safe to discontinue the tyrosine kinase inhibitors in advanced sarcoma 
following a favorable tumor response to antiangiogenics therapy? 
Qiyuan Bao, Zhusheng Zhang, Junxiang Wen, Yuhui Shen, Yuhui Zhang 
Ruijin Hospital, Shanghai, China 

Purpose. The use of novel antiangiogenic TKIs (AA-TKIs) has emerged as a major paradigm shift in recurrent sarcoma, 
with an ORR of 8 ~ 22% as monotherapy, and an ORR of 24~29% as combination therapy against advanced sarcoma. 
However, it is still unknown whether a drug holiday of AA-TKIs is safe and feasible in patients with favorable response. 
Methods. We aim to explore the characteristics and outcomes of patients with advanced sarcoma, who discontinued 
AA-TKIs after their disease showing a (near-)complete remission or long-term (>6 months) response. Given that sarcoma 
with solitary, late recurrence may be cured without systemic therapy, we only included patients unlikely to be cured at 
the initiation of AA-TKI having ≥1 risk factors: Bilateral or multiple(>5) lung metastasis; Metastasis plus local or 
extrapulmonary lesions; Disease-free interval(DFI) <18 months; Inoperable disease. 
Results. A total of 22 patients with apatinib (n=14), anlotinib (n=6) and pazopanib (n=2) discontinuation after favorable 
response were analyzed, with median follow-up of 38.5 months since AA-TKI initiation and 24.2 months post-
discontinuation. At the time of discontinuation, there were 4 drug-induced complete remission (CR), 12 surgical (due to 
downstaging), and 6 long-term stable disease. Post-discontinuation disease progression(pd-PFS) following 
discontinuation was observed in 17 out of 22 patients (77.3%), with a median interval of 4.2 months. However, since 
the majority were still sensitive to the original AA-TKIs (ORR 50% and DCR 71.43% upon re-administration) or amenable 
to second surgical remission, 7 of 17 patients achieved a second CR after disease progression and thus considered as 
still relapse-free post-discontinuation (pd-RFS). Therefore, the pd-RFS and pd-OS at the last follow-up were 12/22 
(54.5%) and 16/22 (72.7%), respectively. Remarkably, we found that surgical CR (compared to drug-induced CR or long-
term stable) and drug tapper-off (compared to abrupt stopping) was associated with greater pd-RFS and pd-OS outcome 
(p<0.05). Furthermore neutrophil-to-lymphocyte ratio (NLR) greater than 2.5 before discontinuation (P=0.055) tend to 
be predictive of a worse pd-RFS. 
Conclusion. Our results suggest AA-TKI discontinuation with taper-off strategy might be safe and feasible in highly 
selected patients. A surgical CR of down-staged disease and lower NLR were potential candidate biomarker for AA-TKIs 
withdrawal. 
 

 

  
 

81



 

 
 

OP5.11 

Metastatic Bone Disease: The Relationship Between Demographic 
Variables, Prevalence, and Survival 
Sarah E. Ryan, Trevor R. Gulbrandsen, Christopher R. Halbur, Qiang An, Benjamin J. Miller 

University of Iowa Hospitals and Clinics, Iowa City, United States 

Introduction. As overall cancer survival continues to improve, the proportion of patients with metastases will increase. 
Knowledge of risk factors associated with the presence of secondary bone cancer will remain invaluable. The purpose 
of this large database study is to determine: (1) the prevalence of disease and survival of patients with bone metastasis 
at initial cancer diagnosis for the five primary carcinomas that most commonly metastasize to bone and (2) how 
demographic and socioeconomic variables correlate to survival and risk of bone metastasis at initial diagnosis. 
Methods. 643,571 patients from 2000-2018 with a primary diagnosis of breast, thyroid, kidney, liver, or lung carcinoma 
were identified with the SEER database. Demographics, insurance status, marital status, rural/urban residence, and 
poverty status were collected. Socioeconomic Composite Score was calculated. Patients were classified two group: 
those with bony metastasis at presentation, and those with documented absence of distant metastasis. Predictors of 
metastatic disease at time of diagnosis and multivariate regression analysis, and 1, 2, and 5-year survival estimates were 
calculated. 
Results. Among the five subtypes, patients with primary lung carcinoma demonstrated the lowest survival at 1, 2, and 
5 year time points (29.02%, 18.19%, and 17.3%, p<0.01). Patients with primary kidney carcinoma also demonstrated 
poor survival (42.9%, 28.64%, and 25.98%, p<0.01) and increased osseous metastatic burden at diagnosis, while those 
with breast, prostate and thyroid primaries had fewer proportion of patients with bone metastasis at diagnosis and 
better overall survival (Figure 1). Factors associated with increased risk of metastasis at presentation and decreased 1-
year survival include male gender, unmarried status, and Medicaid/uninsured status, and risk magnitude appears 
amplified among carcinoma subtypes with highest survival rates (Table 1, p<.01). Interestingly, Socioeconomic 
Composite Score had significant effects on 1 year survival but was not associated with risk of bone metastasis at the 
time of presentation (Table 1). 
Conclusion. Demographic and socioeconomic disparities exist among patients with bone metastasis, and the risk of 
metastasis detection at initial cancer presentation was increased among certain patient populations. It is unknown 
whether this finding reflects delayed presentation secondary to limited healthcare access or simply increased inherent 
risk among these groups. Understanding the risk profile associated with presence of osseous metastasis may influence 
decisions to optimize carcinoma screening, hopefully leading to more expeditious diagnosis and treatment. Many 
patients with MDB, most notably breast, prostate, and thyroid, will experience several years of survival after diagnosis; 
surgeons should take this into account when formulating an operative plan to provide a durable reconstruction. Overall, 
this data highlights existing disparities and provides a foundation on which further studies can investigate ways to 
enhance early detection and treatment of patients with bone metastasis. 
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Minimally Invasive Fixation of Pelvic Metastases by CT-Assisted Surgical 
Navigation Improves Pain and Maintains Function at One Year 
Caleb Yeung1, Derek Hansen3, Alexander Christ2, John Healey1, Nicola Fabbri1 

1Memorial Sloan Kettering Cancer Center, New York, United States, 2Orthopaedic Surgery, University of Southern California 
Keck School of Medicine, Los Angeles, United States, 3The Hospital for Special Surgery, New York, United States 

Background. Metastatic disease of the pelvis is common and frequently associated with disabling pain. Radiotherapy remains 
invaluable but response and palliation may be incomplete.  While total hip replacement has been shown to effectively address 
periacetabular cancer, the role of surgery is not well established for management of cancer outside or beyond the periacetabular 
region and refractory to radiation. Minimally invasive percutaneous fixation is an attractive treatment option, due to limited risk of 
perioperative complications and faster recovery than open surgery. We explored this technique to address mechanical pain and 
impaired function in a cohort of patients with limited residual bone stock and lack of dependable treatment options. 
Effectiveness of CT-navigated percutaneous was prospectively assessed by the following outcome measurements: 

1) Pain palliation 
2) Function/Quality of Life 
3) Prospective Follow-Up 

Methods.  Retrospective review of prospectively collected data on 14 patients treated from 2017 to 2021 for locally advanced pelvic 
metastatic cancer. All patients presented with incapacitating functional pain requiring high-dose narcotics, very limited or absent 
ambulatory capacity and evidence of pathologic fracture through lytic lesion in 10/14 (70%).  Goal of surgery in all patients was to 
improve pelvic stability by internal fixation through remaining bone.  Outcome measurements for pain were Visual Analog Scale (VAS) 
score and analgesic requirements according to the New York Department of Health and Mental Hygiene Morphine Milligram 
Equivalent (NYDH-MME).  Function and quality of life were assessed by Eastern Cooperative Oncology Group (ECOG) Performance 
Status and self-reported ambulatory capacity. Outcome measurements were prospectively recorded at preoperative baseline, one 
month, and every three afterwards. Differences between preoperative, one month and 12 months postoperative data were assessed 
with ANOVA and Chi-square. 
Results. There were no cases of hardware misplacement and there were no intra/perioperative complications. All 15 at 3 months 
and 9 patients were alive at 12 months follow-up. Reduction and stable fixation were maintained in all patients. 

1) Mean preoperative VAS score and MME were significantly improved at one month (p=0.001 and p=0.04 respectively).  3-
months mean VAS score remained significantly improved while mean MME was still improved but not significant (p= 0.006 
and p=0.4).  

2) One-month ECOG improved at least 1 point-scale in all patients and further improved of at least 2 in 9 patients at 3 months.  
3) At 12-month follow-up, the 9 patients alive maintained stable fixation and unchanged pain measurements, analgesic 

requirements and performance score/ambulatory capacity compared to 3-month follow-up. 
Conclusions. CT-guided percutaneous fixation was clinically successful for pain relief, narcotic reduction and functional restoration 
in patients with disabling metastatic cancer of the pelvis. Clinical benefit was durable and persisted in all the living patients at 12 
months from surgery.  Future studies are needed to refine indication technique and provide longer follow-up. 
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3D-printing and computer navigation in preoperative planning and surgical 
management of soft tissue sarcomas 
Juan P. Zumarraga1,2,3, Diego E. Rubio2,3, Felipe M. Suntaxi4 
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Background. The long-term outcomes of soft tissue sarcomas have improved in the past decades. Nevertheless, patients 
with metastases and recurrence still have poor prognosis. Computer navigation surgery and 3D printing have become 
more usable for the benefits they bring in the preoperative planning and the precision they offer during surgery. 
Surgeons typically rely on their training, experiences and visual aids from medical imaging for surgery planning. Often, 
due to the anatomical complexity of soft tissue sarcomas, two dimensional and virtual images are not sufficient to 
convey the structural details. For such scenarios, a 3D printed model of the tumor and the surrounding anatomical 
structures enables a more accurate preoperative planning. Also, due to the challenges of the surrounding anatomy of 
soft tissue sarcomas, it has been reported that the probability of achieving a 1 cm surgical margin in all three planes of 
the tumor is only 50%, leaving a sequela of inadequate resection, important local recurrence rates and diminished 
overall survival. In response to these factors and in the attempt to minimise the incidence of inadequate resection 
margins in soft tissue sarcomas, the use of computer navigation in the surgical management is an important tool.  
 
Methods. This single-center retrospective review included 12 patients who underwent soft tissue sarcoma tumor 
surgery using 3D-printed models of the tumor and the anatomical surrounding structures for preoperative planning and 
computer navigation for the surgical resection. Clinical information was collected regarding patient demographics, 
tumor characteristics, pathologic diagnosis, surgery details, and functional recovery.  
 
Results. Wide resection surgery was performed in every patient. Using 3D-printed real scale models of the tumor and 
the surrounding anatomical structures for the 12 patients, preoperative planning was developed. All the bone, vascular, 
neurological and muscular structures around the tumor were carefully studied. The 12 patients underwent 3D-printing-
assisted surgery planning followed by computer navigation surgery. No technical problems were reported. All  margins 
were defined negative. Infection was the most prevalent complication (2/12). No local recurrence was reported at 12 
and 18 month follow up.  
 
Conclusion. The innovative technology not only assists the medical staff but is also beneficial for the patients because 
the medical problems, which were not curable in the past, are now possible with modern technology. The use of 3D 
printing and computer navigation for the planning and resection of soft tissue sarcomas allows accurate identification 
of the local anatomy and can define the extent of the tumour and proposed resection margins. 
  

84



 

 
 

 

OP6.3 

3D virtual reality simulation for musculoskeletal tumors: reconstruction 
and simulated surgery. A preliminary 15 case study 
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Background. Three-dimensional (3D) imaging using different software and hardware has been extensively used to 
generate virtual reality workspaces. The most investigated fields have been neurosurgery and laparoscopy. Few 
applications have been reported for orthopedic surgery. Even fewer applications have been reported for orthopedic 
oncology. Here, we investigated and develop musculoskeletal tumor surgery planning and anatomical characteristics 
using virtual reality. Also, we performed 3D virtual surgery in the enrolled patients.  
 
Methods. Patients undergoing surgery for musculoskeletal tumors (n=15) between August 2019 and February 2022 
were enrolled and presurgically subjected to computed tomography (CT) and magnetic resonance imaging (MRI). 
Imaging data were transferred, integrated and segmented using 3D Slicer software to produce patient-specific virtual 
anatomical 3D models. These models were imported into Blender software for further processing. The final processed 
3D models were exported to Oculus Quest 2 hardware device for performing virtual surgery (simulation and visualization 
of musculoskeletal tumors and its anatomical surroundings). The presurgical 3D anatomical reconstructions and 
intraoperative anatomical characteristics (virtual versus actual data) and surgical approach (virtual versus actual 
situation) measurement and subjective appearance were compared.  
 
Results. Anatomical characteristics in the surroundings of the tumor and tumor diameters in all 3 planes (superior-
inferior, medial-lateral, and anteroposterior) were consistent between virtual and real data (3.61±1.03, 1.54±0.93, and 
1.93±0.73 vs. 3.62±1.13, 1.51±0.84, and 1.89±0.71; respectively). Nevertheless, some virtual surgical situations were 
inconsistent with real intraoperative situations, leading to minor complications. Resolutions of the original imaging (CT 
and MRI), directly correlated with 3D simulation quality, with soft tissues most poorly represented when compared with 
bone. Soft tissue tumor imaging quality in 3D varied extensively by tumor type while bone tumor regularly maintains 
good quality.  
 
Conclusions. Musculoskeletal tumors and the anatomical surrounding structures can be reconstructed using the 
described system (or any virtual reality system) with good accuracy in the case of simple fenestration, increasing 
treatment individualization, surgical competence level, and potentially reducing intraoperative complications. However, 
further development of virtual reality tools for the use in orthopedic oncology applications that involve specialized tools 
and procedures, such as wide margin resection of soft tissue malignant tumors, are needed.
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Custom made cutting guides and custom shaped allografts in joint sparing 
juxta articular resections of the knee 
Maurizio Scorianz, Lorenzo Guariento, Guido Scoccianti, Francesco Muratori, Elisabetta Neri, Domenico 
Andrea Campanacci 
Orthopedic Oncology Unit, Azienda Ospedaliero Universitaria Careggi, Firenze, Italy 

Background. The aim of limb salvage surgery is to achieve wide margins while preserving as much healthy tissue and 
function as possible. Intraoperative guides can be used to improve accuracy in challenging procedure as joint-sparing 
iuxta-articular and multiplanar resections. Our study presents the results of patients treated in our institution with a 
joint-sparing juxta-articular resection of the knee, performed using 3D printed custom-made cutting guides, followed 
by a biological reconstruction with a shaped massive bone allograft to precisely match the bone defect. 
 
Methods. Between December 2017 and February 2022, we performed 11 joint-sparing juxta-articular resections of the 
knee and allograft reconstruction using custom made cutting guides. The tumor was located in the proximal tibia in 6 
patients and distal femur in 5. Diagnosis was parosteal osteosarcoma in 5 patients, adamantinoma in 3, peripheral 
chondrosarcoma in 2, high grade osteosarcoma in one. Custom made 3D printed titanium alloy cutting guides were 
developed using MRI - CT fusion of the bone segment and 3D model of the tumor and resection margins (fig.1-2). 
Allograft selection from the bone bank was based on CT scan of allowing accurate matching with resected segment. The 
allograft was then shaped during surgery using allograft specific 3D printed cutting guides to create a bone segment of 
the shape of the bone gap resulting from the tumor resection (fig.3). In 3 patients the allograft was associated to an 
intramedullary vascularized fibular graft. 
 
Results. Mean follow up was 12 months (min 3 – max 48). Tumor free resection margins were obtained in all the patients 
treated with this technology. One patient developed nonunion of the tibial allograft with hardware failure 12 months 
after surgery, healed after treatment with autologous bone graft and new osteosynthesis. One patient had a fracture 
of the femur at distal osteotomy 4 months after surgery. After a failed attempt to save the reconstruction with a new 
osteosynthesis, the distal femur was resected and reconstructed with a megaprosthesis.  No local recurrence was 
observed, all patients were disease free at the last follow up. Mean MSTS at the last follow up was 27/30 (min 14 – max 
30). 
 
Conclusion. Patient specific and allograft specific custom-made cutting guides were effective in obtaining tumor free 
surgical margins in joint-sparing juxta-articular and multiplanar resections of the knee and to achieve an adequate 
matching of the massive allograft to the bone defect. 
 
This research project is funded by Tuscany Region.  
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Computer-aided surgical planning and patient specific cutting guides for 
accurate bone tumor resection in a patient with Ollier disease presenting 
with humeral deformity 
Pichaya Thanindratarn1,2, Thanapon Chobpenthai1,2 

1Chulabhorn Hospital, Chulabhorn Royal Academy, Bangkok, Thailand, 2Princess Srisavangavadhana College of Medicine, 
Chulabhorn Royal Academy, Bangkok, Thailand 

Background. Ollier disease is an extremely rare skeletal disorder characterized by multiple benign cartilaginous tumors 
that develop within bones, caused by failure of normal endochondral ossification. The tumors are located in the 
epiphysis and metaphysis of various bones. Approximately one-fourth of patients with Ollier disease are diagnosed with 
sarcoma by 40 years of age. Deformities resulting from the tumors include shortening caused by lack of epiphyseal 
growth, broadening of metaphyses, and bowing of the long bones, making surgery more challenging than conventional 
cases.  
Methods. We present a case of a twelve-year-old boy with a left-arm deformity since his toddler age without trauma 
history (Figure 1A). His pedigree revealed no cancerous history. Physical examination demonstrated valgus deformity in 
his left arm without motion limitation. Plain radiography showed a benign-appearing enchondromatous tumor with 
intralesional stippled calcification at the left humeral shaft, with osteochondroma-like lesion and medial-angulated 
deformity (Figure 1B). Magnetic resonance imaging (MRI) and computerized tomography (CT) demonstrated a 
5.8x5.7x9.0 cm expansile intramedullary lesion at the left humeral neck and shaft with a deformed humeral shape 
showing medial angulation. No pathologic fracture was observed (Figure 1C). A skeletal survey revealed several 
intramedullary lobulated lesions along acromion, coracoid process, glenoid bone, and ulnar shaft (Figure 1D, 1E). No 
metastasis was detected. A histologic examination from Craig needle biopsy demonstrated cartilage lesion with a 
feature of enchondroma and some part of osteochondroma, with some foci of bony permeation (Figure 2A,2B). The 
differential diagnosis includes multiple enchondromatosis and atypical cartilaginous tumor (ALT) arising in 
enchondroma.  
Results. After multidisciplinary discussion, wide excision with intercalary allograft reconstruction was performed. For 
accurate tumor resection, we performed advanced MRI and CT imaging combination of affected bone compared with 
imaging of his normal right humerus to determine the accurate cutting level (Figure 3A). Chevron osteotomies were 
then planned according to pre-operative imaging studies. The patient-specific (PS) cutting guide was designed following 
pre-operative osteotomy lines (Figure 3B). Intra-operatively, the patient was securely placed in a beach-chair position, 
and the extended deltopectoral and anterior approach of the arm was utilized for adequate exposure (Figure 3C). Wide 
excision was performed with PS cutting guides as pre-operative planning (Figure 3D). These PS cutting guides were also 
used for allograft preparation (Figure 3E). After immersion in antiseptics and vancomycin solution, the cut humeral 
allograft was then fixed with a long proximal humeral locking plate (Figure 3F, 3G). No immediate post-operative 
complication was detected. Active-assistive range of motion exercise was achieved within two weeks post-operatively.  
Conclusion. Our case demonstrated the advantage of computer-aid surgical planning combined with PS instrument 
application in complicated bone tumor resection and reconstruction. 
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Deep learning algorithm for differentiation of enchondromas and atypical 
cartilaginous tumors in radiographs 
Sarah Consalvo1, Florian Hintewimmer2, Jan Neumann3, Sebastian Breden1, Ulrich Lenze1, Carolin Knebel1, 
Daniel Rueckert2, Rüdiger von Eisenhart-Rothe1, Rainer Burgkart1 

1Department of Orthopaedics and Sports Orthopaedics, Klinikum rechts der Isar, Technical University of Munich, Munich, 
Germany, 2Technical University of Munich, Institute for AI and Informatics in Medicine – Munich, Germany, Munich, 
Germany, 3Department of Diagnostic and Interventional Radiology, Klinikum rechts der Isar, Technical University of 
Munich, Munich, Germany 

Background. Since the 2013 World Health Organization update cartilaginous tumors are classified as benign 
(Enchondromas), intermediate (ACTs) or malignant (Chondrosarcomas). Nevertheless the radiological differentiation 
between Enchondromas and atypical cartilaginous tumors (ACT) is still challenging. The reliability of the radiologic 
characteristics that allow a clear differentiation between enchondromas and atypical cartilaginous tumors are still 
unsatisfactory. The radiological signs can be mistaken and misinterpret risking a incorrect diagnosis or worst: under 
grading.  A biopsy is often essential for an accurate diagnosis. These two entities require different treatments (surgery 
vs. “watch and wait”) and follow-up controls depending on the completely different prognosis of the tumors. The 
purpose of this study is to develop an artificial intelligence (AI) algorithm, which can determine imaging features in a 
common radiograph to distinguish these two entities and thus support any radiologist or orthopedic surgeon in the first 
radiological assessment. 
 
Method. We collected 509 radiographs from our sarcoma center (325 Enchondromas, 184 ACT) from 154 different 
patients. All localizations were taken into consideration. We included only cases with a certified histological diagnosis 
from our pathology department in line with the WHO 2020 classification. All the included radiographs were taken before 
surgery (also before biopsy) or treatment. All the radiographs were blind checked by 2 orthopedic residents and one 
radiology fellow.  
Data augmentation and median frequency balancing was implemented to cope with the limited amount of data and the 
class imbalance. We applied a data split of 60%, 20%, 20% for training, validation and hold-out testing, respectively, 
with cross-validation. We chose a pretrained ResNet-18 architecture. 
 
Results. The algorithm achieved a cross-validated accuracy of 95.2% on validation and 90.8% on test data in 
differentiation of enchondromas from ACTs. The respective standard deviation for validation and testing was 3.1 und 
0.8. 
 
Conclusion. The main finding of this study is that deep learning methodology is capable of distinguishing enchondromas 
from ACT. The results suggest that our model can be a valuable support for any physician involved in treating 
musculoskeletal lesions to diagnose and differentiate these two entities. The algorithm can be used and tested for any 
other tumor entity. To further strengthen the robustness of the algorithm and increase accuracy, more data has to be 
acquired, potentially in a multi-center approach.
  

88



 

 
 

 

OP6.7 

Mixed-reality assisted pelvic tumor surgery: pilot attempts and 
experiences 
Xinhui Du1,2,3, Hua Wei4, Guoxin Qu1,2,3, Boya Zhang1,2,3, Xu Liu1,2,3, Shilei Gao1,2,3, Fan Zhang1,2,3, Yu Cheng1,2,3, 
Weitao Yao1,2,3, Qiqing Cai1,2,3 

1Bone and Soft Tissue Department, The Affiliated Cancer Hospital of Zhengzhou University & Henan Cancer Hospital, 
Zhengzhou, China, 2Key laboratory for digital assessment of spinal-pelvic tumor and surgical aid tools design (Zhengzhou), 
Zhengzhou, China, 3Key laboratory for perioperative digital assessment of bone tumors (Henan), Zhengzhou, China, 
4Department of Anesthesiology, Pain and Perioperative Medicine, The First Affiliated Hospital of Zhengzhou University, 
Zhengzhou, China 

Background. Resection and reconstruction of bone tumors are always challenging, especially the ones locating at the 
pelvic bones. Due to the irregular bone shape and critical adjacent structures, navigation in such surgeries are always 
mandatory.  Current navigation systems usually required repeated exposure to X-ray, which was a potential hazard to 
the health of medical stuff. Other drawbacks of current navigation system included extra instruments taking up the 
room of operating room, extra people required and that these techniques were usually time-consuming and with steep 
learning curves.  
 
Methods. We retrospectively reviewed 2 constitutive patients with pelvic tumor treated in our center with mixed reality 
assisted surgery. Mixed reality assisted surgery included constructing the digital model, preoperative planning, matching 
of the model with actual patient and surgery in the mixed reality view under special made glasses.  
 
Results. Two pelvic tumor cases were included in this study. Patient NO.1 suffered from pelvic metastasis of breast 
cancer. Biopsy and bone cement reconstruction were indicated due to impending fracture and lack of recent 
pathological specimen. Digital model was constructed with pre-planned needle tract. Under the mixed reality view, 
biopsy and bone cement reconstructed were conducted with biopsy needle matching the pre-planned needle tract. 
Patient NO.2 was a patient of pelvic osteochondroma. En-bloc resection was indicated and digital model was 
constructed with pre-planned resection plane. Multiple resection planes were designed based on the distance to the 
tumor and marked with different colors. Tumor resection was conducted under mixed reality view based on the pre-
planned resection plane.  
 
Conclusions. Mixed reality technique can be successfully used in clinic to guide pelvic tumor surgeries in selected cases.  
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OP6.8 

Invasion-Controlled Surgery Using a Robot-Assisted Mini-Open Approach 
for the Treatment of Metastatic Spinal lesions 
Wei David Xu, Zhipeng Zhu, Pengru Wang, Jianru Xiao 

Shanghai Changzheng Hospital, Shanghai, China 

Background. The improvement of the therapeutic efficacy for primary tumors provides a chance of longer survival for 
patients with spinal metastases. Spinal tumorectomy can help prolong the survival time of patients who can tolerate 
the process. However, traditional open surgery (TOS) often brings about severe trauma, which is unbearable to patients 
with advanced metastatic cancer. Therefore, we propose a new type of surgery called ICS-RAMA to reduce trauma and 
increase the patient’s tolerance. 
 
Methods. A retrospective case-control method was conducted to compare the clinical therapeutic outcomes between 
RMICS patients (n=10) and TOS patients (n=50) who received either treatment between September 2018 and June 2021. 
The pathological diagnosis, tumor segment, resection method, general condition score and prognosis score were 
comparable between the two groups. Data about the patients in both groups were obtained from their medical records 
upon informed consent. Differences between the two groups were compared using paired analysis.  
 
Results. Comparison of the 10 ICS-RAMA patients and 50 TOS patients showed the following differences: means age 
(55.70 vs. 57.86 years, p=0.575); the ratio of female gender (30% vs. 22%,P=0.585); surgical indications in terms of SINS 
score (10.00 vs. 9.10, p=0.055); Frankle classification (D vs. D, p=0.389); life expectancy in terms of Tomita score (6.50 
vs. 5.18, p=0.037); modified Tokuhashi score (7.20 vs. 6.80, p=0.653); preoperative status score in terms of ECOG (2.50 
vs. 1.62, p=0.005); KPS score (69.00 vs. 74.00, p=0. 318); operation time (4.78h vs. 4.46h, p=0.502); wound length 
(8.85cm vs. 16.80cm, p=0.001); intraoperative blood loss (780.00ml vs. 1225.00ml, p =0.050); preoperative VAS value 
(7.20 vs. 5.06, p=0.007); postoperative VAS value (1.80 vs. 2.08, p=0.419); and postoperative VAS change value (5.40 vs. 
1.94, p=0.000).  
 
Conclusion. The above results showed that ICS-RAMA is a less invasive and more precise surgery for the treatment of 
spinal metastatic tumors. It could improve the patient's operational tolerance, especially in patients with poor general 
conditions.  
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Mechanical Effects of Virtual Prophylactic IMN Fixation in Femurs with 
Metastatic Disease 
Joshua Johnson1, Ana V.  Figueroa2, Marc J.  Brouillette1, Benjamin J.  Miller1, Jessica E.  Goetz1 

1University of Iowa, Iowa City, United States, 2University of Nebraska, Lincoln, United States 

Background. There is only moderate agreement amongst surgeons regarding when/what surgical treatment is needed in patients 
with metastatic disease of bone (MDB). Many patients with femoral metastases undergo prophylactic intramedullary nailing (IMN) 
fixation for impending pathologic fractures. The question of whether to use IMN fixation or when is IMN fixation not enough, remains 
to be answered. We used patient-specific finite element (FE) modeling to computationally evaluate the effects of simulated IMN 
fixation on the mechanics of femurs affected with MDB. 
 
Methods. With IRB approval, CT scans were collected retrospectively from 48 patients (64±13 years; 54 femurs; 23/31 females/males) 
with proximal femoral metastases (24 lytic, 19 mixed, 6 diffuse, and 5 blastic). Patient-specific, voxel-based FE models of the entire 
femur were created (Fig. 1), incorporating inhomogeneous CT-Hounsfield density-based material properties, and nonlinear post-yield 
behavior. Compressive displacement applied at the femoral head and patient-specific proximal muscle forces applied at muscle 
insertion locations were used to simulate the instant of peak joint contact force during normal level walking. FE analyses of the same 
femurs were repeated after incorporating virtual IMN fixation (Smith and Nephew, TRIGEN INTERTAN). Failure strength (peak 
resultant reaction force at the femoral head; higher failure strength indicates stronger femur) and load-to-strength ratio (LSR = 
patient-specific contact force/failure strength; lower LSR indicates lower fracture risk) were compared between the with and without 
IMN conditions using comparison of means and percentile analysis (p<0.05 defined as significant). 
 
Results/ Discussion. Most femurs (71%) were determined to be at relatively low fracture risk (LSR≤0.5) at the time of CT evaluation. 
IMN fixation resulted in a very modest average 10% increase in mechanical strength (p<0.001), associated with a 7% reduction in 
fracture risk (p<0.001). Given the mechanically strong baseline condition of most femurs in this cohort, relative increase in stiffness 
with the addition of IMN hardware may not make a substantial contribution to overall mechanical strength in many cases. However, 
whole-cohort averages do not adequately reflect the considerable variation in the reduction in fracture risk across femurs (0.13-50%; 
Fig. 2). Femurs with lytic and diffuse metastases tended to have greater reductions in fracture risk (p=0.073; Fig. 3). In femurs with 
the largest reduction in fracture risk (>10%; Fig. 2), IMN fixation hardware directly passed through a considerable section of that 
femur’s metastatic lesion, whereas the lesions in femurs with the smallest reduction in fracture risk were minimally spanned by the 
IMN fixation. We focused on walking, which provided a low fracture risk for most femurs. Mechanical effects of IMN fixation may 
vary based on the activity modeled. 
 
Conclusion. Femurs with lytic and diffuse lesions that are directly spanned by some element of the IMN fixation hardware are most 
likely to benefit mechanically from prophylactic IMN fixation.  
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Three-Dimensional (3D) Printing in Musculoskeletal Tumor Surgery 
Chandhanarat Chandhanayingyong, Rapin Phimolsarnti, Apichat Asavamongkolkul 
Department of Orthopaedic Surgery, Faculty of Medicine Siriraj Hospital, Mahidol University, Bangkoknoi, Thailand 

Objective. To evaluate the clinical outcome of patient-matched prostheses and custom surgical guides produced by 3D 
printing technology in musculoskeletal tumor patients. 

Methods. The contralateral CT scan was used as a prototype for creating the patient-matched prosthesis while the 
ipsilateral CT scan was used in the anatomical model and surgical cutting guide. 
A retrospective analysis of patients who underwent limb-sparing surgery 3D printing assisted for musculoskeletal 
tumors at Siriraj Hospital during a 4-year period from 2014 to 2020 was done. A total of 13 patients were included in 
the study. The mean age was 32.1 (range; 19-43) years. Operative and postoperative data included; blood loss, operative 
time, systemic/local recurrence, and mortality. Functional outcome was evaluated with the Musculoskeletal Tumor 
Society (MSTS) score up to the final follow-up.   

Results. Total of 13 cases of benign and malignant bone tumors undertaken 3D printing assisted surgery which are 2 
anatomical models, 3 custom surgical guides, and 8 patient-matched prostheses. Preoperative planning via anatomical 
model showed better outcomes in terms of decreased operative time and blood loss. Custom surgical guides were 
performed in three cases of fibrous dysplasia with deformity of the femur and the tibia. They demonstrated better 
outcomes in terms of achieving the same accuracy but less operative time. Patient-matched prostheses were used in 8 
cases; three patients had tumors of the feet; (1) giant cell tumor of bone of 5th toe proximal phalanx and (2) GCT in 
talus, (3) aneurysmal bone cyst of calcaneus, (4) GCT of the metacarpal bone, (5) metastatic thyroid CA of the scapula, 
(6) osteosarcoma of humerus, (7) RCC of the distal humerus and (8) chondrosarcoma of the pelvis. Meantime to produce
was 26 days (range; 2-64 days). The follow-up period ranged from 18-59 months. The mean MSTS score was 27.6 (range;
24-29).

Conclusions. Applying fabrication of 3D printing technology, via custom surgical guide and patient-match prosthesis in 
bone tumors surgery, has proved the advantages in limb-sparing surgery. However, long-term follow-up time for 3D 
instruments is needed for reassurance of functional outcome and longevity.  

92



 

 
 

 

OP6.11 

Improved virtual surgical planning with 3D-multimodality image for 
malignant giant pelvic tumors 
Hong Duan, Xiang Fang, Wenli Zhang, Chongqi Tu, Dechao Yuan 

West China School of Medicine, West China Hospital, Sichuan University, Chengdu, China 

Background. The surgical treatment of malignant pelvic bone tumors is challenging, due to the complex anatomy of the 
pelvis itself and the large size of the tumor. We sought to assess the early clinical outcome of 3D-multimodality image 
(3DMMI) based virtual surgical planning for resection and reconstruction of malignant giant pelvic tumors. 
 
Materials and methods. In this retrospective case-control study, surgery was planned and performed with 3DMMI-
based patient-specific instruments (PSI) in 13 patients with giant pelvic malignancy, and without 3DMMI-based PSI in 
the other 13 patients. In the 3DMMI group, 3DMMI taking advantages of computed tomography (CT), contrast-
enhanced computed tomography angiography (CTA), contrast-enhanced magnetic resonance imaging (MRI), contrast-
enhanced magnetic resonance neurography (MRN) and that revealing the whole tumor and all adjacent vital structures 
was utilized, based on which virtual surgical planning was conducted and the corresponding PSI was then designed. The 
median follow-up was 8 (3-24) months. The median age at operation was 37.5 (17-64) years. The mean tumor size in 
maximum diameter was 13.3 cm. Surgical margins, intraoperative and postoperative complications, duration of surgery, 
intra-operative blood loss were analyzed. 
 
Results. In the non-3DMMI group, the margins were wide in six patients (6/13), marginal in four (4/13), wide-
contaminated in two (2/13), and intralesional in one (1/13). In the 3DMMI group, the margins were wide in ten patients 
(10/13), marginal in three (3/13) and no wide-contaminated or intralesional margin. 3DMMI group achieved shorter 
duration of surgery (p=0.354) and lower intraoperative blood loss (p=0.044) than the non-3DMMI group.  
 
Conclusions. The 3DMMI-based technique is advantageous to obtain negative surgical margin and decrease surgical 
complications related to critical structures injury for malignant giant pelvic tumor. 
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Virtual reality for patient-specific, multidisciplinary planning of complex 
orthopedic oncological surgery.  
Joel Werier1, Kevin Smit2, James Villeneuve3, Philippe Phan1, Adam Sachs4, Hesham Abdelbary1, Yusra Kassim 
Al-Mosuli5, Kawan  Rakhra6 

1Department of Surgery / Division of Orthopedic Surgery/ The Ottawa Hospital/ University of Ottawa/ Ottawa Hospital 
Research Institute , Ottawa, Canada, 2Department of Surgery/ Children's Hospital of Eastern Ontario/ University of Ottawa, 
Ottawa, Canada, 3Department of Surgery/ Division of Thoracic Surgery/ The Ottawa Hospital/ University of Ottawa/ 
Ottawa Hospital Research Institute , Ottawa, Canada, 4Department of Surgery / Division of NeuroSurgery/ The Ottawa 
Hospital/ University of Ottawa/ Ottawa Hospital Research Institute , Ottawa , Canada , 5Department of Surgery / Division 
of Orthopedic Surgery/Ottawa Hospital Research Institute ,  Ottawa, Canada, 6Department of Radiology / The Ottawa 
Hospital/ University of Ottawa/ Ottawa Hospital Research Institute, Ottawa, Canada 

Background. Surgical planning for complex orthopaedic oncology cases requires thorough understanding of anatomy 
and relationships to critical structures. Current imaging regimens include 2D planar CT and MRI, multiplanar 
reformations, 3D surface enhanced series and 3D printed models. However, Virtual Reality (VR) visualization and 
planning is a dynamic, immersive experience offering enhanced understanding of complex anatomical relationships, the 
ability manipulate and layer 3D models and images in real time and allows for multiple participants to engage 
simultaneously across remote sites. This pilot describes our initial experience with a novel VR planning system. 
 
Methods. Six patients with complex anatomic tumors were reviewed preoperatively by a multidisciplinary team  of 
orthopaedic oncology surgeons, neurosurgeons, thoracic surgeons, spine surgeons along with a musculoskeletal 
radiologist. Interactive, on demand modelling of anatomical structures was performed in real time with input from all 
team members. Three cases involved the chest wall and spine and three cases arose from the pelvis. Pathology included 
Ewing’s sarcoma, neuroblastoma, and chondrosarcoma. Three-dimensional models of relevant bony and soft tissue 
anatomy were derived directly from diagnostic CT and MR imaging using 3D modeling tools in the virtual environment 
while noting the length of time and cost  to prepare cases. The VR system was also validated for model and measurement 
accuracy via direct comparisons of with a reference system, and for overall ease of use and clinical utility. The Dice-
Sørensen Coefficient (DSC) was used to score similarity of models generated in VR to those made in the reference 
platform. 
 
Results. On multidisciplinary debrief, each case reviewed in VR provided added information to the surgical team 
compared to standard imaging. This included better understanding of the tumor margins and relationships to critical 
structures and, in 3 cases, modified surgical approach. The platform successfully supported multiple reviewers sharing 
the same VR environment and allowed for dynamic changes to 2D and 3D visualizations. The mean time to prepare 
cases was 70 minutes (range 25 -90) dependent on number of anatomical structures to be modeled, representing a 
mean cost per case of $233 USD (range $85 -$300 ). DSC values for 3D structures created in VR were 0.97 or higher, 
confirming geometric accuracy of models relative to a reference system. Measurements of length, cross-sectional area, 
and angle on clinical CT scans were within 0.22 mm (0.3%), 0.16 mm2 (0.02%), and 0.04 deg (0.07%) or less of expected 
results, respectively. Lastly, pre-defined usability tests were successfully conducted by 15 volunteer end-users, all of 
whom yielded accurate measurements and models, and reported high confidence in their use of the platform. 
 
Conclusion. VR planning of complex multidisciplinary cases is dynamic, feasible and cost effective  providing enhanced 
appreciation of complex anatomical relationships, leading to increased surgeon confidence and impacting on surgical 
approach
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Reconstruction with 3D printed implants in the pelvic bone tumors: Early 
experience of 6 cases. 
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Introduction. Surgical resection and reconstruction of pelvic bone tumors are challenging and still one of the unsolved 
problems. Various methods of reconstruction have been used to deal with functional restoration after tumor resection. 
Recently, 3D printed patient specific instrument (PSI) and prosthesis were applied with expectation of improved 
oncologic and functional outcome. We evaluated our early series of 6 patients with pelvic bone tumors which were 
managed with 3D printing technology since February 2019.  

Materials. There were 3 men and 3 women. The age ranged from 17 to 77 years (mean: 49.3 years). The primary diseases 
were 5 chondrosarcomas involving acetabulum (4 cases) or ilium (one case) and one conventional osteosarcomas 
involving sacrum and both posterior ilii. Two of them were managed with hip transposition as the primary procedure 
more than 5 years ago and revision surgery using 3D printed prosthesis were performed. The oncologic and functional 
outcomes, and complication were evaluated. Mean follow up period was 21.5 (ranged 5-38) months.  

Results. All six patients showed local recurrence-free and distant metastasis-free survival until last follow-up 
oncologically. 3D printed implants were maintained until last follow-up in all but one patients in whom the broken part 
of iliac wing was removed. Mean functional score 5 patients with more than 6 month follow up was 60% according to 
ISOLS criteria. Patients showed high scores (more than 75%) on Pain and Emotional acceptance but low scores (less than 
50%) on Supports and Gait. As complications, low grade infections with coagulase negative staphylococci 
(Staphylococcus capitis) in 4 patients were managed with debridement surgery (in one patients) and/or prolonged 
antibiotics treatment (in 4 patients). One screw penetration into hip joint, one implant breakage through reconstructed 
iliac wing, a consecutive twice dislocations of reconstructed hip and two wound disruptions were occurred and needed 
additional surgeries. Another one dislocation of hip joint was managed conservatively after closed reduction.  

Conclusion. Our early series supported that 3D printing technology can be applied to resection and reconstruction of 
the pelvis bone tumors. However, there are still several drawbacks that need to be improved. Further study with larger 
case number and longer-term follow up will be necessary to verify the procedures
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Does Navigation assisted tumor surgery improves margins in pelvic 
chondrosarcomas?   
Vineet Kurisunkal1, Jonathan Stevenson1, Michael Parry1, Lee Jeys1

1Royal Orthopaedic Hospital, Birmingham South, United Kingdom 

Aim. To assess the accuracy of computer navigation in achieving negative margins for limb salvage in pelvic 
chondrosarcomas when compared to the non-navigation group. 

Methods. Between January 2008 to May 2019, sixty-two consecutive patients with pelvic chondrosarcomas 
who underwent limb salvage were identified retrospectively from a prospectively maintained surgical 
database. They contained an equal proportion of non navigated cases (31) to navigated cases (31). There 
were 44 male patients compared to 18 females with 40 cases belonging to the greater than 60 age group. 

Results. The surgical margins achieved using navigation assistance were wide in 71% (22) of cases when 
compared to 45% (14) in the non-navigated group, with a 22 percent risk of obtaining contaminated or 
intralesional margins in the navigation assisted tumor surgery group when compared to 48 percent cases in 
the non navigated groups. 

Conclusion. The use of computer navigation helps to attain oncological safe margins when performing 
complex limb salvage procedures for pelvic chondrosarcomas as seen in our data
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Robot-Assisted Radiofrequency Ablation for the Treatment of Osteoid 
Osteomas 
Ka Li, Jianmin Li, Zhenfeng Li, Qiang Yang 

Qilu Hospital of Shandong University, Jinan, China 

Background. Percutaneous CT-guided radiofrequency ablation (CT-RFA) has replaced surgical resection as the standard 
treatment for osteoid osteomas. The safety and efficacy of this procedure has been supported by a large number of 
studies. However, multiple times of adjustment during free-hand manipulation and repeated CT scans are necessary 
during the procedure to guide the needle to the nidus, which most likely increase the operating time together with the 
radiation exposure to patients. Intra-operative three-dimensional (3D) images with a 3D C-arm in combination with 
TiRobot system are able to accurately direct implants into demanding anatomical locations with maximal accuracy and 
minimal ionizing radiation. This method has yet to be proposed for use with RFA in osteoid osteomas. The aim of this 
study is to introduce a new method that utilizes TiRobot system combined with 3D C-arm to assist RFA for treatment of 
osteoid osteomas and assess the clinical efficacy of this procedure. 
 
Methods. We retrospectively reviewed 21 medical files of patients who were treated with percutaneous RFA of osteoid 
osteomas guided by the TiRobot system in our institution between March 2021 and February 2022. The three-
dimensional images obtained by a 3D C-arm intra-operatively were sent to TiRobot system. The puncture point and 
trajectory were designed. Then the guide pin was penetrated to the lesion with the assistance of TiRobot and the biopsy 
sheath was inserted into lesion through guide pin. The tumor was biopsied for pathological examination. Then the RFA 
needle was inserted into the nidus through biopsy sheath for thermal ablation. Data were extracted on the associated 
complications, the reduction in pain at 1 month postoperatively assessed by visual analogue scale (VAS). 
 
Results. The patient population included 17 males and 4 females with a mean age of 19.5±10.4years (range 3–45 years). 
Lesions were located on the femur in 9 cases, on the tibia in 9 cases, on the humerus in 1 case, on the calcaneus in 1 
case, and on the acetabulum in 1 case. TiRobot-assisted percutaneous RFA was successfully performed on all 21 
patients. There was no intra-operative or post-operative complications observed. Pathological diagnosis of osteoid 
osteoma was obtained in 11 patients. Post-operative VAS scores were reduced significantly in all cases. The mean VAS 
score decreased from 6.5 pre-opetatively to 0.5 at 1 month post-operatively. 
 
Conclusion. As a reliable technique for localizing and resection of nidus, TiRobot-assisted percutaneous RFA is a safe 
and effective option for the treatment of osteoid osteomas. 
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Outcomes of anterior minimally invasive (robotic & laproscopic) dissection 
of malignant bone tumours of the pelvis and sacrum: A multidisciplinary 
surgical approach  
Pramod Chinder Shekarappa, Suraj Hindiskere, Prabhu Nesargikar, Jagannath Dixit, Tejas Chiranjeevi, 
Raghunath Krishnappa 

HCG Hospital & The Yellow Ribbon, Bangalore, India 

Background. Surgery is the mainstay management of primary bone tumours of the sacrum and obtaining wide surgical 
margins is an important predictor of local recurrence and survival. En-bloc sacrectomy is associated with significant 
functional impairment and neurological dysfunction. Robotic anterior dissection helps in releasing the bowel, 
genitourinary structures and vessels from the pelvic surface of sacral tumours and makes subsequent sacrectomy less 
morbid. We report our experience with a staged technique of robotic surgery assisted anterior adhesiolysis coupled 
with posterior En-bloc resection, for primary bone tumours of the sacrum. 
 
Methods. From January 2015 to April 2022, 13patients with primary tumours of the sacrum underwent robotic anterior 
dissection, of which 11patients with follow-up of at least 1 year were considered for the study. Sacral chordoma was 
the most common diagnosis (64%,n=7). The median age of the study population was 39years(range:17-56). All robotic 
procedures were performed by the same team of genitourinary oncosurgeons with prior extensive experience in robotic 
surgeries, on the daVinci Si system. Eight patients underwent posterior En-bloc sacrectomy on the following day and 
the last three patients in the study group underwent sacrectomy on the same day as the robotic surgery. S1-S2 resection 
was performed in seven patients, S2-S3 resection was performed in three patients and one patient underwent a left 
hemisacrectomy. Before surgery, two patients had received chemotherapy and one patient had received radiotherapy. 
The median duration of follow-up was 49months(range:14-87).  
 
Results. The mean duration of robotic surgery was 195±130minutes. On average, 20% of the duration of surgery 
involved the set-up and docking of the robot for surgery. After anterior dissection, a spacer (Gortex spacer or a sterile 
plastic sheet) was placed anterior to the tumour, for plane identification during the posterior approach. The mean blood 
loss during posterior En-bloc sacrectomy was 810±240ml, which was significantly less when compared to a historic 
institutional cohort of patients undergoing En-bloc sacrectomy without the help of a robot (mean blood loss of 
1400±650ml in 9patients, p=0.012). The mean duration of En-bloc sacrectomy was also lesser with the use of a robot 
(245±130minutes vs. 360±140minutes, p=0.003). All the cut margins were free of tumour on histologic examination. 
Two patients had wound dehiscence over the posterior incision site which healed with serial debridement and negative 
pressure wound therapy. Local recurrence-free survival at 5years was 93%(95% CI:89-97) and overall survival at 5years 
was 81%(95% CI:75-87). The mean MSTS score at the final follow-up was 25±3.5.  
 
Conclusion. Anterior preparatory robotic surgery assisting posterior staged sacrectomy is a relatively new technique. It 
allows effective and safe anterior dissection and mobilization of vital pelvic structures and helps in achieving faster and 
less morbid En-bloc sacrectomy, resulting in good oncological and functional outcomes. 
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OP7.1 

Use of Custom 3D Printed titanium prostheses in the pelvis: An Australian 
cohort of 124 cases 
Richard Boyle, Paul Stalley, Maurice Guzman, Daniel Franks, Richard Carey-, Scott, Corey Scholes, Anthony 
Maher 

Royal Prince Alfred Hospital, Sydney, Australia 

Massive pelvic bone defects from resections for tumour or non-oncological causes remain an ongoing challenge for 
reconstructive surgeons. Although surgical techniques to restore pelvic function and alleviate pain have undergone 
considerable evolution over time, there remains a dearth of information regarding the natural history of outcomes 
following reconstruction with contemporary techniques. One increasingly popular option is reconstruction with custom 
designed prostheses manufactured using 3D printed (three-dimensional additive manufactured) titanium, however to 
date there are limited series in the published literature. 
 
We present the diagnosis, pathophysiology, surgical indications, and outcomes of our relatively large cohort of 124 
patients over a 9-year period who have undergone pelvic reconstruction using custom 3D printed titanium pelvic 
implants (Manufacturer Ossis, Christchurch, NZ). 
 
A retrospective analysis was conducted on patients presenting to one of 3 tertiary referral orthopaedic oncology units 
located in Australia from August 2013 to April 2022.Preoperative diagnostic information (coded to ICD-10AM), 
pathology characteristics, treatment strategy including prosthesis design, intra-operative and post operative data was 
collected and referenced to our complex reconstructive surgery database. Indications for surgery were sub-categorised 
into oncological and non-oncological causes. Bony resections were categorised by the Enneking and Dunham 
classification. Case notes and radiological data is presented, with complications and revision data. 
 
Oncological presentations comprised the majority of indications for surgery, namely primary malignant tumours, 
followed by metastatic disease, revision of previous tumour reconstructions, primary benign tumours, and thence 
revision of failed primary/revision arthroplasties. The majority of resections were combination Type I/II resections and 
complete internal hemipelvectomies (Type I-IV). Sacrectomies, with associated custom prosthesis reconstruction were 
included. Complications were classified using the Henderson system, showing aseptic loosening and implant failure 
(Type 2 and 3) as the least likely cause for reoperation. We believe the present series shows custom 3D printed titanium 
prostheses to be a viable option in pelvic reconstructive surgery, even in heavily compromised oncological 
presentations. 
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OP7.2 

Evolution in the strategy treatment of bone metastatic disease: what has 
been changed? 
Elisa Pala, Giulia Trovarelli, Andrea Angelini, Antonio Berizzi, Pietro Ruggieri 
Department of Orthopedics and Orthopedic Oncology, University of Padova, Padova, Italy 

Background. The improvement in the treatment of primary tumor led to an increase in bone metastatic disease. The 
life expectancy depends on general health status, age, number of lesions, free-interval of disease and histotype. The 
concept of oligometastasis, defined as disease with metastatic localizations in a limited number (3 - 5) in the same body 
district, change the approach to metastatic patients. Patients with solitary metastasis or oligometastatic disease can be 
treated with aggressive treatment with curative intent. Purpose of this study were to evaluate if patients with solitary 
or oligometastases can benefit from surgical treatment with improvement of survival and quality of life. 

Methods. We retrospectively reviewed 156 patients with bone and soft tissue metastases (excluding spine lesions) 
treated with different surgical approaches in our Institute between 2015 and 2021. There were 89 females (55%) and 
67 males (45%) with a mean age at diagnosis of metastatic disease of 67 years old. The most frequent histologic 
diagnoses were breast carcinoma (31%) kidney carcinoma, (15%) and lung carcinoma (16%).  Bone metastases were 
located in the proximal femur (83 cases), distal femur (9 cases), femoral diaphysis (19 cases), humerus (25 cases), tibia 
(8 cases) and ulna (1 case) while soft tissue metastases were located in upper limb (4 cases) and thigh (4 cases). Thirty-
six patients had a solitary metastasis, 45 were oligometastatic patients and 75 patients had multiple lesions. Surgery 
was intramedullary nailing in 46 cases, bone resection and reconstruction with modular prosthesis in 86 cases or 
standard endoprosthesis in 12 cases and amputation in 5 cases. All patients with soft tissue metastases, underwent 
excision with wide margins. Most of patients had pre or post-operative radio or chemotherapy. 

Results. At a mean follow up of 12 months (1 month- 5 years), 15 patients were continuously disease free (NED), 56 
patients were alive with disease and 85 were dead. Overall survival was 42% and 24% at one and two years from the 
diagnosis of metastases, respectively. Overall survival was significantly better for patients with solitary metastasis or 
oligometastases (p=0.002) compared to multiple lesions while no difference was reported between solitary and 
oligometastases (p=0.92). Considering the selection bias, the survival of patients treated with resection and prosthetic 
reconstructions was significantly better than patient treated with nailing (p<0.0001). 

Conclusions. Treatment of metastatic patients should always be discussed in a multidisciplinary team. The choice of a 
surgical resection is depending on prognosis/life expectancy, site and tumor extension. Patients with oligometastases 
have to be treated as patients with a solitary lesion with curative intent. Implants should survive your patient. Resection 
and prosthetic reconstruction should be considered in impending/pathologic fractures of the femur because it allows 
better local control and implant stability.
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OP7.3 

Curettage of locally advanced giant cell tumour of bone after denosumab 
therapy.  
Bartlomiej Szostakowski, Aneta Borkowska, Michal Wagrodzki, Pawel Rogala, Konrad Zaborowski, Piotr 
Rutkowski 
Maria Sklodowska-Curie National Research Institute of Oncology, Warszawa, Poland 

Purpose. There are limited treatment options for patients with locally advanced Giant Cell Tumour of Bone (GCTB). 
Destruction of the bone, soft tissue component and vicinity to the joint requires surgical procedures with substantial 
morbidity, severely influencing the functional outcome. The purpose of this study was to assess and identify risk factors 
predicting recurrence in patients with locally advanced high risk GCTB treated with preoperative denosumab and 
extended intralesional curettage. 

Methods. All patients with a diagnosis of GCTB treated at our institution with preoperative denosumab followed by 
curettage and cementoplasty were retrospectively evaluated. This study included 14 patients.All patients initially 
received denosumab and underwent extended intralesional curettage and PMMA cementoplasty. There were seven 
Campanacci grade 2 and seven Campanacci grade 3 cases. Eleven patients had a primary tumour at diagnosis. Three 
patients had a recurrent tumour. 

Results. All patients showed an excellent radiological and histopathological response to denosumab and underwent 
surgery after mean of 21.5 weeks (range 6-39) from initiation of denosumab therapy. The median number of 
preoperative denosumab doses was 7 (range 3-12). Patients did not receive denosumab postoperatively.Local 
recurrence was seen in six (42.8%) patients of which five were  Campanacci grade 3 and one Campanacci grade 2 prior 
treatment. Four of the reported recurrences were primary tumours at initial presentation. One case was recurrent at 
diagnosis. Median of 10.8 months to recurrence (range 8-15 months). 

Conclusion. This study demonstrated that preoperative denosumab in locally advanced GCTB (Campanacci grade 2 and 
3) could aid intralesional curettage and surgical reconstruction of the tumour cavity, making primarily borderline
resectable tumours that were initially planned for segmental resection, qualified for curettage and cementoplasty thus
limiting size and morbidity of the surgery itself.

Keywords. giant cell tumour of bone, GCTB, denosumab, curettage, cementoplasty, bone cement
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OP7.4 

Outcomes from a tertiary orthopaedic oncology service for patients 
undergoing forequarter amputation for metastatic squamous cell 
carcinoma.  
Peter Steadman1,2, Scott Sommerville1,2, Phillip Rowell1,2, Martin Lowe1,2, Nickolas Croker1,2, Lisa Major1,2 

1University of Queensland, Brisbane, Australia, 2Queensland bone and soft tissue tumour service, Brisbane, Australia 

Study Design. Retrospective Case series with review of outcomes for a series of patients who underwent forequarter 
amputation for squamous cell carcinoma.   
 
Describe level of evidence. Level IV. Therapeutic studies, Case series. 
 
Introduction & Aims. Squamous cell carcinoma (SCC) is an aggressive malignancy that invades subcutaneous tissue, 
vessels, nerve sheaths, tendons, cartilage and bone. Incidence of SCC in Queensland is high due to the significant UV 
exposure experienced by our population.1  The sun-exposed upper limb is commonly affected and while the majority 
of primary lesions are cured by simple surgical excision nodal metastatic disease occurs in approximately 5% of cases 
within 5 years of diagnosis.2 Forequarter amputation for SCC is indicated for locally advanced or recurrent fungating 
lesions associated with intractable pain, invasion of the brachial plexus or vascular infiltration.3   There are few studies 
in current literature that report on the results of forequarter amputation for malignancy of the upper limb and none 
that report on a dedicated case series of patients with SCC.3-6 We seek to report the results of patients undergoing 
forequarter amputation for SCC under the care of the Princess Alexandra Hospital orthopaedic oncological 
multidisciplinary team over the last 10 years.  
 
Hypothesis. Forequarter amputation is a valid option associated with a survival benefit and reduced morbidity for the 
subset of patients with locally advanced or recurrent SCC of the upper limb deemed unresectable with limb salvaging 
surgical techniques.   
 
Methods. Retrospective chart review of all patients treated with forequarter amputation for SCC by the Queensland 
Bone and Soft Tissue Tumour service at the Princess Alexandra Hospital, The Wesley Hospital and Mater Hospital 
Brisbane from 2005 – 2020.  Patients will be deidentified and data appropriately protected. Primary outcomes of 
disease-free survival and overall survival will be reported. Secondary endpoints include margin status and incidence of 
post-operative complications. A negligible risk ethics waiver was obtained from the Metro South Human Research Ethics 
Committee. 
 
Conclusions. Forequarter amputation is a clinically valid option for locally advanced and metastatic SCC of the upper 
limb that is unresectable with limb salvaging surgical techniques.   Patients undergoing this procedure at the Princess 
Alexandra Hospital have reduced morbidity, an acceptable complication profile and potential for improved disease-free 
survival.  These patients are best managed in the setting of specialized bone and soft-tissue tumour service with a 
multidisciplinary support team.  
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OP7.5 

Dedifferentiated liposarcoma arising within an Atypical Lipomatous 
Tumour - is marginal resection enough?  
Giuseppe Pastore1, Alexandra Walton2, Peter Steadman1 

Princess Alexandra Hospital, Orthopaedic Department, Brisbane, Australia, 2Royal Brisbane and Women's Hospital, 
Department of Anatomical Pathology, Brisbane, Australia 

Background. Atypical lipomatous tumours (ALT) are the most common adipocytic mesenchymal tumour arising from 
the extremities in adults, and wide local excision or marginal excision is curative of this benign entity. They well 
differentiated liposarcomas and are often deep seated an asymptomatic. Diagnosis is made based on clinically history 
and examination, radiological findings. Histology and immunohistochemistry reveal lipogenic cells which have MDM2 
and/or CDK4 immunopositivity. The majority of these arise sporadically.  
 
Clinically and radiologically these tumours may present similarly to or progress to de-differentiated liposarcomas which 
are malignant and require excision with clear margins for the best prognosis. These have a 40% recurrence rate and 20% 
will progress to metastatic disease. Mortality is significant at 30% at 5 years.  
 
A subset of these dedifferentiated liposarcomas arise from within an atypical lipomatous tumour. Consistently these 
share the amplification of CDK4 and MDM2, however their atypia is high grade, and these amplifications are invariably 
diffuse.  We performed a retrospective review on this subset of patients whom the dedifferentiated liposarcoma arose 
within an atypical lipoma evaluate the correlation between resection margin and outcomes. We also attempted to 
identify any other prognostic factors.  
 
Methods. This is a retrospective analysis.  
 
The clinical, histological, radiological and follow-up information will be manually collected via retrospective chart review 
from both the Queensland Pathology database as well as electronic medical record, iEMR.  
 
These data items were stored in a password protected excel spreadsheet and kept on a secure network drive. Patients 
are identified for the purpose of data collection. All data is de-identified prior to analysis. The collected data will be 
deleted [7] years following publication of the project, [as per Queensland Health archiving guidelines].  
 
Subjects. This study will review the results of all patients between 2011 and 2022 who were diagnosed with 
dedifferentiated liposarcoma arising from within an atypical lipomatous tumour from databases affiliated with 
Queensland Health.   
 
Measurements. Data was obtained manually from both the Queensland Pathology database as well as electronic 
medical record, iEMR. This includes patient details including age, gender,anatomic site, treatment, tumour size, tumour 
histological grade, and presence of metastases during their follow up period.  Consultation with a statistician is ongoing 
to elucidate the most appropriate evaluation of the dataset.   
 
Conclusion. The primary endpoint for this study is to evaluate correlation between resection margins and outcome in 
this subset of patients (dedifferentiated liposarcoma arising within ALT).  
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OP7.6 

Haemorrhagic soft-tissue sarcoma: oncological outcomes and prognostic 
factors for survival 
Lee Jeys, Danielle Maes, Motaz  AlAqeel, Michael Parry, Rajesh Botchu, Vaiyapuri Sumathi, Jonathan Stevenson 

Royal Orthopaedic Hospital NHS Foundation Trust, Birmingham, United Kingdom 

Background. Haemorrhagic soft-tissue sarcomas (HSTS) represent a separate entity of STS, characterised by aggressive 
local growth and highly metastatic behaviour. We aimed to describe the oncological outcomes and identify prognostic 
factors. 
 
Methods. Retrospective review including 64 patients treated with palliation (n=7) due to extensive local and systemic 
disease or poor performance status, with limb salvage surgery (LSS) (n=9), with neoadjuvant radiotherapy (RT) + LSS 
(n=12), with LSS + adjuvant RT (n=30) or amputation (n=6). Data collection included histopathological diagnosis, 
resection margin and oncological outcome. Kaplan-Meier-survival-analysis estimated overall survival (OS), metastasis-
free survival (MFS) and local recurrence-free survival (LRFS). Via uni- and multivariate analysis, prognostic factors 
affecting OS, MFS and LRFS were identified. 
 
Results. Median age was 67 years (IQR 23 years) with median follow-up of 11 months (IQR 28 months). Histopathological 
diagnosis was high-grade for all. Eight (13%) had pulmonary metastases at presentation and another 40 (63%) developed 
metastases after a median of 9 months (IQR 19 months). Median OS was 12 months (IQR 38 months), and estimated OS 
after two-years was 15.9% and 52.9% for patients with and without metastatic disease at presentation, respectively. 
Improved OS is associated with negative resection margins (p=0.031), RT (p=0.045) – with better OS for neoadjuvant RT 
(p=0.044) compared to adjuvant RT – and amputation (p<0.001) versus LSS (Figure 1). MFS was 35.1% after two-years. 
LR occurred in 18 of 51 (35.3%) patients with surgically treated localised disease of which nine had a positive resection 
margin and six had LSS only. LRFS was 63.4% at two-years and significantly affected by a negative margin (p=0.042) and 
RT (p=0.001) (Figure 2). 
 
Conclusion. High-grade localised HSTS should be treated timely and surgically, either with amputation or LSS with a 
negative margin. If LSS is attempted, neoadjuvant RT offers superior overall survival. 
 

 

 

Figure 1 Figure 2 
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Surgical Treatment of Sacral Chordomas. A Retrospective Study of 26 cases 
Ioannis Trikoupis1, Georgios Kakouratos1, Stavros Kakouratos1, Panagiotis Gavriil1, Dimitra Melissaridou1, 
Pavlos Gerasimidis1, Konstantinos Soultanis1, Pavlos Patapis2, Vasileios Kontogeorgakos1, Panayiotis 
Papagelopoulos1 

1First Department of Orthopedic Surgery, National and Kapodistrian University Of Athens, 'Attikon' University Hospital, 
Athens, Greece, 2Third Department of Surgery, University of Athens School of Medicine, Attikon University Hospital, Athens, 
Greece 

Background. Surgical treatment of sacral chordomas remains challenging and is associated with increased rates of local 
recurrence and complications. 

Objective. To determine the overall survival, local recurrence, complications in patients undergoing en bloc resection 
of primary or recurrent sacral chordoma. 

Methods. The authors retrospectively reviewed all patients who underwent en bloc resection of sacral chordoma at 
one institution and by the same surgical team. From 2005-2021, there were 26 patients: 15 male and 11 female. Twenty-
three patients (Group A) had a primary chordoma and 3 patients (Group B) had a recurrent chordoma initially treated 
elsewhere. Overall, 22 patients had partial sacrectomy and 4 total sacrectomy and spinopelvic fixation. A combined 
anterior and posterior approach was used in 11 patients and a posterior alone approach in 15. Colostomy was done in 
8 patients.  Negative margin resection was done in 19 patients, marginal contaminated in 4 and intralesional in 3. Soft 
tissue reconstruction was necessary in 8 patients. Demographic, perioperative, and complication data were collected. 
Outcomes included: overall survival, local recurrence, and complications.  

Results. The median follow-up was 6 years (12 months-15 years). At the latest follow up, 4 patients were dead (15%): 3 
died from complications related to the disease, and one from unrelated reasons. Local recurrence occurred in 6 patients 
at a mean time of 3 years. All these 6 patients had chordomas above S2 with significant intrapelvic and soft tissue 
extension; 3 patients had one or more reoperation and all 6 had radiation therapy. Three (3) alive patients had distant 
metastases (osseous in 1, soft tissues 1, lung 1 patient). Of the 22 alive patients, 19 were able to ambulate without any 
support, 2 used a cane and one wheelchair. Major complications in 10 patients (38%) included wound related problems 
in 7 patients, deep infection in 1, flap necrosis in 1, hardware failure in 1 patient, and late bowel rupture and fistula in 
1 patient. A negative margin resection was associated with a significant decreased risk of local recurrence. The mean 
survival was 82 months (9 – 180 months). 

Conclusions. Most sacral chordomas below S2 are feasible to complete resection with low recurrence rate. Negative 
margin resection is associated with decreased local recurrence. Perioperative complication rate is high. Despite the 
perioperative morbidity, most patients have a favorable the long-term clinical outcome after surgical resection of sacral 
chordomas. 
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OP7.8 

Pseudotumors of the hip: diagnosis and treatment 
Maria Chiara Cerchiaro, Andrea Angelini, Giulia Trovarelli, Elisa Pala, Antonio Berizzi, Pietro Ruggieri 
Department of Orthopedics and Orthopedic Oncology, University of Padova, Padova, Italy 

Background. Aseptic lymphocyte-dominated vasculitis-associated lesion (ALVAL) development (including 
pseudotumors) secondary to metal debris generation around total hip arthroplasties is a well-recognized 
histopathologic phenomenon. The complexity of treatment of such condition lies in periprosthetic osteolysis and in 
extensive damage to the soft tissues, which compromise the stability of the revision implant. Aim was to report 
preliminary results of complex revision surgery for hip prosthesis in patients suffering from “pseudotumor”, analyzing 
1) implants survival, 2) incidence of complications and 3) functional results. 
 
Methods. We retrospectively analyzed patients surgically treated at our Institution with “pseudotumor” associated with 
hip prosthesis, between June 2016 and May 2019. We included 14 patients (3 males and 11 females) with a mean age 
of 68 years (range, 50-80 yrs). One patient was treated with excision only, whereas prosthesis revision was required in 
other, using standard (6 cases) or custom-made 3D-printed prostheses (7 cases). Complications classified as acute (intra-
operative), early (within 6 months), late (after 6 months). The functional results were assessed prior and after the 
surgery, using the Harris Hip Score. 
 
Results. At a mean follow-up of 30 months (range, 18-54 months), four patients (28%) reported as early complications 
a wound dehiscence requiring surgical debridement without implant removal. Survival rate to all complications was of 
71%. Functional results were excellent in all patients. Harris Hip Score ranged from a mean pre-operative score of 35 
(range 18-45) to a mean post-operative score of 74 (range 60-89). 
 
Conclusions. Prosthetic revision associated with pseudotumor excision is the key of treatment; it can be performed in 
a single or in two stages surgery. The prosthetic revision can be performed with standard revision prostheses or custom-
made prostheses, depending on the type of bone defect. The use of custom-made 3D-printed prostheses is increasing 
and, in such a case, two-stage revision is advisable. 
 
 

 
 
Image 1: 63-year-old female with a long history of revision surgery after hip arthroplasty developed a pseudotumour with implant 
loosening. a 3D CT scan reconstruction after removal of the implant shows the bone defect. b Surgical approach. c Preparation of a 
vertical rectus abdominis musculocutaneous (VRAM) flap to cover the prosthesis. d Intraoperative insertion of the custom-made 
acetabular component. e Definitive implant. f Positioning of the VRAM flap through a subcutaneous tunnel. g Soft tissue 
reconstruction before skin closure. h Plain radio- graph of the final implant 
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OP7.9 

Reconstruction following Giant Cell Tumor of the extremity: Subchondral 
bone grafting decreases risk for arthritis and fracture compared with 
PMMA alone 
Yazan Kadkoy1, Joseph Ippolito1, Luis Guinand1, Jennifer Thomson1, Kathleen Beebe1, Francis Patterson2, 
Joseph Benevenia1 

1Rutgers, New Jersey Medical School, Newark, United States, 2Hackensack University Medical Center, Hackensack, United 
States 

Background. Giant cell tumors (GCTs) are locally aggressive benign bone tumors that typically affect the metaphyseal 
region of long bones. Surgical treatment of GCT sparing the articular surface typically includes curettage, adjuvant 
therapy, polymethylmethacrylate (PMMA) cementation, and metal fixation with or without subchondral bone grafting. 
Given the difference in elastic modulus between stiff PMMA and less stiff bone, there may exist a potential increased 
risk for fracture or increased rates of osteoarthritis in patients treated with PMMA juxtaposed to the 
subchondral/articular surface. We asked the Following questions: (1) Will the use of subchondral bone grafting affect 
rates of local recurrence? (2) Will the use of subchondral bone grafting affect the rates of patients who go on to develop 
arthritis? (3) Will the use of subchondral bone grafting affect the rates of fracture? 
 
Methods. Medical records of patients treated for GCT from 1996-2022 at a single institution were retrospectively 
reviewed. Differences between the two cohorts was analyzed with chi-squared and fisher exact tests. Forty-three 
patients were analyzed.  
 
Results. Twenty (47%) patients were treated with subchondral bone grafting. The median age was 34 years. Mean 
follow-up was 80.5 months and was comparable between groups. Sixteen (37%) patients had non-oncological 
complications: 5 fractures, 11 with osteoarthritis and 1 infection. All occurred in the group treated with PMMA alone 
except for one patient in the bone graft group who developed arthritis. Patients treated with PMMA alone had a 9x 
greater risk of arthritis and a 6x greater risk of fracture (P= 0.002,0.009 respectively). There were 13 instances of local 
recurrence. Six (46.2%) recurrences were in the bone graft cohort. The risk of recurrence following intervention was not 
statistically different between the cohorts (RR = 0.98, 95% CI 0.266 – 3.61). Mean time from intervention to recurrence 
was 32 months and was not statistically comparable. To date no patient from the PMMA and bone graft group had 
required revision surgery. Conversely, four (14%) patients treated with PMMA alone have gone on to have revision 
surgery for construct failure. Two of these patients went on to receive a distal femoral replacement and one patient 
underwent arthrodesis.   
 
Conclusion. In this series, use of bone graft at the subchondral region in conjunction with PMMA was associated with 
reduced risk of later fracture or development of osteoarthritis at a mean 80.5 month follow-up. This technique may 
delay or decreased the need for later revision surgery due to non-oncologic complications. No difference was seen in 
risk of local recurrence between groups. 
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Intercalary Endoprosthetic Reconstruction: An Analysis of Complications  
Yazan Kadkoy1, Joseph Ippolito1, Jennifer Thomson1, Claire Park1, Kathleen Beebe1, Francis Patterson2, Joseph 
Benevenia1 

1Rutgers, New Jersey Medical School, Newark, United States, 2Hackensack University Medical Center, Hackensack, United 
States 

Background. Reconstructive options following resection of diaphyseal tumors have historically been limited to 
endoprostheses involving joint reconstruction. Intercalary endoprostheses combine the benefits of early return of 
function and pain relief with a joint-sparing implant.  
 
Methods. The primary objective of this study is to report on outcomes of patients treated with intercalary 
endoprostheses for diaphyseal segmental defects at a single institution. Thirty-six consecutive patients (42 limbs) 
treated at a single institution from 2008-2020 with intercalary endoprostheses were retrospectively reviewed. Inclusion 
criteria were patients who had segmental bone loss from an aggressive or malignant bone tumor with preservation of 
the joints above and below. Patients underwent cemented reconstruction with a modular intercalary endoprosthesis 
(OsteoBridgeTM IDSF; Merete, Berlin, Germany).  
 
Results. Mean age at the time of surgery was 60 ± 17 years with a mean follow-up of 35 months (range 1.4-102.6 
months). Of the 42 endoprostheses, 17 involved the humerus, 14 the femur, and eleven the tibia, with 27 limbs treated 
for metastatic disease and 15 for primary tumors. Twenty-seven underwent surgery due to primary resection, while 
nine had surgery as salvage after failed reconstruction. Mean defect for femur, tibia and humerus reconstruction were 
9.7cm, 10.6 cm, and 6.3 cm respectively. There were 16 complications reported (38%): 5 cases of aseptic loosening, 6 
mechanical failures, 3 deep infections, and 2 local recurrences. By location, there were 8 complications at the femur, 4 
complications at the Tibia, and 3 complications at the humerus. The femur cohort experienced 3 prosthetic failures, 1 
periprosthetic fractures, and 4 periprosthetic infections. At the tibia there were 2 cases with aseptic loosening, and 1 
local tumor recurrence. At the humerus there were 2 instances of aseptic loosening, and 1 local recurrence.  
 
Conclusion. In this series, the use of a single intercalary endoprosthesis was found to be a viable option for the treatment 
of intercalary defects following tumor resection. Use of this system allows for early weightbearing and allows for the 
salvage of the joint above and below the defect. 
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Correlation between the initial PET scan SUV and chondral lesion grading 
at resection.  
Saumiyar Sivaji, Maurice Guzman, Richard Boyle, Paul Stalley, Daniel Franks, Julian Maempel 
Royal Prince Alfred Hospital, Sydney, Australia 

Background. Chondrosarcomas are rare chondroid producing cancers of bone with a reported incidence of 1 in 200,000. 
The grade of chondral tumours varies from benign (enchondromas) to highly malignant (de-differentiated), where the 
treatment for this condition is surgical requiring either intralesional curettage, limb salvage or amputation. The grade 
of tumour and location will determine the surgical intervention with the lower grade tumours being managed less 
aggressively. The usual method to determine a bone tumour grade, and subsequently the surgical procedure, is the core 
or open biopsy. Unfortunately, the reported concordance rate with chondrosarcoma biopsy and final resection 
histological analysis is low with under sampling being cited as the reason.  

The introduction of the positron emission tomography scan has enabled rapid staging of malignant disease with 
identification of metastatic spread. The Standardised Uptake Value (SUV) is a marker of how metabolically active a lesion 
is and as such provides information regarding the likely degree of malignancy. The use of SUV readings may allow the 
clinician to predict the histological grading of a chondroid tumour and therefore tailor the management plan 
accordingly. This would seek to reduce the number of incorrect intralesional curettage procedures on high grade 
tumours and similarly reduce the number of limb salvage-type procedures on low grade tumours.  

Method. Over a 9-year period (01/2012 to 06/2021); all cases of histologically proven chondrosarcoma and 
enchondromas that were investigated with a PET scan were retrospectively identified and reviewed. The SUV reading 
at the initial PET scan was correlated with the grading of chondroid lesion and secondarily with mortality.  

Results. Of the 64 patients; it was identified that there was a statistically significant association between the initial SUV 
reading and with the grade of chondrosarcoma (p = 0.001). In the deceased patient cohort, it was found that they had 
higher SUV readings on the initial PET scan.  No statistically significant correlation was found between age or gender 
with the SUV reading. A maximal SUV reading of 4.9 and 5.7 were more predictive of grade 2 – 4 chondrosarcoma 
(sensitivity 65%, specificity of 67%) and grade 3-4 chondrosarcoma (sensitivity 62%, specificity of 68%) relatively.   

Conclusion. Inclusion of a PET scan on diagnostic workup for chondrosarcoma can provide significant insight to the 
treating team pertaining the grading of the malignancy prior to surgical resection. This will enable both the orthopaedic 
and oncology team to tailor their management of this malignancy with more certainty, using the histological tissue sample 
as a confirmatory process.  
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Unicameral bone cysts at lesser trochanter level: A warning for 
pathological fractures 
Osman Emre Aycan, Ozan Kaya, Muhammet Coşkun Arslan 

Baltalimani Bone Diseases Training and Research Hospital, İstanbul, Turkey 

Introduction. Unicameral bone cysts (UBC) are reported to be the underlying lesion in 40% of pathological femoral neck 
fractures in skeletally immature patients. They are typically asymptomatic however may present with pathologic 
fracture which causes pain, swelling or deformity. We sought to evaluate risk factors for pathological fracture and 
recurrence in pediatric proximal femoral unicameral bone cyst,  
Patients and Methods. Medical records were retrospectively reviewed of patients with pediatric proximal femoral 
UBC’s who underwent surgery between 2004 and 2018. We included 51 consecutive patients with pediatric proximal 
femoral UBC (36 impending fracture/15 pathological fracture). The patients were evaluated regarding localization of 
the UBC and the activity of the cyst. The cyst parameters were measured, and the patients were further assessed 
regarding the presence of pathological fracture and applied treatment. Pathological fracture group were compared to 
impending fracture group by means of radiological cyst parameters, management options, healing, recurrences and 
other related complications. 
Results. The most commonly affected localizations were combined involvement of femoral neck and intertrochanteric 
(n=21) The number of latent lesions were 27 and active lesions were 24. The mean cyst index in our series was 3.8±1.2 
(1.2-7.2). The cyst index in our series was correlated with pathological fractures. (p=0.048) There was significantly higher 
cyst index values in recurrent cases. (p=0.016) The cyst extension below lesser trochanter level was found as a risk factor 
for pathological fractures. (p=0.021) The most common treatment in our series was curettage, graft packing and plate 
fixation with 27 patients. The treatment method showed no correlation with consolidation or recurrence rate. According 
to the healing criteria for UBC’s at final follow-up, 36 cysts were completely consolidated, 13 were evaluated as 
incomplete healing and two were persistent. Recurrence rate was significantly high in UBC’s who were operated at <10 
years of age. (p=0.006) Accordingly the active lesions were also significantly related with earlier recurrence. (p=0.03) 
Conclusion. Although younger age, active cysts and higher cyst index are shown as risk factors for recurrence, but not 
for fracture in proximal femoral UBC’s. However, with age, the cyst relatively migrates to the weight bearing lesser 
trochanteric area, which may inevitably impose a major risk for pathological fractures. Ensuring stability with a plate 
even in impending fractures of proximal femur may aid early mobilization and faster recovery. 
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Biohybrid bone grafts for pediatric oncologic patients: indications and 
results 
Michele Boffano, Nicola Ratto, Pietro Pellegrino, Elena Boux, Ugo Albertini, Stefano Marone, Andrea Ferro, 
Raimondo Piana 

Orthopaedic Oncology AOU Città Della Salute E Della Scienza, Torino, Italy 

Background. Composite xeno-hybrid grafts are commonly used in orthopaedic oncology practice with good biological 
and mechanical results. In pediatric patients with open growthplate indications and results are still debated. The aim of 
this study is to evaluate the use of a xeno-hybrid graft in pediatric patients.  
 
Methods. In the period 2017-2020 19 pediatric patients (age range 9-17) were prospectively enrolled in the study. 
Diagnosis, involved bone, graft type, radiologic and functional results, complications were evaluated. Common factor 
and inclusion criteria were the presence of at least one open growthplate close to the surgical site 
 
Results. The most common diagnosis were unicameral and aneurismal bone cysts. The involved bone was tibia (6), 
femur (5), humerus (4), calcaeneous (2), fibula (1), pelvis (1). 13 graft blocks, 4 granules packs, 1 combination of granules 
and block, and 1 custom made graft were used. The integration of the graft was complete in 16 patients, partial in 3 
patients.  Surgical reintervention occurred 8 times for local recurrence (5) and partial integration/lack of fusion at the 
host bone-graft interface (3). No infection and no fractures of the graft occurred.  
 
Conclusion. Little is known about biohybrid bone grafts integration or failure in growing patients. Composite xeno-
hybrid bovine based grafts are safe and reliable also in pediatric patients with good and rapid integration and a low 
minor complication rate.
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OP8.1 

Meaningful interpretation of Toronto Extremity Salvage Score in people 
with soft-tissue sarcoma using Rasch analysis 
Kedar Mate1, Robert Turcotte2, Nancy Mayo3, Krista Goulding3 

1Research coordinator, Centre for outcomes Research and Evaluation, McGill University Health Centre, Montreal, Canada, 
2Department of Orthopedic Surgery, McGill University Health Centre, Montreal, Canada, 3Department of Orthopedic 
Surgery - Mayo Clinic Arizona, Phoenix, United States 

Background. The purpose of this study is to estimate the extent to which items of the Toronto Extremity Salvage Score (TESS) 
fit a unidimensional linear construct, the Rasch model.  
Methods. Rasch analysis was used on the data arising from the lower extremity TESS items completed by 162 people with STS 
prior to surgery. All analyses were done using RUMM 2030 software. Of the 30 lower extremity items, 18 related to activity 
limitations and 12 related to how these limitations affected participation in usual roles demonstrating multidimensionality 
and construct dependency. Rasch analysis proceeded through the usual steps needed to demonstrated threshold order, fit to 
the Rasch model, unidimensionality, lack of item response dependency, lack of differential item functioning (DIF), targeting, 
and discrimination (Person Separation Index). Rasch analysis coverts ordinal responses to an interval-like scale through a logit 
transformation.  A range of -4 to +4 logits is optimal to reflect the range of the underlying construct and is equivalent to ±4 
standard deviations on a standard normal distribution. 
Results. 7 of 18 activity items had to be rescored as the categories for ‘not at all’, ‘a little bit’, and ‘moderately difficult’ were 
used inconsistently by the participants to reflect greater difficulty (disordered thresholds). One item did not fit the Rasch 
model (kneeling is) and was eliminated. Six items showed dependency: putting on shoes and socks, going up and downstairs, 
and walking in and outdoors. We chose to include the more challenging item from each of these pairs (shoes, upstairs, 
outdoors). No items showed DIF by age or sex.  The final model included 14 items with a range on the logit scale of -9 to +4. 
All items fit the model (Chi-square: 34.2; df=28; p=0.19). The PSI was 0.89 indicating excellent suitability for individual 
discrimination.  Approximately 25% of participants achieved the highest score pre-surgery (ceiling effect) and no one achieved 
the lowest score (floor effect).  
Conclusion. The major change to the original lower extremity TESS was to separate activities and participation constructs 
because participation is at least somewhat dependent on activities. The R-LE-Activity-TESS achieved the same degree of 
precision with fewer items. The demonstration that the items fit a linear hierarchy can be used to estimate change over time 
accurately.  For clinical use only those items around the current ability level need to be queried to identify change. For research 
purposes, the Rasch-based total score can be used mathematically to estimate change. There were many more item-
thresholds at the low end of the ability hierarchy indicating that in order to comprehensively evaluate disability items of 
greater difficulty need to be included (e.g., running, jumping, cycling). Additional analyses are underway to evaluate the 
performance of the R-TESS post-surgery.  
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OP8.2 

The Sarcoma-Specific Quality of Life Study (SARC-QoL): Identifying key 
domains of Health-Related Quality of Life in adult patients with extremity 
soft tissue sarcoma 
Urska Kosir1, Kedar Mate2, Argerie Tsimicalis3, Robert Turcotte4, Carolyn Freeman5, Fabio Cury5, Thierry 
Alcindor6, Nancy Mayo7, Krista Goulding7 

1PhD Candidate, Department of Experimental Psychology, University of Oxford, Oxford, United Kingdom, 2Research 
coordinator, Centre for outcomes Research and Evaluation, McGill University Health Centre, Montreal, Canada, 3Ingram 
School of Nursing, McGill University, Montreal, Canada, 4Department of Orthopedic Surgery, McGill University Health 
Centre, Montreal, Canada, 5Department of Radiation Oncology, McGill University Health Centre, Montreal, Canada, 
6Department of Oncology, McGill University Health Centre, Montreal, Canada, 7Department of Orthopedic Surgery - Mayo 
Clinic Arizona, Phoenix, United States 

Background. The study objectives were to explore the domains of health-related quality of life (HRQoL) and functioning 
in adult patients diagnosed with extremity soft tissue sarcoma (STS) from the patient’s perspective from active care 
through survivorship through qualitative inquiry, so as to form the basis for the development of a patient-derived, 
sarcoma-specific, preference based HRQoL tool. 

Patients and Methods. Study design is a sequential exploratory mixed methods study of patient experience in localized 
or metastatic adult extremity STS (2007 and 2017). The study was conducted at a high-volume sarcoma centre. 
Qualitative descriptive design was grounded in an integrated knowledge translation approach and aimed at identifying 
HRQoL domains through in-person and electronic focus groups, and individual semi-structured interviews in both 
English and French (N=28). The interview guide topics were selected based on existing knowledge about PROs and 
HRQoL life [24], including (a) impact of diagnosis on employment or acquisition of academic/vocational skills; (b) 
physical and psychological functioning; (c) symptom burden; (d) treatment preferences; (e) knowledge of and use of 
existing resources; (f) impact on family time and resources; and (g) overall experience. Data was analyzed using inductive 
thematic networks approach using the qualitative software N-Vivo 12. Codes were generated by 2 independent 
qualitative experts capturing key concepts of HRQoL that is impacted by STS. Basic themes were clustered into 
organizing themes and merged into global domains.  Attention was paid to deviant cases and within-group dynamics 
during focus group discussion analysis. Discrepancies or inconsistencies in coding were resolved in consensus meetings. 
Final sample size was determined when data saturation was reached, and no new themes emerged. Qualitative 
reduction of identified items to reach a consensus framework was facilitated by a moderator during multi-disciplinary 
panel meetings comprised of sarcoma experts, patient partners, allied health staff and other stakeholders. 

Results. Twenty-nine patients with biopsy-proven localized or metastatic STS of the extremity participated (69% lower 
extremity STS; mean age 56 years, 25% with local recurrence, 21% metastatic, 18% amputation). Inductive thematic 
network analysis revealed five domains and subdomains of HRQoL for patients with STS: 1) physical  
domain (subdomain: physical symptoms, treatment complications), 2) psychological domain (anxiety, distress, mood, 
body image and identity), 3) medical support (emotional support, practical support, confidence in positive outcome and 
reluctance to medical personnel), 4) social life (family and social support), and 5) daily living (disruption of routine and 
finances).  

Conclusion. Patient-centered research is crucial to understanding the impact of surgery, adjuvant therapy and the 
associated complications for patients with extremity STS, and thereby improving the quality-of-care provision. This 
study offers a unique perspective on what domains and sub domains are most impactful on HRQoL and provides the 
basis for our on-going development of a disease-specific, preference-based HRQoL measure. 
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OP8.3 

A Cryoprotectant-Gel Composite Designed to Preserve Articular Cartilage 
during Frozen Osteoarticular Autograft Reconstruction for Malignant Bone 
Tumors: An AnimalBased Study  
Chao Ming Chen 

Taipei Veterans General Hospital, Taipei City, Taiwan 

Objective. We designed a highly adhesive cryoprotectant-gel composite (CGC), based on regular liquid-form 
cryoprotectant base (CB), aiming to protect cartilage tissue during frozen osteoarticular autografts reconstruction for 
high-grade sarcoma around the joint. This study aimed to evaluate its effectiveness in rat and porcine distal femur 
models. 
Design. Fresh articular cartilage samples harvested from distal rat and porcine femurs were divided into 4 test groups: 
untreated control group, liquid nitrogen (LN) freezing group, LN freezing group pretreated with CB (CB group), and LN 
freezing group pretreated with CGC (CGC group). Microscopic and macroscopic evaluation of cartilage condition, TUNEL 
assay, and apoptotic protein analysis of chondrocytes were performed to confirm our results. 
Results. In the rat model, CGC could prevent articular cartilage from roughness, and preserve more proteoglycan when 
compared with the LN freezing and CB group. Western blot analysis showed CGC could prevent cartilage from LN-
induced apoptosis supported by caspase-3/8 apoptotic signaling cascade. Macroscopically, we observed CGC could 
reduce both articular clefting and loss of articular luminance after freezing in the porcine 
model. In both models, CGC could reduce articular chondrocytes from degeneration. Fewer TUNEL-positive apoptotic 
and more viable chondrocytes in cartilage tissue were observed in the CGC group in our animal models. 
Conclusion. Our study proved that CGC could effectively prevent cartilage surface and chondrocytes from cryoinjury 
after LN freezing. Freezing articular cartilage surrounded with high concentration of CGC can be a better alternative to 
preserve articular cartilage during limb salvage surgery for malignant bone tumor.  

Figure 1: (A) The schematic diagram of an application of CGC in recycled osteoarticular autograft reconstruction for malignant bone tumor. (BC) The 
flow diagram of applying CGC on the joint surface of the distal femur of rat (B) and porcine (C). 

Figure 2: Macroscopic analysis of different cryoprotectants on cartilage protection in 
the porcine model. (A-B) After cryotherapy, we used Indian ink to stain clefting on the cartilage surface in different groups. Only little clefting was 
observed in LN + CGC group when compared with LN or LN + base group.  
(C-D) Illustration of sectioned femur condyle of porcine distal femur for measurement of luminance by ImageJ software. The blue-circled area 
represented cartilage tissue subjected to analysis.  

Figure 3:  Microscopic analysis of different cryoprotectants on cartilage protection in the porcine model. (A-B) Safranin-O/Fast Green stain of the 
cartilage tissue in different groups. Microscopically, some clefting on the cartilage as deep as to the tidemark, can be observed in the LN and the LN 
+ base group, not the CGC group. (C-D) IHC stain with Caspase-3 antibody of porcine cartilage tissue. More Caspase-3 positive apoptotic cells were
observed in LN and LN + base groups than in CGC groups.

Figure 1 Figure 2 Figure 3 
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OP8.4 

Malignant giant cell tumours of bone 
Floortje Verspoor1, Gitte Krebbekx1, Vaiyapuri Sumathi2, Scott Evans2

1Amsterdam UMC, Amsterdam, The Netherlands, 2Royal Orthopaedic Hospital, Birmingham, United Kingdom 

Background. Giant cell tumors of bone (GCTB) are rare benign lesions, which mostly occur around the epiphysis of long 
bones. Generally, they affect young adults with a fully-grown skeleton. They can be locally aggressive and are associated 
with a significant risk of recurrence. Incidental cases of benign metastatic, primary malignant, or secondary malignant 
transformation are described, however controversial. At present, GCTB patients were evaluated to identify these 
different entities. 
Method. We retrospectively evaluated 520 patients with potential GCTB presented at the Royal Orthopaedic Hospital 
in Birmingham, UK, between January 1985 and February 2020. Malignant and metastatic cases were evaluated and 
classified according to their clinical behavior. 
Results. After exclusion of 14 patients with primary giant cell rich osteosarcoma, 501 patients with histopathological 
confirmed GCT-B were further evaluated. Overall, 12 patients were diagnosed with a malignancy (2.8%), five with 
primary malignant GCT-B, seven with secondary malignant transformation (n=5 secondary malignant GCT-B, n=2 
secondary osteosarcomas). Figure 1. 
Three benign cases developed pulmonary metastatic disease (0.6%), on average 3.2 (1.3-4.4) years after primary 
diagnosis. 
Time interval between primary diagnosis and malignant transformation varied; secondary malignant GCT-B occurred 
after a mean 7.5 (0.6-7.5) years and secondary osteosarcoma after 18 and 35 years. 
Patients with secondary malignant GCT-B lesions were more likely to die of disease (80%) compared to patients with 
primarily malignant GCT-B lesions (20%) or a secondary osteosarcoma (0%). 
Conclusion. This study confirms benign pulmonary metastatic, primary malignant and secondary malignant GCTB. 
Benigne GCTB can secondarily transform in two different histopathological ways; differentiation to malignant GCT-B or 
to osteosarcoma. All malignant and/or metastatic forms of GCT-B show a different morbidity and mortality. 
Level of evidence: 2 
Bullet points 

• Benign metastatic GCTB behave indolently with or without Denosumab
• Primary malignant GCTB does exist (highly pleomorphic mononuclear cells)
• Benign GCTB can become malignant in two different histopathological ways; differentiation to secondary malignant

GCTB or secondary osteosarcoma
• Individual malignant/metastatic forms of GCTB seem to behave differently with regards to morbidity and mortality,

secondary malignant GCTB do worse

Keywords. Benign (metastatic) GCTB, Primary malignant GCTB, secondary malignant GCTB, secondary osteosarcoma, 
Denosumab, survival, treatment, bone lesion 
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OP8.5 

The relationship between lesion geometry and pathological fracture risk in 
a metastasis model of the femoral neck  
Ferhat Say1, Murat Gölpınar2, Fatih Başoğlu3, Mevlüt Gürbüz4, Mesut Öztürk5, Mehmet Emirzeoğlu6, Bünyamin 
Şahin7 

1Department of Orthopaedics and Traumatology, Faculty of Medicine, Ondokuz Mayıs University, Samsun, Turkey, 
2Department of Anatomy, Faculty of Medicine, Hitit University, Çorum, Turkey, 3Department of Civil Engineering, Faculty 
of Engineering, Ondokuz Mayıs University, , Samsun, Turkey, 4Department of Mechanical Engineering, Faculty of 
Engineering, Ondokuz Mayıs University, Samsun, Turkey, 5Department of Radiology, Faculty of Medicine, Samsun 
University, Samsun, Turkey, 6Department of Anatomy, Faculty of Medicine, Ondokuz Mayıs University, Samsun, Turkey, 
7Department of Anatomy, Faculty of Medicine, Gaziosmanpasa University, Tokat, Turkey 

Background. Determining the pathological fracture risk in the lytic metastasis of the proximal femoral region is difficult. 
Mirels criteria is a valuable and practical screening tool with high sensitivity, especially for medical and radiation 
oncologists and general practicing orthopedic surgeons. But the specificity of the Mirels score is low, and more specific 
and objective parameters are needed to manage the patients' treatments by orthopedic oncologists. The size of the 
metastatic lesion is essential to understanding the impending fracture of the hip.  
Questions/purposes. (1) Are the surface area of the metastatic lesion in the coronal, axial and sagittal plane associated 
with pathological fracture risk? (2) Is the volume of the metastatic lesion associated with pathological fracture risk? 
Methods. A high-risk lesion was created on the femoral neck of 17 dried human cadaver femurs. The surface area and 
surface area fraction (lesion surface/proximal femoral surface) were calculated using the planimetry method from 
computed tomography (CT) images. The volume of each lesion and volume fraction (lesion volume/proximal femoral 
volume) were estimated on coronal CT image series using the Cavalieri principle. Compression was applied to simulate 
single-limb stance type (static type) loading. 
Results. The mean compression force for the fracture of the specimens was 4632 N (range 1273-10423 N). The volume 
fraction of the lesion showed the most significant correlation (r: - 0.647) with the failure load of the specimen, followed 
by the sagittal surface area fraction of the lesion (r: - 0.615). 
Conclusion. The results of this study showed that volume fraction and sagittal surface area fraction are the most critical 
radiological measurements related to impending fracture of a metastatic lesion model of the femoral neck.    
Clinical Relevance: The volume and sagittal surface area of the lytic metastasis are primarily associated with impending 
pathological hip fractures. A new scoring system including this measurement should be investigated to manage hip 
metastasis patients' treatment decisions. 
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Design and mechanical behavior of 3D printed polymeric bone scaffolds to 
repair bone defect. Experimental study 
Pablo Arbelaez 

Hospital Universitario San Ignacio, Bogota, Colombia 

Bone defects, resulting from tumors, trauma, infections, or congenital deficiencies, remain a major challenge for 
orthopedic surgeons. Current alternatives for treatment of bone defects include autografts, allografts, bone substitutes, 
bone transport, and endoprosthetic replacement. These treatments, beyond being expensive for the health system, are 
not available everywhere and have a high rate of complications that include donor site morbidity, availability, non-
union, fracture, loosening, and infection.  Bone tissue engineering is a growing field in bioengineering research to try to 
solve this problem with an easier, democratizing, cheaper and custom-made solution for bone defects.  The ideal 
solution would be a biocompatible scaffold, able to support load, with a controlled biodegradability and a porous 
structure to allow bone cell migration, proliferation, and replacement.  The application of 3D printed polymer scaffolds 
in repairing bone defects is a promising strategy.  We designed four different bone scaffold models to resemble the 
bone structure and computed them to test mechanical properties, comparing them to allogenic bone grafts. Then, we 
3D printed the polymeric bone scaffolds and conducted an experiment to assess mechanical properties responding to 
different geometric patterns of the bone scaffolds. Results from the mechanical analyses agree that these bone scaffolds 
can resist enough weight, so they can be used to repair bone defects. There is still research needed to evaluate the 
biological response in terms of cell adhesion, migration, and proliferation through these porous scaffolds to consider 
them as another option for the treatment of bone defects. 
 

 

  
 

 

 
 
 
  

117



 

 
 

 

OP8.7 

Tumor Microenvironment Reprogramming during neoadjuvant therapy in 
advanced osteosarcoma 
Hongmin Chen, Jin Wang 

Department of Musculoskeletal Oncology, Sun Yat-sen University Cancer Center, Guangzhou, China 

Background. The cellular characteristics of TME are recognized to be critical factors in tumor development and 
metastasis. The diversity of TME components and the high heterogeneity of osteosarcoma (OS) cells greatly affect tumor 
cell survival and response to chemotherapy and immune checkpoint blockade (ICB). Single cell RNA sequencing (scRNA-
seq) is an emerging technology to extract immunoregulatory cell programs that determine treatment response and 
nominate targets to combat resistance. We defined unique features at the single-cell resolution by employing scRNA-
seq and T cell receptor (TCR) approach to describe the complexity of the subcloned transcriptional state in both immuno-
chemotherapy-naïve and treated advanced OS patients, 
 
Methods. We utilized single-cell RNA sequencing (scRNA-seq) in combination with TCR repertoire sequencing on viable 
cells derived from untreated tumors, ICB-chemotherapy-exposed tumors and adjacent tissues. The osteosarcoma 
single-cell sequencing databases GSE152048 and GSE162454 were also integrated into our study. We used the Seurat 
package to cluster tumor and immune cells and analyze gene expression. We performed pathway enrichment analysis 
using the clusterProfiler package. The CellphoneDB package was employed for the analysis of cellular interactions. 
 
Results. The main cell types in the osteosarcoma microenvironment were osteosarcoma cells, myeloid cells, 
lymphocytes, fibroblasts, pericytes, endothelial cells, and osteoclasts. Stem-like osteosarcoma cells were the major cell 
clusters that developed drug resistance in osteosarcoma. Immunomodulatory genes affected the therapeutic effect of 
neoadjuvant therapy for osteosarcoma. We defined a therapeutic index (TI) to evaluate the impact of various immune 
cell clusters on the effect of neoadjuvant therapy and found that the main cell populations positively correlated with 
the TI were type 1 macrophage (M1) and pre-exhausted CD8+ T cells. Chondroblastic osteosarcoma lacks M1 and pre-
exhausted CD8+ T cells. Analysis results from CellphoneDB showed that samples with poor response to neoadjuvant 
therapy had more inhibitory interactions on effector CD8+ T cells. 
 
Conclusion. Compared with osteoblastic osteosarcoma, chondroblastic osteosarcoma lacked immune activating factors 
and has a poor prognosis. The combined use of immunomodulatory drugs such as MIF inhibitors might improve the 
prognosis of chondroblastic osteosarcoma. Residual tumor stem-like cells expressed immune suppressive factors to 
achieve immune escape after combined therapy. Pre-exhausted CD8+ T cells were the main tumor killer generated by 
combination therapy. The combined use of immunomodulatory drugs provides prospects for future neoadjuvant 
therapy research
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Why certain pathological fractures do not heal well?: Sustained 
inflammation and deranged cytokine expression impair healing of 
pathological fractures in the presence of breast cancer cells 
Francis Lee, Christopher Dussik 

Yale University, United States 

Introduction. Pathological fractures are devastating complications of metastatic breast cancer that afflict countless 
women worldwide. Intramedullary nailing with locking screw fixation provides the foundation of femoral fracture repair. 
However, cancer-induced changes within the local osseous environment drastically impair normal bone healing, leading 
to nonunion, reduced quality of life, and delays in medical oncologic care. At this time, relatively little is known about 
the underlying mechanisms. 
Methods. Femoral midshaft osteotomies were induced in either BALB/cJ or BALB/c nude mice. After internal fixation 
with a non-locking intramedullary nail, mice were inoculated with breast cancer cell lines, including 4T1, MDA231, 
HCT1806, and MCF7 (5 x 105 cells). After surgery, mice were monitored throughout the postoperative period and 
sacrificed at intervals ranging from 4- to 49-days post-surgery. Radiography, x-ray microtomography, histology, 
immunohistochemistry, and transcriptomic analyses were employed to characterize the osseous microenvironment 
present throughout the pathological fracture healing. MEK/ERK activity was highly associated with impaired fracture 
healing. The effects of suppression of the MEK/ERK were evaluated using genetic knockouts and pharmacologic 
supplementation with the MEK inhibitor, trametinib (1 mg/kg).  
Results. Mice bearing human breast cancer xenograft exhibited diminished fracture healing universally compared with 
mice undergoing fracture healing in normal conditions. Transcriptomic analyses revealed that metastases induce a 
profoundly pro-inflammatory microenvironment and alter the balance between bone deposition and resorption. 
Suppression of MEK/ERK by pharmacologic or genetic inhibition improved osseous healing, delayed tumor progression, 
and restored normal transcription patterns.  
Conclusion. Our study provides the first attempt to define the molecular mediators through which breast cancer 
disrupts healing of pathological fractures in vivo. Our results illustrate that a localized inflammatory state contributes 
to impaired fracture healing and that suppression of the MEK/ERK may improve fracture healing and reduced tumor 
burden. 
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The outcome of 3-D printed implants in Joint sparing limb salvage surgery, 
review of 39 cases. 
Ahmad Shehadeh 

King Hussein Cancer Center, Amman, Jordan 

Introduction. The outcome of endoprosthetic reconstruction after joint sparing resection is not well described in 
literature. 
 
Objectives. To investigate the outcome of using customized Joint Sparing Endoprosthesis (JSE) after juxta articular 
resection of bone tumors. 
 
Materials and Methods. Thirty-six patients received JSE and 42 joints were spared. age 4-55 year, (median 13 Year), 29 
patients received surgery for primary reconstruction and 7 patients for revision of failed bone allograft or modular 
implant , anatomical location was 29 joints spared in the lower limbs and 13 in the upper limbs. 
Flat surface HA coated custom JSE was used to spare 20 joints, and short stemmed custom JSE was used to spare 22 
joints. The length of remaining bone epiphysis for JSE anchorage from the knee and ankle joints, was 25-75 mm, 
median=45mm. 
 
Results. Operative time 2.5 - 4 hr. (Avg. 3 hr.) The bone resection surface fitted the prosthesis surface with < 2mm 
difference. Histological examination of all resected specimens shows clear bone resection margins, 2 patients had 
positive soft tissue margins. 
At mean follow up period of 4 years (6 mo-7yrs), 6 patients developed local and systemic recurrences, three of them 
had pathological fracture at time of diagnosis and 4 poor responses to chemotherapy(P=0.016), all recurrences occurred 
in the soft tissue. Implant survival at 5 year was 89%, MSTS score was 93%(86-100%). 
 
Conclusion. This is the biggest series in literature for joint sparing surgery in which custom JSE was used. In our series, 
both implants designs that we used; survived well at 5 year follow up (89%), no increased incidence of local recurrence 
in comparison to joint sacrificing techniques. No increased need for revision surgery in comparison with joint sacrificing 
approach. the early results of using custom made JSE is encouraging, and functional outcome is outstanding. 
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Design and biomechanical validation of a novel fusion-type proximal 
humeral prosthesis 
Jiaming Lin, Xiaojun Zhu, Qinglian Tang, Jin Wang 

Department of Musculoskeletal Oncology, Sun Yat-sen University Cancer Center, Guangzhou, China 

Background. A novel fusion-type proximal humeral prosthesis was designed, and its feasibility and safety were verified 
by biomechanical test. 
Methods. In the finite element analysis, three reconstruction methods were set up, all of which simulated the 
reconstruction of the bone defect 15 cm after osteotomy in the proximal humerus. Model 1 was a traditional 
glenohumeral joint arthrodesis with allografts and vascularized fibula grafts. Model 2 was a fusion-type shoulder 
prosthesis, and Model 3 was a fusion-type shoulder prosthesis with a steel plate and screw fixation. The scapula was 
fixed, and two loading modes were applied to the distal end of the humerus. One was an axial load of 700 N along the 
humeral axis. The other was a vertical downward load of 42.532 N. The displacement and the von Mises stress force of 
the three different models were observed. 
The solid sample mechanics test was used to further verify its feasibility and safety. The biomimetic shoulder bone was 
used to construct a solid model of the fusion-type proximal humerus prosthesis. Uniaxial pressure test was performed 
on a pressure tester, and the force-displacement of the fusion-type proximal humerus prosthesis was evaluated using 
a non-contact full-field dynamic strain measurement system (VIC-3D). 
Results. The finite element analysis results showed that in terms of displacement, the overall stability of the novel 
fusion-type prosthesis was higher than that of traditional glenohumeral joint arthrodesis. The design of the fusion-type 
proximal humerus prosthesis was reasonable. There was no obvious stress concentration in the internal part, and the 
stable structure (steel plate or screws) bore most of the stress, and the distribution of the force was dispersed. Adding 
plate fixation could make the fusion-type proximal humerus prosthesis more stable and better mechanical properties. 
The solid sample mechanics test results showed that the total displacement and the maximum principal strain were 
significantly different between the steel plate group and the non-steel plate group, with statistical significance. Adding 
a lateral plate to the epiphyseal region of the prosthesis and fixing it to the acromion could double reduce the prosthesis 
micro-movement and reduce the strain of the glenoid cavity. The total displacement of the prosthesis in the steel plate 
group began to be greater than 150μm when the force was greater than 150N (equivalently 15 kg). The strain 
distribution on the glenoid side of the group with steel plate was relatively uniform and dispersed, while without steel 
plate, the strain would become relatively disorderly and locally concentrated. 
Conclusion. The design of the novel fusion-type proximal humeral prosthesis was reasonable, and the finite element 
analysis and the solid sample mechanics test results proved its feasibility and safety, which may provide a new and 
better reconstruction method for Malawer I B resection. 
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Design elements of an intramedullary stem utilizing a mechanical 
integration rationale 
John A. Abraham1,2,3, David S. Geller4, Andrew R. Fauth5, Ryan Paul1, Jon Bitter5 

1Rothman Orthopaedic Institute, Philadelphia, United States, 2Capital Health, Bordentown, USA, 3Fox Chase Cancer Center, 
Philadelphia, USA, 4Montefiore Medical Center, Bronx, USA, 5OsteoCentric, Austin, USA 

Background. A novel method of interfacing metal and bone has recently been introduced, which relies on mechanical 
integration of the implant and bone, without the need for bone ingrowth. Therefore, the purpose of this study was to 
evaluate how a mechanically integrated intramedullary stem performs using both FEA and biomechanical testing and 
to compare results with those of a more conventional stem design. 
 
Methods. FEA testing: Comparative FEA studies have shown that the mechanically integrated implant demonstrated 
improved load distribution when compared to a press-fit stem. Load is distributed around the circumference of the 
mechanically integrated implant as the UnifiMI threads pull bone toward the center of the implant rather than 
separating from the contact under load. Figure 2 shows an example where a Wagner-style stem and a mechanically 
integrated UnifiMI stem are inserted in identical bone and immediately subjected to identical off-axis loads. It is also 
interesting to note that the maximum stress is similar for both implant types despite the mechanically integrated UnifiMI 
stem being less than two-thirds the length of the Wagner stem (92mm vs 155mm). 
 
Results. Cadaver testing: Biomechanical studies in cadaveric tissue and in bone analog material (SawBones foam) have 
further demonstrated the ability of mechanical integration to immediately secure metal to bone such that the bone and 
implant work in tandem to handle loading. Cadaveric tests have consistently shown surprising implant stability, even in 
compromised bone. When purposefully loaded statically to catastrophic failure, the implant has either broken proud of 
the bone surface or has broken away with bone still attached and integrated to the implant. This demonstrates the bone 
plus metal implant construct is a stronger unit than either individual component alone. 
 
Conclusion. A mechanically integrated intramedullary implant represents an entirely novel approach and may have 
significant benefits over traditional methods of fixation of implants to bone, particularly in the orthopedic oncology 
population.  Initial Early FEA and biomechanical testing are encouraging and demonstrate more even force distribution 
and more intimate contact between the bone and the implant under dynamic conditions.  Further testing will be needed 
to refine the design and evaluate the performance of this type of fixation in vivo. 
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Mechanical Integration may provide an alternate means of fastening 
orthopedic oncology implants to compromised bone 
John A. Abraham1,2,3, David S. Geller4, Andrew R. Fauth5, Ryan Paul1, Jon Bitter5

1Rothman Orthopaedic Institute, Philadelphia, United States, 2Capital Health, Bordentown, USA, 3Fox Chase Cancer Center, 
Philadelphia, USA, 4Montefiore Medical Center, Bronx, USA, 5OsteoCentric, Austin, USA 

Background. Two methods of fastening implants to bone exist: biologic fixation, which relies on ingrowth of bone into 
the metal surface to provide long term fixation, and cementation, which does not rely on bone ingrowth but rather is 
based on a cement interface between the bone and the implant. While these methods of securing implants to bone 
have proven valuable, they both have fundamental and inherent limitation and meaningful improvements have not 
been realized in decades. Therefore, the purpose of this study is to study the biomechanical properties of an orthopedic 
implant design based on mechanical integration, using finite element analysis and cadaver testing with the following 
questions: 1) How do the threads of a mechanically integrated implant interact with bone? and 2) How does a 
mechanically integrated implant behave in a cadaver bone under mechanical testing? 

Methods. A thread form designed specifically for bone UNifMI, has been previously created utilizing the rationale of 
mechanical integration. The impact of this design on bone is tested using Finite Element Analysis, as well as cadaver and 
sawbones biomechanical testing. An intramedullary stem designed for use in orthopedic oncology is created based on 
the results of these studies. 

Results. Axial Pull-Out Testing: 38% Improvement in axial pull-out strength vs standard orthopedic threads in human 
tibial bone. Micromotion & Stiffness: After dynamic toggling, UnifiMI fasteners had 54% less displacement and 
maintained stiffness as compared to standard orthopedic screws. Peak Stripping Torque: 67% increase in torsional 
resistance to stripping in both normal and osteoporotic human bone. Tibial Gap Model Studies: Non-locked 
UnifiMIfastener/plate constructs performed equally or better than standard locked-screw constructs in both cycle count 
and load magnitude in osteoporotic tibial gap models. Clinical Safety & Efficacy: Initial publication of the first 29 patients 
to undergo surgeries using UnifiMI technology. Pedicle Angulation/Pull-Out, Toggle/Stiffness: UnifiMI pedicle fasteners 
showed significantly less angulation or "windshield wipering" during dynamic loading, and superior yield strength in 
post-test axial pull-out. UnifiMIpedicle fasteners maintain stiffness and stability while predicate screws loosen during 
cyclic toggling in cadaveric bone. 

Conclusion. A mechanical integration rationale can be used to design orthopedic implants for use in bone. Initial 
mechanical testing demonstrates several benefits over a standard thread form. There are likely to be several clinical 
benefits associated with this type of design, which in particular benefit the orthopedic oncology population. Accordingly, 
an intramedullary stem design has been created utilizing this technology. Further testing will be needed to understand 
how this type of implant will function in vivo. 
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Effect of bone cement augmentation with different configurations of the 
dual locking plate for femoral allograft fixation: Finite element analysis and 
cadaveric validation study 
Taweechok Wisanuyotin, Permsak  Paholpak, Winai  Sirichativapee, Wilasinee  Sirichativapee, Kornchanok  
Netchalirat, Weerachai  Kosuwon 

Department of orthopaedics, Faculty of Medicine, Khon Kaen University,Thailand 

Background. Implant failure in allograft reconstruction is one of the most common problems after treating a large bone 
defect for a primary bone tumor. The study aimed to investigate the effect of bone cement augmentation with different 
configurations of dual locking plates used for femoral allograft fixation.  
 
Methods. Four finite element (FE) models of the femur with a 1 mm bone gap were developed at the mid shaft with 
different configurations of the 10-hole fixation dual locking plate (LP) with and without intramedullary bone cement 
augmentation. Model 1 was the dual LP at the lateral and medial aspect of the femur. Model 2 was Model 1 with bone 
cement augmentation. Model 3 was the dual LP at the anterior and lateral aspect of the femur. Finally, Model 4 was 
Model 3 with bone cement augmentation. All models were tested for stiffness under axial compression as well as 
torsional, lateral-medial, and anterior-posterior bending. In addition, the FE analyses were validated using 
biomechanical testing on a cadaveric femur.  
 
Results. Model 2 had the greatest axial compression stiffness, followed by Model 1, 4, and 3. Bone cement 
augmentation in Model 2 and 4 had 3.5% and 2.4% greater axial stiffness than the non-augmentation models Model 1 
and 3, respectively. In the bone cement augmentation models, Model 2 had 11.9% greater axial compression stiffness 
than Model 4.  
 
Conclusion. The effect of bone cement augmentation increases construct stiffness less than the effect of the dual LP 
configuration. A dual lateral-medial LP with bone cement augmentation provides the strongest fixation of the femur in 
terms of axial compression and lateral bending stiffness. 
 
  

124



 

 
 

OP9.6 

Prostho-prosthetic composite Limb salvage for massive Chondrosarcoma 
of the proximal humerus- maiden use of 3D printing to reconstruct multiple 
bones around the shoulder: a video demonstration 
Pramod Chinder Shekarappa1, Suraj Hindiskere1, Prashanth Puranik1, Muralikrishna Nekkanti2, B Chandramouli3 

1HCG Hospital & The Yellow Ribbon, Bangalore, India, 2Jayadeva Institute of Cardiovascular Sciences and Research, India, 
3Kauvery Hospital, Bangalore 

Background. A 29-year-old software engineer presented with a massive progressing swelling over the left shoulder 
region that appeared about 2-years ago. Left shoulder movements were restricted, with normal movements of the 
elbow, wrist and hand. Imaging studies showed a tumour extending from the base of the neck till the upper arm, with 
gross destruction of the upper half of the humerus, medial clavicle and the proximal scapula; the axillary neurovascular 
structures were displaced medially and inferiorly with no signs of infiltration. The tumour measured 32cms in its longest 
diameter. He was non-metastatic on staging, and needle biopsy from the lesion was reported as Grade I 
Chondrosarcoma.  
 
Methods. Considering the size and extent of the lesion, forequarter amputation was suggested to the patient at multiple 
centres, which he was not willing to accept. After thorough clinical, radiological and pathological evaluations, the case 
was discussed in the multidisciplinary Sarcoma tumour board and the patient was planned for limb salvage surgery. The 
massive skeletal defect resulting from the wide excision of the tumour was planned to be reconstructed by 3D printing, 
using additive manufacturing of titanium alloy by electronic beam melting technology. A monoblock unit was used to 
print the scapula, acromion, glenoid and clavicle, which was anchored to the retained scapula and the clavicle using 
2.7mm screws through screw holes in the implant. For reconstruction of the humerus, a hollow titanium shell was 
printed, which could be anchored to the retained lower humerus with an extracortical plate. Through the hollow shell, 
a commercially available reverse shoulder humerus stem was cemented and connected to the native humerus using 
interlocking bolts. The glenoid component of the reverse shoulder prosthesis was cemented into a cavity in the glenoid 
of the 3D printed monoblock. 
 
Results. The surgery was performed over two days: the tumour resection was performed on the first day with the 
procedures lasting for 8hours. The patient remained intubated in the intensive care unit overnight and the second day 
involved prosthetic skeletal rescontruction of the shoulder. Following implantation, the shoulder joint and surrounding 
soft tissue reconstruction were performed by prolene meshplasty. The shoulder was immobilized in abduction with a 
spica cast for 3months, following which gentle active and passive movements were started. Aggressive assisted 
physiotherapy and vocational rehabilitation were continued for 9months following surgery. 18months following 
surgery, there is no evidence of local or distant disease. The patient is back to independent work with a functional range 
of movements of the left upper limb.   
 
Conclusions. With adequate planning and 3D printing technology, skeletal reconstructions can be performed to yield 
good functional outcomes, even when limb salvage appears to seem impossible. 
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Amputation in patients with extremity soft tissue sarcoma: The experience 
of an East Asian referral center 
Yongsung Kim3, Han-Soo Kim1,2, Ilkyu Han1,2

1Department of Orthopedic Surgery, Seoul National University Hospital, Seoul, South Korea, 2Department of Orthopedic 
Surgery, Seoul National University College of Medicine,Seoul, South Korea, 3Department of Orthopedic Surgery, Seoul 
National University Bundang Hospital, Bundang-gu, Seongnam, South Korea 

Background. Because of the Confucian influence in East Asia, patients are often reluctant to undergo amputation. This 
study aimed to investigate the characteristics and clinical outcomes in a series of patients with extremity STS who 
underwent amputation at a large East Asian referral center. 

Methods. Of the 652 patients who underwent surgery for extremity STS, data of 37 consecutive patients who underwent 
amputation were reviewed. We assessed the amputation rate in patients with localized STS and the oncologic outcomes 
including disease-specific survival (DSS), local recurrence-free survival (LRFS), and metastasis-free survival (MFS) in the 
amputation group and limb salvage group. 

Results. Approximately 3.6% (22/596) of patients with localized STS underwent amputation. Further, 1.8% (9/490) of 
patients with primary localized STS underwent amputation, which was lower than the rates reported in Western studies. 
Patients with localized STS who underwent amputation had a 5-year DSS rate of 89.9%, an LRFS of 84.1%, and an MFS 
of 84.6%. Compared with previous studies, our results showed higher DSS and MFS rates with similar LRFS. The primary 
localized (PL) group had a 5-year DSS of 85.7%, an LRFS of 87.5%, and an MFS of 87.5%. The recurrent localized (RL) 
group had a 5-year DSS of 92.3%, an LRFS of 81.8%, and an MFS of 82.1%.  

Conclusion. The amputation rate of patients with extremity STS in East Asian studies was lower than that in Western 
studies, while the oncologic outcome of amputation reported in East Asian studies was superior to that reported in 
Western studies. 
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Minimally Invasive Percutaneous Screw Fixation in Painful Pelvic Lesion 
Caused by Metastatic Cancer   
Rui Yang, Sara Orr, Jichuan Wang, Waleed Hardan, Jana Fox, Bang Hoang, David Geller 
Montefiore Medical Center, Bronx, United States 

Background. Pelvis is one of the most common sites for metastatic bone disease. These lesions lead to pain and 
immobility. When treated with open surgery, it is often associated with significant risks such as bleeding and infection. 
The prolonged recovery time and the associated morbidities may delay systematic therapy.  

Methods. We described the minimally invasive percutaneous screw fixation technique in the treatment for metastatic 
pelvic disease. The principle is to bridge the lesion to the intact bone with large bore cannulated screws and re-enforce 
mechanical axes of the pelvis through multiple bony conduits. These screws were placed directly under fluoroscopy 
without the need for special instruments. No PMMA bone cement was used.   

Results. We performed percutaneous screws fixation in 52 patients with periacetabular metastatic lesions (Enneking 
Zone 2), and in 24 patients with non-periacetabular lesions (Enneking Zone 1, 3, and 4). The average surgical time was 
1.8 hour. No blood transfusion was needed.   There was no wound complication. Either pre-operative or post-operative 
radiation was given with an average dose of 15 Gy. Average follow-up time was 6 months.  Post-operatively, there was 
significant improvement in pain control and functionality as measured by visual analog scale (VAS) and Eastern 
Cooperation Oncology Group (ECOG) score, respectively. Conversion to a total hip arthroplasty was performed in 7 
patients due to persist pain or disease progression. For patients who survived longer than 3 months post operatively, 
76% of them were found to either have new bone formation filling the defect 
or being radiographically stable. There is no implant loosening or failure.      

Conclusions. The minimally invasive percutaneous screw fixation is a safe modality in the treatments of patients with 
metastatic pelvic lesions. It is effective for pain control and associated with function recovery. It allows biological bone 
reconstitution for lasting mechanical stability.  These screws can be easily converted to support a cemented acetabulum 
cup for total hip arthroplasty if needed. It provides an attractive alternative in patients with high risk for open surgery.  
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Giant cell tumor of bone and pregnancy: preliminary report by the Eastern 
Asian Musculoskeletal Oncology Group 
Min Wook Joo1, Edward Wang2, Yong-Suk Lee1, Chindanai Hongsaprabhas3, Akihiko Takeuchi4, Hairong Xu5, 
Hiroyuki Tsuchiya4, Xiaohui Niu5, Yang-Guk Chung1 

1Department of Orthopaedic Surgery, College Of Medicine, The Catholic University Of Korea, Seoul, Republic of Korea, 
2Department of Orthopaedics, Philippine General Hospital, University of the Philippines, Manila, Philippines, 3Department 
of Orthopaedics, Faculty of Medicine, Chulalongkorn University and King Chulalongkorn Memorial Hospital, Bangkok, 
Thailand, 4Department of Orthopedic Surgery, Graduate School of Medical Science, Kanazawa University, Kanazawa, 
Japan, 5Department of Orthopaedic Oncology Surgery, Beijing Jishuitan Hospital, Peking University, Beijing, China 

Background. Since the 1950s, a few articles reported that giant cell tumor of bone (GCTB) clinically showed dramatic 
changes such as rapid aggravation and growth of unrecognized recurrences during pregnancy. Some researchers tried 
to prove the expression and function of estrogen and progesterone receptors on the tumor and suggested a hormonal 
influence on tumor growth. Others focused on an immunologic change during pregnancy. It was recently proposed that 
pregnancy itself causes epigenetic changes by the interaction of hormones, and histones. However, the phenomena 
might still be coincidental in pregnant women as affected patients are often of childbearing age when the tumors show 
a high incidence in general population. To find up the causal relationship, we tried to investigate the clinical 
characteristics of GCTB at pregnancy. 
 
Methods. We retrospectively review the medical records of patients who were diagnosed as occurrence or recurrence 
of GCTB during pregnancy and peripartum period in collaboration with Eastern Asian Musculoskeletal Oncology Group. 
 
Results. A total of eight cases were analyzed, with a median age of 27 years; three had recurrent lesions. Prognosis of 
pregnancy was preterm birth and artificial abortion in one case each, and full-term birth in six cases. Although the first 
symptom related to GCTB occurred at the median six month of gestational age, radiologic evaluations were always 
delayed. Most common lesion location was distal femur, and all lesions showed Campanacci grade 3. No initial 
pulmonary implants were observed. For immediate treatment, two patients had a caesarean section and one artificial 
abortion. In one patient with the thoracic GCTB who underwent surgery for recurrence and had per-oral 
bisphosphonate, local relapse and pulmonary implants were identified seven months after operation. Another one with 
the iliac lesion was treated with denosumab administration. No local recurrences were observed in all the cases without 
gross remnant lesions. All patients survived to the last follow-up of the median four years. 
 
Conclusions. All lesions showed an aggressive feature. We are collecting more cases through multi-national-multi-
institutional cooperation and need more detailed relevant information. Experimental studies related to hormonal, 
immunologic, and epigenetic impact should be additionally performed. 
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Secondary malignancy in giant cell tumor in the extremity: a single-center 
experience 
Min Wook Joo, Yong-Suk Lee, Chiyoung Yoon, Yang-Guk Chung 

Dept.of Orthopedic Surgery, College of Medicine, The Catholic University Of Korea, Seoul, Republic of Korea 

Background. Giant cell tumor of bone (GCTB) may rarely undergo sarcomatous transformation. Secondary malignancy 
in giant cell tumor (MGCT) is associated with radiotherapy and has a dismal prognosis. Unfortunately, most published 
studies involving a relatively large number of cases failed to collect patient data based on a consistent definition and 
sub-classification of MGCT, so it is not easy to analyze or compare the previous studies with each other. Therefore, we 
investigated the clinicopathological characteristics and prognostic factors of patients with secondary MGCT based on 
the recent diagnostic criteria. 

Methods. This study was a retrospective medical record review of patients with histologically confirmed secondary 
MGCT who were surgically treated at our tertiary center from 1995 to 2018. The enrollment criterion was high-grade 
spindle cell sarcoma which developed at the site of prior GCTB treatment. 

Results. A total of 12 patients were analyzed including six females and six males. The median age was 42.5 years. Benign 
recurrence occurred in five GCTB patients not treated with radiotherapy. No pulmonary implants were observed. The 
median latency to the malignant transformation was 63 months. Nine patients were AJCC stage IIB and three were stage 
IVA. The median follow-up period after malignant transformation was 62.5 months. Five patients developed local 
recurrence and six had distant metastasis. Five-year overall, recurrence and metastasis-free survivals were 61.9%, 66.7% 
and 58.3%. Initial metastasis was a predictive factor for overall survival. Benign local recurrence of GCTB was also a 
negative factor for metastasis-free survival of MGCT patients. Differences in overall survival according to benign 
recurrence also showed a tendency towards significance. 

Conclusions. In our series, the occurrence of secondary MGCT did not follow radiotherapy, contrary to reports in 
Western literature. The prognosis was better when compared with findings reported in previous studies. Local 
recurrence of benign GCTB before malignant transformation could reflect the prognosis of MGCT. Further studies with 
a large number of cases are mandatory. 
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ECRT as Osteoarticular reconstruction of the hip for acetabulum involving 
tumors: How durable are the results? 
Manish Agarwal, Ashik Bary, Amit Gupta 
Nanavati Max Superspeciality Hospital, Mumbai, India 

Reconstructing the acetabulum by reimplanting the patient's own pelvis after sterilizing it of tumor by extracorporeal 
irradiation is attractive as it provides a size matched autograft without the need of tissue bank. When used without joint 
replacement, it provides the most biological reconstruction. In this paper, we present our midterm results with such a 
method of reconstruction with the obvious question about how long does such a hip joint with dead irradiated cartilage 
on the acetabular side last and provide good function. 

Material and methods. Between Aug 2008 to Jan 2020, 20 patients underwent an acetabulum involving pelvic resection 
with reconstruction using extracorporeal irradiation and reimplantation (ECRT) of the radiated pelvis.  The radiated 
pelvis was fixed in place with plates which were contoured intraoperatively or precontoured by using 3D printed bone 
models or 3D printed titanium plates customized for the patient. All these cases had the natural joint retained with a 
capsular repair after reduction of the natural femoral head into the acetabulum. 14/20 patients had a complete 
acetabular resection with partial acetabular resection in 6.  Patients were allowed movements immediately postop 
along with non-weight bearing ambulation. X rays were reviewed every 3 months and weight bearing started between 
6-9 months once supraacetabular or acetabular junction was deemed radiologically healed. The ages varied from 8y to
67 years, Surgical duration averaged 9h (6h-13h) and average blood loss was 2800ml(1500-9000L).

Results. No patient was lost to follow up.  one patient with wound necrosis and acute infection required graft removal.  
one delayed infection required removal of the plate and part of the graft but preserving the acetabulum. We had 2 
patients who had femoral artery thrombosis requiring embolectomy. both these patients have very good hip function 
at last follow up. 1 patient had a complete sciatic nerve deficit which has recovered slowly over 2 years but remains 
incomplete.  Local recurrence was seen in 3 patients. 6 patients have died of metastatic disease. 14/20 patients are 
disease free.  
2 patients required a total hip replacement for avascular necrosis and retain excellent function and disease-free status 
after the replacement. One patient has asymptomatic joint space narrowing but has good function. The average MSTS 
score was 25. All patients who died were independent ambulators prior to death.  
8 patients with a follow up of 4 years or more have a good joint space and function.  

Summary. Pelvic reconstruction using ECRT and without joint replacement provides a durable and functional hip joint. 
It is our method of choice for patients with preserved pelvis bone stock. 3D printed cutting guides and plates shorten 
the surgical time. In a majority of our patients, the function has not deteriorated at a midterm follow up of 4 y or more. 
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Clinical characteristics and prognostic factors of myxofibrosarcoma in the 
extremity and trunk: preliminary report by the Eastern Asian 
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Background. While myxofibrosarcomas usually present as slowly growing masses without pain in the extremities and 
trunk, they can also develop in different locations. The rage of affected age is wide; however, most patients are in the 
sixth to eighth decades and the incidence increases with age. There is a slight male predominance. Approximately half 
of the lesions develop subcutaneously. They are often locally infiltrative and reach out along fascial planes, which may 
be observed on MRI as “tail-sign”. Therefore, positive surgical margins and local recurrences are common after surgery. 
Survival with advanced disease can be better than for different types of soft-tissue sarcoma. The histological grade and 
size of the tumor are known as predictors of survival. We performed a retrospective multi-national, multi-institutional 
study to investigate the clinical features and prognostic factors of myxofibrosarcoma in the extremity and trunk in an 
Asian population. 

Methods. The Eastern Asian Musculoskeletal Oncology Group participated in this project. Cases obtained from 11 
tertiary musculoskeletal oncology centers in six nations were reviewed. 

Results. A total of 248 cases were collected. There were 133 males and 115 females, with a median age of 62 (range, 
12-92) years at diagnosis. Median symptom duration was 3 (range, 0-181) months. Twenty-five patients showed initial
metastasis. Seventeen tumors were in the trunk and the most common lesion site was the thigh. There were 89 tumors
located only in the subcutaneous layer. Median main length of lesions was 6.6 (range, 0.6-25) cm. Among 91 patients
who received radiotherapy, seven had preoperative one. Of 66 who underwent chemotherapy, 10 were administered
preoperative one. On MRI, configuration of superficial spreading and tail-sign were observed in 128 and 87 cases,
respectively. Twenty-seven cases were in FNCLCC grade I, 77 in grade II, and 144 in grade III. Negative surgical margins
were achieved 177 patients. Local recurrence developed in 107 cases and distant metastasis occurred after initial
diagnosis in 22. Fifteen patients died of the disease. Median follow-up period was 30 (range, 0-194) months. 5-year
overall survival rate, local recurrence-free survival rate, and metastasis-free survival rate were 87.1%, 60.3%, and 82.3%,
respectively. Multivariate analyses following univariate ones showed that initial metastasis (p<0.001), size over 10 cm
(p<0.001) and distant metastasis (p<0.001) were significant prognostic factors for overall survival, that chemotherapy
(p=0.001), FNCLCC grade (p=0.032) and surgical margin (p=0.001) were predictive factors for local recurrence-free
survival, and that deep location and local recurrence were significant factor for metastasis-free survival.

Conclusions. The current study also identified the known clinical characteristics and prognostic factors of 
myxofibrosarcoma in this population. To improve treatment performance, studies on novel prognostic variables should 
be needed. 
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Bioactive ceramics based on bone cement "CalCemex" in the treatment of 
benign bone tumours 
Oleg Vyrva 

Sytenko Institute of Spine And Joint Pathology, Kharkiv, Ukraine 

Background. Benign tumours and tumour-like lesions of the bone skeleton are the very common pathology, which in 
most cases affects patients under 30 years. According to pathomorphological classification features, they are bone and 
cartilage tumours, as well as fibrous and cystic neoplasms. To address the issue of treatment tactics, the main aspects 
are the surgical gradation of these tumours (Grade 1, 2, 3) and the activity of the benign tumour process according to 
Enneking (latent, active or aggressive). Indications for surgery are determined by the degree of biological activity of the 
tumour, its clinical manifestations and anatomical location. In any case, the replacement of a bone defect in such 
pathological processes should always allow the fastest restoration of the affected limb or joint function, and biological 
reconstruction with the structure restoration of the affected bone area. 

Methods. We have provided an analysis of the treatment results 34 patients with benign tumours and tumour-like 
lesions, aged 6 to 44 years, for the period 2017-2021. Nosological distribution of pathology was: aneurysmal bone cyst, 
fibrous dysplasia, benign giant cell tumour, chondroblastoma. The observation period is from 6 months to 5 years after 
surgery. 

Results. Using bioactive ceramics based on bone cement "CalCemex" 100% positive clinical results were obtained with 
full preservation of limb and joint function, early full weight bearing, complete biological and anatomical reconstruction 
of the bone defect area while maintaining the principles of adequate tumour recovery. 

Conclusion. Bioactive ceramics based on bone cement "CalCemex" combines osteoconductive properties due to ß-
tricalcium phosphate and mechanical properties of PMMA-bone cement. This unique combination of micro-macro-
porosity of the reconstructive material allows to obtain in the process of restructuring the complete replacement and 
restoration of bone tissue while fully preserving the mechanical properties of the bone segment. The main aspect of the 
use of "CalCemex" is a verified diagnosis, unconditional surgical technical performance of the surgery and the choice of 
indications for this type of surgical treatment. 
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Surgical Management of Chondrosarcoma of long bones utilizing a pre-
operative radiologic aggressiveness score? 
Manit Gundavda, Alexander Lazarides, Zachary Burke, Marco Focaccia, Anthony Griffin, Kim Tsoi, Peter 
Ferguson, Jay Wunder 
University Of Toronto, Toronto, Canada 

Background. Grading and ability to offer grade-based treatment for chondrosarcomas of bone is a difficult problem and 
has perplexed surgeons, radiologists as well as pathologists. Although pathology remains the gold standard for diagnosis 
and grading, recent advances studying the use of imaging modalities have shown promise in the ability to grade 
chondrosarcomas with higher accuracy than biopsies. Since the difference is primarily in the ability to determine low 
grade chondrosarcomas, that are amenable to intralesional tumor surgery versus “resection” grade chondrosarcomas; 
we evaluated the radiological parameters in extremity long bone primary intraosseous chondrosarcomas that may be 
used by the surgeons in an outpatient clinical setting to provide grade-based management options for these lesions. 

Questions/Purposes 
(1) Have we achieved a radiological score to predict resection grade chondrosarcomas in primary intraosseous extremity 
long bone lesions?
(2) What is the concordance of the radiological score across various surgeons and how does it compare with the
predictive accuracy of biopsy grade for “resection” grade chondrosarcomas?

Methods. 113 patients were identified from 2000 to 2021 on retrospective review with to be included in the study. 
Variables for radiological grading were selected a priori after literature review and the nine-parameter radiological 
aggressiveness score was modified for identification of radiological score. The best cut-off to predict post surgical 
chondrosarcoma grade was correlated to the biopsy grade. Interclass correlation provided observer variability and 
reproducibility assessment for the radiological scoring system. 

Results. Radiological aggressiveness score of 4 parameters or more was 97.9% sensitive and 90.5% specific in predicting 
resection grade chondrosarcoma from a receptor operator curve and cut-off derived using Youden index.  
Interclass correlation of 0.897 was observed for radiological scoring of the lesions across 4 blinded surgeon reviewers. 
The concordance between biopsy grade and final grade of chondrosarcoma was noted in 63. 8% patients (67 out of 105 
patients); 8 patients underwent resections based on clinical and radiological presentation). When the groups were 
analysed based on surgical management - the ability for biopsy to differentiate low grade from “resection” grade 
chondrosarcomas was noted in 87 out of 105 biopsies (82.86%). 

Conclusions. This large retrospective analysis suggests that the radiological evaluation score has good accuracy to be 
used by the surgeons to provide grade-based management of resection grade extremity chondrosarcomas and may be 
relied upon in the event of a discordant biopsy grade.  
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The importance of awaiting biopsy results in solitary pathological proximal 
femoral fractures 
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Kingdom  

Background. The optimal surgical treatment for patients presenting with pathological (impending) proximal femoral 
fractures is predicated on prognosis following preoperative biopsy. This study aims to describe the diagnostic accuracy, 
morbidity, and sarcoma incidence after biopsy in these patients. 

Methods. All patients presenting with pathological proximal femoral fractures to our clinic between 2000-2019 were 
retrospectively evaluated. Patients after inadvertent surgery were excluded. Descriptive statistics were applied. 

Results. A biopsy, done in 112 out of 128 patients, was 8% unreliable. Either due to being inconclusive or because the 
diagnosis changed after resection. The overall biopsy-positive-predictive-value (PPV) to differentiate between sarcoma 
and non-sarcoma was 1.00 (95% CI 0.88-1.00). Median time from diagnosis to surgery was 30 (IQR 21-46) days. Of 
impending fractures 32% fractured following biopsy. In patients with a solitary tumour and previous malignancy, 24% 
had a new second malignancy. Without cancer history, over half of the patients were diagnosed with a non-metastatic 
potentially curable malignancy. 

Conclusion. This study confirms the importance of pre-operative biopsy in solitary pathological (impending) fractures 
of the proximal femur, due to the risk of sarcoma, both in patients with and without a history of cancer. However, biopsy 
delays the time to definite surgery, its results can be inconclusive or false and risks completion of impending fractures. 

Keywords. Pathological fracture, biopsy, impending fracture, tumour, survival, history of malignancy, treatment, 
proximal femur, bone lesion 
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Outcomes of Tenosynovial Giant Cell Tumour of the Foot and Ankle 
James Barnett, Branavan Rudran, Amir Khan, Sarah O'Reilly-Harbidge, Shelain Patel, Nick Cullen, Matt Welck, 
Will Aston 

Royal National Orthopaedic Hospital NHS Trust, Stanmore, London, United Kingdom 

Background. Tenosynovial giant cell tumour (TGCT) is a benign proliferative disease affecting synovial membranes. 
There are two forms, localised and diffuse, which although histologically similar are managed differently. It is locally 
invasive and is treated in most cases by operative excision. The aim of this study was to assess outcomes from the largest 
single-centre experience to date in patients with this condition.  

Methods. A retrospective analysis of 123 cases was performed in patients treated between 2003 and 2019 with TGCT 
of the foot and/or ankle. Data was collected on age at presentation, radiological pattern of disease, location of disease, 
treatment provided and recurrence rates. The minimum follow-up was 2 years with a mean of 7.7 years. 

Results. 47 male and 76 female patients with a mean age at diagnosis of 39 (range, 11-76) years were identified. 85 
(69.1%) cases were categorised as localised and 38 (30.9%) were diffuse. Half of the cases presented in the ankle 
(62/123, 50.4%). 89% (110) of patients underwent open operative excision of the lesion. Radiotherapy was used in 2 
cases for recurrent disease. Pain was the most common postoperative symptom which developed in 20% (22/110) of 
cases). 13 cases were managed nonoperatively where symptoms were minimal, with one case requiring surgery at a 
later date. Disease recurrence was 3.5% (3/85) in localised disease and 36.8% (14/38) in diffuse disease giving an overall 
recurrence rate of 13.8% (17/123).  

Conclusion. The outcomes of TGCT management are dependent on the type of disease, the extent of preoperative 
erosive changes and the presence of pre-operative pain. We present our recommended management algorithm based 
on the experience from this single tertiary centre. 
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Physical function following limb-sparing surgical resection and 
reconstruction for pelvic primary bone sarcoma - a systematic review.  
Helen Seaman1, Will Aston2, Craig Gerrand2, Abby McCarthy2, Sherron Furtado2 

1Institute of Musculoskeletal Sciences, University College London, Stanmore, United Kingdom, 2Royal National Orthopaedic 
Hospital, Stanmore, United Kingdom 

Background. Primary pelvic bone sarcoma is usually treated with limb sparing surgery (LSS). After resection, bone 
reconstruction (BR) may be considered to optimise physical function and leg length but at the risk of significant 
complications.  
 
Aim. To assess the difference in physical function and quality of life (QoL) between BR and no bone reconstruction (NBR) 
following LSS for primary pelvic bone sarcoma.  
 
Design. A systematic review and meta-analysis of cohort studies assessing physical function of BR and NBR following 
LSS for primary pelvic bone sarcoma.  
 
Method. A search of four databases up to May 2020 retrieved 18 eligible studies with 699 participants. Quality 
assessment was conducted for cohort studies and a meta-analysis was performed using inverse variance method.  
 
Results. Meta-analysis showed no significant effects (95% confidence intervals) for physical function or non-oncological 
complications. However, results showed trends towards higher physical function and non-oncological complications in 
patients with BR compared to NBR. QoL was reported in one study (QLQ-30: 70%). Majority of included studies were of 
low to moderate quality. 
 
Conclusion. BR may provide better physical function, but higher non-oncological complications compared to NBR. There 
was a lack of objective outcome measures used to assess physical function and minimal QoL reporting. The 
heterogeneity of studies makes it difficult to generalize results. Prospective multi-centered clinical trials assessing 
quantitative physical function and QoL are required to identify ideal approaches for individual patients. 
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A minimally invasive AORIF procedure for periacetabular osteolytic 
metastases in a prospective cohort of 56 patients: Local Cancer Control + 
Bone Biology + Biomechanics + Time-Related Bone Changes 
Francis Lee, Christopher Dussik, Dieter Lindskog, Gary  Friedlaender 

Yale University, United States 

Background. AORIF (RF Ablation - Balloon Osteoplasty - Reinforcement with zoledronate -loaded PMMA bone cement 
- Internal Fixation) is a first line minimally invasive percutaneous ambulatory procedure addressing 4 major dimensions 
of local cancer control, bone biology, biomechanical stability, and time-factors.  
 
Methods. This study details a single center prospective cohort investigation of 56 patients with osteolytic peri-
acetabular skeletal metastases with mean follow-up of 17 months up to 4 years or until death. The primary outcome of 
pain and functional ambulatory scores [Ranges: 1-2 (Bed-ridden); 3-4 (wheelchair); 5-7 (walker-cane); 8-10 (mild limp - 
recreational activities)] were assessed pre- and postoperatively. Any complications were evaluated.  
 
Results. Our cohort displayed universal outcome improvement by their first postoperative appointment at 2-4 weeks. 
Combined Pain and Ambulatory Function Score improved from 4.3 ± 2.4 to 7.7 ± 2.2 (p<0.001) without significant 
deterioration in patients without cachexia (Figs 1-2). VAS pain scores improved from 8.2 ± 2.0 to 2.3 ± 2.3 (p<0.001) and 
ECOG scores from 3.0 ± 1.0 to 1.5 ± 1.2 (p<0.001). No disintegration of the AORIF construct was observed. There were 
no surgical site infections, readmissions, or delays in oncologic care observed following AORIF. Two patients underwent 
simple hemiarthroplasty at 5 months and 22 months respectively. One patient underwent delayed hemiarthroplasty 
due to ipsilateral femoral neck fracture after life-saving chemotherapy for de novo breast cancer (Fig 3). Increased bone 
formation in the periacetabular defects were observed in most patients who survived beyond 1 year.  
 
Conclusions. AORIF is an effective, minimally invasive endoskeletal reconstruction method that represents a first-line 
alternative for the reconstruction of periacetabular metastatic bone defects with emphasis on local cancer control, 
improving local bone homeostasis, biomechanical stability, and time-related bone mass improvement. 
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Accuracy of MRI Scans in predicting intraarticular joint involvement in high-
grade sarcomas around the knee 
Vineet Kurisunkal, Guy Morris, Lee Jeys, Michael Parry 

Royal Orthopedic Hospital, Birmingham South, United Kingdom 

Introduction. Intraarticular (IA) tumors around the knee are treated with extra-articular (EA) resection which is 
associated with poor functional outcomes. We aim to evaluate the accuracy of MRI in predicting IA involvement around 
the knee.  
 
Materials and Methods. We identified 92 cases of high-grade sarcomas in or around the distal femur that underwent 
an EA resection from a prospectively maintained database. Suspicion of IA disease was noted in 72 cases, 11 had an 
intraarticular pathological fracture, 5 had knee effusion, 2 had a prior surgical intervention (curettage/intraarticular 
intervention), and 1 with an osseous metastasis in the proximal tibia. To ascertain validity, two musculoskeletal 
radiologists (R1, and R2) reviewed the preoperative imaging (MRI) of 63 consecutive cases on two occasions six weeks 
apart. The radiological criteria for intraarticular disease comprised evidence of tumor extension within the suprapatellar 
pouch, intercondylar notch, extension along medial/lateral retinaculum, and presence of an intraarticular fracture. The 
radiological predictions were then confirmed with final histopathology resection specimens.  
 
Results. The resection histology revealed 23 cases (36.5%) showing IA disease involvement compared to 40 cases 
without (62%). The Intraobserver variability of R1 was 0.88 (p < 0.001) compared to R2 with k =0.313 (p = 0.010). The 
interobserver variability was k =0.2455 (p-value = 0.014). Knee effusion was found to be the most sensitive indicator of 
IA involvement with a sensitivity of 91.3% but a specificity of only 35%. However, when combined with a pathological 
fracture this rose to 97.5% and 100% when the disease was visible in Hoffa’s fat pad.  
 
Conclusion. MRI imaging alone remains an unreliable and poorly reproducible method for determining IA tumor 
involvement and needs to be correlated with clinical signs. In light of our findings, we would recommend EA resections 
when imaging shows effusion combined with either disease in Hoffa’s fat pad or retinaculum or pathological fractures.  
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Exosomal miR-3164 derived from tumor associated fibroblasts promotes 
progression of osteosarcoma 
Chuangzhong Deng, Yanyang Xu, Hongmin Chen, Jing Wang
Musculoskeletal Oncology Dept. Sun Yat-sen University Cancer Center, Guangzhou, China 

Background. Osteosarcoma (OS) is the most common primary bone cancer in children and adolescents known for its 
poor prognosis due to lung metastasis. It has been shown that tumor associated fibroblast (TAF), key component of 
tumor microenvironment, plays a crucial role in the progression of OS. Therefore, it’s of great importance to identify 
the exact crosstalk mechanisms between TAFs and OS cells. 

Patients and Methods. Exosomes were isolated from conditioned medium and plasma of CRC patients using 
ultracentrifugation and ExoQuick Exosome Precipitation Solution kit. MicroRNA-seq was performed on plasma 
exosomes collected from treatment-naïve osteosarcoma patients and age-matched healthy donors (n=10). Lasso logistic 
analysis was used to identify potential functional exosomal miRNAs in osteosarcoma. MiRNA expression profiles of 
normal stromal cells and osteosarcoma cell lines were downloaded and processed from GEO databases. QPCR was used 
to verified the endogenous and exosomal levels of miR-3164 in osteosarcoma cell lines and primary cultured TAF.  
The internalization of exosomes was observed by immunofluorescence. Boyden chamber invasion, cell counting kit-8, 
plate colony formation, adhesion assay and tail vein injection were employed to explore the effect of conditioned 
medium or exosomes of TAFs and miR-3164 on invasion, proliferation, stemness, metastasis and chemotherapy 
resistance of osteosarcoma cells. RNA-seq and KEGG analysis were carried out to illustrate the pathway that miR-3164 
was involved in.  

Results. Exosomal miR-3164 is highly prevalent in the plasma of osteosarcoma patient. MiR-3164 is enriched in TAF- 
rather than osteosarcoma cell-derived exosomes. TAFs promote the proliferation, invasion, tumorigenesis and 
chemoresistance of osteosarcoma cells. Importantly, TAFs exert their roles by directly transferring exosomes to OS cells, 
leading to a significant increase of miR-3164 level in OS cells. Mechanically, increased expression of miR-3164 activates 
IL-17 pathway. Clinically, high infiltration of TAFs is significantly associated with poor response to neo-adjuvant 
chemotherapy.  

Conclusions. TAFs secreted exosomes promote metastasis and chemotherapy resistance of OS by transferring miR-
3164. Exosomal miR-3164 maybe a promising target for the prediction and treatment of chemotherapy resistance and 
lung metastasis in OS patients.  
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Impact of topography and added TiN-coating on adult human dermal 
fibroblast viability and proliferation after seeding on titanium surface in 
vitro 
Gregor Hauschild1, Arne Streitbürger2, Marcel Dudda3, Jendrik Hardes2, Marius Wahrenburg1 

1Clinic for Tumororthopedics - Experimental Orthopedics - University Hospital Essen, Essen, Germany, 2Clinic for 
Tumororthopedics - University Hospital Essen, Essen, Germany, 3Clinic for Trauma, Hand, and Reconstructive Surgery - 
University Hospital Essen, Essen, Germany 

Background. Complications of transcutaneous osseointegrated prosthetic systems (TOPS) focus on the metal-cutaneous 
interface at the stoma. Besides pain due to scare tissue as well as undefined neuropathic disorders, there is high 
evidence that the stoma presents the main risk causing hypergranulation and ascending infection. To restore the barrier 
function of the skin in this functional area, soft-tissue on- or in-growth providing a vital and mechanically stable bio-
artificial conjunction is considered a promising approach. In this study we assessed viability and proliferation of adult 
human dermal fibroblasts (HDFa) on topographic as well as additional coating modifications of a standard prosthetic 
titanium surface. 
 
Methods. Un-coated (Ti) as well as a titanium-nitrite (TiN) coated additive manufactured porous three-dimensional 
TiAl6V4 surface structures (EPORE®) were seeded with HDFa and compared to plain TiAl6V4 and polystyrene surfaces 
as control. Cell viability and proliferation were assessed at 24 hours and 7 days after seeding with a fluorescence-based 
live-dead assay including Z-stack analysis. Adhesion and cell morphology were analyzed by scanning electron microscopy 
(SEM) at the same measurement points. 
 
Results. Both the un-coated and TiN-coated EPORE® surface specifications revealed a homogenous cell distribution with 
flat and spreaded cell morphology forming filopodia on day 1 and day 7 of incubation. Proliferation and trend to 
confluence was seen on un-coated EPORE® surfaces with ongoing incubation but appeared substantially lower on the 
TiN-coated EPORE® specification. Overall while maintaining consistent viability compared to plain TiAl6V4 and 
polystyrene control surfaces, both EPORE® specifications did not reach the proliferation and confluence level provided 
by these. 
 
Conclusion. The EPORE® topography allows for fibroblast adhesion and viability in both standard TiAl6V4 and – to a 
minor degree - TiN-coated specifications as a proof of principle.  
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Serum Metal Ion Concentrations in the Setting of an Oncologic 
Endoprosthesis: Is There Cause for Concern? 
Matthew Houdek, Cody C.  Wyles, Cory G.  Couch, Peter S.  Rose, Daniel J. Berry, Hilal Maradit Kremers, David 
G.  Lewallen 

Mayo Clinic,United States 

Background. Multidisciplinary management consisting of surgery and chemotherapy has improved survival in patients 
with extremity bone sarcomas. Although chemotherapy is essential in survival, its use is associated with late 
complications including cardiomyopathy and renal failure. The use of an endoprosthesis has become the primary means 
for reconstruction following oncologic resection. Endoprosthesis are commonly made of cobalt and chromium (CoCr) 
alloy which can undergo wear and corrosion, releasing Co and Cr ions. Elevated serum levels of Co and Cr are associated 
with cardiac and renal toxicity, potentially potentiating renal and cardiac failure in this population. Currently there is a 
paucity of data examining the serum metal ion concentrations in patients with an endoprosthesis. The purpose of the 
current series was to evaluate the serum concentration of Co and Cr ions in patients with endoprosthesis. 
 
Methods. Serum Co and Cr samples were obtained from 24 (12 male:12 female) patients with a history of an 
endoprosthesis following an oncologic resection (Table 1). The mean age at surgery was 45±20 years and the mean time 
from surgery to the serum collection was 12±10 years. The most common diagnosis was osteosarcoma (n=11, 46%). 
Eighteen (75%) patients received chemotherapy. Implants were most commonly distal femoral replacements (n=15, 
63%). 
Reference ranges for the serum values included Co and Cr < 1 ppb. Risk stratification was based on the current American 
Association of Hip and Knee Surgeons and the American Academy of Orthopaedic Surgeons recommendations for low 
(<3 ppb), moderate (3-10 ppb) and high (>10 ppb) risk patients. 
 
Results. Co levels were elevated in 15 (63%) patients and Cr levels were elevated in 7 (35%). In patients with elevated 
serum ion values, the mean Co level was 9.6 (range 1.1-35) ppb and the mean Cr level was 5.9 (range 1.6-21.7) ppb. 
Based on the current recommendations for risk-stratification, 6 (25%) would be “low risk”, 4 (17%) would be “moderate 
risk” and 6 (25%) would be considered “high risk”. There was no difference in the time from implant placement to serum 
collection in patients with elevated serum metal ion values and those without elevated values (12±10 vs. 12±11 years, 
p=0.99). 
 
Conclusion. In certain patients with a modular endoprosthesis serum metal ion values are elevated. Currently there is 
a lack of data to guide clinicians on if metal-ion levels should be checked on patients with these implants and if these 
elevations impact the patient’s outcome. The results of the current study indicate that Co levels were elevated in many 
of these patients, with over 40% of patients being at least “moderate risk” for complications. Further studies are needed 
to determine if these ion levels change over time and if these serum ion levels lead to cardiac and renal complications. 
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Patient engagement in sarcoma research: benefits, challenges, 
importance, and implications 
Caitlyn Ivany1, Tess Hudson1, Patricia Schneider1, Michelle Ghert1, David Slawaska-Eng2 

1McMaster University, Hamilton, Canada, 2MD, FRCSC 

Background. Patient engagement can be described as the active participation of patients in research in collaboration 
with a research team or healthcare provider. This approach has begun to reshape the thought process behind 
conducting research with the aim of maximizing the relevance of findings for patients. Past literature has outlined some 
benefits and challenges of patient engagement, however, there is a lack of current knowledge surrounding these issues 
in sarcoma research. 
 
Methods. This study utilized a mixed model design comprised of qualitative data collected from a focus group discussion 
and quantitative data collected from a survey. The focus group consisted of sarcoma patients who serve as patient 
advisors in a larger Patient-Centered Research Advisory Group which assists with the design, implementation, and 
dissemination of the Surveillance AFter Extremity Tumor surgerY (SAFETY) randomized controlled trial. A semi-
structured focus group guide was used to prompt the patient advisors to evaluate and provide feedback on the current 
ten-step SAFETY trial patient engagement plan. The survey component was distributed to the Centre for Evidence-Based 
Orthopaedics Musculoskeletal Oncology research team at McMaster University. This survey involved multiple choice, 
short answer, and Likert-type questions surrounding the benefits, challenges, and implications of patient engagement 
as well as questions prompting the evaluation of current patient engagement efforts in the SAFETY Trial. 
 
Results. Results showed that sarcoma patients value the opportunity to contribute to research and support future 
patients. Being a patient advisor also creates a sense of community and fosters support through building connections 
and communicating with other patients. One challenge noted from the patient perspective was a lack of background 
knowledge in scientific research resulting in a lack of understanding of study components and steps of the engagement 
plan. Members of the sarcoma research team noted that patient engagement is important for the study of patient 
relevant topics and provides insight into the improvement of patient care. However, an added challenge is the lack of 
current guidance surrounding the implementation of patient engagement in sarcoma research.  
 
Conclusion. In conclusion, despite associated challenges, patient engagement is valuable to both sarcoma patients and 
researchers. Patient engagement aims to emphasize the patient’s journey by involving patients in each step of the 
research continuum. This process enhances the study design and increases the relevancy of study findings for patients. 
The findings of this study emphasize the potential value of sarcoma patient engagement while also highlighting the need 
for further research into best practices for the implementation of sarcoma patient engagement efforts. 
 
  

142



 

OP11.5 

Tumor microenvironment induces alternative lengthening of telomere 
(ALT) activation via RAD52 during immortalization of MPNST 
Seung Hyun Kim1, Jungwoo Lee2, Eunji Choi2, HyoJu Kim2, Young-Joon Kim2 

1Severance Hospital, Yonsei University College of Medicine, Seoul, South Korea, 2Interdisciplinary Program of Integrated 
OMICS for Biomedical Science, The Graduate School, Yonsei University, Seoul, South Korea 

Purpose. A hallmark of complete oncogenesis is achieving cellular immortalization, which is implemented by telomere 
maintenance mechanism (TMM). The purpose of this study is to evaluate the trigger signal for TMM activation. 

Method. Neurofibroma (NF, a benign tumor) and malignant peripheral nerve sheath tumor (MPNST, a malignant tumor) 
associated with neurofibromatosis type 1 (NF-1) were compared as 21 pairs from 21 patients, where each NF-MPNST 
pair shared an identical genetic background and differentiation lineage and the changes that occurred during cellular 
transformation to overcome the Hayflick limit were structurally subtracted, since MPNST occurs in a preexisting NF. We 
analyzed 21 NF-MPNST pairs from 21 patients, who underwent both whole genome sequencing (WGS) for measuring 
telomere length and whole transcriptome sequencing (WTS) for monitoring whole genome-wide gene expression 
profiles. We analyzed transcriptional relationships of TMM-associated genes and their interaction effects on telomere 
length. Linear regression (LR) analysis was used to correlate gene transcripts, and Benjamini-Hochberg adjustments 
were also performed for false-positive control. Generalized linear model (GLM) was used to analyze whether 
interactions between each pair of gene transcripts affected telomere length. 

Result. There was no difference in telomere length between NFs and MPNSTs, suggesting that MPNTs overcome 
replicative senescence (immortalization). 22 differently expressed genes (DEGs) were identified during immortalization. 
We analyzed the relationship between these DEGs and PAX genes, as the PAX gene play an important role in oncogenesis 
in neural tissue. NELL2 activated PAX7 and positively exerted an interactive effect on telomere. SORBS1 inhibited PAX5 
and positively exerted an interactive effect on telomere. In turn, PAX7 activated RAD52 and SLX4IP with positive effect 
on telomere and PAX5 activated FANCM with positive effect on telomere. Furthermore, PAX7 interacted with PAX4 and 
PAXIP1 to activate CHEK1, RAD9B, BRCA2, EXO1, and FEN1, leading to RAD52-mediated ALT pathway activation. Unlike 
RAD52, RAD51 was only activated by H2AFX, a DNA damage signal. 
To identify the upstream of NELL2 and SORBS1, we analyzed their relationship with neural signaling pathways and found 
that MEGF11 activates NELL2 to complete the MEGF11-NELL2-PAX7-RAD52 pathway. ALT is primarily mediated by two 
recombinases, RAD51 and RAD52. Our data clarified that RAD51-mediated ALT was activated by intracellular DNA 
damage signal, whereas RAD52-mediated ALT was activated by extracelluar signal triggered in the tumor 
microenvironment. 

Conclusion. Our results provide insight for new triggering point for TMM activation, tumor microenvironment beyond 
DNA damage and differentiating RAD52-mediated ALT activation from RAD51-mediated. 
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Comprehensive Molecular Characterization of Osteosarcoma in Chinese 
Patients 
Weifeng Liu, Yaping Li, Zhen Huang, Yi Ding, Tao Jin, Yang Sun, Yanrui Zhang, Xiaohui Niu 
Beijing Ji Shui Tan Hospital, Peking University, Beijing, China 

Background. Osteosarcoma (OS) is the most common primary bone tumor in children. The five-year survival rate is 
approximately 20% for those with relapsed or metastatic disease. Osteosarcoma is characterized by complex genetic 
features and mysterious biological behavior. Genomic technologies are starting to give more insights. However, recent 
investigations have focused on patients with advanced or metastatic disease. In addition, reports on the molecular 
characterization of Chinese OS patients are limited. This study intended to   comprehensively evaluate the genetic 
landscape among the large OS patients in China and further explore potential therapeutic opportunities. 
 
Method. This study conducted in-depth genomic profiling in a cohort of 79 OS patients. targeted sequencing of primary 
tumors with matched normal tissues/ white blood cells were performed. Sequencing data were analyzed to call tumor-
specific single nucleotide variants (SNV), small insertions and deletions (Indels), and copy number variations (CNV) of 
up to 808 genes. DNA damage repair (DDR) gene mutations were analyzed. 
 
Results. Of the 79 patients, the median age was 19 (range 5-64), 10.1% (8/79) were recurrence, and 58.2% (46/79) were 
metastasis. For the SNV and Indels characteristic in OS, we found the clinically functional variants mutations genes were 
identified from 57 out of 79 (72%) patients. The most common mutations were observed in TP53(14%), ATRX (9%), 
LRP1B (6%), KMT2D (5%), NCOR1(4%), APC (3%) genes. Among the entire cohort, 32 patients (43%) had detected CNV 
alteration, which was the most frequently detected in NCOR1(22%), RB1(16%), CCND3(12%), FLCN (12%), MLH1(12%), 
MYC (12%), VEGFA (12%). DDR genes mutations in therapeutically relevant alterations were observed in 37 patients 
(47%), including ATRX (9%), CCND3(5%), MLH1(4%), CDKN2A (4%), FANCE (4%), BCRA1(3%). Patients with alterations in 
DDR genes were reported sensitive to platinum-based chemotherapy and PARP inhibitors. 
 
Conclusions. This study improves our understanding of the molecular characterization in OS. Further, we identified 47% 
of OS pts with DDR genes mutation that may benefit from PARPi and platinum-based chemotherapy. Thus, Specific 
genetic alterations indicate personalized managing strategies, requiring clinicians to refer appropriate patients for 
genetic testing. 
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Histologic mapping of bacterial infection in an established PJI cemented 
hemiarthroplasty hip rat model at acute and chronic stages 
Hesham Abdelbary, Mariam Taha, Mazen Ibrahim, Joel Werier 

The Ottawa Hospital, Ottawa, Canada 

Background. PJI is a challenge that continue to face arthroplasty surgeons today. Developing a reproducible animal 
model that is clinically relevant is a critical step towards developing new therapeutics for PJI. This step is not well 
presented in the literature.  
 
Research questions. 1) Can bacterial spread be histologically mapped at acute and chronic stages. 2) What are the 
histologic features of infected peri-implant tissues at acute and chronic stages. These two questions will be addressed 
for the femoral and acetabular sides.   
 
Methods. Using Sprague-Dawley rats we performed a left hip cemented hemiarthroplasty via a posterior approach. A 
total of 6 rats were included in the study, with six being used for the control group and six for the infected group. In the 
infection cohort, the hip joint was inoculated with 5x109 CFU/mL of S. aureus Xen36 prior to closure of the capsule at 
the time of surgery. Three rats were sacrificed at 3 days post infection and three rats were sacrificed at 13 days post 
infection. The femurs and acetabula were harvested at euthanasia and were analyzed histologically. Hematoxylin and 
eosin (H&E) and Masson’s trichrome (MT) stains were utilized to assess polymorphonuclear cells (PMN) and fibrosis. 
Immunohistochemistry (IHC) were used to localize S. aureus and osteoclasts within femur and acetabulum tissues. 
 
Results. Histological analysis revealed significant differences between 3 days (acute) and 13 days (chronic) infection 
time points. The chronic infection group showed significantly increased PMN counts, osteoclastic activity as well as 
tissue fibrosis on the femoral and acetabular sides. These histologic changes resemble changes seen in chronic PJI in the 
clinical setting. On the acetabular, IHC demonstrated the bacterial spread starting within the cotyloid fossa at 3 days, 
and progressing deep within the periacetabular cancellous bone at 13 days. 
 
Conclusion. In order to address gaps in OJI knowledge, we have designed a clinically relevant PJI hip model in Sprague-
Dawley rats using cemented 3D-printed titanium hip implants and performed a detailed histologic analysis of peri-
implant tissue at acute and chronic stages of infection. This model can provide insight into why certain surgical strategies 
like debridement, antibiotics and implant retention may be associated with high failure rates in hemiarthroplasty. 
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Giant Cell Tumor of Bone: Multicenter Epidemiological Study in Brazil 
Ricardo Becker1, Carlos Galia1, Julie Santos2, Bruno Antunes1, Eduardo  Toller3, André  Baptista4, Edgard Engel5, 
Glauco Mello6, Marcelo  Ribeiro7, Osvaldo  Serafini8, Alexandre David9, Adonai Barreto10, Marcos Nunes11, Suely  
Nakagawa12, Fernando Brasil13, Alex Guedes14, Roberto  Vasconcelos15, Fabio Pinto16, Gustavo Gil17 
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Camargo Cancer Center, São Paulo, Sao Paulo, Brazil, 13Hospital Ophir Loyola, Belém, Brazil, 14Hospital Santa Izabel, 
Salvador, Brazil, 15Instituto Nacional do Câncer (INCA), Rio de Janeiro, Brazil, 16Universidade do Estado de Sao Paulo - 
UNESP, Botucatu, Brazil, 17Hospital Pompéia, Caxias do Sul, Caxias do Sul, Brazil 

Background. Giant cell tumor (GCT) is a benign bone tumor with a potentially aggressive behavior that most commonly 
affects the epiphyses of long bones in young adults. Although benign, GCT may compromise bone stock and limit joint 
function. Surgery is the treatment of choice in most cases, with the tumor being removed by wide resection or 
intralesional curettage. The high local recurrence rate is of concern, especially in patients treated with curettage. This 
study aims to determine the patient and tumor characteristics, the management practices and outcomes in an emerging 
economy health care system serving a very large human population in different geographic regions. Findings could help 
redirect financial and human resources to improve outcomes. 
Methods. We included 643 patients with a diagnosis of GCT treated from 1989 to 2021 at 16 referral centers in Brazil. 
The study was approved by the ethics committees of all participating centers and coordinated by the principal author 
of this abstract. We retrospectively reviewed the patient's medical records and analyzed general characteristics of the 
tumor and the patients and the prevalence of local recurrence, metastases, and death according to the historical 
evolution in a period of 30 years (1989-2003, 2004-2008, 2009-2013, 2014-2018, 2019-2021). Possible differences 
regarding the above variables were also analyzed according to the geopolitical regions (South, Southeast, North, 
Northeast) inside the country.  
Results. Patients with a diagnosis of GCTB had pulmonary metastases in 5.1% (n=33) of cases, and pathological fractures 
in 14.3% (n=92). The local recurrence rate was 17.7% (n=114) in primary resection. Tumors located in the distal radius 
and sacrum showed a higher prevalence of local recurrence. The analysis according to the time periods showed that 
between 1989 and 2003 (older group) there was a higher prevalence of local recurrence (39.1%; p<0.01), death (4.3%; 
p=0.501) and lower use of PMMA (76%;p=0.412) for filling. Lower income regions, such as the North and Northeast, 
showed, respectively, high rates of lung metastases (12.1%; p=0.009) and Campanacci III tumors (88.9%; p=0.013). 
Likewise, the North region had higher rates of pathological fractures (33.3%; p=0.103), en bloc surgeries (61.1%; 
p<0.001)) and amputations (27.8%;p<0.001). Finally, there was a longer interval between tumor diagnosis and primary 
surgery in the Northeast and North regions (36 and 39 days) compared to the South and Southeast regions (27 and 33 
days) (median p25-p75). 
Conclusions. We identified discrepancies in outcomes changing over time, probably related to technological advances 
and knowledge acquisition in the treatment of GCTB. Along the same lines, we found tumor characteristics that could 
worsen outcomes specifically in less developed regions within the country. Despite the survey limitations, this finding 
should be used, together with the responsible public entities, to improve access to orthopedic and oncological care in 
structurally and economically disadvantaged regions. 
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Muscoloskeletal geriatric oncology: do we have to change our approach in 
elderly patients? Preliminary results of a retrospective study 
Michele Boffano1, Pietro Pellegrino1, Nicola Ratto1, Elena Boux1, Andrea Ferro1, Stefano Marone1, Ugo 
Albertini1, Leoluca Castro2, Anna Santoro2, Valeria Airaudi2, Raimondo Piana1 

1Orthopedic Oncology AOU Città Della Salute E Della Scienza, Torino, Italy, 2Anesthesiology Dept AOU Città Della Salute E 
Della Scienza, Torino, Italy 

Background. Nowadays people are getting older and survive from and live with several diseases. Soft tissue sarcomas 
(STSs) and metastases are more frequent advancing the age. The aim of the study is to evaluate whether we change (or 
should change) the clinical approach in patients over 75 years old.  
  
Methods. Among 314 patients over 75 years with malignant tumors treated in an orthopedic oncology reference centre 
in the period 2017-2021 we selected 100 patients treated in the years 2017-2018 (age range 75-95). We evaluated 
diagnosis, survival, hospital stay length, complication rate, retrospective identification of frail conditions. 
 
Results. Patients were divided in 3 groups: 10 bone sarcomas (5 were biopsied and received no surgery), 58 STSs (7 no 
surgery), 32 metastases (20 no surgery).  Mortality was higher in metastatic patients undergoing surgery (100% vs 85%), 
in STSs patients after surgery mortality was 45% (vs 100%) with a mean survival of 27 months, in bone sarcomas patients 
after surgery mortality was 40% (vs 60%). Average hospital stay for surgery was 17 days for metastases and bone 
sarcomas, 24 days for STSs. Most frequent complications after surgery were wound healing delay or wound infection 
(13) and deep vein thrombosis (4), major complications occurred: heart failure, acute kidney failure, pneumonia (1 
each). 47 patients were retrospectively evaluated as frail patients. 
 
Conclusion. The age itself does not represent a contraindication for surgery or other oncologic treatments. Surgery can 
improve survival in STSs and bone sarcomas, but it is not free from complications. Complications can affect the hospital 
stay and decrease overall conditions. Frail patients should be identified before inpatient to evaluate if they can benefit 
from oncologic treatments. A cognitive evaluation before and after treatment is desirable. Quality of life and quality of 
death should be considered at first in elderly patients because most of them have comorbidities more severe than the 
oncologic disease. High attention should be focused on family and caregivers (if present) looking for consensus and 
collaboration. A multidisciplinary approach is fundamental to decide the best therapeutic strategy. 
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Analysis of Negative reviews of Orthopedic Oncology Surgeons: A Review of 
Healthgrades, Vitals, and Google 
Leeann Qubain1, Evan Richman2, Vincent Eaton2, Joseph Brinkman3, Krista Goulding3 

1University of Arizona College of Medicine – Phoenix, Phoenix, United States, 2Creighton University School of Medicine – 
Phoenix Regional Campus, Phoenix, United States, 3Department of Orthopedic Surgery - Mayo Clinic Arizona, Phoenix, United 
States 

Background. Physician review websites (PRWs) are increasing in usage and popularity. Our purpose is to characterize one-
star reviews of orthopedic oncology surgeons to understand factors of healthcare contributing to patient satisfaction.  
  
Methods. Orthopedic oncology surgeons were randomly selected from the Musculoskeletal Tumor Society. A search for 
one-star reviews was performed on Google Reviews, Healthgrades, and Vitals.com. Reviews were classified as clinical or 
nonclinical. Statistical analyses were performed regarding frequency of reviews and complaints for each category.  
  
Results. Of the 7,733 reviews discovered, 908 (11.7%) were identified as one-star reviews. Of 907 usable complaints, 362 
(40.8%) were clinical and 545 (59.2%) were non-clinical. Most common non-clinical complaints included bedside manner 
(65%) and limited time with providers (19%). Most common clinical complaints included complication (26%) and 
disagreement with treatment plan (26%). There were 120 surgical and 221 non-surgical reviews. Surgical patients had a 
higher rate of clinical complaints. Non-surgical patients had a higher rate of total complaints. 
  
Conclusion. To our knowledge, this is the first study examining PRWs regarding orthopedic oncology surgeons. Most one-
star reviews were due to non-clinical complaints from nonsurgical patients. Most common factors: bedside manner, 
limited time with provider, phone communication issues, and rude/unprofessional conduct. 
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Photoacoustic Microscopy of Undecalcified Bone 
Rui Cao3, Brooke Crawford1, Scott Nelson2, Yu Liang4, Yilin  Luo3, Lihong Wang3 

1Orthopaedic Surgery, University of Miami, Miami, United States, 2Orthopaedic Surgery and Pathology, UCLA, Los Angeles, 
United States, 3School of Engineering, California Institute of Technology, Pasadena, United States, 4Pathology, City of Hope 
Cancer Center, Duarte, United States 

Background. Bone tissue is difficult to process for pathologic analysis. The calcification prevents smooth slicing of the 
tissue, and decalcification takes days. Intra-operative margin status is thus limited to soft tissue margins. Orthopaedic 
oncologists have addressed this issue by taking wider bone margins in bony sarcomas, the standard being 2cm from the 
tumor. Two centimeters in multiple directions can cause significant functional morbidity. Negative margins as close as 
2mm have been shown to have similar positive outcomes to wider margins for soft tissue sarcoma; this data has not been 
confirmed in bone. A possible solution is photoacoustic imaging, which involves a short laser pulse into tissue, with an 
ultrasound transducer detecting the reflective heat-induced pressure-wave that propagates in tissue as an ultrasonic 
wave. An image is produced from the original optical energy deposition inside the tissue. It has been applied to breast 
cancer tissue as an alternative to frozen and permanent section; images are nearly identical to pathology slides obtained 
with normal processing. This proof-of-concept project is to determine whether photoacoustic imaging is a viable modality 
in calcified bone specimens. 

Methods. Harvested bone sarcoma specimens were obtained through an institutional tissue repository IRB. The capability 
of this label-free contour-scan photoacoustic microscopy (PAM) system was demonstrated by imaging undecalcified thick 
bone (>1cm) with rough surfaces. Both undecalcified and decalcified bone were imaged by UV-PAM and compared with 
gold-standard hematoxylin and eosin (H&E) stained scanned images to validate the PAM results. Bone PAM images were 
converted into pseudo-color virtual histology images, allowing the pathologist to identify the cancerous features. 

Results. 3D contour scanning with PAM was successfully used to image thick, undecalcified normal bone, creating 
recognizable bone architecture (Fig 1). Although this capability is invaluable, historically undecalcified specimens are done 
for metabolic bone disease rather than bone tumors, so no strong comparison for the pathologic bone exists. However, 
visible differences were apparent in these images (Fig 1). For gold standard comparison, specimens with low-density 
calcification were obtained and H&E slides were created. High-resolution photographs were taken and compared to 
photoacoustic images, matching the magnification. A well-known sarcoma pathologist examined the PAM images and 
was able to distinguish normal from pathologic bone (Fig 2).   

Conclusions. Our results indicate that photoacoustic microscopy is a valid option for imaging undecalcified bone. The 3D 
contouring allowed direct imaging of thick, hard specimens with a rough surface without prior knowledge of the surface 
contour. Furthermore, we compared PAM images to undecalcified H&E specimens and distinguished pathologic bone (Fig 
2). This study serves as proof of concept for this modality, and more refinement of the process and further studies are 
needed to verify these results. 

150



 

 
 

 

 

OP11.12 

Intrawound Vancomycin Powder Does Not Alter in vivo Titanium 
Osseointegration in a Murine Model of Joint Arthroplasty 
Nicholas Peterson, Christopher Hamad, Zeinab Mamouei, Joseph Kendal, Christopher Hart, Rahul Sobti, Jack 
Pearce, Parsa Asachi, Nicholas Bernthal 
Department of Orthopaedic Surgery, University of California, Los Angeles, Santa Monica, United States 

Background. Intrawound vancomycin powder is commonly used to prevent the development of superficial and deep 
wound infections in orthopaedic oncology. Investigators have demonstrated in vitro that vancomycin is cytotoxic to host 
cells required for healing such as osteoblasts, fibroblasts, myocytes, and endothelial cells. This data has generated 
concerns that the potential benefit of mitigating infection using vancomycin powder may not be worth the risk of 
perturbing biologic stability of orthopedic implants. There is a paucity of in vivo studies investigating the impact of 
vancomycin on osseointegration. The concern of impaired osseointegration is particularly relevant in the orthopaedic 
oncology population who may have diminished wound healing due to systemic illness and the use of chemotherapy. We 
aim to provide in vivo functional data to determine if intrawound vancomycin powder affects early or late biologic stability 
of a titanium implant in a murine model of joint arthroplasty. 
 
Methods. A 6 x 0.8mm titanium pin was implanted retrograde into the distal femur of 10-week-old C57BL/6 mice. Mice 
were randomized to receive 4mg of intrawound vancomycin prior to wound closure (1g equivalent in humans). Animals 
were sacrificed at 2 and 4 weeks, and femurs were disarticulated, removed, and cleaned of all soft tissue. There were 5 
mice in each group at each time point (N=20). Femurs were embedded in a resin block with the distal aspect exposed for 
“push-in” testing. An Instron hydraulic press was calibrated and used to quantify the force necessary to “push-in” the 
titanium implant, effectively disrupting the bone-implant interface. Peak values were recorded for each implant from 
curves in Figure 1.  
 
Results. Despite a small reduction in “push-in” force in the vancomycin treated group, there was no statistical difference 
at 2 weeks for control (21.4N) and vancomycin (16.9N) treated animals (p=0.6) (Figure 2). At 4 weeks, there was no 
difference in average “push-in” forces in control (36.4N) and vancomycin (36.2N) groups (p=0.9) (Figure 2).  
 
Conclusion. Investigators have demonstrated that vancomycin causes toxicity in vitro at concentrations used for 
intrawound application. In this murine model of titanium osseointegration, intra-wound vancomycin powder did not have 
a significant effect on osseointegration at 2 or 4 weeks post-operatively, as assessed by push-in force required for 
disruption of the bone-implant interface. 
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Low Dose Aspirin for VTE Prophylaxis Results in Lower Rates of 
Periprosthetic Joint Infection After Total Joint Arthroplasty 
Farideh Najafi2, Joseph Kendal2, Nicholas Peterson2, Kerri-Anne Ciesielka1, Camilo Restrepo1, Javad Parvizi1, 
Nicholas Bernthal2 

1Department of Orthopedic Surgery, Rothman Institute, Thomas Jefferson University, Philadelphia, United States, 
2Department of Orthopaedic Surgery, University of California, Los Angeles, Santa Monica, United States 

Ιntroduction. Aspirin (ASA) is increasingly used by orthopaedic surgeons as post-operative venous thromboembolism 
(VTE) prophylaxis. However, there is no consensus on its role and dosage after orthopaedic oncologic surgery. In vitro 
studies have demonstrated an anti-staphylococcal effect at specific dose ranges. Optimal ASA dosage would facilitate 
antimicrobial effects while avoiding over-aggressive inhibition of platelet antimicrobial function. Our purpose was to 
determine the rate of prosthetic joint infection (PJI) after TJA in patients receiving low-dose ASA (81mg bid), in comparison 
to high-dose ASA (325mg bid). 
 
Μethods. We conducted a retrospective cohort study between 2008 and 2020. Eligible patients were older than 18 years, 
undergoing primary TJA, had a minimum follow-up of 30 days and received a full course of ASA post-operatively as VTE 
prophylaxis. Patients’ records were 
reviewed for PJI, according to MSIS criteria. Entries were excluded if patients underwent a revision arthroplasty, had a 
previous history of coagulopathy or ASA regimen was not completed. 
 
Results. In total, 15,825 patients were identified, 8,761 patients received low-dose ASA, and 7,064 patients received high-
dose ASA. More patients in the low-dose ASA cohort had a history of diabetes mellitus (7.1% vs. 2.53%, p <0.001). Patients 
receiving high-dose ASA had a higher rate of PJI vs. patients receiving low-dose ASA (0.35% vs. 0.10%, p = 0.001). This 
relationship was maintained when comparing subgroups comprising TKA (0.32% vs. 0.06%, p = 0.019) or THA (0.38% vs. 
0.14%, p = 0.035) solely, and accounting for potentially confounding demographic variables (OR 3.37, 95% CI 1.58 - 8.04, 
p = 0.003). There were no statistically significant differences in rates of post-operative MI, CVA, GI ulceration or 
hemorrhage. ROC/AUC analysis of platelet count as a variable for the development of PJI in both cohorts revealed no 
significant association. 
 
Conclusion. When comparing low-dose to high-dose ASA as VTE prophylaxis, low dose ASA had a lower rate of PJI. This 
may be attributable to a balance of the anti-infective properties of ASA, and anti-platelet effects. The dose-dependent 
effect may be translatable to the orthopaedic oncologic population; however, more studies are needed to determine 
ASA's effectiveness and suitable dose for this group. 
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3D-printed custom-made prosthetic reconstructions: the experience of 
University of Padova in 33 patients 
Andrea Angelini, Giulia Trovarelli, Antonio Berizzi, Elisa Pala, Pietro Ruggieri 
Department of Orthopedics and Orthopedic Oncology, University of Padova, Padova, Italy 

Background. Three-dimensional (3D) printing is an emerging technology used in numerous medical fields in the last 
decades. Reconstruction of large bone defects after tumor resections or complex revision surgeries is challenging 
especially in specific sites where modular prostheses are not available. Purposes of our study were to evaluate 1) 
indications and designs of 3D-printed prostheses for complex bone reconstructions; 2) complications rate considering 
site (3) oncologic and functional outcomes at mid-term follow-up 
 
Methods. We analyzed patients in whom a custom-made 3D printed prosthesis was used after resection for a bone 
tumor or in challenging revision surgery from 2016 to 2021 in a referral center. Thirty-three patients (11 males [33%]) 
with a mean age of 41 years (range, 10-78 years) were included. Eleven were non-oncologic patients, whereas in the 
remaining cases chondrosarcoma was the predominant diagnosis (n=7 [32%]), followed by osteosarcoma (4). Custom-
made 3D printed prostheses were used in pelvis (21), forearm (6), scapula (2), distal tibia (2), calcaneus (1) and femoral 
diaphysis (1). Reconstruction included articular replacement in 24 cases (72%), whereas a combined spinopelvic implant 
has been used in 5 cases.  
 
Results. The mean follow-up was 20 months. In the oncologic group, 16 patients (72%) were disease-free (4 after 
treatment of relapse), three were alive with disease (13%) and three died with disease (13%). Overall survival was 89% 
at 5 years follow-up. Overall complication rate was 32% (13 complications in 7/41 patients), mainly wound related 
problems, but none had infection that required implant removal. One patient reported a periprosthetic fracture, one 
had hip dislocation and four had local recurrence. None of the follow factors (site, pathologic fracture, adjuvant 
treatments, primary/revision implants) significantly affect overall survival and survival to complication at both 
univariate and multivariate analysis. Mean MSTS score at final follow-up was 73% (range, 23%-100%).  
 
Conclusions. Custom-made 3D printed prostheses represent at today a promising reconstructive technique, maintaining 
however the correct indications for their use in musculoskeletal oncology and challenging revision surgery. 
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Modular tumor Mutars megaprostheses: a long-term experience in 187 
cases. 
Elisa Pala, Giulia Trovarelli, Andrea Angelini, Antonio Berizzi, Pietro Ruggieri 
Department of Orthopedics and Orthopedic Oncology, University of Padova, Italy, Padova, Italy 

Background. After bone tumor resection, reconstruction with modular megaprostheses have widely replaced allografts. 
Long term survival and functional results were good with different types of modular however implant failures remain 
high. Aim of this study was to analyze outcomes, survival of the implants, incidence and types of complications with 
Mutars modular endoprostheses at long term. 

Methods. Between 2000 and 2019, 187 Mutars modular prostheses were implanted in two dedicated Centers after 
resection of bone tumor or in some selected non oncologic cases. There overall series included 100 male and 87 female 
with a mean age of 53 years (4 - 89 years). Diagnoses were: 52 metastatic diseases; 107 malignant bone tumors, 13 
Lymphomas/Myelomas; 8 giant cell tumors; 7 non oncologic cases. Sites of reconstruction included 72 upper limbs and 
115 lower limbs reconstructions: 44 proximal humerus (30 reverse total shoulder prostheses and 14 anatomic proximal 
humerus prostheses), 6 total humerus, 20 distal humerus, 2 proximal ulna, 35 proximal femurs, 3 total femurs, 58 distal 
femurs, 4 combined distal femur-proximal tibia, 15 proximal tibia. Silver coated prostheses were used in 118 (63%) 
cases. 

Results. Overall survival of patients was 58% and 54% at 5 and 10 years respectively. According to Henderson et al. 
classification, there were 22 mechanical failures and 22 non-mechanical failures. The overall implant survival to all types 
of failure was 68% and 52% at 5 and 10 years respectively. Major complications requiring implant removal (infections, 
aseptic loosening and breakage) occurred in 11.7% (22/187); implant survival to major complications was 82% and 63% 
at 5 and 10 years respectively.  At last follow up, 76.5% of patients have not complications of the implant. The overall 
failure rate was 23.5% at a mean of 1.7 years. Infection was the most common mode of failure with an incidence of 
6.9%. Implant survival to infection was better for silver-coated implants than for standard implants even if with no 
significant difference (p = 0.56). Functional results were satisfactory in 97% of patients.  

Conclusions. The long-term survival with Mutars prosthesis were satisfactory. The incidence of complications with 
Mutars prosthesis is comparable with other types of tumor prosthesis. The most frequent cause of failure was infection 
with a lower incidence in silver-coated prostheses. The silver-coating seems to be particularly useful in two-stage 
revisions with a lower incidence of secondary amputation. In higher risk patients, silver-coated prostheses are the 
preferable choice for the reduction of the re-infection rate. The functional results of Mutars prostheses were excellent 
or good in most of cases.

154



 

OP12.3 

Proximal Femur replacement with a modular prosthesis. Retrospective 
study of 96 patients 
Ioannis Trikoupis, Anastasios Roustemis, Dimitra Melissaridou, Panagiotis Gavriil, Olga Savvidou, Vasileios 
Kontogeorgakos, Panayiotis Papagelopoulos 

National And Kapodistrian University of Athens, Athens, Greece 

Background. Malignant tumors of the proximal femur require wide resection and reconstruction. Today, development 
of biomaterials and modular endoprostheses enables limb salvage and restores function. 

Objectives. The aim of this study was to present the functional and oncological outcome and complications of 
endoprosthetic reconstruction of proximal femur after bone tumor resection. 

Design & Methods. Since 2000, 96 patients underwent prosthetic reconstruction of proximal femur in our department. 
The mean age was 42 years old (12-79 years). Forty-two patients were diagnosed with chondrosarcoma, 25 with 
metastatic disease, 17 Ewing sarcoma and 12 with osteosarcoma. The average follow-up time was 48 months (6 months-
17 years). For the evaluation of function, MSTS score was used and the complications were classified based on 
Henderson Classification System. 
Results: At the latest follow up, the mean MSTS score was 70%. The complication rate was 15.5% (15 patients). Based 
on Henderson classification system. complications included loosening (type 2) in 7 patients (46%), infection (type 4) in 
5 patients (33%) and local recurrence (type 5) in 3 patients (20%). There were no implant failures (type 3). Twelve 
patients underwent revision surgery and 3 were amputated. The mean MSTS functional score of the patients was 23 
points (range 7–30 points); The 5-year survival rate of the prosthesis was 87%. 

Conclusion. Prosthetic reconstruction of proximal femur in patients with musculoskeletal tumors enables limb salvage, 
with good oncological and functional outcome. Despite the high complication rate, megaprostheses are a valuable 
reconstruction option after tumor resection of the proximal femur. 
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Alomesen4 

1Department of Surgery, University of the East Ramon Magsaysay Memorial Medical Center, Doña Imelda, Quezon City, 
Philippines, 2Department of Orthopaedics, East Avenue Medical Center, Quezon City, Philippines, 3Department of 
Pathology, University of the East Ramon Magsaysay Memorial Medical Center, Doña Imelda, Quezon City, Philippines, 
4Department of Pathology, East Avenue Medical Center, Diliman, Quezon City, Philippines 

Background. The authors report on an extremely rare case of skeletal muscle metastasis from primary lung cancer that 
involved the radial nerve and humerus, which was ‘over- treated’ with wide tumor resection and frozen autograft 
reconstruction upon misdiagnosis of sarcoma by intraoperative frozen section, amid pressure of expediting hospital 
care in a low-resource setting during the coronavirus disease (COVID-19) pandemic. 
Case presentation. A 61-year-old male living outside Metro Manila presented with painful mass in his left distal arm 
during the enhanced community quarantine and requested admission upon testing negative for COVID-19. Imaging 
studies suggested a diagnosis of soft tissue sarcoma involving the radial nerve and humerus and intending to prevent 
nosocomial severe acute respiratory syndrome coronavirus 2 infection of patient, treatment was expedited by foregoing 
biopsy and opting for intraoperative frozen section prior to resection. Frozen section findings suggested malignancy 
intraoperatively, and surgical team proceeded with wide tumour resection and frozen autograft reconstruction of the 
humerus using plates and screws. However, permanent sections revealed meta- static carcinoma from primary non-
small cell lung cancer, with positron emission tomography (PET) scan confirming lung mass in the right apical lobe. 
Conclusion. The report concludes that establishment of a definite tumor diagnosis by final histopathological analysis is 
indispensable, even when planning for emergent surgery in the time of the COVID-19 pandemic. 

Keywords. lung cancer, COVID-19, skeletal muscle metastasis, biopsy, sarcoma, frozen auto-graft reconstruction 
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Intramedullary Distance between Osteosarcoma and Osteotomy site for 
the Safe Margin in the wide excision of Limb Salvage Surgery 
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1Seoul National University Hospital, 101 Daehak-ro Jongno-gu, Seoul 03080, South Korea, 2Seoul National University 
School of Medicine, 101 Daehak-ro Jongno-gu, Seoul 03080, South Korea, 3Department of Orthopaedic Surgery, Seoul 
National University Bundang Hospital, 82, Gumi-ro 173 Beon-gil, Bundang-gu, Seongnam, South Korea, 44Orthopaedic 
Oncology Clinic, National Cancer Center, Goyang-si, Gyeonggi-do, South Korea 

Purpose. To achieve local control of sarcoma, tumor removal with wide surgical margin is important. Nevertheless, the 
concept of wide margin is ambiguous. The aim of this paper was to suggest safe distance from tumor to resection 
surface, focusing on bone tissue. 
 
Methods. Among 317 patients who underwent surgeries for osteosarcoma for past fifteen years, 232 patients with high 
grade osteosarcoma patients in the long bone were identified. In all, 258 osteotomized surfaces were finally analyzed. 
The bone margin distance was measured as the distance between the bone cutting surface and the tumor border from 
the pathologic report.  
 
Results. Of 15 patients who had local recurrence, one patient experienced local recurrence on the bone cutting surface 
and the rest of local recurrences were from soft tissue margins. The prevalence of local recurrence at the bone cutting 
surface was 0.7% (2/258). There was no local recurrence at bone cutting surface when bone cutting was performed with 
the distance more than 2cm from osteosarcoma (0/193). In survival analysis by the distance of the bone margin, the 5-
year survivals were 90% and 87% for the patients with less than 2 cm bone margin and more than 2cm bone margin, 
respectively. There was no statistically significant difference between two survival curves.  
 
Conclusion. For the bone margin distance, 2 cm of bone margin is enough to prevent local recurrence. For the good 
responder of chemotherapy, pathological negative margin with less than 2 cm is sufficient for local control of bone 
cutting surface. In conclusion, when close bone cutting to the osteosarcoma has a significant effect on postoperative 
limb function, limb salvage surgery with narrow bone margin can be considered in carefully selected patients. 
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Is it a solvable problem: unacceptable limb length discrepancy in pediatric 
osteosarcoma patients with long-term survival? 
Xiaohui Niu, Hairong Xu, Yuan Li 
Beijing Ji Shui Tan Hospital, Beijing, China 

Background. With the development of multidisciplinary treatment, many osteosarcoma patients were cured with long 
term survival. However, unacceptable cosmetic appearance and poor function due to the lower limb discrepancy have 
been the main problem for pediatric patients. The aim of this study was to investigate the results of staged skeletal 
reconstruction after a leg lengthening procedure using an external fixator in patients with previous distal femoral 
osteosarcoma.   

Methods. We reviewed 7 patients who underwent three-stage lengthening. In stage 1, using the external fixator to 
lengthen the limb to the expected length. In stage 2, removing the external fixator hard wares and changing a new 
suitable length antibiotic-spacer to maintain the length, lasting 3 months to prevent the infection. In stage 3, the final 
prosthesis is planted with the discrepancy in 2 centimeters. We investigated the change in leg-length discrepancy, 
function as assessed by the Musculoskeletal Tumor Society Scale (MSTS) score and complications.  

Results. The mean leg-length discrepancy significantly decreased from 7.2 cm (4.1 to 14.2) before the surgery to 1.2 cm 
(0.6-2.2) after staged lengthening ((p < 0.001). The mean MSTS scores significantly improved from 8 (5-16) before the 
surgery to 29 (26-30) after staged lengthening (p < 0.001). No patient experienced major complications. 

Conclusion. This method of treatment seems to be a satisfactory surgical option for growing children with a significant 
leg-length discrepancy after excision of an osteosarcoma in the distal femu 
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Mid- to long-term clinical outcome of tumor-devitalized autografts in limb-
sparing surgery for bone and soft tissue tumors - A nationwide multicenter 
study - 
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University School of Medicine, Tokyo, Japan 

Introduction. Tumor-devitalized autograft treated by deep freezing, pasteurization, and irradiation is one of the biological 
reconstruction methods following the tumor excision. This retrospective multicenter study aimed to determine the durability and 
the factors which affected the clinical outcome in three types of tumor-devitalized autograft.  
Methods. The inclusion criteria were the patients treated by intercalary or composite tumor-devitalized autografts of long bone from 
1993 to 2016 in 26 tertiary sarcoma centers, followed at least two years. Complications, event-free survival, graft survival, and 
functional outcome were investigated.  
Results. We collected the data of 337 patients, and three hundred ten patients (162 male and 148 female) met the inclusion criteria 
with the mean age of 33.9 (ranged, 4 to 84) years. This study included primary bone tumors (5 benign and 222 malignant tumors) in 
227, soft tissue sarcomas in 66, and metastatic tumors in 17 patients. The most common histology of malignant bone tumors was 
150 osteosarcoma (48.4%), followed by 25 chondrosarcoma (8.1%) and 17 Ewing sarcoma (5.5%). The types of devitalization were 
freezing in 147, pasteurization in 89, and irradiation in 74 patients. The mean follow-up period was 109 (ranged, 24 to 348) months. 
The types of graft were intercalary in 211, composite prosthetic in 83 patients, and hemicortical reconstruction in 16 patients. The 
cumulative incidence of the event was 42.7% in 5, 51.1% in 10, and 55.1% in 15-years. The most frequent events were infection in 31 
following nonunion in 30, and local recurrence from surround soft tissues in 28 patients each. Long resection (>15cm) were 
significantly correlated with the incidence of an event by uni- (p=0.001) and multivariate analysis (p=0.001). Graft survival was 86.7% 
in 5, 80.8% in 10 and 79.6% in 15 years. The cause of graft retrieval was an infection in 20 soft tissue recurrence in 15, implant failure 
in 6, and nonunion in 5 patients. Long resection (>15cm) was significantly correlated with grafted autograft failure by uni- (p=0.005) 
and multivariate analysis (p=0.002). The pedicle freezing procedure showed better graft survival (93.8% in 5year) compared to the 
extracorporeally devitalizing procedures (85.1% in 5year) (p=0.020). There was not significantly difference in the incidence of the 
event and graft survival between the three types of devitalizing methods. MSTS score was available in 225 patients, and the mean 
score was 83.4% (ranged, 12 to 100). There was no significant between three types of devitalizing methods.  
Conclusion. Although the incidence of complications was relatively high, those could be managed by additional surgeries. The most 
frequent complication and most causes of graft retrieval was an infection. Pedicle freezing procedure has the advantage of reducing 
the osteotomy site, which could contribute the better graft survival. Tumor-devitalized autograft provided a long-lasting survival and 
favorable limb-function. 
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Does Medial Gastrocnemius flap in Proximal Tibial endoprosthetic 
reconstructions to assist in active knee extension during Gait? - Extended 
results of a pilot study 
Shah Alam Khan, Venkatesan Sampath Kumar, Love Kapoor, Dyuti Deepta Rano 

All India Institute of Medical Sciences, New Delhi, Delhi, India 

Background. Patients undergoing proximal tibial endoprosthetic reconstructions for bone tumours usually have a 
medial gastrocnemius flap for wound cover. This flap is supposed to help in knee extension as well. However, 
gastrocnemius functions as flexor of knee in normal limbs.  
 
Objectives. i) To assess whether patients with proximal endoprosthesis have a symmetrical gait as compared to the 
contralateral normal limb ii) To find out if the medial gastrocnemius flap fire during extension of knee in the gait cycle 
iii) To assess the viability of the medial gastrocnemius flap.  
 
Methods. In this cross-sectional observational study, patients who had undergone proximal tibial endoprosthetic 
reconstruction and had regained their maximum function with independent ambulation capability having medial 
gastrocnemius flap viable were included. Patients were subjected to instrumented gait analysis at a tertiary referral gait 
lab with 8 force plates, 12 IR cameras and video cameras (BTS, Italy). Helen Hayes protocol was used to assess the gait 
with surface EMG probes. On the operated limb, a special surface EMG probe was placed over the medial gastrocnemius 
flap. All patients underwent a Tc 99m three phase bone scans to assess Medial Gastrocnemius flap viability.  
 
Results. Fifty-two patients were studied. The mean extension lag was 9 degree and the mean MSTS score was 29.8±3.2. 
As per three phase bone scans, the medial gastrocnemius flap was viable in all patients except 1(Excluded) including 
those with extension lag. The mean velocity was 0.73±0.24 m/s (Normal 1.0 to 1.4 m/s) and the mean cadence (steps/ 
min) was 87.9±10.3. Mean knee flexion on the operated side was 89.4 ± 14.9° compared to 125.4 ± 6° on the non-
operated limb(p<0.001). The mean swing time was significantly increased on the operated limb compared to normal 
limb (0.56 ±0.08vs 0.45 ±0.07, p <0.001). Hence, the mean single support phase on the normal limb was significantly 
prolonged (operated vs normal limb, 33.71 ± 5.05 vs 40.81 ± 4.03, p <0.001). Decrease in total sagittal plane excursion 
and peak flexion loading response in operated limb compared to non-operated limb also found significant. The gait 
profile score and gait deviation index were worse on the operated limb with GDI statistically significant (p= 0.0485). 
However, the peak knee flexion was significantly reduced on the operated limb (operated vs normal limb, 49.2 ± 11.6° 
vs 58.8 ± 8.1°, p<0.001). Medial gastrocnemius flap was activated mainly during stance phase similar to lateral 
gastrocnemius in 27 patients, but activation similar to operated side Vastus lateralis found in 5 patients and no 
correlation of firing was found in 15 patients.   
 
Conclusion. Our study results postulate that the medial gastrocnemius mainly provides soft tissue cover with very little 
functional participation in knee extension during gait 
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Surgical staging of osteosarcoma: does a precise margin cutoff and 
incorporation of chemotherapy response improve prediction of local 
recurrence? 
Zachary Burke, Alexander Lazerides, Manit Gundavda, Marco Focaccia, Anthony Griffin, Kim Tsoi, Peter 
Ferguson, Jay Wunder
Mount Sinai Hospital/University of Toronto, Toronto, Canada 

Background. Traditional staging systems for high grade osteosarcoma (Enneking, MSTS) are based largely on gross 
surgical margins and were developed before the widespread use of neoadjuvant chemotherapy. It is now widely 
accepted that microscopic margins and chemotherapy are predictors of local recurrence. However, neither of these 
variables are used in the traditional surgical staging and the precise safe margin distance is debated. Recently, a novel 
staging system utilizing a 2mm margin cutoff and incorporating precent necrosis was proposed and demonstrated 
improved prognostic value for local recurrence free survival (LRFS) when compared to the MSTS staging system. This 
staging system has not been validated beyond the original patient cohort.  

Question/ Purpose. We propose to assess a surgical staging system utilizing percent necrosis and a 2mm margin cutoff 
in a cohort of patients with high-grade osteosarcoma, as well as evaluate the ability of additional variables to predict 
the risk of local recurrence and overall survival.  

Methods. A retrospective review of a prospectively collected database of all sarcoma patients between 1985 and 2021 
at a tertiary sarcoma referral center was performed. All patients with high-grade osteosarcoma receiving neo-adjuvant 
chemotherapy and with no evidence of metastatic disease on presentation were isolated and analyzed. A minimum of 
two year follow up was used for surviving patients. A total of 225 patients were identified meeting these criteria. 
Univariate analysis was performed to evaluate variables that were associated with LRFS. Multivariate analysis is used to 
further analyze factors associated with LRFS on univariate analysis. A stepwise cox regression model was used to 
compare the MSTS and Birmingham staging systems. 

Results. The mean age at surgery was 31.78 (SD 15.7; range 13-77). There were 22 patients (11%) who had locally 
recurrent disease. Five-year DSS was 60.3%, and 5-year LRFS was 87.1%. Central tumor location (p<0.001), MSTS 
classification (p<0.001), Birmingham classification (p=0.005), and binary involved/uninvolved margin status (p<0.001) 
were significant predictors of 5-year LRFS in univariate analysis.  Notably, percent necrosis was not a predictor of LRFS 
in this cohort (p=0.85). Only central tumor location (HR 3.26; CI 1.3-8.5, p=0.002) and binary involved/uninvolved margin 
status (HR 19.5; 3.1-123.7, p=0.002) remained significant predictors of 5-year LRFS on multivariate cox regression 
analysis. The Birmingham classification did not improve the predictive value of the MSTS classification in stepwise cox 
regression analysis. 

Conclusion. In this cohort of patients with high-grade localized osteosarcoma, a surgical staging system based on 
percent necrosis and a 2mm margin cutoff did not improve upon the traditional MSTS system for predicting local 
recurrence.  Central tumor location and involved surgical margins were the strongest predictors of 5-year LRFS. 
Chemotherapy response was not significantly associated with local recurrence.  
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Dissection of the tumour-vessels interface: A prognostic factor for local 
recurrence in distal femoral osteosarcoma. 
Walid Ebeid, Wesam Abousenna, Ahmed Ghoneimy 

Orthopaedic surgery department, Cairo University, Cairo, Egypt 

In patients who have an osteosarcoma of the distal femur that has a posterior soft tissue extent, dissecting the popliteal 
vessels away from the tumour will yield a less than wide margin of resection depending on the extent of the posterior 
soft tissue mass. The aim of this study was to correlate the relationship between the popliteal vessels and the posterior 
extraosseous tumour extent and dissection of this plane with local recurrence. 

A retrospective study including 82 patients, 42 males and 40 females was done. The average age of the patients was 14 
years. They all presented with non-metastatic osteosarcoma of the distal femur with a posterior soft tissue extent. They 
all underwent routine staging (plain x-rays, MRI, chest CT and bone scan) and received neoadjuvant chemotherapy. The 
patients were divided into 2 groups according to the relationship of the popliteal vessels to the posterior extraosseous 
tumour extent (as evident by the axial MRI cuts and operative report): 
Group 1 (46 patients): There was a definite clear plane between the popliteal vessels and the tumour. Limb salvage was 
performed in all patients. 
Group 2 (36 patients): The popliteal vessels were adherent to the tumour. This group was further subdivided into A and 
B; 2A: Patients in which the vessels were dissected, and limb salvage was performed. Dissection of the popliteal vessels 
away from the tumour entailed stripping the vessels from its adventitia in some areas. (20 patients), 2B: Patients in 
which no attempt was done to dissect the vessels. Amputation or rotationplasty were done (16 patients). 

Results. The average follow-up period was 52 months with a minimum of 24 months and a maximum of 78 months. 
Local recurrence occurred in 11 patients (13.4%); 2 in group 1 (4.3%) and 9 in group 2A (45%). There were no local 
recurrences in group 2B.  
The results of this study demonstrate that patients in which the popliteal vessels were adherent to the posterior 
extraosseous tumour extent and were managed by dissecting the vessels away from the tumour (group 2A) had a higher 
incidence of local recurrence than patients in which the vessels were not adherent (group 1) and this difference was 
statistically highly significant (p value < 0.001). Moreover, patients in which the vessels were adherent, but no attempt 
was done to dissect them away from the tumour (group 2B) had a lower incidence of local recurrence than patients in 
group 2A and this difference was also statistically significant (p value 0.007). 

Conclusion. There should be no attempt to dissect adherent popliteal vessels away from distal femoral osteosarcoma. 
These patients should be managed by amputation, rotationplasty or resection of the vessels with the tumour and 
reconstruction of the vascular tree. 
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Prosthetic reconstruction of the shoulder after resection of proximal 
humerus bone tumors 
Ioannis Trikoupis1, Olga Savvidou1, Andreas Tsantes2, Dimitrios Papadopoulos3, Stavros  Goumenos1, Christos 
Vottis1, Angelos Kaspiris1, Panagiotis Gavriil1, Dimitra Melissaridou1, Vasileios Kontogeorgakos1, Panayiotis 
Papagelopoulos1 

1First Department of Orthopedic Surgery, National and Kapodistrian University of Athens, 'Attikon' University Hospital, 
Athens, Greece, 22 Microbiology Department, 'Saint Savvas' Oncology Hospital, Athens, Greece, 3Orthopedic Department, 
Geisinger Medical Center, PA, US 

Introduction. Prosthetic reconstruction following wide intraarticular resection of tumors of the proximal humerus 
presents a unique challenge. Two reconstructional methods are used: either proximal humerus endoprosthesis or 
reverse shoulder proximal humerus arthroplasty. The purpose of this study is to compare the functional outcomes, 
oncological outcomes, and complication rates for these two reconstruction methods.  
 
Patients and Methods. Forty patients with proximal humeral tumors were retrospectively reviewed. Proximal humerus 
endoprosthesis (PHE) was used in 21 patients and a reverse shoulder -proximal humerus arthroplasty (RSA) in 19 
patients. The clinical results, oncological outcomes and complication rates were assessed. The functional outcomes of 
the patients were assessed using the Muscoloskeletal Tumor Society scoring system (MSTS), the QuickDASH score, and 
the shoulder range of motion. The mean follow-up was 62±15 months.  
 
Results. At the latest follow up, the mean MSTS score was 68±10.3 for those with PHE, and 76±7.7 for the patients with 
RSA (p= 0.72). However, the QuickDASH score was significantly better (p=0.031) for those with RSA (mean 19 ±6.3), 
compared to the patients with PHE (mean 30 ±4.8). Additionally, shoulder active abduction and forward flexion range 
were significantly higher for RSA (p=0.04 and p=0.03 respectively). Shoulder dislocations occurred in 8 patients with 
PHE, and in 1 patient with RSA (p=0.021).  The other complication rates were similar for the 2 groups (p<0.05). Local 
recurrence occurred in 5 patients. There were reoperations for infection (1 patient) for aseptic loosening (2 patients) 
and for dislocation (5 patients) 
 
Conclusion. Prosthetic reconstruction after oncologic resection of the proximal humerus is associated with satisfactory 
clinical results but with high reoperation and complication rates. RSA has better functional outcomes and lower 
complication rate compared to PHE after intraarticular resection of proximal humerus tumors 
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Bone transport reconstruction for limb salvage surgery: A prospective 
database analysis 
Anthony Bozzo, Caleb Yeung, Daniel Prince 

Memorial Sloan Kettering Cancer Center, New York City, United States 

Background. Biological reconstruction with bone transport is an effective reconstructive method following bony 
resection for malignancy, particularly in the pediatric population. There is a paucity of published data informing 
surgeons and patients on important milestones in the lengthening process. The objective of this study is to determine 
when to expect cortex formation, full bone healing, full weight bearing, and the influence of chemotherapy on the bony 
regeneration process. We also describe the number and types of surgical procedures subsequent to the index surgery 
as well as the final functional outcome scores in our cohort. 
 
Methods. Prospectively collected data was collected from 30 patients who underwent bone transport reconstruction 
following a tumor resection at our tertiary care institution from 2018-2021. Radiographs at each follow-up visit were 
reviewed to determine the time of first cortex formation on AP and lateral vies and time to full union and remodeling. 
The unpaired T-test was used to compare lengthening times of segments with and without concurrent chemotherapy.  
 
Results. 17 males and 13 females were included. Median age at initiation of lengthening was 14 (4.5-56). Tumor 
subtypes included conventional high-grade osteosarcoma (16), Ewings sarcoma (6), UPS of bone (3), Adamantinoma (2), 
undifferentiated round cell sarcoma (BCOR-CCNB3) (2), and parosteal osteosarcoma (1). The average resection length 
was 13.6 cm (4-22). Resections were from 16 femurs, 11 tibias, 2 humeri and 1 radius. Patients underwent an average 
of 6.1 procedures (1-14). Half (50%) of all procedures were planned repeat lengthening procedures while half were 
unplanned (20% for infection, 16% to address a regenerate bone non-union or mal-union, 7% for fracture, 4% hardware 
failure, 2% for specific docking site issues, 2% for premature consolidation, and 1% for neuropraxia). The first lengthened 
segment, often initiated concurrently with chemotherapy, required an average of 17 months (+- 7.0) for full remodeling; 
formation of the first cortex occurred 10.7 months (+- 6.6) after initiation. Subsequently lengthened segments, occurring 
after concurrent systemic therapy, required an average of 8.6 months (+- 3.4) for full remodeling and 4.6 months (+-
2.8) for formation of the first cortex (p=<.0001).  Average time to full weight bearing was 13.4 months (+- 8.2). Final 
functional outcomes scores were 24.2 (+-4.8) for MSTS and 81.5 (+-11.5) for TESS.  
 
Conclusion. This is the largest reported series of bone transport reconstruction patients in the current literature. Our 
cohort, similarly to other reported series in the literature, demonstrated a relatively high rate of unplanned returns to 
the operating room. Surgeons and patients can expect the time for full remodeling and cortex formation to be 
approximately twice as fast for subsequently lengthened segments occurring after completion of systemic 
chemotherapy compared to initial lengthened segments initiated concurrently with adjuvant chemotherapy. 
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Long-term Outcomes of Reconstructions of Structural Allografts for 
Massive Bone Defects 
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Seoul, Republic of Korea, 2Department of Orthopedic Surgery, Seoul St. Mary’s hospital, College of Medicine, The Catholic 
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Medicine, The Catholic University of Korea, Seoul, Republic of Korea 

Background. Management of massive bone defect from various causes is still challenging. Reconstruction of massive 
bone defects using structural allografts is one of the useful options for large-extremity bone defects, however, long-
term outcomes of these large allografts still remain questionable. The purpose of our study was to analyze the outcomes 
of structural allografts for reconstruction of massive bone defects. 

Methods. We retrospectively reviewed 77 patients with massive bone defects from various causes managed with 
structural allografts reconstruction and followed up more than 12 months between 1998 and 2020. The median age 
was 30 years old (range, 2-81 years). 47 cases were male and 30 cases were female. The most common cause of massive 
bone defects was resection of primary malignant bone tumors such as osteosarcoma and chondrosarcoma in 58 
patients. And follows were metastatic cancers in 10 patients, osteofibrous dyaplasias in five patients and four giant cell 
tumors of bone patients. The types of allografts were intercalary strut graft in 36, allograft-prosthesis composites in 29, 
osteochondral allograft including hemicondylar type in 12. We evaluated bone union time (metaphyseal, diaphyseal), 
structural support (good, fair, none), graft survival rate and complications (nonunion/delayed union, fracture, infection, 
resorption, others). The median follow up period was 98 months (range, 12-262 months). 

Results. In 26 out of 77 patients (33.8%), the structural allograft finally removed which was defined as allograft failure. 
In allograft-prosthesis composite cases, 11 out of 29 patients (37.9%) removed allograft. In intercalary strut graft cases, 
10 out of 36 patients (27.8%) and 5 out of 12 patients (41.7%) in hemicortical allograft cases removed allograft. The 
median survival period of structural allograft was 52 months (range, 6-262 months). Based on the data that we were 
able to acquire, 40 out of 58 diaphyseal sites (68.9%) revealed complete union, with median 12 months (range,5-76 
months) to achieve union. 29 out of 32 diaphyseal sites (90.6%) revealed complete union with median 6 months 
(range,3-36 months) to achieve union. The causes of allograft fail are nonunion, infection, allograft fracture, tumor 
recurrence, prosthesis loosening. Nonunion was the most common cause of failure and developed in 11 among 26 
patients (42.3%). Other causes of failure were infection in 6 cases (23.1%), allograft fracture in 4 (15.4%), tumor 
recurrence in 4 (15.4%), prosthesis loosening in 1 (0.04%). They were treated with replacement by tumor prosthesis, 
vascularized bone graft or cement spacer. Focal bone resorptions were occurred in 10 patients without mechanical 
deteriorations.  

Conclusion. The failure rate after reconstruction of massive bone defects using structural allografts was still high. 
Appropriate surgical procedures might reduce the complications. To evaluate the clinical relevance of structural 
allografts, large-scale, long-term follow-up studies will be required.
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Complications of Liquid Nitrogen Recycled Bones: The dark side of the 
moon! 
Osman Emre Aycan, Muhammet Coşkun Arslan, Muhammet Alptekin Kocaoglu, Berksu Polat 

Baltalimani Bone Diseases Training and Research Hospital, İstanbul, Turkey 

Background. The reconstruction of bone defects after resection of malignant bone tumors with liquid nitrogen recycling 
method is a good alternative to bone allografts and endoprostheses. Most studies report favorable outcomes however 
the longer the follow up the more the complications are encountered. We sought to evaluate the causes and solutions 
to overcome the complications related with liquid nitrogen freezing method. 

Patients and Method. The clinical and radiological data of 42 patients, who underwent tumor resection and 
reconstruction with liquid nitrogen recycled bone in our institution between December 2015 and March 2019, were 
retrospectively reviewed. 23 complication free patients and 6 patients with less than 24 months follow up were 
excluded. A total of 13 patients (9M/4F) were evaluated for study. Apart from the demographical data the patients were 
evaluated regarding Enneking stage, pre-chemotherapy tumor volume, liquid nitrogen recycling type, operation time, 
intraoperative blood loss, bone union, complication profiles for biological reconstruction regarding Henderson et al. and 
management for complications. The MSTS scores at last follow up were noted. 

Results. Most common diagnosis was osteosarcoma with 11 patients. The mean age was 21.4 and the mean follow up 
was 35.7 months (24-45). Mean operation time was 235,4 minutes and mean blood loss was 646,2 cc. A total of 32 
complications were encountered. Most common complications were soft tissue coverage defects, recycled bone 
fractures and early infections which encountered in 5 patients each. Vacuum assisted closure (VAC) method was helpful 
in soft tissue failures and infections. Late infections were encountered in 4 patients. Complete bone union was achieved 
in 6 patients with mean 31.8 months. There were no recurrences. Two patients were lost due to systemic disease. Mean 
MSTS score was 17.8 (6-26). 

Conclusion. VAC is “game changer” in soft tissue failures and infections which was helpful in closing the defects with 
flaps. Augmentation of liquid nitrogen recycled bone segment with a vascularized bone or insertion of a vascular supply 
is essential in long term duration of the recycled reconstruction. In pediatric patients’ growth arrests and dysplastic joint 
requires meticulous evaluation. 
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How does bone strength change after radiation for metastatic disease and 
can we avert pathologic fractures? CT base biomechanical finite element 
analyses of patients with bone metastases to the femur 
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Center, Tel-Aviv, Israel, 3Computational Biomechanical Lab., Biomechanical Department, Tel-Aviv University, Tel-Aviv, 
Israel, 4Sackler School of Medicine, Tel-Aviv University, Tel-Aviv, Israel 

Introduction. Metastatic bone disease (MBD) to the femur is a significant cause of morbidity in cancer patients. 
Metastases cause tumor related pain and mechanical pain leading to pathologic fractures. Impeding pathologic fractures 
present with increasing weight bearing pain and limping, they are treated with prophylactic surgical fixation to avoid 
fracture risk. 

Metastases which do not yet pose fracture risk are treated with radiation to alleviate tumor pain and to avoid local 
disease progression. The biomechanical effect of radiation for MBD has not been studied.  

CT based biomechanical finite element analysis (CTFEA) of the femur is a validated method for assessing bone strength 
with high accuracy in cancer patients. Comparing sequential CT scans can reveal changes in biomechanical strength. 

Methods. This prospective clinical study enlisted cancer patients referred for radiation because of femur metastases. 
CT based biomechanical analysis was acquired before radiation and 3,6 and 9 months thereafter. We measured patient 
reported pain and function and compared these to CTFEA results and clinical outcomes. 

Results. Nine patients have currently been enlisted for this study. CTFEA analysis showed low fracture risk at 
presentation. Currently, none of these patients have fractured and none have shown local progression after radiation. 
One patient went on to have surgery because of increasing pain and PET-CT showing viable tumor. CTFEA did not show 
any change for better or worse in following scans in all patients, as of yet. 

Conclusions. This is the first clinical study looking at biomechanical changes in cancer patients with MBD after radiation. 
Initial results look promising, none of the patients have disease progression and mechanical weakening. Sequential 
CTFEA accurately assesses mechanical bone strength in this group of patients.

168



 

FS01.02 
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Background and Objectives. In patients with extremity soft tissue sarcoma (eSTS), we describe outcomes of 
preoperative external beam radiation therapy (EBRT), limb sparing surgery (LSS), and intraoperative radiation therapy 
(IOERT). 

Methods. One hundred and eighteen patients with eSTS treated between October 17th, 2002 and July 28th, 2021 were 
identified. EBRT was delivered preoperatively followed by LSS and IOERT. 

Results. The median follow-up was 24.9 months. The presentation was primary in 102 (94%) patients and recurrent in 
6 (6%) patients.  Tumor location was lower extremity in 82 (76%) patients and upper extremity in 26 (24%) patients. 
Stage distribution was as follows: 3 (3%) IA, 24 (22%) IB, 31 (29%) II, 24 (22%) IIIA, and 25 (23%) IIIB. Final surgical margins 
were negative in 96 (89%) patients. The 5-year local control was 94%. The 5-year local control, failure free survival and 
overall survival were 94%, 75%, and 64%, respectively. Univariate analysis identified age >50, lower extremity, and 
higher grade as significant negative prognostic factors for OS. Grade 3 fracture or osteoradionecrosis requiring surgical 
fixation, neuropathy, and lymphedema occurred in 7 (6%), 1 (1%), and 0 patients, respectively. 

Conclusions. This study represents one of the largest series using preoperative EBRT, LSS, and IOERT for eSTS, with high 
local control and low rate of late severe toxicity. 
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Treatment Outcomes of Extraskeletal Ewing Sarcoma: Should 
Radiotherapy Be Combined with Chemotherapy and Surgery in All 
Patients? 
Matthew Houdek, Mark Heidenreich, Samuel Broida, Brian Whaling, Safia Ahmed, Wendy Allen-Rhoades, 
Brittany Siontis, Steven Robinson, Ivy Petersen, Peter Rose 

Mayo Clinic, Rochester, United States 

Purpose. Extraskeletal Ewing sarcoma (EES), is a rare soft tissue sarcoma. Treatment for EES typically involves 
chemotherapy and surgical resection, with- or with-out radiotherapy. Surgery with radiotherapy is the preferred 
treatment for most soft-tissue sarcomas, and there is a paucity of data to determine if the addition of radiotherapy to 
our standard treatment of chemotherapy and surgery improves outcome for patients with EES. The purpose of the study 
was to compare outcomes of patients treated with either chemotherapy and surgery (ST) or combined chemotherapy, 
surgery, and radiotherapy (RT) in patients with an EES of the trunk and extremity.  
Methods. We reviewed the records of 36 (18 males:18 females) patients with a non-retroperitoneal EES treated with 
either ST (n=24, 67%) or RT (n=12, 33%).  The mean age at diagnosis was 30±16 years. All patients were treated with 
chemotherapy, most commonly neoadjuvant and adjuvant VDC/IE (n=23, 66%) and surgical resection. Negative margins 
were obtained in 32 (91%) patients.   In the RT patient group, radiotherapy was delivered preoperatively (n=9, mean 
total dose 51 Gy), preoperative and intraoperative (n=1, total dose 62 Gy) and postoperative (n=1, total dose 50 Gy). 
The mean follow-up was 7 years. 
Results. The 10-year disease specific survival (DSS) was 78%. There was no difference in the 10-year DSS between the 
ST versus the RT groups (83% vs. 71%, p=0.86). Seven patients developed recurrence, including isolated metastatic 
disease (n=5), isolated local recurrence (n=1) and combined local recurrence and metastatic disease (n=1). The 2 cases 
of local recurrence occurred in the ST group, however there was no difference in the 10-year local recurrence free 
survival between groups (100% vs. 91%, p=0.28). All patients who developed metastatic disease had tumor necrosis 
<90%. These patients had worse metastatic free survival compared to patients with ≥90% (100% vs. 58%, p=0.04); 
translating into improved 10-year disease specific survival (100% vs. 53%, p=0.04) for patients with ≥90% necrosis. 
Following treatment, the mean MSTS93 score was 93±7%, with no difference between the ST and RT groups (93±8 vs. 
93±7, p=0.94). Postoperative complications occurred 5 patients, most commonly a wound dehiscence (n=2). There was 
no difference in the risk of a postoperative complication between groups (OR 3.5, 95% CI 0.49-24.65).  
Conclusion. The results of the current study highlight the ability to achieve excellent local control with chemotherapy 
and surgery for the treatment of EES. The use of radiotherapy may improve local control however has to be weighed 
against the potential increased risk of complications. Like Ewing sarcoma of bone, tumor necrosis was strongly 
associated with metastatic disease and subsequent survival. We recommend for multidisciplinary management of 
patients with EES, including chemotherapy and surgery, with use of radiotherapy if there is concern for a potentially 
close margin of resection.  
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Background. Standard of care treatment for high-risk soft tissues sarcoma (STS) of the extremity/trunk includes 
radiation therapy (RT) and surgical resection. At our center, initial results of a phase II single arm trial of 5-day 
preoperative RT demonstrated safety and local control comparable to conventional 5-week preoperative RT. The 
purpose of this study is to assess surgical outcomes and complications in patients undergoing 5-day preoperative RT (30 
Gy) followed by surgical resection for high-risk STS of the extremity/trunk. 

Methods. Patients meeting inclusion and exclusion criteria were enrolled on an ongoing prospective phase II trial and 
received preoperative hypofractionated RT (30 Gy over 5 consecutive daily fractions) followed by surgical resection by 
one of 4 dedicated sarcoma surgeons within an average of 4 weeks (range 1-213 days). Data extracted included 
demographic, tumor, and surgical outcome variables. Patients included had a minimum post-operative follow-up of 100 
days.  

Results. A total of 86 patients were included with a mean age of 58.4 (SD 16.9): 37 (43%) were female, 10 (11.6%) were 
diabetic and 8 patients (9.3%) had a significant smoking history. Median follow up was 24.6 months (IQR 11.4-44.6). The 
most common diagnosis was undifferentiated pleomorphic sarcoma (39.8%), then myxoid liposarcoma (19.4%), ‘other’ 
STS (15.1%) and myxofibrosarcoma (10.8%). The most common location was the lower extremity (58.1%), then upper 
extremity (20.9%), trunk (10.5%), pelvis (8.1%), or ‘other’ (2.3%). Primary wound closure was achieved in 85 patients 
(98.8%); one patient required a split-thickness skin graft. Twenty-six (30.2%) cases required local tissue advancement 
for closure. Residual tumor status included 2 (2.3%) R2 resections, 14 (16.3%) R1 resections, and 70 (81.4%) R0 
resections. Twenty-six (27.9%) patients experienced soft-tissue complications with wound dehiscence occurring in 18 
patients (20.9%) at a median of 43.5 days (IQR 40.3-85.3) from surgery. Median EBL was 50mL (IQR 25-100). Bony 
complications occurred in 4 patients: 3 pathologic fractures, and 1 osteonecrosis requiring surgery. Rate of limb salvage 
was 96.5%: 3/86 patients underwent amputation for disease progression at an average of 173.3 days (range: 140-230).  
Secondary surgery was required in 31.4% of patients (27/86), including 15 irrigation and debridement and 7 re-excisions. 
Patients requiring local soft tissue advancement for closure had more soft tissue complications (46.2% vs. 23.3%, p = 
0.04). Soft tissue complications and re-operations were not worse in patients having surgery ≤2 weeks after RT versus 
patients having surgery >2 weeks after RT (30.8% vs. 30.1% p = 0.9 and 30.8% vs. 31.5%, p = 0.9, respectively). 

Conclusions. Even upon a more granular analysis, perioperative soft tissue complications remain comparable to 
conventional RT, with a high rate of limb salvage (96%). Soft tissue complications were higher among patients requiring 
local soft tissue advancement for wound closure. Bony complications were also infrequent.  
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Clinical outcomes of local therapy for malignant pelvic bone tumors 
including surgery and carbon-ion radiotherapy  
Katsuhiro Hayashi, Norio Yamamoto, Akihiko Takeuchi, Shinji Miwa, Kentaro Igarashi, Yuta Taniguchi, Sei 
Morinaga, Yohei Asano, Hiroyuki Tsuchiya
Kanazawa University, Kanazawa, Japan 

Background. Previously, surgery was the only option for local treatment of malignant pelvic tumors, but with the 
introduction of particle-beam radiation therapy, the strategy for local treatment is changing. However, most studies 
showed the results of surgery alone or particle-beam therapy alone. This study aimed to present the new treatment 
strategy for deciding whether to use surgery versus carbon-ion radiotherapy (CIRT) for treatment of malignant pelvic 
tumors and show the clinical results of this strategy.  

Methods. Between 2012 and 2016, 25 patients were retrospectively reviewed who were diagnosed with malignant 
pelvic bone tumors at our hospital, and surgical excision or CIRT was selected as local treatment. The tumor locations 
according to the Enneking and Dunham classification system were P1 (iliac bone; n = 2), P2* (periacetabular region; n = 
10), P3 (pubic bone or ischium; n = 3), P4* (sacrum; n = 10) (P2* and P4* means cases involving P2 or P4). The strategy 
was determined based on the following recommendations: 1) Surgical excision in P1 or P3, 2) CIRT instead of higher 
sacral amputation, 3) Regarding P2, surgery is prioritized as long as surgical complications are acceptable.  

Results. The 5-year survival rate of all 25 patients was 88%. Five (25%) local recurrences were detected at a mean of 
26.8 months. The mean ISOLS score was 24.5 (82.7%). Fifteen patients were treated by surgical excision, of whom local 
recurrence occurred in three (20%) at an average of 9.3 months postoperatively. The other 10 patients received CIRT, 
of whom two developed local recurrence (20%) at an average of 49.5 months after CIRT. The 5-year overall survival 
rates of those treated with surgery and those with CIRT were 93% and 80%, respectively. The MSTS functional scores at 
the last follow-up were 25.3 and 22.7, respectively. No significance differences were found in these parameters between 
the surgery and CIRT groups, but local recurrence seems to occur later in the CIRT group.  

Conclusion. Patients with pelvic malignancies were treated using our treatment-selection strategy and our treatment 
approach was comparable to or better than previous reports. Surgical excision was recommended for tumors located 
in P1 or P3. Higher sacral amputation was not performed, and alternatively, CIRT was used. We need to consider various 
factors when deciding the best treatment option for tumors located in P2, but accurate surgical resection and 
reconstruction showed favorable outcomes. CIRT may be a better option than surgery for cases in which curative 
treatment is difficult and cases who may have higher chance of recurrence after local therapy.  
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Lack of Radiosensitivity Predicts Poor Oncologic Outcome in Extremity 
Myxoid Liposarcoma 
Matthew Houdek, Katherine E.  Mallett, Safia K. Ahmed, Doris E. Wenger, Steven Robinson, Brittany Siontis, 
Ivy Petersen, Peter S.  Rose
Mayo Clinic, United States 

Background. Myxoid liposarcoma (ML) is a common variant of soft-tissue sarcoma known to be radiosensitive, with 
improved oncologic outcomes compared to other sarcomas. Although these tumors are known to “shrink” following 
radiotherapy, there is a paucity of data examining the degree of radiosensitivity in terms of oncologic outcome. The 
purpose of the current series was to evaluate pre- and post-radiotherapy tumor volume to determine if size reduction 
impacts oncologic outcome. 
Methods. We reviewed 64 patients (Table 1) with ML undergoing surgical resection combined with preoperative 
radiotherapy, with pre- and post-radiotherapy MRI. This series included 36 (55%) males, with a mean age of 48 ± 14 
years. All tumors were deep to the fascia, and 14 (22%) patients had tumors with a round-cell component. The mean 
postoperative follow up was 8 ± 5 years. 
Results. Following radiotherapy the mean volume reduction was 52 ± 30%. The 10-year disease specific survival was 
73%. To compare patients based on the change in volume, patients were grouped into five groups: no change or tumor 
growth (Group 1; n=6, 9%), >0-25% volume reduction (Group 2; n=7, 11%), >25-50% volume reduction (Group 3; n=10, 
16%), >50-75% volume reduction (Group 4; n=24, 38%) or ≥75% volume reduction (Group 5; n=17, 27%). There was no 
survival difference (p=0.27; Figure 1) when comparing the 10- year disease specific survivals between the patient groups 
(Group 1: 0%; Group 2: 42%; Group 3: 100%; Group 4: 73%; and Group 5: 71%). As such, for further analyses Groups 1 
and 2 were combined into one group including patients with tumors that were not radiosensitive (non-radiosensitive 
group, n=13; tumor growth or ≤ 25% volume reduction) and Groups 3, 4, and 5 were combined one group of patients 
whose tumors were radiosensitive (radiosensitive group, n=51; >25% volume reduction). After this stratification, a 
significant difference (Figure 2) in 10-year disease specific survival was observed between patients who had 
radiosensitive tumors and those who had non-radiosensitive tumors (84% vs. 34%, p<0.01). Compared to patients with 
>25% volume reduction, patients with reduction ≤25% had an increased risk of metastatic disease (HR 4.73, p<0.01) and
death due to disease (HR 4.59, p<0.01, Table 2). No other factor was found to be associated with local recurrence or
metastatic disease (Table 3)
Conclusion. Lack of radiosensitivity in terms of volume reduction is a risk factor for metastatic disease and subsequent
death due to disease in patients with extremity ML treated with combined preoperative radiotherapy and surgery. This
data could be used to stratify patients for adjuvant therapies and follow-up intervals.
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Ancillary role of radiotherapy for infiltrative soft tissue sarcoma 
Yutaka Nezu1, Shintaro Iwata2, Suguru Fukushima2, Shuhei Osaki2, Eisuke Kobayashi2, Yutaka Inaba3, Akira 
Kawai2
1Kanagawa Cancer Center, Yokohama, Japan, 2National Cancer Center Hospital, Tokyo, Japan, 3Yokohama City Univercity, 
Yokohama, Japan 

Background. Soft tissue sarcomas (STS) with local invasiveness have a poor prognosis for local control. Among them, 
myxofibrosarcoma (MFS) and undifferentiated pleomorphic sarcoma (UPS) especially tend to develop invasive growth 
into the surrounding tissues both imaging and pathologically and are considered “infiltrative soft tissue sarcomas (iSTS)”. 
Previously the correlation between imaging on MRI and histological invasion was reported, and invasive growth was a 
factor in poor local control in iSTS. The sensitivity and availability of radiotherapy (RT) to these sarcomas remain unclear. 
Moreover, the usefulness of adjuvant RT in iSTS which the margin distance is close is still in discussion. The purpose of 
this study is to evaluate the efficacy of RT for iSTS, taking into account the surgical margin status. 

Methods. A total of 241 patients diagnosed with either MFS (n = 156) or UPS (n = 85) who underwent initial surgery 
between January 1998 and September 2019 were included. Tumor-related factors including age at surgical operation, 
gender, histopathological diagnosis, tumor site (extremity or trunk), tumor size, tumor depth (superficial or deep-
seated), tail-sign and the length were collected from the patient records. The tail-sign on gadolinium-enhanced fat-
suppressed T1 (GdFST1) magnetic resonance imaging were measured. Treatment-related factors were also obtained 
included surgical margin status, adjuvant therapy (chemotherapy and RT), follow-up data including local recurrence, 
follow-up period, and oncological outcome.  The relationships of radiation and margin status to oncological outcomes 
were assessed statistically. 

Results. The 5-year overall survival rate and 5-year local recurrent-free survival was 89.1% and 82.7%, respectively. RT 
was performed significantly more frequently in tail-sign positive on GdFST1 image and R1 cases. The tail-sign of more 
than 4.5 cm and R1 were independent poor prognostic factors (hazard ratio [HR] 3.48, 95% CI 1.06-11.5, HR 3.55, 95% 
CI 1.21-10.5, respectively). Finally, we examined the difference in the effect of RT according to the distance of the 
margin. There was no difference in local recurrence rate between patients with and without RT in patients with a margin 
of 1 cm or greater (p = 0.97) and with close margin of less than 1cm (p = 0.76). On the other hand, the RT significantly 
improved the local recurrence-free survival rate in patients with R1 margins (p = 0.045). 

Conclusions. The factors for poor local control were tail sign on GdFST1 image (> 4.5 cm) and R1 margin and the adjuvant 
RT contributed to the improvement of local control rate in patients with R1 margin. Although the usefulness of adjuvant 
RT in close margin cases still needs to be investigated and the role of surgical margin quality should be considered, RT 
may have an additive effect on the local control of iSTS. 
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Indications and clinical outcomes of oncological patients treated with 
carbon-fiber plates: an international multi-institutional study 
Zeger Rijs1, Santiago Lozano-Calderon2, Olivier Groot2, Emily Berner2, Vania  Oliveira3, Giuseppe  Bianchi4, Eric 
Staals4, Debora Lana4, Davide  Donati4, Ortal Segal5, Stefano Marone6, Raimondo Piana6, Simone De Meo6, 
Pietro Pellegrino6, Nicola Ratto6, Carmine  Zoccali7, Maurizio Scorianz8, Cecilia  Tomai8, Guido  Scoccianti8, 
Domenico Andrea  Campanacci8, Lorenzo  Andreani9, Silvia  de Franco9, Michele  Boffano10, Thomas  Cosker11, 
Varunprasanth  Sethurajah11, Manuel Peleteiro  Pensado12, Irene Barrientos  Ruiz12, Esperanza Holgado  
Moreno12, Eduardo Ortiz-Cruz13, Michiel van de Sande1 

1Orthopaedic department, Leiden University Medical Center, Leiden, The Netherlands, 2Orthopaedic department, 
Massachusetts General Hospital – Harvard Medical School, Boston, United States, 3Orthopaedic department, Oporto 
University Hospital Center, Porto, Portugal, 4Orthopaedic department, IRCCS Istituto Ortopedico Rizzoli, Bologna, Italy, 
5Orthopaedic department, Tel Aviv Sourasky Medical Center, Tel Aviv, Israel, 6Orthopaedic department, Centro 
Traumatologico Ortopedico, Turin, Italy, 7Orthopaedic department, Regina Elena National Cancer Institute, Rome, Italy, 
8Orthopaedic department, Careggi University Hospital, Careggi, Italy, 9Orthopaedic department, University Hospital of 
Pisa, Pisa, Italy, 10Orthopaedic department, Regina Margherita Children’s Hospital, Torino, Italy, 11Orthopaedic 
department, Nuffield Orthopaedic Centre, Oxford, England, 12Orthopaedic department, Hospital Universitario La Paz, 
Madrid, Spain, 13Orthopaedic department, MD Anderson Cancer Center, Madrid, Spain 

Background. Carbon-fiber (CF) plates are a promising alternative to current metal plates due to their radiolucency which 
allows for precise radiation planning and facilitates visualization of local tumor recurrences (Figure 1). Additionally, their 
biomechanical properties should theoretically enhance bone healing and reduce complication risks. However, reported 
experience is limited. Therefore, this study aims to assess indications and clinical outcomes of oncological patients 
treated with CF plates. 
Methods. Between February 2015 and May 2021, 13 institutions retrospectively included all oncological patients that 
received a CF plate (Figure 2). Patients were excluded in case of a combination of CF plate fixation with another surgical 
procedure of fixation such as intramedullary fixation, trauma as indication, and CF plate revisions. Baseline 
characteristics, surgical variables and the cumulative incidence of complications, reoperations, and CF plate removals 
were analyzed at 6-months, 1-year, and 2-years follow-up. Mechanical complications included: (1) soft tissue 
complications such as irritation or pain at the site of the implant, (2) graft-host non-union after biological reconstruction, 
and (3) structural complications such as peri-implant fracture, plate breakage and screw breakage. Non-mechanical 
complications included: (4) infection and (5) tumor progression. Specific paediatric complications included (6) growth 
arrest resulting in longitudinal or angular deformity. 
Results. Our multi-institutional retrospective cohort consisted of 104 patients and 8 (8%) of those were excluded 
because of other surgical procedures such as intramedullary fixation (n=4), trauma related indications (n=3), and a CF 
plate revision (n=1). The remaining 96 patients, with a median age of 43 years (interquartile range [IQR]; 19-54) and a 
median follow-up of 23 months (IQR; 13-31), were included. The three most common indications represented 
chondrosarcomas or atypical cartilaginous tumors (34%), benign primary bone lesions (28%), and osteosarcomas (12%). 
In total, 29 (30%) patients had complications. Mechanical complications included: 5 (5%) soft tissue complications, 3 
(3%) non-union, and 8 (8%) structural complications. Structural complications consisted of 1 (1%) traumatic plate 
breakage, 2 (2%) plate breakages due to full weight bearing with incomplete bone healing and malalignment of the 
reconstruction, 2 (2%) peri-implant fractures, 2 (2%) screw breakages and 1 (1%) screw backing-out. Non-mechanical 
complications included 6 (6%) infections and 4 (4%) tumor progressions. Paediatric complications occurred in 3 (3%) 
patients. Twenty-two (23%) patients required reoperations and 15 (16%) CF plates were removed with a median time 
to complication of 21 months. CF plates were removed due to irritation or pain which resolved after implant removal 
(n=5), non-union (n=2), plate breakage (n=3), infection (n=4), and tumor progression (n=1). 
Conclusion. This study provides promising results in demanding reconstructions after bone tumor resections treated 
with innovative CF plates. Future comparative studies should assess the added clinical value of CF’s theoretical benefits 
compared with current metal plates. 
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Biomechanical Analysis and Design Method for Patient-Specific 
Reconstructive Implants for Large Bone Defects of the Distal Lateral Femur 
Chen-wen Huang1,3, Po-Kuei Wu1,2, Wei-Ming Chen1,2 

1Department of Orthopaedics, Taipei Veterans General Hospital, Taipei, Taiwan, 2Orthopaedic Department School of 
Medicine, National Yang Ming Chiao Tung University, Taipei, Taiwan, 3Taipei Tzu Chi Hospital,Taiwan 

This study aims to develop a generalizable method for designing a patient-specific reconstructive scaffold implant for a 
large distal lateral femur defect using finite element (FE) analysis and topology optimization. A 3D solid-core implant for 
the distal femur defect was designed to withhold the femur load. Data from FE analysis of the solid implant were use 
for topology optimization to obtain a ‘bone scaffold implant’ with light-weight internal cavity and surface lattice features 
to allow for filling with bone material. The bone scaffold implant weighed 69.6% less than the original solid-core implant. 
The results of FE simulation show that the bone repaired with the bone scaffold implant had lower total displacement 
(12%), bone plate von Mises stress (34%), bone maximum first principal stress (33%), and bone maximum first principal 
strain (32%) than did bone repaired with bone cement. The trend in experimental strain with increasing load on the 
composite femur was greater with bone cement than with the bone scaffold implant. This study presents a generalizable 
method for designing a patient-specific reconstructive scaffold implant for the distal lateral femur defect that has 
sufficient strength and space for filling with allograft bone. 
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Transpelvic fixation using a custom-made 3D printed titanium prosthesis: 
an option for radiotherapy affected bone. 
Richard Boyle, Maurice Guzman, Daniel Franks 

Royal Prince Alfred Hospital, Sydney, Australia 

We present an example of trans pelvic fixation as a solution for radiotherapy affected bone (radionecrosis), with 
discussion of the interrelation between the biomechanical, surgical and implant considerations. A 64yo female 
presented with multiple minimal trauma hemipelvic fractures, including acetabular protrusion, resulting in significant 
pain and inability to bear weight, 23years post radiotherapy for cervical cancer. After careful consideration including 
systemic staging scans, an implant was designed to span from the contra lateral pubic ramus to the ipsilateral sacral 
alar, incorporating the acetabulum to allow for total hip arthroplasty, using 3D printing technology. Histopathology at 
the time confirmed no malignancy.  
At 6/12 review she was pain free, mobilising independantly. We accept this is not an option in all cases of radionecrosis, 
but it is certainly one solution for those with access to such technology.
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Early Radiological Outcomes of a Fully Porous Bridging Collar in Lower Limb 
Endoprosthetic Reconstructions: A Case Matched Study 
Muhammad Ather Siddiqi1, Vicky Sheehy1, Benjamin Kendrick1, Duncan Whitwell1, Gordon Blunn2, Adrian 
Taylor1, Sofia Thoma3, Jonathan Stevenson3 

1Oxford University Hospitals, Oxford, United Kingdom, 2University of Portsmouth, Portsmouth, United Kingdom, 3Royal 
Orthopaedic Hospital NHS Foundation Trust, Birmingham, United Kingdom 

Background. Limb sparing surgery with the use of endoprosthetic reconstructions (EPR) has been advancing over the 
last two decades. However, failures occur for multiple reasons. Aseptic loosening accounts for 25% of EPR revisions. To 
overcome osseointegration enhancing collars have been developed that promote extracortical bone bridging. In this 
study we investigated the use of a new fully 3D printed titanium porous collar with an endomedullary taperfit design at 
two major oncology and arthroplasty tertiary referral centers in the UK. This is the first such report of early radiological 
outcomes using this new-collar design. 
 Materials and methods. We undertook a retrospective case matched review of all lower limb endoprostheses, utilising 
the new-collar design versus a cohort of patients with a conventional extra-osteal collar. Cases were matched for 
surgical indication, anatomical location, resection length, age and follow-up. Radiographs at six, twelve- and 24-months 
post implantation were assessed by two independent assessors for the number of cortices on orthogonal radiographs 
showing bone ongrowth and/or osteolysis. Each was scored on a scale from - 4 to +4 (with 0 being score at implantation) 
for the number of cortices bridging ongrowth between the bone and the collar of the prosthesis. Implant survival was 
estimated using the Kaplan-Meir method and mean number of cortical ongrowth at each time point between the collar 
designs compared using the Chi-squared test.  
Results. Ninety patients were included; after exclusions 39 cases of the new collar design and 39 with conventional 
collars were included in the study. Indications for surgery were revision for PJI (n=28), reconstruction following resection 
for primary bone tumours (n=16), reconstruction following resection for metastatic bone disease (n=15), revision for 
aseptic loosening (n=10) and reconstructions following failed osteosynthesis (n=9). Mean age was 63.4 years (range 16 
to 91 years) with 36 males and 42 females. There was no difference between groups for resection length (p=0.08, t-
test), age (p= 0.18), anatomical site (p=0.27), indication (p=0.53), nor follow-up (p=0.91). Implant survival showed no 
difference between groups (p=0.6, Chi-squared). At six months the mean number of cortices with radiographic 
ongrowth for the new collar and extra-osteal group was 1.9 and 1.8 respectively. After 12 months the mean number of 
cortices was 2.1 and 0.5 respectively and at 24 months the mean number of cortices was 3.2 and -0.2 respectively. 
Implant survival showed no difference between groups (p=0.6, chi-squared). 
Conclusion. After early radiographic follow-up, fully porous bridging collars increase the number of cortices with 
evidence of bone ongrowth between six and 24 months; in contrast extra-osteal collars tend to show reduced evidence 
of ongrowth between six and 24 months of follow-up. This may translate into a reduced incidence of aseptic loosening 
with a fully porous bridging collar in the medium-term.  
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Rate of Implant Failure after Treatment for Metastatic Disease of the 
Femur: Larger Diameter My Not Be Better  
David Joyce, Timothy Evans, Douglas Letson, Odion Binitie, Ryan Collier 
Moffitt Cancer Center, Tampa, United States 

Femoral nailing is the gold standard for treatment of impending or pathologic fractures of the femur. As a relatively 
straightforward technique this procedure has been applied broadly to patients with metastatic disease. However, with 
our better understanding of each primary cancer type's behavior and patients’ extended life expectancy, the question 
has been raised as to whether this one-size-fits-all approach is truly the best option. This study was devised to answer 
the following questions: (1) what is the rate of implant failure after intramedullary nailing of metastatic disease of the 
femur, as defined by the need for revision surgery, (2) if there was failure of the nail, which patient or treatment 
characteristics portended a risk of failure? 
 
Methods. A retrospective chart review of all patients at a single institution undergoing femoral intramedullary nailing 
for impending or pathologic femur fractures between 2007-2015 was performed. Data was abstracted for each patient’s 
demographics, primary cancer type and disease burden, neoadjuvant and adjuvant treatments, location and 
characteristics of the femoral lesion, and specifics related to the surgery.  
 
Results. A total of 182 patients were included with an average age of 61.43. Average follow-up was 287 days (SD 443 
d). Most patients had an impending pathologic fracture of the femur (84%), with a smaller proportion having a true 
pathologic fracture (13%). The most common primary cancer types were multiple myeloma (22%) and lung (23%). 
Metastatic disease burden was low for most patients, with 48% having a single metastatic lesion and 40% having 
oligometastatic disease.  All patients were treated with a Stryker Gamma nail.  Overall, a total of 14 patients (7.7%) were 
treated for failure of the initial intramedullary nail, as defined by requiring revision surgery. Upon univariate logistic 
regression analysis, post-operative fracture, age, BMI, longer follow-up, size of the intramedullary nail, size of the lesion 
as well as time from diagnosis of metastatic disease to surgery were all shown to be significant risk factors. Upon 
multivariate analysis, the size of the nail, post-operative fracture and time from diagnosis of metastatic disease to 
surgery continued to be significant risk factors for failure. 
 
Conclusion. Overall, there was a low rate of failure of intramedullary fixation for metastatic disease to the femur. We 
found that the size of the nail, postoperative fracture and time from diagnosis to surgery affected failure rates. 
Limitations of the study were its retrospective nature, single institution cohort and single implant use without a 
comparison group. These risk factors can be used to help predict likelihood of intramedullary nail failure and, in doing 
so, could potentially help counsel patients and mitigate risk when choosing the appropriate surgical approach and 
technique. 
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A proposed classification system of custom 3D printed pelvic implants  
Richard Boyle, Paul Stalley, Daniel Franks, Maurice Guzman, Corey Cunningham, Anthony Maher, Demien 
Broekhuis 
Royal Prince Alfred Hospital, Sydney, Australia 

Usage of custom-made 3D printed titanium pelvic implants is becoming more popular, in both Orthopaedic oncologic 
and arthroplasty practice. Advantages include more accurate and stable reconstruction, including of previously 
considered non-operable cases, with increasing data to show improved outcomes and longevity. There are now a 
number of implant designs and manufacturing options available to surgeons, however there is little cohesion across this 
broad surgical group to guide both surgeons and implant manufacturers. Based on our institutional series we propose 
a classification system based on design principles, biomechanical studies as well as clinical experience to help in practical 
application of such implants, as well as to aid ongoing research.
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Complex Shoulder Extra-Articular Resection and Reconstruction – A Novel 
Design 
Jan Lesensky2, Ana Cecilia Belzarena1 

1Oncology Orthopedic Department, Miami Cancer Institute, Miami, United States, 2Charles University, University Hospital 
Na Bulovce, Prague, Czech Republic 

Background. The proximal humerus is a common location for malignant bone lesions. The treatment gold standard 
includes tumor resection with adequate margins, limb preservation being appropriate for the majority of patients. 
Approximately a fourth of the patients will require an extra-articular resection to achieve oncologic margins, a 
procedure known to be skillfully demanding and associated with less than perfect outcomes with a considerable rate of 
revisions required throughout the patient’s lifetime. Here we present a reconstruction technique with a novel custom-
made implant and 3 patient cases with good postsurgical functional outcomes.   
 
Patients and Methods. A novel shoulder reconstruction implant was designed for patients where both rotator cuff and 
deltoid function is lost. It consists of two constrained joints in serial fashion to limit transfer of forces to the glenoid 
component whilst still preserving a full constrained design. The implant is made of 3-D printed titanium with a diamond-
like carbon (DCL) surface and strong polyetheretherketone (PEEK) inlay. Soft tissue reconstruction was performed 
utilizing a polyethylene terephthalate tube. All three cases were performed by the same surgical team. Functional and 
oncologic outcomes were analyzed. 
 
Results. Three patients agreed to participate and received a custom-made shoulder reconstruction device. Two patients 
had a telangiectatic osteosarcoma of the proximal humerus complicated with a pathological fracture and one patient 
had an unplanned resection of what was later diagnosed as synovial sarcoma. All three patients required the resection 
of the axillary nerve to achieve oncologic margins as well as an extra-articular resection including transection of rotator 
cuff tendons at the level of the scapular neck. Patients were seen to follow up at 2 and 6 weeks for wound assessment. 
Physical therapy was allowed after 6 weeks starting with pendulum exercises. At the latest follow up all three patients 
had good function and an acceptable MSTS score. All patients were pain free and had a stable shoulder joint. Passive 
abduction was possible up to 95 degrees, after which point implant impingement was noted. No acute complications 
occurred. No local recurrences occurred. The only later patient complaint was an altered shoulder figure with protruding 
implant which was well tolerated and accepted by all. 
 
Conclusion. In the setting of young age patients with potentially good oncologic prognosis, achieving acceptable 
function permissible of a good quality of life is paramount. Reconstruction alternatives are scarce presently and are 
often associated with less than perfect outcomes. The presented novel implant with a design including two constrained 
joints in serial fashion has shown to be a promising alternative for reconstruction in these challenging case 
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Outcomes of Brachytherapy in soft tissue sarcoma of the extremities: Tips 
to burn the tumour and not our fingers with experience of 58 cases from a 
single institute  
Pramod Chinder Shekarappa, Suraj Hindiskere, Belliappa Mapangada, Premitha R, Sridhar Papaiah 
HCG Hospital & The Yellow Ribbon, Bangalore, India 

Background. Brachytherapy (BT) is an effective adjuvant treatment option for complex presentations of soft tissue 
sarcoma (STS), which is relatively underutilized compared to external beam radiation therapy (EBRT) despite its unique 
advantages. The procedure is quite technical and appropriate patient selection is important for a good outcome. We 
report our institutional results with BT for STS and technical tips for intraoperative cables application that can minimize 
complications and enhance radiation delivery. 
 
Methods. From December 2010 to April 2022, 58 patients undergoing BT for advanced STS were considered for the 
study. The general indications for BT following surgery for STS in our institution are: (1) recurrent tumours, (2) unplanned 
excisions, (3) unavailability of adequate soft tissue margins around the tumour/close margin excisions (eg: tumours in 
the hand, foot, ankle). A multidisciplinary tumour board discussion is carried out before surgery to determine which of 
the patients planned for post-operative radiation would be an ideal candidate for BT. The mean age of the study 
population was 46±11years with most of the tumours in the lower extremity (74%,n=43). Synovial sarcoma was the 
most common histological type (55%,n=32). BT consisted of a high dose rate Iridium-192 interstitial implant with a range 
of 3 to 6Gy per fraction delivered between three to ten sessions. 85% (n=49) of patients underwent combined BT & 
EBRT, where EBRT ranged from 32 to 50Gy. All BT cables were applied after tumour excision by the same team of 
surgeons and radiation oncologists. The cables were placed at least 1.5cms from the incision and spaced 1 to 1.5cms 
from each other; the possible shift in the positioning of the cables once the wound is closed was taken into consideration 
and cables were anchored to the tumour bed with absorbable suture accordingly. BT was started once the wound 
condition was found to be satisfactory, on examination usually on the third postoperative day. The mean follow-up was 
38±11months.  
 
Results. Mean time taken for the placement of the BT cables was 45±20minutes. Primary closure was achieved in 
46patients (79%) and a free flap or local flap was used in the remaining patients. Wound complications necessitating 
abandoning BT were encountered in two patients (3%). Local complications (radiation-induced skin toxicities) rate was 
21% (None>Grade3[CTCAE v5.0]) at final follow-up, none of them requiring additional surgical procedures. The 5-year 
local recurrence-free survival, disease-free survival and overall survival were 92% (95%CI:88-94), 79% (95%CI:73-85) and 
71% (95%CI:66-76) respectively.  
 
Conclusions. BT is an effective integral component of managing complex sarcomas that is underutilized. With adequate 
planning and technical consideration, the method can be used to deliver doses higher than conventional EBRT with 
minimal local complications. BT provides excellent local control of the disease, in patients being contemplated for radical 
procedures.  
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Perioperative complication of total en bloc spondylectomy for spine tumor 
Satoru Demura, Satoshi Kato, Noriaki Yokogawa, Motoya Kobayashi, Yohei Yamada, Satoshi Nagatani, Hiroyuki 
Tsuchiya 

Kanazawa University,Japan 

Background. The indication of aggressive surgical resection for spine tumor is carefully selected depending on the 
surgery-related perioperative risk and complicated medical backgrounds of the patients. Total en bloc spondylectomy 
(TES) is one of the surgical procedures and has been recognized as a excisional surgery for spinal tumors. Although the 
surgery achieves favorable local control for solitary spinal lesion, the procedure has a potential risk of injuries to major 
vessels, organs, spinal cord, and spinal column stability, resulting in high complication rates. The aim of this study is to 
evaluate the perioperative complications associated with TES for spinal tumors depending on the extent and level of 
tumor resection. 
 
Methods. We retrospectively reviewed 307 patients who underwent TES in a single center. The subjects comprised 164 
men and 143 women with a mean age of 52.9 years at the time of surgery. The surgery was performed in 225 patients 
with spinal metastases, 34 patients with a primary malignant, 41 patients with an aggressive benign, and 7 patients with 
a primary unknown tumor. The main lesion was located in the thoracic spine in 213, and lumbar spine in 94 patients. 
There were 97 patients who underwent TES for more than 2 consecutive vertebrae. 
 
Results. Major and minor perioperative complications were observed in 122 (39.7%) and 84 (27.4%) patients 
respectively. The breakdown of complications was as follows: bleeding more than 2000cc (19.5%), SSI (7.5%), wound 
dehiscence (5.2%), hardware failure (26.7%), neurological (15.0%), cardiovascular (3.6%), respiratory (16.9%), digestive 
complication (6.2%), and mortality within 2 months (1.3%). The total number of complications per surgery were 1.01 ± 
1.0 in single group and 1.56 ± 1.2 in more than 2 resection group. Cardiovascular, respiratory complication and hardware 
failure were statistically higher in more than 2 resection group. Although the difference in the total number of 
complications was not statistically significant depending on the level of tumor resection, the amount of bleeding in 
lumbar lesion and respiratory complication in the thoracic lesion were statistically higher. Multivariate analysis showed 
that combined approach and more than 2 vertebral resections were significant independent factors for complications. 
 
Conclusion. The characteristics of perioperative complications after TES were different Abstract ID: 3 for ISOLS - 
International Society Of Limb Salvage (Auto-Generated April 14, 2022 2:18 PM) Copyright 2022 ISOLS - International 
Society Of Limb Salvage powered by WPAbstracts Pro depending on the extent and level of the tumor resection. In 
addition to preoperative clinical and pathological factors, it is also important to consider these factors in cases of en 
bloc resection for spinal tumors.
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Quadriceps Motor Power Recovery After Nerve Root Dissection Following 
L3 Total En Bloc Spondylectomy 
Permsak Paholpak, Taweechok  Wisanuyotin, Wilasinee Sirichativapee, Winai Sirichativapee 

Khon Kaen University,Thailand 

Background. L3 nerve root was considered one of the main supply of Quadriceps muscle (Qd). While performing total 
en bloc spondylectomy (TES) involving L3 vertebra, L3 nerve root must be carefully dissected and preserved. The 
neurological deterioration of Qd was inevitable after L3 nerve root dissection. The aim of this study was to evaluate the 
recovery of Qd motor function over time after L3 TES. 
 
Methods. From January 2018, we prospective evaluated 5 patients, 3 females, who underwent TES involving L3 
vertebra. All patients suffered from metastatic carcinoma (CA), 2 breast CA, 2 lung CA, and 1 from cholangiocarcinoma 
(CHCA). Three patients (2 breast and 1 lung) underwent all posterior approach TES, while the other 2 (lung and CHCA) 
received combined anterior-posterior TES due to L2 and L4 vertebra involvement, in order. We evaluated the Qd motor 
function both pre-operative and post-operative, local recurrence of tumor, and the patients’ functional status. The 
primary outcome mainly focused on Qd recovery over time after operation. 
 
Results. Four of five patients had deterioration of Qd manual muscle testing (MMT) grade from grade 4 and 5 pre-
operatively to grade 3. One patient had deterioration of the Qd MMT to grade 2 from grade 4 pre-operatively. All 
patients showed progressively improved in Qd MMT overtime and could perform independently ambulation within 5 
to 6 months post-operatively. One patient (CHCA) died at 8 months after TES, 4 patients still alive with disease-free. 
 
Conclusion. Despite immediate neurological deterioration post-operatively, the Qd MMT function recovered overtime. 
L3 nerve root neurapraxia from surgical dissection could recovered to MMT of 4 or 5 within 6 months. All posterior L3 
TES showed acceptable neurological and oncologic outcomes 
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How do the outcomes of radiation associated pelvic and sacral bone 
sarcomas compare to primary osteosarcomas following surgical resection? 
Alexander Lazarides1,2, Zachary Burke1, Manit Gundavda1, Rostislav Novak3, Michelle Ghert4, David Wilson5, 
Peter Rose6, Philip Wong7, Anthony Griffin1, Peter Ferguson1, Jay Wunder1, Matthew Houdek6, Kim Tsoi1 

1University of Toronto, Toronto, CAN, 2Moffitt Cancer Center, Tampla, USA, 3RAMBAM, Haifa, Israel, 4McMaster University, 
Hamilton, CA, 5Dalhousie University, Halifax, Canada, 6Mayo Clinic, Rochester, USA, 7Princess Margaret Cancer Hospital, 
Toronto, CAN 

Background. Radiation associated sarcoma of the pelvis and/ or sacrum (RASB) is a rare but challenging disease process 
associated with a poor prognosis. We hypothesized that patients with RASB would have worse oncologic and surgical 
outcomes than patients diagnosed with primary osteosarcoma or spindle cell sarcoma of the pelvis (POPS). 
 
Methods. This was a retrospective, multi-institution, comparative cohort analysis. We reviewed all surgically treated 
patients diagnosed with a localized radiation-associated pelvic and sacral bone sarcoma.  Radiation-associated sarcomas 
were defined as a histologically confirmed bone sarcoma of the pelvis in a previously irradiated field with a minimum 3-
year interval between radiation for the primary tumor and the sarcoma diagnosis. The comparison group included all 
patients diagnosed with a localized, primary pelvic and/ or sacral osteosarcoma or spindle cell sarcoma of bone since 
they would be eligible for treatment with osteosarcoma-type chemotherapy. Included patients underwent surgical 
resection with curative intent. The primary outcome measure was disease-specific survival (DSS) following surgical 
resection.  
 
Results. There were 35 patients with localized radiation associated sarcoma of the bony pelvis and/or sacrum (RASB) 
and 73 patients with primary localized osteosarcoma or spindle cell sarcoma of the pelvis and/or sacrum (POPS) and 
treated with surgical resection. Patients with RASB were older than those with POPS (52 years vs. 37 years, p<0.001). 
Patients with RASB were less likely to receive chemotherapy (71% for RISB vs. 90% for POPS, p=0.01), though there was 
no difference in utilization of perioperative radiation (p=0.51). There was no difference in the rate of limb salvage 
between patients with RASB (78%) or POPS (68%), in the rate of margin positive surgery (19% vs. 14%), or surgical 
complications (78% vs 65%) between patients with RASB and POPS. 16% of patients with RASB died in the perioperative 
period as compared to 4% with POPS (p= 0.03). Five- year DSS (31% vs. 54% p=0.02) was worse for patients with RASB 
vs. POPS. When controlling for chemotherapy use, however, RASB was no longer associated with worse 5-year survival 
(HR 1.4 [0.77-2.55], p=0.27). There was no difference in 5-year local recurrence free survival (LRFS) or metastasis free 
survival (MFS) for patients with RASB vs. POPS.  
 
Discussion. POPS and RASB involving the pelvis and sacrum present challenging disease processes. Perioperative 
mortality and disease specific survival for patients with RASB is worse. While surgery can result in a favorable outcome 
for a small subset of patients, surgical treatment is fraught with complications.  
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Modified Capanna technique for salvage of lower limb tibial sarcoma 
defects in a paediatric population at a United Kingdom sarcoma unit 
Paul Caine1, Harsh Samarendra1, Shameem Haque1, Will Aston2, Alex Woollard1 

1Royal Free Hospital, London, United Kingdom, 2Royal National Orthopaedic Hospital Stanmore, London, United Kingdom  

Objectives. The Capanna technique; an allograft combined with an inner core of vascularised fibula is a well-
documented method of limb salvage for malignant bone tumours in children. We present our modifications of the 
technique and experience using a pedicled ipsilateral fibula at a UK tertiary sarcoma unit.  
 
Materials and methods. Retrospective case notes review of paediatric patients who underwent tibial resection for 
lower limb sarcoma between August 2019 and August 2021. Data collected included age of patient at time of surgery, 
histological subtype of sarcoma, defect size and early post operative outcomes including any return to theatre.  
 
Results. A total of 6 cases; 4 male and 2 female with a mean age of 14 years at time of surgery. Sarcoma subtype was 
varied with 2/6 Ewing’s sarcoma, 2/6 Osteosarcoma and 2/6 adamantinoma. 3/6 cases were 2 staged utilising a cement 
spacer, one of which required insertion of a second spacer due to wound dehiscence and subsequent spacer 
explantation. 1/6 cases required gastrocnemius flap and split thickness skin graft at the time of primary surgery. 1/6 
cases required tibiotalar fusion at time of primary surgery. 66% of cases had neoadjuvant chemotherapy. Mean tibial 
defect size was 12.2cm (range 7-22.4). Radiological evidence of union was seen in all cases with a mean follow-up period 
of 16 months. Problems with wound healing was seen in 2/6 patients, requiring return to theatre for skin debridement 
and removal partial removal of distal metalwork.  
 
Conclusion. The use of a pedicled ipsilateral fibula has many benefits; sparing of the contralateral limb of donor site 
morbidity, avoidance of microvascular anastomosis and the associated risks of thrombosis and graft necrosis and 
reduced operative time. Here we present our technique and experience using a pedicled ipsilateral fibula combined 
with massive allograft for intercalary tibial reconstruction, in a case series of pediatric patients with sarcoma. 
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Modification and outcomes of the Innocenti technique for epiphyseal 
fibula reconstruction in paediatric sarcoma defects 
Harsh Samarendra1, Shameem Haque1, Paul Caine1, Craig  Gerrand2, Alex Woollard1 

1Royal Free Hospital, London, United Kingdom, 2Royal National Orthopaedic Hospital Stanmore, United Kingdom  

Objectives. The restoration of longitudinal growth in the skeletally immature patient after bony resection is critical.  
Vascularised proximal fibular epiphyseal transfer was popularised by Innocenti. Here we present our experience using 
this free flap for reconstruction of paediatric sarcoma defects.  
 
Materials and methods. Retrospective case note review of those paediatric patients between June 2020 and April 2021. 
Data collected from patient notes included; age of patient, histological subtype of sarcoma, defect size and early post- 
operative outcomes.  
 
Results. A total of 4 cases; 3 male and 1 female with a mean age of 10 years at the time of surgery underwent 
reconstruction using epiphyseal fibula. 3/4 patients had reconstruction of the left humerus and 1/4 the left distal radius. 
2/4 cases required reconstruction for osteosarcoma defects with the remaining cases Ewing’s sarcoma defects. 4/4 
patients underwent neoadjuvant chemotherapy, with 1/4 patients requiring adjuvant radiotherapy. Mean tumour size 
was 11.3cm (range 7.5-14.5) with a mean vascularised fibula length of 17.7cm. All patients had satisfactory post-
operative radiographs with a mean follow up of 14 months. 2 patients developed post-operative foot drop.  
 
Conclusion. The use of vascularised proximal fibular epiphyseal transfer is a technique that allows reconstruction of 
osseus defects whilst restoring longitudinal growth. It is an important technique for limb salvage in advanced cases of 
sarcoma in the skeletally immature patient 
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Sarcomas in the age of COVID- a needed dialogue 
Saminathan Suresh Nathan 

Limb Salvage and Revision Arthroplasty Surgery Pte Ltd Surgery, Singapore, Singapore 

Background. No topic has dominated medical discussion more that the pandemic of the last 2 years.  
 
Methods. As we emerge now finally it is time to reflect on the collateral effects that have impacted the outcomes of 
other aspects of medical care – in this case the treatment of orthopaedic neoplastic conditions and allied diseases. 
 
Results. As the only dedicated orthopaedic oncology service in private practice well supported by the Mount Elizabeth 
network of services, the Limb Salvage and Revision Arthroplasty Surgery continued to receive and manage orthopaedic 
oncological cases from the region and beyond. They were typified by a few characteristics. Online consults and requests 
for information were common. Most of these cases were early consults at the beginning of their conditions and were 
necessary rejected for visa applications. A number who were in advanced states or failed surgical control were not able 
to obtain definitive treatment and persisted with their applications until travel restrictions were lifted. They necessarily 
were severely compromised and resulted in complicated outcomes. Some were able to at least undergo initial treatment 
but were found later to have been inadequately treated and hence incurred delayed treatment. The local patient load 
took on a slightly different profile. Due to delays in administration, there were distinct increase in numbers from patients 
from the government institutions or those in whom second opinions and more online research was done to find 
appropriate siting of care. This included timelier provision of scans and interventional procedures. There were an 
unfortunate handful of cases for whom a return to their countries of origin became necessary and in whom delays in 
treatment resulted in compromised clinical outcomes as outlined above. 
 
Conclusion. It is our hope to begin a dialogue on our responsibilities to our patients. Being a leading centre of care in 
the region we need to be able to process these patients in a better way. This will not be the first challenge to our 
healthcare system, but we can learn from these and be prepared for what will surely be next. 
 
 

 
Figure. Massive rhabdomyosarcoma of the left thigh that was received by our centre having failed initial treatment. The tumor 
underwent spontaneous rupture with multiple near-death episodes. Emergency surgery and embolization was able to preserve the 
limb and life and he was discharged well 6 months later. 
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Bone Tumors with Aneurysmal Content: Decision Algorithm in Primary 
Surgical Treatment 
Karen Voltan1, Carlos Eduardo Hideo  Hanasilo1, Diego Navarro E Paiva2, Eliane M. Ingrid Amstalden3, Mauricio  
Etchebehere1 

1Department of Orthopedics and Traumatology, Faculty of Medical Sciences, The University of Campinas (FCM- UNICAMP), 
, Brazil, 2Department of Radiology. Faculty of Medical Sciences, The University of Campinas (FCM- UNICAMP), , Brazil, 
3Department of Pathology. Faculty of Medical Sciences, The University of Campinas (FCM- UNICAMP), , Brazil 

Introduction and Purpose. Several benign and malignant bone tumors have aneurysmal content. Primary ABC 
(aneurysmal bone cyst), secondary aneurysmal bone cyst, and telangiectatic osteosarcoma are the most common. 
Confirming diagnosis of biopsy of cystic tumors with aneurysmal content was a dilemma because it was difficult to 
obtain adequate tissue for pathology and presents risks. Surgeons may choose to remove a lesion without the need for 
preoperative biopsy. However, the criteria for this are not well defined. The purpose of this study was to develop an 
algorithm for clinical decision-making using a score based on the lesion’s main characteristics. 
Methods. We conducted a retrospective analysis of bone tumors diagnosed as primary ABC (10 cases), secondary ABC 
(7 cases), and telangiectatic osteosarcoma (2 cases) between 2008 and 2019. A protocol was devised containing age, 
diagnosis, and imaging. Through literature review and data collected from the devised protocol criteria, including age, 
location, type of bone destruction, amount of fluid-fluid level, biological behavior, presence of solid component, and 
pathological fracture, a score between 0 and 8 was generated. 
Results. The threshold established to discriminate the need for biopsy was 3.5 (sensitivity 88.9%, specificity 90%, 
positive predictive value 88.9%, and negative predictive value 90%). Benign tumors, such as primary ABC (10 cases), 
scored between 2-4; secondary ABC (7 cases) scored 3-7; and telangiectatic osteosarcoma (2 cases) scored 6. 
Conclusion. According to our findings it is possible to remove some tumors with aneurysmal content without prior 
biopsy using the decision algorithm, whose criteria were based on the features that needed the most attention. The 
algorithm scores from 0-8, separates lesions into lower and higher aggressiveness, indicates cases that require biopsy 
and can be used only by evaluating the MRI scan. Tumors scoring ≤ 3 can be treated without prior biopsy with curettage 
and adjuvant therapy. Tumors with other scores should be biopsied.  
 
Keywords. Fluid-fluid levels, Magnetic resonance imaging, Needle biopsy, Aneurysmal bone cyst, Secondary aneurysmal 
bone cysts, Telangiectatic osteosarcoma 
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Do High- and Low-Risk Pediatric Rhabdomyosarcoma Survival Estimates 
Equalize 5 Years After Diagnosis? A Cause-specific Conditional Survival 
Analysis 
Mustafa Hashimi, Christopher R. Halbur, Vanessa Webster, Dr Trevor R. Gulbrandsen, Benjamin J. Miller 

University Of Iowa Hospitals And Clinics, Iowa City, United States 

Background. Conditional survival (CS) describes a patient’s prognosis based on the time a patient has survived since 
initial diagnosis and is especially important during patient counseling. Rhabdomyosarcoma is the most common soft 
tissue sarcoma in childhood, with multiple factors impacting overall survival including age, tumor size, stage, and 
histology. Although overall survival of pediatric rhabdomyosarcoma (RMS) has been extensively studied, CS related to 
RMS has not been reported. The purpose of this study was to determine how cause-specific 5-year survival is impacted 
based on each additional year of survival. Furthermore, patient specific demographics, tumor characteristics, and 
surgical management were collected to determine their impact on CS. 
Methods. A total of 1,997 patients ages 18 years and younger with rhabdomyosarcoma diagnosed between 2000-2018 
were identified through the Surveillance, Epidemiology, and End Results (SEER) database. All subtypes of 
rhabdomyosarcoma were included based on ICD-O-3 morphology. Demographics, stage, histology, grade, size, site, and 
surgical procedure were collected. Tumor sites were classified as “favorable” in the head/neck, biliary tract, or 
genitourinary system, and “unfavorable” at all other sites. Survival for an additional 5 years conditional on a patient 
having already survived for 0 to 5 years from diagnosis was evaluated with an actuarial life table analysis. An unpaired, 
two-tailed t test was used to compare continuous variables. 
Results. The overall cause-specific 5-year survival at time of diagnosis was 67.9%. At 1 and 5 years from diagnosis the 
estimated 5-year survival increased to 72% and 95.3%, respectively. The baseline 5-year survival was 81.1% for 
local/regional disease and 38.4% for metastatic disease. At 1 year from diagnosis, the 5-year survival for metastatic RMS 
had no significant improvement from baseline. However, those at the 5-year survival interval had a marked 
improvement in survival for an additional 5 years compared to baseline (38.4% vs 90.7%, p<0.001). Survival was lowest 
in patients who were ≥10 years old, tumor size >5 cm, alveolar histology, distant metastases, and unfavorable locations 
(Table 1). Although these factors portend the worst prognosis at initial diagnosis, they demonstrated the greatest 
increase in conditional survival from baseline to 5 years. At 5 years from diagnosis, there was no longer a difference in 
5-year survival between patients ages 10-18 vs. ages 1-9 (p=0.95), and tumors <5 cm vs. >5cm (p=0.13). A small 
difference in survival remained between alveolar vs. embryonal histology (p=0.01), distant disease vs. local/regional 
(p=0.01), and unfavorable vs. favorable tumor sites (p=0.02) at 5 years from diagnosis (Figure 1). 
Conclusion. 5-year conditional survival for patients with RMS improves with each additional year of survival, especially 
for patients with initial high-risk characteristics. This indicates that patients with high-risk characteristics that survive 
for 5 years may have similar long-term prognosis as some patients with less severe features.  
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Solitary vs. Multiple Bone Metastases in The Extremities: Are There Any 
Differences? 
Thea Ladegaard, Michala Skovlund  Sørensen, Michael Mørk  Petersen 

Musculoskeletal Tumor section, Department of Orthopedic Surgery, Rigshospitalet, University of Copenhagen,Denmark 

Background. Patients with solitary metastatic bone disease in the extremities (MBDex) is believed to have better survival 
than patients with multiple MBDex. Metastasectomy is known to improve patient survival for renal cell cancer and 
maybe breast cancer in selected cohorts. With this study we sought to evaluate 1-year survival for metastasectomy in 
patients treated surgically for MBDex. 
Methods. We conducted a retrospective study including all MBDex-lesions treated surgically at orthopedic departments 
in the Capital Region (CR) 2014-2016. We excluded patients with unknown status of bone metastases and unknown 
status of resection margin. Patients were followed until end of study (30 September 2021) or death. Kaplan-Meier 
analysis (with logrank test) evaluated patient survival. 
Results. We identified 506 MBDex-surgeries (459 patients), 22 surgeries were revisions. 122 surgeries (118 patients) 
were oligo metastatic and 384 surgeries (343 patients) were known with multiple metastases. Of the 122 surgeries, 72 
surgeries (71 patients) had no/unknown status of visceral metastases (solitary-group) and 50 surgeries had visceral 
metastases. In the solitary-group, 44 surgeries had wide resection (44 patients).The most common primary cancer in 
this group was renal (15) and breast (9). 24 patients in the group had intralesional resection (24 patients). The most 
common primary cancer in this group was breast (6), lung (5), lymphoma (5) and myelomatosis (5). The 1-year patient 
survival was 48% (CI-95: 40-58) for the oligo MBDex and 34% (CI-95: 29-38) for the multiple MBDex (p<0.001). The 1-
year patient survival was 65% (CI-95: 55-77) for solitary MBDex without/unknown visceral metastases and 23% (CI-95: 
14-39) for solitary MBDex with visceral metastases (p<0.001). 
The 1-year patients survival was 75% (CI-95: 63-89) for the solitary-group with wide resection and 42% (95% CI: 26-67) 
for the solitary-group with intralesional resection 
(p<0.001).  
Conclusion. Our study suggests that aggressive treatment of solitary MBDex-lesions with wide resection improve patient 
survival regardless of primary tumor. Further, surgical treatment of patients with oligo metastatic disease results in 
better 1-year survival than patients with multiple metastatic disease. 
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The effects of surgical treatment with chondroblastoma in children and 
adolescents in open epiphyseal plate of long bones 
Dechao Yuan, Xiang Fang, Wenli Zhang, Xiang Fang, Chongqi Tu, Senlin Lei 
West China School Of Medicine/west China Hospital, Sichuan University, Chengdu, China 

Background. Chondroblastoma is a rare benign cartilaginous tumor, which primarily occurs in children and adolescents. 
Chondroblastoma commonly originates in the epiphyseal plate of long bones. An aggressive curettage treatment is 
recommended to manage lesion, which may jeopardize an open epiphyseal plate and result in limb shortening and 
deformity as the limb grows and develops. The purpose is to observe surgical effects of chondroblastoma on open 
epiphyseal plate of long bones in children and adolescents and explore influences on limb growth and development.  
 
Methods. We retrospectively reviewed 18 cases of long bone chondroblastoma with open epiphyseal growth plate 
during March 2004 to October 2016 in our center. Seven females and 11 males with mean age of 11.6 ± 2.0 years old 
(8–15 years) were included. Patients, who suffered from trauma and pathological fracture of the epiphyseal plate or 
congenital diseases such as poliomyelitis, congenital dementia, and cartilage malnutrition, were excluded. All patients 
were treated with meticulous intralesional curettage and inactivity with alcohol followed by bone grafts. All cases were 
followed up 8.2 ± 1.7 years (5–11.5 years). 
 
Results. All had no local recurrence and distance metastasis. The length of the affected limb was short, 18.47 ± 7.22 mm 
(1.5–30 mm). There was no obvious relativity with tumor activity (P = 0.061). Meanwhile, there were obvious relativity 
with the greatest dimension of the lesion (TGD) (P = 0.003), the vertical dimension between edge of lesion and 
epiphyseal line (TVD) (P = 0.010), and area ratio of lesion to local epiphysis (lesion/growth plate) (P = 0.015). The MSTS93 
(Revised Musculoskeletal Tumor Society Rating Scale 93) and SF-36 (Medical Outcomes Study 36-Item Short-Form 
Health Survey) had been significantly improved (P < 0.01). 
 
Conclusion. Managing of chondroblastoma located in open epiphyseal plate of a long bone with meticulous curettage, 
inactivity, and bone grafts can control tumor progression and recurrence effectively. Meanwhile, early detection and 
prompt surgical treatment intervention, which reduced significantly the tumor to influence limb growth and 
development, get encouraging limb function. Trial registration: This is a retrospective study, which was not registered 
in any trial registry 
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Combination of pretreatment systemic immune-inflammation index (SII) 
and prognostic nutritional index (PNI) as prognostic predictor for disease-
specific survival in patients with soft tissue sarcoma 
Ronnakrit Maethungkul1,2, Wichayan  Chobchai1, Punnawit  Pinitchanon1, Pongsiri  Piakong1, Bhasanan  
Sukanthanak1, Piya  Kiatisevi1 

1Orthopaedic Oncology Unit, Institute of Orthopaedics, Lerdsin Hospital, Bangkok, Thailand, 2Department of Orthopaedics 
Surgery, Faculty of Medicine Chiang Mai University, Maharaj Nakorn Chiangmai Hospital, Chiangmai, Thailand 

Background. High pretreatment systemic immune-inflammation index (SII) and low prognostic nutritional index (PNI) were 
inflammatory biomarker and nutritional biomarker that validated as adverse prognostic predictor in various types of 
malignancy including breast cancer, renal cell carcinoma, bladder cancer, pancreatic cancer, colorectal cancer, esophageal 
cancer, gastric cancer, hepatocellular carcinoma, lung cancer, ovarian cancer, lymphoma, nasopharyngeal cancer, and 
osteosarcoma. To the best of our knowledge, their role as prognostic predictors for patients with soft tissue sarcoma remained 
unknown.  
Methods. Between August 2009 and September 2021, 188 patients with soft tissue sarcoma who underwent operative 
treatment were retrospectively reviewed using our tumor registry database. The median follows up time was 27 months. The 
pretreatment SII was calculated as platelet count (10^9/L) x neutrophil/lymphocyte count(10^9/L). The pretreatment PNI was 
calculated as albumin level (g/L) + (5 x lymphocyte count (10^9/L)). The optimal cut-off values for SII and PNI obtained from 
maximum Harrell’s concordance test for cox- regression model was 1300 and 39, respectively. Survival curve was analyzed 
using Kaplan-Meier method with death of disease as the endpoint. Multivariable cox-proportional hazard model was used to 
determine the prognostic value of SII, PNI and the combination of them. Clinicopathologic characteristic of patients was 
analyzed for association with abnormal SII and PNI using logistic regression model.  
Results. From univariable and multivariable analysis when adjusted for gender, age, size, dept, fungating mass, tumor grade, 
margin status, recurrence, and initial metastasis; High SII (hazard ratio 1.9 [95%CI 1.1 to 3.1]; p=0.017) low PNI (HR 2.1 [95%CI 
1.2 to 3.5]; p=0.007) and combination of high SII and low PNI (HR 2.4 [95%CI 1.3 to 4.4]; p=0.003) were independent significant 
prognostic predictor for disease-specific survival. The combination of SII and PNI improve disease-specific survival prediction 
determined by Harrell’s C concordance test equal to 0.65 compared with isolated SII and isolated PNI which was 0.63 and 0.60, 
respectively. High pretreatment SII were significantly associated with age < 50 years (odds ratio 2.2 [95%CI 1.1 to 4.2]; 
p=0.020), fungating mass (OR 2.5 [95%CI 1.1 to 5.9]; p=0.037), high grade tumor (OR 4.2 [95%CI 1.8 to 9.8]; p=0.001), initial 
metastasis (OR 2.8 [95%CI 1.4 to 5.5]; p=0.003). Low pretreatment PNI was significantly associated with fungating mass (OR 
3.5 [95%CI 1.4 to 8.8]; p=0.007), high grade tumor (OR 8.3 [95%CI 1.3 to 52.7]; p=0.025), initial metastasis (OR 2.4 [95%CI 1.1 
5.3]; p=0.029).  
Conclusions. Pretreatment SII and PNI were significant prognostic predictors for disease-specific survival in patient with soft 
tissue sarcomas and the combination of SII and PNI improved survival prediction. Fungating mass, high-grade, and initial 
metastasis were associated with high SII and low PNI. We proposed combining SII and PNI as inflammatory and nutritional 
biomarkers in patients with soft tissue sarcoma.  
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Surgical Factors to Predict Postoperative Wound Complications in Localized 
Soft-tissue Sarcomas of the Extremity 
Manit Gundavda, Alexander Lazarides, Zachary Burke, Anthony Griffin, Kim Tsoi, Peter Ferguson, Jay Wunder 
University Of Toronto, Toronto, Canada 

Background. Postoperative wound complications are challenging in patients with localized extremity soft-tissue 
sarcomas. Various factors have been associated with wound complications and nomograms available with non-
modifiable patient demographics that are difficult to control prior to tumor surgery, however there is no individualized 
surgical predictive model to allow providers to counsel their patients and thus offer methods to mitigate the risk of 
complications and implement appropriate wound management measures. 
 
Questions/Purposes. We used data from a single tertiary center to ask: (1) What SURGICAL risk factors are associated 
with postoperative wound complications in patients with localized soft-tissue sarcomas of the extremity? (2) Can we 
create a predictive model from surgical parameters that will assess the risk of wound complications in individual patients 
after resection for soft-tissue sarcoma? 
 
Methods. From 1991 to 2020, 3015 patients undergoing limb-salvage resection for a localized primary or recurrent 
extremity soft-tissue sarcoma with at least 1 year of follow-up were identified. Wound complications included incisions 
managed using primarily closure with superficial wounds with or without drainage, deep wounds with drainage because 
of dehiscence, and intentional opening of the wound postoperatively or complications of wounds managed with primary 
tissue transfer (by the plastic surgery team). A multiple logistic regression analysis was used to generate a prediction 
model that would suggest an appropriate wound management intervention for complication prevention. Surgical risk 
factors were identified by the clinicians a priori and retrospective data was collected. 
 
Results. After controlling for potential confounding factors such as patient demographics, comorbidities, and 
chemotherapy use, we found that increasing tumor size, depth (79.4% of all complications) and extent of surgical 
resection (soft tissue alone 22.2% versus additional bone/vessel/nerve resection 35.06% of all complications) were 
associated with postoperative wound complications. Neoadjuvant radiation (31.59% of all complications), primary 
closure (22.9%) vs rotation flap (30.3%) or vascularized tissue transfer (28.49%) and tumor location were the major 
surgical identifiers for prediction of overall wound complication. 
 
Conclusions. We found that tumor location, and timing of radiation are associated with the risk of wound complications. 
Patients that underwent primary tissue transfer with local rotation of vascularized free tissue transfer have marginally 
higher incidence of overall complications that were attributed to higher risks due to composite resections or flap related 
issues as opposed to wound breakdown, infections noted with primarily closed wounds when matched for neoadjuvant 
radiation and tumor location. This may allow for proactive primary wound management with surgical techniques such 
as primary tissue transfer, negative wound pressure dressings etc. to prevent complications in high-risk groups and help 
determine the delivery of radiation in patients with a high risk of having these complications 
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Survival, ambulation, and pain relief after arthroplasty for proximal 
femoral metastasis: improvement over 40-years  
John H. Healey, Scott Runyon, Rayhan Saiani, Kelsey Young, Lee Rhea, Cara Cipriano, Joseph Lane 
Memorial Sloan Kettering Cancer Center, New York, United States 

Background. Proximal femur metastatic disease commonly causes pathological fracture and is historically associated 
with short patient survival. Modern survival results and clinical outcomes of post-operative ambulation and pain are 
incompletely described. Our objective was to provide a 40-year update regarding patient survival and predictors of 
ambulation and pain, after hip arthroplasty for metastatic disease. 
 
Methods. We retrospectively identified 160 consecutive patients (165 hips) who underwent hemiarthroplasty or total 
hip arthroplasty for pathologic impending or completed hip fractures from 2010 to 2013.  We reviewed pre-operative 
Eastern Cooperative Oncology Group (ECOG) performance score, lesion location, acetabular involvement, presence of 
visceral, other osseous and spinal metastasis, use of chemotherapy, radiotherapy, and osseous and biologically targeted 
therapies. Survival time, ambulatory status, pain relief, surgical complications, and durability were analyzed.  
 
Results. Patients survived for a median of 6.7 months.  Patients with higher preoperative hemoglobin and treatment 
with biologic therapy survived longer (both p<0.01).  Lung and renal cancers, presence of spinal metastasis, and 
additional surgery predicted shorter survival (p<0.01). Post-operatively, 30% of patients walked independently and 64% 
with an assistive device. Better pre-operative ECOG score, shorter hospital length-of-stay, higher hemoglobin and 
biological treatment were associated with improved ambulation status (p<0.05). Pain was relieved with intermittent 
narcotic or non-narcotic in 50% of patients post-operatively, with greater post-operative pain reduction among those 
with an impending rather than a completed fracture (p=0.01). There were 14 (9%) Clavien-Dindo grade 3 and 4 
complications and 4 in-hospital deaths.   Five implants were revised due to disease progression (4) and breakage (1) at 
a mean of 3.6 years post-operatively.  
 
Conclusions. The primary histologic diagnoses evolved over the 40-year span.  The spectrum of hip mechanical 
insufficiency (fracture v. impending fracture) warranting a hip arthroplasty was stable. For these patients, arthroplasty 
continues to be an effective and durable construct in metastatic hip treatment. While modern biological therapies may 
significantly benefit individuals, there has been only marginal improvement in overall median survival of patients 
treated for pathological completed or impending fracture since the late 1970’s.   Prosthetic reconstruction is durable, 
exceeding the life expectancy of these patients.  Surgeons must carefully consider each patient’s pre-operative ECOG 
status, primary tumor, and burden of spinal metastasis before forecasting improved survival, ambulation or pain relief 
post-operatively.  Other parameters included in PathFx® assessment such as hemoglobin, and successful response to 
biologic therapies influence patient survival and should be considered when selecting the appropriate surgery for these 
sick patients. 
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Uncommon location for solitary osteochondromas: Scapula, ischium and 
ribs. 
Juan P Zumarraga1,2,3, Diego E Rubio2,3, Felipe M Suntaxi4 

1Universidad San Francisco de Quito, Quito, Ecuador, 2Hospital Metropolitano, Quito, Ecuador, 3Hospital Monte Sinai, 
Cuenca, Ecuador, 4BioZhape Biomedical Engineering, Quito, Ecuador 

Background. Osteochondroma is considered the most common benign bone tumor of the axial skeleton (8-15% of all 
primary bone tumors and 35-50% of all benign bone tumors).  Usually affects children and young adults. It is typically 
located in the metaphysis of long bones, although it could also affect flat bones like scapula, ischium and ribs. 
Involvement of the flat bones occurs in 10% of cases, pelvis in 5%, scapulae in 4%, and ribs in 2%. Symptoms are not 
very specific. The present study describes atypical cases of osteochondromas in atypical locations: scapula, ischium and 
ribs.  
 
Methods. We present 3 patients (2 women, 1 men) with uncommon location of solitary osteochondromas (scapula, 
ischium and ribs) who underwent tumor resection. The mean follow-up period for each case was 14 months. For each 
case, functional outcomes, oncological outcome and complications were evaluated by Toronto Extremity Salvage score, 
clinical examination and radiological follow-up. The three patients had 3D printed real size scale models for preoperative 
planning and computer navigation guided surgery.  
 
Results. A 14-year-old girl presented limited amplitude of movement of the upper extremity. Radiography of the scapula 
revealed a mushroom-shaped outgrowth from the scapular body. The patient was treated with partial scapulectomy. 
Histopathological examination revealed features suggestive of osteochondroma. A 54-year-old woman with abdominal 
pain and constipation. An abdominal computed tomography revealed a huge osteochondroma like mass growing from 
the right ischium. Intra-abdominal excision was performed. Histopathological studies reported pelvic osteochondroma. 
A 9-year-old boy with one year of evolution painful tumor at the left anterior part of the thorax, with evident 
deformation. He was diagnosed with osteochondroma of the 7th, 8th and 9th ribs. Due to the persistence of the 
symptomatology surgical excision was performed.  
 
Conclusions.  Osteochondromas of uncommon location presenting as symptomatic masses are a rarity.  They can cause 
multiple clinical manifestations including limitation and pain. Different locations of solitary osteochondromas can 
influence both patients' symptoms and clinical examination findings. Improved understanding of the clinical spectrum 
of this entity is essential. 3D printed models for preoperative planning plays a crucial role in the correct execution of the 
surgical treatment. Surgical excision is the best line of treatment and is also important to prevent possible complications 
of malignant transformation. 
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Halving infection rates in endoprosthetic reconstructions by creating a 
targeted peri-operative antibiotic protocol 
Anthony Maher, Richard Boyle, Paul Stalley, William McNamara, Daniel Franks, Maurice Guzman 
Royal Prince Alfred Hospital, Sydney, Kirribilli, Australia 

Infection remains one of the most common and devastating complications after endoprosthetic reconstruction surgery. 
The recently published PARITY trial has raised some interesting issues about the length of antibiotic therapy after 
endoprosthetic reconstruction. In October 2014, our tertiary referral oncology centre introduced a formal antibiotic 
peri-operative protocol consisting of intra-operative antibiotics followed by a 4-day post-operative tail. This was 
designed to target common organisms noted in previous endoprosthetic infections.  
 
The aim of the paper is to present the infection rate of our cohort of endoprosthetic reconstructions at our single tertiary 
referral institution. Also, to compare infection rate pre and post introduction of a formal antibiotic post-operative 
protocol. 
 
Data was collected from our database of endoprosthetic reconstructions, and correlated with infectious disease 
databases, microbiology databases, and hospital records. Infection rate was calculated, organism data was collected. 
Two cohorts were compared – those prior to October 2014 (Pre-protocol), and those post October 2014 (Post-protocol). 
Minimum 1 year follow up was included. 
 
Overall, 472 cases were included, 193 in the Pre-protocol group, and 279 in the Post-protocol group. Infection rates in 
Pre-Protocol was 12% (n=23), and Post-Protocol was 5% (n=14) (p <0.05). Proximal femoral replacements saw the 
biggest decline in infection rates. In the Pre-protocol cases, methicillin resistance staph aureus (MRSA) and methicillin 
sensitive staph aureus were the most common organisms (22% and 30% respectively). However, subsequent to 2014, 
there were no MRSA infections, and only 6 (26%) MSSA infections. 
 
In conclusion, our infection rates prior to 2014 were 12%, but dropped significantly to 5% after introduction of a targeted 
prophylactic antibiotic protocol. This compares favorably to the infection rate of 15% in a recent multinational cohort 
(PARITY trial). 
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Sarcopenia in Soft Tissue Sarcoma Population 
Michael Russell, Benjamin Miller, Nathan Saxsby, Steven Leary 
University Of Iowa, Iowa City, United States 

Background. In recent years, there has been a push towards trying to optimize patient’s nutritional status through 
proper dietary regimens and nutritional supplementation. Previous studies have looked at the best measures to assess 
nutritional status and the impact of nutritional supplementation on muscle mass, but to our knowledge, there has not 
been previous research examining the impact of these supplements on wound healing in the sarcoma population. This 
is particularly important for sarcoma patients who undergo neoadjuvant radiation therapy. Previous studies have 
demonstrated wound complications in this population approaching 35%. With this high rate of wound healing issues, 
finding treatment modalities to minimize these complications is of paramount importance. 
 
Methods. Between June 2020 and May 2021, all extremity sarcoma patients receiving care in our department received 
two weeks of twice daily amino acid supplementation starting on the first postoperative day. We analyzed their wound 
healing, the primary outcome, at all follow up appointments with final-end point being six months after surgery. Non-
healing wounds were defined as any wound requiring packing at 6 months post-operatively, any wound requiring a 
return visit to the OR for debridement or any wound requiring IV antibiotics (ABX) for healing concerns.  The patient 
cohort was compared with a similar historical patient cohort using the chi-square test. In a subgroup of participants 
with body composition measurements, we also compared changes in mean fat mass, lean mass, and psoas index from 
pre-operative baseline to 6 months post-operative using generalized linear models. 
 
Results. A total of 33 consecutive patients were supplemented with a branched chain amino acid (BCAA) formulation. 
The historical cohort included 146 participants from the previous seven years (2010 - 2017). Looking exclusively at 
patients who underwent neoadjuvant radiation, 26% of patients in the historical cohort experienced wound 
complications compared to 30% in the supplemented group. This difference was not statistically significant. There were 
39 participants in the historical cohort with psoas index data at both baseline and 6 months post-operative. We found 
a statistically significant decline in psoas index but no changes in BMI in the historical cohort. 
 
Conclusion. In our limited sample size, there was no difference in wound healing complications between sarcoma 
patients treated with neoadjuvant radiation therapy who received post-operative BCAA supplementation and those 
who were not supplemented. Patients who did not receive supplementation had a significant decline in post-operative 
psoas index following operative sarcoma removal. 
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Comparison of fixation techniques for rotationplasty 
Mikaela Sullivan, Alexandra Arguello, Todd Milbrandt, Peter Rose, William Shaughnessy, Matthew Houdek 

Department of Orthopedic Surgery, Mayo Clinic, Rochester, United States 

Background. Rotationplasty is a reconstructive, limb-sparing surgery for patients with lower extremity musculoskeletal 
tumors. The procedure involves rotation of the distal lower extremity to allow the ankle to function as the new knee 
joint and provide an optimum weight-bearing surface for prosthetic use. Fixation is obtained through multiple 
techniques including plates and intramedullary nails. Complications include nonunion, malrotation, and fracture. There 
is currently a paucity of data comparing fixation techniques, especially considering these complications. The purpose of 
this study is to compare fixation outcomes between intramedullary nailing (IMN) and plating (PS) in patients undergoing 
rotationplasty. 
 
Methods. We reviewed 25 (16 male:9 female) patients with a mean age of 10±4 years, undergoing a rotationplasty for 
either a femoral (n=17, 68%) or tibial (n=8, 32%) tumor. The most common diagnosis was osteosarcoma (n=21, 84%). 
Fixation was obtained with either an IMN (n=6, 24%) or PS (n=19, 76%). Outcomes of patients undergoing rotationplasty 
were compared between the IMN and PS groups. 
 
Results. Following surgical resection margins were negative in all patients.  The mean time to union was 21 months 
(range 6-93 months). Patients undergoing fixation with an IMN achieved union at a significantly shorter time compared 
to patients undergoing fixation with a PS (7±1 vs 28±7 months, p=0.02). Eight patients developed a nonunion and 
patients undergoing fixation with a IMN were less likely to have a nonunion, however this failed to reach statistical 
significance (OR 0.34, 95% CI 0.01-2.74, p=0.33).  Postoperative fracture of the residual limb occurred in 7 (28%) patients 
and patients undergoing fixation with a plate were likely to have a fracture (n=7, 37% vs. n=0, 0%, p=0.13).  Following 
surgery, complications occurred in 13 (52%) patients, most commonly a nonunion (n=8). Three patients underwent 
conversion to a formal amputation secondary to tumor recurrence (n=2) and compartment syndrome (n=2). Patients 
undergoing fixation with a plate were more likely to have a postoperative complication (OR 8.6, 95% 0.82-89.1, p=0.07). 
All patients were able to be fitted with a prosthesis following their rehabilitation.  
 
Conclusion. Rotationplasty is an option for limb salvage for young patients with lower extremity tumors. The results of 
the current study suggest the potential for improved rates of union and a decreased time to union when an 
intramedullary nail can be used. As such consideration for IMN fixation should be given to all patients undergoing a 
rotationplasty.  
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Ankle stabilization by synthetic material after distal fibula resection in 
sarcoma patients. 
Mahmood Shaheen, Rajeev Pant, Saleh Alsulaimani, Ibrahim Alshaygy, Mohammad Altayeb 

Department of Orthopedic Surgery, Musculoskeletal Oncology Unit, King Faisal Specialist Hospital And Research Center, 
Riyadh, Saudi Arabia 

Background. Sarcoma of the distal fibula is surgically challenging.  Stability of the ankle after resection of the fibula is a major concern. 
Historically, resection of the distal fibula was indicated for benign and low malignant neoplasms and below-knee amputation was the 
preferred surgical option for high-grade sarcomas. Recently, resection of the distal fibula for high-grade sarcoma is possible with the 
introduction of the new medical/radiation therapies.  When resecting distal fibula in sarcoma cases, the soft tissue surrounding is 
also resected in a block with the tumor to get a free tumor margin. Soft tissue reconstruction using a remnant of the lateral ankle 
ligament is used in benign distal fibula tumors. Also, subperiosteal resection of distal fibula leaving a cuff of periosteum attached to 
the tibia (syndesmoses) has been described with a good stability outcome. Another method is to leave the distal tip of the fibula 
attached to the ankle. We believe that our reconstruction method using synthetic material is showing promising results. The concept 
is to support ankle mortise laterally. This is achieved by fixing the tube in the distal tibia -passing the tibiotalar joint- up to the talus 
bone by anchor sutures on both ends. Postoperatively the patients are kept in a long leg cast for four to six weeks then a walking cast 
for another four weeks then starting full weight-bearing afterward.  
Material and Methods. This is a retrospective analysis and surgical technique description of five adult patients with the diagnosis of 
distal fibula bone sarcoma. Preoperative and postoperative data collection will include Age, Gender, Date of Diagnosis, 
Histopathology results, surgical approaches, information related to surgery, any additional surgeries after the primary procedure, 
tumor size, resection length, necrosis percentage, radiological investigations, medical/radiation therapies, clinical pictures, 
complications, the date has last seen, follow up period in months, general health condition at the last follow up. The method of 
reconstruction will be reviewed in detail for every case. We used synthetic material (Trivera Tube) and Gore-Tex tube with anchors 
around the ankle for stabilization. 
Results. Our data showed heterogenicity of age and diagnosis, patients' ages range from 14 to 40 yrs, we had 4 male patients and 
one female, one case of epitheliod hemangioepithelioma, and two cases of chondrosarcoma one case of Ewing sarcoma, and one 
case of osteosarcoma. Only the patient with Ewing sarcoma required revision surgery in the form of arthrodesis 9 years from the 
primary surgery due to osteoarthritis. All of the patients are free from local recurrence when last seen. One patient lost follow-up. 
Conclusion. The ankle joint was stable in all of our patients and following the post-operative instruction none of the patient required 
the use of any walking aids. 

 

  
 

 

201



 

 
 

FS3.3 

What are the Results of Resection of Forearm Soft Tissue Sarcoma?  
Eiji Nakada, Tomohiro Fujiwara, Toshiyuki Kunisada, Toshifumi Ozaki 
Department of Orthopedic Surgery, Okayama University Hospital, Okayama, Japan 

Background. Soft tissue sarcomas (STS) of the forearm are rare, accounting for 3–7% of all sarcomas. However, only few 
reports have assessed their characteristics and oncological and functional outcomes. 
 
Methods. We retrospectively evaluated the medical records of patients with forearm STS who underwent surgical 
excision at our institution between 1993 and 2018.  Thirty-four patients were included in this study. The median age at 
diagnosis was 64 years (range, 17–88 years). We analyzed the characteristics of unplanned excision; postoperative 
Musculoskeletal Tumor Society rating scale (MSTS); and local recurrence-free survival (LRFS), metastasis-free survival 
(MFS), and overall survival (OS) rates. The survival rates were estimated using the Kaplan-Meier method. The 
significance of the following variables was determined: age, sex, histology, tumor size, Fédération Nationale des Centres 
de Lutte contre le Cancer (FNCLCC) grade, American Joint Committee on Cancer (AJCC)  stage, surgical margin, 
unplanned excision, metastases upon initial presentation, receipt of chemotherapy, and radiotherapy (RT). 
 
Results. Fourteen patients were referred to our institution after an unplanned excision. Tumor size, grade, and stage 
were significantly associated with the receipt of unplanned excision. Tumors <2 cm were seen in 4/14 (29%) patients 
with unplanned excision, but none in those with planned excision (P = 0.02). A lower FNCLCC grade (grade 1/2) was 
recorded in 13/14 (93%) patients with unplanned excision and 11/20 (55%) in those with planned excision (P = 0.02). 
Early AJCC stages (stage IA/IB/II) were observed in 12/14 (86%) patients with unplanned excision and in 8/20 (40%) 
patients with planned excision (P = 0.01). The postoperative median MSTS score was 28 (range, 18–30). Bone resection 
or major nerve palsy was the only factor that influenced MSTS scores. The median MSTS scores in patients with or 
without bone resection or major nerve palsy were 24 (range, 18–25) and 29 (range, 18–30), respectively (P < 0.001). 
The 3- and 5-year LRFS rates were 90% and 86%, respectively. Univariate analysis revealed that the histological diagnosis 
of myxofibrosarcoma was the only factor that influenced LRFS (P = 0.047). The 3- and 5-year MFS rates were 77% and 
77%, respectively. In univariate analysis, no factors were associated with MFS. The 3- and 5-year OS rates were 94% and 
94%, respectively. Age was the only factor that influenced OS (P = 0.01).  
 
Conclusions. In the forearm soft-tissue masses, reconstruction of the skin and tendon can compensate for function, 
while bone resection and major nerve disturbance cannot. Careful follow-up is important, especially in patients with 
myxofibrosarcoma, due to its likelihood of local recurrence 
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The influence of the extent of surgical procedures on the outcome in soft 
tissue sarcoma 
Philipp Theodor Funovics, Kevin Döring, Christoph Stihsen, Joannis Panotopoulos, Alexandra Kaider, Reinhard 
Windhager 

Medical University of Vienna, Vienna, Austria 

Background. Soft tissue sarcoma (STS) is a rare primary malign neoplasm. The current management for high grade STS 
consists of surgical resection followed by radiotherapy, while (neo-)adjuvant chemotherapy might be applied in specific 
STS subtypes. In surgery, different methods of reconstruction might be taken for best functional outcome of the affected 
extremity. The aim of this study was to investigate the impact of different “extended procedures” of STS on survival 
of a large series. 
 
Methods. As a single-center retrospective cohort analysis, we evaluated 437 patients who were treated for STS between 
1967 and 2006. This included 208 female and 229 male patients with a mean age of 49.4 years. The resection cohort 
consisted of 297 subjects (68%), the reconstruction group of 140 patients (32%). The reconstruction group was further 
differentiated into different modes of reconstruction, including endoprosthesis (32 patients), vascular (38 patients), 
nerve (17 patients), soft tissue (74 patients) and bone reconstruction (20 patients) groups. The mean follow up was 
88.6 months. 
 
Results. The overall survival (OS) of the resection group was 85%, 61% and 51% at one, five and ten years, compared to 
87%, 58% and 46% of the reconstruction group. The endoprosthetic reconstruction group showed the worst outcome, 
with a cumulative survival of 74%, 45% and 35% at one, five and ten years (p=0,05), while the bone reconstruction group 
showed the best outcome with a cumulative survival of 100%, 70% and 70% at one, five and ten years (p=0,03). 
 
Conclusion. This study showed no differences in survival parameters for patients treated with reconstruction after 
extensive resection, an aggressive approach in terms of wide resection followed by extensive reconstruction should be 
accepted in borderline cases. 
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Core needle biopsy versus open biopsy of malignant bone tumor in 
diagnostic accuracy, complications, and cost-effectiveness: A systematic 
review and meta-analysis 
Shunichi Toki1, Toshihiko Nishisho1, Kunihiko Numoto2 

1Department of Orthopedics, Tokushima University Graduate School, Tokushima, Japan, 2Department of Orthopedic 
Surgery, Kochi Health Sciences Center, Kochi, Japan 

Background. Biopsy is a particularly important step in the appropriate treatment of malignant bone tumor. Although 
open biopsy (OB) is considered the gold standard, recent studies showed core needle biopsy (CNB) have the similar 
accuracy and less invasiveness and lower costs. The objective of this systematic review and meta-analysis was to assess 
the value of open biopsy of malignant bone tumors. 
 
Methods. Medline/PubMed, Cochrane and Japan Medical Abstracts Society Web were searched for studies published 
between 1962 to 2018 providing data on diagnostic accuracy, safely and costs of percutaneous core needle biopsy and 
open biopsy for malignant bone tumor. Two reviewers independently assessed the methodological quality. The 
Cochrane Collaboration's RevMan 5.1 software was used for the meta-analysis. 
 
Results. Overall, 989 articles were identified and 12 were eligible for inclusion. Of these, 1 was intervention study and 
11 were observational study. There was no significant difference in the accuracy rate between the OB and CNB groups 
in observational studies (risk difference (RD), 0,08; 95% confidence interval (CI), 0.00–0.17; P=0.06), but OB have slight 
good accuracy rate. In the data on complications, no significant difference was found when comparing OB and CNB (risk 
ratio (RR), 1.5 confidence interval (CI), 0.37–6.00; P=0.57). CNB has apparent good cost-effectiveness (P<0.00001). 
 
Conclusion. OB and CNB biopsies were equivalent in terms of efficiency and related complications, but OB may have 
slight higher accuracy rate. CNB was substantially less expensive. CNB could be the first line diagnostic test for malignant 
bone tumors. 
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Functional outcome and sports activity after soft tissue sarcoma of the 
lower extremities 
Dimitra Melissaridou1, Stylliani Iliopoulou- Kosmadaki1, Ioannis Trikoupis1, Angelos Kaspiris2, Dimitra Galani1, 
Olga Savvidou1, Vasileios Kontogeorgakos1, Panayiotis Papagelopoulos1 

1National And Kapodistrian University of Athens, Athens, Greece, 2Laboratory of Molecular Pharmacology, School of Heath 
Sciences, University of Patras, Patras, Greece 

Background. Combined application of surgical intervention, chemotherapy and radiation therapy increased the survival 
rates in patients with soft tissue sarcomas. Recent studies reported that 5-year survival rate of patients with soft tissue 
sarcoma is approximately 70%. Therefore, assessment for their functional outcome after surgical treatment is deemed 
necessary. Moreover, as these patients are active during the onset of disease, sports activity index before and after limb 
salvage surgery is considered an additional factor to be investigated.  
  
Objectives. Aim of our study was to assess the functional outcome, sports activity and quality of life of patients following 
wide resection for soft tissue sarcomas of the lower extremities.  
 
Methods. We retrospectively reviewed 270 patients who underwent wide surgical excision for soft tissue sarcomas of 
the lower extremities and limb-salvage surgery between 2000 and 2020. The mean follow-up was 48 months (range: 6 
months – 17 years). Assessment for sports activity was made using the UCLA Activity Score, while the functional status 
was evaluated using the Musculoskeletal Tumor Society Score (MSTS) and the Toronto Extremity Salvage Score (TESS). 
 
Results. The mean age for the participants was 45 years. The anatomic locations of the sarcomas were thigh (N=202, 
75%) and leg (N=68, 25%) whereas 34% and 66% of tumors were superficial and deep, respectively. The histological 
types mainly were composed of myxofibrosarcomas (N=21), myxoid liposarcomas (N=20), extraskeletal 
chondrosarcomas (N=5), leiomyosarcomas (N=5), fibromyxoid sarcomas, extra-skeletal osteosarcomas, Extraskeletal 
Ewing’s sarcomas, dedifferentiated liposarcomas and synovial sarcomas. There was no statistically significant difference 
between the preoperative and postoperative functional status according to MSTS (mean: 90.6% preoperative vs. 93.0% 
postoperative; p=0.566) and TESS (mean: 84.6% preoperative vs. 93.9% postoperative; p=0.059) scores for the 
superficial sarcomas. Significant reduction of the functional status of patients according to both scores (mean MSTS: 
86.9% preoperative vs. 83.0% postoperative; p=0.001; and mean TESS, 83.0% preoperative vs. 79.4% postoperative; P 
=0.015) was detected in these patients postoperatively. Regarding sports activity index, 64% of the patients reported 
regular participation in sports activities preoperatively compared to 40% postoperatively. The mean UCLA score was 
7.0, being lower for patients with deep sarcomas than the mean score (9.3) for patients with superficial sarcomas.   
 
Conclusions. The postoperative sports activity after wide resection of soft tissue sarcomas of the lower extremity 
depends on the anatomical location of the tumor.  
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Comparison of mri and synovial fluid analysis with histopathological 
correlation in detecting joint involvement by extremity sarcomas  
Shashi Sah1, Shah Alam Khan1, Venkatesan Sampath Kumar1, Shivanand Gamangatti2, Asit Ranjan Mridha3, 
Adarsh Barwad3 

1Department of Orthopaedics, All India Institute of Medical Sciences (AIIMS), New Delhi, India, 2Department of 
Radiodiagnosis, All India Institute of Medical Sciences (AIIMS), New Delhi, India, 3Department of Pathology, All India 
Institute of Medical Sciences (AIIMS), New Delhi, India 

Background. Bone sarcoma invades the joint cavity as a result of either pathological fractures, invasion of the joint 
ligament, direct invasion of the articular cartilage, improper biopsy or surgery leading to accidental tumor spread. 
Articular involvement will decide the type of surgery the patient will undergo because joint involvement requires 
extraarticular resection for local control. The primary objective of this study is to compare the sensitivity and specificity 
of MRI vs synovial fluid gross examination vs Synovial Fluid Cytology in diagnosing joint involvement compared to the 
Gold   Standard Histopathological Examination. The secondary objective is to study the usefulness of saline injection 
and re-aspiration in diagnosing joint involvement in patient with dry tap.  
 
Methods. A Prospective Cross-sectional Observational study of 64 patients each of extremity sarcomas close to a joint. 
The patients underwent 3 modalities of investigations viz. preoperative MRI evaluated by an experienced 
Musculoskeletal Radiologist, Intraoperative synovial fluid analysis and postoperative histopathological examination by 
experienced Pathologists blindly. 
 
Results. Out of 64 patients, there were 44 Males and 20 Females. The mean age of patients was 21.91 years. There were 
45 Osteosarcomas, 12 Ewing’s sarcomas, 6 Chondrosarcomas and 1 Miscellaneous diagnosis. The tumor locations were 
29 Distal femur, 15 Proximal tibia,5 Proximal femur,10 Proximal humerus and 3 hemipelvis and 2 miscellaneous. MRI 
was able to diagnose joint involvement in 12 patients. Dry tap was present in 12 Patients and these patients had saline 
injection and re-aspiration. Synovial fluid gross examination revealed bloody aspirate in 33 patients, straw in 18 patients, 
colorless in 9 patients and dark straw in 4 patients. Synovial fluid cytology revealed 7 Positive and 57 Negative for 
malignant cells. Final histopathology revealed joint involvement in 14 patients. The sensitivity, specificity, Positive 
Predictive Value (PPV) and Negative Predictive Value (NPV) are given in image 1 (Result Table). 
 
Conclusion. Based on our study results, the most Sensitive investigation to diagnose articular involvement was (Synovial 
Fluid Gross examination=MRI>Synovial fluid cytology). The most Specific method was (MRI>Synovial fluid 
cytology>Synovial fluid gross examination). Injection and re-aspiration were found to be negative for cytology in all 
patients. Based on this study, we conclude that synovial fluid gross examination alone is not effective for diagnosing 
joint involvement. 
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Extensor mechanism reconstruction with the polypropylene mesh after 
closed resections of the knee 
Ahmet Salduz, Serkan Bayram, Onur Kutlu 

Istanbul University, Istanbul, Turkey 

Background. Several reconstructions techniques were described in the literature for the extensor mechanism 
reconstructions in arthroplasty surgeries. However, this is limited after major knee resections. In this study we aimed 
to describe the technique for the reconstruction of the extensor mechanism of the knee after closed knee resections 
including patella.  
 
Patients and Methods. Malignant bone tumors around knee sometimes required closed knee resection with the patella. 
In this circumstances restoration of   extensor mechanism can be difficult. We are offering using polypropylene mesh as 
an extensor apparat with insertion one side of it into the interface between cemented tibial component and inner side 
of the tibia. You can attach the remaining muscle to the other side of the mesh. We applied this technique in six patients. 
The diagnosis was synovial sarcoma in one patient, osteosarcoma in 4 patients and chondrosarcoma in one patient.  
 
Results. Early results of the technique are promising. All patients can walk with assistive device in early postoperative 
period. Two patients were passed away, 4 patients still alive. Mean MSTS score of the patients was 21.   
 
Conclusion. This technique is useful for the restoration of extensor mechanism after major knee resections. 
polypropylene mesh as a durable and reliable and biocompatible material is providing acceptable clinical results in short 
term. 
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Allograft Prosthetic Composite Reconstruction of Bony Defects following 
Pelvic Tumor Resection 
Nathan Thomas, Santiago Lozano Calderon 

Harvard Medical School, Boston, United States 

Background.  Prior to the rise in metal pelvic reconstruction, pelvic allografts were a popular reconstructive option 
following internal hemipelvectomy. Additionally, in the setting of accompanying acetabular or hip lesions, allograft 
prosthetic composite (APC) reconstruction of the hip represented a useful option for limb salvage, by integrating the 
utility of endoprosthetic reconstruction.  
 
Question/Purpose. The goal of the study was to describe the survival and failure of APCs used following pelvic sarcoma 
resection and timeline for construct revision. Additionally, this study details the complication rates in regard to 
prosthesis-related issues versus allograft related complications.  
 
Μethods. Patients were queried from a large database of pelvic resections, performed at one tertiary academic center 
from 1992-2018. Patients were included if they underwent reconstruction by both allograft and hip prosthesis and had 
at least 1 year of follow-up. Prosthesis related complications were classified by the Henderson Classification scheme for 
endoprosthetic failures. 
 
Results. 26 patients were included in the sample - 16 males and 10 females, average age of 51.5+/-17.6 at the time of 
resection. Pathology included primary (20, 76.9%), recurrent (3, 11.5%), and oligometastatic tumors (3, 11.5%). The 
distribution of pelvic resections was as follows: type I (12, 46.2%), type IIA (22, 84.6%), type IIB (4, 15.4%), type III (19, 
73.1%), type IVA/B (8, 30.8%). Mean tumor volume was 919.8cm3. All patients underwent reconstruction with freshly 
thawed pelvic allografts, except one patient who underwent reconstruction with a proximal tibia allograft. 16 patients 
underwent total hip arthroplasty, while 10 underwent femoral sided hemiarthroplasty.  
 
Post-operatively, 12/26 patients required treatment for deep infection, 5/26 patients had local recurrence, and 7/26 
had subsequent metastatic disease. Prosthesis complications had the following distribution: type IA (1), type II (3), type 
IVA (1), type IVB (3), type VB (1). Hardware revision was indicated in 10/24 patients, with a mean time to revision of 
3.3+/-2.17 years. The following complications were noted in relation to allograft survival: acetabular migration (6/26), 
resorption (4/26), fracture (5/26), fixation failure (7/26). Mean time to fixation failure was 6.1+/-5.1 years. Allograft 
explantation was required in 12/24 cases, at a mean time of 4.6+/-2.6 years. At final follow-up, 5 patients were 
ambulatory without assistive devices, 16 were ambulatory with an assistive device, and 2 were wheelchair mobilizers.  
 
Conclusion. The results presented here help guide the anticipated management of patients with APCs and detail the 
expected modes and timeline of failure. Of note, a significant number of patients had radiographically noted early 
acetabular changes (15/24) but only 12/24 patients required later allograft explantation. Further work is needed to 
stratify construct survival by fixation type, the role of deep infection in implant survival, and further report patient 
reported outcomes following reconstruction.  
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Durability of Intercalary Endoprosthesis for Humeral Reconstruction 
Joshua Labott, Mark Heidenreich, Jonathan Barlow, Peter Rose,Matthew Houdek 

Mayo Clinic, Rochester, United States 

Introduction. The humerus is a common site of long bone metastases and primary bone tumors, and the treatment for 
these lesions are pain relief and immediate and unrestricted functional restoration.  For certain where there is 
segmental defect and/or diaphyseal cortical destruction a cemented intercalary device may provide a more reliable 
construct, however data on their use is limited. 
 
Methods. We reviewed 41 (26 male, 15 female) patients treated with an intercalary humeral spacer at a single tertiary 
referral center between 1989-2018.  Humeral lesions were secondary to metastatic disease in 25 patients, hematologic 
malignancy in 12 patients and sarcoma in 4 patients.  Mean age and body mass index were 66 years and 28.3 kg/m2. 
First generation taper joint device were used in 21 patients and second-generation lap device in 20 patients.  Mean 
follow-up for surviving patients was 5 years.   
 
Results. Over the course of the study 39 patients ultimately died of disease progression at a mean of 2 years (range 2 
months– 15 years). Nineteen (46%) deaths occurred within the first year, with a median survival of 10 months  for 
metastatic disease, 17 months for hematologic malignancy, and 3 years for primary sarcoma (p=0.51). Over the course 
of the study, five patients (12%) underwent reoperation. Indications for reoperation included forequarter amputation 
for disease recurrence (n=2), revision due to distal segment failure (n=2), and open reduction internal fixation due to 
periprosthetic fracture (n=1). Four patients (10%) had aseptic loosening of the cement mantle, however only 1 patient 
was revised secondary to loosening. The areas of cement loosening included the distal segment (n=3) and proximal 
segment (n=1). Following the procedure, mean American Shoulder and Elbow Surgeons score and Musculoskeletal 
Tumor Society scores were 78% and 80%. 
 
Conclusion. Reconstruction of the humeral diaphysis with an intercalary endoprosthesis provides a durable means of 
reconstruction and restoration of function, with a low rate of reoperation due to hardware failure. 
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Management of fungating soft tissue tumours. What can be done to 
improve the clinical outcome of limb salvage surgery? 
Chiao Yee Lim1, Suryasmi Duski1, Maizatul Jamny Mahmood2, Noraini Binti Mohd Dusa3, Ping Ching Chye1 

1Department of Orthopaedic and Traumatology, Hospital Kuala Lumpur, Kuala Lumpur, Malaysia, 2Department of 
Radiology, Hospital Kuala Lumpur, Kuala Lumpur, Malaysia, 3Department of Pathology, Hospital Kuala Lumpur, Kuala 
Lumpur, Malaysia 

Background. Studies showed that fungation in soft tissue sarcoma is associated with poor prognosis with high incidence of metastases 
at presentation and a high rate of local recurrence. Besides that, these cases post great clinical challenge, especially in terms of 
exudates management, control of infection and bleeding tendency. A poorly managed fungating tumour will jeopardise the possibility 
of a successful limb salvage surgery due to intraoperative tumour spillage and contamination by potentially infected exudates. There 
are however no clear guidelines to manage this tricky condition. We would like to share our experience in managing this condition. 
We will highlight our peri-operative management protocol for fungating soft tissue tumour. 
 Methods. Clinical records of all patients diagnosed with fungating soft tissue tumours from 2012 to 2021 were reviewed 
retrospectively.  Inclusion criteria: (i) Patients who underwent limb salvage surgery for malignant fungating soft tissue tumour; (ii) 
Minimum of 12 months follow-up post-operation. Intravenous antibiotics administration and daily dressing would be performed pre-
operation. Surgical resection with tumor free margin (R0) was the main goal. Resection was planned according to the MRI. Once the 
patient was anaesthetised, we performed the following measures: (1) Shaving of the operated limb (2) Cleaning of the skin using 
chlorhexidine gluconate in alcohol (3) Sealing of perineum using waterproof adhesive drapes (for lower limb tumours) (4) Disinfection 
was performed from peripheral to central using povidone iodine and chlorhexidine gluconate in alcohol (5) Complete sealing of the 
fungating tumour was performed using sterile waterproof adhesive film dressings and loose fluffy gauzes, followed by circumferential 
interrupted sutures as second fixation measures (6) Repeated disinfestation was performed followed by sterile draping of the 
operated limb (7) Tumour resection was subsequently carried out.  
Results. Seventeen patients with mean age of 60.1 years old (Range 32 to 78) were included. Histology reports confirmed tumour 
free margins in all patients, one patient with malignant peripheral nerve sheath tumour (MPNST) of forearm had nearest margin of 
0.2mm due to proximity to the volar neurovascular bundles (Table 1). One patient with undifferentiated pleomorphic sarcoma (UPS) 
of the gluteal region had superficial surgical site infection, resolved with wound debridement under local anaesthesia. All other 16 
patients did not have wound complications. 
Conclusions. Here we described our centre's management to prevent tumour cell dissemination and surgical site infection to achieve 
successful limb salvage surgery for fungating soft tissue tumours. We found only one case series published by Musser et al which 
described similar surgical technique for coverage of fungating tumour. This technique of complete sealing of fungating tumour is 
feasible, efficient and relatively cheap. The gauzes can absorb exudate and sealing of the fungating tumor can prevent superficial 
tumor spilling and contamination of wide resection wound from infection.  
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Treatment of a special type of femoral osteosarcoma in children 
Yao Weitao1 

1He Nan Cancer Hospital, Zheng Zhou City, China 

Background. Osteosarcoma is a malignant bone tumor which occurs in the metaphysis of long bones mostly in children 
and adolescents. If the tumor grows along the cavity and invades the entire femur, but does not destroy the growing 
plate and epiphysis, this poses some difficulty in limb preservation.  
 
Methods. In this study, we reported our individual treatment procedures of two patients who had osteosarcoma 
occupied most of the femur. The surgical method, follow up information, and complications were investigated. 
 
Results. One patient was treated by physis distraction during surgery for separation the tumor located at the 
metaphysis. Then tumor bone was inactivated and reimplanted. The graft bone had complication of resorption and 
nonunion at 18-24 months of follow up. But bony healing was obtained after implantation of autoallergic cancellated 
bone and replacement of internal fixation. Limb discrepancy of 12 cm was eliminated by lengthening of the ipsilateral 
tibia seven years later. The other patient was treated by intercalary prothesis replacement. Both patients reached 
excellent clinical result.  
 
Conclusions. Osteosarcoma invasion the cavity and most part of femur can be treated by limb saving surgery. We think 
this special type of femoral osteosarcoma and related treatment methods can provide some experience and reference 
for similar patients. 
 
Keywords. Osteosarcoma, surgery, physis distraction, intercalary prosthesis 
 
Figure 1. Postoperative follow-up and management of complications in case 1. 
Figure 2. Photographs of case 2 two weeks after surgery.  
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Efficacy of inactivated reimplantation of osteosarcoma osteoarticular 
around the knee joint 
Yao Weitao 

He Nan Cancer Hospital, Zheng Zhou City, China 

Objective. To analyze the feasibility and common morbidities of autologous osteoarticular inactivated 
reimplantation for periarticular osteosarcoma of the knee joint. 
 
Methods. A retrospective study of osteosarcoma patients admitted to our hospital between January 2018 and 
November 2021. The resected bone and semi-articulus were replanted after liquid nitrogen inactivation. The patients' 
general information, tumor-related information, surgical procedure, surgical complications, limb function, and tumor 
prognosis were also studied. 
 
Results. A total of 13 patients were eligible for inclusion, including 7 males and 6 females aged 8-33 (14.62 in average) 
years old. Among them, 6 cases were < 12, 4 were 12-18, and 3 were > 18 years old. There were 9 cases at the distal 
femur and 4 at the proximal tibia. The length of the inactivated tumor bone was 10-29 (17.47 in average) cm. The 
operation time was 4-6 (4.72 in average) hours. The intraoperative bleeding was 400-1200 (600.36 in average) ml. 
locking plates fixed the tumor bone. The postoperative follow-up ranged from 11-99 (43.15 in average) months. The 
graft bone healing was obtained in 9 patients within 12-19 months (14.78 months in average). In all cases, knee joint 
movement was 80-150 (125.38 in average) degrees of flexion and 0 degrees of extension. The lower extremity MSTS 
score was 23-30 (27.54 in average). Joint function was excellent in 9 cases, good in 3 cases, and moderate in 1 case. 
Postoperative complications included skin margin necrosis in 2 patients, joint instability in 13 cases, graft bone fracture 
in 8 cases, joint degeneration and narrowing in 5 cases, joint stiffness in 2 cases. Two cases of tumor recurrence occurred 
in the periphery of the grafted bone. Tumor progression included 2 cases of lung metastasis, 1 case of bone metastasis 
that occurred at 12-38 months of following up. The graft was replaced by a hinged prosthesis in 1 case and joint fusion 
in 1 case. 
 
Conclusion. Inactivated reimplantation of autologous osteoarticular is effective in some osteosarcoma patients and has 
the advantages of good joint mobility, normal appearance, and easy acceptance by patients. However, there are 
complications such as fracture, joint degeneration, joint stiffness, and joint instability. Prothesis replacement or joint 
fusion may be the compensatory method after the graft failure. 
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Total elbow replacement as bailout surgery for complex elbow fractures 
Prashant Narhari, Sandeep Singh 

Ministry Of Health Malaysia, Georgetown, Malaysia 

An elbow is a complex joint made of osseous, ligamentous and muscular structures. An injury to the elbow especially in 
the elderly can cause significant functional lost. We present the outcomes of 4 total elbow arthroplasty (TEA) done in 
our institution from January 2018 to December 2020. 3 cases had NES Elbow System - Implancast GmbH used and 1 had 
MUTARS® Distal Humeral Replacement for the procedure. An extended tricep split approach was used in all cases. DASH 
score was done for cases that had preoperative fixation done and all post total elbow patients. DASH was not relevant 
when total elbow was done for comminuted distal humerus fracture as the patients had normal elbow function prior to 
the injury. There were 1 male and 3 females with mean age of 68 years old (29-82). Mean follow up is 53 months (29-
48).  All 4 cases were due to traumatic injury, 1 had a terrible triad injury fixed with ligamentous reconstruction and 
radial head replacement however the fixation failed after 1 year. the other 2 had comminuted distal supracondylar 
fracture and 1 had a distal humerus fracture nonunion after plating. One patient developed transient ulna nerve 
neuropraxia which resolved at 12 months post TEA. the mean DASH score at final follow up was 10.3 (3.4-15.8). 
Preoperative DASH score in 2 patients who had fixation prior to TEA was at 48.3 and 90.3. there was an improvement 
of 76% and 96% in DASH score for the 2 cases. Average ROM of elbow was 0 to 130 degrees. TEA is shown to give 
excellent result when used to bailout elbow fractures or previous fixation failure especially in elderlies. It is best in 
patients who has relatively sedentary lifestyle. 
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Rotated Massive Autograft Reconstruction for Bone Tumors: A Safe and 
Reproductible Technique 
Pablo Stoppiello1, Leticia Gaiero1, Gottardo Bianchi1, Ana Cecilia Belzarena2, Nicolas  Casales1, Claudio  Silveri1 

1Instituto Nacional de Ortopedia y Traumatología, Montevideo, Uruguay, 2Miami Cancer Institute,United States 

Background. Limb salvage surgery is the standard of care for limb sarcomas. The main dilemma for the surgeon is 
selecting the most appropriate reconstruction method. Nitrogen recycled autografts are a valid biologic reconstruction 
alternative. Rotating massive frozen autografts could potentially allow tumor treatment without a bone resection, 
potentially diminishing consolidation time and postoperative complications. Therefore, we asked: 1) what are the rates 
of complications, local recurrence and metastatic spread for the pedicle frozen rotated massive autograft reconstruction 
technique for malignant bone tumors? 2) Is this technique reproductible in countries with scarce resources? 3) What is 
the postoperative function of patients undergoing this reconstruction technique? 
 
Methods. A prospective multicentric study was conducted between 2018 and 2020. Patients with a diagnosis of bone 
malignancy who underwent pedicle frozen rotated massive autograft reconstruction were included. Patients with 
morbid obesity were excluded due to the impossibility of rotating the autograft during the surgical procedure. All 
patients were assessed preoperatively for adequate planned margins as well as imaging guided osteotomy planning. 
The surgical technique involved dissecting the tumor and surrounding soft tissue mass with adequate margins that 
would also allow the rotation of the affected bone. Following, either an osteotomy or a controlled dislocation was 
performed, and the bone was submerged in liquid nitrogen. Once the autograft had been recycled, reconstruction was 
executed. Patients were followed clinically and radiographically at 1, 3, 6 and 12 months and then annually. 
 
Results. No patient had local recurrences in our sample. All patients with localized disease at presentation (50%) did not 
develop metastasis during follow up. Twenty percent of patients had complications. Those included hardware failure 
(10%) and deep soft tissue infection (10%). All osteotomies underwent complete union in a mean time of 8.2 months 
(range 7-9, SD 0.5). Autograft survival rate was 88.9%. The mean MSTS/ISOLS functional score was 92.3% (range 63-100, 
SD 15). Ten patients were included for statistical analysis. Sixty percent were male, the mean age was 40.9 years of age 
(range 12-82, SD 8.6). Mean follow up was 15 months (SD 6.0). The most common diagnosis was secondary bone 
malignancy (50%), and the most common primary tumor was osteosarcoma (60%). There was an equal location 
distribution among femur (50%) and tibia (50%). Six patients (60%) had an osteotomy and reconstruction with hardware, 
three patients underwent reconstruction with a recycled autograft prosthesis composite, and one patient had a 
coxofemoral arthrodesis. 
 
Conclusions. Pedicle frozen rotated massive autograft reconstruction for bone tumors is a safe and reproductible 
technique with low complication rates when correctly indicated. Massive pedicle autografts are a novel reconstruction 
technique that expanded the indications of nitrogen recycled autografts and one more alternative for reconstruction in 
limb salvage procedures, particularly useful for low resource countries. 
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Bone healing after autogenous bone grafting using ‘high hydrostatic 
pressure’ in posterolateral spinal fusion of rabbit 
Yohei Yamada1, Satoru Demura1, Satoshi Kato1, Noriaki Yokogawa1, Motoya Kobayashi1, Satoshi Nagatani1, 
Masafuimi Kawai1, Naoki  Morimoto2, Hiroyuki  Tsuchiya1 

1Department of Orthopaedic Surgery, Graduate School of Medicine, Kanazawa University, Japan, 2Department of Plastic 
and Reconstructive Surgery, Graduate School of Medicine, Kyoto University,Japan 

Background. Reconstruction after bone defects due to malignant tumors continues to be a challenging topic. One of the 
methods to reconstruct bone defects is the extracorporeal devitalization of tumor-bearing bone segments. 
Reconstruction with tumor-bearing bone treated with liquid nitrogen is now clinically available, and biomechanical and 
biological properties are preserved, however, osteogenic protein activities are decreased by freezing. On the other 
hand, some studies have shown that high hydrostatic pressure (HHP) allows for complete devitalization of tumor-
afflicted bone segments, keeping biomechanical and physical properties. Therefore, HHP could be advantageous for 
bone healing because extracellular proteins can be preserved, while there have been no in vivo studies of bone healing 
in HHP treated bones. This study investigated whether autogenous high-pressure-treated bone grafts can achieve bone 
healing using rabbit posterolateral spinal fusion model. Because it is difficult to treat large bones with HHP, vertebrae 
were used for this study.  
 
Methods. Mature rabbits underwent posterolateral spinal fusion, and autogenous iliac bone was grafted between the 
bilateral L5/6 transverse processes. The autogenous bone was processed in three groups: high-pressure group (Group 
P: 200 MPa for 10 min), liquid nitrogen group (Group F: 20 min freezing), and fresh autogenous bone group (Group C: 
no treatment). After slaughtering at eight weeks (6 rabbits per group) and 12 weeks (5 rabbits per group) 
postoperatively, bone fusion was evaluated by manual examination, X-ray, and MPR CT. The criteria for bone fusion 
were no movement of the intervertebral space in the manual test, residual bone mass and no bone translucency in 
simple X-ray, and more than 50% continuity between the transverse processes in CT. The left and right sides were 
evaluated separately on X-ray and CT. 
 
Results. The bone fusion rate of the 8-week model was 0% in Group P, 0% in Group F, and 83.3% in Group C on manual 
examination; 91.7% in Group P, 75% in Group F, and 100% in Group C on X-ray; 33.3% in Group P, 16.7% in Group F, and 
91.7% in Group C on CT. The residual analysis showed that the bone fusion rate by CT was significantly higher in Group 
C and lower in Group F. Bone fusion of the 12-week model was obtained in about more than half of the patients in all 
groups, with no significant differences between groups on CT evaluation. 
 
Conclusion. This study demonstrated that high-pressure-treated bone grafts could achieve bone healing. High-pressure 
treatment could be an alternative treatment without compromising extracellular proteins and mechanical strength 
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Sarcomas in teachers using 3D Printers 
Min Wook Joo, Yong-Suk Lee, Yang-Guk Chung 

Department of Orthopaedic Surgery, College Of Medicine, The Catholic University Of Korea, Seoul, Republic of Korea 

Background. While low-cost, small-scale, desktop 3-dimensional (3D) printers have seen growing popularity in 
education sector, some studies have reported harmful emissions of particles and volatile organic compounds during the 
fused deposition modeling (FDM) process, therefore posing a potential health risk. Sarcomas are rare tumors, 
constituting a group of diverse rare malignant tumors. While some genetic and environmental factors contribute to the 
development of sarcoma, most cases are idiopathic and sporadic. In this study, we shared our unusual experience of 
sarcomas that occurred in high-school teachers who frequently used 3D printers. 
 
Methods. We secured the medical records and statements about work environment from teachers diagnosed with 
sarcoma after frequent use of 3D printers in high school, reviewed the cases, and described them in a narrative. 
Furthermore, popularization of FDM 3D printer, worrisome emissions released during the printing process, and related 
precautions and countermeasures were discussed  
 
Results. Exceptionally, the cases of sarcomas, such as Ewing’s sarcoma, malignant peripheral nerve sheath tumor and 
well-differentiated liposarcoma, arose in a common specific condition. All the teachers regularly operated 3D printers 
in poorly ventilated spaces for at least two years. They had no past or family history of relevant diseases. 
 
Conclusions. We first report three cases of sarcoma in teachers who used 3D printers in poorly ventilated conditions. 
Although a relationship between the use of 3D printers and the development of sarcoma has not been determined yet, 
it is important to come up with measures to protect teachers and students using 3D printers from the potential hazard. 
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Discoidin domain receptor tyrosine kinase 1 (DDR1) is a novel therapeutic 
target in liposarcoma 
Dylan Dean, H. Thomas Temple, Francis Hornicek, Zhenfeng Duan 
University of Miami, Miami, United States 

Background. Patients with unresectable retroperitoneal dedifferentiated liposarcoma continue to have dismal 
outcomes, with surgery remaining the only potentially curative option. However, as these tumors are often anatomically 
complex and proximal to vital organs and neurovascular structures, there are high recurrence rates as complete 
resection is challenging. Additionally, currently available systemic therapies have shown limited benefit and pronounced 
toxicities. There is, therefore, a clear and unmet need for novel therapeutics for unresectable dedifferentiated 
liposarcoma. Discoidin Domain Receptor Tyrosine Kinase 1 (DDR1) is involved in adhesion, proliferation, differentiation, 
migration, and metastasis in several cancers. However, the expression and significance of DDR1 in liposarcoma is 
unknown.  
 
Methods. We checked DDR1 expression in a lipomatous tissue microarray and in two liposarcoma cell lines, SW872, a 
dedifferentiated liposarcoma cell line; and 93T449, a well-differentiated liposarcoma cell line.  We performed functional 
assays in vitro to determine the roles of DDR1 in liposarcoma cell growth and proliferation. Our investigation included 
the generation of DDR1 cell-line knockouts with CRISPR-Cas9 technology, with assays access the functional roles of DDR1 
in liposarcoma proliferation, migration, and 3D culture spheroid formation. Finally, we applied the potent and specific 
DDR1 small-molecule inhibitor 7RH in liposarcoma cells. 7RH has shown preclinical effectiveness in several other 
cancers. 
 
Results. Significantly elevated expression of DDR1 in all liposarcoma subtypes relative to benign lipomas. High DDR1 
expression was seen in 54.8% of the liposarcomas and none of the benign lipomas. Knockout DDR1 by CRISPR-Cas9 
suppresses cell viability and proliferation; reduces cell motility and spheroid growth in liposarcoma cells.  Treatment of 
7RH showed significantly decreased liposarcoma cell growth and proliferation.  
 
Conclusion. Our study is the first in-depth investigation of DDR1 in liposarcoma and reveals it to be aberrantly expressed 
and contribute to several markers of oncogenesis in these tumors. Taken together, this work supports DDR1 as a 
potential therapeutic target in liposarcoma. 
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Mutational analysis of primary, recurrent and metastatic chordoma tissue 
using next-generation sequencing 
Joe Kendal1, Zhenfeng Duan2, Al Edward Ferreira2, Arun Singh1, Alireza Samiei1, Scott Nelson1, Slim Sassi3, 
Elizabeth Lord1, Brooke Crawford2, Nicholas Bernthal1, Francis Hornicek2 

1University of California, Los Angeles Department of Orthopaedic Surgery, Santa Monica, United States, 2University of 
Miami Department of Orthopaedics, Miami, United States, 3Massachusetts General Hospital, Boston, United States 

Background. Chordomas are rare ectodermal bone malignancies that are derived from transformed notochordal 
remnants. Histologic variants of chordoma include classical (conventional, most common), chondroid (5-15%) and de-
differentiated (2-8%). Chordomas are relatively chemotherapy and radiotherapy resistant, and management greatly 
relies on surgical excision. Novel targeted agents are desperately needed to help expand treatment approaches and 
improve outcomes. The primary aim of this study was to analyze the genomic landscape of chordoma across multiple 
histologic subtypes to identify potential pathogenic and actionable targets.  
 
Methods. 30 tumor samples derived from chordoma patients treated at Massachusetts General Hospital, University of 
California, Los Angeles, or the University of Miami were included in the study. Primary, recurrent or metastatic 
chordoma tumor specimens were sent fresh or frozen for comprehensive molecular profiling using next-generation 
sequencing (NGS) technology with the following platforms: Foundation (18), GPS (1), Caris (3), SnAPshot (3), Tempus (4) 
and Intermountain genomics (1). Most frequently mutated genes, tumor mutational burden and micro-satellite 
instability data were categorized into tumor subtype and tissue source. 
 
Results. Histologic subtypes included: 20 conventional chordomas, 5 chondroid chordomas and 5 de-differentiated 
chordomas. 23 samples were annotated to source, with 3 derived from primary tumor, 9 from recurrent tumor and 11 
from metastatic tumors. The most common gene mutations identified were: CDKN2A or 2B (13/30, 43%), EGFR (5/30, 
17%), LRP1B (5/30, 17%) and BRCA1 or 2 (3/30, 10%). By sub-type, CDKN2A/B (coding for p16(INK4A) protein, binding 
and blocking CDK4's or CDK6's ability to stimulate cell cycle progression) mutation was most common in conventional 
chordoma (11/20, 55%), and chondroid chordoma (2/5, 40%), while EGFR (2/5, 40%) mutations were most common in 
de-differentiated chordoma. Mean identified mutations were 5.5/sample in conventional chordomas (range 1-15), 
4.2/samples in chondroid chordoma (1-11) and 11.8/sample in de-differentiated chordoma (4-25). Microsatellite 
instability was absent in 3/3 conventional chordoma samples. Tumor mutational burden (m/Mb) was available for 1 
primary (1 m/Mb), 2 recurrent (4.1 m/Mb) and 1 metastatic (2.1 m/Mb) sample.  
 
Conclusions. These data provide a robust high-dimensional sequencing assessment from 30 chordoma tissue samples, 
providing a descriptive overview of the genomic landscape of this rare, difficult to treat malignancy. Further clinical 
sample annotation is underway, including validation using tissue microarray analysis of primary chordoma samples. 
Future studies should also include in vitro assessment of gain and loss of function of frequently altered pathways such 
as CDKN2A/B (p16/CDK4/6), EGFR, LRP1B and BRCA1/2.  
 
  

218



 

 
 

FS4.5 

Effects of mechanical loading on the degradability and mechanical 
properties of the nanocalcium-deficient hydroxyapatite–multi (amino acid) 
copolymer composite membrane tube for guided bone regeneration 
Senlin Lei, Xiang Fang, Xiang Fang, Wenli Zhang, Chongqi Tu, Dechao Yuan, Banskota Nishant 

West China School of Medicine/west China Hospital, Sichuan University, Chengdu, China 

Background. This study focuses on a novel membrane tube for GBR, which was prepared by a nanocalcium-deficient 
hydroxyapatite–multi (amino acid) copolymer (n-CDHA-MAC) composite. 
 
Methods. The biomechanical strength and degradability of this membrane tube under mechanical loading after 
immersion in phosphate-buffered solution were investigated to evaluate the effects of mechanical loading on the 
membrane tube. The membrane-tube group with no mechanical loading and femora bone were used as controls.  
 
Results. The compressive strength and bending strength of n-CDHA-MAC membrane tubes were 66.4 ± 10.2 MPa and 
840.7 ± 12.1 MPa, which were lower than those of the goats’ femoral bones (69.0 ± 5.5 MPa and 900.2 ± 17.3 MPa), but 
there were no significant (P <0.05) differences. In the in vitro degradability experiment, all membrane tubes were 
degradable and showed a surface-erosion degradation model. The PH of solution fluctuated from 7.2 to 7.5. The weight 
and mechanical strength of loaded tubes decreased more quickly than nonloaded ones, with significant differences (P 
<0.05). However, the strength of the loaded group after degradation achieved 20.4 ± 1.2 MPa, which was greater than 
the maximum mechanical strength of 4.338 MPa based on goat femoral middle stationary state by three-dimensional 
finite-element analysis. 
 
Conclusions. n-CDHA-MAC membrane tubes have good biomechanical strength during degradation under mechanical 
loading. Therefore, this membrane tube is an ideal GBR membrane for critical size defects of long bones in goats for 
animal experiments. 
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Genetic mutations related to chemosensitivity of osteosarcoma by next 
generation sequence analysis 
Jir-You Wang1,2, Chao-Ming Chen1,2, Cheng-Fong Chen1,2, Po-Kuei Wu1,2, Wei-Ming Chen1,2 

1Department Of Orthopaedics & Traumatology, Taipei Veterans General Hospital, Taipei, Taiwan, Taiwan, 2Department 
of Orthopaedics, Therapeutical and Research Center of Musculoskeletal Tumor, Taipei Veterans General Hospital, Taiwan 

Malignant osteosarcoma occurs in adolescents, young children, or the elderly, and most notice in the bones or soft 
muscles. Though the improvement of imaging system and the progressing of chemotherapy increase the survival rate 
up to 70-80%, there is still a relatively high proportion of patients who have poor response to chemotherapy with poor 
prognosis. However, the factors relate to poor response under treatments have not yet been comprehensively studied 
that needed to be further investigated. From our previous study, we collected residual surgical specimens or biopsy 
from osteosarcoma patients who have never receive any chemotherapy. After suffer the treatment of chemotherapy 
under the clinical need, specimens are divided into two groups under the pathologist's judgment. Group I, chemo-
sensitive (necrosis rate >90%) and group II, chemo-insensitive (necrosis rate <90%). The specimens are then send for 
the next generation gene sequencing research and comparison to explore the relevant genetic variants that affect 
treatment chemoresponses. The aim of this study was to figure out the candidate genetic variants from chemo-
insensitive patients by next generation sequence and validate the functions of these mutations by basic research assays.  
In this study, we found a candidate mutation on IL36RN that may affect the chemoresponse rate of osteosarcoma. We 
successfully established the stable clones of IL36RN knockdown osteosarcoma cell lines and keep trying to establish 
point mutation lines by CRIPSR. Furthermore, the chemoresponse are still tested on these clones for confirm the effects 
of this mutation on chemoresponse.  The result of this study may provide some clues for future treatment or target 
therapies to improve patient outcomes and increase survival. 
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Cyclin-dependent kinase 12 (CDK12) is a novel prognostic marker and 
therapeutic target in metastatic osteosarcoma 
Xiaoyang Li1, Shengji Yu1, Francis John Hornicek2, Zhenfeng Duan2 

1Department of Orthopedics, National Cancer Center/National Clinical Research Center for Cancer/Cancer Hospital, 
Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing, China, 2Sarcoma Biology Laboratory, 
Department of Orthopaedics, Sylvester Comprehensive Cancer Center, and the University of Miami Miller School of 
Medicine, Miami, United States 

Background. Osteosarcoma is the most common type of malignant bone tumor derived from mesenchymal origin. High 
propensity for pulmonary metastasis in osteosarcoma is the major cause for treatment failure and poor prognosis. There 
are no prognostic biomarkers of metastasis, chemotherapeutic response or validated therapeutic target in 
osteosarcoma. Cyclin-dependent kinases (CDKs) are a family of protein kinases with crucial regulatory activities including 
cell cycle, transcription and mRNA expression, and have been considered promising prognostic markers and molecular 
targets in cancer. Among these, CDK12 Ser/Thr protein kinase has been shown to play important roles in regulate 
transcription and co-transcriptional processes. However, the expression and significance of CDK12 in metastatic 
osteosarcoma is poorly defined. In this study, we aim to determine the expression, analyzed the mechanism, and 
evaluate the therapeutic value of selective targeting CDK12 in metastatic osteosarcoma.  
Methods. Immunohistochemistry was performed in a unique osteosarcoma tissue microarray constructed from 79 
patient specimens to quantify CDK12 expression and its correlation with clinical outcomes. The expression and 
sublocalization of CDK12 in osteosarcoma cell lines were confirmed with western blotting and immunofluorescence 
assays. The effects targetingCDK12 expression in osteosarcoma were investigated through CDK12 specific siRNA and 
the selective CDK12 inhibitor THZ531. Cell viability and proliferation was accessed by MTT and clonogenic assays. 
Western blotting was applied to study the mechanisms under inhibition of CDK12 on DNA damage response signaling 
and apoptosis. Cell motility including invasion and migration were determined by wound-healing and transwell assays. 
Three-dimensional (3D) cell culture models were further conducted to assess the antitumor influence of CDK12 
inhibition on the spheroids formation ability of metastatic osteosarcoma cells. 
Results. Elevated expression of CDK12 is correlated with worse patient survival and less percent of tumor necrosis post 
neoadjuvant chemotherapy. Subcellular location of CDK12 proteins to the nucleus suggested a relation of CDK12 to DNA 
transcription and RNA synthesis. Knockdown of CDK12 with siRNA or inhibition with inhibitor THZ531 suppressed 
osteosarcoma cell growth and proliferation in a time- and dose-dependent manner while induced apoptosis. CDK12 
inhibition induced the expression of DNA damage repair-related protein H2AX, indicating a defect of CDK12-mediated 
gene length-dependent elongation. In addition, inhibition of CDK12 also suppressed osteosarcoma cell migration, 
invasion, and metastatic behavior ex vivo 3D spheroid system.  
Conclusion. The dependence of osteosarcoma cells on CDK12 signaling for survival and progression makes it a novel 
prognostic marker and a potential novel therapeutic target in metastatic osteosarcoma. 
 
Key words. CDK12; Metastatic osteosarcoma; Tissue microarray; Prognostic marker; Therapeutic target; DNA damage 
response  
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Establishment and application of osteosarcoma organoids 
Xiaolei Ren, Chao Tu, Ruiqi Chen, Zhongyue Liu, Lin Qi, Tang Liu, Zhihong Li 
The Second Xiangya Hospital of Central South University, Changsha, China 

Osteosarcoma is the most common primary bone malignant tumor in adolescents with poor prognosis and high 
disability rates. In the past 30 years, few clinical trials have managed to improve the overall survival rate of patients. 
The high heterogeneity in the osteosarcoma and a lack of specific targets may contribute to the poor efficacy of the 
current anti-tumor drugs. A proper tumor model that better mimics the complexity of the osteosarcoma is necessary 
for the drug development. 
Patient-derived organoids (PDOs) are mini-3D tumor models developed from primary tumor tissues of patients. PDOs 
recapitulate many features of the primary tumors, such as cellular phenotypes, heterogeneity, drug response, and 
overall complexity, better than traditional 2D cell lines. So far, PDOs have been mainly used to establish epithelium-
derived malignant cancer. Application of PDOs in the interstitial origin is still in the initial stage. Derived from the 
interstitial layer, the growth characteristics and culture conditions of osteosarcoma cells are different from epithelial 
tissues, which makes the existing organoids culture conditions not suitable for osteosarcoma.  
Here, we developed a standard operation procedure for osteosarcoma PDOs. We standardized the process of organoids 
sampling, culture, characterization, passage, cryopreservation, and recovery. We found that the PDOs maintain stably 
both the morphological and genetic features of the patients even after passage, making them an ideal model to precisely 
test anti-tumor therapies for each individual. Besides, we have established a biobank of osteosarcoma PDOs from a 
series of patients with different subtypes, tumor stages, and chemotherapy responses. We also included patients 
before-chemotherapy, after-chemotherapy, and those with recurrent tumors, enabling us to explore tumor features in 
different stages and conditions.  
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The effective distance and cooling rate of liquid nitrogen-based adjunctive 
cryotherapy for bone tumors ex vivo 
Chen-wen Huang1,3, Po-Kuei Wu1,2, Wei-Ming Chen1,2 

1Orthopedic Department, Taipei Veterans General Hospital, Taipei, Taiwan, 2Orthopedic Department of Medicine, National 
Yang Ming Chiao Tung University, Taipei, Taiwan, 3Taipei Tzu Chi Hospital, Taiwan 

Liquid nitrogen (LN) has been used as an adjuvant cryotherapy for bone tumors. Target nadir temperature, cooling rate, 
and the number of freeze-thaw cycles have been proposed to be critical factors for the effectiveness of cryotherapy.  
 
During this study, porcine femur bone was adopted to simulate intralesional cryotherapy, where a LNholding cavity 
(point 1, nadir) in the medial epicondyle, 4 holes (points 2-5) in the shaft situated 5, 10, 15, and 20 mm away from the 
proximal edge of the cavity, and 2 more holes (points 6 and 7) in the condyle cartilage situated 10 and 20 mm away 
from the distal edge of the cavity were made. The temperature in the cavity and the 4 holes in the shaft of the bone 
was continuously recorded using an insertion probe, and from that the calculated cooling rate was compared between 
the 5 measuring points.  
 
In order to validate the effective range and cooling rate of LN based cryotherapy, (Giant cell tumor of bone)GCTB 
excisional specimens collected from patients were freshly cut and placed in 3.0 mm diameter copper tubes, which were 
then inserted into the cavity and holes drilled in the shaft of the porcine femur bone (points 1-5). LN was poured into 
the cavity of the porcine femur bone, and the GCTB tissue were extracted after being exposed to cryotherapy consisting 
1 freeze-thaw cycle. The cellular morphological changes and DNA damage in the GCTB tissue attributable to LN-based 
cryotherapy were determined by H&E stain and TUNEL assay, respectively, after an appropriate fixation of the tissue. 
Cartilage tissue at points 6 and 7 was also harvested and stained to examine the extent of tissue injury after cryotherapy.  
 
The cryotherapy effective range was within 5 mm from nadir, and the complications were perhaps restricted to occur 
within this distance. The cooling rate was unchanged after three repeated cycles of cryotherapy. 
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Tumor-to-bone distance and radiomic features on MRI distinguish 
intramuscular lipomas from well-differentiated liposarcomas 
Chandhanarat Chandhanayingyong1, Narumol Sudjai1, Palanan Sirivanarangsan2, Wasan Yotchai3, Rapin 
Phimolsarnti1, Apichat Asavamongkolkul1 

1Department of Orthopaedic Surgery, Faculty of Medicine Siriraj Hospital, Mahidol University, Bangkoknoi, Thailand, 
2Department of Radiology, Faculty of Medicine Siriraj Hospital, Mahidol University, Bangkoknoi, Thailand, 3Department of 
Pathology, Faculty of Medicine Siriraj Hospital, Mahidol University, Bangkoknoi, Thailand 

Objectives. To develop a method to distinguish intramuscular (IM) lipomas and atypical lipomatous tumors/well-
differentiated liposarcomas (ALTs/WDLSs) using radiomic features on magnetic resonance imaging (MRI). 
 
Methods. The study included patients with IM lipomas and ALTs/WDLSs diagnosed between 2010 and 2020, and with 
T1-weighted MRI scans. Manual segmentation of tumors based on the 3D T1W images was performed by two observers 
to appraise the interobserver variability. After radiomic features and tumor-to-bone distance were extracted, it was 
used to train a machine-learning model to distinguish IM lipomas and ALTs/WDLSs. Both feature selection and 
classification steps were performed using Least Absolute Shrinkage and Selection Operator (LASSO) logistic regression. 
The performance of the classification model was assessed using a 10-fold cross-validation strategy and subsequently 
evaluated using the receiver operating characteristic curve (ROC) analysis. The classification agreement of 2 
musculoskeletal radiologists was assessed using kappa statistics. The diagnosis accuracy of each radiologist was 
evaluated using the final pathological results as the gold standard.     
 
Results. There were 66 tumors (38 IM lipomas, 23 ALTs/WDLSs, and 5 high-grade liposarcomas). The classification 
accuracy of the machine-learning model was 89.0% (sensitivity, 91.6%, and specificity, 85.7%). Radiologist 1, the 
accuracy was 95.0% (sensitivity, 97.4% and specificity, 90.9%) and as to Radiologist 2, the accuracy was 93.3% 
(sensitivity, 100% and specificity, 81.8%). The classification agreement of the radiologists was 0.89 of kappa value (95% 
CI, 0.76-1). 
 
Conclusions. Radiomics is a promising, non-invasive procedure for distinguishing IM lipomas from ALTs/WDLSs. Th 
e features that suggested malignancy were size, shape, texture, histogram, and tumor-to-bone distance. 
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Novel CSF1R-positive tenosynovial giant cell tumor cell lines and their 
pexidartinib (PLX3397) and sotuletinib (BLZ945)-induced apoptosis 
Chandhanarat Chandhanayingyong1, Suyanee Thongchot2, Chanitra Thuwajit2, Peti Thuwajit2, Rapin 
Phimolsarnti1, Apichat Asavamongkolkul1 

1Department of Orthopaedic Surgery, Faculty of Medicine Siriraj Hospital, Mahidol University, Bangkoknoi, Thailand, 
2Department of Immunology, Faculty of Medicine Siriraj Hospital, Mahidol University, Bangkoknoi, Thailand 

Objectives. Tenosynovial giant cell tumor (TGCT) is a mesenchymal tumor derived from the synovium of tendon sheath 
and joints, most frequently in the fingers that overexpress the colony-stimulating factor 1 (CSF1). The standard of care 
for TGCT is surgical resection, however, a high local recurrent rate occurs.  CSFR1 inhibitor; pexidartinib is the FDA-
approved drug for the treatment of TGCT, but the response rate is at 40%. Further study is required to lead to the 
identification of novel therapeutic avenues for TGCT. Patient-derived cell lines are an indispensable tool for 
interrogating molecular mechanisms underlying the response of the disease. 
 
Methods. Cells culture from 5 TGCT patients were collected and expanded. Validation of translocation t(1;2)(p13;q37), 
generated COL6A3-CSF1 fusion was done by immunocytochemistry and RT PCR. 
 
Results. Here, we succeed to establish five novel cell lines isolated from the primary tumor tissues of patients with TGCT, 
designated as HL-TGCT-20, TGCT-21, TGCT-22, TGCT-24, and TGCT-25. These GT cells were then checked for cell 
proliferation was assessed using an MTT assay and 3-dimensional (3-D) spheroid. The response to pexidartinib (PLX3397) 
and sotuletinib (BLZ945) was evaluated by 2-D MTT assay. The results showed that all lines were positive for COL6A3-
CSF1 fusion. Four of five TGCT lines were higher expressed CSF1R whereas GT-25 was lower. The cells exhibited 
continuous growth as 3-D spheroid formation. Treatment with pexidartinib and sotuletinib can inhibit TGCT cell growth 
and induce cell death through apoptosis. Only GT-25 cells revealed the resistance property to the drugs. In addition, 
BAX/Bcl-2 ratio was increased in pexidartinib and sotuletinib treatment.  
 
Conclusions. With the five novel TGCT cell lines, we successfully had an excellent model to be used for TGCT 
development and the effect of anticancer agents.  
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A novel Nano-structured Surface increases osseointegration of titanium 
implants 
Richard Boyle, Dan Barker 

Royal Prince Alfred Hospital, Sydney, Australia 

Introduction. Long-term osseointegration and prevention of infection are two critical objectives of limb-salvage 
prosthetic reconstruction. These objectives have been in conflict as micro-roughening of titanium implants increases 
osseointegration but also the risk of infection. We have previously shown that a titanium surface (alkaline heat 
treatment [AHT]) with a targeted nano-architecture can prevent biofilm in vitro. We wished to assess whether the AHT 
surface was conducive to osseointegration in an in vivo model by comparing it to a porous coated titanium surface 
covered with hydroxyapatite (PCHA). The null hypothesis was that there would be no difference between implants with 
respect to the primary outcomes: interfacial shear strength and percent intersection surface (the percentage of implant 
surface with “bone contact”, as defined by a micro-CT protocol). 
 
Methods. AHT and PCHA implants were surgically inserted into femoral and tibial metaphyseal cancellous bone (n = 16 
per implant type; interference fit) and in tibial cortices at three diaphyseal locations (n = 24 per implant type; line-to-
line fit), in eight skeletally mature sheep. Twelve weeks postoperatively, bones were excised to assess osseointegration 
of AHT and PCHA implants via biomechanical push-through tests, micro-CT, and histomorphometry. Significance was 
set at alpha of 0.05. 
 
Results. The estimated marginal mean (EMM) interfacial shear strength for cancellous bone, adjusted for covariates, 
was 1.6 MPa greater for AHT implants (9.3 MPa) than for PCHA implants (7.7 MPa) (95% CI, 0.5-2.8 MPa; p = 0.006). 
Similarly, the EMM interfacial shear strength for cortical bone, adjusted for covariates, was 6.6 MPa greater for AHT 
implants (25.5 MPa) than for PCHA implants (18.9 MPa) (95% CI, 5.0-8.1 MPa; p < 0.001). Considering the percentage of 
the implant surface intimately in contact with bone according to the micro-CT protocol, only the medial cortical site 
showed significant increases. Histology furthermore did not show notable differences in bone-implant contact. 
 
Conclusion. These data suggest there is stronger integration of bone on the AHT surface than on the PCHA surface at 
12-weeks post-implantation in this sheep model. Given that the AHT implants formed a stronger interface with cortical 
and cancellous bone than gold standard PCHA implants, combined with the fact that AHT surfaces may prevent biofilm, 
means clinical studies are warranted to further assess the potential of this surface in limb salvage applications. 
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Development of a clinical tracer for fluorescence-guided surgery of 
myxofibrosarcoma: An immunohistochemical and evaluation study 
Zeger Rijs1, Cornelis Sier2, Peter Kuppen2, Alexander Vahrmeijer2, Pieter van Driel3, Michiel van de Sande1 

1Orthopaedic department, Leiden University Medical Center, Leiden, The Netherlands, 2Department of Surgery, Leiden 
University Medical Center, Leiden, The Netherlands, 3Orthopaedic department, Isala hospital, Zwolle, The Netherlands 

Background. Curative treatment for localized myxofibrosarcoma (MFS) highly depends on complete tumor resection, 
as positive margins are associated with local recurrence and prognosis. However, determining the tumor margin during 
surgery is challenging. Fluorescence guidance during surgery can facilitate complete resection by visualizing tumor 
tissue. This technique is based on fluorescent tracers binding to specific biomarkers on malignant cells. Unfortunately, 
MFS specific tracers are presently not clinically available. Therefore, the aim of this study was to evaluate candidate 
biomarkers applicable for the use of fluorescence-guided surgery (FGS) in MFS. Additionally, preclinical experiments 
were performed to assess binding of a tracer targeting the most promising biomarker. 
 
Methods. The following eight biomarkers, identified as promising for FGS in previous studies, were evaluated in parallel 
with immunohistochemistry on 19 MFS tissue samples; tumor endothelial marker-1 (TEM-1), vascular endothelial 
growth factor-1 (VEGF-1), vascular endothelial growth factor-2 (VEGF-2), vascular endothelial growth factor-A (VEGF-
A), epidermal growth factor receptor (EGFR), insulin-like growth factor-1 receptor (IGF-1R), platelet derived growth 
factor receptor α (PDGFR-α), and cluster of differentiation 40 (CD40). A biomarker was considered promising when 
immunohistochemical evaluation demonstrated overexpression in tumor tissue, while being absent or low in adjacent 
healthy tissue. After identifying the most promising biomarker, a fully human single-chain variable fragment (ScFv) that 
targets this biomarker was conjugated with a fluorescent dye. Binding of this construct (the tracer) was evaluated in-
vitro on human MFS cell lines (MUG-Myx2a and MUG-Myx2b) with cell-based binding assays, flow cytometry, and 
immuno-fluorescence microscopy. 
 
Results. Immunohistochemical analysis identified TEM-1 as most promising biomarker for FGS in MFS. Strong TEM-1 
expression was observed in MFS, while staining on their normal tissue counterparts was limited (Figure 1 and 2). Next, 
cell-based binding assays, flow cytometry, and immuno-fluorescence microscopy demonstrated binding of the novel 
tracer (1C1m-800CW) to human MFS cell lines. 
 
Conclusions. This study demonstrates the potential of TEM-1 as a target for FGS in MFS by using a novel tracer (1C1m-
800CW). Additional experiments to determine tumor-specific binding of the tracer will be performed and presented 
during the conference. 

  
 
  

227



 

 
 

 

FS4.14 

Evaluation of Tumor Immune Microenvironment for PD-L1 score and 
Tumor Infiltrating Lymphocytes in high grade osteosarcomas and their 
correlation with disease progression 
Venkatesan Sampath Kumar, Saad Salman, Asit Ranjan Mridha, Adarsh Barwad, Love Kapoor, Abhijit Behera, 
Sandeep Sehrawat, M C Sharma, Sameer Bakhshi, Shivanand Gamanagatti, Ekta Dhamija, Sameer Rastogi, Shah 
Alam  Khan 

All India Institute of Medical Sciences, New Delhi, India 

Aim. Tumor Immune Micro-environment is being increasingly recognized as a potential target for improving overall 
survival for osteosarcomas, especially in the metastatic setting. Our study purpose was to evaluate the PD- L1 
(Programmed cell Death- Ligand 1) expression in neoplastic cells well as Tumor Infiltrating Lymphocyte (TIL) density of 
osteosarcoma specimens and correlate it with oncological outcomes. 
 
Materials & Methods. A prospective cohort study was conducted between March 2017 and March 2022 among 
osteosarcoma patients who underwent primary biopsy and neo-adjuvant chemotherapy followed by surgical excision 
at our centre. We excluded patients who had alternative diagnoses such as low-grade osteosarcoma, secondary 
osteosarcoma, recurrent osteosarcoma as well as patients who had undergone initial treatment (chemotherapy/ 
surgery) outside our institute. De-paraffinized sections (4μ) incubated with primary antibody (PDL1) and a universal 
secondary detection kit used. Average percentage of positive cells calculated from at least 10 representative fields at 
400X magnification. Positive staining was considered when ≥1% cells showed positivity. IHC scoring of PD-L1 was graded 
as negative, low positive and high positive. We calculated the number of TILs under 400X magnification in ten fields and 
then took their average. TILs staining was scored semi quantitatively using a 3-tiered scale 
 
Results. Forty patients who fulfilled the inclusion & exclusion criteria were included in the study with most common age 
group being 10 to 19 years (27 patient, 68%). The male: female ratio was 1.6: 1 and the most common location of tumor 
was distal femur. Majority of patients had the histological subtype of conventional osteosarcoma (37 patients, 92.5%). 
Lung metastasis was present at time of initial diagnosis in 27 patients (67.5%). At the end of 2 years, 27 patients were 
alive (60%) while 13 patients had died due to disease. PD-L1 expression was negative in 17.5%, low positive in 15% and 
high positive in 67.5%. Among TIL category, 19 patients belonged to category 1, 10 belonged to category 2 & 11 belonged 
to category 3. There was significant correlation between PD-L1 expression score & TIL category. PD-L1 score did not 
correlate with percentage of necrosis following chemotherapy, metastasis on presentation or overall survival.   
 
Conclusion. PD-L1 score had significant correlation with density of Tumor Infiltrating lymphocytes (TIL). However, PD-
L1 score did not correlate with overall survival, tumor-free survival, progression of metastasis or local recurrence.  
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SKP2 targeted-inhibition therapy has Antitumor Activity and Survival 
benefits in the Osteosarcoma Transgenic model 
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Background. Osteosarcoma (OS) is a highly aggressive malignancy for which treatment has remained essentially unchanged 
for decades. Our previous studies generated a mouse model with double knockout (DKO) of Rb1 and Trp53 within osteoblastic 
lineage cells, which largely phenocopy human OS with almost complete penetrance. As an early repression target of pRb, our 
previous studies identified SKP2, a substrate recruiting subunit of the SCFSkp2 E3 ubiquitin ligase, is overexpressed in human 
OS and the transgenic OS model. SKP2 acts as a proto-oncoprotein partially through ubiquitination and subsequent 
degradation of its substrate p27, an inhibitor of cyclin-dependent kinases. Our previous study facilitated a transgenic mouse 
model with impaired interaction between SKP2 and p27(DKOAA), which inhibited OS progression and proliferation compared 
with the DKO model. However, the function of SKP2 is still largely undetermined.  
Methods. Here, we generate a novel SKP2 knockout transgenic OS model (TKO) on top of the DKO model to examine its 
function and potential therapeutic target. Mice of two genotypes were monitored for tumor proliferation and survival. Tumors 
were harvested and submitted for downstream analysis. Novel OS organoids and primary cultured tumor cells were generated 
from fresh tumor tissue. Small molecule inhibitors of Skp2 were tested in vivo, in vitro, and synergistically incorporated with 
conventional chemotherapy.  
Results. Disease progression was delayed, and overall survival was enormously prolonged in SKP2 deleted model. TKO model 
presented promoted apoptosis and reduced cancer stemness compared with the DKO model. We further found that small 
molecules that bind/inhibit SKP2 have antitumor activity in vivo and in our newly developed OS organoid model. The 
synergistic effect observed after combing SKP2 inhibitors and chemo agents may lead to strategies to overcome the stemness 
plasticity and chemo-resistance of OS. Using genetic and pharmacologic approaches, we demonstrate that loss of both Rb and 
p53 renders OS dependent on SKP2, which can be therapeutically exploited (Figure 1). 
Conclusion. Our study identifies the widespread inactivation of RB1 and TP53, as a common signature in OS, and its negative 
relation with SKP2. Our findings revealed that target SKP2 promotes apoptosis, cell cycle arrest, and inhibits cancer stemness, 
contributing to survival benefits. These data support the notion that SCFSKP2-p27 axis is a potential therapeutic target for OS. 
Our results provide evidence that SKP2 inhibitors are effective in the preclinical setting against Rb/p53-deficient OS. 
Specifically, targeting SKP2 may lead to strategies to overcome the stemness plasticity and chemo-resistance of OS. As such, 
combination trials of SCFSKP2 inhibitors and conventional chemotherapeutic drugs in OS may be desirable. In the future, 
efforts to decipher other intrinsic oncogenic functions of SKP2, and the interaction of different components within the SCF 
will lead to better-targeted approaches to improve OS survival.  
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Despite Education Orthopaedic Surgeons Still Perform Unplanned 
Resections 
Ana Cecilia Belzarena1, David M.  Joyce2 

1Miami Cancer Institute,United States, 2Moffitt Cancer Center, United States 

Background. Soft tissue sarcomas are rare malignancies. They often present with unspecific symptoms and, unplanned 
resections can commonly occur. The cornerstone of the treatment is wide margin resection and when this is not planned 
in advance it increases the chances of having residual tumor and local recurrences. Unplanned excisions tend to happen 
in a community or nonspecialized center settings where this rare disease is not commonly seen. Orthopaedic education 
has placed emphasis on being able to recognize a sarcoma and avoid an unplanned resection. Unplanned resections still 
continue to happen under the assumption that other services or medical specialties are performing the majority of 
unplanned resections. 
 
Questions/Purposes. To report on the incidence of unplanned excisions in the community and to determine if and why 
orthopaedic surgeons continue to contribute to the unplanned resection burden. 
 
Patients and Methods. A retrospective review was conducted on patients who underwent an unplanned soft tissue 
sarcoma resection between January/2013 and July/2017. Demographic information along with tumor characteristics, 
imaging studies performed prior to resection, initial pathology report, and type of referring center were recorded. 
Orthopaedic surgeon cases were identified to compare to the group as a whole. A root cause analysis method was then 
used to identify orthopaedic surgery errors in workup. 
 
Results. A hundred and seven patients with unplanned sarcoma excisions were included in the study. The overall 
incidence of unplanned procedures was 23.4%. The mean age was 59 years old (range 12-87). The most frequent 
diagnoses were: Myxofibrosarcoma (19.6%), Undifferentiated Pleomorphic Sarcoma (UPS) (18.7%), Liposarcoma (LS) 
(15.9%), and Leiomyosarcoma (10.3%). Orthopaedic surgeons performed 17.8% (N=19) of the unplanned resections of 
6 LS, 4 UPS and 3 chordomas. Most patients initially presented with a growing mass or a painless mass. Seven were less 
than 5 cm while 12 were greater than 5 cm with only 25% of the large sarcomas getting a preoperative biopsy. Fourteen 
of the unplanned resections involved a deep tumor. Orthopaedic surgeons obtained an MRI with contrast in 47% of 
cases while only 18% of other surgical services obtained the exam which was statistically significant (p=0.013). The most 
common incorrect diagnoses were hematoma or vascular malformation, cyst and lipoma. 
 
Conclusions. Orthopaedic surgeons, despite years of education continue to make the mistake of unplanned resections. 
Compared to other surgical services orthopaedic surgeons are significantly more likely to order the appropriate imaging 
study but unfortunately still make significant mistakes by performing unplanned resections. Our findings suggest that 
multiple incidents, independently or sequentially, at different stages are responsible for leading the patient to the event, 
in this case the unplanned resection. Those causes or incidents could be diminished by increasing education efforts 
towards the community physicians and referring the patient earlier to a specialized center. 
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Is Reconstruction Necessary Following Iliosacral Resection? A Comparison 
of Outcomes from Two Tertiary Sarcoma Centers 
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Ferguson2 

1Mayo Clinic, United States, 2Division of Orthopaedic Surgery, Department of Surgery, University of Toronto, Toronto, ON, 
Canada. University Musculoskeletal Oncology Unit, Mount Sinai Hospital, Toronto, Canada 

Introduction. The sacroiliac joint is the only mechanical connection between the axial skeleton and lower extremities. 
Following iliosacral resection, there is debate on whether reconstruction of the joint is necessary. Reconstructions are 
challenging due to the segmental bony defect and the biomechanics of the sacrum which needs to resist compression 
and rotation. There is currently a paucity of data comparing the outcomes of patients undergoing reconstruction for an 
iliosacral resection and those who are not.  
Methods. Sixty (25 females, 35 males; mean age 39±18 years) patients who underwent an en-bloc iliosacral resection 
were reviewed. The resections were performed for 54 (90%) primary malignant tumors, most commonly 
chondrosarcoma (n=23, 38%). The mean follow-up was 9 (range 2-19) years. 
Results. Twenty-seven (45%) patients were reconstruction, while 33 (55%) patients had no formal reconstruction, such 
that iliosacral gap was allowed to close with weightbearing leading to an arthrodesis or pseudarthrosis. Patients with 
NO reconstruction had a larger tumor (11±5 vs. 8±4 cm, p<0.01), shorter surgical times (663±195 vs. 1,323±380 minutes, 
p<0.01), and required less blood units (8±7 vs. 14±11 units, p<0.01), but were more likely to have microscopically 
positive resection margins (n=12, 36% vs n=1, 4%; p<0.01). The 5-year disease specific survival was 74%. Patients with 
NO reconstruction had improved 5-year survival (85% vs. 58%, p=0.01). Disease recurrence occurred in 17 (28%) patients 
including metastatic disease (n=10, 17%), local recurrence and metastatic disease (n=5, 8%) and local recurrence (n=2, 
3%). Patients who were reconstructed were more likely to develop metastatic disease (HR 3.93, p=0.02). Complications 
occurred in 47 (78%) patients, most commonly a wound complication (n=31, 52%). There was no difference in 
complications between patients who did or did not have a reconstruction (n=24, 89% vs. n=23, 70%; p=0.11); however, 
reconstructed patients were more likely to have a deep infection (HR 4.71, p<0.01). No patients in the NO reconstruction 
group needed to be reconstructed later; however, 9 (33%) patients who underwent reconstruction had a hardware 
failure, and 5 of these patients required a subsequent revision procedure or hardware removal. Postoperatively 55 
(92%) patients were ambulatory, with no difference in the proportion of ambulatory patients (n=24, 89% vs. n=31, 94%; 
p=0.64) or the use of single arm/no gait aid (n=15, 56% vs. n=24, 73%; p=0.18) between patients who did or did not 
have a reconstruction. There was no difference in the mean MSTS93 score between patients who did or did not have a 
reconstruction (59±21 vs. 68±23%, p=0.16). 
Conclusion. Reconstruction of the SI joint following iliosacral resection is a demanding procedure. The results of the 
current study demonstrate that reconstruction is associated with higher risk of complications, but without any 
improvement in functional outcomes when compared to patients who did not have a reconstruction.  
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Clinical features and a predictive nomogram for cancer-specific survival of 
synovial sarcoma: based on the SEER database and a Chinese validation 
cohort 
Jin Yuan1, Xiaoyang Li1, Xinxin Zhang1, Shengji Yu1 

1National Cancer Center/national Clinical Research Center for Cancer/cancer Hospital, Chinese Academy of Medical 
Sciences, Beijing, China 

Background. Synovial sarcoma is a rare malignancy that lacks a prognostic prediction model. This research is to 
investigate the clinical features and outcomes and identify potential risk factors and develop a predictive nomogram for 
the synovial sarcoma patients based on the Surveillance, Epidemiology and End Results (SEER) database.  
 
Methods. A Chinese cohort of 129 patients from 2003 to 2018 diagnosed with synovial sarcoma from the Cancer 
Hospital, Chinese Academy of Medical Sciences were enrolled for analysis of clinical features and outcomes. A total of 
867 patients from 2004 to 2015 were selected from the SEER database and further divided into a training cohort and an 
internal validation cohort. External validation was performed with the Chinese cohort. LASSO regression analysis and 
Cox proportional hazards regression model were used to identify independent risk variables for prognosis. A predictive 
nomogram constructed and then validated by C-indexes and calibration curves in a Chinese cohort. 
  
Results. Older age, larger tumor size, high grade, unplanned excision, lymph node involved and positive surgical margin 
were significantly associated with worse recurrence-free survival, metastasis-free survival and cancer-specific survival 
via analysis of Chinses cohort. Five independent risk factors (age, grade, metastasis, unplanned excision, margin) for 
cancer-specific survival were identified in the Chinese cohort. Six independent risk factors (age, size, surgical procedure, 
AJCC 7th, chemotherapy, radiotherapy) for cancer-specific survival were selected to establish the nomogram from SEER 
database. The discrimination of the nomogram revealed good prognostic accuracy and clinical applicability as indicated 
by C-index values of 0.725, 0.803 and 0.762 for the training cohort, internal cohort and the external validation cohort, 
respectively.  
 
Conclusion. There is strong correlation between standard surgical treatment and favorable clinical outcomes. Therefore, 
it is important for Chinese orthopedic doctors to standardize the diagnosis and treatment approach for synovial 
sarcoma. This nomogram provides an insightful and applicable tool for individual risk evaluations and clinical decision-
making for patients with synovial sarcoma. 
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MSTS Member Survey: Intra-Operative Peripheral Margins in Soft Tissue 
Sarcoma  
Lauren Zeitlinger, Steven Thorpe, Robert Randall, Robert Canter 
University Of California, Davis, Sacramento, United States 

Background. There are several recommendations regarding intra-operative peripheral margin sampling in soft tissue 
sarcomas, but it is unclear what is considered standard of care or what is routinely practiced.  In the setting of bone 
sarcomas, the utility of the marrow margin frozen assessment has been scrutinized with little impact on intraoperative 
decision making, with an increased cost and time.  Contrary to this, in breast conserving surgery intra-operative margin 
assessment potentially avoids a subsequent re-excision in 25% of patients.    
While several recommendations exist, including: “6-8 perpendicular sections from all margins < 2cm”, 2 samples from 
the closest margin and 1-2 sections from all other margins, and 6 or more specimens taken from margins <2cm, there 
is not a definitive standard of care. The utility of intraoperative margin sampling has yet to be established, and it is 
unknown how members of the MSTS implement these varied recommendations.      
Questions. A: What are the practice patterns of intra-operative peripheral margin sampling amongst MSTS Members?  
Methods. This study was survey study of all MSTS members. Survey questions were reviewed and approved by the MSTS 
membership committee. The survey was administered with a branching logic format via Microsoft forms in an 
anonymous fashion. Participation was completely voluntary.   
Results. 108 responses were collected for this survey. Of those, 55 (51%) reported routinely obtaining peripheral 
margins in soft tissue sarcoma resections. Of the 55 who routinely send margins, participants most commonly cited the 
reason was for concern of adequacy of the resection.  Most individuals who routinely sent margins sent margins 
regardless of tumor type, and typically send 4-6 peripheral margins.  Sampling patterns typically include peripheral 
anatomic margins and resection areas perceived to be high risk for inadequate resection.  29 (53%) of participants who 
routinely send margins reported waiting for margin pathology before primary closure, and 80% utilized frozen margins 
assessment prior to flap coverage in the same operative encounter. 29 (65%) of respondents who reported they do not 
wait for intra-operative frozen cited that they were confident of adequate margins and that if a margin were positive, it 
would not impact intra-operative decision making.    
Conclusions. This survey highlights a variety of approaches in clinical practice, in the absence of compelling evidence.  
The true utility of intra-operative margins would require multicenter consortium of cases with standardization of 
methods of sampling. Despite this, the results of this survey enhance the understanding of practice patterns within the 
MSTS, and suggest it is a reasonable standard to sample peripheral margins in a selective fashion. Routine sampling is 
frequent enough amongst MSTS members to warrant further study of the utility of this practice, with the hope of 
generating a standard practice of care.   
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Intra-Operative Margin Sampling in Soft Tissue Sarcoma 
Lauren Zeitlinger, Steven Thorpe, Robert Randall, Robert Canter, Morgan Darrow, George Chavez 
University Of California, Davis, Sacramento, United States 

Background. Intra-operative surgical margin sampling in soft tissue sarcoma is performed with many patterns.  In the 
setting of bone sarcomas, marrow margins have been scrutinized.  Contrary to this, margin sampling in breast conserving 
surgery potentially avoids re-excision in 25% of patients. This practice has not been evaluated in soft tissue sarcomas. 
Several recommendations regarding intra-operative margins have been made, including: 6-8 perpendicular sections 
from margins < 2cm, samples from the closest margin and 1-2 sections from all other margins, and other.  Ultimately, 
there are no current evidence-based recommendations for patterns of soft tissue margin sampling. 
 
Questions. 
A: What were our patterns of peripheral margin sampling? 
B: Did peripheral margin status correlate with final tumor margin pathology? 
C: Did margins correlate with local recurrence?  
D: What is the cost of peripheral margin sampling?  
 
Methods. This was a retrospective chart review of extremity and truncal soft tissue sarcoma patients treated at a tertiary 
sarcoma center by three musculoskeletal oncologists. Sarcoma subtype, AJCC 8th ed Stage, final margin status, 
peripheral margin sampling, 2-year local recurrence were all considered.  
 
Results. 179 patients were identified for inclusion. 119 patients (66%) had peripheral margins sampled, of which 27 
(23%) had frozen margins. If peripheral margins were obtained, five-six samples were most common (56%). Positive 
peripheral margins were identified in 10 patients and R1 margins on the final specimen were identified in 15 patients.  
If a positive peripheral margin was identified, 50% of final margins were positive (R1), vs if negative only 4.6% had an 
R1 final margin (P= 0.003). There was weak-moderate agreement between positive peripheral margins and final 
specimen (kappa = 0.42). There was no significant difference in final margins and AJCC tumor size or stage (p-value =  
0.7043, 0.6800 respectively). Overall 2-year local recurrence rate was 8.86%, which was not statistically significant by 
final margin status (P= 0.9765) or sarcoma subtype (P= 0.8149). 10 of 14 patients who developed a local recurrence had 
R0 resections, 3 R+1 and 1 R1.  At this institution, the inpatient charge for frozen margin is $503.69 and permanent 
$500.80 respectively; an average total cost of $5022.45 per patient. 
 
Conclusions. While there is moderate agreement between frozen peripheral margin sampling and final R margin 
classification of the resected tumor specimen, the utility of routine margin sampling remains in question.  While 
underpowered for subtype and recurrence, it is reasonable to suggest a practice of selective margin sampling.  There 
does not appear to be utility for intra-operative margins for permanent analysis without frozen due to weak agreement 
and does not guide surgical decisions. Lastly, there is a cost associated with sampling. Ultimately, we propose a selective 
margin sampling practice, with frozen margins for real time data to drive surgical decisions.  
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An Osteosarcoma National Update: 40 Years of Incidence and Survival 
Trends 
Trevor R. Gulbrandsen, Christopher R. Halbur, Mustafa Hashimi, Vanessa Webster, Benjamin J. Miller 

University Of Iowa Hospitals and Clinics, Iowa City, United States 

Introduction. Osteosarcoma is the third most common cancer in the adolescent population and the most common 
primary malignancy of bone. The overall survival of osteosarcoma has increased over the years, primarily attributed to 
the introduction of chemotherapy. Previous studies have reported that survival rates have plateaued, with no significant 
improvement since the 1980s-1990s. However, there has been a lack of reported incidence and survival rates over the 
last 15 years. Therefore, an update, including new registries covering a broader portion of the United States population, 
is welcome. The purpose of this study is to update the incidence and overall survival of osteosarcoma utilizing an 
updated validated large national database.  
Methods. A total of 5551 patients diagnosed with osteosarcoma from the Surveillance, Epidemiology, and End Results 
(SEER) program between 1975 and 2018 were collected. The incidence, patient characteristics, and overall survival rates 
were collected from the SEER database. Sub-analysis based on age, year of diagnosis, sex, disease sequence, and stage 
were performed. An unpaired two-tailed t-test using standard error provided by SEER*Stat was used to compare survival 
estimates across decades. 
Results. Based on data from 1975 to 2018, the incidence of osteosarcoma followed a bimodal distribution, with the first 
peak at 15-19 years of age (8.2 cases/million) and a second peak at 75-79 years of age (4.6 cases/million). While the 
overall incidence of osteosarcoma has varied minimally since 1990 (1990: 3.1, 2003: 3.0, 2018: 2.7), the annual incidence 
has increased in patients age 0-24 years from 3.7 (1975-1979) to 5.2 (2015-2018) (Annual Percent Change [APC]=0.6; 
95% CI 0.2-1, p<0.05) (Figure 1).  The 5-year relative survival for all osteosarcoma was 48.1% from 1975-1989, 61.5% 
from 1990-1999, 62.2% from 2000-2009, and 60.7% from 2010-2017. From 2010-2017, the 5-year survival rate was 
70.5% for localized/regional disease and 28.1% for distantly metastatic disease. Survival has improved across all age 
groups since 1975-1989. However, there was no significant change in 5-year survival across any age group between 
1990-1999 and 2010-2017 (ages 0-24: p=0.20, 25-64: p=0.97, 65+: p=0.27). 5-year survival among patients with 
local/regional disease improved between 1975-1989 and 2010-2017 (55.8% vs 70.5%, p<0.01) while survival in 
metastatic disease also significantly improved (12.2% vs 28.1%, p<0.01). Although 5-year survival in metastatic disease 
has trended towards improvement between 1990-1999 and 2010-2017, the difference was not significant (22.4% vs. 
28.1%, p=0.33).  
 Conclusion. This population-based descriptive large-database study provides the current incidence and survival rates 
of osteosarcoma. While the overall incidence of osteosarcoma has remained relatively stable since 1990, there has been 
a significant increase among patients aged 0-24 years. From the 1970s to the 1990s, osteosarcoma survival significantly 
improved, often attributed to the use of chemotherapeutics. However, there has been minimal change in 5-year survival 
rates since the 1990s. 
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Female Presenting trends in Oncology Orthopedics – An Analysis of the 
Past 5 years 
Rosell C. Okubo, Sarah N.  Joseph, Ana Cecilia Belzarena 

Miami Cancer Institute, United States 

Background. Although the number of female physicians has increased, female orthopedic surgeons account for about 
10-15% of all orthopedic surgeons. Female participation in oncology orthopedics has remained low, at 6-7.6%. Previous 
research in other fields of medicine has demonstrated that even as the number of female physicians increases, female 
colleagues continue to be underrepresented in leadership roles and conference presentations. Female representation 
in these positions continues to fall behind their overall workforce presence. 
 
Questions/Purposes. The purpose of this study is to determine whether women are fairly represented at Oncology 
Orthopedics conferences as presenting authors, senior authors, and guest speakers. Additionally, the study will 
determine whether the trend of those figures has changed over the last five years. 
 
Patients and Methods. The final conference programs of the most important oncology orthopedics conferences, from 
2015-2019 were analyzed. Final programs of the MSTS conference were assessed for number of females presenting, 
female senior authors, female moderators and female guest speakers. For the year 2015, MSTS was combined with 
ISOLS, thus the combined program was used for analysis. Observed proportions of women in leadership positions 
compared with the expected proportion of overall faculty were assessed. Rates of representation of women across each 
year based on the presence or absence of a woman in research leadership positions were compared. 
 
Results. Over 350 abstracts presented in the last five years (2015–2019) were analyzed. The ratio of female coauthors 
has fluctuated over time, with 2017 recording the lowest percentage of female authors in scientific abstracts, at 13.4 
percent. Only six of the 47 papers presented in 2017 had female first authors. Female moderators have stayed constant 
in recent years, reaching 33.3 percent in 2016 and 22.2 percent in 2017. In 2017, female senior authors authored only 
6.4 percent of abstracts. Regrettably, no female conference president or chair has been elected in the recent five years 
(2015-2019). Since 2017, the percentage of female coauthors, first authors, senior authors, and guest speakers has 
climbed, reaching a peak in 2019. Only the proportion of female moderators remained unchanged since 2017. Except 
for the positions of conference chair and president, female oncology orthopedists are underrepresented in the 
remaining categories. 
 
Conclusion. Gender disparity appears in many areas of medicine and is especially magnified at the research production 
level. Currently, the impact of women in leadership positions continues to be undervalued. While females are 
underrepresented in oncology orthopedics (6-6.7%), they attain higher percentage of representation in conference 
leadership positions. 
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Impact of Insurance Status on Chondrosarcoma Diagnostic Stage in the 
United States: Implications for Detection and Outcomes 
Puja Yatham1, Jacklyn Garcia1, Valeria Fagundo1, Grettel Castro1, Pura Rodriguez de la Vega1, Ana Cecilia 
Belzarena2, Juan Ruiz Pelaez1 

1Herbert Wertheim College of Medicine, FIU, United States, 2Miami Cancer Institute, United States 

Background. Chondrosarcomas account for approximately 20% of bone tumors in the United States. It is the second 
most common solid primary bone tumor and usually presents in adults. An advanced stage at diagnosis is associated 
with poor prognosis. Prognostic factors associated with this cancer are not well explained, especially socioeconomic 
factors such as insurance status. The purpose of this study was to evaluate the association between insurance status 
and the stage of chondrosarcoma at the time of diagnosis in the United States. Therefore, we asked: is there an 
independent association between lack of health insurance and diagnosis of advanced stage chondrosarcoma? 
 
Patients and Methods. A retrospective comparative (analytical) cross-sectional study was conducted using the 
Surveillance, Epidemiology and End Results (SEER) database. Patients with a diagnosis of Chondrosarcoma of the limbs 
and pelvis between 2007 and 2016 were included. A total of 2351 patients matched the search; 164 patients were 
excluded due to incomplete information. Exposure variable was insurance status at diagnosis and the outcome 
Chondrosarcoma staging at the time of diagnosis. Variables of interest included insurance status, age, gender, race, 
ethnicity, marital status, place of residence, primary site and stage at diagnosis. Possible associations between the 
different variables were assessed using the chi-square test. All tests were deemed significant at the 0.05 level. 
 
Results. A total of 2187 patients were included for statistical analysis. The majority were male (58%), between the ages 
of 31-50 (32%), white (85%), non-Hispanic (85%), married (60%), living in a metropolitan area (90%) and Insured (83%). 
Regarding stage at diagnosis, 1213 (55%) had localized disease while 974 (45%) had a later stage at presentation. The 
majority of the patients (1883, 86%) had a non-pelvic location as the primary site. Variables with a significant association 
with a later stage at diagnosis included being older than 65 (p<0.001), male gender (p<0.001) and pelvic location 
(p<0.001). The unadjusted relative risk (RR) of late stage at diagnoses for the uninsured was 1.25. After adjusting for 
other variables, the odds of being diagnosed at a later stage of Chondrosarcoma is increased by 77% (p=0.01) in 
uninsured patients compared to insured ones. 
 
Conclusion. Being uninsured increased the chances of a late-stage diagnosis of Chondrosarcoma by 77% when 
compared to insured patients. Immediate efforts are required to remediate health care access disparities in cancer care. 
The knowledge gained by exploring the association between insurance status and stage at time of diagnosis will 
hopefully contribute to improve overall detection and outcomes by emphasizing awareness and promoting early 
interventions in patients who are at risk for a late diagnosis. 
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Evaluating surgical care pathways for patients with metastatic bone 
disease: A comparison of clinical outcomes following elective versus 
emergent surgery 
Annalise Abbott1, Joseph Kendal2, Benjamin Wajda1, Shannon Puloski1, Michael Monument1 

1University Of Calgary, Calgary, Canada, 2University of California Los Angeles, Los Angeles, United States 

Background. The presence of metastatic bone disease (MBD) often necessitates major orthopaedic surgery. Patients in 
a pain crisis or with an acute fracture are generally admitted via emergent care pathways whereas patients with 
identified high-risk bone lesions are often booked for urgent yet scheduled elective procedures. The purpose of this 
study is to compare the post-operative outcomes of patients who present through emergent or electively scheduled 
care pathways. 
 
Methods. We have conducted a retrospective, multicenter cohort study of all patients presenting for surgery for MBD 
of the femur, humerus, tibia or pelvis in southern Alberta, Canada between 2006 and 2021. Patients were identified by 
a search query of all patients with a diagnosis of metastatic cancer who underwent surgery for an impending or actual 
pathologic fracture. Subsequent chart reviews were performed. Emergent surgeries were defined by patients admitted 
to hospital via urgent care mechanisms and managed via unscheduled surgical bookings. Elective surgeries were defined 
by patients seen by an orthopaedic surgeon at least once prior to surgery and booked for a scheduled procedure. 
Outcomes include overall survival (OS) from the time of surgery, hospital length of stay (LOS), and 30-day hospital 
readmission rate.  
 
Results. A total of 558 patients underwent orthopaedic surgery for MBD during the study period. There were 390 
patients (69.9%) treated through emergent pathways and 168 patients (30.1%) treated through electively pathways. 
Lung, prostate, renal cell, and breast cancer were the most common primary malignancies and there was no significant 
difference in these primaries amongst the groups (p=0.22). Emergent patients were more likely to be treated for a 
pathologic fracture (p<0.001) and elective patients were more likely to be treated for an impending fracture (p<0.001). 
OS was significantly shorter in the emergent group (6.3 months, 95%CI: 5.2-7.5) compared to the elective group (16.9 
months 95%CI: 12.3-24.2) [p<0.001] and emergent referral was an independent poor prognostic factor of OS on 
multivariate analysis (p<0.001). LOS was significantly longer in the emergent group (14 days, 95%CI: 13-16 versus 5 days, 
95%CI: 5-6 days) [p<0.001]. There was a significantly greater rate of 30-day hospital readmission in the emergent group 
(13.7% versus 7.0%) [p=0.004].  
  
Conclusion. Patients undergoing elective surgery had significantly longer OS, shorter LOS, and lower rates of 30-day 
hospital readmission. This data justifies the need for established surgical MBD care pathways and provides reference 
data to benchmark prospective quality improvement initiatives in this patient population. Care delivery interventions 
capable of decreasing the footprint of emergent surgery through enhanced screening or follow-up of patients with MBD 
has the potential to significantly improve clinical outcomes.  
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Role of Ultrasound guided needle biopsy for bone tumors  
Divesh Jalan1, Dharmendra Kumar Singh2, Geetika Khanna3, Ashish Rustagi1, Nishith Kumar2, Rajni Prasad3, 
Loveneesh G Krishna1 

1Central Institute of Orthopaedics, Vardhman Mahavir Medical College & Safdarjang Hospital, New Delhi, India, New Delhi, 
India, 2Department of Radiodiagnosis, Vardhman Mahavir Medical College & Safdarjang Hospital, New Delhi, India, 
3Department of Pathology, CIO, Vardhman Mahavir Medical College & Safdarjang Hospital, New Delhi, India 

Background. The percutaneous needle biopsy is an established technique for obtaining tissue sample for histological 
diagnosis in bone tumors. Majority of these procedures are done under image guidance such as fluoroscopy or CT. 
Ultrasound guided biopsy of bone tumors is not routinely used and the evidence for the same is also lacking.  Therefore, 
we evaluated the role of ultrasound in guiding bone tumor biopsy and to find selective indications where it can be 
substituted in place of CT and Fluoroscopy. 
 
Methods. 67 patients having a suspected bone tumor in the extremity were screened by ultrasound for biopsy. Vascular 
malformation were excluded.  Inclusion criteria were the visualization of the tumor on Ultrasound along the route of 
surgery. 47 patients meeting the inclusion criteria having a bone tumor with cortical destruction or with paper thin 
cortex were biopsied by the 18G tru-cut semiautomatic biopsy needle. 6-8 samples, each of approx. 2 cm in length were 
obtained from the lesion and were subjected for histopathological and immunohistochemistry analysis. 
 
Results. Out of 67 patients referred for ultrasound guided biopsy, 47 patients were considered suitable. In all 47 
patients, adequate sample (6-8 cores) was obtained. Definitive diagnoses in histopathological and 
immunohistochemistry analysis were obtained in 44 patients. 3 patients required repeat biopsy.  
 
Conclusion. The conventionally used modality for image-guided bone tumor biopsy is either CT or fluoroscopy, however, 
Ultrasound is a valuable tool for selected patients particularly in bone tumors with cortical erosion or paper-thin cortex 
with predominantly non-mineralized matrix. Real-time visualization, assessment of vessels along the route of biopsy by 
doppler, and target site of solid lesion excluding necrotic and vascular spaces within the tumor, makes ultrasound a 
valuable tool for biopsy in bone tumors. 
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Common comorbidities and a comparison of four comorbidity indices in 
orthopaedic oncology surgical patients 
Shalin Patel, Theresa Nalty, Spencer Frink, Justin Bird, Valerae Lewis 

UT MD Anderson Cancer Center, Houston, United States 

Background. Comorbidity indices are used as tools to help estimate patients’ length of hospital stay, costs of care, 
outcomes, and mortality. Increasingly, cormorbidity assessment has become a major consideration in reimbursement 
models. The applicability of commonly used comorbidity indices to orthopaedic oncology patients has not yet been 
studied. 
Questions/Purpose. (1) Compared with other published studies, what are the predominant comorbidities in a sample 
of orthopaedic oncology patients? (2) How do the Charlson comorbidity index (CCI), National Institute on Aging / 
National Cancer Institute (NIA/NCI) comorbidity index, van Walraven / Elixhauser comorbidity index, and the Agency for 
Healthcare Research and Quality (AHRQ) / Elixhauser comorbidity index compare using a sample of orthopaedic 
oncology patients?  
Methods. Patient demographic information, primary cancer diagnosis, number of sites of disease, and number and 
types of comorbidities were collected retrospectively on 71 randomly selected patients treated surgically in the 
Department of Orthopaedic Oncology between January 2014 and December 2019 at our institution. Comorbidities were 
tabulated and weighted according to the guidelines set forth by the CCI, NIA/NCI, van Walraven / Elixhauser, and AHRQ 
/ Elixhauser indices. Two-tailed bivariate Pearson correlations were performed to assess the relationship between the 
various indices. Comorbidities in our patient population were compared against those published in other studies. 
Results. The predominant comorbidities in orthopaedic oncology patients were electrolyte disorders, fluid overload, 
recent weight loss or being underweight, and deficiency anemias. The percentage of orthopaedic oncology patients with 
commonly listed comorbidities far exceeded those reported in other cancer populations, orthopaedic populations, and 
inpatient populations. All four comorbidity indices were highly positively correlated with one another when assessing 
the comorbidities in our sample patient population. 
Conclusions. Commonly utilized comorbidity indices, while highly correlated with one another, underestimate the true 
assessment of comorbidities in orthopaedic oncology patients. The number of comorbidities in orthopaedic oncology 
patients is greater than those reported in other patient populations. These findings highlight the importance of 
developing tools to properly assess the comorbidities in specific patient populations, especially as we utilize these 
models to set benchmarks for measuring patient outcomes, assessing department and hospital efficiency and safety, 
and determining reimbursement criteria. 
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Recurrence after extended curettage for giant cell tumors of bone: before 
and after demosumab era 
Yang-Guk Chung1, Jae-Hak Lim1, Hyo-Jin Lee1, MIn Wook Joo2, Seung-Han Shin1 

1Seoul St. Mary's Hospital, The Catholic University of Korea, Seoul, South Korea, 2St. Vincent Hospital, Suwon, South Korea 

Background. Giant cell tumor of bone is a locally invasive neoplasm and represents high recurrence rate, up to 15-50%, 
even after extended curettage surgery. Recently, there has been several affirmative reports of preoperative denosumab 
therapy on locally advanced GCT, facilitating subsequent surgical treatment. On the other hand, there also has been 
concerns of raising recurrence rate of disease in patients who underwent preoperative denosumab therapy, which 
might be associated with a difficulty of sufficient surgical curettage. 
 
Materials and Methods. Forty-eight cases of giant cell tumor of bone who underwent extended curettage at two 
medical centers at this university since June 2009 were included in this study. The recurrence rates were analyzed 
according to the possible local recurrence related factors, such as the site of tumor, pre/post-operative denosumab 
administration, Campanacci grade, ABC change, pathological fracture, previous surgery, and reconstruction type. The 
mean age was 35.4 (12-62) years old, and the common sites of tumor were distal femur (23 cases), proximal tibia (11), 
and distal radius (5 cases). There were 16 cases in the preoperative denosumab-administered group and 32 cases in the 
non-administered group, and on the preoperative MRI, ABC changes were present in 21 cases. Four cases were 
recurrent lesions and pathological fractures were present at diagnosis in 2 cases. After extended curretage, cement 
filling was performed in 35 cases and bone grafting in 9 cases. Log rank test and cox regression analysis were performed 
to evaluate the difference in recurrence rate according to each factor. The mean follow-up period after surgery was 
53.1 (12-132) months. 
 
Result. Local recurrence has been reported in 12 cases (25.0%) and lung metastasis was seen in 1 case (2.1% 0). There 
was no difference according to the site of tumor, Campanacci grade, and whether or not denosumab was administered 
before surgery. A high recurrence rate was observed in the case of accompanied ABC change (42.9%/11.1%). The 
recurrence rate was higher in the cases with hybrid techniques of subchondral bone graft and metaphyseal cement 
filling compared to the cement filling only group or the bone graft only group (50%/22.9%/20.2%), but the effect of 
selection bias could not be excluded. There were 2 recurrences (50%) among 4 cases of recurrent lesions, but no 
recurrence occurred in 2 cases with pathologic fractures. Statistically, Accompanied ABC change was the only 
contributing factor to high recurrence rate ( p<0.05)  
 
Conclusion. Only accompanied ABC change revealed a statistically significant correlation with the high recurrence rate. 
In our study, there was no statistically significant difference in the recurrence rate depending on whether or not 
denosumab was administered. A prospective randomized clinical trial or well-designed case control or cohort study of 
larger series will be necessary 
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Comparison of clinician-reported Karnofsky Performance Status and 
patient-reported Physical Health in orthopaedic oncology patients 
Shalin Patel1, Nicole Montgomery2, Theresa Nalty1, Alexander Penny1, Spencer Frink1, Valerae Lewis1, Justin 
Bird1 

1UT MD Anderson Cancer Center, Houston, United States, 2Houston Methodist Hospital, Department of Orthopedics and 
Sports Medicine, Houston, United States 

Background. Clinician-reported performance status assessments are routinely utilized in oncology to assess prognosis and determine 
appropriateness for therapeutic interventions. While patient-reported outcomes are routinely used in orthopaedic oncology, the 
relationship between clinician-reported performance status assessments and patient-reported physical health measures has not 
been studied in this patient population. To determine if clinician-reported performance status could be useful for longitudinal 
tracking of clinical outcomes, we sought to identify if they aligned with patient-reported outcomes. 
Questions/Purpose. (1) What is the sensitivity and specificity of the clinician-reported Karnofsky Performance Status (KPS) in 
detecting changes in the patient-reported physical health item 03 from the PROMIS Global Health Questionnaire (PGH03)? (2) What 
is the inter-rater agreement between KPS and PGH03? (3) Is there a statistically significant relationship between KPS and PGH03? (4) 
What is the accuracy of KPS in detecting clinically relevant changes in PGH03? 
Methods. Clinical data was collected prospectively on patients treated in the Department of Orthopaedic Oncology from 05/01/2015 
through 09/01/2018 with a diagnosis of primary bone sarcoma, primary soft tissue sarcoma, or metastatic disease. Patient 
demographics, disease site, surgery type, clinician-reported KPS, and patient-reported PROMIS Global Health Questionnaire 
responses were collected at two or more clinic visits. Interval changes of KPS and PGH03 scores were noted. KPS and PGH03 scores 
were dichotomized as improved/stable or declined. Sensitivity, specificity, positive predictive value, and negative predictive value of 
the KPS in detecting changes in the PGH03 were calculated. KPS scores were categorized into five bins to match the Likert scale of 
the PGH03. Inter-rater reliability and responsiveness of the KPS with the PGH03 were evaluated. 
Results. 806 interval changes in KPS and PGH03 scores between serial clinic visits were derived from 268 orthopaedic oncology 
patients. The sensitivity and specificity of KPS in determining changes in PGH03 was 82.5% and 32.7% respectively. The KPS 
demonstrated agreement with patient-reported physical function changes in 70.2% of the sample. Inter-rater reliability was slight 
(κ=0.17). There was no statistically significant correlation between KPS and PGH03. The receiver operating characteristic (ROC) 
analysis demonstrated an area under the curve of 0.599. 
Conclusions. While clinician-reported KPS scores demonstrated agreement with most patient-reported physical health outcomes and 
had reasonable sensitivity in detecting changes in PGH03 scores, there was not a statistically significant correlation between KPS and 
PGH03 measures. Additionally, the KPS did not have clinically relevant responsiveness with the PGH03. This suggests that after 
orthopaedic oncology surgeries, patients feel their physical health is worse than what their surgeons estimated. These findings 
highlight the importance of tracking patient-reported functional outcomes in the orthopaedic oncology population in order to 
longitudinally track outcomes, rigorously assess our outcomes, and participate in informed shared decision-making when determining 
treatment plans. 
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Can machine learning technique be used for prediction of 1-year survival 
in patients with osteosarcoma?                                                                                                                                   
Thomas Baad-Hansen3, Christina Holm1, Clare F. Grazal2, Jonathan A. Forsberg2, Michala Skovlund Soerensen1, 
Michael Moerk Petersen1 

1The Musculoskeletal Tumor Section, Department of Orthopedic Surgery, Rigshospitalet, University of Copenhagen, 
Denmark, 2Orthopaedics, USU-Walter Reed Department of Surgery, Bethesda, MD, USA, 3Department of Orthopaedic 
Surgery, Tumor Section, Aarhus University Hospital, Aarhus, Denmark 

Background. Osteosarcoma is the predominant subtype of bone sarcoma with peak incidence in the second decade of 
life. Survival prediction in patients with newly diagnosed osteosarcoma is important when deciding to perform surgery 
or which surgical treatment to choose.  There are currently no prognostic algorithms using machine learning technique 
for predicting short-term survival in patients with osteosarcoma. The purpose of present study is 1) To develop a 
Gradient Boosting machine model estimating 1-year survival in patients with newly diagnosed osteosarcoma, 2) To 
describe the relationship between outcome variables and their relative influence on 1-year survival.  
Material and methods. The training cohort comprised 178 patients with newly diagnosed osteosarcoma included from 
The Danish Sarcoma Registry between January 1st, 2000, and June 22sd, 2016.  The Danish Sarcoma Registry is a national 
population-based database including all sarcomas in Denmark. Patients were included from the only two tertiary referral 
centers for orthopedic oncology in Denmark. All patients were accounted for a minimum of 1-year. Exact date of death 
was known for all patients as a result of the Danish Civil Registration System and no loss to follow-up existed. Data 
extracted for analyses were age, sex, tumor size, tumor location, tumor site, metastasis, pathologic fracture, grade, 
survival. Missing data were imputed using missForest. Data was split into 80% training and 20% holdout sets, balanced 
by outcome variable. A GBM model was trained on a training set (n=133). A preliminary baseline model was created. 
Final parameters were selected for the hyper-tuning process. We performed internal validation on the corresponding 
holdout test set (n=44). Features were ranked with their relative influence by the Boruta algorithm. The ability of 
accuracy and discrimination was evaluated by receiver operator characteristic (ROC) analysis and area under the curve 
(AUC). Validation was considered suitable for clinical usage if the AUC under the ROC curve was greater than 0.7 as the 
lowest acceptable threshold. Overall predictive model performance was evaluated with the Brier score.  
Results. We successfully generated a Gradient Boosting Machine learning model. Features with the highest relative 
importance to 1 year survival were: Age and metastasis at time of diagnosis. On internal validation the model 
demonstrated good accuracy and discrimination by receiver operating characteristic (ROC). Area under the curve (AUC) 
demonstrated 84% (95%CI: 67%-96%).  Overall model performance by Brier score was 0,136 (95%CI: 0.05-0.22).  
Conclusion. The developed Gradient Boosting Machine can accurately predict 1-year survival in patients with newly 
diagnosed osteosarcoma. Age and metastasis at time of diagnosis had the largest prognostic effect on survival. When 
properly external validated we believe present model can provide the clinician with a useful tool in the clinical decision 
making as we encourage other institutions to validate the model on a non-Scandinavian population.  
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Clinical follow-up of myxofibrosarcoma patients and evaluation of the 
relationship between surgical margin distance and local recurrence. 
Alparslan Yurtbay1, Hüseyin Sina Coşkun2, Ferhat Say1, Nevzat Dabak1 

1Samsun Training and Research Hospital, Samsun, Turkey, 2Ondokuz Mayıs University, Samsun, Turkey 

Background. Myxofibrosarcoma (MFS) is an aggressive soft tissue tumor. MFS includes a spectrum of malignant 
fibroblastic neoplasms with variable myxoid stroma, pleomorphism, and a distinctive curved vascular pattern, and there 
is an unpredictable pattern of recurrence. Our main aim in this study is to reveal the relationship between surgical 
margin distance and local recurrence. Our secondary aim is to share our clinical experience of the disease in this 
population. 
 
Methods. Twenty-four cases of MFS selected from a database of enrollment of bone and soft tissue tumor patients at 
a tertiary university hospital, examined and surgically treated by a multidisciplinary bone and soft tissue tumor care 
team between 2010 and 2021 were retrospectively analyzed. Patient demographics, tumor characteristics, surgical 
margin distance, and disease-related outcomes were recorded. 
 
Results. Ten (42%) patients were female and 14 (58%) patients were male. Twenty (83%) patients had negative surgical 
margins and four (17%) had microscopic positive margins. Four of 20 patients (20%) with negative margins and four of 
four patients (100%) with positive margins subsequently developed local recurrence (p < .001). Surgical margin distance 
was microscopically positive in four (17%) patients (0 mm), surgical margin distance was 1 mm and less than 1 mm in 
eight (33%) patients, and finally, surgical margin distance was greater than 1 mm in 12 (50%) patients. Local recurrence 
was observed in 7 of 12 patients (58%) with a surgical margin distance of 1 mm and less than 1 mm, and local recurrence 
was observed in one of 12 (1%) patients with a surgical margin distance greater than 1 mm (p < .001). 
 
Conclusion. The recurrence rate of soft tissue sarcomas strongly correlates with the condition of the surgical margin 
after excision. A positive surgical margin for MFS was strongly associated with local recurrence. Surgical margin distance 
of more than 1 mm significantly reduces the local recurrence rate. At the same time, negative surgical margins for MFS 
showed a relatively high rate of local recurrence compared to other soft tissue sarcoma subtypes. 
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Incidental Finding of an Atypical Cartilaginous Tumor in an Adult Female 
with Recurrent Patellar Dislocation: Single-Stage Extended Curettage using 
Freezing Nitrogen Ethanol Composite followed by Medial Patello-Femoral 
Ligament Reconstruction 
Daniela Kristina Carolino, Abigail Tud, Richard Rotor 

Philippine Orthopedic Center - Musculoskeletal Tumor Service, Quezon City, Philippines 

Introduction. Atypical cartilaginous tumor (ACT) refers to a low-grade cartilaginous neoplasm microscopically identical 
to grade 1 chondrosarcoma, affecting the appendicular skeleton. Treatment with intralesional curettage has been found 
to provide sufficient local control with less morbidity compared to wide resection. This is the first reported case of a 
simultaneous MPFL reconstruction with extended curettage for ACT on the ipsilateral femur. 
 
Case Report. A 45-year-old female presented with chronic recurrent patellar dislocation of the right knee. Magnetic 
resonance imaging revealed a tear of the MPFL, with an incidental epi-metaphyseal chondroid lesion. After biopsy 
confirmed a cartilaginous tumor, single stage extended curettage using freezing nitrogen ethanol composite (FNEC) and 
MPFL reconstruction was performed, augmented with bone cement and a distal femoral plate. Currently, the patient is 
independently ambulatory, with full range of motion about the knee. 
 
Conclusions. Following histologic confirmation of an ACT in the setting of a concurrent ACL tear, a single-stage 
procedure to address both conditions is a viable option that can reduce complications associated with multiple 
surgeries. Extended curettage using FNEC has been shown to produce good short-term oncologic outcomes while 
maximizing function. 
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Functional Outcomes of Limb Salvage Surgery in Patients with Giant Cell 
Tumor of Bone of the Lower Extremities: A Cross-Sectional Comparative 
Study 
Daniela Kristina Carolino, Abigail Tud, Ana Margarita Guevara, Richard Rotor 

Philippine Orthopedic Center - Musculoskeletal Tumor Service, Quezon City, Philippines 

Background. Giant cell tumor of bone (GCTB) is a benign aggressive tumor primarily treated with surgery. Neoadjuvant 
treatment with denosumab or zoledronic acid is a common adjunct given to down-stage tumors and facilitate limb 
sparing surgery. This study sought to determine the characteristics, outcomes, and occurrence of complications 
following resection (RS) or extended curettage (EC) for GCTB of the lower extremities. Correlation of neoadjuvant 
therapy with the occurrence of complications was also investigated. 
 
Methods. This is an analytical cross-sectional study of 30 patients diagnosed with GCTB of the lower extremity treated 
between 2015 to 2022 in a single tertiary hospital. Functional outcomes were determined using the 1993 version of the 
Musculoskeletal Tumor Society (MSTS) score. Mean follow-up for all patients was 2.6 years (SD 1.8). Twenty-two 
patients (73%) underwent resection, while eight (27%) patients underwent extended curettage. Of the 30 patients, 26 
(87%) patients received neoadjuvant therapy, with 21 (81%) given denosumab and five (19%) given zoledronic acid. 
  
Results. Functional outcomes were excellent for 23 patients (77%), with no significant difference between RS and EC 
groups. Nine complications occurred in the RS group, including dehiscence (n=3), superficial infection (n=2), implant 
failure (n=1), nonunion (n=1), palsy (n=1) and implant irritation (n=1). Five complications occurred in the EC group, four 
of which were noted to be recurrences, with one case of deep infection. Recurrence was noted to be significantly higher 
(p=0.0004) in the EC group. Separate correlation analysis showed no significant difference in incidence of complications 
but found that duration of surgery was significantly longer (p=0.0001), and intraoperative blood loss was significantly 
higher (p=0.0072), in the RS group. No significant difference (p=0.78) was noted in complication rate between patients 
given denosumab versus zoledronic acid. 
 
Conclusions. Functional outcomes of EC and RS appear to be comparable, including the incidence of complications. 
However, recurrence was noted to be significantly higher in EC. There appears to be no clear advantage between 
denosumab or zoledronic acid for GCTB. As a neoadjuvant medication and/or to control tumor progression, zoledronic 
acid may be the more economic option especially for patients in developing countries. 
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Zoledronic acid given as neo-adjuvant therapy for GCTB reduces post-
operative recurrence rate 
Sandeep., Shah Alam Khan, Venkatesan Kumar Sampath, Love Kapoor, Abhijit Behera 

AIl India Institute of Medical Sciences, New Delhi, India 

Background. Zoledronic acid (ZA) acts by inducing apoptosis of osteoclasts as well as neoplastic GCT stromal cells, thus, 
acting as tumoricidal agent. Clinically, ZA has been shown to reduce pain, prevent disease progression and reduce 
recurrence rates when used in neoadjuvant settings. ZA has been used as neoadjuvant agents in GCT of bone undergoing 
surgical intervention with a purpose of reduction in tumor load and of recurrence rates. This study was aimed at 
determining tumor progression, facilitation of surgery and clinical outcomes including recurrences for neoadjuvant ZA 
in patients with GCTB. 
 
Methods. It was a retrospective analysis wherein medical records of all the patients who underwent treatment for GCTB 
at our institute were studied. Inclusion criteria included cases which were histologically proven GCTB, received ZA as a 
neo-adjuvant agent, underwent surgical intervention (intralesional curettage or excision) from January 2016 to January 
2020, had a minimum follow-up of 2 years, no adjuvant used during follow-up, had complete records, and gave consent 
for being included at the time of last follow-up. Demographic data and tumor characteristics were noted i.e. site 
(location), type (primary/recurrent), Campanacci grade, initial surgical plan (wide resection/ intra-lesional curretage) 
and presence of metastasis at presentation. No. of doses, total duration of therapy, time delay between surgery and 
last dose, cost of therapy and any therapy related adverse events were noted. ZA was administered 4 mg intravenously 
once 4 weeklies for minimum of three doses (upto six doses). Pre and post therapy radiographs and MRI were analyzed 
using RECIST criteria for solid tumors to quantify changes in tumor size as no response, partial response, complete 
resolution and disease progression. All the recurrences were confirmed by histopathology. 
 
Results. 128 patients were included in our study with tumors localized to Proximal tibia (n=37),  Distal femur (n=28), 
proximal femur (n=17), distal tibia (n=3), proximal humerus (n=8), Distal humerus (n=1), Distal radius (n=17), Ulna (n=4), 
fibula (n=9), pelvis (n=2), scapula (n=1) and talus (n=1). Mean age was 29.8 years and mean follow-up was 36.4 months. 
A mean of 4.89 + 0.99 doses of ZA were administered over a mean duration of 4.84 + 1.01 months pre-operatively. 
Partial response was seen in 47.36%, stable disease in 21.05% and disease progression in 31.58%. 25.64% had a change 
of surgical plan from wide resection to intralesional curettage. 21.3% underwent intralesional curettage while 78.7% 
required excision. Local recurrence occurred in 10.5% of the patients. Recurrences were statistically more common in 
patients with stable disease. 
 
Conclusion. ZA can be used as a cost-effective neo-adjuvant therapy resulting in solidification of lesion, reduced 
recurrence rates and improved clinical outcomes. 
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Acral Merkel Cell Carcinoma: Recurrence and Survival after 
Multidisciplinary Treatment 
Samuel Broida, Xiao T. Chen, Brian Wahlig, Steven Moran, Matthew Houdek, Kareme Alder 

Mayo Clinic, Rochester, United States 

Introduction. Merkel cell carcinoma (MCC) is a rare, aggressive non-melanoma skin cancer arising from cutaneous 
neuroendocrine cells with a propensity for local and distant disease recurrence. Currently there is a paucity of data 
examining the outcome of MCC arising from acral regions of the body including the hand, wrist, foot, and ankle. The 
purpose of the present study was to examine the treatment outcomes of patients with acral MCC. 
 
Patients and Methods. A single-institution, retrospective review was conducted on 270 MCC patients, of which 30 
(11.1%) had acral MCC.  The group included 20 males and 10 females, with a mean age of 72 ± 12 years at the time of 
biopsy. All histology was confirmed by fellowship trained dermatopathologists. Tumors were located on the hand 
(n=13), finger/thumb (n=8), wrist (n=3), ankle (n=6), and foot (n=1).  
 
Results. Twenty-six patients were treated with wide local excision, including one 5th finger ray amputation and 25 non-
amputation resections. Three patients received Mohs micrographic surgery for lesions of the hand or finger. Sentinel 
lymph node (SLN) biopsy was performed in 27 patients with positive nodal disease in 10 cases (37%), only one of whom 
was treated with lymph node dissection. Three of 18 patients (16.6%) without palpable lymphadenopathy had positive 
SLN. Pre-operative PET imaging was negative for nodal disease in 15/17 (88.2%) patients, yet SLN biopsy was positive in 
two (13.3%) of the patients with negative PET scans. Adjuvant radiotherapy was delivered to the primary site in 21/30 
(70%) patients and additionally to the regional lymph node basin in 11/21 (52.4%). Adjuvant systemic chemotherapy 
was delivered to 4 of 30 patients. Overall, there were no local recurrences, 9 (30%) regional recurrences (mean 16.4 
months), and 9 (30%) distant recurrences (mean 14.2 months). Recurrence-free survival was 62.5% at 1 year, 54.8% at 
3 years, and 49.3% at 5 years. Disease-specific survival was 93.2% at 1 year, 79.8% at 3 years, and 79.8% at 5 years. 
 
Conclusion. Merkel cell carcinoma (MCC) is a rare cutaneous neuroendocrine carcinoma with a high propensity for 
regional nodal spread and a predilection towards sun-exposed areas, including the hand and wrist. Clinical examination 
and PET imaging are unreliable for detecting regional lymph node involvement. Sentinel lymph node biopsy should be 
performed in all patients – even those with negative PET scans - due to the potential for micrometastatic disease. 
Despite aggressive treatment including margin-negative resection, adjuvant radiotherapy to the primary site and 
regional nodes, and chemotherapy, acral MCC carries a significant rate of recurrence and disease-specific mortality 
within five years of diagnosis. However, likelihood of local recurrence is low even with non-amputation resections. 
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Case of recurrent fungating sacrococcygeal chordoma with perineural 
invasion of the sciatic nerve – highlighting role of multidisciplinary 
teleconference in treating spinal tumors during COVID-19 era 
Jean Marice Lim, Mamer Rosario, Geoffrey Battad, Jerome Vergil Paez, Adrianne Carmel Cabrera, Mark Angelo 
Briccio Alcantara, Andrew Bonae Valdez, Avelino  Alomesen, Loren Josephine Lantin 

East Avenue Medical Center, Quezon City, Philippines 

Background. The impacts of the coronavirus disease (COVID-19) pandemic have led to great degree of social isolation 
among medical specialists to prevent nosocomial COVID-19 transmission. Although hospitals may suspend elective 
surgeries for non-COVID-19 cases to allow for surges of COVID-19 patients, cancer surgeries are time-sensitive, and 
considered essential surgeries. However, need for social isolation among treating specialists requires innovative 
communication strategy to sustain multidisciplinary approach to cancer care. The authors report on a rare case of 
fungating, recurrent sacrococcygeal chordoma with perineural invasion of the 
left sciatic nerve that was successfully managed by multidisciplinary surgical strategy, facilitated by preoperative 
teleconference among treating medical specialists of a public tertiary referral hospital during the COVID-19 pandemic. 
 
Case presentation. A 41-year-old male, amid the COVID-19 pandemic, presented at the emergency room with recurrent, 
fungating gluteal mass measuring 18 centimeters in largest diameter. A sacrococcygeal tumor is seen involving the lower 
sacrum on magnetic resonance imaging, with invasion of left sciatic nerve and gluteal muscles posteriorly as well as the 
rectum anteriorly. Final histopathological diagnosis from previous surgical resection is chordoma of chondroid subtype; 
thus, patient was managed as case of recurrent sacrococcygeal chordoma upon hospital admission. In keeping with 
principles of cancer care, a multidisciplinary teleconference was initiated using cloud-based platform (Zoom Video 
Communications, Inc., San Jose, CA, USA) to discuss strategy for en bloc resection of tumor. The surgical team adopted 
anterior-posterior-anterior approach with cystoscopic ureteral stent placement and proctectomy performed anteriorly 
followed by high sacral amputation (type 2) with left sciatic nerve resection posteriorly delivering tumor en bloc. Frozen 
section findings suggested tumor-free resection margins, so team proceeded with left gluteus maximus plus bilateral 
gluteal transcutaneous advancement flaps for coverage then end colostomy anteriorly. Final histopathological analysis 
confirmed chordoma with negative resection margins, and patient can ambulate with walker assistance upon 
application of left knee-ankle-foot orthosis. No local recurrence or metastasis was noted on postoperative surveillance 
at 12 months, and patient had satisfactory functional outcomes with Musculoskeletal Tumor Society score of 87%. 
 
Conclusion. The report concludes that multidisciplinary approach to treating spinal tumors is indispensable, even when 
planning for emergent surgery in the COVID-19 era. Teleconference must be an innovative method of communication 
among medical specialists, to better sustain multidisciplinary spinal tumor care while coping with social isolation needed 
in times of new or recurring pandemics. 
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Mid-Term Outcomes of Total Hip Arthroplasty after Hemipelvectomy and 
Iliofemoral Arthrodesis 
Lauren Dittman, Cory Couch, Matthew Abdel, Peter Rose, Matthew Houdek, David Lewallen 
Mayo Clinic, Rochester, United States 

Background. Prior to the implementation of total hip arthroplasty, hip arthrodesis was often used to treat many 
pathologies of the hip joint. Recent studies have reported acceptable functional outcomes after arthrodesis takedown 
and conversion to total hip arthroplasty, however there are no reports on the outcomes in the setting of oncologic 
resection. Given the complex nature of oncologic resections about the hip and pelvis, particularly the large soft tissue 
defects and altered anatomy resulting after these operations, it is important to acknowledge that these patients’ 
outcomes likely significantly differ from non-oncologic conversion total hip arthroplasty. To the authors’ knowledge, 
there have been no prior studies examining the outcomes in this cohort. The purpose of this study was to examine the 
surgical and functional outcomes of a series of patients who underwent prior internal hemipelvectomy for sarcoma 
resection and were later underwent conversion total hip arthroplasty. 
 
Methods. All patients who had prior iliofemoral arthrodesis after oncologic tumor resection that were later converted 
to total hip arthroplasty at a single institution were examined (n=3). Retrospective chart reviews were performed to 
collect demographic information, operative information, functional outcomes, and complications/reoperations. All 
three patients in this study were male patients who underwent internal hemipelvectomies for chondrosarcoma of the 
left hemipelvis. Hemipelvectomy and arthrodesis occurred at a mean age of 24 years. None of the patients had evidence 
of metastatic disease at time of surgery, and none received chemotherapy or radiotherapy. All patients were converted 
to total hip arthroplasty at a mean time of 26 years after initial arthrodesis (Figure 1).  
 
Results. Mean follow-up after conversion to total hip arthroplasty was 7.4 years. Two patients had anti-protrusio cages 
implanted during total hip arthroplasty and one of these surgeries implemented a dual mobility bearing. During this 
follow-up period, two of the three patients required revision surgery (Table 1).  The mean Mayo Hip Score in these 
patients was 67 at last follow-up, which is categorized as “good.” All patients reported at least a slight limp and use of 
a shoe lift, varying from <1cm to up to 4cm. At final follow-up, all patients were ambulatory without significant pain. No 
patients had evidence of recurrent disease.  
 
Conclusions. Previous studies have suggested that non-oncologic conversion arthrodesis to total hip arthroplasty closely 
mimics standard primary total hip arthroplasty with regards to outcomes. This study suggests that patients who undergo 
conversion THA surgery after prior sarcoma resection are more likely to have similar outcomes and complication profiles 
as those who undergo revision total hip arthroplasty. Patients who undergo iliofemoral arthrodesis after oncologic 
hemipelvectomy and are later converted to total hip arthroplasty can expect to have a reasonable functional outcome 
and good pain relief, despite a high rate of complications and revision surgery. 
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Outcomes of Vascular resection and reconstruction in extremity bone and 
soft tissue sarcoma 
Anand Raja, Chandra Kumar Krishnan 

Cancer Institute (WIA), Chennai, India 

Amputation was historically performed for patients with sarcomas involving major blood vessels. Increasingly limb-
salvage surgery is performed for these tumors with good oncological and functional outcomes. 
 
Question/Purpose. We aimed to study the feasibility of limb salvage and outcomes of patients undergoing vascular 
resection as part of resection surgery for sarcomas. 
  
Materials and methods. Single centre, retrospective study, n = 14. Inclusion criteria: Patients undergoing limb sparing 
surgery and vascular resection with reconstruction in extremity bone and soft tissue sarcoma. 
Study duration: 1995 to 2019.  
Details of surgical complications, type of reconstruction technique (vein/graft), patency rates and functional outcomes 
were calculated. 
  
Results. 14 patients underwent surgery. Median Follow up was 26.5 months. 8 (57%) were female and 6 (43%) were 
male. Mean age was 33 years. Site of primary was 12 (86%) in lower limb and 2 (14%) in the upper limb. Total 24 vessels 
(14 artery + 10 vein) were resected and reconstructed. Among 14 arteries, 10 (71%) were patent and among 10 veins, 
3 (30%) were patent.  12 (50%) vessels each reconstructed with reverse saphenous vein (RSV) synthetic grafts. Among 
the 12 reconstructed with RSV, 8 (66.6%) were patent and 4 (33.4%) were thrombosed and among the 12 with synthetic 
graft, 5 (42%) were patent and 7 (58%) were thrombosed. Tumor was infiltrating the wall in 1 vessel.  5 vessels had 
intact adventitia with discontinuous tumor emboli. 1 (7%) patient underwent re exploration and amputation in view of 
poor vascularity, rest 13 (93%) well mobilised postoperatively. On follow up, 4 (28%) patients developed distant 
metastasis. The 5year overall survival was 64%.   
  
Conclusion. Limb salvage surgery of soft tissue tumor combined with vascular reconstruction showed favourable 
functional outcome with good local control. Autologous vein conduit is preferred over synthetic graft both in arterial 
and venous reconstruction.  
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Result of mesh suspension of the humerus following scapulectomy for 
malignant tumors of the shoulder-girdle 
Sandeep., Shah Alam Khan, Venkatesan Sampath Kumar, Love Kapoor, Abhijit Behera 

AIl India Institute of Medical Sciences, New Delhi, India 

Background. Different techniques have been described in the literature for reconstruction following scapulectomy 
including scapular endoprosthesis. We describe mesh suspension of the humerus to the clavicle following scapulectomy 
for malignant tumors without reconstruction of the skeletal defect. 
 
Materials and Methods. A retrospective study was conducted at our tertiary referral centre between March 2010 to 
March 2020. A total of 23 patients of scapular malignancies including Ewings sarcoma, liposarcoma, chondrosarcoma, 
osteochondroma, osteoblastoma, synovial sarcoma, GCT and mesenchymal malignant tumors. Following wide 
resection, the humeral head was suspended to the clavicle using a sleeve of prolene mesh wrapped around the humeral 
head and passed through drill hole in the clavicle. We assessed the functional outcome using MSTS93 and DASH scoring 
systems. Range of shoulder abduction was assessed. 
 
Results. A total of 22 patients who underwent partial or total scapulectomy for scapular malignancies were followed 
up. Among the 22 patients, 12 were Male and 10 were female. The mean age was 24.5 years. Chondrosarcoma was the 
most common diagnosis. The average DASH score and MSTS Score in patients with total scapulectomy was 35 and 76% 
respectively while in those who underwent partial scapulectomy, the mean score was 15 and 96% respectively. The 
mean shoulder abduction angle was 30 degrees following total scapulectomy and 170 degrees following partial 
scapulectomy. 
 
Conclusions. Modified humeral head suspension following scapulectomy is an effective reconstruction modality, 
especially in cost-restrained settings, and provides good functional outcomes. 
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Reconstruction after distal ulna tumor resection is still an enigma among 
the orthopaedic oncologists. We present the outcomes of ulnar buttress 
arthroplasty without stabilization of the ulna stump in GCTB of the distal 
ulna 
Sandeep., Shah Alam Khan, Venkatesan Sampath Kumar, Love Kapoor, Abhijit Behera 

AIl India Institute of Medical Sciences, New Delhi, India 

Background. The distal ulna is a relatively rare site of involvement of Giant cell tumor of bone (GCTB) with a reported incidence in 
literature ranging from 0.45% to 3.2%. En bloc resection is the preferred surgical choice in cases but that has two potential 
complications -remaining ulnar stump that might impinge on the radius and other is loss of the distal ulnar support may result in 
ulnar carpal translation and radio-carpal instability. We evaluated the functional outcomes of reconstruction with ulnar buttress 
arthroplasty using an iliac crest bone graft without stabilization of the ulnar stump following resection of GCT of distal end of the 
ulna. 
Materials and Method. The study is retrospective which includes patients who underwent en bloc resection of the distal ulna for 
GCT Campanacci grade 3, followed by reconstruction with ulnar buttress arthroplasty. Demographic data on these patients were 
included. Iliac crest bone graft was then harvested and a bone block of approximately 2x1 cm was prepared. It was then fixed with 
two 3.5mm screws or a 3.5 mm screw and a K-wire 66 onto the sigmoid notch of the distal radius. Functional assessment was 
performed using Musculoskeletal Tumor Society 93 (MSTS93) scoring system, Modified Mayo Wrist Score (MMWS) and the 
Disabilities of the Arm, Shoulder, and Hand (DASH) questionnaire. We also assessed the hand grip strength, range of motion at the 
wrist, radio-carpal stability and ulnar carpal translation.  
Results. A total of 8 patients (4 females and 4 males) with mean age of 34.1 +/- 14.6 years (range 17-59 years) were undergoing the 
surgery. The mean follow-up in the study was 35.5 +/- 9.1 months (range 24-47 months). Of these, 5 patients had primary disease, 
while 3 patients presented with recurrent disease initially treated with extended curettage. Five patients had involvement on the 
dominant side. Union of iliac crest graft to distal radius was achieved in all the patients at a mean of 4.1 +/- 0.58 months (range 3.5 
– 5 months). The mean hand grip strength on the operated side was 90 +/- 0.04% (range 85 – 95%) of contra lateral side. The average 
overall MSTS93 score was 27.9 +/- 1.25(range 26 – 30), MMWS was 86.9 +/- 4.58% (range 80-90%) and the mean DASH score was 4.9 
+/- 1.67(range 3.3 – 7.5) at last follow-up, depicting a good to excellent functional outcome with low degree of disability. No radio-
carpal instability, ulnar carpal translation, prominence or instability of the proximal ulnar stump was noted in any patient.  
Conclusion. Reconstruction of the distal radio-ulnar joint using iliac crest bone block for ulnar buttress provides good functional 
outcome and preservation of good hand grip strength. We do not recommend routine stabilization of the stump after resection of 
the distal ulna. 
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Reconstruction using recycled bone tumor treated by liquid nitrogen – 28 
cases treated at Santa Casa Medical School of Sao Paulo  
Eduardo Sadao Yonamine, Anderson Rodrigues Santos, Bruna Buscharino, Danta Galvanese Amato 

Santa Casa Medical School of Sao Paulo - Brazil, Sao Paulo, Brazil 

Objectives. We present the Santa Casa Medical School experience with liquid nitrogen in cases of bone sarcomas treated 
between March 2010 and February 2022.  
 
Μaterials and Μethods. From March 2010 to February 2022, 28 selected cases with bone sarcomas attended at the 
Oncology Orthopaedic Division of Santa Casa Medical School were submitted to wide resection and reconstruction with 
autograft containing tumor treated by liquid nitrogen. We collected data about age, diagnosis, bone with tumor, follow-
up, type of reconstruction, functional results, complications, local recurrence, and MSTS functional score. 
 
Results. Twenty-eight selected patients were treated in our Institution. 17 male and 11 female. Age from 6 to 70 
(average 24 years old). Diagnosis: 17 Osteosarcomas, 6 Chondrosarcomas, 3 Ewing’s sarcoma, 1 Chordoma, and 1 
Leiomyosarcoma. Follow-up 7 months to 11 years and three months (average 42 months). Major complications: Local 
recurrence: 3 cases, Infections 5 cases, pseudoarthrosis (bone union) in 4 patients. MSTS 75%. 
 
Conclusions. Reconstruction using recycled bone tumors treated with liquid nitrogen is an alternative after resectioning 
malignant tumors in bone, with similar complications and local recurrence rates compared to other surgical techniques. 
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Reconstruction With Extracorporeally Irradiated Autograft After 
Intercalary Resection of Femur and Tibia Malignant Bone Tumors 
Hüseyin Kaya, Hakan Koray Tosyalı, Dündar Sabah 
Orthopedics and Traumatology /Ege University, Medical Faculty, İzmıṙ, Turkey 

Objective. Bone autograft reimplantation prepared with extracorporeal irradiation in limb salvage surgery is used as an 
oncologically safe biological reconstruction method. This study aims to evaluate the time to union and graft survival in 
patients who underwent reconstruction with this method after intercalar resection of the femur and tibia. 
 
Methods. Forty-nine patients who were operated on between 2002-2022, who had tumors of the femur and tibia, 
underwent intercalary resection and underwent bone autograft prepared with extracorporeal irradiation in the 
reconstruction were included in the study. The mean age of the cases was 20.6 (14.8) years, and the mean postoperative 
follow-up was 71 (5-216) months. Twenty-four of the cases were female and 25 were male, and 23 femurs and 26 tibias 
were operated on. The length of resected bone mean was 18.5 cm in the femur and 14.3 cm in the tibia. After resection, 
a single dose of 50 Gy bolus extracorporeal irradiation was applied to the specimen, and then it was fixed. In 7 cases, 
the processed autograft was applied with the free fibula. Oncological outcomes, union times, survival of the graft, and 
functional outcomes were reviewed. 
 
Results. The average time for union of the metaphyseal osteotomy sites was 5.9 in the femur, and 4.8 in tibia cases. 
(p:0.368). The average time for union of the diaphyseal osteotomy sites was 9.6 in the femur, and 8.9 in tibia cases. 
(p:0.765) Three (13%) patients in femur cases and 8 (30.8%) in tibia cases died of disease. There was one local recurrence 
in femur cases and two in tibia cases. Deep infection was detected in one femur case and five in tibia cases. Two tibia 
cases were amputated due to local recurrence and infection. Graft failure was observed in 6 (23%) tibia cases, four of 
which were due to infection. Reconstruction with fibula was performed in four cases with infection and graft problems. 
Graft survival was achieved in 83.3 % of surviving tibia cases, except for 3 cases reconstructed with allograft and fibula. 
Although the additional surgical intervention was required more in femur cases, no graft loss was observed except for 
the case where the endoprosthetic replacement was performed due to local recurrence. Except for three cases with the 
delayed union, 87% functional graft survival was achieved. The mean MSTS score was 25.4 in femur cases, and 26.9 in 
tibia cases. 
 
Conclusion. Bone autografts prepared with extracorporeal irradiation in limb salvage surgery are oncologically safe and 
effective biological reconstruction methods with good functional results. It can be used alone in cases with intercalary 
resection of the femur and tibia where treatment options are limited. In cases with poor bone quality and requiring long 
resection, free fibula and graft can be applied together. 
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Total femur replacement as a limb salvage surgery 
Hüseyin Kaya1, Tahsin Sami Çolak2, Dündar Sabah1 

1Ege University Faculty of Medicine, İzmıṙ, Turkey, 2Necmettin Erbakan University, Meram Faculty of Medicine, Konya, 
Turkey 

Background. Total femoral replacement (TFR) is commonly used in oncological patients, but more rarely in non-
oncological patients. It can be used to perform prosthetic reconstruction surgery utilized as limb salvage in patients with 
massive bone loss. However, complications, including dislocation, infection, and reoperation, are still demanding. The 
purpose of this study was to show the clinical outcomes of TFR in our institute. 
Methods.  In this study, 23 TFRs from a single institution with an average clinical follow-up of 68 (3-280) months were 
retrospectively reviewed. Age, sex, side, indications for TFR, previous surgeries, complications, reoperations, and the 
mean Musculo-Skeletal Tumor Society scores (MSTS) at final follow-up were recorded. For implant survival, competing 
risk analyses were used. 
Results. The histological diagnoses were as follows: bone sarcoma (n = 18), metastatic bone tumor (n = 3)and non-
oncological patients (n=2). The oncological outcomes were as follows: 14 patients achieved continuous disease-free, 2 
patients were alive with disease, and 7 patients died from the disease.  Dual-mobility and constrained acetabular liners 
were used consistently, and 4 patients experienced a subsequent dislocation. The reoperation rate was %30. The most 
common reason for reoperation was infection with a %87 and an overall dislocation rate of 17% (4/23). The mean MSTS 
score was 17,5 (10-21).  Revision implant-free survival (RIFS) of the implants was 60 % at 5 years. Overall implant survival 
(OIS) of the prosthesis was %71 at 5 years. Local recurrence was absent, and no patient required amputation.  
Conclusion. Although the indications for total femoral resection are rare, total femur replacement is a reasonable 
treatment option for the reconstruction of massive femoral bone defects. Patients were at high risk for infection, 
dislocation, and reoperation. 
 
Keywords. Total femur replacement; femur tumor; bone sarcoma 
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Defining minimally important differences in functional outcomes for 
musculoskeletal oncology patients undergoing lower extremity 
endoprosthetic reconstruction  
Aaron Gazendam, Patricia Schneider, Mohit Bhandari, Jason Busse, Michelle Ghert 

Mcmaster University, Hamilton, Canada 

Background. Functional outcomes are commonly reported in studies of musculoskeletal oncology patients undergoing 
limb salvage surgery; however, interpretation requires knowledge of the smallest amount of improvement that is 
important to patients – the minimally important difference (MID). We established the MIDs for the Musculoskeletal 
Tumor Society Rating Scale-93 (MSTS-93) and Toronto Extremity Salvage Score (TESS) in patients with bone tumors 
undergoing lower limb salvage surgery. 
 
Methods. This study was a secondary analysis of the recently completed PARITY (Prophylactic Antibiotic Regimens in 
Tumor Surgery) study. We used MSTS-93 and TESS data from this trial to calculate: (1) the anchor-based MIDs using an 
overall function scale and a receiver operating curve analysis, and (2) the distribution-based MIDs based on one-half of 
the standard deviation of the change scores from baseline to 12-month follow-up.  
 
Results. There were 591 patients available for analysis. The Pearson correlation coefficients for the association between 
changes in MSTS-93 and TESS scores and changes in the external anchor scores were 0.71 and 0.57, indicating “high” 
and “moderate” correlation. The anchor-based MID was 12 points for the MSTS-93, and 11 points for the TESS. 
Distribution-based MIDs were larger; 16-17 points for the MSTS-93, and 14 points for the TESS.  
 
Discussion. The current study has established MIDs for the MSTS-93 and TESS, based on 591 patients with bone tumors 
undergoing lower extremity endoprosthetic reconstruction. These thresholds will optimize interpretation of the 
magnitude of treatment effects, which will facilitate shared decision-making with patients in trading off desirable and 
undesirable outcomes of alternative management strategies. 
 
Conclusions. Two methods for determining MIDs for the MSTS-93 and TESS for musculoskeletal oncology patients 
undergoing lower extremity endoprosthetic reconstruction yielded quantitatively different results. We suggest use of 
anchor based MIDs which are grounded in changes in functional status that are meaningful to patients. These thresholds 
can facilitate responder analyses and inform if statistically significant differences following interventions are clinically 
important to patients. 
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Mid-Long-term results of surgical treatment for primary malignant pelvic 
bone tumors  
Weifeng Liu, Lin Hao, Tao Jin, Yang Sun, Yongkun Yang, Zhiping Deng, Yuan Li, Feng Yu, Qing Zhang, Xiaohui 
Niu 
Beijing Ji Shui Tan Hospital, Peking University, Beijing, China 

Objective. To analyze the prognostic factors and functional evaluation, explore the selection of resection and 
reconstruction method for pelvic tumor.  
 
Methods: A retrospective analysis was performed for 208 pelvic tumors who received surgical treatment from January 
2000 to December 2017, including 114 males and 96 females. The ages ranged from 7 to 74 years, with mean and 
median age of 41.6 and 44 years, respectively. There were 183 initial patients and 25 referral cases of recurrent tumor 
from other hospitals. According to Enneking staging, 110 cases were stage IB and 98 cases were stage IIB. Intracapsular 
and contaminated margins were R1 resection, marginal and wide resection were R0 resection. Intracapsular, 
contaminated margins and marginal resection were defined as inadequate margin, meanwhile wide resection was 
defined as adequate margin.  
 
Results. The mean and median follow-up time were 67.7 and 57.5 (1-232) months, respectively. 63 cases were 
performed by computer navigated assisted resection. Local recurrence occurred in 37 cases (17.8%), 25 cases were 
performed by re-excision and 12 cases received amputation finally. The 5-year recurrence free survival rate was 79.9%. 
The recurrence rate of intralesional excision was higher than contaminated margin (P=0.023), the recurrence rate of 
contaminated margin was significantly higher than marginal resection (P =0.025). The recurrence rate of marginal 
resection was higher than wide resection (P <0.001), and the recurrence-free survival rate of marginal resection was 
lower than wide resection (P <0.001). There were significant differences in recurrence rate and recurrence-free survival 
rate between R0 and R1 resection (P<0.001). There were significant differences in recurrence rate and recurrence-free 
survival rate between inadequate and adequate margin (P<0.001). Navigated assisted resection had better local control 
than free hand procedure (P =0.040). 92 cases were not reconstructed, and 116 cases were reconstructed after pelvic 
surgery. The 5, 10-year and 15-year survival rates were 70.4%, 66.8% and 61.3%, respectively. There were 48 cases 
developed lung metastasis (23.1%), 29 cases had postoperative wound complications (13.8%), The complication rate of 
Saddle reconstruction was significantly higher than other reconstruction methods (P=0.037). The final function was 
evaluated in 132 patients, with an average MSTS score of 25.1 (9-30). Cox multivariate analysis showed that surgical 
stage, R0/R1 margin and metastasis were independent prognostic factors for pelvic tumors.  
 
Conclusion. The safe surgical margin is the key factor for recurrence-free of pelvic tumor. The survival rate of stage IIB 
pelvic tumors was significantly lower than that of stage IB tumors. Wound infection is the main postoperative 
complication. Complications of Saddle reconstruction were significantly higher than other reconstruction methods. 
Surgical stage, R0/R1 margin and metastasis were independent prognostic factors of pelvic tumors. 
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Intercalary reconstruction with Vascularized Fibula after resection for 
Primary Bone Tumors of the Humerus 
Francesco Muratori1, Roberto Scanferla1, Matteo Innocenti1, Guido Scoccianti1, Serena Puccini1, Marco 
Innocenti2, Rodolfo Capanna3, Domenico Andrea Campanacci1, Maurizio Scorianz3 

1Orthopaedic Oncology and Reconstructive surgery Unit, Florence, Italy, 2Plastic Surgery, Instituto Ortopedico Rizzoli, 
Bologna, Italy, 3Orthopaedic Clinic, Pisa, Italy 

Background. Several reconstructive options are reported to reconstruct large intercalary defect of the humerus after 
resection for bone tumors. Reconstruction with intercalary vascularized fibula grafts (VFG) may provide rapid biologic 
incorporation, spontaneous healing potential after fracture and the ability to hypertrophy under mechanical stress, 
even in compromised soft tissue area due to chemo and/or radiation therapy. The purpose of this study was to review 
long term results of our series of VFG reconstruction after intercalary resection of the humerus for primary bone 
sarcomas. 
 
Methods. Eighteen patients were treated in our Unit for primary bone tumors with intercalary resection of the humeral 
diaphysis and reconstruction with VFG. The mean age at the surgery was 25 (2 - 63) years; diagnosis was Ewing’s 
Sarcoma in 7 cases, Chondrosarcoma in 5, Osteosarcoma in 3, radiation induced Sarcoma, Parosteal Osteosarcoma and 
low grade Fibro-mixoid Sarcoma in 1. 
 
Results. Mean Follow-Up was 156 (13 - 262) months. Mean humeral resection length was 14 (8 - 21) cm, while mean 
fibular resection length was 17 (12 - 23) cm. In 13 cases VFG was used alone while in 5 cases it was associated with 
massive allograft. Fourteen complications were reported in 11 patients, but revision surgery was required only in 7 (1 
radial nerve transitory palsy, 4 non-union in three patients, 1 humeral head aseptic necrosis, 2 VFG fractures). VFG 
removal was needed only in one case. No infections nor local recurrences were observed. One patient died of disease 
while 17 patients were alive without evidence of disease. At last clinical control mean MSTS score was 29/30 (27 – 30). 
 
Conclusion. VFG represents an effective reconstructive option after humeral intercalary resection for primary bone 
tumors. VFG offers many advantages than non-vascularized massive allograft such as early fusion of the graft, 
spontaneous healing after fracture and early functional recovery. Despite the high rate of mechanical complications in 
the first years, VFG represents a long-term durable reconstructive option with excellent functional results. 
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Thematic Analysis of Online Discussion Forums for Bone Sarcomas 
Ambika Paulson1, Alexandra Stein2, Joseph Kendal3, Nicholas Bernthal3, Lauren Wessel3 

1School of Medicine, Georgetown University, Washington, United States, 2Faculté de Médecine, Université de Paris, Paris, 
France, 3Department of Orthopaedic Surgery, University of California Los Angeles, Santa Monica, United States 

Background. Online discussion forums allow people from all over the world to come together and create a community 
where they can seek and share information. Patients with bone sarcomas and their support network utilize discussion 
forums dedicated to cancer support. The objective of this study was to review posts from bone sarcoma internet 
discussion boards to provide a thematic framework related to the sarcoma patient experience. Understanding 
commonly discussed themes amongst patients would allow treating physicians to have a better understanding of 
patient concerns when providing patient education and counseling.  
 
Methods. Using Google and Bing search engines, online discussion forums were identified using the search term 
“sarcoma discussion forum.” Five discussion boards, including Cancer Research UK, Cancer Survivors Network, 
Macmillan Cancer Support, Health Boards, and Inspire were reviewed. Posts written between January 1, 2012 and May 
1, 2022 were collected. Discussion threads were filtered to identify posts pertaining to the most common bone 
sarcomas: chondrosarcoma, Ewing’s sarcoma, and osteosarcoma. Each post was reviewed 3 times through open coding, 
axial coding, and selective coding to establish common themes.  
 
Results. A total of 634 posts from 139 threads were collected and analyzed from five discussion forums. Of these, 570 
were included in the final analysis after excluding posts from administrators or site moderators, duplicates, and those 
without substantive volume of text to allow for analysis. Twenty-seven axial codes and four selective codes were 
created. The four selective codes included: (1) Emotional Aspects/Connecting with Others, (2) Information Support: 
Diagnosis, (3) Information Support: Treatment, and (4) Information Support: Recovery. Of these four codes, Emotional 
Aspects/Connecting with Others was the most prevalent theme (78% of posts) followed by Information Support: 
Treatment (49% of posts). Information Support: Diagnosis and Information Support: Recovery both were captured in 
15% of posts. Posts pertaining to recovery from bone sarcomas centered primarily around fears of recurrence more so 
than the physical challenges and timeline associated with long-term recovery.  
 
Conclusion. Patients with bone sarcomas and their family members frequently utilize online discussion forums to 
connect with others and gather information about the diagnostic process, varying treatment options, and challenges of 
recovery. Analysis of posts reveals that the two most common themes involve seeking out emotional support and 
information about the experiences of others with various treatment modalities. Our findings highlight that physicians 
caring for bone sarcoma patients should not only address patient concerns about treatment and recovery, but also 
emphasize the importance of providing emotional support as well as resources to find both professional support and 
informal support groups for patients and their family members. Future studies should aim to identify the most effective 
modalities of emotional support resources for this group of patients. 
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Tourniquet use in patients undergoing oncologic resection and 
endoprosthetic reconstruction of the knee 
Aaron Gazendam1, Patricia Schneider1, Roberto Vélez2, Michelle Ghert1 

1Mcmaster University, Hamilton, Canada, 2Vall d'Hebron Institut de Recerca, Barcelona, Spain 

Background. Pneumatic thigh tourniquets are often used intraoperatively in tumor resection and endoprosthetic 
reconstruction. In other areas of the orthopaedic literature, tourniquet use has become a hotly debated topic. However, 
there is a paucity of data investigating its impact in oncologic patients undergoing endoprosthetic reconstruction for 
tumors around the knee. The aims of the current study were to determine the prevalence and impact of tourniquet use 
in patients undergoing limb salvage surgery and endoprosthetic reconstruction for tumors surrounding the knee.  
 
Methods. We acquired data from the Prophylactic Antibiotic Regimens in Tumor Surgery (PARITY) trial. Specifically, 
differences in baseline characteristics, operative details and postoperative functional outcomes between patients who 
underwent surgery with the aid of a tourniquet and those who did not. A linear regression model was created to 
evaluate the impact of tourniquet use on postoperative Toronto Extremity Salvage Scores (TESS) when controlling for 
confounding variables. A negative-binomial regression model was constructed to explore predictors of postoperative 
length of stay (LOS).  
 
Results. Of the 604 patients enrolled in the PARITY trial, 421 patients had tumours surrounding the knee joint with 225 
(53%) patients undergoing surgery with the aid of a tourniquet (Table 1). The tourniquet group was younger (34.7 years 
±20.5 vs. 39.7 years±21.4, p=0.014) and more likely to undergo surgery for a tibial based tumor and had shorter 
operative times (4.7±1.9 vs. 5.5±2.5 hours, p<0.001). Significantly more patients in the tourniquet group received a 
postoperative drain (85% vs. 73%, p=0.001). However, for patients with postoperative drain placements, the duration 
of drain placement was significantly shorter in the tourniquet group (median days 3 vs. 4, p<0.001). The adjusted linear 
regression model found that tourniquet use, shorter operative time, higher baseline TESS and femoral based tumors 
independently predicted higher function at 3-month follow-up (Table 2). Both tourniquet use and higher baseline TESS 
scores were significantly predictive of higher 6-month TESS scores while older age and longer operative time was a 
significant predictor of lower function at 6 months. The negative-binomial regression model demonstrated that 
tourniquet use, shorter operative time, younger age, and intraoperative tranexamic acid administration independently 
predicted shorter hospital LOS.  
 
Conclusions. The results of the current study demonstrate that in patients undergoing oncologic resection and 
endoprosthetic reconstruction of knee tumors, the use of an intraoperative tourniquet was associated with reduced 
operative time, reduced hospital LOS and higher early functional outcomes. Future research is required to elucidate the 
causative factors behind these differences in clinical outcomes. 
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Application of 3D printing in Guided Pelvic Resections: Experience from 2 
Tertiary Referral Centres in the UK 
Muhammad Ather Siddiqi1, Harriet BranfordWhite1, Sarah McMahon2, Thomas Cosker1, Duncan Whitwell1, 
Jonathan Perera2, Rob Pollock2 

1Oxford University Hospitals, Oxford, United Kingdom, 2Royal National Orthopaedic Hospital, London, United Kingdom 

Background. Three-dimensional (3D) anatomy around the pelvic bone with high risk of visceral, vascular and neurological injuries 
remains a challenging aspect of pelvic resections. Precision placement of a complex osteotomy represents a fundamental technique 
in the push for safe closer margins maximising bone preservation and preventing unnecessary reconstructions. Classical osteotomies 
for type 1 through type 4 pelvic resections are becoming obsolete in specialised units with the advent of guided surgery using 
computer aided surgery (CAS) and 3D image rendering platforms. We present the UK experience of 35 cases at two high volume 
referral centres with the use of 3D printed custom models and cutting jigs in pelvic bone tumour resections. 
Methods. High resolution CT and MRI images were acquired in Digital Imaging and Communications in Medicine (DICOM) format and 
collated using Simpleware Image Processing to create a preliminary mesh. This was reviewed by a team of an anatomist, an oncology 
surgeon and 3D printing engineer and optimised manually where appropriate using Meshmixer. Precision to millimeter cutting guides 
were generated using known anatomical reference points taking into account soft tissue margins. Data was collected from surgeon 
feedback and from operative notes. 
Results. 35 cases were included in this series including 14 chondrosarcomas, 6 Ewing Sarcomas, 4 osteosarcomas, 1 Malignant 
Peripheral Nerve Sheath Tumour (MPNST), 1 Undifferentiated Pleomorphic Sarcoma (UPS), 1 radiation induced high grade spindle 
cell tumour, 1 epitheloid haemangioendothelioma and 7 metastatic tumours. The mean age was 47 (Range 7-70). There were 13 
females and 22 males. All cases had 3D printed models. 30 patient specific jigs were constructed. Adequate histological margins 
(>5mm) were obtained in all cases with a close soft tissue margin in 1 case of metastatic leiomyosarcoma that was re-excised. Major 
complications were vascular injury in 3 pts requiring intraop repair, visceral injury in 2 pts including 1 bladder and 1 bowel injury, 1 
inadvertent S1 nerve root damage and 1 intraoperative tumour leak. In 1 patient 3d model was discarded due to manufacturing error 
and in 2 patient cutting jigs could not be used due to soft tissue interposition. Key structures saved were viscera, SI joints and 
conservative periacetabular resections enabling easier reconstructions. 
Conclusions. 3D printing offers the potential to provide patient specific tools in a new era of patient centred care offering key 
advantages to the patient and the surgeon. Due to the ability to plan before the actual operation, the main advantage over CAS for 
example is saving time in these complex operations. In our limited experience, this technique offers an equivalent outcome as 
compared to CAS with respect to surgical margins. Case matched study with CAS would be required to further validate this technique 
and study impact on long term outcomes. 
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Evaluation of the surgical management of the skeleton in patients with 
Ollier’s disease and Mafucci syndrome 
Lee Zuckerman1, J. Dominic Femino1, Mark Agulnik1, Nadine Williams2 

1City Of Hope National Medical Center, Duarte, United States, 2Loma Linda University Medical Center, Loma Linda, United 
States 

Background. Both Ollier’s disease and Mafucci syndrome are rare and have a high rate of skeletal abnormalities. Due to 
the rare nature of these diseases, the risk of fracture and incidence of surgery performed is not well defined. In addition 
to surgery for fracture and malignancy, many patients have procedures for deformities and limb-length discrepancies. 
The purpose of this study is to delineate the number and type of surgical procedures performed in this patient 
population. 
 
Methods. After obtaining IRB approval, an online survey containing 25 questions was distributed through online support 
groups to patients with Ollier’s disease and Mafucci syndrome. Both the patient and the immediate family 
member/caregiver were allowed to respond to the survey. 
 
Results. A total of 83 surveys were obtained from 5 continents including North America (49), Europe (27), Australia (4), 
Africa (2) and South America (1). Seventy-one patients had Ollier’s disease and 12 had Mafucci syndrome. The average 
age of the patient was 29.9 (3-81). Five patients never had surgery on their bones. Fifty-two had at least one fracture 
which first occurred at 8.4 years of age on average (0.75-29). Thirty-eight had surgery due to an enchondroma causing 
pain or fracture, whereas 51 had surgery to correct a limb-length discrepancy or deformity. The average age when they 
first had surgery was 8.5 years (0.5-33) and each patient had an average of 8.4 surgeries (1-49). The most common 
location for surgery for an enchondroma was the hand, followed by the femur and tibia, and plate fixation was the most 
common implant. For limb-length discrepancy, the tibia/fibula was the most common surgical site followed by the femur 
and radius/ulna. Implants included external fixators (29) plates (22) and intramedullary nails (9). Deformity correction 
was most commonly performed on the tibia/fibula followed by the femur, hand, and forearm with external fixation (26), 
plate fixation (23) and intramedullary nails (12) as the most common implants. Sixteen patients developed cancer at an 
average age of 28.8 (11-46) and 13 were chondrosarcomas. Six patients developed cancer at a site where a previous 
surgery was performed and 3 of these patients developed metastatic disease. Five of the initial surgical procedures were 
to correct a deformity or limb-length discrepancy and 2 of the 3 patients who had intramedullary nails placed developed 
metastatic disease. The remaining patient who developed metastatic disease had 4 procedures on the same finger with 
no implant placed. 
 
Conclusion. Surgery is very common in patients with Ollier’s disease and Mafucci syndrome, with most patients 
requiring multiple procedures. The majority of patients have surgery for deformity correction and limb-length 
discrepancies. Caution should be taken in the skeletally mature patient undergoing these procedures, particularly with 
an intramedullary nail, to ensure no malignancy is present. 
 
  

263



 

 
 

FS7.5 

Do patients with sarcoma utilize referrals to mental health professionals 
during their disease course? 
Elizabeth Polfer2, Yesne Alici1, Raymond Based1, John Healey1, Meredith Bartelstein1 

1Memorial Sloan Kettering Cancer Center, New York, United States, 2William Beaumont Army Medical Center, Fort Bliss, 
USA 

Background. Symptoms of anxiety and depression exist at a higher prevalence than the general population for patients 
with sarcoma. Anxiety and depression lead to increased morbidity and mortality, including postoperatively. Therefore, 
identifying and treating patients with symptoms of anxiety and depression is an important part of care. We identified 
patients with moderate or worse symptoms of anxiety and depression and provided referrals to mental health 
professionals to facilitate mental health care in order to investigate if offering referral mental health professionals, social 
workers and/or psychiatrists, facilitates access to care for patients. 
 
Methods. Patients with sarcoma, regardless of disease state, were invited to complete the General Anxiety Disorder-7 
(GAD-7) and Patient Health Questionairre-9 (PHQ-9) questionnaires in the outpatient clinic. Results were reviewed and 
scored within 72 hours. Patients scoring >/= 10 on either questionnaire, corresponding to moderate or worse anxiety 
or depression for the GAD-7 and PHQ-9, respectively, or answering affirmative to question #9 on the PHQ-9 (thoughts 
of self-harm), were contacted by the orthopaedic oncology team and offered referral to either social work or psychiatry 
within our institution. Patient charts were reviewed for utilization of these referrals, including data on provider type, 
frequency of follow up, and therapies offered.  
 
Results. Of 190 patients who participated in responding to the questionnaires, 41 (21.6%) met criteria for referral to 
mental health professionals. Of these, 30 accepted the referral (73%) and 11 declined referral (27%). Of those who 
declined, during the subsequent year, one patient was referred by another service and that patient once again declined 
referral. None saw social work nor psychiatry for evaluation. Of those who accepted referral, nine (30%) saw Social 
Work only, one (3%) saw Psychiatry only, seven (23%) saw both Social Work and Psychiatry, and 13 saw neither (43%). 
Of those who saw Social Work, the median number of visits was two. For those who saw Psychiatry, the median number 
of visits was four. Interventions included supportive therapy, psychotherapy, medications, and support groups.  
 
Conclusion. Symptoms of anxiety and depression are more prevalent in patients with sarcoma than in the general 
population. Treatment of these symptoms is an important part of the wholistic care of these patients. In our cohort, 
referrals to mental health professions were frequently accepted, but were only utilized 57% of the time. Of those who 
did utilize referrals, most met with Social Work, followed by both Social Work and Psychiatry, and then Psychiatry only. 
Utilization of referral most often resulted in supportive therapy – often active listening and validation of symptoms. 
More work should be done to identify barriers to care in this population given the large proportion of patents who did 
not utilize referrals, as well as to review changes in symptoms after treatment.  
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Cemented versus uncemented tumor endoprostheses at the knee, a 
systematic review and meta-analysis   
Yazan Kadkoy, Joseph Ippolito, Jennifer Thomson, Claire Park, Kathleen Beebe, Joseph Benevenia 

Rutgers, New Jersey Medical School, Newark, United States 

Background. Outcomes following endoprosthetic reconstruction (EPR) at the knee have been widely published in the 
literature. Method of stem fixation has been widely debated and there is still no currently agreed upon technique that 
is considered superior.  While several studies have been performed to assess long-term durability of endoprostheses at 
the knee following cemented or cementless fixation, few studies have compared these methods of fixation directly. The 
purpose of this study was to systematically review the available evidence to compare surgical outcomes among patients 
undergoing EPR with cemented or uncemented implants following tumor resection at the lower extremity.  
 
Methods. A primary literature search was performed in PubMed, which identified 772 studies related to reconstruction 
of the lower extremity with an endoprosthesis at the knee. After review of manuscripts, 44 studies met inclusion criteria. 
Data from these studies were collected and proportions were calculated. Proportions were transformed using the logit 
transformation when calculating effect sizes. Given the diverse patient populations and treatment modalities utilized in 
these studies, a random effect model was chosen. The amount of heterogeneity, Τ2 as well as I2, and Cochran Q statistic 
of these data was calculated using the restricted maximum-likelihood estimator. Subgroup analysis was conducted 
when all subgroups had greater than two studies. Comparisons were conducted without assuming common variance, 
except in the case where one subgroup had ≤5 studies in it. For comparison studies, effects size was calculated as a log 
odds ratio. Funnel plot symmetry and possible evidence of publication bias was assessed using Egger’s regression and 
rank correlation test  
 
Results. Uncemented EPRs were associated with a higher rate of mechanical failure [(7.9%) 95% CI, 5.6-11.1 versus 
(4.6%) 95% CI, 3.4-6.2; p=0.02, figure 1], but had statistically comparable rates of aseptic loosening [(5.9%) 95% CI 3.7-
9.2 versus (8.9%) 95% CI 6.9-11.4; p=0.11] and infection [(9.5%) 95% CI 7.0-12.7 versus (6.6%) 95% CI 4.9-8.9; p=0.10] 
versus cemented EPRs. Utilizing four studies with comparison data, use of hydroxyapetite collars was associated with 
lower aseptic loosening [Odds Ratio, 0.96; 95% CI, 0.23-0.04, P<0.001). Eggers regression test (p<0.001) and ranked 
correlation test (p=0.022) revealed significant funnel plot asymmetry and is suggestive of publication bias. 
 
Conclusion. Findings from this analysis indicate that cemented endoprostheses at the knee are associated with lower 
rates of mechanical failure, while aseptic loosening and implant survival rates are comparable among cemented and 
uncemented implants. Hydroxyapatite coated collars appear to reduce risk of aseptic loosening substantially. Despite 
these findings, they are based exclusively upon Level IV evidence. Future prospective large multi-center trials are needed 
to further elucidate the impact of various implant characteristics.  
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Long-term Follow-up Analysis of Surgical Treatment for Osteosarcoma in 
Distal Radius 
Weifeng Liu, Yongkun Yang, Tao Jin, Yang Sun, Feng Yu, Xiaohui Niu 
Beijing Ji Shui Tan Hospital, Peking University, Beijing, China 

Background. The purpose of this study was to analyze the epidemiological characteristics of distal radial osteosarcoma 
and to explore the oncological and functional results of these tumors. 
 
Methods. The authors retrospective analyzed 2710 high-grade osteosarcoma from Jan 2000 to Dec 2019, including 25 
cases of radius, 5 cases in radial shaft and 20 cases in distal radius (20/2710, 0.74%). Neoadjuvant chemotherapy was 
performed before limb salvage surgery while amputation without preoperative chemotherapy. Surgical margins include 
intracapsular, marginal, wide and radical excision. Intraspecular and marginal were defined as inadequate while wide 
and radical excision were defined as adequate margin. Duration of follow-up was defined as the time from surgery to 
the date of final follow-up or death. Patients who were followed up more than 12 months or cancer progression within 
12 months were included in the final study.  
 
Results. Complete data and follow-up were available for 20 patients with osteosarcoma in distal radius, including 15 
males and 5 females, with a mean and median age of 20 and 17 years (8-51 years), respectively. All cases were initial 
treated in our hospital, including 1 case with intracapsular excision, 2 cases with marginal resection, 16 cases with wide 
and 1 case with radical resection. There were 14 cases of limb salvage procedures, including 6 cases of autologous fibula 
graft reconstruction, 4 cases of wrist fusion and fixation with ulnar centralization, 2 cases of wrist fusion and fixation 
with iliac crest bone graft, 1 case of ipsilateral ulna osteotomy and reconstruction, 1 case of cement spacer 
reconstruction, and 6 cases of amputation. 2 cases performed by amputation with local recurrence, 12 cases with limb 
salvage and 8 cases with amputation at the final follow up. 8 cases retained the forearm rotation function after surgery, 
4 cases sacrificed forearm rotation. The mean and median follow-up times were 66.5 and 49.5 (6-228) months, 
respectively. There were 2 cases of recurrence (10%), 6 cases developed distant metastasis (30%), 4 cases had 
postoperative complications (20%) and 3 cases underwent reoperation. There were 6 cases dead at the end of follow-
up. The 5 and 10-year survival rates were 67.5% and 57.9%, respectively, and the 5-year relapse-free survival rate was 
65.5%. Multivariate analysis showed that metastasis was an independent risk factor for death. 12 cases could be 
evaluated by MSTS functional score with satisfactory average of 26.9±2.0, and the final limb salvage rate was 60% 
(12/20). 
 
Conclusion. Osteosarcoma in the distal radius is rare and inadequate margin is a high-risk factors for local recurrence. 
Distant metastasis is an independent prognostic factor for death. Limb salvage surgery had good control of oncologic 
outcome and satisfactory functional evaluation in this study. 
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Should larger stem diameter be prioritized over cement mantle thickness? 
An analysis of risks for failure in cemented endoprostheses with minimum 
five-year follow-up. 
Joseph Ippolito1, Yazan Kadkoy1, Gregory Schneider1, Claire Park1, Jennifer Thomson1, Kathleen Beebe1, Francis 
Patterson2, Dr Joseph Benevenia1 

1Rutgers, New Jersey Medical School, Newark, United States, 2Hackensack University Medical Center, Hackensack, United 
States 

Background. With continued advances in treatment options, patients with endoprosthetic reconstruction are living 
longer and consequently relying upon their devices for a longer duration. Major causes of endoprosthesis failure include 
aseptic loosening and mechanical failure. In the setting of tumor resection, loss of bone stock and use of radiation 
therapy increase the risk for these complications. Advances in the availability of modular devices have increased stem 
options during the reconstructive period. As such, considerations of remaining native bone and stem length and 
diameter may be increasingly important. 
 
Questions. We asked the following questions related to failure rates of endoprostheses: (1) Does the ratio of bone to 
stem diameter impact failure? (2) Does increased resection length and decreased length of remaining bone increase risk 
for failure? 
 
Methods. We retrospectively analyzed patient outcomes at a single institution between the years of 1999-2022 who 
underwent cemented endoprosthetic reconstruction at the hip or knee and identified 150 patients. Of these 150, fifty-
five had a follow-up of greater that five years and were used for analysis. Radiographs of these patients at time of 
surgery were assessed and measured for resection length, bone diameter, stem diameter, and remaining bone length. 
Resection percentage, and stem to bone diameter ratios were then calculated and their relationship to endoprosthesis 
failure were analyzed. 
 
Results. Patients in this cohort had a mean age of 46, and mean follow-up of 126.4 months. There were 33 distal femoral 
replacements (60%), 16 proximal femoral replacements (29%), and 6 proximal tibial replacements (11%). There were 5 
patients who experienced aseptic loosening and 5 patients who experienced mechanical failure, with 1 patient 
experiencing both for an overall device failure rate of 18%. Patients with implant failure had a smaller mean stem to 
bone diameter (36% versus 44%; p=0.004). A stem to bone diameter of 40% appeared to be a breaking point between 
success and failure in this series, with 90% of patients with implant failure having a stem:bone ratio less than 40%. Stem 
to bone ratio less than 40% increased risk for failure versus stems that were at least 40% the diameter of bone [9/10 
(90%) versus 7/45 (16%); odds ratio 48.8; p<0.0001]. Resection length did not appear to have an impact on the rates of 
aseptic loosening and mechanical failure in this series. 
 
Conclusion. Data from this series suggests a benefit to using larger stems when implanting cemented endoprostheses 
at the hip or knee. Stems which were less than 40% the diameter of bone were substantially more likely to undergo 
implant failure.  
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Custom reconstruction lowers risk of mechanical failure following pelvic 
tumor resection: A Meta Analysis and Systematic Review of the Literature 
Yazan Kadkoy, Jennifer Thomson, Joseph Ippolito, Claire Park, Kathleen Beebe, Joseph Benevenia 

Rutgers, New Jersey Medical School, Newark, United States 

Background. Reconstruction of the pelvis following tumor resection presents a major surgical challenge with associated 
high rates of complications. Considerations for reconstructive options include patient age, functional status, and 
remaining native anatomy. Given the rarity of these procedures, comparison studies across types of reconstruction at 
the pelvis are limited.  The objective of this study was to perform a review of the literature and meta-analysis to assess 
complication rates associated with different reconstructive options.  
 
Methods. Inclusion criteria were peer-reviewed studies with a minimum of ten patients, which reported on implant(s) 
used and associated patient outcomes. Thirty-one studies representing 607 patients were included. Effect size was 
calculated for each of the Henderson failure modes (Type 1 – soft tissue, Type 2 – aseptic loosening, Type 3 – mechanical 
failure, Type 4 – infection, Type 5 – local recurrence) using the random effects model with residual maximum likelihood 
estimation of variance, and a meta-analysis of proportions was conducted. Additionally, region of resection was included 
(when available) utilizing the Enneking-Dunham classification. Major reconstruction methods utilized in the literature 
were: saddle, allograft prosthetic composite, autograft, stem and cup, and custom prostheses.  
 
Results. For type 1 complication (soft tissue) the overall summary proportion was determined to be 8.14% (CI 5.05, 
12.87). Meta-regression showed positive association between the year a study was published (p=0.0013), average age 
of patients (p=0.0345), and study average follow-up time (p<0.001).  Overall summary proportion for type 2 
complication (aseptic loosening) was found to be 7.29% (CI 3.98, 13.00). Meta-regression revealed a positive association 
between the percentage of II+III resections within a cohort and type 2 complications (p=0.0002).  Meta-analysis revealed 
a statistically lower rate of mechanical failure (p=0.03, figure 1) in studies that utilized custom prostheses. Modeled 
rates of mechanical failure in this group were 2.5% (CI 6.23, 0.98) when compared to the overall summary proportion 
of 7.22% (CI 11.29, 4.54). Meta regression revealed a positive association of mechanical failure and percentage of type 
II+III (periacetabular and ischial) resections in the study (0.0045). Summary proportion for infection was found to be 
22.25% CI(18.30, 26.77) with no differences detected between reconstruction method. Finally, the summary proportion 
type 5 complication (local recurrence) was found to be 20.66% (CI 16.57, 25.46). Meta-regression showed associations 
with mean age (p=0.0175), average follow-up (p=0.0162), and percentage of I+II+III resections (p=0.0388).  
 
Conclusion. This analysis shows a lower incidence of mechanical failure for patients who underwent reconstruction with 
a custom prosthesis. Additionally, patients who underwent type II+III resection were at increased risk for aseptic 
loosening and mechanical failure, regardless of reconstructive method. 
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Reduction of blood loss by tranexamic acid in cases of lower extremity 
tumor resection and modular tumor endoprosthesis 
Burkhard Lehner, Franz Reichel 
Orthopedic University Clinic, Heidelberg, Germany 

Introduction. Tranexamic acid (TXS) is known in primary and revision arthroplasty to reduce blood loss. There are no 
data about the effect in orthopedic oncology patients undergoing tumor resection of bone tumors. 
 
Methods. 253 patients with reconstruction of a bone defect with a modular tumor endoprosthesis (MUTARS system by 
Implantcast) folowing resection of a bone tumor of the lower extremities were examined in aretrospectiv study.  
The TXS group contained 134 patients, the control group with the same pocedures but without TXS 119 patients. TXS 
patients recieved 1g TXS at time of incision in a singular dose. Data were checked for blood loss, complication rate, 
transfusion rate and hemoglobin levels. 
 
Results. There was no significant difference between the 2 groups according to operation time, preopertive HB values 
and operation technique. Significant differences could be seen in estimated median loss with 3661 ml as compared to 
2914 ml in the TXS group. also, number of blood transfusions differed significantly. No difference in thromoembolic 
complications could be seen. 
 
Conclusion. TXS reduces blood loss and number of blood transfusions significantly in the group of patients with bone 
tumor resection and recunstruction with modular tumor endoprostesis. TXS should therfore be a standard treatment. 
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Medicare Advantage May Be Associated with Worse Outcomes in Patients 
with Soft Tissue Sarcoma 
Jennifer Wang1, Amit Piple1, Brandon Gettleman2, Matthew Chen1, Lawrence Menendez1, Nathanael 
Heckmann1, Alexander Christ1 

1Keck School of Medicine of USC, Los Angeles, United States, 2University of South Carolina School of Medicine, Columbia, 
United States 

Background. Medicare Advantage healthcare plans often require authorization for surgery and imaging that may result 
in delays in specialty care. Given the complexity of soft tissue sarcoma (STS) treatment and risk of significant 
complications, there is evident need for further analysis into whether or not managed Medicare plans impact patient 
outcomes. This study aims to compare the outcomes of patients who underwent STS resection based on enrollment in 
either traditional Medicare (TM) or Medicare Advantage (MA) plans. 
  
Methods. The Premier Healthcare Database was utilized to identify all patients ≥65-years-old who underwent surgery 
for resection of an upper or lower extremity STS from 2015-2020. These patients were then subdivided based on their 
Medicare enrollment status (i.e. TM or MA). Patient characteristics, hospital factors, comorbidities were recorded for 
each cohort. Univariate analysis was performed to assess the 90-day risk of postoperative complications. Multivariate 
analysis controlling for patient age and sex, as well as demographic and hospital factors found to be significantly 
different between the TM and MA cohorts, was utilized to account for potential confounders. 
  
Results. From 2015-2020, a total of 2,195 patients underwent resection of SRS. Of these, 1,296 (59.0%) had TM 
coverage, 652 (29.7%) had MA coverage, and 247 (11.3%) had non-Medicare insurance coverage. There was a 
statistically significant difference in the prevalence of 2 of the 30 comorbidities analyzed, congestive heart failure and 
obesity, between the cohorts. Though the prevalence of both of these comorbidities was higher in the MA group (9.66% 
vs. 7.10% and 4.60% vs. 2.85%, respectively), the absolute differences were small (range: 2.56% and 1.75%, 
respectively). After controlling for confounders, MA was associated with higher odds of surgical site infection (adjusted 
odds ratio [aOR] 1.48, 95% CI: 0.73-2.99, p=0.272), sepsis (aOR=1.60, 95% CI: 0.86-2.95, p=0.137), deep vein thrombosis 
(aOR=1.32, 95% CI: 0.60-2.88, p=0.490), seroma (aOR=1.29, 95% CI: 0.21-7.76, p=0.784), urinary tract infection 
(aOR=1.38, 95% CI: 0.79-2.79, p=0.334), and mortality (aOR=2.02, 95% CI: 0.87-4.69, p=0.100). However, in this study, 
these were not observed to be statistically significant. 
  
Conclusion. The magnitude of the odds ratios observed suggest MA coverage may be associated with increased risk of 
multiple postoperative complications, including mortality, compared to TM coverage. Though the results presently 
observed did not reach statistical significance, we believe this is likely secondary to sample size limitations. Additional 
research with higher power, such as through multi-institutional collaborations, is necessary to better assess the 
relationship between Medicare plan subtype and outcomes for this high-risk patient population. 
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Long-term outcome and patient related outcome measurements in 
patients with modular distal femoral and proximal tibial megaprostheses 
Burkhard Lehner, Georg Omlor 

Orthopedic University Clinic, Heidelberg, Germany 

Introduction. Limb sparing surgery with modular megaprostheses in patients with a tumour around the knee or with 
extensive bone damage in revision arthroplasty is a clinical challenge. Available data of long-term outcome and patient 
related outcome measurements (PROMS) is limited and heterogenous. Aim of the study was to evaluate long-term 
patient survival, implant survival, complications and PROMS in patients receiving a modular megaprosthesis around the 
knee. 
 
Methods. This retrospective cohort study includes 118 patients (mean age 39 years, 72 male, 46 female, 104 tumour 
patients, 14 revision arthroplasty) with a minimum follow-up of 5 years. The mean follow-up was 8 years. 3 patients 
were lost to follow-up. Explorative data analysis of patient survival, implant survival, implant specific complications and 
PROMS was performed. Kaplan-Meier analysis and Multivariate Cox regression were used to evaluate overall survival 
rates. 
 
Results. The mean follow-up 8-year overall survival rate was 82%. Patients with osteosarcoma had a better survival rate 
than patients with metastases (HR 7.28, p<0.001), revision arthroplasty (HR 4.13, p=0.007) or malignant soft tissue 
tumour (HR 3.47, p=0.021). 8-year implant survival rate for any kind of revision surgery was 39% (±35%-45%). Main 
reason for revision was mechanical complications (35%), aseptic loosening (34%) and infection (28%). Long-term limb 
salvage could be achieved in 92%. High BMI was a negative predictive factor for revision surgery. Gender, localization, 
anchoring technology and resection length had no significant influence in implant survival. Mean KOOS of 17(±6,6)/28 
and mean Oxford Knee Score of 33(±9,9)/48 showed good functional outcome. Analysis of QoL demonstrated good 
physical function (PCS 42±5,9) and persistent mental stress (MCS 35±7,7). 
 
Conclusion. Implantation of modular megaprostheses around the knee due to a tumour or in revision arthroplasty is a 
reliable option for limb salvage with good clinical outcome and acceptable implant specific complications. 
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Limb-saving treatment of bone metastases in the lower extremity using a 
modular implant system 
Burkhard Lehner, Georg Omlor 

Orthopedic University Clinic, Heidelberg, Germany 

Introduction. Modular tumor endoprostheses (MTEPs) are increasingly used for cases with bone metastases in the 
lower extremity, encouraged by longer live expectancies due to improved multimodal oncological treatment. 
Information on clinical outcome of MTEPs in these patients, however, is missing. Therefore, the present study analysed 
this subgroup of patients to define clinical outcome with survival and complication rates. 
 
Methods. This retrospective cohort study includes 84 consecutive patients (mean age 59, 41 male, 41 female) who 
received a MTEP between 1997 and 2013 due to bone metastases of the femur or tibia. Mean follow-up was 34 months. 
2 patients were lost to follow-up. Kaplan-Meyer survival analysis was used to estimate the survival of patients and 
implants. The log-rank-test was used to compare the survival of subgroups by tumor entity.  
 
Results. The main tumor entities were kidney cancer (n=27), breast cancer (n=20), and lung cancer (n=12). 25 patients 
had other entities. 38 patients had pathological fractures and 7 had failed previous osteosynthesis. Improved 
mobilization and joint function were found postoperatively. Mean patient survival rate after 34 months was 33% (CI:23-
43) for all entities. Survival of patients with lung cancer (0%) was significantly reduced compared to breast cancer (10%; 
CI:2-26; p<0.001). Kidney cancer demonstrated the best overall survival (58%; CI:36-75). At last follow-up, 75 (92%) 
patients had died due to their tumor disease. The mean revision rate after 34 months was 16%. Reasons for revision 
were infection of the implant (n=4), recurrent hip dislocation (n=4), wound healing complications (n=2) and implant 
failure (n=2). Implant survival estimates were 93% (CI:90-96) at 3 years and 81% (CI:77-85) at 5 years.  
 
Conclusion. The present study demonstrates that MTEPs offer an effective treatment option with comparably low 
complication rates and good implant survival in patients with progressed metastatic disease allowing for early 
mobilization and immediate joint function 
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Treatment of osteosarcoma in children and adolescents in an atypical 
location 
Andrzej Szafranski1, Karolina Rosolowicz2, Kaja Gizewska-Kacprzak2, Jaroslaw Peregud-Pogorzelski2 

1Children's Memorial Health Institute, Warsaw, Poland, 2Department of Pediatric Orthopedics and Oncology of the 
Locomotor System of the Pomeranian Medical University, Szczecin, Poland 

Backround. Osteosarcoma (OS) is the most common primary bone cancer diagnosed in children and adolescents. It is 
more often found in children taller than the average, as well as in children who have had retinoblastoma or in the area 
after prior irradiation. The peak incidence is between the age of 15 and 19. Osteosarcoma occurs with the frequency of 
3.1 new cases per 1 million children per year, which means that in Poland approximately 30-35 new cases are diagnosed 
each year. Unfortunately, metastatic changes are found in more than half of the patients at diagnosis. The lungs are the 
most common site of metastasis, followed by other bones and the central nervous system. 
Currently, the treatment of osteosarcoma (developed on the basis of previous clinical trials) is combined. This treatment 
includes chemotherapy (CHT) and surgery. Doing so gives the best chance of a full recovery. Currently, patients with 
localized disease (disease in one place) can achieve a cure rate of 65-70%, which means that 6.5-7 children out of 10 
will be completely healthy. Unfortunately, in the case of coexistence of other disease foci (so-called metastatic lesions), 
this% is much lower. That is why it is so important to detect the disease early and treat it properly. 
Method. The primary focus is most often located in long bones such as the femur, tibia, and humerus. Less commonly, 
a primary outbreak can be found in other locations. The paper presents 2 cases of osteosarcoma with a primary focus 
located in atypical locations. 
Results. In a 12-year-old patient, the primary focus was located in the sternum. In a 17-year-old patient, it emerged 
from the 8th left rib. In both cases, the diagnosis was confirmed by open biopsy. Treatment was started with 
neoadjuvant chemotherapy according to Euramos program. After 10 weeks of preoperative treatment, imaging studies 
confirmed the regression of the neoplastic process. In the first case, the body of the sternum was resected, and the 
chest was reconstructed using the STRATOS system. In the second case, the 8th rib was resected together with the 
tumor and adjacent ribs 7 and 9 in order to obtain the appropriate excision margin. The reconstruction of the chest wall 
was performed using a Goretex patch and muscular plastic surgery. Both patients after the procedure were circulatory 
and respiratory efficient, and the postoperative wounds healed flawlessly. 
Conclusion. Even in atypical localization of the primary osteosarcoma, there are methods of reconstruction after 
excision of the bone tumor based on new technologies that have found application in reconstructive surgery. 
Reconstruction results obtained in these two cases allowed for the normal functioning of the operated patients. 
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Bone Overgrowth and Limb Deformity After Osteochondroma Resection 
Ana Cecilia Belzarena1, David Alcoloumbre2, John S. Blanco2 

1Miami Cancer Institute, United States, 2Hospital for Special Surgery, United States 

Background. Osteochondromas are the most common benign primary bone tumors. Patients, particularly those with 
multiple osteochondromas, present with a high rate of limb alignment deformity around the knee, specifically genu 
valgum as part of the disease’s natural course. One prior study reported on genu valgum occurring subsequent to an 
osteochondroma resection in three multiple hereditary exostoses (MHE) patients. 
Questions/Purposes. We therefore asked: (1) How frequent are limb deformities after an osteochondroma resection? 
(2) Are there any risk factors associated with this phenomenon?  
Methods. This was a single-center, observational, retrospective cohort study. Fifty-nine patients with a solitary or 
multiple osteochondromas and open physes who underwent resection of the tumor at our institution between January 
2016 and July 2018 were included. Patients were followed for a minimum of 12 months or until deformity was noticed. 
Operative reports, clinic notes, and radiographs were analyzed. 
Results. Our sample included 59 patients with 64 osteochondromas; 37 were males and 22 females. Mean age at the 
procedure was 13.3 years (range 7-17, SD 2.7). Regarding the tumor location, 34 were on the femur, 24 on the tibia, 3 
on the humerus, and 3 on the fibula, 83% (53 of 64) were located around the knee. Forty-two patients had a solitary 
osteochondroma and for the remaining 17 the osteochondroma was part of a syndrome, in 16 of those patients the 
diagnose was (MHE) and one patient had Trevor’s disease. The mean follow up was of 23.8 months (range 10-41, SD 
10.5). Eleven patients presented with an alignment deformity prior to the resection of the osteochondroma. Two other 
patients, who initially had normally aligned limbs developed a genu valgum deformity after the osteochondroma 
resection (Figure 1 and 2). Only younger age of the patient was significantly associated with postresection development 
of limb deformity (p=0.007). 
Conclusion. Excision of osteochondromas near the physis of a skeletally immature patient can cause overgrowth from 
the involved side of the growth plate resulting in a rapidly progressing unilateral coronal plane deformity. This 
phenomenon has a prevalence of 0.03% and younger age of the patients was found to be a risk factor. Surgeons should 
be aware of this potential complication and closely follow growing patients with serial alignment radiographs and 
counsel the family regarding the potential of acquired limb deformity and subsequent surgeries. 
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The influence of costal resection on pulmonary function after total en bloc 
spondylectomy for spine tumor 
Satoru Demura, Satoshi Kato, Noriaki Yokogawa, Hiroyuki Tsuchiya 

Kanazawa University, Japan  

Background. Total en bloc spondylectomy (TES) is indicated to achieve a local control of spine tumor. However, the 
procedure in the thoracic spine technically requires bilateral rib resection to excise the tumor vertebral body. The 
objective of this study was to evaluate whether a number of rib resection negatively impacts pulmonary function after 
the surgery. 
 
Methods. Pulmonary function testing (PFT) of 31 patients undergoing TES was completed. There were 17 male and 14 
female with a mean age of 54.1 years. PFT was performed prior to surgery and at 1 month, 6 months, 1 year post-
operative visits. Any patients with obstructive lung disease, asthma history, and smokers were excluded from this study. 
Associations between a number of rib resection, and the results of PFT were analyzed based on the resected level of 
the thoracic spine. 
 
Results. There was a significant decrease in forced vital capacity (FVC) at 1 month (71% of preoperative value, p<0.05), 
6 months (88%, p<0.05) and 1 year (90%, p<0.05). Meanwhile, the FEV1.0% remained stable during follow up. Patients 
who underwent vertebrectomy at 3 levels (3 pairs of rib resection) showed significant decrease in FVC (83.5% of 
preoperative value) compared to vertebrectomy at single level (1 pair of rib resection, 93.2%) at 1 year. Patients with 
upper-middle thoracic rib resection had a trend of lower recovery rate in FVC (88.3% of preoperative value) than those 
with lower thoracic rib resection (92.1%), however, there was no statistical difference. 
 
Conclusion. Forced vital capacity decreased 1 month after TES and returned to 90% of preoperative value at 1 year. 
Three pairs of rib resection showed significant decrease in FVC, suggesting a possible influence of a greater numbers of 
rib resection on pulmonary function 
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Pre-operative Embolization Is Not Mandatory in Single Posterior Approach 
Total En Bloc Spondylectomy 
Permsak Paholpak, Taweechok  Wisanuyotin, Wilasinee Sirichativapee, Winai Sirichativapee 

Khon Kaen University,Thailand 

Background. The single posterior approach (TES) was considered complex surgery used to complete resection spinal 
tumors. Pre-operative embolization was recommended to reduce intraoperative blood loss. The aim was to report the 
clinical oncologic outcomes of the single posterior approach Total En Bloc Spondylectomy (TES) without preoperative 
embolization in solitary spinal metastasis patients. 
 
Methods. Nineteen solitary spinal metastasis patients underwent the single posterior approach TES at the 
thoracolumbar spine from January 2018 to December 2021. All patients underwent single posterior TES without 
preoperative embolization. The Eastern Cooperative Oncology Group, Frankel neurological status, operative time and 
blood loss, and any complications were all recorded. The patients were regularly followed-up with radiography, 
computed tomography, and magnetic resonance imaging to detect any local recurrences. 
 
Results. The mean operative time was 342.6 minutes, and the mean operative blood loss was 1760.5 ml. None of the 
patients experienced other perioperative complications, such as neurological deterioration, cerebrovascular fluid 
leakage, nor surgical site infection. Within the follow-up period (3-28 months), three local recurrences had been 
detected. Three Abstract ID: 5 for ISOLS - International Society of Limb Salvage (Auto-Generated April 14, 2022 2:18 PM) 
Copyright 2022 ISOLS - International Society of Limb Salvage powered by WPAbstracts Pro patients were found to have 
distant metastasis to remote vertebrae. Twelve patients showed an improved ECOG functional status by at least one 
grade. Four Frankel A (out of 7) patients improved their neurological status by at least one grade. The median follows 
up time was 12 months. 
 
Conclusion. Even without embolization, the single posterior TES at the thoracolumbar spine is safe and effective for 
short-term local control in solitary spinal metastasis. However, TES cannot prevent distant metastasis. Longer term 
follow-up studies will be able to further identify the benefits of TES for the long-term local control of diseases.  
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Surgical efficacy and prognosis of 54 patients with spinal metastases from 
breast cancer 
Yao Weitao 

He Nan Cancer Hospital, Zheng Zhou City, China 

Objective. To analyze the feasibility and common morbidities of autologous osteoarticular inactivated reimplantation 
for periarticular osteosarcoma of the knee joint. 
 
Methods. A retrospective study of osteosarcoma patients admitted to our hospital between January 2018 and 
November 2021. The resected bone and semi-articulus were replanted after liquid nitrogen inactivation. The patients' 
general information, tumor-related information, surgical procedure, surgical complications, limb function, and tumor 
prognosis were also studied. 
 
Results. A total of 13 patients were eligible for inclusion, including 7 males and 6 females aged 8-33 (14.62 in average) 
years old. Among them, 6 cases were < 12, 4 were 12-18, and 3 were > 18 years old. There were 9 cases at the distal 
femur and 4 at the proximal tibia. The length of the inactivated tumor bone was 10-29 (17.47 in average) cm. The 
operation time was 4-6 (4.72 in average) hours. The intraoperative bleeding was 400-1200 (600.36 in average) ml. 
locking plates fixed the tumor bone. The postoperative follow-up ranged from 11-99 (43.15 in average) months. The 
graft bone healing was obtained in 9 patients within 12-19 months (14.78 months in average). In all cases, knee joint 
movement was 80-150 (125.38 in average) degrees of flexion and 0 degrees of extension. The lower extremity MSTS 
score was 23-30 (27.54 in average). Joint function was excellent in 9 cases, good in 3 cases, and moderate in 1 case. 
Postoperative complications included skin margin necrosis in 2 patients, joint instability in 13 cases, graft bone fracture 
in 8 cases, joint degeneration and narrowing in 5 cases, joint stiffness in 2 cases. Two cases of tumor recurrence occurred 
in the periphery of the grafted bone. Tumor progression included 2 cases of lung metastasis, 1 case of bone metastasis 
that occurred at 12-38 months of following up. The graft was replaced by a hinged prosthesis in 1 case and joint fusion 
in 1 case. 
 
Conclusion. Inactivated reimplantation of autologous osteoarticular is effective in some osteosarcoma patients and has 
the advantages of good joint mobility, normal appearance, and easy acceptance by patients. However, there are 
complications such as fracture, joint degeneration, joint stiffness, and joint instability. Prothesis replacement or joint 
fusion may be the compensatory method after the graft failure. 
 
Keywords. osteosarcoma, inactivated reimplantation of autologous osteoarticular, clinical effect, complication 
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Opioid use in musculoskeletal oncology 
Aaron Gazendam1, Michelle Ghert1, Kenneth Gundle2, James Hayden2, Yee-Chen Duong2 

1Division of Orthopaedic Surgery, McMaster University, Hamilton, Canada, 2Oregon Health and Science University, 
Department of Orthopaedics and Rehabilitation, Portland, United States 

Background. Opioid prescribing in the context of orthopaedic surgery has been recognized as a critical area in the 
ongoing opioid epidemic. Given the negative consequences of chronic opioid use, significant efforts have been made to 
reduce both preoperative and postoperative opioid prescribing and consumption in orthopaedic patients. However, 
musculoskeletal oncology patients represent a unique subset of patients and there is a paucity of data evaluating 
perioperative opioid consumption and the risk for chronic use. The objectives of the current study were to describe 
opioid consumption patterns and evaluate predictors of chronic opioid use in musculoskeletal oncology patients 
undergoing limb-salvage surgery and endoprosthetic reconstruction.  
 
Methods. This study was a secondary analysis of the recently completed PARITY (Prophylactic Antibiotic Regimens in 
Tumor Surgery) trial. Patient, surgical and tumor characteristics were acquired from the prospectively collected trial 
database. Patient opioid consumption collected preoperatively and at 3, 6 and 12 months postoperatively was 
presented descriptively. A multivariate logistic regression model was created to explore predictors of chronic opioid 
consumption at 12 months postoperatively.  
 
Results. There were 604 patients available for analysis (Table 1). Preoperatively, 34% (193/575) of patients were 
consuming opioids compared to 16.7% (82/492) at 3 months postoperatively, 8% (37/460) at 6 months postoperatively 
and 6.6% (28/425) at 12 months postoperatively. Of patients consuming preoperative opioids, 10% (12/118) continued 
to consume opioids at 12 months follow-up. The adjusted regression model found that only the presence metastases at 
initial presentation (Odds Ratio 3.05 [95% Confidence Interval 1.27, 7.51], p=0.014) was predictive of chronic opioid use 
(Table 2). Preoperative opioid consumption, older age, sex, longer surgical times, reoperation rates, and country of 
origin were not predictive of chronic use.  
 
Conclusions. Despite a high prevalence of preoperative opioid use, invasive surgery and high rates of reoperations, few 
patients continued to consume opioids at 1-year postoperatively. The presence of metastases was associated with 
chronic opioid use. These results are a substantial departure from the existing orthopaedic literature evaluating other 
patient populations and suggest that specific prescribing guidelines are warranted for musculoskeletal oncology 
patients.  
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Do cemented standard-length femoral stems have enough longevity for 
the pathological fractures of the femoral neck with metastatic lesions? A 
retrospective study 
Pakjai Tuntarattanapong, Khanin Iamthanaporn, Theerawit Hongnaparak, Varah Yuenyongviwat 

Department of Orthopedics, Prince of Songkla University, Hatyai, Thailand 

Background. Cemented long-stem hip arthroplasty is a treatment of choice for the pathological fractures of the femoral neck with 
metastatic lesions and the prevention of further fracture caused by metastasis progression. Recently, this concept has been 
challenged by studies that have shown a low incidence of new metastatic lesions after cemented arthroplasty with standard-length 
stems. The present study was an evaluation of the outcome after treatment of metastatic femoral neck fractures with cemented 
standard-length hemiarthroplasty. 
 
Methods. We retrospectively studied 23 patients in whom the pathological fractures of the femoral neck with metastatic lesions 
were diagnosed. All patients underwent hemiarthroplasty with cemented standard-length femoral stems. The demographic data of 
the patients and clinical outcomes were obtained from an electronic medical database. Metastasis progression-free survival time was 
analyzed via the Kaplan–Meier curve. 
 
Results. The mean age of the patients was 51.5 ± 11.7 years. The median duration of follow-up was 6.8 months (interquartile range, 
5–22.6 months). Four patients exhibited tumor progression according to radiographic evaluation, but no patients had new fractures 
in the same bone or needed reoperation. The Kaplan–Meier curve revealed that 88.2% (74.2,100) of femurs demonstrated 1-year 
radiographic progression-free survival and 73.5% (49.4,100) demonstrated 2 year progression-free survival. 
 
Conclusions. Our study demonstrated that the use of cemented standard-length stems in hemiarthroplasty for pathological fractures 
of the femoral neck with metastatic lesions is safe, and the rate of reoperation was low. We believe that this prosthesis is optimum 
for treatment in this group of patients because the length of survival in patients is expected to be short and the rate of metastasis 
progression in the same bone is low. 
 
Keywords. Metastatic bone, Pathological fractures, Femoral neck, Hemiarthroplasty 
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Scoring Criteria for Prediction of Neoadjuvant Chemotherapy Response in 
Osteosarcoma: A Multicenter International Validation Study 
Mustafa Hashimi1, Obada Hasan3, Tomas Zamora2, Ahmet Salduz4, Benjamin J Miller1 

1University Of Iowa Hospitals & Clinics, Iowa City, United States, 2Pontificia Universidad Catolica de Chile, Santiago, Chile, 
3Pir Abdul Qadir Shah Jeelani Institute of Medical Sciences, Khairpur, Pakistan, 4Istanbul University, Istanbul, Turkey 

Background. Tumor necrosis after neoadjuvant chemotherapy is an important predictive factor of survival in 
osteosarcoma. However, the response to chemotherapy is not known until after definitive resection and limits utility of 
this information for operative planning. We previously developed and reported on a scoring criteria using clinical and 
radiographic factors (initial tumor size, change in tumor size, ossification, and pain) to accurately identify good 
responders after treatment with neoadjuvant chemotherapy and prior to surgical resection. Our hope is that this criteria 
utilizes modalities readily available globally and could be universally applied to anticipate the success or failure of 
chemotherapy with potential impact on surgical decision-making. The aim of this study is to validate our scoring criteria 
using data from patients at other institutions and, if necessary, to update our criteria. 
Methods. A total of 47 patients diagnosed with osteosarcoma and treated with multi-agent neoadjuvant chemotherapy 
followed by resection for cure at two institutions in different countries than the initial site of data collection from 2010-
2022 were analyzed retrospectively. With our devised scoring criteria, we scored patients for post-chemotherapy tumor 
ossification on plain radiographs, tumor size and growth on MRI, and pain. Based off our previous study, a score of less 
than or equal to 6 was used as the cutoff point to predict a good response, which is tumor necrosis greater than or equal 
to 90%. We constructed a receiver operating characteristic (ROC) curve to test the statistical validity of the scoring 
criteria and compare the results with our initial study.  
Results. 15/26 patients at one institution were unable to be scored due to lack of post-chemotherapy radiographs, thus, 
32/47 patients were scored. 18 (56%) had a good response to treatment and 14 (44%) had a poor response. Patient 
scores ranged from 4 to 12. The area under the ROC curve was 0.683. Optimal sensitivity (39%) and specificity (93%) for 
predicting a good response to treatment was achieved with a score cutoff of less than or equal to 6. In our previous 
study, our criteria was found to have optimal sensitivity (100%) and specificity (84%) at a score cutoff of 6. 
Conclusion. In this external validation study, we found a reasonably high specificity, but much lower sensitivity than the 
original study. A third of our patients were unable to be scored due to lack of post-chemotherapy radiographs, making 
assessment of tumor ossification difficult. This calls into question the utility of this criteria in other institutions that may 
have similar imaging protocols. However, the small number of patients included in this study may not be representative. 
Further studies with a larger sample size are required to further investigate our scoring criteria to determine if this 
approach is justifiable for widespread use. 
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Neoadjuvant chemotherapy and endoprosthetic reconstruction for lower 
extremity sarcomas: Does timing impact complication rates? 
Aaron Gazendam1, Patricia Schneider1, Andre Spiguel2, Michelle Ghert1, David Slawaska-Eng1 

1McMaster University, Hamilton, Canada, 2Department of Orthopaedics and Rehabilitation, University of Florida College 
of Medicine, Gainesville, United States 

Background. Sarcoma patients undergoing surgical resection and endoprosthetic reconstruction often receive 
neoadjuvant chemotherapy (NACT). However, the systemic effects of neoadjuvant chemotherapy may increase the risks 
of postoperative complications and surgical site infections (SSI) in orthopaedic oncology. The objective of the current 
study was to investigate if the timing of NACT impacted the rates of surgical site infections (SSI) and reoperations within 
1-year follow-up.  
 
Methods. This was a secondary analysis of the recently completed Prophylactic Antibiotic Regimens in Tumor Surgery 
(PARITY) trial utilizing the prospectively collected database. Patients who underwent neoadjuvant chemotherapy, tumor 
resection and endoprosthetic reconstruction for a bone or soft tissue sarcoma were included. Multivariate Cox 
proportional hazards regression models were created to evaluate the if NACT timing was predictive of SSI and 
reoperations.  
 
Results. Of the 604 patients in the PARITY trial, 216 patients from 39 clinical sites underwent surgery for a primary bone 
or soft tissue sarcoma, received neoadjuvant chemotherapy as part of their care and had data available to analyze (Table 
1). The most common diagnosis was osteosarcoma (75%), followed by Ewing’s sarcoma (16%). The median time from 
completion of neoadjuvant chemotherapy to surgery was 24 days (interquartile range 15, 42 days). The adjusted Cox 
proportional hazards model demonstrated that the timing of NACT did not impact SSI rates or reoperation rates (Table 
2). Longer operative time was an independent predictor of both SSI (Hazards ratio [HR] per hour of 1.21 [95% 1.07, 
1.40], p=0.002) and reoperation rates (HR of 1.15 per hour [95%CI 1.03, 1.28], p=0.014) 
 
Conclusions. The timing of surgery following NACT varied considerably. Chemotherapy timing did not impact SSI or 
reoperations in patients undergoing surgical resection and endoprosthetic reconstruction in sarcoma patients. Future 
research is required to evaluate the impact of timing of NACT on long-term outcomes in this patient population.   
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Osteofibrous Dysplasia-like Adamantinoma of the Tibia  progressing into 
classic Adamantinoma after 36 years. Reconstruction by modified Capanna 
technique. 
G. Ulrich Exner1, Pascal  A Schai2, Tobias C Buehler3, Michael O Kurrer4, Natasha Forster5 

1Orthopaedie Zentrum Zuerich, Zurich, Switzerland, 2Luzerner Kantonspital Wolhusen, Wolhusen, Switzerland, 
3Kantonsspital Baden, Baden, Switzerland, 4Pathologikum Zuerich, Zurich, Switzerland, 5Swissparc AG, Zurich, Switzerland 

Introduction. Osteofibrous dysplasia (OFD) is  a rare benign, fibro-osseous lesion predominantly affecting the tibia (Campanacci). 
Osteofibrous dysplasia-like adamantinoma (OFD-AD) differs from OFD by the inclusion of clusters of epithelial cells spread throughout 
the lesion, whilst Admantinoma (AD) is a malignant biphasic tumor with nests of sheets of epithelial cells surrounded by spindle cells 
with an osteofibrous component (WHO). There is controversy whether OFD can progress to OFD-AD and AD. In a single-institution 
study [1], no patient with OFD (42 cases) or OFD-AD (10 cases f/u 36 to 316 months, average 97m) progressed to AD. In a large 
multicenter study [2], OFD-AD showed aggressive behaviour without metastatic potential; only one of the 117 OFD-AD patients 
developed classic AD over 39 years, remaining disease free at 5 years after treatment. Classic AD (190 cases) in this study showed full 
malignant potential with local recurrence, metastases (17%) and fatal outcome (13%). One more case [3] with transition from OFD-
AD to AD between the age of 12 to 23 years was reported. Our case is presented to draw attention for the need of principally ‘open-
end’ follow-up for patients with OFD-AD. 
 
Methods. F *1975. At 6 years of age (1981) biopsy diagnosed OFD with AD-elements (OFD-AD). At age 20 years (1995) increasing 
anterior tibial bowing and overlength was treated by shortening and corrective osteotomy. Pathologic examination showed elements 
of OFD-AD. Imaging (MRI, X-Ray) remained unchanged until MRI 2020 showed osteolytic lesions within the preexisting changes,  FDG-
avid in PET-CT. Curetted material contained typical AD. 
An extralesional resection of the involved diaphyseal tibial segment was performed with replantation after preparation and 
pasteurization to support the transposed pedicled ipsilateral fibula following Capanna technique (4.) 
 
Results. At present 12 months after resection/reconstruction the patient appears disease free with negative bone scan and improving 
bone remodeling. 
 
Conclusion. Besides the pathologic ‘diagnostic etiquette’ understanding the biology in the spectrum of OFD to OFD-AD to AD is 
needed. This case is of special interest because of the long-term follow-up of an OFD-AD over 36 years and late transition into AD. 
The correct management between careful observation and resection appears mandatory but difficult. 
 
1.Scholfield DW, et al. Does osteofibrous dysplasia progress into adamantinoma and how should they be treated? Bone Joint J 2017; 99-B(3):409-16 
2.Schutgens EM, et al. Surgical Outcome and Oncological Survival of Osteofibrous Dysplasia-Like and Classic Adamantinoma. An International 
Multicenter Study of 318 cases. J Bone Joint Surg Am 2020; 102:1703-13 
3.Hatori M, et al. A Classic Adamantinoma Arising from Osteofibrous Dysplasia-like Adamantinoma in the Lower Leg. A Case Report and Review of the 
Literature. Tohoku J. Exp. Med. 2006, 209,53-59 
4.Capanna R, et al. A new reconstructive technique for intercalary defects of long bones. Orthop Clin North Am 2007;38(1):51-60 
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Microscopic emboli is one of the worst prognostic factors in non-
metastatic osteosarcoma 
Wirin Tieosirisap1, Science Methadilogkul1, Voranuch Thanakit2, Worapitak  Thaisitti3, Jeerawat  Praytongyam4, 
Piya  Kiatisevi1 

1Institute of Orthopaedics, Lerdsin hospital, Bangkok, Thailand, 2Department of pathology, Chulalongkorn University, 
Bangkok, Thailand, 3Department of Pediatrics, Lerdsin Hospital, Bangkok, Thailand, 4Department of Medicine, Lerdsin 
Hospital, Bangkok, Thailand 

Background. Although several factors, such as response to chemotherapy, age, tumor site, and size, have been accepted 
as prognostic factors for patients with non-metastatic osteosarcoma at presentation, some patients without these 
factors still die of disease, indicating that there are other factors that have not yet been determined. Another factor 
that has been shown to be a poor prognostic factor in several carcinomas is microscopic tumor emboli from the surgical 
specimen. However, there have been very few reports of this factor in patients with osteosarcoma. The goal of this 
study is to identify prognostic factors, and look for an association between tumor emboli and survival of patients with 
non-metastatic osteosarcoma at presentation. 
 
Methods. Between 2005 and 2020, we retrospectively reviewed 193 osteosarcoma patients from our web-based 
database. 131 patients were high grade, non-metastatic at presentation (stage II) with a mean age of 24 years 
(interquartile range, 6-77) and median follow-up time of 48 months (2-190). The most common location was the distal 
femur (38.9%) follow by the proximal tibia (22.9%). Seventy patients (53%) were male, 124 patients (94.6%) received 
chemotherapy and 122 patients (93.1%) had negative surgical margin. The survival analysis was evaluated by the Kaplan-
Meier method. Cox-regression analysis was used in multivariate analysis.  
 
Results. The 5-year disease specific survival of patient in stage II was 73% [95%CI 63.4-80.9]. Twenty two patients 
(16.8%) had tumor emboli and 73(55.7%) had tumor necrosis less than 90% after neoadjuvant chemotherapy. 
Multivariable analysis showed the presence of microscopic tumor emboli (HR 3.18 p= 0.007) and the tumor necrosis 
less than 90% (HR 3.48 p=0.045) are poor prognostic factors for disease-specific survival of the patient. The age, sex, 
size, and site were not found to be associated with the disease-specific survival of the patients. The 5-year metastatic 
free survival for patient with and without tumor emboli was 46% [95%CI 24-65] and 67% [95%CI 56-76], (P=0.04). The 
presence of microscopic tumor emboli was found associated as poor factor of metastatic free survival in multivariable 
analysis (HR 2.42, P=0.02) The age, sex, size, and site were not found to be associated. 
 
Conclusion. We demonstrate the presence of the microscopic tumor emboli as one of important factor for 
osteosarcoma patients. It exhibits more aggressive behavior with a higher likelihood of metastasis and decreases patient 
survival. 
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Hip joint stability after Hip replacement surgery due to metastatic bone 
disease 

A retrospective cohort study evaluating different hip joint options 
Afrim Iljazi, Michala Skovlund Sørensen, Thea Hovgaard Ladegaard, Michael Mørk Petersen 

Rigshospitalet, Copenhagen, Denmark 

Background. Joint stability after hip replacement (HR) in patients with metastatic bone disease (MBD) is of special 
importance. Dislocation is the second leading cause of all-time implant revision in regular, primary HR, while expected 
survival after MBD surgery is poor. Avoidance of hospital re-admission and repeated surgeries has a significant patient 
impact, why selecting the right joint solution is paramount. Few studies have investigated the dislocation rate across 
different hip joint options in MBD. We therefore conducted a retrospective study on primary HR for patients with MBD 
conducted at a tertiary referral center. 
 
Methods. To evaluate the 1-year post-operative hip-joint dislocation risk. We included patients ≥18 years with MBD 
who received hemiarthroplasty (HA), regular total hip arthroplasty (THA), THA with a constrained liner (CL) or a dual 
mobility liner (DM) at our department in 2003-2019. We excluded patients with partial pelvic reconstruction, total 
femoral replacement, and HR revision surgery. Risk of dislocation was assessed by competing risk analysis (cumulative 
incidence function) with death and implant removal as competing risks. The influence of joint type and major bone 
resection (MBR) on dislocation risk was evaluated with cause specific cox regression (CSC).  The Kaplan-Meier estimator 
was used to assess the probability of survival. Only the first surgery was included in the analysis in case of bilateral 
surgery. 
 
Results. We identified 465 patients who received 483 joint replacements. Mean age was 66.2(SD:11.5) years. Median 
follow-up was 198(IQR: 69-692) days. The patients were treated with 246 THA (Lubinus), 113 HA (bipolar/multipolar), 
70 CL (Freedom or Lubinus with safety ring) and 36 DM (Avantage). MBR was performed in 67% of THA, 51% of HA, 60% 
of CL and 72% of DM. The 1-year patient survival was 43%(CI-95: 37-49) for the THA group, 28%(CI-95: 20-37) for the 
HA group, 30%(CI-95: 19-41) for the CL group and 42%(26-58) for the DM group. The 1-year dislocation risk was 6.5%(CI-
95: 3.9-8.2) for THA, 7.1%(CI-95: 2.4-11.8) for HA, 2.9%(CI-95: 0.0-6.8) for CL and 5.6%(CI-95: 0.0-13.0) for DM (p=0.53).  
The 1-year dislocation risk by MBR was 5%(CI-95: 1-10) for no MBR and 7% (3-11) for MBR (p=0.55). CSC showed an 
increased risk of death or implant removal in HA compared to THA (1.35 CI-95: 1.05-1.72) but no significant influence 
on dislocation risk for joint type or MBR, or risk for competing events for CL, DM or MBR. 
 
Conclusion. Our study shows an increased 1-year risk of death or implant removal in HA compared to THA. There is a 
tendency towards a lower dislocation risk for patients treated with CL and DM. This finding was however not statistically 
significant. Interpretation is confounded by patient selection towards DM or CL for patients with MBR and higher pre-
operative morbidity. Further studies are needed. 
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Clinical outcomes in elderly patients over 80 years with soft tissue 
sarcomas 
Kunihiro Ikuta1, Yoshihiro Nishida1, Satoshi Tsukushi2, Eiji Kozawa3, Tomohisa Sakai1, Hiroshi Koike1, Kan Ito1, 
Shiro Imagama1 

1Orthopedic Surgery/Nagoya University Hospital, Nagoya, Japan, 2Orthopedic Surgery/Aichi Cancer Center Hospital, 
Nagoya, Japan, 3Orthopedic Surgery/Nagoya Memorial Hospital, Nagoya, Japan 

Background. The population of Japan over 80 years old accounts for 10% of the total population. In elderly patients with 
soft tissue sarcomas, the treatment strategy is determined considering their comorbidities and general condition. This 
study aimed to clarify the real-world treatment of soft-tissue sarcomas and factors associated with survival in patients 
aged 80 years or older. 
 
Methods. A total of 102 patients with soft tissue sarcomas aged 80 years or older who were treated after 1995 were 
retrospectively reviewed. The mean age at the initial diagnosis was 84 years, and the mean follow-up period was 25 
months. The most common histologic type was undifferentiated pleomorphic sarcoma in 45 cases. Ten cases had distant 
metastasis, and 19 underwent unplanned excision at the initial visit. Of 22 patients who did not receive surgery, 
palliative irradiation was performed in 14 and carbon ion therapy in one. Palliative chemotherapy was administered in 
five patients, and best supportive care in seven. The reasons for not undergoing surgery were multiple metastases in 
four patients, unresectable tumors in eight, patient refusal in five, unplanned excision in two, and inadequate surgical 
tolerance in three. Cox regression analysis was used to analyze the association of survival with clinical factors, including 
comorbidity (Charlson Risk Index), performance status, prognostic nutrition index, postoperative complications 
classified with Clavien-Dindo classification, length of hospital stay, body mass index, and American Society of 
Anesthesiologists in 80 patients who received surgery.  
 
Results. Of the 80 patients who underwent surgery, 68 underwent tumor excision with adequate margin. Although 
postoperative complications of Grade 1 or higher were observed in 33 patients, there were no surgery-related deaths. 
Local recurrence and distant metastasis occurred postoperatively in 10 and 24 patients. Oncological outcomes were 
CDF/NED in 47 patients, AWD in 12, DOD in 13, and dead of other causes in 8. Overall survival was 79% at two years and 
59% at five years, respectively. Higher comorbidity score (P<0.01), higher BMI (P<0.01), larger size (P=0.019), and longer 
hospital stay (P<0.01) were significantly associated with the risk of poor overall survival. 
 
Conclusion. In patients 80 years or older with soft tissue sarcoma, surgical treatment is the mainstay of treatment 
because of the inability to administer chemotherapy. The present study showed that it was important for the very 
elderly patients to evaluate their comorbidities appropriately and perform a wide resection that does not prolong 
hospitalization. On the other hand, there are several cases in which detailed follow-up is unavailable due to transfer to 
other hospitals or the development of other diseases. As a result, the overall survival rate may have been overestimated. 
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Risk factors for all-cause early re-operations in patients undergoing tumor 
resection and endoprosthetic reconstruction: a secondary analysis from 
the PARITY trial 
Joe Kendal1, David Slawaska-Eng2, Aaron Gazendam2, Tricia Schneider2, Lauren Wessel1, Michelle Ghert2, 
Nicholas Bernthal1 

1University of California, Los Angeles, Santa Monica, United States, 2McMaster University, Hamilton, Canada 

Background. Oncologic resection and endoprosthetic reconstruction of lower extremity musculoskeletal tumours are 
complex procedures fraught with multiple modes of failure. A robust assessment of specific factors contributing to early 
re-operations in this population has not been performed in a large prospective cohort. The aim of this study was to 
assess risk factors for early re-operation in patients undergoing tumor excision and endoprosthetic reconstruction based 
on the Prophylactic Antibiotic Regimens in Tumor Surgery (PARITY) multi-center prospective trial data.  
 
Methods. The PARITY trial was a multi-center blinded randomized controlled trial that assessed the effect of post-
operative prophylactic antibiotic duration on the rate of surgical site infection in patients undergoing tumor resection 
and endoprosthetic reconstruction. We performed a secondary analysis of the PARITY data assessing for risk factors 
associated with all-cause early re-operation. Baseline characteristics and surgery-specific factors were selected a priori 
as potential risk factors. Baseline characteristics assessed included age, sex, tumor type, tumor location, soft tissue 
mass, diabetes, smoking status, use of neo-adjuvant chemotherapy, and neutropenia. Operative factors included 
operative time, use of topical vancomycin, use of silver-coated prosthetics, endoprosthetic fixation type, extra-articular 
resection, use of tranexamic acid, use of negative pressure wound therapy (NPWT) and length of stay (LOS). 
Demographic data was presented with descriptive statistics. Univariate analysis was performed to explore differences 
in patients undergoing a reoperation within the first year vs. those who did not. A multivariate Cox proportional hazards 
regression model explored predictors of reoperations within 1 year of surgery. Results of the model are presented with 
hazards ratios (HR) and 95% confidence intervals (CI).  
 
Results. 155 of 604 (25.7%) patients experienced a re-operation. In univariate analysis, the following variables were 
associated with re-operation: tumor type (p <0.001), operative time (p < 0.001), use of topical vancomycin (p = 0.026), 
use of NPWT (p = 0.010), and hospital LOS (p < 0.001). Upon multivariate assessment with Cox proportional hazards, 
tumor type (benign aggressive bone tumor vs. primary bone malignancy, HR 0.15, 95% CI = [0.05-0.60], p = 0.008), 
operative time (HR 1.14, 95% CI = [1.07-1.20], p <0.001), and use of NPWT (HR 1.60, 95% CI = [1.05-2.40], p = 0.029) 
remained significant predictors of re-operation at 1 year.  
 
Conclusions. Using the PARITY dataset, independent predictors of re-operation at 1 year in patients undergoing tumor 
resection and endoprosthetic reconstruction included: tumor type (primary bone malignancy vs. benign aggressive bone 
tumor), operative time and use of NPWT. These results will help inform patients and surgeons about risk of re-operation 
by diagnosis and reinforce operative time as a factor influencing complications requiring re-operation. These results 
also support further investigation into the use of NPWT at the time of surgery in this patient population. 
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Background. Extraskeletal Ewing sarcoma (EES) are rare tumors within the Ewing sarcoma (ES) family with a high rate 
of metastasis. Initial staging studies for EES include imaging and bone marrow aspiration and biopsy (BMAB). Recent 
studies on osseous-based ES have questioned the utility of BMAB compared to modern imaging modalities in detecting 
metastatic disease. However, no such investigation has been performed to determine the utility of BMAB in EES.       
 
Methods. A retrospective review of biopsy-confirmed EES patients treated at a single institution between 1994 – 2021 
was performed. Initial diagnostic and staging information including the use of PET scan, bone scan, and BMAB was 
collected. Metastatic disease at the time of presentation was noted. Patients were excluded if adequate records of their 
initial diagnosis and staging were not available or if the diagnosis of Ewing sarcoma was not definitive.  
 
Results. Of 109 patients, 91 met criteria for inclusion. Fifty-four patients (59%) underwent a BMAB. All patients who 
underwent BMAB also had PET and/or bone scans as part of their initial workup. Of those 54 patients, 10 (19%) were 
found to have metastatic lesions at the time of presentation. Site of metastasis included lung (n=5), bone (n=4), liver 
(n=1), bowel (n=1), and distant lymph nodes (n=1). Metastases were present on PET scan in 5 patients, bone scan in 4 
patients, and CT Chest in 2 patients. BMAB was negative for marrow involvement in all patients at presentation including 
those with metastatic disease.  
 
Conclusions. The standard utilization of BMAB in the staging process of EES is of low diagnostic yield. BMAB is unlikely 
to diagnose metastatic involvement even in patients with known metastases to bone.  

 

 
 
  

287



 

 
 

FS9.1 

Hybrid Reconstruction with Modular Cemented Intercalary Prosthesis and 
Plating for Metastatic Disease of the Humerus Provides Durable Fixation 
and Excellent Functional Outcome. 
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Background. Humeral metastatic disease is common; treatment goals are pain relief and function/quality of life restoration. Internal 
fixation, nail or plate, is usually recommended when bone stock is sufficient, often supplemented by cement augmentation. However, 
internal fixation may be insufficient for extensive segmental bone destruction. Successful use of cemented intercalary prostheses has 
been described in this setting. Nevertheless, implant failure has been reported up to 30% due to mechanical complications and 
loosening. Limited proximal/distal bone stock may also prevent intercalary fixation and require joint replacement. To address these 
limitations, we developed a hybrid reconstructive concept based on combined use of cemented intercalary prosthesis and plate 
fixation. 
 
Questions/Purposes. 
1. To describe novel technique for reconstruction of large segmental humeral defects. 
2. To assess implant durability, effectiveness in preserving nearby joint(s) when limited bone stock is available and incidence/severity 
of complications. 
 
Methods. From 2017 to 2021, 13 patients with humeral metastatic disease and extensive segmental bone destruction underwent 
reconstruction using this technique. Etiology: renal cell cancer 4, breast cancer 3, lung cancer, colorectal cancer, prostate cancer, 
pancreatic cancer, multifocal hemangioendothelioma and soft-tissue undifferentiated pleomorphic sarcoma 1. Surgery was primary 
reconstruction in 11 cases and revision of failed fixation in 2. Five of the nine primary cases and both revision cases presented with 
pathologic fracture; all patients underwent preoperative/postoperative radiation. 
Surgery consisted of segmental resection of cancer and suboptimal bone in all cases, followed by cemented intercalary prosthesis 
and supplemental large/small fragment plate spanning the prosthetic body proximally and distally. Stem was shortened with a metal 
cutting tool to allow preservation of the nearby joint in 8 cases (shoulder 6 cases, elbow 2). (Figure 1). Postoperatively, patients were 
allowed immediate full weight-bearing and ROM as tolerated.  Preoperative and final MSTS Upper Extremity scores were reported. 
Results were reported using descriptive statistics, and statistical significance was set to 0.05. 
 
Results. 4 of 13 patients were alive at index follow-up. Average follow-up 2 years. One case required additional surgery for new 
metastasis of the elbow. There was no evidence of clinical/radiographic loosening/mechanical failure. There were no complications 
except from 1 incomplete radial nerve palsy in a revision case, completely recovered 8 weeks. All patients had complete or nearly 
complete resolution of pain. MSTS Upper Extremity scores improved from 16.5 to 26.3 (p < .001). 
 
Conclusions. At short-term follow-up, this technique for reconstruction of large, segmental defects of the humerus demonstrated no 
reoperations for mechanical complications, no incidence of infection and low complication rate overall, allowing for immediate 
weight bearing and unrestricted activity of the upper extremity with overall excellent function. This technique is a valuable option 
for more durable fixation of intercalary humeral reconstruction compared to previously reported results.  
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Joint Preservation Limb Sparing Surgery in Children with Malignant Bone 
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Background. Limb-sparing surgery with sacrifice of the knee joint and reconstruction using endoprosthetic replacement is associated 
with long-term morbidity related to multiple surgical procedures. Alternatively, joint preservation provides a life-long biological 
solution. In this study, only children with malignant bone tumors in which the decision between performing joint sacrifice or joint 
preservation were included. In these patients, it is critical to determine preoperatively whether a precise osteotomy cut could yield 
an adequate tumor-free surgical margin. Cross-sectional imaging alone has been used in the past for this purpose, however, emerging 
technology with three dimensional (3D)-printed models are now being used to further aid in this assessment. The purpose of this 
study is to analyze the long-term oncological and functional outcomes of patients who underwent joint preservation limb-sparing 
surgery by transepiphyseal or transmetaphyseal resection. 
 
Methods. From 1990 to 2022, 16 highly selected patients with malignant periarticular bone tumors (Osteosarcoma- 11, Ewing’s- 5). 
Ten males and six females ages 3 to 44 years were included.  Location included 10 distal femur and 6 proximal tibia.  All received 
chemotherapy. There were 13 transmetaphyseal and 3 transepiphyseal resections.  Combined vascularized fibular grafts were 
performed in 5 distal femurs. All proximal tibias were reconstructed with intercalary allografts. 3D-printed modeling was performed 
for preoperative assessment in the most recent patient. 
 
Results. Follow-up was up to 35 years.  A single local recurrence at 10 years follow-up was treated by localized resection, disease-
free thereafter. One patient expired from distant metastatic disease. All others remained disease-free. Two patients developed tibial 
allograft stress fractures treated successfully by improved fixation. Two distal femur broken plates required revision using plate and 
vascularized fibular grafting. One patient with distal femur nonunion underwent revision with endoprosthesis. Two patients with 
distal femur surgery underwent bone lengthening to minimize limb-length discrepancy. All patients retained their limb and regained 
satisfactory active range of motion at long-term follow-up. 
  
Conclusion. Adequate tumor-free margins and joint preservation after resection of periarticular malignant bone tumors has been 
successful in this case series, however preoperative 3D-printed modeling has now been shown to further increase confidence in this 
high-risk procedure. Printing an accurate, anatomic specimen has helped to illustrate the true relationship between the tumor and 
the joint. Osteotomies using a microsagittal saw were performed preoperatively on a 3D-printed model, replicating the potential 
outcome after true surgery. This ‘practice-run’ technique enabled us to perform a safe tumor resection that would otherwise have 
been challenging. Successful joint preservation limb-sparing surgery provides an excellent, durable and lifelong biologic solution, 
proven to be an effective alternative to mega-prosthesis. All patients retained their limb, regained good active range of motion and 
returned to normal lifestyle activity. 
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Is an Intercalary Allograft Alone to Bridge a Large Segmental Defect 
Following Wide Resection for Malignant Bone Tumors Involving the Tibial 
Diaphysis Sufficient? 
Samuel Kenan, Shachar Kenan 

Department of Orthopaedic Oncology. Northwell Health Zucker School of Medicine at Hofstra University., New Hyde Park, 
USA 

Background. The surgical management following wide segmental resection of the tibial shaft for malignant bone tumors 
is debated in the literature.  The current gold standard is to utilize a vascularized fibular graft (VFG).  The question 
remains whether a simple intercalary allograft to bridge the defect can obtain equivalent long-term results compared 
with VFG.  The long-term clinical outcome of fifteen cases treated by allograft alone is presented in this series. 
 
Methods. From 1984 to 2012, 15 patients with malignant tibial shaft bone tumors underwent segmental resection and 
reconstruction using freeze-dried allograft. Osteosarcoma in 5, Ewing’s 4, Adamantinoma 3, other sarcomas in 3.  There 
were 10 Male and 5 female (children 6, adults 9) patients. The resected specimen measured from 7 to 15 centimeters 
in length.   In adult patients, fixation was obtained with plating, intramedullary nailing, or a combination of the two. In 
young patients, fixation with plating alone was performed in order to preserve the physis. For adequate soft tissue 
coverage, a localized transposition muscle flap using a gastrocnemius or soleus muscle flap was employed in all patients. 
 
Results. All cases went on to complete boney union. There were no immediate complications or infections. Long-term 
complications included two allograft stress fractures treated with improved fixation. One local recurrence was treated 
with below knee amputation. All cases progressed to full weight-bearing in less than one year.  Leg-length discrepancy 
in young children in whom the growth plate was preserved was minimal. 
 
Conclusion. Segmental tibial defects can be bridged successfully with cryopreserved allograft without the need for 
augmentation using a vascularized fibular graft. VFG harvesting is a complex difficult procedure that could be associated 
with potential donor site morbidity. The biomechanics and anatomy of the tibia make it more suitable for allograft 
reconstruction than the femur.  The tibia’s anatomical and mechanical axes are colinear, allowing for direct axial loading, 
with decreased shearing forces across the donor-host bone interface, making union more likely.  The metaphysis of the 
tibia has a large amount of cancellous bone that allows for infiltration of bone precursor cells.  Long-term biomechanical 
stable fixation is imperative for a successful outcome. The long-term outcome of the use of cryopreservative structural 
allograft to bridge a large segmental surgical tibial defect has proven to be successful, with all patients completing 
allograft-host-bone interface union. These patients had complete functional restoration with excellent outcomes. 
Vascularized fibular grafting should not be considered as the first choice in the management of segmental tibial defects. 
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Total Condylar Hemiarthroplasty of the Knee in the Growing Child: Long-
Term Outcomes in Patients with Primary Malignant Bone Tumors 
Samuel Kenan1, Byeongho Jung3, Michael Fitzgerald2, Shachar Kenan1 

1Department of Orthopaedic Oncology. Northwell Health Zucker School of Medicine at Hofstra University., New Hyde Park, 
USA, 2Orthopaedic Residency at Zucker School of Medicine at Hofstra/Northwell Health, New Hyde Park, USA, 3Zucker 
School of Medicine at Hofstra/Northwell Health, New Hyde Park, USA 

Background. Selecting the ideal reconstructive procedure following wide resection of the proximal tibia in pediatric 
patients with malignant bone tumors is challenging. Early closure of the adjacent distal femoral physis due to a hinged 
femoral stem prosthesis may result in unacceptable limb-length discrepancy, adding to the loss of the proximal tibial 
growth plate. To minimize leg-length discrepancy, we performed a total condylar knee hemiarthroplasty- a proximal 
tibial replacement, retaining the native femoral condyles which articulate with the tibial prosthetic surface. 
 
Methods. Five patients aged 4, 6, 6, 8, and 8 (3 M, 2 F) with osteosarcoma of the proximal tibia underwent wide 
resection and replacement with a total condylar tibial prosthesis (1990-2020). In three, an expandable prosthesis was 
used, and in two, combined allograft prosthesis was used. The prosthesis was made of cobalt chrome, with a condylar 
tray to fit to the shape and conformity of the femoral condyle in three patients. In two patients, a combined allograft 
prosthesis with a polyethylene tibial tray was used. For all patients, 1.5cm of intentional overlengthening was performed 
at the time of surgery. Press-fit tibial stem fixation was used for all patients.  The extensor mechanism was restored by 
suturing the patellar tendon to a localized transposition gastrocnemius muscle flap. 
 
Results. The first patient, 4 years old at the time of surgery, underwent revision with a hinged prosthesis at age 14 after 
undergoing several lengthenings. At 33 years follow-up, this patient is disease-free, ambulating with a stiff knee, without 
any limb-length discrepancy.  The second patient was an 8-year-old female with an expandable prosthesis, who had two 
lengthenings. At 22 years follow-up, she continues to ambulate well with full active extension/flexion, 0-90 degrees. The 
third patient was 6 years old at the index procedure, however, expired after 4 years due to Adriamycin related leukemia. 
The fourth patient developed muscle flap necrosis resulting in revision to a hinged prosthesis at two weeks follow-up. 
The fifth patient was 8 years old with an allograft prosthesis.  At two years follow-up she was ambulating with full active 
extension and flexion, 0 to 110 degrees, and remained disease free. 
 
Conclusion. The potential limb-length discrepancy in young children following limb-sparing surgery about the knee joint 
presents a major concern. This problem has been addressed by utilizing a total tibial condylar replacement without 
interfering with the native distal femoral condyles. Patients that reached skeletal maturity showed no leg-length 
discrepancy when comparing bilateral femora. Surviving patients functionally have a stable knee, with full active 
extension and flexion and returned to a satisfactory level of activity including running and sports. At long-term follow 
up, this procedure has proven to be successful for pediatric patients with malignant bone tumors of the proximal tibia. 
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Significance of Joint Preservation Surgery in Distal Femur Using Liquid 
Nitrogen-treated Tumor-bearing Bone for Malignant Bone Tumors in AYA 
Generation 
Norio Yamamoto, Katsuhiro Hayashi, Akihiko Takeuchi, Shinji Miwa, Kentaro Igarashi, Yoshihiro Araki, Hirotaka 
Yonezawa, Sei Morinaga, Yohei Asano, Hiroyuki Tsuchiya 
Kanazawa University, Kanazawa, Japan 

Purpose. The patients with malignant tumor in the AYA generation, who are between childhood and adulthood, have 
various problems that are different from elderly patients with malignant tumor. It is emphasized that these patients 
have long-term issues such as fertility and secondary carcinogenesis that must be taken into consideration. We also 
believe that sufficient attention must be given to the affected limb function after treatment. In this study, we 
investigated the clinical results of the joint-preservation reconstruction using liquid nitrogen-treated tumor bearing 
autograft treated with liquid nitrogen for malignant distal femoral bone tumor in AYA generation. 
 
Results.  A retrospective study was undertaken of 11 patients with malignant distal femoral bone tumor in AYA 
generation. In all cases, joint surfaces were preserved, and bone defects were reconstructed with liquid nitrogen-treated 
tumor-bearing recycled bone. There were eight males and three females with an average age of 21 years. Eight patients 
were reconstructed with free freezing bone, and three with pedicle freezing bone. Mean follow-up period was 68 
months. Oncological results were CDF in six cases, AWD in one, and DOD in four. Early postoperative infection was 
occurred in one case three months after the surgery. Local recurrence from residual soft parts occurred in two. Excellent 
or good limb function were achieved in 63% patients. Five-year and 10-year overall survival rate were both 61% and, 
five-year and 10-year graft survival rate were both 75% in this series.  
 
Discussion and conclusions. Bone defect reconstruction with artificial materials may produce good functional recovery 
in the short term. Over time, the durability of artificial materials becomes an issue, and therefore, artificial materials 
cannot be considered a permanent solution for reconstruction. For long-term outcomes, the goal is to regain function, 
permanence, and form that are as close to normal as possible. Thus, physiological materials are desirable for use in 
reconstruction. Hence, joint preservation is vital to better limb function in active young patients in AYA generation. In 
this study, Five-year and 10-year graft survival rate were both 75%. The long-term satisfactory limb function was 
achieved in AYA patients. Joint preservation surgery using liquid nitrogen-treated tumor-bearing bone seems to be one 
of the good surgical reconstruction methods for malignant distal femoral bone tumor in AYA generation. 
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Combined surgical team approach for limb salvage in bone and soft tumors 
Praveen Gupta, Umesh Bansal 
Bhagwan Mahaveer Cancer Hospital & Research Center, Jaipur, India 

Background. Limb salvage surgeries are standard of treatment for bone and soft tissue tumors. Involvement of skin with 
or without fungative mass, open biopsy scar or previous unplanned surgeries with poor surgical scar, involvement of 
neurovascular structures along the bone and soft tissue are the contraindications for limb salvage surgeries [1]. The 
combined surgical team with plastic surgery and vascular surgery can extend the indications by increase spectrum of 
reconstruction after R0 resection of primary malignancy [2].  
 
Material and methods. 40 cases, aged 7years to 75 years (Mean 41.9) were operated from February 2017 to August 
2021 at BMCHRC, Jaipur included for retrospective study.  Male female ratio was 23:17. STS (n=21), bone sarcomas 
(n=5) and GCT (n=3)with skin involvement were operated with free flap, STS (n=3)and bone sarcomas (n=2)with vessels 
involvement were operated with vascular reconstruction with saphenous  vein graft, malignant melanoma (n=4) of heel 
pad were operated with interpolated sensory local flap and STS with nerve involvement (n=2) treated with microscopic 
nerve dissection with or without cable graft were included to study.  
 
Results. All patients were analyzed for functional improvement, survival and feasibility of adjuvant treatment. Mean 
followed-up was 17.2 months (3months to 48 months), 11 patients were lost follow up, 4 patients died, and one patient 
presented with metastasis within 12 months of surgery. 14 out of rest 24 patients completed adjuvant therapy according 
to histopathology. Functional assessment was done with MSTS score, 24 patients under followed up achieved MSTS 
score 27 to 30 within 6months follow up. 
 
Conclusion. Combination of multiple surgeries for R0 resection and limb reconstruction can covert the amputation to 
limb salvage without affecting the adjuvant therapy and overall outcome in bone and soft tissue malignancies in term 
of survival [5] and provide aesthetic reconstruction to improve functional and social requirements of patients
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Distal Radius bone tumors; Role of T plate fixation for ulna translocation 
Praveen Gupta 

Bhagwan Mahaveer Cancer Hospital & Research Center, Jaipur, India 

Backgrounds. Ulna translocation is well established technique for surgical management of distal radius bone tumors 
[1]. Functional outcomes are comparable with their indications in both segmental transfer of ulna and hand transfer 
over intact ulna [3]. Various techniques for fixation had been used; most popular are k-wire and long DCP till metacarpal 
bones with complete arthrodesis of wrist joint [2, 4, 5]. A simple dorsal T- plate with fixation up to proximal carpal row 
along the ulna in both ways can give equivocal results with additional movement at wrist and early mobilization. 
 
Material and methods. 11 cases aged 10-45 years (mean 25 years) operated from January 2015 to March 2021 at 
BMCHRC, Jaipur, GCT (n=10) and Osteosarcoma (n=1) distal radius, male/ female 7/4 were included for retrospective 
analysis. Segmental ulna transfer (U/T) and Hand transfer over intact ulna (H/T) were considered in 5 and 6 cases 
respectively. Resection length were 6cm to 12cm (mean 8.45cm) and long RECON plate was used in 2 cases and Dorsal 
T plate was used in 9 cases.   
 
Results. All cases analyzed for functional improvement, survival and disease recurrence. Two cases were converted to 
below elbow amputation within one year due to local recurrence each of GCT and OGS. One patient presented with 
delayed union at proximal ulna-radial bone, advised for bone grafting but he default the followed up.  Rest 8 patient 
presented good outcome and MSTS score 26 within 6months. 6 cases of T plate showed jog of movement at wrist joint 
while remaining 2 cases of U/L showed full supination and pronation.  
 
Conclusion. Dorsal T plate can provide good functional outcome without compromising oncological principles and   
comparable with other methods of fixation with additional advantage of wrist movement and shorter incision to avoid 
dissection of metacarpal bone. 
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The prognostic importance of pathologic fracture in limb salvage surgery 
for primary bone sarcoma of the extremities 
Danielle Brown (Greig), Rishi Trikha, Joseph Kendal, Christopher Hamad, Jeffrey Eckardt, Nicholas Bernthal 
University Of California, Los Angeles, Los Angeles, United States 

Background. Pathologic fracture (PF) has long been regarded as a poor prognostic factor in patients with primary bone sarcoma. The 
purpose of this study was to determine whether the presence of PF impacts overall survival, the development of distant metastases, 
local recurrence, or implant survival in patients who undergo limb salvage surgery with endoprosthetic reconstruction for primary 
bone sarcoma of the extremities, and to determine whether these outcomes differ based upon tumor type. 
Methods. 373 patients who underwent limb salvage surgery with cemented endoprosthetic reconstruction for extremity primary 
bone sarcoma between 1980 and 2020 were retrospectively reviewed. 304 patients had osteosarcoma (OS) and 69 patients had 
chondrosarcoma (CS). The average follow-up of surviving patients was 13.0 years (range: 0.2–37.7yrs). Demographic, oncologic, 
procedural, and outcome data was compared between patients with and without a PF. Implant failure was defined as necessitating 
revision of the stemmed components or amputation. 
Results. 17 patients (5.6%) with OS and 7 patients (10.1%) with CS had a PF prior to limb salvage surgery. In the OS cohort, there 
were no differences in age (24.7 vs 22.4 years; p=0.52), sex (52.9% vs 57.1% male; p=0.73), disease stage (11.8%/76.5%/11.8% vs 
8.3%/80.2%/11.5% stage I/II/III; p=0.88), or percent tumor necrosis (74.7% vs 69.5%; p=0.46) in patients with and without a PF. In 
OS, there were no differences in disease-specific patient survival (0.80) (Figure 1), metastases (35.2% vs 38.3%; p=0.80), or local 
recurrence (17.6% vs 9.4%; p=0.27). In CS, PF patients were older (65.0 vs 50.5 years; p<0.001) and more likely to have high grade 
IIA/IIB tumors (28.6%/71.4%/0% I/II/III vs 53.2%/40.3%/6.5%; p=0.32) and dedifferentiated disease (42.9% vs 19.4%; p=0.15). PF 
patients with CS had worse disease-specific patient survival (p=0.0004) (Figure 2) and higher rates of metastases (85.7% vs 21.0%; 
p<0.001) and local recurrence (57.1% vs 12.9%; p=0.003). For patients with dedifferentiated CS, 100% of patients with a PF developed 
distant metastases versus 26.3% of patients without a PF (p<0.001). Survival to both distant metastases and local recurrence was 
significantly diminished in CS with a PF (p<0.001 for both) (Figure 3A-B). There was no significant difference in survival of limb salvage 
between patients with and without PF (100% vs 89.6% at 25 years; p=0.55). Overall implant survival was 26.0% at 30 years and did 
not differ significantly between patients with and without PF (52.3% vs 24.8%, p=0.40). 
Conclusions. In OS, the presence of a PF did not significantly influence disease prognosis. In CS, the presence of a PF in patients who 
undergo limb salvage surgery was a poor prognostic factor, and a larger proportion of patients with PF had dedifferentiated disease. 
For patients who undergo endoprosthetic reconstruction, implant survival does not appear to be affected by the presence of a PF. 
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Long-term outcomes of proximal femoral replacement in the oncologic 
population 
Danielle Brown (Greig), Rishi Trikha, Joseph Kendal, Lauren Wessel, Christopher Hamad, Jeffrey Eckardt, 
Nicholas Bernthal 
University Of California, Los Angeles, Los Angeles, United States 

Background. As the prognosis for patients who undergo limb salvage surgery for musculoskeletal tumors improves, data 
on long-term durability of implants has become increasingly important. Literature to date on proximal femoral 
replacements (PFR) describe excellent survivorship and a low conversion rate to total hip arthroplasty but is largely 
limited to less than 10 years of follow-up. This study sought to utilize a large database of cemented bipolar PFRs with 
up to 36 years of follow-up to assess long-term survival of both primary and revision implants. 
Methods. All consecutive patients who underwent primary or revision PFR for an underlying oncologic diagnosis at a 
single institution since 1982 were retrospectively reviewed. All PFRs were performed by 1 of 2 oncology surgeons using 
a standardized technique with a bipolar head and cemented stem. Demographic, oncologic, procedural, and outcome 
data was collected and analyzed. The primary outcome of interest was implant failure, defined as revision of the 
stemmed components for any reason and classified according to the Henderson method. 
Results. 122 primary and 10 revision PFRs were included for analysis, with an average follow-up time of surviving 
patients of 7.1 years (range: 0.2 – 35.8yrs). The leading diagnoses were chondrosarcoma (22.1%), metastatic disease 
(22.1%), and osteosarcoma (17.2%). For both primary and revision implants, no patient or implant-associated factors 
were found to be associated with failure (Table 1). The overall incidence of failure following primary PFR was 8.2% 
(10/122) at an average time of 8.8 years postoperatively. Aseptic loosening, structural failure, and infection all occurred 
with an incidence of 2.5%, while only 1 patient failed secondary to tumor progression (Table 2). The overall incidence 
of failure following revision PFR was 30% (3/10), most commonly due to infection (20%, 2/10). No revision PFRs went 
on to tertiary failure following secondary revision surgery. Prosthesis survival did not differ significantly between 
primary and revision PFRs (p=0.193). Implant survival at 30 years was 51.0%, which was significantly greater than patient 
survival (p<0.001) (Figure 1). The incidence of conversion from bipolar to THA was 4.9% (6/122). Patients who 
underwent conversion to THA were younger at the time of index surgery than patients who did not undergo conversion 
(27.5 vs 47.7 yrs). Only 2 patients required amputation, for an overall survival of limb salvage of 98.4% at 36 years. 
Conclusions. PFRs are a durable reconstruction technique, with most patients outliving their implants. While the 
incidence of failure of revision PFR is higher than that of primary, it is lower than what has been reported in the literature 
for other endoprosthetic implants of the lower extremity. This study provides important prognostic data for counseling 
patients on their expected postoperative outcomes following limb salvage surgery. 

 

 

 
 
  

296



 

 
 

FS9.10 

30-year follow-up results of 170 cemented endoprosthetic reconstructions 
for tumors of the upper extremity 
Danielle Brown (Greig), Rishi Trikha, Joseph Kendal, Lauren Wessel, Christopher Hamad, Jeffrey Eckardt, 
Nicholas Bernthal 
University Of California, Los Angeles, Los Angeles, United States 

Background. Given the rarity of musculoskeletal tumors and the associated mortality, long-term survival data following 
limb salvage surgery is heterogenous and largely limited to small series. The objective of this study was to examine long-
term outcomes of cemented stem endoprosthetic reconstruction for tumors of the upper extremity utilizing a large 
database with up to 30 years of follow-up. 
Methods. 170 consecutive patients who underwent limb salvage surgery with endoprosthetic reconstruction for 
musculoskeletal tumors of the upper extremity between December 1980 and December 2021 were retrospectively 
reviewed. The average follow-up time of surviving patients was 8.1 years (range: 0.2 – 31.9y). All follow-up was 
performed at a single institution. Demographic, oncologic, procedural, and outcome data was analyzed. 
Results. 133 proximal humerus, 21 total humerus, and 16 distal humerus endoprostheses in 162 patients were included 
for analysis. 11 patients had expandable endoprostheses. The tumors were low grade (IA/IB) or benign in 31 patients, 
high grade (IIA/IIB) in 62, and metastatic carcinoma or stage III primary sarcoma in 69. Kaplan-Meier survivorship 
analysis revealed 95.0% disease-specific survival at 25 years for patients with low-grade or benign disease (Table 1, 
Figure 1A). Only 1 patient with clear cell chondrosarcoma died of disease in the low grade/benign group. Disease-specific 
survival 53.1% at 30-years for patients with high-grade IIA/IIB disease was and 7.7% at 20 years for patients with 
metastatic disease or stage III primary sarcoma. 44 of 69 (63.8%) of patients in this group died of disease. 30-year 
implant survival was 82.1% using revision of the stemmed components as the endpoint. Proximal humeral replacements 
demonstrated 96.7% survival at 25 years, while distal humeral replacements had the lowest survival at 40.1% at 20 years 
(Figure 1B). Modular implants demonstrated better survival than custom-designed components, with a 25-year survival 
of 88.1% and 72.7%, respectively. 14 implants (8.2%) required revision of the stemmed components, including 3 for 
aseptic loosening (1.8%), 6 for structural failure (3.5%), 4 for local recurrence (2.4%), and 1 for infection (0.6%). Local 
recurrence occurred in 13 patients (7.6%), 9 of whom were treated with amputation (5.3%). Survival of successful limb 
salvage was 88.9% at 30 years. 6 patients who underwent proximal humerus replacement were treated with reverse 
total shoulder arthroplasty (rTSA). Average shoulder range of motion was greater following rTSA compared with 
hemiarthroplasty for forward elevation (112.0° vs 36.7°, p=0.009), abduction (128.3° vs 35.7°, p=0.001), and external 
rotation (30.0° vs 15.5°, p=0.053). 
Conclusions. The present study confirms the long-term durability of cemented endoprosthetic reconstructions for 
musculoskeletal tumors of the upper extremity, particularly of the proximal humerus. Tumor progression is the most 
common cause of failure of upper extremity limb salvage. Reverse total shoulder arthroplasty may have improved 
functional outcomes over conventional hemiarthroplasty. 
 

 
 

 
  

297



 

 
 

FS9.11 

3D printed implants for pelvic periacetabular tumors – early follow up and 
clinical outcome 
Adam Chrobok, Patryk Tomasik, Jacek Matysiakiewicz, Daniel Kotrych 
District Hospital of Orthopedics and Trauma Surgery, Piekary Slaskie, Piekary Śląskie, Poland 

The new 3d printed titanium implants changed the approach and possibilities of treatment in many fields and became 
more and more popular in oncological orthopaedics. We started applying them for pelvic tumors in 2018 
 
Patients and methods. Between 2018 and 2022 we operated 6 patients with 3 d implants for pelvic periacetabuar 
tumors. 3 of them had primary lessions, 2 developed mets and 1 large pseudotumor within acetabulum and femur after 
primary hip prosthesis. The implants were positioned by templates. No computed navigation was used. 
 
Discussion and results. The 3d implanants for reconstruction of pelvic bone tumors within acetabulum changed the 
whole philosophy of surgical treatment in this area. After complex solutions such as various common revision system 
or ice cups like Lumic used previously we find 3 d implants best to resolve. Thanks to them the pelvic ring could be 
reconstructed and spared. We find also that new implants have larger and high porous surface, so the revison rate could 
be lower. We observed no infections and no losening within our material and local recurrence in one case which is now 
under control after radio and chemotherapy. In one case an osteoporotic fracture occured close to implant surface. As 
the follow up time and the numer of patients is low -we cannot apply any big statistics on them, however the results up 
till now are promisin
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Reverse shoulder arthroplasty for proximal humerus bone tumors – clinical 
outcome of 19 patients 
Adam Chrobok, Tomasz Zakrzewski, Daniel Kotrych, Patryk Tomasik 
District Hospital of Orthopedics and Trauma Surgery, Piekary Slaskie, Katowice, Poland 

A total of 19 patients underwent this procedure between 2017 and 2022 due to secondary and primary tumors. We 
investigated the functional outcome, therange of resection qiality of life in patients who underwent reverse shoulder. 
 
Results. The average survival time of our patients lasted only 13 months as most of cases were mets.The average 
resection range was 14 cm( 10 – 18 cm) The mean range of abduction was 70°   (30° to 130°); flexion 90° (45° to 160°); 
external rotation 30° (10° to 60°); internal rotation 40° (10° to 70°). The mean MSTS score was 72% (60% to 90%) We 
observed 4 deep infections, the implant removal was performer in 2 cases. 2 patiens developed recurrent dislocation 
and were reoperated. 
 
Conlusions. The reverse shoulder arthroplasty provides a good reconstruction after proximal humerus bone tumors 
resection. A perfect view of acetabulum makes the glenosphere component easy to implant. Despite complications, 
preserving shoulder makes the elbow joint and the hand operable. Modularity and axial rotation of modern implants 
make procedure even easier for long lenght restoration and soft tissue balance.  
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Total femur replacement, the review of 10 clinical cases – clinical outcome, 
complications, indications 
Adam Chrobok, Jacek Matysiakiewicz, Patryk Tomasik, Tomasz Zakrzewski, Daniel Kotrych 
District Hospital of Orthopedics and Trauma Surgery, Piekary Slaskie, Piekary Śląskie, Poland 

Total femur replacement (TFR) becomes more and more frequent due to increased number of reconstructive 
procedures following bone tumors resection. It is also applied after vast and complicated hip and knee prosthesis 
revisons. 
 
Material and methods. We assesed the clinical outcome, quality of life and complication rate of 10 patients (7 women 
and 3 males) who underwent TFR between 2007 and 2022 due to primary tumors (3 cases), secondary tomors ( 6 cases) 
and 1 after failed hip revison surgery. 
 
Results. The group of assesed patients was heterogenic but 9 of 10 patients were operated due to primary of secondary 
tumors and one was non – oncological patient. We observed 7 good clinical outcomes according to MSTS score. Deep 
wound infection occured in 2 cases (1 hip disarticulation) in on case we observed persistent femoral and sciatic nerve 
palsy. Recurrent hip dislocation accured in one patient and was treated operatively. One patient died within one week 
after suregery. 
 
Discussion and conclusions. TFR is a vast but relatively easy procedure, complitations might be very common. We 
observed infectious, mechanical and nervous complitaions in many of our patients.   In spite of this the decision to 
operate the patient should be made very carefully and selective. Obviously if uncomplicated the patients accept this 
method and are mostly satisfied. 
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Unique Characteristics of Diaphyseal Location in Secondary Osteosarcoma 
Following Retinoblastoma: Availability of Bone Scan in Early Detection 
Yongsung Kim1, Jong Woong Park4, Hwan Seong Cho1, Woo Young Jang3, Ilkyu Han2,5, Han-Soo Kim2,5 

1Department of Orthopaedic Surgery, Seoul National University Bundang Hospital, 82, Gumi-ro 173 Beon-gil, Bundang-gu, 
Seongnam, South Korea, 2Department of Orthopaedic Surgery, Seoul National University College of Medicine, 101 Daehak-
ro Jongno-gu, Seoul 03080, Korea, South Korea, 3Department of Orthopaedic Surgery, Korea University Anam Hospital, , 
South Korea, 4Orthopaedic Oncology Clinic, National Cancer Center, , South Korea, 5Department of Orthopaedic Surgery, 
Seoul National University Hospital, , South Korea 

Purpose. We report unique radiological characteristics of secondary osteosarcoma. We also investigated clinical 
outcomes and effectiveness of bone scan as an imaging tool of regular surveillance and early detection.  
 
Material and Methods. Retrospective review with twelve cases of osteosarcoma in extremities following 
retinoblastoma was performed. Bone scan was checked annually for regular surveillance after treatment of 
retinoblastoma. All patients were treated with the same strategy as that used for primary conventional osteosarcoma, 
namely, neoadjuvant chemotherapy, wide excision, and adjuvant chemotherapy.  
 
Results. The median follow-up period was 12.2 years (range, 8.3-20.7 years). The median age at the time of diagnosis 
of osteosarcoma was 9.2 years (range, 5.3-15.2 years), and the median interval from retinoblastoma to osteosarcoma 
was 8.1 years (range, 4.9-14.8 years). In all 14 cases, patients showed hot uptake in the lesions on bone scan. Ten out 
of 14 cases (71.4%) visited clinic with complaints of pain in the affected limb before the scheduled surveillance. On 
location of osteosarcoma, the femur was the most common (n=10) followed by tibia (n=4). The median size of the tumor 
was 8.6 cm (range, 5.2-13.0 cm). In detail, nine cases (64.2%) showed a diaphyseal epicenter, and 5 tumors (35.8%) were 
located at metaphysis. There was no local recurrence after surgery and 5-year overall survival rate from the diagnosis 
of retinoblastoma was 85.7%.  
 
Conclusion. Diaphyseal-located osteosarcoma in retinoblastoma survivors was observed in 64.2% of entire cohort. 
Annual surveillance with bone scans and the clinical symptoms at presentation were important for the early detection 
of SMN in the extremities. The clinical outcomes of osteosarcoma as a secondary malignancy following retinoblastoma 
are not inferior to those of conventional osteosarcoma. 
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Endoprosthesis application versus Nail Cement Spacer application for 
reconstruction after resection of tumors of Proximal Humerus: Is there any 
difference in functional outcome? 
Abhijit Behera, Venkatesan Sampath Kumar, Shah Alam Khan, Shashi Sah 
Department of Orthopaedics, All India Institute of Medical Sciences (AIIMS), New Delhi, India 

Background. Limb salvage surgery for malignant and aggressive tumors of the proximal humerus is challenging and 
unique. In most cases, rotator cuff, axillary nerve and deltoid had to be sacrificed for oncological margins. 
Reconstruction options are proximal humeral endoprosthesis or cement spacer using a nail. In the absence of deltoid 
and rotator cuff function, a hemiarthroplasty is thought to function like a spacer providing stability for the elbow and 
shoulder. However, to the best of our knowledge, there has been no study in the literature, comparing these two 
surgical techniques for a large cohort from a single institution. Aim and Objective: To compare the functional outcome 
and complications of reconstruction using cement spacer vs endoprosthesis after resection of proximal humeral 
neoplasm.  
 
Methods and material. A retrospective study was conducted to include all patients who had undergone surgical 
resection for malignant or aggressive lesions of proximal humerus. The study period was between April 2013 and April 
2020.  All patients had a minimum of 1 year follow-up. We excluded patients in whom the resection involved proximal 
humerus + scapula or clavicle, those with different surgical procedure and those with inadequate data. Evaluation was 
done in terms of functional outcome, complications and oncological outcome.  
 
Results. From our records, we identified a total of 79 patients who fulfilled inclusion and exclusion criteria. 35 patients 
belonged to the endoprosthesis group while 44 were in the nail cement spacer group. Of those 44 patients, 12 patients 
had died due to disease, leaving us with 32 patients. While 10 patients died due to disease in the endoprosthesis group, 
leaving us with 25 patients for final follow-up. Average age was 21 ± 7 years (Range 7-60 years). 20 patients were female 
while 37 patients were male. Diagnosis was Giant cell tumor in 17 patients, Osteosarcoma in 12 patients, Ewing Sarcoma 
in 13 patients, Chondrosarcoma in 5 patients, and other diagnoses in 10 patients. Average duration of follow up was 
27.12 months (Range 3 – 87 months, Median Follow-up: 10.5 months). There was no significant difference in baseline 
demographic, clinical data and length of follow-up between two groups. The median MSTS score at final follow-up was 
22 in the nail cement spacer group vs 23 in the endoprosthesis group (p value > 0.05). However, endoprosthesis group 
had significantly higher range of forward flexion than nail cement spacer group. 7 patients had complications in nail 
cement spacer group as against 4 patients in endoprosthesis group.  
 
Conclusion. Tumor resection followed by reconstruction with cement spacer is a cost-effective option for patients. It is 
technically not very demanding. While functional outcome following nail cement spacer seems comparable to 
endoprosthesis reconstruction, later group has fewer complications and higher range of forward flexion 
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Biological reconstruction for malignant bone tumours of the proximal 
femur in children less than 10years: A single institutional case series and 
technical note for using Allograft Prosthetic Composite and Pedicle frozen 
autograft   
Pramod Chinder Shekarappa1, Suraj Hindiskere1, Laura Campanacci2, Marco Manfrini2 

1HCG Hospital & The Yellow Ribbon, Bangalore, India, 2Istituto Ortopedico Rizzoli, Italy 

Background. Reconstruction of the hip and proximal femur following tumour resection is challenging in children. 
Biological reconstructions have better long term functional outcomes compared to prosthetic reconstruction in this age 
group, due to the growth and remodelling potential of the patients. Pedicle freezing of the proximal femur is technically 
challenging, and Allograft prosthesis composite (APC) for proximal femur poses reconstructive challenges owning to 
difficulties in finding the appropriately sized graft and hardware to stabilize the allograft to the relatively small-sized 
remaining native femur. We report our experience with the use of APC and pedicle freezing to reconstruct the proximal 
femur in children less than 10years.  
 
Methods. Nine patients with a median age of six years (range:1.5-10), six with Ewings sarcoma and three patients with 
osteosarcoma of the proximal femur undergoing wide resection of the proximal femur and reconstruction with APC(n=4) 
and pedicle freezing(n=5) were retrospectively reviewed. All patients were non-metastatic on presentation, received 
neoadjuvant chemotherapy before surgery and had a good radiological response. All allografts were procured from the 
Rizzoli Institute in Italy and transported in a cold chain to India. Side matched proximal femur allografts were used in 
three patients and contralateral proximal humerus allografts were used in two patients. Pedicle freezing was performed 
as per the standard described technique, after capsulotomy and hip dislocation. Femoral neck cut was performed before 
pedicle freezing in all patients to open the medullary canal and prevent fracture during freezing due to water volume 
expansion. Patients were followed for a median duration of 49months (range:8-84). 
 
Results. The median extent of the tumour from the tip of the greater trochanter was 11cms (range:5-16). None of the 
patients had tumours extending beyond the proximal femur growth plate into the epiphysis. Paediatric femoral stem 
was used in all patients with APC. An adult long femoral stem was used in all patients with pedicle freezing, three 
patients needed an additional lateral plate to augment the frozen bone. The median surgical time was 
240minutes(range:160-560) and the median blood loss during surgery was 240ml(range:180-670). The median time to 
union of the allograft to the native femur was 6months (range:4-9). At the final follow-up, the construct was retained 
in all patients and all but one were ambulant without support. Eight were alive with no evidence of disease. In patients 
with APC, the median shortening of the operated limb was 8cms (range: 1-12). 
  
Conclusion. Though technically challenging, APC and frozen bones without osteotomy tend to last for a prolonged 
duration and provide the best ambulatory capacity, along with remodelling of the acetabulum and native femur. Both 
these procedures retain adequate bone stock that can be helpful during any procedures needed in the future. 
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Management of the Oncogenic Osteomalacia  
Ahmet Salduz1, Serkan Bayram1, Hülya Hacişahinoğulları2, Ayşe Kubat Üzüm2, Refik Tanakol2 

1Department of Orthopedics and Traumatology Istanbul University,Istanbul, Turkey, 2Department of Endocrinology and 
Metabolic Disorders, Istanbul University, Istanbul, Turkey 

Background. Oncogenic osteomalacia is a rare renal phosphate wasting syndrome caused by small, benign 
mesenchymal tumors that express somatostatin receptors and produce excessive levels of fibroblast growth factor 23 
or other phosphatonins. Patients represent persistent osteomalacia with muscle weakness, bone pain and insufficiency 
fractures. Hypophosphatemia and low calcitriol serum concentration are characteristic features of the patients. Most 
difficult step of the diagnosis is to localize the tumor. Often this step takes years. As a recent development, Galyum-68-
DOTA-TATE PET/CT is the most sensitive imaging modality for tumor detection. We aimed to present the surgical 
management of the four patients with oncogenic osteomalacia.  
Patients and Methods. Patient 1: 40 years old male patients investigated for persistent osteomalacia and pathologic 
fractures for 11 years. He has reported that 10 cm shortening was arise during the investigation process. Galyum-68-
DOTA-TATE PET/CT has been taken two times, but lower part of the legs did not include to the first PET-CT study. The 
suspected tumor is found on the distal diaphysis of the right fibula in the second Galyum-68-DOTA-TATE PET/CT.  The 
tumor was resected. Serum phosphate level was normal in the blood test taken 3rd day after surgery. 
Patient 2: 47 years old female patients represented to the endocrinologist with chronic fatigue and muscle pain 
persistent for 3 years. Serum phosphate level was low. Tumor detected on the medial distal femur metaphysis. Bone 
was involved. Surgical excision was performed with the circumferential bone island. Serum phosphate level was 
corrected dramatically after surgery.  
Patient 3: 44 years old male patient investigated several years to reach final diagnosis which is oncogenic osteomalacia. 
He has a history of pathologic fractures and their surgical fixations.  Tumor was detected on Galyum-68-DOTA-TATE 
PET/CT at the grater trochanter area. Surgical excision of the lesion on the grater trochanter which is hot on gallium 
PET-CT was offered to the patients however he refused the surgery.  
Patient 4: 33 years old female patient was presented mild symptoms of muscle pain and hypophosphatemia. 
Mesenchymal tumor causing osteomalacia was detected on the medial side of ankle. She had a history of an 
unsuccessful excision surgery. Wide resection was performed with a clear margin. Dramatic increase of the serum 
phosphorus level was observed after surgery.  
Conclusions. Galyum-68-DOTA-TATE PET/CT is very important step to locate tumor that causes oncogenic osteomalacia. 
Whole body scan must be taken to detect tumor because it can arise from all part of the body. Detection of FGF23 on 
the pathology slide is helpful to make a diagnosis. The tumor caused oncogenic osteomalacia keep in mind in the 
differential diagnosis of hypophosphatemic osteomalacia. Surgical excision is the best treatment to relief symptoms and 
to correct serum ions level.  
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Feasibility of Super-thin Flap Method Excision and Reconstruction for the 
Sarcoma Management 
Yu-min Lin1,2,3, Yuan-Ya Liao2 

1Taichung Veterans General Hopsital, Taichung, Taiwan, 2Institute of Medicine, Chung Shan Medical University, Taichung, 
Taiwan, 3School of Medicine, National Chung Hsing University, Taichung, Taiwan 

Background. Modern musculoskeletal sarcoma treatment requires a multidisciplinary management with multimodal 
therapy.  Both limb-sparing and non-limb-sparing resections require reconstruction to achieve a healed functional 
result.  When reconstructing the surgical defect, a sound plastic surgical consideration and knowledge are needed.  The 
wider the resected margin is at the expanse of function, and the balance between function and margin is always at 
debate.  
Thin and super-thin free flaps are becoming increasingly popular for improved functional and aesthetic defect 
reconstruction in thin areas.  However, the concepts of super-thin flap resection and reconstruction are seldom 
discussed in the sarcoma management.  This study was to evaluate the outcome of patients with soft tissue sarcomas 
received a super-thin flap excision and reconstruction. 
 
Methods. The electronic medical records of patients underwent wide excision surgery at the Orthopaedic department 
of authors hospital from January 2019 to July 2021 were reviewed.  A total of 35 patients underwent 42 wide excision 
surgeries.  These patients’ demographics, comorbid conditions, pathology, neoadjuvant or adjuvant treatment, 
complications and survival status were recorded.  
 
Results. Thirty-five wide excisions were done for sarcoma except one metastatic carcinoma.  After an average follow-
up of 14.4 months, there were 3 death and 6 patients alive with disease.  Forty excisions could be closed primarily, and 
five of them were excised and closed in the fashion of super-thin flaps.  Two excisions needed conventional regional or 
free flaps for coverage.  All five super-thin flap healed uneventfully before adjuvant radiotherapy, but one had a delayed 
hematoma and ensuing infection after adjuvant radiotherapy.  All five thin flaps were done for recurrent or metastatic 
sarcoma.  Super-thin flaps were not statistically related to positive margin (P = 1.000), wound infection (P = 0.487), or 
death (P = 1.000).  
 
Conclusion. A super-thin flap excision and reconstruction is feasible in selected patients with sarcoma. 
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Prevalence of Primary Carcinoma, Rates of Pathologic Fracture, and 
Mortality in the Setting of Metastatic Bone Disease 
Alexander Christ, Amit Piple, Jennifer Wang, Brandon Gettleman, Andy Duong, Nathanael Heckmann, 
Lawrence Menendez 

University Of Southern California, Los Angeles, United States 

Introduction. Bone is a common site of metastatic disease for a variety of primary tumors. However, the prevalence of 
these primary tumors in the setting of metastatic bone disease is ill-defined in the oncologic literature. Therefore, the 
purpose of this study is to identify the prevalence of these primary tumors in the setting of metastatic bone disease and 
identify rates of pathologic fracture as well as 90-day mortality following treatment of pathologic fracture for each 
primary tumor subtype. 
  
Methods. The Premier Healthcare Database was queried to identify all patients who were diagnosed with a metastatic 
tumor to bone from 2015-2020. The prevalence of all primary tumor subtypes was tabulated and compared for the 
entire cohort. Rates of long bone pathologic fracture and 90-day mortality following treatment of pathologic fracture 
were then assessed within each primary tumor subtype. 
  
Results. In total, 407,893 unique patients with metastatic bone disease were identified from 2015-2020. Of the 14 
primary tumor subtypes assessed, metastatic bone disease was most frequently identified for lung (24.8%), prostatic 
(19.4%), breast (19.3%), gastrointestinal (9.4%), and urologic (6.5%) carcinomas. Rates of long bone pathologic fracture 
were highest for urologic (4.6%), female reproductive (3.2%), lymphoid (2.9%), endocrine (2.7%), breast (2.4%), and lung 
(2.8%) carcinomas. Ninety-day mortality rates following treatment of pathologic fracture of the long bones was highest 
for lung (12.1%), gastrointestinal (10.1%), central nervous system (10.5%), and skin (9.1%) carcinomas. 
  
Discussion. Metastatic disease of the bone represents a heterogeneous group of diseases. It is important to understand 
the risk for pathologic fracture of the long bones and mortality following treatment of fracture based upon disease 
histology. These data should be considered when prognosticating patient outcomes during treatment of their metastatic 
bone disease. 
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The Oncology Orthopedist Role – Where do we fit? 
Gottardo Bianchi2, Pablo Stoppiello2, Leticia Gaiero2, Nicolas Casales2, Claudio Silveri2, Melisa Camaño2, Nicole 
Eiseler1, Ana Cecilia Belzarena1 

1Miami Cancer Institute, Miami, United States, 2Unidad Patologia Oncologica Musculo Esqueletica, Universidad de la 
República, Montevideo, Uruguay 

Background. Oncology Orthopedics is a fairly new medical specialty compared to more traditional ones. According to 
prior MSTS studies, there are approximately 200 active oncology orthopedists in the United States. These circumstances 
combined can lead to a poor understanding of the role of the oncology orthopedist in the care of patients with meagre 
referral rates and an exceedingly high rate of unplanned excisions. Moreover, unfamiliarity with the field may conduct 
to patients not being directed to the specialist with the most appropriate training to care for the specific patient’s 
condition and crucial treatment opportunities can potentially be missed. 
    
Patient and Methods. A multicentric international survey was conducted among medical oncologists. An invitation to 
participate in a web-based questionnaire was formulated. The multiple-choice survey was conceptually divided into the 
following areas: referral trends, scenarios of oncology orthopedics’ scope and participants` demographics. Participation 
was voluntary and anonymity was granted. 
The purpose of the study was to assess referral trends to the oncology orthopedics service, to evaluate and assess how 
it contrasts with referrals to other specialties and to compare referral trends in different countries. Additionally, 
different scenarios of oncology orthopedics scope were presented to assess for treatment plan and whether involving 
the oncology orthopedic service was considered part of the management algorithm. 
 
Results. Responses from 76 different medical oncologists were received. The majority of respondents had more than 6 
years of practice (76.3%). Most physicians identified themselves as having a medical oncology subspecialty (63%), and 
only 2 respondents stated the subspecialty was sarcoma. There was a significant difference among referral trends, with 
radiation oncology and pain management receiving increased number of weekly and monthly referrals than the 
oncology orthopedic service. When presented with the scenario of an asymptomatic limb bone metastasis most 
providers elected other alternatives than referring to an oncology orthopedist (86.8%). In the scenario of an impending 
femur fracture the difference was less important, however, most responses did not include referral to the oncology 
orthopedic service as part of the management plan (64.4%). Almost 60% of the medical oncologists stated their patients 
suffer a pathological fracture requiring emergent admission at least once every 3 months. No survey was excluded from 
analysis due to <50% completed response items. 
 
Conclusion. Oncology Orthopedists are a valuable addition to any multidisciplinary treatment team caring for oncologic 
patients. Unfortunately, unawareness about the specialty can contribute to crucial patient treatment opportunities 
being missed. Education of other medical specialties can further bring awareness about the scope of oncology 
orthopedics and the accompanying patients’ benefits and enhanced outcomes associated with the appropriate referra 
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Arthroscopic resections for intramuscular hemangioma of the thigh near 
the knee joint 
Ukei Anazawa1, Itsuo Watanabe1, Kazuki Nakamura2, Michiro Susa2, Hiraku Hotta1, Ryoma Aoyama1, Yuichiro 
Takahashi1, Tetsuya Sekita3, Robert Nakayama3 

1Dept. of Orthopedics, Tokyo Dental College Ichikawa General Hospital, Ichikawa, Japan, 2Dept. of Orthop. National 
defense medical college, Tokorozawa, Japan, 3Dept. of Orthopedics, Keio University, Shinjyuku, Japan 

Background. Intramuscular hemangiomas are benign tumors that are difficult to resect without sacrificing normal 
muscle tissue. However, these tumors are often painful, especially those in the quadriceps muscle, which can make it 
difficult for younger patients to play sports. However, excision of tumors near the knee joint may result in a longer skin 
incision and damage or resection of the muscle surrounding the tumor, which may lead to disfunction of the knee. In 
this study, we report a minimally invasive arthroscopic resection of intramuscular hemangiomas in the quadriceps 
muscle near the knee joints. 
Methods. Four cases of intramuscular hemangioma of the thigh underwent arthroscopic resection (Fig. 1). Three cases 
were female, one male, and two were 6 years old, and the others were 14 and 19 years old. All tumors were located in 
the part of quadriceps muscles close to the knee joint. All patients complained of thigh pain and atrophy of the 
quadriceps muscle, which interfered with daily life. All tumors were resected arthroscopically through the knee joint. 
surgical approaches were through the suprapatellar bursa, using the shaver and probe to dissect the muscle, the tumor 
could be confirmed (Fig. 2). Then, using the shaver and monopolar electrocautery device, the tumor was ablated and 
resected (Fig. 3). This technique was intralesional tumor resection and allowed for the removal of the tumors with little 
muscle damage.  
Results. All patients showed improvement in pain and activities of daily living. However, in 2 patients had recurrences 
at 99 months and 47 months after surgery. In the other 2 patients, 1 patient had residual tumor in 6years, but no 
symptoms, and the other had no symptoms or recurrence for 1 year. 
Conclusion. Treatment of intramuscular hemangiomas includes embolization and surgical resection. Embolization is not 
curative, and surgical resection is often performed, but it leads to invasiveness to normal tissues. Furthermore, on 
exposed areas of the thigh, cosmetic problems cannot be ignored especially in pediatric patients such as our cases. In 
this study, we demonstrated arthroscopic resection and thermal ablation of hemangioma adjacent to suprapatellar 
bursa. This procedure was intralesional tumor resection as debulking surgery and showed some recurrences. But this 
minimal invasive surgery could lead improvement of pain and to return daily activity in all patients. For patients who 
are having difficulties in their daily lives due to this tumor, this arthroscopic debulking procedure, although recurrence 
may appear in some cases, was considered useful, because it was less invasive and could be time saving surgery, 
especially in young patient with high activity. 
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Treatment and outcome of Giant Cell Tumor of the femoral head and neck 
Maurizio Scorianz, Francesco Raspanti, Guido Scoccianti, Francesco Muratori, Domenico Andrea Campanacci 
Orthopedic Oncology Unit, Azienda Ospedaliero Universitaria Careggi, Firenze, Italy 

Background. Giant cell tumor (GCT) of the femoral head and neck is rare and surgical treatment is challenging due to 
the young age of patients and the aim to preserve the native joint. The purpose of our study was to analyze treatment 
and outcome of GCT of the femoral head and neck and a literature review concerning the specific subject. 
 
Methods. We retrospectively reviewed patients treated in our center for GCT of the femoral head and neck with 
curettage or prosthetic implant between 2013 and 2017. Five patients were identified. In 3 patients the tumor affected 
only the femoral head while in 2 patients the tumor extended to the femoral neck. Initial treatment was curettage for 
3 patients. One patient received a prosthetic replacement because of extensive involvement of the femoral neck. An 
endoprosthesis was implanted in one patient because of concomitant non-Hodgkin lymphoma and the need for 
radiation therapy at the groin. 
 
Results. The mean follow up was 75 months (min 55 – max 121). At last follow-up, only one patient treated with 
curettage did not undergo a subsequent arthroplasty. One patient treated with curettage developed aseptic necrosis of 
the femoral head after 3 years and subsequent osteoarthritis requiring a total hip replacement 5 years after the original 
surgery. Another patient treated with curettage of the femoral head developed a local recurrence 3 years after surgery 
which was initially treated with zoledronic acid infiltration and Denosumab and subsequently with total hip arthroplasty 
(43 months after the original surgery). 
 
Conclusion. In GCT of the femoral head and neck, a first attempt to preserve the native joint with curettage is justified, 
particularly in young patients. However, curettage should be reserved to selected cases, as in the short term the risk of 
subsequent arthroplasty is high. Our findings are confirmed by the literature review of 27 patients treated at different 
institutions with curettage as their first treatment: at final follow-up (mean 68 months) 14 curettage cases had received 
prosthetic replacement (52%). 
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Clinical results of wide resection of malignant bone and soft tissue tumors 
with femoral vessel reconstruction 
Keiichi Kato1, Atsushi Mihara1, Ryuta Iwanaga1, Keiichi Muramatsu2, Koichiro Ihara3, Takashi Sakai1 

1Department of Orthopedic Surgery, Yamaguchi University School of Medicine, Ube, Japan, 2Department of Orthopedic 
Surgery, Nagato General Hospital, Nagato, Japan, 3Department of Orthopedic Surgery, Kanmon Medical Center, 
Shimonoseki, Japan 

Background. Malignant bone and soft tissue tumors invading or adjacent to critical blood vessels in the extremities have 
been considered difficult to perform limb-salvage surgery in the past. Recently, the number of cases in which limb-
salvage surgery is attempted by revascularization has increased. Since the multidisciplinary treatment of malignant soft-
tissue tumors with radiation and chemotherapy combined with wide resection has proven to have no difference in 
outcome compared to amputation, limb-salvage surgery has become the procedure of choice. The femur is a common 
site of malignant bone and soft tissue tumors, and reconstruction of the femoral arteriovenous is often required to 
preserve the affected limb. 
 
Methods. In the past 30years, 17 patients underwent resection of the femoral artery during wide resection for 
malignant bone and soft tissue tumors, and the affected limb was salvaged by femoral vessel reconstruction. We 
retrospectively evaluated tumor histology, tumor size, localization, length of reconstructed vessels, presence of venous 
reconstruction, means of reconstruction, oncologic outcome, functional prognosis, and complications. 
 
Results. Undifferentiated pleomorphic sarcoma was the most common histologic type. The average tumor size was 132 
mm. More than half occurred in the inguinal to proximal femoral region. The average length of reconstructed arteries 
was 203 mm, and the great saphenous vein was used in most cases. Three patients who required reconstruction of the 
external iliac artery, an artificial vessel was used because of unacceptable discrepancy. The patency rate of the 
reconstructed artery was 94%. One case ultimately resulted in amputation of the affected limb. The local recurrence 
rate was 12% and the metastasis rate was 59%. The 2-year and 5-year survival rates were assumed to be 53% and 29%, 
respectively, with a median survival time of 24 months postoperatively. Functional prognosis was good with an average 
MSTS score of 77%, and complications occurred in 65% of cases. Edema was the most common, followed by deep 
infection. Deep infection occurred in all three which were reconstructed with artificial vessels. 
 
Conclusions. Adequate local control of the tumor can be achieved by limb-salvage surgery with femoral artery resection 
and revascularization. The functional prognosis of the preserved affected limb is better than that of above-knee 
amputation in many cases. In our series, deep infection was inevitable in cases reconstructed with artificial vessels. 
Biological grafts should be considered whenever possible. Although there are no set criteria for the indication of vascular 
reconstruction at wide resection of malignant tumors, it may be aggressively selected when direct tumor invasion of 
critical blood vessels is suspected 
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Surgical Outcomes of Bone and Soft Tissue Sarcomas in Chest Walls 
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Department of Orthopedic Surgery, Graduate School of Medicine, University of the Ryukyus, Nishihara, Japan 

Background. Wide excisions of bone and soft tissue sarcomas in chest walls are often challenging to achieve adequate 
margins, resulting in defects of the thoracic walls. Therefore, reconstructions of chest walls, collaborating with other 
specialists such as plastic or thoracic surgeons, are required. The purpose of the current study is to investigate surgical 
outcomes of bone and soft tissue sarcomas in chest walls.  
 
Methods. This retrospective study consisted of 18 patients (averaged 55.0 years old; male/female ratio, 9:9; average 
follow-up period, 59.9 months) with bone and soft tissue sarcoma who underwent wide excision of chest wall between 
January 2013 and April 2022. Medical records were reviewed as follows: locations, surgical technique, pathological 
diagnosis, prevalence of recurrence and distant metastases, the 5-year survival rate, the disease-free survival rate, and 
oncological outcome at final follow-up. 
 
Results. There were 8 bone sarcomas and 10 soft tissue sarcomas. The locations of sarcomas were anterior chest wall 
in 7 patients, lateral in 10 patients, posterior in 1 patient. The pathological diagnoses were chondrosarcoma in 6 
patients, undifferentiated pleomorphic sarcoma in 2 patients, dermatofibrosarcoma protuberans in 2 patients, and 
other tumors in 8 patients (fibrosarcoma, synovial sarcoma, osteochondroma, Ewing sarcoma, dedifferentiated 
liposarcoma, myxoid liposarcoma, myxofibrosarcoma, malignant peripheral nerve sheath tumor). Wide excisions were 
achieved in all 18 patients. Collaborative surgeries with other specialists were performed in 8 patients, seven of them 
were bone sarcomas. Parietal pleura repairs with Gore-Tex® sheet were required in 6 patients, and latissimus dorsi 
myocutaneous flap was required in one patient. Although there were no local recurrences, distant metastases occurred 
in 3 patients (16.7%) postoperatively. Oncological outcomes were continuously disease free in 15 patients. Two patients 
were alive with disease, and one was dead of the disease. The 5-year survival rate and the disease-free survival rate 
were 100% and 88.9%, respectively. 
 
Conclusion. In the current study, parietal pleura repairs were required especially in cases of bone sarcoma. Collaborative 
surgeries for defects of the thoracic walls could achieve favorable clinical outcomes after wide resections of bone and 
soft tissue sarcomas. 
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The Validity of The Birmingham Atypical Cartilage Tumour Imaging Protocol 
(BACTIP) to Predict Survival Outcomes and Guide Surgical Decision-Making. 
Motaz Alaqeel1, Amirul Adlan2, Ali Ridha2, Vineet Kurisunkal2, Guy Morris2, Scott Evans2, Rajesh  Botchu2, Mark  
Davies2, Lee  Jeys2 

1King Saud University, Riyadh, Saudi Arabia, 2Royal Orthopaedic Hospital, Birmingham, United Kingdom   

Introduction. Central cartilage tumours (CCT) of bone range from the typical benign enchondroma to the unusual 
chondrosarcoma. While Enchondroma and Grade 1 Chondrosarcoma have little or no metastatic capacity, 
differentiating between Enchondroma and Grade 1 and Grade 1 from Grade 2 remains challenging. We aim to 
investigate the validity of the Birmingham Atypical Cartilage Tumour Imaging Protocol (BACTIP) to predict survival 
outcomes and guide Surgical decision-making. 
Methods. Over a 10-year duration, 147 Patients were identified with a CCT grade 2 B, 2C and Grade 3 located in the 
proximal humerus, distal thigh, and proximal tibia, who were referred to a single system either from primary/secondary 
care or tertiary care straight to Royal Orthopaedic Hospital, an expert orthopedic oncology service.  
 The cases were categorized into one of seven types according to the Birmingham Atypical Cartilage Tumour Imaging 
Protocol (BACTIP). The survival analysis, including (Overall survival, Distant metastasis-free survival, and Local 
recurrence), type of surgical procedure, and the final histological diagnosis, were analyzed.  
Results. The Median OS was 124 months, and the estimated 5 years OS for the whole group was 85.9%. Increased OS is 
associated with a lower BACTIP Grade. The 5 years OS was 89%, 100%, and 69% for BACTIP grade1,2 and 3 respectively 
(P=0.025).  The 5 years DMFS for Patients with BACTIP grades 1 and 2 was 100% vs. 76% for Patients with BACTIP grade 
3 (P=0.0001). The odds of higher final histological grades significantly increase with ascending BACTIP grades (13.1) 
(P=0.018). 
Conclusion. This retrospective study confirms the BACTIP as a valuable tool in prognosticating the oncological outcome 
and predicting tumor behavior. The close correlation between the BACTIP grading system and the final histological grade 
guide physician and patients to make the best surgical decision. 
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What is The Influence of Negative Pressure Wound Therapy on High-Risk 
Wounds in Pelvic Oncology? 
Motaz Alaqeel1, Amirul Adlan2, Lee Jeys2, Jonathan Stevenson2 

1King Saud University, Riyadh, Saudi Arabia, 2Royal Orthopaedic Hospital, Birmingham, United Kingdom 

Background. Hindquarter amputation (HQA) has a high incidence of postoperative wound complications. We are aiming 
to use HQA procedure as a model to investigate the potential advantages of negative pressure wound therapy (NPWT) 
on wound healing complications in high-risk pelvic wounds.  
Questions/purposes. (1) Does the use of NPWT dressing following HQA decrease the incidence of return to operating 
theatre due to wound complication within 30 days as compared to conventional dressing? (2) Does the use of NPWT 
decrease the total incidence of wound complications compared to conventional dressings? 
Methods. We conducted a retrospective analysis of all patients undergoing hindquarter amputation between January 
2009 and November 2020 at a single tertiary centre. We compared the incidence of return to operating theatre, wound 
complications and local recurrence between the group who received NPWT compared to those without NPWT.  
Results. 106 patients were included in the study with a mean age of 52.3 (9-83) years. 43.4% (46 patients) had NPWT. 
There was no difference in the reoperation incidence in the patient group who received NPWT and did not have 
radiotherapy compared to the group with conventional dressings (odds ratio [OR], 1.01; p=0.983, 95% confidence 
interval [CI], 0.365-2.8). However, the use of NPWT decreases the incidence of reoperation among the patients who had 
NPWT who had received radiotherapy [OR], 0.087; p=0.033, 95% CI, 0.009-0.818). The incidence of wound complications 
has declined with increasing use of NPWT between 2009-2020. There was no difference in the incidence of local 
recurrence after two years between patient groups with and without NPWT.  
Conclusion. The application of NPWT reduces the incidence of wound complications in high-risk pelvic oncology wounds. 
We demonstrated a reduction in the incidence of reoperation due to wound complications in patients who received 
NPWT following HQA.   
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Does Size and Percentage o-f Dedifferentiated Chondrosarcoma Influence 
Survival? 
Motaz Alaqeel1,2, Koichi Ogura2, Meera Hameed2, John Healey2, Patrick Boland2 

1King Saud University, Riyadh, Saudi Arabia, 2Memorial Sloan Kettering Cancer Center, New York, United State 

Introduction. Dedifferentiated chondrosarcoma (DDCS) is a subtype of cartilaginous neoplasm characterized by two 
distinctive components, a low-grade chondrogenic part next to a high-grade non-chondroid sarcoma component. 
Several studies have shown the influence of various prognostic factors on the overall survival of DDCS. The relation 
between the volume, percentage, and dedifferentiated type of DDCS and its effect on overall survival is inadequately 
studied. Thus, we aimed to 1) evaluate the influence of the tumor volume of the dedifferentiated component on overall 
survival (OS) and Distant metastasis survival (DMFS). 2) to investigate the link between the percentage of 
dedifferentiation of the tumor and OS and DMFS. 3) to determine the influence of the type of dedifferentiation on OS 
and DMFS. 
Methods. We identified 86 cases with DDCS. We investigated oncological outcomes, including histology subtypes, 
percentage of dedifferentiation, size and dimension of the tumor and its dedifferentiated part, and treatment variables, 
including use of chemotherapy, radiotherapy, and the management of the primary tumor. 
Results. Patients with a larger tumor volume of the dedifferentiated part of chondrosarcoma, specifically more than 
20mm3, have worst overall survival than subjects with a smaller tumor volume (HR:4.9 [95% CI 2.04 to 11.7], P<0.001). 
Similarly, the overall survival for patients with a higher percentage of dedifferentiation of their tumor >25% is worse 
than for patients with a lower percentage <25% (HR:3.39[95% CI 1.5 to 7.4], P<0.002). There is no difference in overall 
survival rate between patients with osteosarcomas dedifferentiation type vs. patients with undifferentiated 
pleomorphic sarcoma (UPS), HR:0.83 (p=0.49). 
Conclusion. While The prognosis for patients with dedifferentiated chondrosarcoma remains poor, the volume and 
percentage of the dedifferentiated part show a prominent role in overall survival and metastatic free survival. The type 
of dedifferentiated chondrosarcoma does not have an influence on survival outcomes. 
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Femoral Shaft Fracture Secondary to a Gunshot Wound Leading to Chronic 
Expanding Hematoma with Concomittant Osteomyelitis: An Unusual 
Presentation of a Pseudotumor 
Daniela Kristina Carolino, Abigail Tud, Aquilino Pimentel 

Philippine Orthopedic Center - Musculoskeletal Tumor Service, Quezon City, Philippines 

Introduction. A chronic expanding hematoma (CEH) is a rare clinicopathologic entity that may simulate the clinical and 
radiologic presentation of soft tissue sarcomas. Etiology has been attributed to repeated exudation and bleeding from 
capillaries in granulation tissue, resulting in a gradually enlarging mass. This is the first published case of CEH presenting 
as a pseudotumor in the Philippines. 
 
Case Report. A 51-year-old male presented with a large thigh mass following a gunshot wound one year prior. Diagnostic 
imaging revealed a large complex mass with cystic areas overlying cortical erosions in the femoral diaphysis suggestive 
of osteomyelitis versus a primary aggressive new growth. Biopsy confirmed CEH and the absence of malignant cells. Hip 
disarticulation was performed after noting massive necrosis of the thigh compartments and neurovascular compromise. 
 
Conclusions. CEH is an important differential diagnosis to be considered in a patient with a slow-growing soft tissue 
mass and history of significant trauma. Its similar clinical presentation with a soft tissue sarcoma necessitates a high 
index of suspicion, diagnostic imaging, and biopsy prior to performing definitive surgery. When possible, wide excision 
is the recommended treatment for CEH. 
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How to manage infiltrative soft tissue sarcoma? - Survey for the 
musculoskeletal oncology surgeons – 
Shintaro Iwata 

National Cancer Center Hospital Japan, Cyuo-ku, Japan 

Background. Wide surgical margin (or R0 margin) is the ideal radical resection margin for soft tissue sarcoma (STS). 
Given that the survival of patients with STS is influenced by its surgical margin, we, sarcoma surgeons, should make 
every effort to obtain a clear wide margin. There is a growing body of evidence that an infiltrative STS (iSTS), which is 
an STS presenting an infiltrative growth pattern histologically and radiologically, might result in a relatively higher 
incidence of inadequate surgical margin and has a poor outcome. However, the optimal treatment strategy for iSTS is 
still debatable.  
Methods. A survey on iSTS treatment was conducted using Google form in May 2021, containing questions on 
radiographic evaluation, surgical treatment, and radiotherapy. We received responses from 86 respondents; 70 
respondents were from Asia, 11 from Europe, and 5 from the United States. 
Results. As for the surgical treatment, all (100 %) respondents consider the radiological infiltration when determining 
the resection margin, and 69 % of respondents agreed that Gadolinium-enhanced fat-saturated MRI is the most reliable 
image when determining the resection margin. They answered that an ideal additional resection margin from the end 
of the radiological infiltration ranges from 0 to 5 cm (median 2 cm), and 79 % of respondents answered to add a 2 to 3 
cm margin. As for radiotherapy, 95% of respondents responded to add postoperative radiotherapy in the patients with 
marginal margin; however, 49% answered to add in the patients who have R0 but less than 10 mm margin, and only 7% 
agreed to do those who have R0 and over 10 mm margin.  
Conclusion. It is known that a significant gap exists in the indications for postoperative radiotherapy for STS between 
Western and Eastern countries, while a relatively similar treatment strategy could be adopted for iSTS. A prospective 
study should validate the appropriate surgical margin and the indications for postoperative radiotherapy for iSTS. 
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Early functional outcomes following surgical resection of upper extremity 
soft tissue tumours 
Bryan Huai Gu Loh, Suraya Zainul-Abidin1, Henry Soeharno, Mann Hong Tan, Bryan Loh 

Singapore General Hospital, Singapore, Singapore 

The aim of this study is to evaluate the early functional outcomes of patients undergoing surgical resection of upper 
extremity soft tissue tumours. 
 
Methods. A prospective study was conducted on 116 patients managed at a tertiary musculoskeletal oncology centre 
from August 2016 to February 2018. Functional scores were evaluated using the Toronto Extremity Salvage Score (TESS) 
and the 1993 version of the Musculoskeletal Tumour Society Rating Scale (MSTS) by independent observers at pre-
operative visit, one and six-month follow-up. Demographic and tumour-related details (size, site, depth, histological 
diagnosis) were also obtained. 
 
Results. The average age was 57.6 years with 61 (52.6%) males. Majority of the patients presented with superficial 
(69.0%) soft tissue tumours located in the shoulder region (53.4%) with an average tumour volume of 66.8ml as 
described in Table 1.  Patients presented with minimal functional limitation (TESS 98.0) and although post-operative 
function was limited at 1-month follow-up (TESS 79.6, p<0.001), patients returned to full function at 6-month follow-up 
(TESS 100.0, p=0.087) as visualized in Figure 1. Statistically significant areas of impairment at 1-month follow-up includes 
difficulty performing household chores (p=0.027), serving meals (0.028), going back to usual work (p<0.001) and 
performing overhead activities (p<0.001). Histological diagnosis revealed that the majority of patients had benign 
tumours (96.6%). 
 
Conclusions. Patients undergoing resection of upper extremity soft tissue tumours do not have significant functional 
limitation at presentation. The results from the study are helpful in counselling patients on their expected post-
operative course and specific areas of functional deficit at 1-month, noting that at 6 months patients make a near full 
recovery of function.   
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Recurrence in Extremity osteosarcoma- Is there light at the end of tunnel? 
Anand Raja, Chandra Kumar Krishnan 

Cancer Institute (wia), Chennai, India 

Background. Recurrence portends a poor outcome in osteosarcoma. The pattern of recurrence and outcomes in these 
patients needs further description in Indian scenario. 
 
Purpose. To analyze the clinicopathological factors affecting recurrence in treated extremity osteosarcoma and their 
survival data. 
Inclusion criteria: Extremity osteosarcoma treated with curative intent diagnosed with recurrence. 
Exclusion criteria: Patients not receiving surgery. 
 
Methods. Retrospective analysis of a prospectively maintained database. Data with respect to demography, 
clinicopathology, treatment protocols, recurrence patterns and survival were collected and analysed. 
Study period- 2008-2018 
 
Results. Recurrence was diagnosed in 44% (n=101/232). Systemic recurrences (73%) were commonest 12% were local 
and 15% had local with systemic recurrences. The mean DFS of patients with recurrence was 72.5±4.4 months. The 3 
and 5 year DFS was 52.5±3.7% and 49.2±3.9% respectively. Patients with DFS >1 year had significantly better overall 
survival (p<0.001). Patients with pathological fracture showed a trend towards poorer DFS. 
 
Conclusion. The later the recurrence better the survival in curatively treated extremity osteosarcom 
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Comparison of Carbon Fiber and Titanium Intramedullary Nails in 
Orthopaedic Oncology 
Caleb Yeung, Olivier Groot, Nelson Merchan, Erik Newman, Joseph Schwab, Kevin Raskin, Santiago Lozano-
Calderon 

Massachusetts General Hospital, Boston, United States 

Background. Carbon fiber implants offer immense imaging advantages over titanium implants due to minimal scatter or susceptibility 
artifact on CT or MRI, respectively. This is relevant in orthopedic oncology as radiolucency allows for improved visualization of bone 
healing, post-operative surveillance for local disease recurrence or progression, and improved capability for radiation planning. There 
is a paucity of literature describing the use of these implants for pathologic fracture fixation.  
Purpose. This study investigated surgical characteristics and short-term results of patients with bony metastatic disease who 
underwent prophylactic or therapeutic fixation with a carbon-fiber implant for treatment of pathologic fracture. 
Methods. This tertiary institutional, retrospectively matched case-control study included patients who underwent prophylactic or 
therapeutic fixation for pathological humeral, femoral, or tibial fracture with either a titanium (n=36) or carbon fiber (n=36) 
intramedullary nail between 2016-2020 by one of three surgeons. Patients were 18 or older and matched for demographic 
characteristics, histologic diagnosis, and fracture location. Patients were excluded if intramedullary fixation was combined with any 
other surgical procedure/fixation method. Outcomes included operative time, blood loss, fluoroscopic time, and complications. 
Fisher exact and Mann-Whitney U analyses were categorical and continuous outcome analysis, respectively. 
Results. 72 patients were included with 36 patients each in the carbon fiber nail and titanium nail group. Patients with carbon fiber 
nails had a lower median BMI (24 [IQR:22-26] vs. 27 [23-30]) (Table 1). No other baseline differences were noted between groups. 
Median follow-up in months was 14 (IQR:2.3-38) in the titanium group and 9.5 (2.4-18.8) in the carbon fiber group. Patients receiving 
carbon fiber nails compared to titanium nails sustained higher blood loss (150ml [IQR:100-250]) vs. 100ml [50-150]; p=0.042) and 
longer fluoroscopic time (150 seconds [114-182)] vs. 94 seconds [58-124]; p=0.001). No differences in operative time were noted. 
There were no differences between groups with regard to implant rejection, fatigue, exchange, or complication, surgical wound 
infection, and mortality. Implant exchange was required in 4 patients in the titanium group (2 for non-union; 2 for local disease 
progression leading to conversion to endoprosthetic reconstruction) as compared with 0 in the carbon fiber group (p=0.115). 
Complications with implants neared statistical significance with 7 patients (19%) in the titanium group, including 4 periprosthetic 
complications, versus 1 patient (3%) in the carbon fiber group (p=0.055) (Table 2).  
Conclusions. Use of carbon fiber nails for fixation of pathologic long bone fractures was non-inferior to titanium nails with respect to 
radiographic union, implant failure, and complications after matching patient population demographics and tissue histology and 
demonstrated a low rate of complications in both groups without statistically significant difference. This represents the largest cohort 
to date assessing oncologic applications of carbon fiber implants, with similar or more extensive follow-up duration and tracked 
patient metrics.  
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Prospective Evaluation of Tranexamic Acid in Metastatic Cancer Patients 
with Pathologic Fractures Treated with Total Hip Arthroplasty or 
Hemiarthroplasty 
Caleb Yeung, Nikolas Baksh, Anthony Bozzo, Nicola Fabbri 
Memorial Sloan Kettering Cancer Center, New York, United States 

Background. Tranexamic acid (TXA), an anti-fibrinolytic, has gained popularity in orthopaedics due to reduction in blood 
loss and need for transfusion post-operatively without increased venous thromboembolic event (VTE) risk. More recent 
studies across oncologic surgical specialties have shown TXA can be safely used in the general cancer population, a 
group previously excluded from studies on TXA. No data currently exists on the safety and outcomes of TXA use in the 
treatment of pathologic hip fracture with hip hemiarthroplasty (HHA) or total hip arthroplasty (THA) secondary to 
metastatic disease, which is assesses in this study. 
Methods. This is a prospective cohort study at a single tertiary care center. Patients undergoing HHA or THA for 
impending or completed pathologic hip fracture for metastatic disease above the age of 18 were enrolled. Patients were 
excluded if additional surgical procedures were combined with these procedures. 1000mg of TXA was administered 
intravenously at incision. Primary outcomes included decrease in hemoglobin from pre-surgical values to post-operative 
day 1 (POD1), units transfused, and VTE and mortality events with minimum follow-up of 90 days. The independent t-
test or the Chi-squared test was used for continuous and categorical variables, respectively.  
Results. 37 patients were prospectively enrolled. 19 received THA and 18 received HHA. Distribution of gender, primary 
malignancy, pre-operative hemoglobin, and patient age did not statistically differ between those receiving TXA vs. not 
(Table 1).In the HHA group, post-operative decrease in hemoglobin in the TXA group was significantly less (1.1 g/dL 
[standard deviation (SD) 1.0] vs. 2.3 [1.0], p=0.018) (Table 2). No transfusions occurred in the TXA group vs. a mean of 
0.2 (SD 0.4) units transfused post-operatively in the control group; this trended toward significance (p=0.08). There were 
no DVT/PE events in the TXA group and one in the control group, which was not significantly different between groups; 
there were no instances of mortality at 90 days.In the THA group, post-operative decrease in hemoglobin in the TXA 
group was significantly less (1.1 g/dL [SD 1.2] vs. 2.0 [1.0], p=0.048). A significantly lower transfusion requirement was 
noted in the TXA group compared to the control group (no transfusions vs. a mean of 0.4 [SD 0.7] units, p=0.027). No 
DVT/PE events occurred in the TXA group vs. one in the control group, which was not significantly different between 
groups; there were no instances of mortality at 90 days.  
Conclusions. TXA administration reduced blood loss and transfusion requirement post-operatively in both the HHA and 
THA groups. No increase in VTE or mortality events were observed. This data is the first to our knowledge to support 
the utility of TXA in HHA or THA for treatment of pathologic hip fractures in metastatic disease.  
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Post-Operative Outcomes Using Carbon Fiber with Reinforced 
Polyetheretherketone (CFR-PEEK) Nailing in Orthopedic Oncology Patients 
Ryan Paul1, John A. Abraham1,2,3 

1Rothman Orthopaedic Institute, Philadelphia, United States, 2Capital Health, Bordentown, USA, 3Fox Chase Cancer Center, 
Philadelphia, USA 

Background. Carbon fiber with reinforced polyetheretherketone (CFR-PEEK) implants have been shown to provide a 
modulus of elasticity similar to cortical bone, potentially allowing for quickened bone union. While CFR-PEEK implants 
have been well-researched in orthopedic trauma, less research has been done evaluating CFR-PEEK nails in arthroplasty 
and orthopedic oncology. Therefore, the purpose of this retrospective cohort study was to report the post-operative 
outcomes of patients who received a CarboFix (Ocean Isle Beach, North Carolina, USA) CFR-PEEK nail during orthopedic 
oncology surgical procedures. 
 
Methods. Patients who received a CFR-PEEK nail during surgery were identified through the electronic medical records 
of one orthopedic surgeon with fellowship training in orthopedic oncology (***). All oncology patients who received a 
CFR-PEEK nail were included regardless of region or surgical procedure. Post-operative encounters were evaluated for 
any complications, hardware failure, revision, and recurrence of disease. Time to radiographic union was also assessed 
and confirmed clinically. 
 
Results. Overall, 52 patients were included in this study (41 femur, 11 humerus). No patients experienced hardware 
failure, underwent revision surgery, or developed recurrent disease. Increased visualization of tissues adjacent to the 
CFR-PEEK nail was noted in patients who required a follow-up MRI of the involved limb. Further data analysis regarding 
complications and time to radiographic union will be available for the conference. 
 
Conclusion. CFR-PEEK nails are a reasonable alternative to metal nails in the orthopedic oncology population. While 
further analysis will clarify whether CFR-PEEK nails provide a significant improvement in time to bone union, it is possible 
that CFR-PEEK nails may provide certain advantages in orthopedic oncology surgery 
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Carbon Fiber with Reinforced Polyetheretherketone (CFR-PEEK) Plating 
and Nailing for Intercalary Resection with Tibial Allograft Reconstruction in 
Two Oncologic Patients 
Ryan Paul1, John A. Abraham1,2,3 

1Rothman Orthopaedic Institute, Philadelphia, United States, 2Capital Health, Bordentown, USA, 3Fox Chase Cancer Center, 
Philadelphia, USA 

Background. Despite acceptable survivorship and excellent functional outcomes after reconstruction with tibial 
allograft, post-operative complications are still common. CarboFix (Ocean Isle Beach, North Carolina, USA) carbon fiber 
with reinforced polyetheretherketone (CFR-PEEK) implants have been utilized and researched in orthopedic trauma; 
however, CFR-PEEK implants may also have great potential in orthopedic oncology. Therefore, the purpose of this case 
series is to report the surgical technique, post-operative outcomes, and radiographic healing of two patients who 
received CarboFix CFR-PEEK plating and nailing for intercalary tumor resection with tibial allograft. 
 
Methods. Two patients who underwent CFR-PEEK plating and nailing for intercalary resection with tibial allograft 
reconstruction, with a soleus or gastrocnemius flap performed at the end of the surgery, were identified. A minimum 
of 1-year clinical and radiographic follow-up were available for both patients. All post-operative encounters were 
evaluated for any complications, progress of radiographic healing, reoperations, and recurrence of disease. Time to 
radiographic union was also assessed, with haziness at the fibula-host bone junction or between the allograft and host 
bone as well as a deterioration of the osteotomy line, as signs for assessing union. The radiographic time to union was 
confirmed clinically. 
 
Results. The first patient was diagnosed with adamantinoma and ultimately had a complication-free recovery 
throughout 2.5 years of follow-up. The second patient initially presented with a recurrent proximal tibia osteosarcoma 
after tibial curettage 14 years prior and has had a complication-free recovery throughout 1 year of follow-up. 
Radiographic union was identified at 6 months post-operatively in both patients and was confirmed with clinical 
examination. 
 
Conclusion. Both patients who received CarboFix CFR-PEEK plating and nailing for intercalary resection with tibial 
allograft had a successful surgical recovery with no post-operative complications. The time to union of 6 months 
observed in this current case series suggests that CFR-PEEK implants may provide a faster time to union than traditional 
implants (11-12 months) for allograft reconstruction, likely because of CFR-PEEK implants having a modulus of elasticity 
similar to cortical bone. 
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Cryo-ablation in the treatment of Aneurysmal Bone Cysts – does it improve 
outcome? 
Amir Sternheim1,2, Omri Merose1,2, Ortal Segal1,2, Solomon Dadia1,2, Eran Levanon3, Yair Gortzak1,2 

1National Unit of Orthopaedic Oncology, Tel-Aviv Medical Center, Tel-Aviv, Israel, 2Sackler School of Medicine, Tel-Aviv 
University, Tel-Aviv, Israel, 3Faculty of Medicine, Ben-Gurion University, Beer-Sheva, Israel 

Background. Curettage with or without the use of adjuvants is the standard of care in the treatment of an Aneurysmal 
Bone Cyst (ABC). In the past our institutional therapeutic approach for an ABC included curettage, high speed burr 
drilling and cryo-ablation, over the years we've seen that not all patients were treated accordingly, depending on 
patient's age, tumor location and surgeon's preference amongst others.  The purpose of this study is to compare the 
outcomes of patients diagnosed with an ABC treated by curettage and high-speed Burr-drilling with and without 
additional cryo-ablation between the years 2006 and 2019. 
 
Methods. All patients treated for an ABC, between January 2006 and December 2019 were included in this retrospective 
analysis. Patient characteristics, such as age, gender and tumor location, type of treatment, time of follow-up, 
recurrence rate and functional outcome as measured by the MSTS93 score were noted and compared between the two 
main treatment options utilized, curettage and high-speed burr drilling versus curettage, high-speed burr drilling and 
adjuvant cryo-ablation. Patients treated by embolization were excluded from this study. 
 
Results. No statistically significant difference in outcome was measured between patients treated with cryo-ablation 
(n-88) versus those treated without cryo-ablation (n-42), with regards to functional outcomes as measured by the MSTS 
93 score (28.9 vs. 27.8, p-0262), local recurrence rate (9.1% vs 7.1%, p-0.450), and the need for additional surgery for 
any reason (23.9% vs 23.8%, p<0.999). None of the presumed risk factors tested, such as age, gender and location 
appeared to increase the local recurrence risk in the whole patient cohort, except for patients with a secondary ABC 
(p=0.017). Follow up in the group treated with cryo-ablation was longer as compared to the group treated without cryo-
ablation (45.6 vs 73.2 months, p<0.001) reflecting the change in practice over time. 
 
Conclusions. In this cohort of patients with an ABC of the appendicular skeleton treated with curettage and high-speed 
burr, no difference was noted in local recurrence rate and functional outcome in patients treated with or without 
adjuvant cryo-ablation. Formal curettage with additional high-speed burr drilling achieves excellent tumor control with 
few complications and good functional outcome, without the need for cryo-ablation. 
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Paraspinal sarcoma resection: a series of 13 cases in a single institute 
Qjinglian Tang, Xiaojun Zhu, Jin Wang 

Sun Yat- Sen University Cancer Center, Guangzhou, China 

Background. Paraspinal sarcoma is rare but may represent a difficult clinical entity to treat. The low incidence of 
paraspinal sarcoma is often responsible for inappropriate surgery. Unplanned surgery is not uncommon for paraspinal 
sarcoma, which makes further treatment more complicated. There is only a paucity of literature which discuss 
specifically on this rare sarcoma arising at the paraspinal location. 
 
Methods. Thirteen patients with paraspinal sarcoma were treated at Sun Yat-sen University Cancer Center from 2017 
to 2022. The best treatment of these patients were discussed at routine Multidisciplinary Team (MDT) meeting. 
Whenever possible, surgery was planned to provide wide surgical margins. Treatment regimens including 
chemotherapy, surgery and radiation were retrieved from medical record data base. 
 
Results. There were 9 male and 4 female patients. The most common diagnosis was synovial sarcoma (4 patients, 30%), 
with 2 malignant solitary fibrous tumor, 1 undifferentiated pleomorphic sarcoma (UPS). For high grade sarcoma, 
neoadjuvant chemotherapy was adopted. Two patients (15%) were received unplanned surgery who were further 
referred to our department. Spinal stability was compromised by the bony resection in 5 patients who necessitate 
reconstruction. Five patients (38%) were received Intensity-Modulated Radiation Therapy (IMRT) with 55-63Gy/25-30F. 
One patient (7%) has a recurrent tumor 10 months after surgery. No recurrence was noticed among the patient’s 
receiving radiation after surgery.   
 
Conclusion. Correct pathological diagnosis of paraspinal sarcoma should be preceded surgery to avoid unplanned 
surgery. The best treatment for paraspinal sarcoma should be discussed case by case by a Multidisciplinary Team. 
Surgical margin of R0 is the key to achieve optimal local control. Radiation can help to lower local recurrence. 
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Long term Outcomes of Proximal Femoral Replacements with and without 
acetabular reconstruction 
Catrin H. Wigley, Shahwanaz Khan, Panos Gikas 
Royal National Orthopaedic Hospital, London, United Kingdom 

Introduction. The proximal femur is a common location for primary bone tumours, and the most common location for 
metastatic disease. Proximal femoral replacements are a gold standard following en bloc resection of tumour.   
 
Aims. We asked whether dislocation and revision rates differed between those patients receiving acetabular 
reconstruction or hemiarthroplasty PFR reconstructive options at long term follow-up.  
 
Methods. We performed a retrospective review of 122 consecutive patient who received a PFR limb salvage option 
following excision of a proximal femoral tumour. All patients were operated on at one tertiary referral centre and had 
at least 5 year follow up. Kaplan-Meier survivorship curves for dislocation and revision were calculated.  
 
Results. We identified 66 patients that received acetabulum reconstruction at the time of surgery, and 56 patients that 
received a hemiarthroplasty style PFRs. There were a total of 10 dislocations. 7 of these cases occurred in the acetabular 
reconstruction group and 3 in the hemiarthoplasty group. There were 13 revisions, 10 of which within the acetabular 
reconstruction group. Revision -free survival between the groups was not significant at 0.13. Of these ten, there were 
five Type 2 failures, three Type 4 failures, two Type 5 failures. There were a total of three revisions in the 
hemiarthoplasty group, two were for disease progression (Type 5 failure) and one Type 2 failure. Time to Type 2 failure 
in the hemiarthoplasty case was 54 months, and the average time to aseptic loosening in the acetabular reconstruction 
group was 43 months.  
 
Conclusion. This study assessed the need for acetabular reconstruction with a proximal femoral replacement and found 
no difference in dislocation rates, however, did show a difference in revision rates and time to revision, although neither 
were statistically significant.  
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One-year follow-up of upfront en bloc resection of stage 3 giant cell tumor 
of the proximal humerus reconstructed using clavicula pro humero 
technique – a case report    
Loren Josephine Lantin1, Mamer Rosario1, Vincent Paul Gonzalez1, John Ricardo Chua1, Lilia Monina Jose1, 
Avelino Alomesen2, Geoffrey Battad1 

1East Avenue Medical Center, Quezon City, Philippines, 2East Avenue Medical Center, Quezon City, Philippines 

Background. The optimal reconstruction procedure following en bloc resection of proximal humeral bone tumors 
remains controversial. Treatment for giant cell tumor of bone (GCT) with extensive soft tissue extension usually consists 
of detailed curettage with use of adjuvants such as denosumab, although wide resection or even amputation may be 
required to decrease risk of local recurrence. Moreover, neoadjuvant denosumab had been used to facilitate 
intralesional resection until recently, due to several studies demonstrating increased risk of local recurrence following 
curettage. The authors report on a case of non-denosumab-treated stage 3 GCT of the proximal humerus surgically 
managed by upfront en bloc resection, then clavicula pro humero reconstruction (CPH) using plate and screws.  
 
Case presentation. A 35-year-old male, right-handed, presented at the outpatient clinic on an arm sling with painful left 
shoulder. Left shoulder radiographs revealed a concentric lytic lesion involving the proximal humeral metaphysis and 
adjacent humeral head with medial cortical thinning and loss of lateral cortex. The same lesion demonstrated low 
intensity on T1- and heterogenous high intensity on T2-weighted magnetic resonance imaging with soft tissue extension 
through lateral cortical breakage. Radiological findings suggested diagnosis of stage 3 GCT of the left proximal humerus 
that was confirmed by open incisional biopsy findings. Upfront en bloc resection of the left proximal humeral tumor 
was subsequently opted, and the resulting bone loss was reconstructed using CPH technique, with the left clavicle fixed 
to residual left humerus using narrow dynamic compression plate and locking screws. Superficial infection with wound 
dehiscence developed over the sternoclavicular site within two weeks following surgery but was successfully treated by 
oral antibiotic therapy. No local recurrence or lung metastasis was noted upon follow-up and surveillance at 12 months 
postoperatively, and patient had satisfactory functional outcomes with Musculoskeletal Tumor Society score of 87%.       
 
Conclusion. The report concludes that performing upfront en bloc resection instead of initiating neoadjuvant 
denosumab therapy could work for cases of stage 3 GCT in decreasing risk of local recurrence. Moreover, CPH can be 
opted as reconstruction method following upfront en bloc resection of stage 3 GCT of the proximal humerus.     
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New adjustable modular hemipelvic prosthesis replacement with 3D-print 
osteotomy guide plate used in periacetabular malignant tumors 
Yi Shen 

Department of Orthopedics, The Second Xiangya Hospital of Central South University, Changsha, Hunan, China 

Background. Periacetabular malignant tumor seriously endangers the life and health of patients. Hemipelvic 
replacement provides a good method for patients who want complete resection of the tumor while retaining or 
restoring the function of the affected limb. Objective: To investigate the performance and clinical application of the 
New adjustable modular hemipelvic prosthesis and to compare the effects of three kinds of hemipelvic prosthesis.  
 
Methods. In this study, 23 patients, with an average age of 44.6 years (21-75 years) were collected, who received 
hemipelvic replacement with New adjustable, Modular, and Screw-Rod system hemipelvic prosthesis. Preoperative 
preparation was conducted on them and operative complications were recorded. Postoperative functional follow-up 
was performed regularly.  
 
Results. The average operation time was 319 minutes (170-480 minutes), and the average blood loss was 
2813ml(1000mL-8000ml). The incidence of complications was 47.8%, and type A (wound-related complications) had the 
highest incidence (34.8%). Postoperative dislocation occurred in 3 cases (13.0%), and no dislocation occurred in the New 
adjustable modular hemipelvic prosthesis group. The average MSTS score of the patients was 18.6 (10-23), and the 
average Harris score was 73.7 (53-87).  
 
Conclusions. The New adjustable modular hemipelvic prosthesis has the feasibility of reconstruction and good 
functional outcome, making it ideal for periacetabular tumors. Furthermore, preoperative tumor-feeding artery 
embolization and abdominal aortic balloon implantation may be an effective choice to reduce intraoperative blood loss 
and facilitate the operation of tumor resection. 
 
Keywords. Periacetabular malignancies, Hemipelvic replacement, 3D-print, Functional recovery, Dislocation. 
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Femoral Z osteotomy and rotation hip transposition with allograft for 
defect after pelvic tumor resection 
Hairong Xu, Yuan Li, Feng Yu, Xiaohui Niu 

Beijing Ji Shui Tan Hospital, Beijing, China 

Background. Reconstruction of bone defects after resection of pelvic tumors, especially those around the acetabulum, 
is challenging. The aim of this study was to evaluate the long-term functional outcome of femoral Z osteotomy and 
rotation hip transposition with allograft. 
 
Methods. From January 2011 to December 2016, a total of 10 patients with pelvic tumors underwent femoral Z 
osteotomy and rotation hip transposition with allograft. Three patients died within 2 years, and the average follow-up 
time of the remaining 7 patients was 99.6 (63.3-123.8) months. Complications were assessed in all patients. MSTS score, 
iliofemoral arthrodesis and pseudarthrosis, and lower limb discrepancy were evaluated in the survivors. 
 
Results. Four of 10 patients had surgery-related complications. Two had deep infection and recovered after reoperation. 
The other 2 patients recovered after non-surgery treatment. The median MSTS score for 7 survivors was 20(17-30). 
Bone fusion was achieved at the iliofemoral joint in 4 out of 7 survivors. The other 3 patients developed pseudarthrosis. 
The median lower limb discrepancy was 7(2-15) mm immediately after surgery and 12(1-19) mm at the latest follow-
up. 
 
Conclusion. The long-term function and complication of femoral Z osteotomy and rotation hip transposition with 
allograft in the treatment of bone defect after resection of pelvic tumor are acceptable and worthy of further clinical 
study 
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Revision for Aseptic Loosening of Tumor Prosthesis in Lower Limbs 
Feng Yu, Hairong Xu, Yuan Li, Xiaohui Niu 

Beijing Ji Shui Tan Hospital, Beijing, China 

Background. Aseptic loosening has been one of the most common prosthesis failures. Revisions for oncological 
prosthesis are especially challenging due to the limited bone quantity and poor quality that the patients still possess. 
The aims of this study were to ask (1) what is the cumulative survival of the Global Modular Replacement System (GMRS) 
prosthesis after revision? and (2) what are the long-term functional outcomes of these patients? 
 
Methods. We retrospectively reviewed 16 patients who developed aseptic loosening of a lower extremity prosthesis 
and were revised to a GMRS prosthesis between 2009 and 2012. There were 9 males and 7 females with a mean age of 
28 years (range, 14-55 years). The 5- year and 8- year survivorship of the prosthesis were calculated using Kaplan-Meier 
analysis for all prosthesis failures. Function outcome was evaluated according to the score of the Musculoskeletal Tumor 
Society (MSTS). 
 
Results. At a mean of 90 months follow-up (range, 52-118 months), the cumulative survival of all revision prosthesis 
was 94% at both 5 and 8 years. There were two prosthesis failures including one infection and one repeated aseptic 
loosening. The mean interval between the primary prosthesis replacement and the revision surgery were 81 months 
(range, 27-187 months). At the last follow-up, except for the infection case, 93.3% (14/15) of the patients did not 
develop repeated aseptic loosening. In total, 85.7% (12/14) of the patients had much longer aseptic loosening free 
survival with revision prosthesis (90.6±19.3 months) than with primary domestic prosthesis (43.4±29.7 months) with 
statistical significance (P=0.001). The mean MSTS score was 27.7 (range, 24-30).  
 
Conclusions. GMRS prosthesis demonstrated significant satisfactory long-term outcomes for revisions of lower 
extremity oncological prosthesis. 
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Outcomes of distal radial endoprostheses: A single centre experience over 
15 years 
Rachel Mahoney, Scott Evans, Vineet Kurinskal, Lee Jeys, Zeeshan Khan, Adesegun Abudu 

Royal Orthopaedic Hospital, Birmingham, United Kingdom 

Background. Endoprosthetic replacements are widely used for the reconstruction of bone defects following resection 
of both malignant and benign aggressive bone tumours, however there is limited literature regarding their use in 
reconstruction around the distal radius. We report the largest single centre, retrospective study over a 15-year period, 
evaluating clinical and functional outcomes in patients who underwent excision of the distal radius and subsequent 
reconstruction, comparing the outcomes in arthrodesis and arthroplasty. 
 
Methods. Review of all distal radius endoprosthesis implanted at a single centre tertiary referral centre following 
excision of both malignant and benign aggressive bone tumours between 2005 and 2020. Data was collected 
retrospectively from a prospectively maintained electronic database, and prospectively via telephone patient 
consultation. Musculoskeletal Tumour Society (MSTS) and Patient Rated Wrist Evaluation (PRWE) scores were assessed 
at a minimum of 1 year post-operatively. 
 
Results. Of nine implants, five were arthrodesis and four were arthroplasty. The commonest primary diagnosis was 
Giant Cell Tumour (5 patients), the remaining were for Osteosarcoma (2 patients), Chondrosarcoma and Metastatic 
Renal Carcinoma. Five patients were available for follow-up (range 2.3 – 11 years post-operatively). Two patients had 
died from metastatic disease, one from unrelated causes and another implant had been amputated within 6 months of 
index surgery due to progression of metastatic disease. Local recurrence occurred in five of the 9 patients. Persistent 
dorsal subluxation was the commonest complication following arthroplasty (three patients) and metacarpal screw 
protrusion following arthrodesis (two patients). At last documented follow-up, eight patients subjectively reported good 
function. Five patients returned to high functionally demanding jobs. Mean MSTS and PRWE scores were 72% and 
49.9/100 respectively. There were no cases of infection or radiological evidence of aseptic loosening. 
 
Conclusion. Distal radius endoprosthetic replacements offer acceptable functional outcomes and remain a viable option 
when biological reconstruction is not possible. Complications of arthrodesis vs arthroplasty are predictable and 
therefore can aide preoperative patient centred decision-making. Disease recurrence remains a problem and therefore, 
surveillance for local recurrence needs to be instigated post-operatively 
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Limb Salvage Surgery with Liquid Nitrogen Pretreated Bone Tumor 
Autograft - Successful Outcomes at Low Cost 
Gottardo Bianchi1, Leticia Gaiero1, Pablo Stoppiello1, Ana Cecilia Belzarena2, Nicolas Casales1, Claudio Silveri1 

1Instituto Nacional de Ortopedia y Traumatología, Montevideo, Uruguay, 2Miami Cancer Institute,United States 

Background. Limb salvage surgery is the current standard of care for limb sarcomas. In 1999 Tsuchiya et al. presented 
a technique for limb biological reconstruction with autografts recycled in liquid nitrogen (LN). This technique has the 
advantages of low cost, easy access, perfect graft matching and does not require a bone bank, among others but had 
not been introduced to our country until recently.  
Questions/Purposes. To assess local recurrence rates, time to consolidation of the recycled autograft, function of the 
patients and to present the first Uruguayan cohort of sarcoma patients treated with this technique. 
Patients and Methods. A prospective study was conducted on patients who underwent limb salvage procedure with LN 
recycled autografts at our institution between August/2015 and June/2019. Nineteen patients were enrolled, 6 patients 
with a follow up <6 months were excluded, 13 were included for statistical analysis. Patients were informed about 
different treatment options and consent was obtained. The technique included submerging the bone part containing 
the sarcoma in LN at a temperature of -196°C for 20 minutes, subsequent progressive warming of the bone piece 
followed by reimplantation and surgical fixation. Postoperative function was assessed per the MSTS score. Associations 
between different variables and the outcomes of interest were assessed by the chi-square test or Fisher’s exact test. All 
tests were deemed significant if p < 0.05. 
Results. Thirteen patients were included in the study, 77% were male. The mean age was 28 years old (range 5-57, SD 
17). The most common diagnosis was osteosarcoma (54%) and the most common location was the lower extremity 
(85%). The mean follow up was of 27 months (SD 17). No patient died and no patient was lost to follow up. Six patients 
had a reconstruction with an intercalary autograft, 3 were osteoarticular, 2 hemicortical and 2 were a composite with 
an arthroplasty implant. Regarding the freezing method, the majority were free autografts (92%) and one was a pedicle 
autograft (Figure 1). The mean length of the autografts was 15cm (range 5-28). The autograft union rate was 83% and 
the mean time to union was 6.7 months (range 4-9). No patient had a recurrence at the bone site. One patient developed 
at soft tissue local recurrence Eleven patients had localized disease at the time of the procedure, none evolved to 
metastatic disease. The mean function by the MSTS score was 73.8% (range 13-100%). 
Conclusions. No patient with localized disease at the time of procedure progressed to metastatic disease. No patient 
presented with recurrence at the bone site. Moreover, the autograft consolidation rates were 83% and the functional 
score 73.8%. LN recycled autograft is a validated surgical reconstruction option and particularly useful in countries with 
limited resources. 
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Mapping The Course of Recovery Following Limb Salvage Surgery for Soft 
Tissue Sarcoma of the Extremities 
Alexander Lazarides1, Zachary Burke2, Manit Gundavda2, Marco Focaccia2, Anthony Griffin2, Kim Tsoi2, Peter 
Ferguson2, Jay Wunder2 

1Moffitt Cancer Center, Tampa, USA, 2University of Toronto, Toronto, Canada 

Background. Despite the goal of an acceptable functional result, the surgical treatment of soft tissue sarcoma can 
portend a prolonged course of recovery. The purpose of the present study was 1) to describe the typical course of 
functional recovery of patients undergoing limb salvage resection of a soft tissue sarcoma of the extremities and pelvis 
2) to identify factors associated with reduced outcomes measures and 3) to compare patients who had a “delayed” 
postoperative course of recovery with those who had an expected course of recovery. 
 
Methods. A retrospective review of a prospectively maintained institutional database was performed of all patients 
undergoing surgical treatment with limb salvage of a soft tissue sarcoma of the extremities or pelvis with at least 1 year 
of follow up from definitive surgery were considered eligible for inclusion. All patients were required to have 
preoperative functional outcomes recorded for either TESS or MSTS scores and functional outcome measures at 1 year 
postoperatively. The primary outcome measure was time to maximal functional improvement, defined as failure to 
demonstrate improvement on two consecutive follow up appointments, as defined by the functional outcome measures 
of Toronto Extremity Salvage Score (TESS) and Musculoskeletal Tumor Society (MSTS) Score, or by achieving 90% of the 
patient’s maximum outcome score.  
 
Results. We identified 916 patients who underwent surgical resection of a soft tissue sarcoma of the extremities. 
Median follow up was 74 months (range 12-352 months).   Patients typically achieved a return to their baseline 
preoperative level of function for all functional outcome measures by ~1 years’ time postoperatively. Patients typically 
achieved “maximal” functional recovery of all functional outcome measures by 2 years’ time postoperatively. We 
conducted a multivariable analysis to identify the patient, tumor and treatment factors that were independently 
associated with diminished functional outcomes measures at 1 year postoperatively. Older age, female sex, deep tumor 
location, larger tumor size and pelvic location were independently associated with worse functional outcome measures. 
Amongst treatment factors, bony resection, motor nerve resection, free/ rotational soft coverage and postoperative 
complications were associated with worse function. An analysis was performed to determine which patients had a 
prolonged course of recovery, i.e. were considered to still be “recovering”. Female sex, tumor depth below fascia, larger 
tumor size radiation therapy, motor nerve resection and postoperative complications were associated with delayed 
functional recovery across all domains. 
 
Discussion. Most patients will recover their baseline function by 1 year and achieve “maximal” recovery by 2 years’ time 
following surgical resection for soft tissue sarcoma of the extremities.  Older age, female sex, larger tumor size, bony 
involvement, motor nerve resection, post-surgical complications and tumor recurrence portend poorer functional 
outcomes and a delayed course of recovery. 
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A massive destruction of Aneurysmal Bone Cyst (ABC) of left hemipelvis in 
a 15-year-old girl: How to treat? 
Chee Leong Choong1, Farhan Yahaya2, Nur Dini Mohd Yusof2, Prashant Narhari1, Azuhairy Azid1 

1Orthopaedic Oncology Unit, Penang General Hospital, Georgetown, Malaysia, 2Orthopaedic, Hospital Sultanah Bahiyah, 
Alor Setar, Malaysia 

Background. Primary ABC which are locally aggressive at hemipelvis is rare, with incidence rate of 8-12% [1,2]. The 
standard treatment is extended curettage. Newer method of sclerotherapy works by inducing damage to the 
endothelium vessels, triggers coagulation pathway and results in thrombosis. Multiple sclerotherapy agent seems to 
give good outcome in ABC. Polidocanol sclerotherapy showed 93.3% healing rate [3].  
Methods. Follow up on a 15-year-old obese girl from year 2018 until present time. She presented with progressive left 
hip pain with limping (pain score 9) and swelling after a trivial fall. Her first radiograph showed osteolytic lesion involving 
ischium, pubic rami and acetabular (IMAGE 1). Eventually the whole of left hemipelvis was disappearing. Open biopsy 
proven diagnosis of ABC was made in 2018. While lesion was slowly progressing over 2 years even though she was 
treated with intravenous palmidronate sodium 6mg monthly. Bone resorption of whole left hemipelvis with severely 
deformed left acetabulum noted in September 2021 (IMAGE 2) Literature search was done and we proceeded with trial 
of percutaneous polidocanol injection monthly for 6 months under fluoroscopy in the operation theatre under local 
anaesthesia. Approximately 1 litre of blood was aspirated, using Jamshidi needle to break the locules at same time prior 
to injection. Radiopaque dye was injected followed by polidocanol 130mg (2mg per kg). After 3 injections her pain (pain 
score 2) and ambulation improved. 
Results. We consider this case as a successful polidocanol sclerotherapy of the largest primary ABC of left hemipelvis in 
an adolescent at northern part of peninsular Malaysia that we have seen. Significant clinical outcome as evidence by 
pain score and ambulation improvement from wheelchair bound to unaided full weight bearing. Lesion responded with 
significant calcification and sclerotic rim formation in April 2022 (IMAGE 3). 
Discussions. The management is challenging due to massive lesion, difficult in achieving intraoperative hemostasis, 
adjacent neurovascular structures in close proximity and displaced, risk of injury to the acetabulum or sacroiliac joint 
that can impaired pelvic stability. Furthermore, complex reconstruction of left hemipelvis in an adolescent is not widely 
done in this region. 
Conclusion. We believe this is the current best treatment for pelvis ABC, it is still debatable and differ from case-to-
case. Polidocanol sclerotherapy offer a safe and non-invasive treatment with an acceptable clinical outcome. However, 
longer follow up is needed to evaluate long term outcome.  
 
References.  
1. Timothy B, et al., Aneurysmal bone cyst. J Am Acad Orthop Surg  2012;20:233–241. 
2. Papagelopoulos PJ, et al., Treatment of aneurysmal bone cysts of the pelvis and sacrum. J Bone Joint Surg Am. 2001;83:1674–1681. 
3. Varshney MK, et al., Is sclerotherapy better than intralesional excision for treating aneurysmal bone cysts? ClinOrthopRelatRes. 2010;468(6):1649–
59.  
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Having fish and bear’s paw both- Could biological reconstruction in joint 
sparing of osteosarcoma around knee guarantee both limb function and 
oncological prognosis? 
Jun Wan, Hong-bo He, Wei Luo, Can Zhang, Yu-peng Liu, Zhan Liao, Jian Tian, Feng Long, Qing Liu 

Department of Orthopedics, Xiangya Hospital, Central South University, Changsha, China 

Background. Following advocation of neoadjuvant chemotherapy and 3D printing technology, joint sparing surgery for 
osteosarcoma has sprung up. On the premise of ensuring the surgical margin, whether biological reconstruction can 
provide good limb function and ensure oncological prognosis at the same time. 
 
Methods. From January 2015 to December 2019, we studied retrospectively the data of patients with osteosarcoma 
around knee in our center. The inclusion criteria were that the safe surgical margin from the distal end to the articular 
surface was ≥ 2cm according to the sequence of MRI after neoadjuvant chemotherapy. The patients were divided into 
two groups according to whether the epiphysis plate was closed. In order to achieve safe surgical margin, the group of 
closed epiphyseal was osteotomized with 3D printed guide plate. The open group was applied epiphyseal distraction or 
osteotomized with guide plate according to the evolved portion of epiphyseal. Long segment allograft or inactived 
tumor autograft were chosen for biological reconstruction of bone defect. In the two groups, the MSTS scores, local 
recurrence, distant metastasis, bone healing and data of related complications (complications including graft fracture, 
graft resorption, fracture of internal fixation, infection, low limb discrepancy) were collected and statistical analysis 
were performed with SPSS 16.0. 
 
Results. The postoperative MSTS scores of 32 patients in the two groups were evaluated as good(P＞0.05); There was 
no local recurrence in the open epiphyseal group and 3 cases in the closed epiphyseal group (significant statistical 
difference, P＜0.05), there was 4 cases and 3 cases of distant metastasis in two groups respectively(P＞0.05). Bone 
healing were all achieved at the distal end of all biological reconstruction in both groups, and the proximal segment did 
not heal in 4 cases (3 in allograft and 1 in inactive autograft), which did not affect the limb function; There was 1 patient 
with graft fracture using allograft, there was no case observed with graft resorption fracture of internal fixation, deep 
infection in two groups. There were 1 cases of superficial tissue reaction using allograft. there was no statistical 
difference in related complications between the two groups(P＞0.05). There were 4 cases occurred low limb 

discrepancy in open epiphyseal group. (P＜0.05).  
 
Conclusion. The limb function is good by using biological reconstruction in joint sparing of osteosarcoma around knee. 
Even bone nonunion occur in some patients, strong internal fixation ensures support strength and does not affect limb 
function. Low limb discrepancy is an issue needed to take second lengthening surgery in patients with open epiphyseal. 
In terms of safe surgical margin, it needs to be carefully evaluated in patients with closed epiphyseal, we suggested to 
take the sequence of MRI before neoadjuvant chemotherapy when making decision for surgical margin. 
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Challenging the conventional surgical corridors. Is there a need to revisit 
conventional pelvic resections? 
Shah Alam Khan, Love Kapoor, Venkatesan Sampath Kumar 

All India Institute of Medical Sciences, New Delhi, Delhi, India 

Background. Conventional periacetabular pelvic resections are associated with poor functional outcomes. Resections 
through surgical corridors beyond the conventional margins may be helpful in retaining greater function without 
compromising the oncological margins. 
 
Methods. The study included a retrospective review of 82 cases of pelvic resections for pelvic tumors. Outcomes of 
acetabulum preservation (Group A) were compared with complete acetabular resection (Group B). Also, we compared 
outcomes of Type I+half resections (Group 1) with Type I+II resections (Group 2), and Type III+half resections (Group 3) 
with Type II+III resections (Group 4). 
 
Results. Group A (n=44) had significantly better functional outcome than Group B(n=38) with average MSTS93 score 
22.3 vs 20.1 and average HHS 91.3 vs 82.5 (p<0.001). Group 1(n=14) and Group 2(n=12) had similar functional outcomes 
(mean MSTS93 score 22.07 vs 21.58 (p=0.597) and mean HHS 90.37 vs 86.51 (p=0.205)). Group 3(n=11) had significantly 
better functional outcome than Group 4(n=17), with mean MSTS93 score 22.8 vs 19.7 (p<0.001) and mean HHS 92.3 vs 
80.1 (p<0.001). Oncological outcomes were similar among the groups. 
 
Conclusion. Trans-acetabular pelvic resections provide functional benefit over conventional resections without 
compromising oncological margins. There is a need to revisit and revise the pelvic resection planes 
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Total femoral prosthesis replacement following resection of femoral 
malignant tumors 
Dechao Yuan, Xiang Fang, Xiang Fang, Wenli Zhang, Chongqi Tu, Senlin Lei, Banskota Nishant 

West China School of Medicine/west China Hospital, Sichuan University, Chengdu, China 

Background. The essential factor for the good functional outcome after total femoral prosthesis replacement (TFR)was 
the preservation of muscles around the femur. Patients with extensive muscles invasion usually means a wide surgical 
resection and less preservation of muscles. Rectus femoris is important to the stability of the prosthesis. We studied the 
interrelation between the tumor invasion the rectus femoris and the functional outcome after TFR.  
 
Methods. Between 2010 and 2019, 14 patients with a mean age of 44.8 years were treated for femur tumor with TFR. 
We categorized the cases into 2 groups: group A (with rectus femoris invasion) and group B (without rectus femoris 
invasion). Outcome was evaluated by gait analysis, Musculoskeletal Tumor Society Score (MSTS) and Harris hip score 
(HHS), and complications, by the ISOLS method modified in 2014.  
 
Results. The average MSTS and HHS score of group A was 17.6±3.1, 55.38±13.30, whereas the average score of group B 
was 23.0±4.8, 80.17±6.24. There was significant difference between the groups in MSTS (P =0.02，<0.05) and HHS (P 

=0.001，<0.05). The group without rectus femoris invasion also achieved better limb function (supporting and gait) and 
active ROM(P<0.05).  
 
Conclusions. Patients treated with total femur resection and TFR, which without rectus femoris invasion had a better 
limb function, and greater active hip ROM than those who with. 
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Utility of Pedicled Functional Latissimus Flaps for Reconstruction of the 
Upper Extremity Following Resection of Soft-Tissue Sarcomas 
Matthew Houdek, Mikaela Sullivan, Alexandra Arguello, Steven Moran 

Mayo Clinic, Rochester, United States 

Background. Resection of soft-tissue sarcomas (STS) of the upper extremity can impart substantial functional implications. There are 
limited options for functional reconstruction of the shoulder, biceps and triceps. In the lower extremity, free functional latissimus 
flaps have been utilized to restore function of the hamstrings and quadriceps, however there is limited data on the use of latissimus 
flaps for functional reconstruction in the upper extremity. The purpose of this study is to evaluate the outcomes of patients 
undergoing functional reconstruction of the upper extremity utilizing a pedicled functional latissimus flap 
Patients and Methods. We reviewed 10 (7 male:3 female; mean age 63 years, Table 1) patients undergoing resection of a soft-tissue 
sarcoma involving the triceps (n=4), biceps (Figure 1, n=4) and deltoid (Figure 2, n=2) reconstructed with a pedicled functional 
latissimus flap. All patients were treated with radiotherapy either neoadjuvant (n=8, total dose 50 Gy) or neoadjuvant and 
intraoperative (n=2, total dose 62 Gy). All resections were performed in a rolling lateral position, with harvest of the latissimus 
performed in a standard fashion following tumor extirpation, however instead of dividing the thoracodorsal nerve, it is protected 
throughout the case. The resting tension of the latissimus was marked with sutures placed at 5 cm increments prior to flap elevation. 
All flaps were harvested with a skin paddle.  The mean tumor size and volume at the time of resection were 12 cm (range, 5-24 cm) 
and 612 cm³ (range, 40-2,815 cm³). All margins were negative at the time of resection. Postoperatively patients were kept in an 
abduction sling or functional brace depending on tumor location for 6 weeks. Patients then began neuromuscular retraining of the 
latissimus. All surviving patients had at least 1 year of follow-up, with a mean follow-up of 5 years (range 1-11 years). 
Results. Four patients had a recipient site complication all secondary to the wound. One patient had a donor site seroma. 
Complications resulted in 3 repeat surgeries, all irrigations and debridement of the wound. There were no flap losses. One patient 
sustained a radiation associated humerus fracture 5 years postoperative treated non-operatively due to progressive metastatic 
disease. At most recent follow-up, the mean elbow and shoulder range of motion were 105° (range 0-130°) and 150° (range 0-180°). 
The mean Musculoskeletal Tumor Society Score was 88% (range, 37-100%). The mean muscle strength was 4 (range 0-5). Four 
patients developed metastatic disease and three patients died of disease. The 5-year disease specific survival and metastatic free 
survival were 75% and 70%. 
Conclusion. Although early complications are high, pedicled functional latissimus flaps allow for wound coverage, potential space 
obliteration and restoration of function in the upper extremity following resection of large soft tissue sarcomas.     
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Long-term results of femoral megaprostheses – follow-up for more than 15 
years 
Ryu Terauchi, Toshiharu Shirai, Shinji Tsuchida, Naoki Mizoshiri, Yuki Mori, Seiji Shimomura, Daichi Hayashi, 
Kenji Takahashi 
Dept. of Orthopaedics, Kyoto Prefectural University of Medicine, Kyoto, Japan 

Background. Reconstruction using a tumor endoprostheses is an effective method of conserving the function of the 
affected leg in cases suffering from osseous defects resulting from surgical therapy for femoral bone tumor. But it is 
generally reported that the survival rate for tumor megaprostheses is shorter than that for non-tumor prostheses. The 
aim of the present study is to evaluate long-term results following replacement arthroplasty using tumor 
megaprostheses, and to clarify factors which have an impact on the survival rates of prostheses. 
 
Methods. The subjects were 11 legs of 11 males and 9 legs of 8 females, for whom follow up observation was possible 
for at least 15 years, from amongst those who underwent reconstructive surgery of megaprostheses for femoral primary 
bone tumors from 1973 to 2021. The average age at the time of initial surgery was 22.9±3.2 (10.6 – 61.0) years old, with 
an average post-surgical follow up period of 29.1±1.8 (16.0 – 49.0) years. The endpoint was the removal of prosthesis, 
and the survival rates were obtained.  
We evaluated differences in survival curves in terms of gender, age at the time of initial surgery, MSTS score, the type 
of implant, implant occupation rate and bone conservation rate.  
 
Results.  8 legs required replacement, all of which were less than 8 years following surgery. The 5, 10, and 20-year 
survival rates were 80.0％, 70.0％ and 65.0% respectively. Underlying diseases were osteosarcoma in 12 cases, 
chondrosarcoma in 4 cases, Ewings sarcoma in 1 case, and osteoclastoma in 2 cases. The types of implants were 
Howmedica Modular Resection System (HMRS) in 7 legs, Modular Tumor System in 10 legs, Kyocera ceramic implant 
which had a hingeless type knee joint in 2 legs, and unknown in 1 leg. HMRS has the semiconstrained hinge structure, 
and MTS has the rotating hand structure. No surface replacement types were used. When survival curves were 
compared in terms of gender and the age at time of surgery (>=18 years old and <18 years old), there was a significant 
difference (p=0.032, 0.012, each). There were no significant differences in other factors. 
 
Conclusions. A large number of replacement cases were observed in males aged younger at the time of surgery. It was 
considered that high activity at an early post-surgical stage may have caused loosening and breakage, leading to the 
shortening of the survival period. It is important to provide clear information on the functions of the affected legs 
following surgery and on restrictions on activities to younger patients, as well as to educate them to comply with such 
information. 
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Functional Outcomes of Scapular Resection: Is a New Classification System 
Needed? 
Rachel Honig, Matthew Houdek, Samuel Broida, Katherine Mallett, Jonathan Barlow, Peter Rose, Joaquin 
Sanchez-Sotelc                    
Mayo Clinic, Rochester, Minnesota, United States 

Introduction. Surgical resection of bone tumors of the shoulder girdle which includes the scapula can impart substantial 
functional impairment. Previous outcome studies have focused on preservation of the glenohumeral joint. As such 
resection classifications have focused on the glenoid, and even resections only including the glenoid are considered 
“total scapular resections”. These classification systems are over 50 years old, and advances in surgical techniques has 
improved functional outcomes; however, these historic resection classifications may not account for these advances. 
As such we sought to evaluate our institutional outcome of patients undergoing scapular to determine if a different 
classification system should be developed. 

Methods. 107 (43 females, 64 males; mean age 42±20 years) patients undergoing an en-bloc shoulder girdle resection 
including the scapula were reviewed (Table 1). The mean tumor size was 8±4 cm. The scapula was divided based on the 
status of the scapular spine and glenoid (Figure 1). 52 (49%) resections included the humerus (n=52, 49%).  Functional 
outcome measures included Musculoskeletal Tumor Society (MSTS93) Score, American Shoulder and Elbow Surgeons 
Score (ASES) and Simple Shoulder Test (SST). 

Results. Patients with a total scapular resection had worse functional outcomes compared to those undergoing a partial 
resection. Patients with preservation of the glenoid and the scapular spine had improved functional outcomes compared 
to those with the glenoid or scapular spine resected (Table 2). When examining the status of the glenoid in relation to 
the scapular spine, there was no difference functional outcomes when examining patients who had preservation of both 
the scapular spine and glenoid or just the scapular spine based on the MSTS93 (73% vs. 68%, p=0.15), ASES (73% vs. 
67%, p=0.28) and SST (7 vs 6, p=0.15). This was also apparent when examining the location of a horizontal osteotomy 
of the scapula. If the osteotomy was inferior to the scapular spine, patients had improved outcome when compared to 
patients where the osteotomy was through or above the spine in terms of the mean MSTS93 (85% vs. 67%, p<0.01), 
ASES (86% vs. 64%, p<0.01) and SST (10 vs. 5, p<0.01).  However, when it was only the glenoid/coracoid/acromion 
remaining, with a vertical osteotomy at the level of the scapular notch, there was no difference in patient function 
between patients who had preservation of the glenoid/coracoid/acromion and those that did not in terms of MSTS93 
(73% vs. 71%, p=0.85), ASES (70% vs. 71%, p=0.71) and SST (7 vs. 6, p=0.89).   

Conclusion. Contrary to previous functional classifications, resection of the glenoid should not be considered a total 
scapular resection if the scapular spine is able to be maintained. In addition to the glenoid, the scapular spine is essential 
for shoulder function. As such we propose a new classification system that accounts for this. 
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Patient and Surgical Risk Factors for Surgical Site Infection in Lower 
Extremity Oncologic Endoprosthetic Reconstruction: A Secondary Analysis 
of the PARITY Trial Data 
David Slawaska-Eng1, Aaron Gazendam1, Tricia Schneider1, Joseph Kendal3, Ricardo Becker2, Joao Paulo 
Fonseca de Freitas4, Nicholas Bernthal3, Michelle Ghert1 

1McMaster University, Hamilton, Canada, 2Universidade Federal do Rio Grande do Sul, Porto Alegre, Brazil, 3University of 
California, Los Angeles, Los Angeles, USA, 4University of Coimbra, Coimbra, Portugal  

Background. The specific risk factors for surgical site infection (SSI) in orthopaedic oncology patients undergoing 
endoprosthetic reconstruction have not previously been evaluated in a large prospective cohort. The current study aims 
to define patient and procedure-specific risk factors for SSI in patients undergoing surgical excision and endoprosthetic 
reconstruction of the lower extremity for oncologic indications using the prospectively collected data of the Prophylactic 
Antibiotic Regimens in Tumor Surgery (PARITY) trial. 
 
Methods. PARITY was a multicenter, blinded, parallel two-arm design randomized controlled trial that aimed to 
determine the effect of long (5 days) vs. short duration (24 hours) postoperative prophylactic antibiotics on the rate of 
SSI in patients undergoing surgical excision of the femur or tibia. The primary analysis of the PARITY study of 604 eligible 
patients was published in the Journal of the American Medical Association (Oncology) on January 6, 2022. In this 
secondary analysis of the PARITY data, a multivariate Cox proportional hazards regression model was constructed to 
explore predictors of SSI within one year postoperatively. Based on the outcomes of the univariate analysis and 
theoretical relationships, the following variables were selected for inclusion in the regression model: age, sex, tumor 
location (femur vs. tibia) and type (primary bone vs. soft tissue sarcoma invading bone vs. oligometastatic bone disease), 
soft tissue mass, preoperative neutropenia, neoadjuvant chemotherapy, operative time, total muscle excised, 
intraoperative vancomycin powder use, silver coated prosthesis, prosthesis betadine soak, arthroplasty helmet use, 
operative laminar flow, postoperative suction drain, urinary catheter, postoperative negative pressure wound therapy, 
hospital length of stay (LOS) and adjuvant chemotherapy. The results of the model are presented with hazards ratios 
(HR) and 95% confidence intervals (CI).  
 
Results. A total of 96 of 604 patients (15.9%) experienced an SSI. Of the 22 variables analysed in the univariate analysis, 
four variables achieved statistical significance: tumor type, operative time, volume of muscle excised and hospital LOS. 
However, only hospital LOS was found to be independently predictive of SSI in the multivariate regression analysis (HR 
= 1.03, 95% CI = [1.01-1.05], P = 0.001). An omnibus test of model coefficients demonstrated that the model showed 
significant improvement over the null model (χ2 = 76.6, P<0.001). No multicollinearity was found upon construction of 
a correlation matrix using an r value of >0.7 as a cut off for exclusion. 
 
Conclusions. This secondary analysis of the PARITY study data found that among the potential risk factors for SSI 
following endoprosthetic reconstruction of the lower extremity, the only independent risk factor on multivariate 
analysis was hospital LOS. It therefore may be reasonable for clinicians to consider streamlined discharge plans for 
orthopaedic oncology patients to potentially reduce the risk for SS 
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Structural allograft for benign bone tumors. 
Juan Carlos González-Saldivar1, Adriana Hernandez-Lopez1, Adrian Torres-Gaytan2, Carlos Cuervo-Lozano2 

Orthopaedic Oncology Institute - Tec Salud, San Pedro Garza García, Mexico, 2Universidad Autónoma de Nuevo Leon, 
Departamento de Traumatologia y Ortopedia, Monterrey, Mexico 

Background. Benign and borderline bone tumors are treated with a variety of surgical procedures. One of the most 
accepted is intralesional curettage. Autogenous cancellous bone is considered the gold standard for bone defect 
reconstruction although bone allograft has its own advantages such as avoidance of donor site morbidity, unlimited 
supply, and availability in different sizes. This study reports a retrospective outcome analysis of structural fresh-frozen 
bone allografts used to reconstruct bone defects after intralesional resection in orthopedic oncology practice.  
 
Methods. We performed a retrospective review of all patients treated with intralesional resection and reconstruction 
with structural frozen allograft, that we named BONE in BONE technique for benign or borderline bone tumors in 
patients regardless their age. We included all the patients treated between December 2004 to December 2021.  
 
Results. We identified 115 patients, who underwent bone in bone surgical technique for their primary (n= 67/78) (86%) 
or recurrent bone lesion. (n= 11/78)(14%). 37 were ruled out due to follow-up loss (M/F= 38/40), median age was 17.5(2 
months – 63 years) and minimum follow-up 4 months. The most common histological diagnosis were as follows:  
Aneurysmatic bone cyst - 32 cases, Simple bone cyst - 11 cases, Giant cell tumors - 14 cases and non-ossifying fibroma 
- 8 cases. Local recurrence occurred in 10 of 78 patients (9%) most commonly among GCT (n=3/14 (21.4%)) and ABC 
(n=4/32 (12.5%)). Most recurrences occurred within the first 2 years. (n=5/7 (71.4%)) and the overall cumulative 
incidence at 5 years was 19%. Overall revision-free survival was 91 % after 125 months (10 years) and a mean survival 
time in Kaplan-Meier was 113.87 months (9 years) (95% confidence interval CI 95.78-131.96). Complications were 
classified with the ISOLS classification of failure of limb salvage after biological reconstructions. 8 Complications 
occurred, 7 cases were non mechanical type 5, sub type b (tumor progression in bone) and 1 case was a pediatric failure 
type 6, subtype A (physeal arrest). Other complications were observed in 6 cases, we were unable to classify them by 
the ISOLS classification. These complications included 1 case of lateral femoral cutaneous nerve neuropraxia which 
recovered,1 case of avascular necrosis of humeral head, 2 cases of contralateral postsurgical cortical fracture which 
didn´t required further surgical intervention and 3 cases of allograft reabsorption which required reintervention. 
  
Conclusion. Using bone allograft with the BONE in BONE technique is an efficient and low-cost procedure for many 
benign bone and borderline lesions. It is associated with a low recurrence rate and few complications. Partial bone 
integration is seen by 6 months postoperatively. For high- risk entities as TCG we recommend additional adjuvant 
treatment (nitrogen) to avoid local recurrence. 
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Filling with alpha-tricalcium phosphate followed by curettage and phenol-
ethanol ablation for appendicular giant cell tumor of bone 
Hiromichi Oshiro, Yasunori Tome, Yuichi Tsuha, Yusuke Aoki, Kohei Mizuta, Kotaro Nishida 

Graduate School of Medicine, University of the Ryukyus, Nishihara-cho, Nakagami-gun, Okinawa, Japan 

Background. Reconstruction after curettage of giant cell tumor of bone (GCTB) is necessary to prevent secondary 
osteoarthritis. Autogenous bone graft, polymethyl methacrylate, and hydroxyapatite are utilized for filling materials. 
However, these materials have problems, such as difficulty to adjust bone cavity, stress-induced loosening, and 
peripheral fracture. Alpha-tricalcium phosphate (α-TCP) is adjustable bone substitute and biocompatible material to 
overcome these problems. The aim of this study is to evaluate effectiveness and safety on filling with α-TCP followed by 
curettage and phenol-ethanol (PE) ablation for appendicular GCTB. 
 
Methods. Sixteen patients (male: female = 9: 7) with GCTB who underwent curettage using high-speed burr, PE ablation, 
and filling with α-TCP in our institute from April 2008 to April 2021 were retrospectively reviewed. Patients who were 
followed up less than 12 months were excluded in this study. Campanacci grading system, number of local recurrences 
or metastases, local recurrence-free survival (LRFS) rate with Kaplan-Meier method, oncological outcome, and number 
of complications were evaluated. 
 
Results. The median follow-up period was 38.0 months (range, 12–122). The median age of surgery was 28.0 years old. 
The affected sites were distal femur in 5 cases, proximal tibia and proximal humerus in each 3, distal radius in 2, others 
in 3. Two patients were classified as grade I, 14 patients were as grade II, and none of patient was as grade III in 
Campanacci grading system. Local recurrence developed in 3 cases (18.8 %), all of whom were Campanacci grade II. The 
5-year LRFS rate was 77.8% in this study. Lung metastasis was not detected in this study. Oncological outcome was as 
follows: i) continuous disease free, 13 patients; ii) alive with disease (AWD), 3 patients; iii) no evidence of disease and 
death of disease; none of patient. Denosumab was administrated to 3 patients with AWD. Secondary osteoarthritis after 
surgery was not detected in the present study. 
 
Conclusion. The current study demonstrated filling with α-TCP followed by curettage and PE ablation did not develop 
secondary osteoarthritis after surgery of GCTB. Filling with α-TCP after curettage of GCTB could be useful and safer 
reconstruction strategy for surgery of GCTB. 
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Freezing in Florida – Are we ready for Diversity? 
Stephanie Zarate1, Pablo Stoppiello2, Gottardo Bianchi2, Leticia Gaiero2, Nicolas Casales2, Claudio Silveri2, Ana 
Cecilia Belzarena1 

1Miami Cancer Institute, Miami, United States, 2Universidad de la Republica, Montevideo, Uruguay 

Background. Extensive data demonstrates the benefits of having diversified working teams in medicine. Furthermore, 
diversity of backgrounds allows the possibility of different approaches to a particular condition, permitting the patient 
alternatives that could be more suitable yet not so popular in a geographic area. Here we describe the challenges faced 
when diversity of backgrounds is put into practice and novel effective treatment options are offered to patients in an 
unfamiliar surgical context. 
 
Methods. A 17 y.o. male with a humerus high-grade osteosarcoma sought care at our service. Given the tumor 
characteristics, age and functional expectations, different alternatives were presented along risks and benefits of each. 
The following options were presented: proximal humeral resection (50% length) with endoprosthetic reconstruction, 
resection with allograft reconstruction, resection with allograft-prosthetic composite and liquid nitrogen recycled 
autograft technique – a procedure well-known to the surgical team. After extensive and thorough discussion, literature 
search and analysis by the family and the patient, a decision was made for the latter option. We describe the difficulties 
encountered and examine its root causes through an Ishikawa diagram and a PESTEL analysis. 
 
Results. Barriers were divided into 2 subgroups; technical challenges (TC) and cultural resistance (CR). Within CR, the 
case was not allowed to be scheduled initially, and the scheduling surgeon requested to “ask permission” to a general 
surgeon (with no sarcoma experience) to proceed. Following, the team was asked to obtain permission from the 
anesthesia chief to do the case. Throughout the process, the OR administrative staff showed resistance to the 
procedure, even though there were no specific points of concern to discuss. Fear of complications never linked to the 
technique were expressed without any scientific basis. Recovery nursing staff invoked concerns as to the postoperative 
care. Literature was shared demonstrating no immediate serious complications. Administrative staff shared fears as to 
never seen such a case. For the TC, there was a preoccupation about obtaining the nitrogen, its handling and the lack 
of appropriate instruments. This was appeased with literature and a live case simulation. Eventually, surgery was 
authorized, not doing so would have been catastrophic to patient given the limited window of opportunity for surgery.   
 
Conclusion. Even though the benefits of diversity are well known in medicine, in practicality resistance is still 
encountered. The challenges presented occurred due to lack of knowledge and cultural fear of the unknow, despite the 
extensive literature supporting the well-known and effective technique. Moreover, barriers can oftentimes be 
magnified, for surgeons belonging to a minority group. In this scenario, it becomes of paramount importance to respect 
the patient’s wishes, keep an open mind regarding different alternatives and act in the patient’s best interest. 
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Oncological and functional outcomes of planned and unplanned excision 
of soft tissue sarcoma 
Atsushi Mihara1, Ryuta Iwanaga1, Keiichi Muramatsu2, Koichiro Ihara3, Takashi Sakai1 

1Yamaguchi University Graduate School of Medicine, Ube, Japan, 2Nagato General Hospital, Nagato, Japan, 3Kanmon 
Medical Center, Shimonoseki, Japan 

Background. Unplanned excision of soft tissue sarcomas is not uncommon. In such cases additional wide resection of 
the surgical bed is essentional to restore oncological outcomes. However additional wide resection may lead to 
increased surgical invasion. The oncological and functional outcomes between planned excision and unplanned excision 
with additional wide resection remains controversial. The purpose of this study is to determine the impact of unplanned 
excision of soft tissue sarcomas on oncological and functional outcomes. 
 
Methods. A retrospective single-center study was performed. Patients with soft tissue sarcoma surgically treated in 
2005-2019 were included in this study. A total of 120 patients consisting of planned excision (PE) group (n=88), and 
unplanned excision with additional wide resection (UE) group (n=32) were included. Unplanned excision was defined as 
patients who recieved initial surgery outside our institute with the assumption of having a benign tumor and met any 
of the following criteria, which do not apply to the policy of excision biopsy or open biopsy set by the Japanese 
Orthopaedic Association; no MRI or contrast-enhanced CT prior to the initial surgery, tumor located at non-superficial 
location, tumor size larger than 20mm, non-vertical skin incision at initial surgery, positive tumor margin at initial 
surgery. Patient and tumor backgrounds, overall survival, local recurrence-free survival, metastasis-free survival, 
disease-free survival, incidence rate of reconstructive surgery, and musculoskeletal tumor society (MSTS) score were 
assessed from medical records. Propensity score matching method was used in statistical analysis. 
 
Results. The 5-year survival rate of overall survival, local reucurrence-free survival, metastasis-free survival, and disease-
free survival did not differ between the PE and UE groups. The incidence rate of reconstructive surgery were significantly 
higher in the UE group (PE: 48% vs. UE: 84%, p<0.001). Since difference in tumor size and depth of tumor location were 
found between the two groups, propensity score matching was performed to align the backgrounds. There was no 
difference in 5-year survival rates between the two groups and the incidence rate of reconstructive surgery was 
significantly higher in the UE group (PE: 41% vs. UE: 82%, p=0.012), even after propenstiy score matching. The total 
MSTS score, “pain” and “emotional acceptance” scores were significantly higher in the PE group before propensity score 
matching. The “pain” and “emotional acceptance” scores were significantly higher in the PE group after propensity score 
matching also. Regarding the factors of unplanned excision, cases with positive tumor margins showed the worst 
functional scores while cases of inadequate skin incision and inadequate image exams showed similar results to the 
comparison of all cases. 
 
Conclusions. Unplanned excision did not deteriorate oncological outcomes, however unplanned excision lead to 
unnecessary reconstructive surgery and adversely affected patient-reported outcomes with minimal effects on pure 
functional outcomes 
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Preoperative imaging determines necessity of tissue biopsy in 
extraperitoneal lipomatous tumor 
Chindanai Hongsaprabhas1, Todsapon Chancharoenchai1, Chris Charoenlap1, Aticha Ariyachaipanich2, 
Chindarat Ratanakornphan2, Numphung Numkarunarunrote2, Anand Prugmahachaikul3, Voranuch Thanakit3 

1Department of Orthopaedics, Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand, 2Department of 
Radiology, Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand, 3Department of Pathology, Faculty of 
Medicine, Chulalongkorn University, Bangkok, Thailand 

Background. Diagnosis and treatment of extraperitoneal lipomatous tumor are challenging and vary upon surgeons. Tissue biopsy is 
mandatory in most of soft tissue tumor before the definite surgery but not for extraperitoneal lipomatous tumor which provisional 
diagnosis can be mostly made by imaging. Therefore, we studied the necessity of preoperative tissue biopsy for this type of soft tissue 
tumor. 
Methods. Retrospective study performed in our institute by collecting all data from 2010 to 2020 including all new extraperitoneal 
lipomatous tumor patients who underwent definite surgery by general surgeons and orthopaedic oncologists with a minimum of 1-
year follow-up. All medical records, imaging studies and histopathological studies were reviewed by specialists. One hundred patients 
with 104 lesions were included consisting of 57 lipomas, 26 atypical lipomatous tumors (ALT), and 21 high-grade liposarcomas. 
Average age was 57 years old and mean follow-up time was 53 months. Nineteen lipomatous tumors had tissue biopsy prior to 
definitive surgery consisting of 4 incisional biopsies and 15 core needle biopsies. All lipomas and ALTs were marginal resected while 
high-grade liposarcoma were attempted for wide resection.  
Results. Preoperative tissue biopsy was performed when imaging suggested of high-grade liposarcoma in 18/28 (64%) lesions and 
1/40 (3%) in ALT. Twenty-six out of 27 (96%) superficial lesions also with 83/86 (97%) lesions contain higher than 75% of fat 
component had definite surgery without prior biopsy. Five out of 19 (26%) biopsy results did not exhibit malignant features which 
turn out to be 3 high-grade liposarcomas, 1 ALT and 1 lipoma from whole specimen study, while 4 lesions from those 5 biopsies 
achieved free margin from whole specimen study. Provisional diagnosis from imaging of 36 lipomas had 33 (92%) lipomas and 3 (8%) 
ALTs in definite pathology. Imaging-suggest of 40 ALTs showed 22 (55%) lipomas, 17 (43%) ALTs and 1 (3%) high-grade liposarcoma 
in definite pathology, while 28 high-grade liposarcomas from imaging turned out to be 20 (71%) high-grade liposarcomas, 6 (21%) 
ALTs and 2 (7%) lipomas. Complication occurred in 10 (10%) patients including of 4 dehiscence wounds, 3 seromas and 3 wound 
infections. Two patients required resurgery because of wound complications, however no patient needed reoperation because of 
surgery without prior biopsy. Two local recurrences occurred in ALT and high-grade liposarcoma patients who achieved free margin 
from definite surgery and postoperative adjuvant radiotherapy. 
Conclusion. Provisional diagnosis from imaging of high-grade liposarcoma was preferred by surgeon for preoperative tissue biopsy 
event though inconclusive result might be exhibited. Moreover, superficial lesions and lesions with higher than 75% fat component 
from imaging regardless of diagnosis would undergo definite surgery without biopsy. Accurate imaging interpretation is the key 
success to determine proper management of extraperitoneal lipomatous tumor. 
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Chondrosarcoma of the Pelvis: surgical management options and 
outcomes of 41 cases 
Hong Duan, Xiang Fang, Wenli Zhang, Chongqi Tu, Dechao Yuan, Senlin Lei 

West China School of Medicine/west China Hospital, Sichuan University, Chengdu, China 

Background. Treatment of chondrosarcoma of the pelvis is challenging for the orthopedic oncologists due to its low 
rates of survival and high rates of local recurrence. Therefore, we report on our investigation in a large series of 41 cases 
in our center, providing oncologic and functional outcomes of surgical approaches to chondrosarcoma. 
 
Methods. A retrospective study was performed in 41 patients with localized pelvic chondrosarcoma initially surgically 
treated in our hospital between 2007 and 2019. Of these 41 patients, 23 were male and 18 were female, and the average 
age at initial operation was 26.48 (15-45) years. The median duration of follow-up was 5 (3-10) years. 
 
Results. The number of patients with grade-1 chondrosarcoma, grade-2, grade-3 and grade-4 (undifferentiated 
chondrosarcoma) are 22, 10, 2 and 7 respectively. Hemipelvectomy was performed in 13 patients to achieve local tumor 
control and limb-salvage procedure in the other 28 patients. 13 patients (14%) had local recurrence and 11 (10%) had 
distant metastases. 25 patients (69%) were alive with no evidence of disease, 10 (20%) had died of the disease, six (9%) 
had died of unrelated causes, and one (2%) was alive with disease at the time of the final follow-up. Inadequate wide 
surgical margin correlated with local recurrence (p < 0.001). High-grade chondrosarcoma correlated with poor overall 
survival (p < 0.001). All patients that underwent a limb-salvage procedure could walk in the final follow-up, with a mean 
functional score of 77% (the system of Musculoskeletal Tumor Society). 
 
Conclusions. Adequate surgical margin of pelvic chondrosarcoma may lead to longer survival time. Tumor grade is highly 
correlated with overall or disease-free survival. 
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Surgical strategy for benign lesions in proximal femur: internal fixation or 
endoprosthetic replacement 
Hong Duan, Xiang Fang, Wenli Zhang, Chongqi Tu, Yi Luo, Senlin Lei 

West China School of Medicine/west China Hospital, Sichuan University, Chengdu, China 

Background. The proximal femur is a common site for primary bone tumors and tumor-like lesions, where the systemic 
stress is most concentrated. If tumor lesions occur, pathological fractures are likely to occur due to the reduction in 
strength. Once a pathological fracture occurs, surgery is the main treatment. Currently, there is no unified standard or 
clear indication for the selection of surgical fixation methods. The purpose of this study was to explore the indications 
for the two most frequently applied surgical procedures for benign lesions in the proximal femur. 
 
Methods. We retrospectively reviewed 142 patients with benign lesions in the proximal femur from January 2010 to 
January 2018. Internal fixation (IF) was adopted in 110 patients, while endoprosthetic replacement (EPR) was applied in 
32 patients. Clinical data, including operation time, blood loss, hospitalization time, and hospitalization expenses, were 
compared between the groups. Limb mobilization was evaluated by the Musculoskeletal Tumor Society Score-93 (MSTS-
93) and Harris Hip Score (HHS). Local recurrences and complications were statistically compared.  
 
Results. The average follow-up was 66 months (range 32–84 months). In the EPR group, operation time and 
hospitalization time were significantly shorter (p < 0.05 and p < 0.05, respectively), while blood loss and hospitalization 
expenses were significantly higher (p < 0.05 and p < 0.05, respectively). Functional outcomes of the MSTS-93 and HHS 
were higher at the three-week follow-up in the EPR group (p < 0.001 and p < 0.001, respectively) but lower at 6 months 
(p = 0.031 and p = 0.042, respectively). No differences were observed in the two scores at three months (p = 0.261 and 
p = 0.134, respectively). Local recurrence and complication rates were similar in the two groups (p = 0.895 and p = 0.942, 
respectively). 
 
Conclusion. The strategy for benign proximal femur lesions should depend on the site, size, initial diagnosis, and thinning 
degree of cortical bone. IF and EPR both result in satisfactory local control and functional and radiological results, while 
EPR is more suitable for aggressive and recurrent lesions and serves as an effective measure after IF failure. 
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Surgical options and outcomes for pelvic bone metastasis 
Dechao Yuan, Dr. Xiang Fang, Xiang Fang, Wenli Zhang, Chongqi Tu, Banskota Nishant 

West China School of Medicine/West China Hospital, Sichuan University, Chengdu, China 

Background. Treatment of pelvic bone metastasis is challenging and controversial. This study aimed to report surgical 
options and outcomes. 
 
Methods. A retrospective study was performed in 27 patients (15 male and 12 female) with pelvic bone metastasis 
treated in our hospital between 2004 and 2019. The average age at surgery was 60.5 (16-84) years. Surgery was planned 
based on location of the lesion, metastasis of other organs and general conditions of the patients. Group A (n=9) with 
isolated weight-unbearing metastasis (region I or III), good general conditions and no vital organ metastasis underwent 
en bloc resection and bone cement implantation. Group B (n=5) with multiple metastasis and poor general conditions 
underwent I125/bone cement implantation following curettage. Group C (n=13) with isolated weight-bearing 
metastasis (region II) underwent hemipelvectomy with reconstruction. Radiological, VAS, MSTS and SF-36 were 
analyzed. 
 
Results. The median follow-up was 25 months. The mean survival for Group A, B and C was 37, 9 and 30 months, 
respectively. The mean pre-, postoperative and 6-month postoperative VAS for Group A was 8.4, 5.4 and 4.2. For Group 
B, 8.7, 5.2 and 5.0. For Group C, 9.1, 5.0 and 4.5. The mean postoperative and 6-month postoperative MSTS for Group 
A was 22.2 and 21.5. For Group B, 16.7 and 18. For Group C, 20.05 and 23.3. The mean pre-, postoperative and 6-month 
postoperative SF-36 for Group A was 35.1, 75.5 and 68.0. For Group B, 20, 60.5 and 50. For Group C, 25.45, 86.2 and 
88.0. Significant differences were noted for VAS and SF-36 respectively, between pre- and postoperatively. 
 
Conclusions. Surgical options based on location of metastasis, presence of vital organ metastasis and general conditions 
of the patients could yield good functional outcome and better quality of life. 
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Surgical management of metastatic lesions of the proximal femur with 
pathological fractures using intramedullary nailing or endoprosthetic 
replacement 
Xiang Fang, Xiang Fang, Wenli, Chongqi, Dechao, Senlin, Banskota Nishant 

West China School of Medicine/West China Hospital, Sichuan University, Chengdu, China 

Background. Endoprosthetic replacement (EPR) and intramed¬ullary nailing (IMN) are two most commonly applied 
surgical methods used to treat proximal metastatic lesions; however, the indications remain contro¬versial. This study 
aimed to evaluate the clinical, functional and oncological outcomes of patients who underwent EPR compared to IMN 
for the treatment of proximal femur metastases to investigate the surgical indication.  
 
Methods. 88 patients with proximal femur pathological fractures secondary to metastatic tumors admitted between 
January 2005 and December 2020 to West China Hospital were retrospectively studied. 57 patients were treated with 
EPR and 31 patients, with IMN. Surgery time, blood loss, hospital stay, Musculoskeletal Tumor Society score (MSTS), 
survival, recurrence and complications were analyzed.  
 
Results. The median follow up period was 12.9 (3 98) months. The median survival time in EPR was 10.0 months and 
7.5 months in IMN. Surgery time was 142.6±22.7 min in EPR group and 98.7±19.5 min in IMN group (P<0.001). 
Significantly less blood loss was observed in IMN group (345.2±66.4 ml) than in EPR group (631.5±103.6 ml; P<0.001). 
The median hospital stay in EPR group was 8 days and 5 days in IMN group (P<0.001). Local recurrence rate was 10.5% 
(6/57) in EPR group and 25.8% (8/31) in IMN group (P=0.074). Complication rates were 10.5% (6/57) in EPR group and 
29.0% (9/31) in IMN group (P=0.038). MSTS score was higher in IMN compared with EPR at 6 weeks postoperatively 
(P<0.001), while EPR group demonstrated a higher score at 6 months postoperatively (P<0.001).  
 
Conclusions. EPR has better functional outcomes and higher life quality with lower complication rates in the long term. 
IMN is best indicated for extremely limited patient's life expectancy. 
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PET Imaging Versus Clinical Examination in Determining Lymph Node 
Involvement in Merkel Cell Carcinoma of the Extremity 
Samuel Broida, Xiao T. Chen, Brian Wahlig, Steven Moran, Matthew Houdek 

Mayo Clinic, Rochester, United States 

Background. Merkel cell carcinoma (MCC) is a rare, aggressive non-melanoma skin cancer arising from cutaneous 
neuroendocrine cells that has a propensity for spread to regional lymph nodes. Identification of nodal involvement is 
an important aspect of initial staging. Modalities for detection of nodal metastatic disease include clinical examination, 
positron emission tomography (PET), and sentinel lymph node biopsy (SLNB). To date, there has been little data 
comparing the utility of PET imaging to clinical examination in detecting nodal involvement for MCC of the extremity.   
 
Methods. Two-hundred and seventy patients with MCC from a single institution were retrospectively reviewed. Of 
these, 121 (44.8%) patients had MCC of the extremity, including 65 (53.4%) with upper extremity disease and 56 (46.3%) 
with lower extremity disease. Staging workup and treatment information including clinical examination, PET imaging, 
and biopsy results were reviewed. All PET images were interpreted by board-certified radiologists and all histology was 
confirmed by fellowship trained dermatopathologists. 
 
Results. Sentinel lymph node biopsy was performed in 103/121 (85.1%) patients, of which 96/103 (93.2%) had 
documented lymph node clinical exams and 53/103 (54.4%) had PET imaging performed prior to SLNB. Histopathologic 
examination was positive for nodal involvement in 34/103 (33%) cases.  Compared to SLNB for detection of lymph node 
metastases, clinical examination of lymph nodes had a sensitivity of 22%, specificity of 97%, positive predictive value 
(PPV)of 75%, and negative predictive value (NPV) of 76% whereas PET demonstrated sensitivity of 18%, specificity of 
91%, PPV of 50%, and NPV of 69%.  
 
Conclusion. PET imaging is an unreliable modality for detection of regional lymph node involvement in patients with 
MCC of the extremity. Clinical examination is more accurate; however, the sensitivity of both modalities is low. Sentinel 
lymph node biopsy should be performed in all patients with MCC of the extremity for evaluation of micrometastatic 
disease, regardless of findings on clinical examination or PET imaging. 
 

 
 
  

350



 

 
 

FS13.12 

Outcome of Multidisciplinary Treatment of Merkel Cell Carcinoma of the 
Lower Extremity 
Samuel Broida, Xiao T. Chen, Brian Wahlig, Steven Moran, Matthew Houdek 

Mayo Clinic, Rochester, United States 

Introduction. Merkel cell carcinoma (MCC) is a rare and aggressive non-melanoma skin cancer arising from cutaneous 
neuroendocrine cells with a predilection for sun-exposed regions. MCC has a propensity for local and distant disease 
recurrence, although multidisciplinary approaches to treatment have demonstrated improved rates of both recurrence 
and mortality. Currently there is a paucity of data examining the outcome of MCC arising from the lower extremity. The 
purpose of the present study was to examine the treatment outcomes of patients with MCC of the lower extremity. 
 
Patients and Methods. A cohort of 270 patients with MCC evaluated at a single institution was retrospectively reviewed.  
Of these, 56 (20.7%) patients had MCC in the lower extremity. The group included 22 females (39%) and all patients 
were Caucasian. Mean age at diagnosis was 72±11 years. All histology was confirmed by fellowship trained 
dermatopathologists. Primary lesions were located on the thigh (n=17), leg (n=33), ankle (n=6), and foot (n=1). One 
patient presented with distant metastases at diagnosis. Data was collected on the workup and treatment modalities for 
each patient along with rate of disease recurrence. Recurrence-free survival and disease-specific survival were 
evaluated using Kaplan-Meier analysis.  
 
Results. Wide local excision (WLE) was performed in 48/56 (85.7%) patients, 1 (1.8%) patient underwent Mohs 
micrographic surgery, and the remaining 7 (12.5%) patients did not receive surgery beyond excisional biopsy. Forty-six 
(95.8%) patients received sentinel lymph node biopsy at the time of WLE with evidence of nodal metastases in 19 
(41.3%) of cases. Adjuvant radiotherapy was delivered to the primary site in 40/56 (71.4%) patients and additionally to 
the regional lymph node basin in 25/40 (62.5%) patients. Adjuvant systemic therapy was delivered to 5 patients out of 
the entire cohort. Recurrence-free survival (RFS) was 67.9% at 1 year, 51.6% at 3 years, and 51.6% at 5 years. There 
were four instances of local recurrence, all of which occurred in patients who had received wide local excision including 
two patients who also received adjuvant radiation. Fourteen (25%) patients had regional recurrence, and 19 (33.9%) 
patients had distant recurrence. Average time to recurrence was 14.3 months (range 3-75 months). Disease-specific 
survival (DSS) was 91.0% at 1 year, 86.5% at 3 years, and 80.2% at 5 years.  
 
Conclusion. Merkel cell carcinoma (MCC) of the lower extremity has a high rate of locoregional and distant recurrence 
despite multifactorial treatment including margin-negative resection, adjuvant radiotherapy to the primary site and 
regional nodes, and chemotherapy. 
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Outcome of Multidisciplinary Treatment of Merkel Cell Carcinoma of the 
Upper Extremity 
Samuel Broida, Xiao T. Chen, Kareme Alder, Steven Moran, Matthew Houdek 

Mayo Clinic, Rochester, United States 

Introduction. Skin cancers represent the most common malignancy of the upper extremity. Merkel cell carcinoma (MCC) 
is a rare and aggressive non-melanoma skin cancer arising from cutaneous neuroendocrine cells. MCC has a propensity 
for local and distant disease recurrence. Currently there is a paucity of data examining the outcome of MCC arising from 
the upper extremity. The purpose of the current study was to examine the treatment outcome of patients with MCC of 
the upper extremity. 
 
Patients and Methods. A retrospective review was conducted on 270 patients with MCC from a single institution, of 
which 65 (24.7%) patients had MCC of the upper extremity. The group included 45 (69.2%) males and 20 females, with 
a mean age of 70±11 years at the time of biopsy. All histology was confirmed by fellowship trained dermatopathologists. 
Tumors were located on the upper arm (n=15), elbow (n=5), forearm (n=21), wrist (n=3), and finger/hand (n=21). Data 
was collected on the workup and treatment modalities for each patient along with rate of disease recurrence. 
Recurrence-free survival and disease-specific survival were evaluated using Kaplan-Meier analysis.  
 
Results. Fifty-nine (90.8%) patients underwent wide local excision, 4 (6.2%) patients underwent Mohs micrographic 
surgery, and two (3.1%) patients with metastatic disease on presentation did not receive surgery. Sentinel lymph node 
biopsy (SLNB) was performed in 57/65 (87.7%) patients, 15 (26.3%) of whom had positive sentinel nodes for metastatic 
disease.  Adjuvant radiotherapy was delivered to the primary site in 24/65 (36.9%) patients, 8 (33.3%) of whom also 
received radiation to the regional lymph node basin. Four (6.2%) patients received systemic chemotherapy. Recurrence-
free survival was 80.4% at one year, 72.4% at three years, and 66.9% at five years. Of the 21 patients who experienced 
disease recurrence, 9 (42.9%) had regional recurrence and 12 (57.1%) had distant recurrence. There were no instances 
of local recurrence. Disease-specific survival was 93.5% at one year, 82.8% at three years, and 82.8% at five years. 
 
Conclusion. Merkel cell carcinoma (MCC) is a rare cutaneous neuroendocrine carcinoma with a high propensity for 
regional nodal spread and a predilection towards sun-exposed areas, including the hand and wrist. Despite aggressive 
treatment including margin-negative resection, adjuvant radiotherapy to the primary site and regional nodes, and 
chemotherapy, MCC of the upper extremity has a significant rate of recurrence within 5 years of diagnosis. However, 
disease-specific survival is high at 5 years despite this high recurrence rate.  
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En Bloc Resection and Intercalary Endoprosthetic Reconstruction for 
Palliative Treatment of Patients with Diaphyseal Long Bone Metastases 
Joshua Johnson, Robert Satcher, Valerae Lewis, Bryan Moon, Patrick Lin 

MD Anderson Cancer Center, Houston, United States 

Background. Pathologic fractures and large impending lesions of the diaphysis present a challenge to the treating 
surgeon.  Treatment options are typically limited and in the setting of extensive segmental cortical destruction and a 
large soft tissue mass, resection and intercalary endoprosthetic reconstruction may be favored. However, there is a 
paucity of literature examining outcomes in such cases. We sought to review our experience with this approach with 
emphasis on patient and implant survival, complications and functional outcomes.  
Methods. We retrospectively identified 19 patients with diaphyseal long bone metastases who were treated with 
resection and intercalary endoprosthetic reconstruction from 2006-2017.  There were 11 males and 8 females with 
mean age 60 years.  Eight patients (42%) presented with pathologic fracture while the rest had impending fractures.  
Ten (53%) involved the femur, with the remainder in the humerus.  The most common pathology was renal cell 
carcinoma (n=10, 53%).  Sixteen patients (84%) received systemic therapy.  Implants included sixteen (84%) GMRS 
(Stryker) and three OSS (Zimmer Biomet). All were cemented. Radiographs were analyzed for radiolucency at the bone-
cement-implant interfaces and component position stability.  Functional outcomes were assessed using the MSTS 
scoring system. Survival estimates were calculated using the Kaplan-Meier method.  Given the limited life expectancy 
of the patient cohort, a competing risk analysis was used to evaluate implant survival, using death of patient as the 
competing risk.  
Results. Mean follow-up was 24 months.  At final follow-up, fifteen patients had died at a mean 15 months. Overall 
patient survival was 68%, 53%, and 14% at one, two, and five years, respectively with a median survival time of 25 
months.  Six patients (32%) (5 humerus, 1 femur) had radiographic evidence of aseptic loosening.  Of these, three (16%) 
underwent revision of components at a mean 12 months; all were in the humerus. In a competing risk analysis, using 
death as the competing risk, the risk of implant revision was 10% at 1 year (95% CI (0.02-0.29)).  This was unchanged at 
year 5. One patient (5%) died post-operatively on day 1 after developing cardiac arrest.  Another patient (n=1, 5%) 
developed a local soft tissue recurrence requiring excision.  Mean OR time was 3.7 hours.  Mean blood loss was 647 mL.  
Seven patients required peri-operative blood transfusion, receiving a mean 2.1 units. Mean length of stay was 7.3 days. 
MSTS scores improved from a mean 29 pre-operatively to 83 post-operatively.  
Conclusion. For patients with large diaphyseal metastases, resection with cemented endoprosthetic reconstruction can 
provide stability and improvement in function for the short-term. Although aseptic loosening is a concern, the 
competing risk analysis suggests that the procedure is adequate for most patients. The perioperative risks seem 
acceptable in terms of blood loss, complications, and local disease control.  
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Distal femur pedicle frozen autograft reconstruction for malignant bone 
tumors. 
Juan P Zumarraga1,2,3,4, Diego E Rubio2,4, Estuardo J Barragan1 

1Universidad San Francisco de Quito, Quito, Ecuador, 2Hospital Metropolitano, Quito, Ecuador, 3Hospital Vozandes, Quito, 
Ecuador, 4Hospital Monte Sinai, Cuenca, Ecuador 

Background. Limb salvage surgery is becoming increasingly popular after tumor resection in the lower extremity. 
Biological reconstructions and the use of megaprosthesis are the gold standard methods for malignant bone tumors of 
the distal femur. These methods remain controversial due to short- and long-term complication in the knee. Tumor 
bearing bone treated by liquid nitrogen also known as “frozen allograft” is one of the biological reconstructions 
described techniques. This study aimed to evaluate the mid- and long-term functional outcomes and complications in 
patients treated with pedicle frozen autograft reconstruction in the distal femur.  
 
Methods. This retrospective study included 11 patients (7 women, 4 men) with malignant tumors of the distal femur 
who underwent tumor-wide resection and pedicle frozen autograft reconstruction of the distal femur (mean age, 16 
years; range, 9-23 years). The mean follow-up period was 20 months (range, 9-31 months). Functional outcomes, 
oncological outcome and complications were evaluated by Musculoskeletal Tumor Society score, Toronto Extremity 
Salvage score, clinical and radiological examinations.  
 
Results. The overall survival rate was 72.3%%, and the mean Musculoskeletal Tumor Society functional score was 26.4 
points (88%). Pedicle frozen autograft survival rates were 80% at 2-year follow-up.  Three of the 11 patients (27%) had 
complications: 2 required prosthesis reconstruction due to fracture and 1 developed a deep infection around the knee. 
Wear of the knee articulation occurred in 1 case, while disease recurrence was reported in 1 case. There were no cases 
of tibial fracture, absorption around the frozen bone, plate or screws loosening or leg length discrepancy.  
 
Conclusions. Distal femur pedicle frozen autograft (frozen autograft without femoral osteotomy) technique presents a 
satisfactory functional outcome of the knee articulation and provides biomechanical stability that is comparable to the 
other biological reconstruction methods or megaprosthesis. 
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The short-term clinical efficacy of fused proximal humerus prosthesis 
Jiaming Lin, Xiaojun Zhu, Qinglian Tang, Jin Wang 

Department of Musculoskeletal Oncology, Sun Yat-sen University Cancer Center, Guangzhou, China 

Background. The best way to reconstruct after resection of the proximal humerus bone tumor has not been determined 
yet. The short-term clinical efficacy of fused proximal humerus prosthesis was evaluated, and the difference between 
fused proximal humerus prosthesis and non-fused proximal humerus prosthesis was compared, so as to provide 
reference for reconstruction strategy after resection of proximal humerus malignant tumor. 
Methods. A series of patients who underwent Malawer type I B resection for malignant tumor and reconstruction with 
fused and non-fused proximal humeral prosthesis at our oncology center from June 2017 to February 2022 were 
collected. Demographic characteristics, preoperative evaluation, operative parameters, postoperative function and 
complications of this continuous series of patients were collected for statistical analysis. Finally, the clinical efficacy of 
the two reconstruction methods was compared. 
Results. The comparative results showed that the mean MSTS score for postoperative function was 24.67(24.67±0.82) 
in the fused group and 20.60(20.60±2.26) in the non-fused group, the MSTS score of the fused group was improved, 
and the difference in postoperative MSTS score between the two groups was statistically significant (P=0.019). As for 
the range of shoulder joint motion, the average active abduction and flexion of the fused group were 
68.33°(68.33±12.11) and 68°(68.00±14.35) on average. In the non-fused group, the average active abduction was about 
16.67°(16.67±9.76) and the average active flexion was about 17°(17.00±13.07). In the fused group, there was a 
significant improvement in both abduction and flexion, which was about 50° higher than that in the non-fused group, 
with statistically significant differences (P<0.001). 
Conclusion. The short-term clinical outcome of fused proximal humerus prosthesis was better than that of non-fused 
proximal humerus prosthesis, with higher functional scores and better function of shoulder joint active abduction and 
flexion. 
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Serial radiographic appearance of Cerament bone graft substitute in 
various orthopaedic surgery applications 
Bryeson Rodgers1, Krista Goulding2, Jonathan Flug3, Jeremiah Long3 

1Alix School of Medicine, Mayo Clinic, Scottsdale, United States, 2Department of Orthopedic Surgery, Mayo Clinic, Phoenix, 
United States, 3Department of Musculoskeletal Radiology, Mayo Clinic, Phoenix, United States 

Background. Bone graft material comes in the form of autograft and allograft bone tissue as well as bone graft substitute. These 
materials are used to treat bone void filling and dead-space management issues in a wide variety of orthopaedic joint and limb 
reconstruction as well as in neurosurgery and dentistry. CERAMENT BONE VOID FILLER (CBVF; BONESUPPORT AB, Lund, Sweden) is 
a biphasic synthetic bone graft substitute combining resorbable calcium sulfate (60%) with hydroxyapatite (40%) and iohexol contrast 
for radiographic visibility. As CBVF is used across an increasing variety of indications, radiologists and surgeons involved in follow-up 
care of these patients must be able to recognize and interpret the material’s imaging appearance. This study aims to analyze the 
post-operative radiographic appearance of CBVF over time in a variety of orthopaedic surgery applications.    
Methods. This retrospective study received IRB approval. The electronic medical record identified all surgical cases using CBVF with 
at least 12 months of post-operative radiographs available. Cases where CBVF could not be definitively identified on the first 
postoperative radiographs were excluded. Clinical and surgical details were recorded. Patient radiographs were reviewed in 
consensus by the authors. Radiographs were analyzed for visibility, size, and relative density of the CBVF material. In addition, the 
morphology of CBVF material density was characterized.   
Results. Our search identified 19 cases in 18 patients fitting our study criteria. Surgeries were performed between 2016 and 2020 
and included: arthroplasties (10 cases), bone tumor surgeries (6 cases) and osteonecrosis surgeries (3 cases). The patient population 
consisted of 12 women and 6 men with an average patient age of 46 years (range 15 – 71 years). Radiographic analysis showed that 
in all cases the CBVF progressively decreased in density over time and, when visible, was higher in density than surrounding trabecular 
bone. In 16 of the 19 cases, the CBVF became imperceptible radiographically at an average time of 7.6 months (SD 5.6 months) with 
no difference based on surgical indication (arthroplasty 6.7; AVN 9.9; tumor 7.8 months; p = 0.73) (Figure 1). The CBVF morphologies 
visible radiographically were categorized as: no specific pattern (60%), puddle pattern (19%), halo pattern (10.5%), and marble 
pattern (10.5%) (Figure 2).   
Conclusion. Cerament bone void filler is a radiographically visible synthetic bone graft substitute used in various orthopedic surgeries. 
This material’s progressive decrease in radiographic density over time is a relatively unique feature that can be an expected 
physiologic evolution and does not necessarily indicate new osteolysis. Therefore, serial radiographs demonstrating increasing 
density of CVBF should raise suspicion of an osteoblastic process. As CBVF increases in clinical use, radiologists and orthopaedic 
surgeons involved with bone imaging should be familiar with this material and recognize its expected radiographic decrease in density 
over time. 
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Which is the best tool for assessing functional outcome following 
endoprosthetic reconstruction around the knee in Indian population- MSTS 
87, MSTS 93 or TESS? 
Venkatesan Sampath Kumar, Love Kapoor, Roshan Banjara, Sandeep Sehrawat, Abhijit Behera, Shah Alam Khan 

All India Institute of Medical Sciences, New Delhi, India 

Background. Functional outcome scores used in oncological reconstructions are predominantly designed in north 
America and their utility & relevance in Indian population is largely unknown 
Aim. To compare the three common tools for assessing functional outcome following endoprosthetic reconstruction of 
distal femur/ proximal tibia, namely MSTS 87, MSTS 93 and TESS 
Methods. A prospective study was conducted between May 2017 and December 2018 at our tertiary referral oncology 
centre. Patients who had undergone either distal femoral or proximal tibial endoprosthetic reconstruction for primary 
malignant/ benign aggressive bone tumour were included for this study. We excluded patients with recurrent tumours, 
paediatric patients less than 12 years of age, history of infection in operated site, those who had undergone surgical 
procedures outside our institute excluding a biopsy. Patients were followed up using predesigned proformas specifically 
for this study to assess the functional outcome at 3, 6 and 12 months post surgery. All 3 instruments- MSTS 87, MSTS 
93 and TESS- were completed for each patient during every visit. Those who developed complications were noted.  
 
Results. A total of 41 patients had completed minimum 1 year follow-up. Patients were divided into two groups- Group 
A (Distal femoral endoprosthetic reconstruction) & Group B (Proximal Tibial Endoprosthetic reconstruction). The 
average age was 23.4 years and the range was 13 to 52 years. There were 13 females and 28 males. The most common 
diagnosis was Osteosarcoma (29 patients), followed by 3 patients each with GCT, Ewing’s sarcoma and Chondrosarcoma. 
23 patients underwent distal femoral endoprosthesis (Group A) and 18 had proximal tibial endoprosthesis (Group B). 
The mean incision length was 31.8 cm and mean operative time 250 minutes. TThere was significant difference between 
Group A & Group B at 3 months in MSTS- 87 (30.6 vs 23.6) & MSTS- 93 (25.9 vs 19.8); at 6 months MSTS- 87 (30.9 vs 
26.5) & MSTS- 93 (27.6 vs 23) respectively. However, TESS score between the two groups lacked significant difference, 
suggesting that TESS score is not sensitive to pick difference in functional outcome in Indian population. Certain 
questions in TESS score did not find relevance to our subset of patients (Table 1). At 1 year all 3 scores failed to 
demonstrate significant difference between the two groups. None of the scores are sensitive enough to predict future 
complications in both the groups.  
Conclusion. MSTS is better than TESS for evaluation of differences in functional outcome in patients undergoing 
musculoskeletal oncological surgeries. None of these tools are sensitive enough to predict complications. Traditional 
TESS is less relevant to the Indian population. Therefore, we recommend a modified version of TESS that is culturally 
adapted for use in Indian (South Asian) population. 
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Does reverse total shoulder arthroplasty with allograft-prosthesis 
composite (APC) has surgical benefits over hemiarthroplasty with APC in 
patients with tumors of the proximal humerus? 
Yongsung Kim1, Wan Lim Kim2, Kunhyung Bae2, Joo Han Oh1,4, Ilkyu Han3,4, Han-Soo Kim3,4, Hwan Seong Cho1 

1Department of Orthopaedic Surgery, Seoul National University Bundang Hospital, Institutional address: 82 Gumi-ro 173 
Beon-gil, Bundang-gu, Seongnam-si, , South Korea, 2Department of Orthopaedic Surgery, Asan Medical Center, Ulsan 
University College of Medicine,  88, Olympic-ro 43-gil, Songpa-gu, Seoul, Republic of Korea, South Korea, 3Department 
of Orthopaedic Surgery, Seoul National University Hospital, 101 Daehak-ro Jongno-gu, South Korea, 4Department of 
Orthopaedic Surgery, Seoul National University College of Medicine, 101 Daehak-ro Jongno-gu, South Korea 

Background. The research on surgical outcomes of hemiarthroplasty (HA) and reverse total shoulder arthroplasty (rTSA) 
using allograft-prosthesis composites (APC) for the proximal humeral oncologic condition is still scarce. Therefore, this 
study aimed to compare surgical outcomes of shoulder joint reconstruction with HA and rTSA using APC for tumors of 
the proximal humerus. 
 
Methods. Eleven patients underwent HA or rTSA using APC for tumors of the proximal humerus between July 2011 and 
April 2018 were reviewed. Radiographic analysis for bone union of allograft-host bone junction, implant loosening, 
stress shielding, and shoulder dislocation or subluxation were performed. Functional outcomes were evaluated using 
visual analog scales for pain, range of motion, Simple Shoulder Test score and Musculoskeletal Tumor Society score. 
Furthermore, oncologic outcome and complications were also assessed respectively. 
 
Results. There were 5 patients with HA (mean age, 23.2 years) and 6 patients with rTSA (mean age, 46.8 years, P = 0.05). 
Radiographically, there were no events associated with implant loosening, stress shielding and shoulder dislocation or 
subluxation in two groups. There were no differences in functional outcomes between two groups. There was no local 
recurrence in entire cohort. In HA group, one patient was required revision surgery to rTSA at postoperative 6 years due 
to rotator cuff dysfunction. In rTSA group, one patient showed the fracture occurred at allograft-host bone junction at 
postoperative 6 months. 
 
Conclusions. Surgical outcomes of HA with APC were not inferior to rTSA when applied in properly selected patients. 
The authors recommended that HA with APC could be used for young age patients without glenoid metastasis 
involvement, and rTSA with APC could be used for patients with old age or metastatic bone tumors. 
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Implant survival of 89% in custom 3D-printed ONKOS hemipelvis 
endoprostheses  
Bryeson Rodgers1, Nathaniel Hinckley2, Zachary Christopher2, Christopher Beauchamp2, Krista Goulding2 

1Mayo Clinic Alix School of Medicine, Scottsdale, United States, 2Department of Orthopedic Surgery, Mayo Clinic, Phoenix, 
United States 

Background. Pelvic reconstructions after internal hemipelvectomy or revision hip arthroplasty with massive bone loss present 
significant challenges to orthopedic surgeons. No consensus exists on the optimal method of reconstruction due to the significant 
variability in the remaining host anatomy following resection. Recent innovation in 3-dimensionally (3D) printed implant technology 
has allowed for customized designs to precisely recreate patient anatomy and geometry in the most difficult of pelvic reconstructions 
after internal hemipelvectomy or revision arthroplasty with massive bone loss. This study aims to describe (1) the proportion of 
custom 3D-printed hemipelvis endoprostheses that achieved durable short-term fixation; (2) the modes of failure; and (3) the surgical 
complications from this reconstruction technique. 
Methods. A single institution retrospective review from July 2016 to September 2021 identified 9 (5 male; 4 female) patients treated 
with 9 custom 3D-printed ONKOS hemipelvis endoprosthesis. Indications for surgery were malignant bone tumor requiring internal 
hemipelvectomy (7 patients) or multiply revised, failed hip arthroplasty with massive bone loss (2 patients). All implants were 
designed to recreate the native anatomic hip center, cut with an iliac shelf, and a monoflange (Figure 1). Mean follow-up was 26.3 
months (range, 5.6-60.8 months). Kaplan Meier survivorship analysis was determined using reoperation as the primary endpoint. 
Competing risks including modes of failure and death were determined. Post-operative complications and re-operations were 
categorized.  
Results. At a mean follow-up of 26.3 months (range, 5.6 to 60.8), all 9 patients retained their custom 3D-printed ONKOS hemipelvis 
implant. In total, 3 patients required reoperation: two superficial wound infections and one periprosthetic joint infection (PJI) with 6 
patients going on to re-operation free survival. The PJI required a staged debridement with antibiotic bead placement and partial 
revision of the hip components with a femoral head replacement. Therefore, this cohort achieved an 89% revision-free implant 
survivorship (Figure 2). There were no cases of aseptic loosening or implant structural failure. 
Conclusion. 3D-printed hemipelvis reconstruction utilizing an ilium monoflange design provided durable short-term fixation at a 
mean 2-year follow-up. Multiple design considerations were implemented. The combination of iliac fixation through the ilium-
osteotomy shelf with “home run screws” and an angled 2-surface cut allows for weightbearing forces to continually compress the 
endoprosthesis into the iliac shelf, augmenting osseointegration and component stability. Monoflange size was generally increased 
in later cases and was designed to allow adequate osteotome placement and leverage if explantation was required. Small intermittent 
zones of non-apposition along the monoflange were identified on CT but appeared to not effect implant failure. Reoperation for 
periprosthetic and superficial wound infections were common without any instances of implant loosening or structural failure. 
Further investigation will be necessary to determine optimal designs and surgical techniques to maximize patient function and 
maintain long-term survivorship. 
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What is the infection risk of massive allograft reconstruction after bone 
tumor resection? 
Leonardo Baroni, Dr Francesco Muratori, Filippo Frenos, Mariagrazia Marsico, Guido Scoccianti, Domenico 
Andrea Campanacci 
Orthopaedic Oncology Unit, Azienda Ospedaliera Universitaria Careggi, Firenze, Italy 

Background. Massive bone allografts have been used for limb salvage after bone tumor resections as an alternative to 
endoprosthesis, although they have different outcomes and risks. The use of massive bone allografts has been thought 
to be associated with a high risk for infection, and there is no general consensus on the management of this complication 
and final outcome. 
We retrospectively reviewed our experience with massive bone allograft after intercalary, osteoarticular oncological 
resections and allograft-prosthesis composites, analysing the risk of infection and subsequent treatment and outcome. 
 
Methods. From 1990 to 2018, 399 patients were treated by massive allograft after bone tumor resection.  We have 
considered 342 patients with a minimum of 1 year FU. There were 192 males and 150 females, with a mean age of 31 
years (3-82). The types of reconstruction were: 79 intercalary diaphyseal (51 VFG + allograft, 28 allografts alone); 92 
osteoarticular resections; 164 allograft-prosthesis composites (APC); 7 iliac wing resections. Forty-nine had a pelvis 
reconstruction, 186 had a lower limb reconstruction, and 107 upper limb reconstruction. 
 
Results. At a mean follow up of 87 months (2-313), 43 patients were died of the disease or other cause. The overall 
infection rate was 8,2% (28/342). Deep infection occurred in 13 cases. In an analysis of infection timing, 7 infections 
were early (before 6 month) and 21 infections were late, occurring at more than 6 months after surgery. The infection 
site was the pelvis in 12 cases (12/49; 24.5%) and the lower limb in 16 cases (16/186; 8.6%); no infections occurred in 
upper limb. Twelve infections occurred after APC reconstruction, 10 after osteoarticular resection and 6 after intercalary 
resection. Infection rate was 7.3% in APC, 10.8% in OA and 7.6% in intercalary reconstructions. Nineteen infections were 
treated with debridement, antibiotics, and implant retention (DAIR), 3 cases with antibiotic therapy and 6 cases required 
surgical revision with graft removal. Among these patients, 3 flail hip procedure, 1 partial graft removal and 2 temporary 
reconstructions with an antibiotic-loaded cement spacer and final reconstruction with endoprosthesis were performed. 
At final follow up, 4 patients had a persistent infection while in 24 patients the infection healed. 
 
Conclusions. Infection was one of the most common complications associated with allograft removal, with a higher 
incidence in lower limb reconstruction, especially tibia, and pelvis reconstruction. Due to high rate of mechanical 
complications of massive allograft, at present, endoprosthetic reconstruction is preferred in limb salvage surgery. 
However, infection risk seems to be higher with megaprosthesis, probably due to the presence of a wider dead space 
around the implant. Soft tissue attachment on the allograft surface might reduce the dead space and consequently 
infection risk.  
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Retrospective evaluation of silver coated tumour prostheses: about 56 
cases with 53 months follow up. 
Fabrice Fiorenza, Jean Philippe Bernard, Jeremy Hardy, Pierre Gominard, Hélène Durox, Eric Denes, Christian 
Mabit 

Dupuytren University Hospital, Limoges, France 

Background. The rate of infection of non-silver coated megaendoprostheses varies from 3% to 30%. Treatment is 
complex, sometimes leading to amputation or disarticulation. The use of a silver coated tumour prosthesis can decrease 
the risk of infection. The aim of this study is to evaluate the rate of postoperative infection as well as the results of   
treatment in a series of bone tumour patients operated with a silver coated tumour prostheses. 
Materials and Methods: This is a single-center retrospective study including 55 patients (56 prosthesis) (31 men and 24 
women) operated with a silver coated tumour endoprosthesis between 2005 and 2019 in our institution. We analyzed 
the incidence of periprosthetic infections of 56 prostheses, used in oncological indications (N=56, 32 primary bone 
tumors, 24 metastases), The average age was 55 years (12-84). The mean total follow-up was 53 months (6-156). 
 
Results. 6 prostheses presented an infection (10 %). There was no infection in the metastatic indications. Surgical 
treatments of the infection were: 
- 3 successful DAIR,  
- 1 successful 1 one stage revision after a failed DAIR 
- 1 patient with suppressive antibiotics after a failed DAIR, 
- 1 long term spacer after a failed DAIR.  
The mean MSTS score was 24 (14-30). 
There was no amputation in this series. 
 
Conclusion. In our experience, the use of silver coated implants in patients undergoing resection of a bone tumour was 
associated with a low rate of periprosthetic infection (10% at 53 months FU) in comparison with literature results. At 
final follow-up, all patients were free of infection except 1 patient with suppressive antibiotics 54/55 (98%). 
The authors recommend the use of silver coated tumour implants in bone tumour surgery. 
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Series of Proximal Humerus Endoprosthesis Reconstruction Post Tumour 
Resection - Penang, Malaysia Experience 
Chee Leong Choong, Shun Herng Tan, Sanjeevan Radhakrishnan, Prashant Narhari, Azuhairy Azid 

Orthopaedic Oncology Unit, Penang General Hospital, Georgetown, Malaysia 

Background. Proximal humerus is common site for occurrence of primary tumour and metastases. The study is aimed 
to report our experience on proximal humerus endoprosthesis reconstruction and its outcome. 
 
Methods. This is a retrospective case series of 12 patients in Penang General Hospital, who underwent tumour resection 
followed by proximal humerus reconstruction using endoprosthesis, with minimum of 12 months follow up.  All patients 
were treated with chemotherapy or radiotherapy or just resection based on their pathology that matched with the 
appropriate oncology treatment protocol. The outcome measures were local recurrence, perioperative complications 
and functional status.  
 
Results. Total of 12 patients with equal gender distribution were included in this series, with the mean age of 36.1 year 
old. The diagnosis involved 8 primary tumours and 4 metastases.  
 
The mean follow-up duration was 2.2 years. Post-operatively, all patient achieved mean total MSTS score of 72.2%. One 
local recurrence was detected in a patient who presented initially with pathological fracture, post reconstruction, an 
adjuvant radiotherapy was given. The same patient also had surgical site infection complication of local irradiation, 
which was controlled with long term antibiotics and dressing until he succumbed due to progression of disease. Two 
patients sustained soft tissue failure with inferior subluxation, whereas one patient sustained aseptic loosening. No 
revision surgery or amputation required in this series.  
     
Discussions. Common complication seen in this study was soft tissue failure with inferior migration. This phenomenon 
was explained by significant muscle sacrificed during resection of tumour. Sande et al suggested deltoid, rotator cuff 
and axillary nerve sparing to preserve shoulder integrity but not all tumour size favours or allow the mentioned 
preservation. 
 
Conclusion. Our early to midterm outcome for proximal humerus endoprosthesis is good, comparable to published data 
from other institutions.  
 

 
Table 1: Histological diagnosis of patient in this series 
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Survival of distal femur replacement for oncologic diseases. Does implant 
characteristic and type of tibial component affects survival?  
Yousef Abuodeh1, G Douglas Letson2, Pongsiri Piakong3, Piya Kiatisevi3, Brooke Crawford1, H. Thomas Temple1 

1University Of Miami, Miami, United States, 2Orthopaedics, Moffitt Cancer Center, Tampa, United States, 3Institute of 
Orthopaedics, Lerdsin Hospital, Bangkok, Thailand 

Background. There is lack of evidence on long-term outcomes of Distal Femoral Replacement (DFR).  This study investigated long-
term outcomes of patients with DFR and implant survivorship with attention to type of tibial components and implant characteristics.  
Methods. This is a retrospective review of DFRs performed for oncologic patients in three oncologic centers with Stryker GMRS hinged 
knee system. Data related to patient demographics, implant characteristics, disease-specific modifiers, revision events and outcomes 
where gathered. Statistical and survival analysis was performed with SPSS software. 
Results. 158 patients who underwent DFR between 1997-2018 were reviewed, with average follow up of 85 months (1-257 months).  
120 underwent DFR with metal-backed tibia (MB) components and 38 underwent DFR with all-poly tibia (AP). Osteosarcoma was the 
primary diagnosis in both groups. Twenty-six (21.7%) patients were revised from the MB group compared to seven (18.4%) in the AP 
group (p=0.669). In the MB group, 11 (9.2%) patients were revised in the first year compared to 2 (5.2%) patients in AP group 
(p=0.447). Five MB group tibias (4.2%) were revised due to aseptic loosening. One AP group tibia (2.6%) was revised due to disease 
progression (p=0.667). Of the MB group, 13 (10.8%) patients underwent a second revision procedure compared to 2 (5.3%) in the AP 
group (p=0.309). 10 patients were amputated (8.3%) from the MB group and 3 patients (7.9%) of the AP group (p=0.932). Estimated 
5-year survival was comparable in both groups (MB group 73.9%, AP group 74.8%) but the 10-year survival was higher in the AP group 
(MB 53.2%, AP 74.8%; p=0.384). Curved stems (13mm or larger) demonstrated 5-year and 10-year survivals of 76.8% and 59% in 
comparisons to smaller and/or straight stems: 58.7% and 40.8%, respectively (p=0.113). Extracortical porous body implants had 
comparable estimated 5-year and 10-year survivals of 69.0% and 52.5% in comparison to non-coated body implants of 69.0% and 
31.8%, respectively. (p=0.526). Bone ongrowth at the implant-bone junction reflected significantly better estimated 5-year and 10-
year survivals of 82.4 and 54.5% when compared to absence of bone ongrowth, 52.3% and 32.4%, respectively. (p=0.003). Cortical 
bone thickening at the tip of the stem had estimated 5-year and 10-year survivals of 66.1% and 22.0%, and the absence of cortical 
thickening 5-year and 10-year survivals of 59.8% and 44.6%, respectively (p=0.631). The presence of a radiolucent line around the 
stem reflected more likely revision with 5-year and 10-year survivals of 62.9% and 36.8% when present in comparison to 5-year 
survival of 78.2% and 10-year survival of 60% when absent (p=0.903). 
Conclusion. Although early revision rates of DFR are higher with MB components, implant survival rate is comparable to AP 
components. The presence of bone ongrowth at the implant bone junction significantly improves survival rates in those implants. 
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Cost effective options of limb salvage in pediatric bone sarcomas: minding 
the problem and finding solutions in developing countries  
Venkatesan Sampath Kumar, Love Kapoor, Roshan Banjara, Sandeep Sehrawat, Abhijit Behera, Sameer 
Bakhshi, Shivanand Gamanagatti, Shah Alam Khan 
Department of Orthopedics, All India Institute of Medical Sciences, New Delhi, India 

Introduction. Bone sarcomasare rare in children. Limb salvage is the preferred mode of treatment in case of pediatric 
bone sarcomas nowadays as a result of better adjuvant therapy, advanced imaging and refined surgical techniques. 
However, as prosthetic reconstruction could not be affordable to all patients, even more so in developing countries such 
as ours, we need to look for alternative cost-effective methods of reconstruction. We aimed to evaluate the options 
available for reconstruction other than prosthesis such as Wide Resection and Extracorporeal Radiotherapy and 
Fixation, Wide Resection and Cement Spacer application and Wide Resection and Reconstruction using Mesh among 
others.  
Material and Methods. We went through the prospectively maintained patient database and collected data on pediatric 
patients (age < 12 years) with bone sarcomas who underwent limb salvage with wide resection of tumor with 
reconstruction methods other than prosthetic reconstruction at our center from June 2014 to May 2020. Functional 
and oncological outcome assessment was done. Musculoskeletal Tumor Society (MSTS- 93) score was used for 
functional outcome assessment. Oncological outcome assessment was done in termsof evaluation for recurrence while 
complications such as infection and implant failure were also noted.  
Results. A total of 87 patients were included in the study of which 49 were males and 38 were females. The most 
common diagnosis was Osteosarcoma followed by Ewing’s sarcoma. The mean age was 8.4 years with majority of 
patients (35 patients) in the 6 to 9 years age group. The most common bone involved was Femur followed by Tibia & 
Humerus. ECRT (Extracorporeal Radiotherapy) and refixation was done in 21 patients; Wide resection of tumor followed 
by fibular grafting was performed in 9 patients; Wide resection followed by cement spacer with K-nail and plate was 
used for reconstruction in 34 patients; Wide resection with K- nail spacer without plate was performed in 13 patients 
while 10 patients underwent miscellaneous reconstruction techniques. Minimum duration of follow-up was 18 months. 
Local complications include deep infection in 6 patients, wound dehiscence with exposed cement spacer which occurred 
in 3 patients, implant failure occurred in 3 patients. Local recurrence occurred in 8 patients. Non-union of ECRT was 
present in 4 patients at latest follow-up. One patient had resorption of fibular graft. The mean MSTS- 93 score was 26 
with 42% patients reporting excellent outcome (MSTS score > 23).  
Conclusion. Endoprosthetic reconstruction may not be feasible in all cases of paediatric sarcomas due to the economic 
constraints and variable alternative cost-effective methods of reconstruction exist. These methods of reconstruction 
have good functional outcomes and enable patients to carry out activities of daily living.  
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Joint sparing endoprostheses of the long bones in the treatment of 
musculoskeletal tumours 
Saurabh Singh2, Will Aston, Rob Pollock1, Craig Gerrand1 

1Royal National Orthopaedic Hospital, Stanmore, United Kingdom, 2TSM Medical College and Hospital, Lucknow, India 

Aim. To review outcomes after joint sparing endoprostheses (JSE) of the humerus, femur and tibia. Specifically, we were 
interested in the rates of mechanical (Henderson Type 2 and 3) failures.   
 
Patients and methods. This was a retrospective study of patients undergoing joint sparing surgery between 2000 to 
2018 to allow for a minimum 3 years of follow up. Clinical records and radiographs were reviewed. Of 154 patients 
identified, 38 patients were excluded because there was insufficient data for analysis.   
 
Of these, 21 had humeral, 52 femoral and 43 tibial replacements.  Survival analysis was used to examine the time to 
failure of the whole implant and individual bone-implant junctions for each anatomic location. Patients were censored 
at the time of last follow up or time of non-mechanical failure. Junctions were classified as joint sparing or diaphyseal 
replacement according to 3 criteria.  
 
Results. Humerus.  55% (95% CI: 28% to 86%) of patients had mechanical failures at final follow up of 9 years. Every 10-
year increase in age was associated with 25% reduction in rate of mechanical failures (P-value 0.04). No significant 
difference was found with sex, implant type (Joint sparing or diaphyseal) or implant design (Intramedullary or 
extramedullary). In the distal humerus, diaphyseal implants performed better than joint sparing implants (P= 0.03).   
 
Femur. 40% (95% CI: 23% to 63%) of patients had mechanical failures at final follow up of 18 years.  Every 10-year 
increase in age was associated with a 44% increase in the risk of mechanical failure (P=0.04). No significant difference 
was found with sex, implant type, design or distal vs proximal junction. Tibia 31% (95% CI: 18% to 51%) of patients had 
mechanical failures at final followup of 15 years. There was no significant association with age, sex, implant type, design 
or distal vs proximal junction.  
 
Conclusion. Joint sparing and short stem implants offer a durable reconstruction for some patients after resection of 
musculoskeletal tumours. Failure rates were higher in the humerus, particularly for implants without stems and in 
younger patients. Where possible, in the distal humerus, if a diaphyseal construct is not possible, a joint sparing implant 
with extracortical plates rather than a short intramedullary stem may perform better. In the femur failure rates were 
higher with joint sparing implants with short intramedullary stems. No failures were noted with extramedullary flat 
surface constructs. In the tibia, there was no significant difference between joint sparing and diaphyseal constructs but 
a high success rate of JSE with extramedullary plates and no stems (p= 0.10). 
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Limb salvage after multiple local recurrences of pleomorphic sarcoma in 
the forearm.  
Peter Luke, David Yung, Kumaran Rasappan, Chung Ming Chan, Mark E. Puhaindran 

Division of Musculoskeletal Oncology, Dept. of Orthopaedic Surgery, National University Hospital, Singapore 

Introduction. Undifferentiated pleomorphic sarcoma (UPS) is one of the most common soft tissue sarcomas, accounting for 20% of 
all soft tissue sarcomas. Local recurrence is common with 20-33% of patients developing local recurrence after limb salvage surgery, 
with the majority developing within 2 years of primary surgery. In patients with locally recurrence and no distant metastasis, repeat 
resection while possible is more complex and functional preservation and reconstruction is more challenging owing to prior surgery 
and the frequent use of adjuvant radiotherapy.  
Case. We report the case of a 70-year-old male who presented with fourth local recurrence of UPS of the right forearm.  The index 
resection had been performed by a general orthopaedic surgeon reportedly with wide margins.  He was disease free for 5 years. He 
subsequently developed 2 local recurrences with each occurrence being managed with resection alone. He remained without distant 
metastatic disease. He presented to our center with his third local recurrence for consideration for limb salvage surgery. The tumor 
encased the radial mid-diaphysis, and involved the extensor compartment, and radial artery. Neoadjuvant radiotherapy was 
performed, and he was managed in two stages with wide resection of the tumor and the involved soft tissues with subsequent staged 
reconstruction of the bone, tendon and soft tissue defect. Negative margins were confirmed prior to proceeding with the second 
stage reconstructive surgery. Reconstruction comprised a cement spacer and titanium elastic nail for the intercalary radial defect, 
tendon reconstruction with grafting of the wrist extensor using tensor fascia lata graft, palmaris longus to extensor pollicis longus 
transfer and flexor carpi radialis to extensor digitorum communis transfer, and a flow-through free anterolateral thigh flap for soft 
tissue and artery reconstruction. The patient has been followed up for four months. The patient had an uncomplicated post-operative 
course and has progressed appropriately with rehabilitation. There has been no local recurrence or distant metastasis 
Discussion. Local recurrence is a common occurrence in the management of UPS. Achieving negative margins remains a key factor in 
decreasing the risk of recurrence and the role neo-adjuvant and adjuvant radiotherapy is established. While amputation is an 
acceptable option for treatment of multiply recurrent extremity sarcoma it is associated with significant morbidity and repeat 
resection should still be considered for carefully selected patients. Our case illustrates such a patient of multiply recurrent forearm 
UPS without metastases managed with limb salvage surgery with acceptable functional outcome.  
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Limb Salvage following Intercalary Resection of malignant tumors using 
Biological Reconstruction methods:  Functional & Oncological Outcomes of 
48 Patients 
Amit Gupta, Manish Agarwal, Ashik Bary 

Nanavati Max Superspeciality Hospital, Mumbai, India 

Extracorporeal radiation therapy has been used in the management of malignant bone tumors since 1996. We report 
our experience with 48 patients treated with ECRT alone or combined with free/vascularized fibula. The aim of the study 
was to know the reconstruction outcomes following reimplantation of recycled (ECRT) tumor bone for long bone 
intercalary tumor resections and whether the addition of vascularized fibula improved outcomes when results are 
matched for site, resection length, and adjuvant therapies. 
 
Materials and Methods. 48 patients underwent the procedure described above over 10 years. Irradiated bone (50 Gy) 
was reimplanted using internal fixation. The mean length of the bone resected was 22cm in ECRT+Live Fibula , 14cm in 
ECRT+free fibula & 16cm in ECRT alone. The mean length of live fibula was 23 cm & free fibula 17 cm. Mean duration of 
surgery for ECRT+Live Fibula was 680 min, ECRT+free fibula 300 min & ECRT alone was 320 min. Patients received 
chemotherapy as per institution protocol. Average follow-up period was 30 months in ECRT+Live Fibula,20months in 
ECRT+ free fibula and 45 months in ECRT alone. Local control, wound complications and short-term survival were noted. 
 
Results. ECRT+live fibula group consisted of 9 patients, ECRT+ free fibula 10 and ECRT alone 29. Femur(n=30) was the 
most common bone involved followed by tibia(n=14) & Humerus(n=4). Osteosarcoma was the commonest(n=27) 
followed by Ewing’s(n=13), Chondrosarcoma(n=3), Softissue sarcoma(n=3), Adamantinoma(n=1), Recurrent GCT(n=1). 
Average time to union in ECRT+Live Fibula was 11 months , ECRT+free fibula 14 months &  ECRT alone  16 months. The 
mean MSTS Score was 29 in all the three groups. 5 patients were lost to followup. Wound complications occurred in 4 
patients. Local recurrences were noted in 6 patients. There was no evidence of disease in 34 patients, 8 patients were 
alive with disease at latest follow-up. 
 
Conclusion. ECRT alone combined with Live/Free Fibula is an oncologically safe technique with good functional 
outcomes in treatment of malignant bone tumor 
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Autobiologic reconstruction of the hip with dual vascularized fibula grafts 
in the immature skeleton. A 20-year follow-up with functional evaluation 
Peter Bergh1, Örjan Berlin1, Christina Berger1, Jonas Lundberg2, Hans Mark2 

1Sahlgren University Hospital, Department of Orthopedics, Gothenburg, Sweden, 2Sahlgren University Hospital, Dept of 
Plastic Surgery, Gothenburg, Sweden 

Background. Limb-sparing surgery with preserved joint-function in children with immature skeletons can be performed 
using vascularized fibula grafts (VFGs) after tumor resections. An autobiological reconstruction is defined as exclusively 
using the patient’s own skeleton and soft tissues, and an absolute minimum of foreign material when performing the 
reconstruction.  
 
Method. A nine-year-old girl with a IIB Ewing sarcoma of the proximal femur had chemotherapy (High-dose Bu-Mel, 
Euro-Ewing 99). In July 1999, 18 cm of her proximal femur was resected and dual VFGs were used as a reconstruction. 
The fibula head was inserted in the acetabulum, and the remaining hip joint-capsule was sutured like a pouch around 
the fibula head. Restriction of motion was maintained for 18 months postoperatively with an external orthosis. The 
patient has submitted her consent to this abstract. 
 
Results. Functional Score (FS-AMSTS) 4-y-postop was 23/30. 10-y-postop the LLD (leg-length discrepancy) was 60 mm. 
Callus distraction in the lower femur was performed 2011-09 with a Taylor Spatial Frame (TSF) over an intramedullary 
nail, and the TSF was extracted 2012-10. 2012-10 she also had an open knee release and an achilles tendon lengthening. 
FS was 26/30 after leg-lengthening.  
At follow-up 20-years-postop the fibula head has remodeled into a femoral head. Her walking capacity is somewhat 
restricted (maximum 1 – 2 km) due to limitation of hip range motion (0 - 70 degrees), hence she avoids running. The FS 
has declined to 16/30, 53% (TESS 103/140, 74%, ADL 4/5, Handicap 3/5). She recently concluded her studies to become 
a gemologist, an occupation involving mostly sedentary work. 
 
Conclusion. Autobiologic reconstruction of the hip joint shows a fairly good potential to remain a functional permanent 
reconstruction. The fibula head transforms into a new femoral head, and the patient has limited pain due to 
denervation, but restricted range of motion. LLD and achilles tendon shortening need to be corrected. Her FS remains 
at a reasonable 16/30 (TESS 103/140, 74%).  
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The efficacy of ADC map for the treatment outcome in patients with 
osteosarcoma 
Hiroshi Koike1, Yoshihiro Nishida2, Hiroshi Urakawa1, Kunihiro Ikuta1, Tomohisa Sakai1, Kan Ito1, Shiro Imagama1 

1Department of Orthopedic Surgery, Nagoya University Hospital, Nagoya, Japan, 2Department of Rehabilitation Medicine, 
Nagoya University Hospital, Nagoya, Japan 

Introduction. Osteosarcoma is the most common malignant bone tumor in adolescents and young adults. Neoadjuvant 
chemotherapy (NACT) has significantly improved the therapeutic effectiveness in osteosarcoma and increased the 5-
year survival rate. NACT response evaluation develops surgical regimens and tailored postoperative chemotherapy 
regimens to achieve personalized treatment. Diffusion-weighted imaging (DWI) is an MRI technique based on 
perturbations to the Brownian motion of water. The apparent diffusion coefficient (ADC) is a quantitative measure of 
Brownian movement, and the importance of ADC has been investigated to evaluate the treatment response in bone 
and soft tissue sarcoma patients undergoing chemotherapy. The purpose of this study is to investigate the relationship 
between ADC value and the chemotherapy effect or prognosis. 
Methods. Among the patients with osteosarcoma who were referred to our hospital between 2007 and 2020, 20 cases 
in which the ADC map before and after NACT can be evaluated were included in this study. All patients in the study 
group underwent both T1-and T2-weighted, gadolinium-enhanced and DWI, and ADC mapping. The ADC values are 
generated on a pixel-by-pixel basis, and minimum, maximum, and mean ADC values can be measured for a particular 
region of interest, usually expressed in units of 10-3 square millimeters per second. The correlation between the 
difference of ADC value before and after NACT, and tumor necrosis rate or distant metastasis were analyzed.  
Results. There were 14 males and 6 females, ranging in age from 7 to 37 (median, 16) years. The location of 
osteosarcoma was femur in 12, tibia in 5, humerus in 2, and scapula in 1 case. All cases were diagnosed by biopsy and 
surgical specimen. The mean ADC values before and after NACT were 1.23 ×10-3 mm2 /s and 1.71 ×10-3 mm2 /s, 
respectively. The minimum ADC values before and after NACT were 0.30 ×10-3 mm2 /s and 0.58 × 10-3 mm2 / s, 
respectively. Distant metastases (DM) developed in 6 cases, and the 5-year overall survival rate was 76%. The patient 
characteristics is shown in Table. There was a significant correlation between the difference in mean ADC values before 
and after chemotherapy and the tumor necrosis rate (p = 0.004, Figure 1). There was also a significant correlation 
between the difference in the minimum ADC value before and after chemotherapy and the tumor necrosis rate (p = 
0.01, Figure 1). In cases with DM, the difference in mean ADC value before and after NACT was significantly smaller, and 
the difference in minimum ADC value before and after NACT tended to be smaller (Figure 2). 
Conclusion. Differences in mean and minimum ADC values before and after NACT were predictive of chemotherapy 
efficacy and distant metastasis in patients with osteosarcoma.  
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Clinical and imaging features affecting the necessity of tissue biopsy in 
pathological long bone fractures 
Todsapon Chancharoenchai1, Chindanai Hongsaprabhas1, Chris Charoenlap1, Aticha Ariyachaipanich2, 
Chindarat Ratanakornphan2, Numphung Numkarunarunrote2, Anand Prugmahachaikul3, Voranuch Thanakit3 

1Department of Orthopaedics, Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand, 2Department of 
Radiology, Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand, 3Department of Pathology, Faculty of 
Medicine, Chulalongkorn University, Bangkok, Thailand 

Background. Pathological fracture of bone tumor is challenging because of the complexity of treatment and depend on 
the diagnosis which histopathological result remains the gold standard. However, tissue biopsy might be opted out in 
some circumstances to reduce the preoperative waiting time and cost of treatment. This study evaluated and identified 
the factors affect the necessity of tissue biopsy in pathological long bone fractures. 
 
Methods. A retrospective study performed in King Chulalongkorn Memorial hospital including all 90 patients with 102 
actual pathological fractures who underwent definite surgery with histopathological confirmation in our institute. 
Medical records, imaging studies and histopathological studies were reviewed and collected. The final histopathological 
results included 78 metastatic bone diseases, 10 benign bone lesions, 10 multiple myelomas and 4 primary bone 
sarcomas. All lesions were divided into 2 groups consisting of preoperative tissue biopsy and non-biopsy groups. The 
affected clinical and radiographic factors were analyzed including the history of known primary cancer, mineralized 
tumor matrix, periosteal reaction, border of lesion according to Modified-Lodwick classification and number of lesions. 
 
Results. Only 26 (26%) pathological fractures had tissue biopsy to confirm diagnosis before definite surgery. A history 
of known primary cancer were 8/26 (31%) and 70/76 (92%) in biopsy and non-biopsy group sequentially (p<0.001). 
While multiple lesions from bone scan or bone survey required tissue biopsy in 1/68 (1.5%) versus 25/34 (74%) in single 
lesion (p<0.001). The protective factor for surgeon to perform biopsy was multiple lesions (OR=0.04, 95%CI 0.00-0.35, 
p=0.004). All 4 primary bone sarcoma with pathological factures had preoperative tissue biopsy which mineralized 
tumor matrix and periosteal reaction were the important parameters to guide the provisional diagnosis. Four out of 10 
(40%) benign bone lesions underwent definite surgery without prior tissue biopsy, but we could not identify affected 
factors for these lesions. However, no patient in any group required reoperation because of surgery without prior 
biopsy. 
 
Conclusion. History of known primary cancer, Mineralized tumor matrix, periosteal reaction, and number of lesions 
were the important factors affecting the necessity of tissue biopsy in pathological long bone fractures. However, tissue 
biopsy remains the gold standard and must be perform in equivocal circumstance to prevent the unplanned surgery.  
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Prognostic influence of rejection of (neo-)adjuvant sarcoma therapy 
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1Orthopaedic Oncology, Department of Orthopaedic and Trauma Surgery, LMU Munich, Munich, Germany, 2Department 
of Radiation Oncology, LMU Munich, Munich, 3Department of Medical Oncology, LMU Munich, Munich, 4Department of 
Pathology, LMU Munich, Munich,  

Introduction. Evidence-based and recommended non-surgical forms of therapy, such as radiation or chemotherapy are 
rejected by the patient in some cases. Aim of this monocentric retrospective study was to evaluate the rejections, the 
reasons for this decision of the patient and the prognostic influence on local recurrence rate and survival. 
 
Methods. 828 patients with surgically resected soft tissue (609, 74%) or bone sarcomas (219, 26%) between 2012 and 
2019 were included. Median age was 55 years (2-99), typical tumor entities were Undifferentiated Pleomorphic Sarcoma 
(UPS) 20%, Liposarcoma 18%, Chondrosarcoma 14%, Osteosarcoma 10% and others. Evaluated factors were the 
recommended adjuvant therapy, whether this was carried out and, if so, why not, as well as local recurrence rate, 
metastasis rate and overall survival. 
 
Results. Of 828 surviving patients, only 23 (3%) had less than 12 months of follow-up. (Neo-)adjuvant RTX was 
recommended in 407 (49%). 367 (90%) received these 18 (6%) patients refused. Other reasons for non-therapy were 
the death of the patient (n=7), wound complications (n=9), advanced disease (n=4), or unknown (n=2). With exclusion 
of deceased patients or those with progression prior to RTX overall survival and local recurrence-free survival were 
significantly reduced. 
Chemotherapy was recommended neoadjuvant in 262 (32%) patients, 40 (15%) did not receive it. The main reasons 
were rejection by the patients or progress (n=17 each). Adjuvant CTX was advised in 72 patients without neoadjuvant 
CTX, 29 (40%) did not receive it. In 193 of 222 patients treated with neoadjuvant CTX, additional adjuvant CTX was 
adviced. In 15 (8%) cases this was not performed. Reasons were in the majority (59%) refusal by the patient. 
Overall survival was in case of rejection significantly reduced (p = 0.0038). Local recurrence-free survival was also worse 
(p=0.0324).  
 
Conclusion. There is a small proportion of patients who decline radiation or chemotherapy in addition to surgical 
resection of the tumor (6% and 9%). Also, disease progression or wound complications are major factors for not 
applying. Refusal by the patient may be triggered by general condition or age (bias of the study!). But in any case, local 
recurrence-free and overall survival are significantly deteriorated. 
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Defining the management of bone and soft tissue sarcomas diagnosed 
during pregnancy using 38-year data collected in a single centre 
Chee Leong Choong, Vineet John Kurisunkal, Jonathan Stevenson, Lee Jeys 
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Background. Having been diagnosed with bone or soft tissue sarcomas is uncommon on its own, the odds of being 
presented during a pregnancy is rarer at 0.2% out of all malignancies occurring during pregnancy reported as 0.07-0.1%. 
Hence, management of sarcoma during pregnancy is more complicated and to date there is no single guideline that 
suits all. 
 
Method. Patients diagnosed with either bone or soft-tissue sarcomas or sarcoma metastatic progression during 
pregnancy were identified retrospectively between the years 1983-2021 from our orthopaedic oncology database. 
Demographic and relevant information regarding their management was collected, including maternal and neonatal 
outcomes, metastatic progression, and survival rates. 
 
Results. A sum of 28 patients diagnosed with sarcoma during pregnancy were included: 17 (60.7%) with bone sarcoma 
and six (21.4%) with soft-tissue sarcoma. Five (17.9%) had metastatic progression of their bone or soft-tissue sarcoma 
during pregnancy. The median age at diagnosis is 24-year-old. Youngest at 18 and eldest at 38-year-old. Detailed 
discussions between the sarcoma multidisciplinary team (MDT) and obstetric teams took place throughout each 
patient’s pregnancy follow up. Six underwent a termination of pregnancy. Four underwent sarcoma surgery during 
pregnancy with no maternal or neonatal complications reported. Nine were induced early and four underwent early 
caesarean section to allow for staging and definitive management without any neonatal complications. Maternal one-
year and five-year survival rates for bone sarcomas were 100% and 61.5% respectively and 100% and 33.3% respectively 
for soft-tissue sarcomas. One survived more than 5 years in the metastatic progression group but succumbed at 7th 
year due to cerebral metastasis. 
 
Conclusion. All sarcoma patients that were detected during pregnancy should be referred to sarcoma MDT which 
includes obstetric teams because it is important for the patients to get the best knowledge on treatment options to 
make a reasonable decision in the shortest time. As our study demonstrated that the management of bone and soft-
tissue tumours during pregnancy depending upon the pregnancy stage, type of pathology, location of sarcoma. The 
main difference between the management of pregnant and non-pregnant patients is the need to delay staging and 
administering chemo-radiotherapy until birth. Metastatic progression prevention is the main objective to improve 
survival rate. Hence, minimizing delay in chemo-radiotherapy will improve the outcome, especially bone sarcoma which 
are sensitive to it. Therefore, advocating early surgery even during pregnancy is the only way to improve the maternal 
outcome for those which are not sensitive to chemo-radiotherapy.  
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Staged Conversion of the Tripod Technique to Cemented Total Hip 
Arthroplasty: Early Experience. A Retrospective Study. 
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Background. Severe bone loss in the periacetabular area, either secondary to metastatic bone disease or due to fragility 
fracture in elderly osteoporotic patients, represents a major surgical challenge. Reconstruction using either a Harrington 
procedure or a cage device often incurs substantial morbidity owing to extensive soft tissue dissection, prolonged 
surgical time and other intraoperative complications. We previously developed the Tripod technique for the treatment 
of periacetabular metastatic disease and have reported encouraging results in most of the patients.  In a few cases, 
patients were managed in a staged fashion, undergoing first the percutaneous screw fixation, and subsequently 
conversion to a cemented total hip arthroplasty (THA). The purpose of this study was to assess the feasibility and 
benefits of coupling the Tripod procedure and THA in patients with acetabular compromise from metastatic disease.  
 
Methods. A retrospective review was conducted of all patients who initially underwent the Tripod technique of 
acetabular reconstruction followed by conversion to cemented THA. Preoperative disease burden and pain scores, 
operative details, and postoperative outcomes were reviewed.  
 
Results. Eight patients were identified who underwent both procedures over a four-year period. Seven of the eight 
patients underwent the conversion procedure in a staged fashion. Among these seven, the average time between stages 
was 82.6 days (range: 4-327 days). Seven patients had metastatic bone disease involving the periacetabulum at 
presentation and one patient had an insufficiency fracture with femoral head collapse and was included in the study 
group. The most common reason for conversion in the metastatic group was disease progression in five patients and 
persistent hip pain in two. No cage device was used in any of the cases. All eight patients reported improved pain scores, 
five patients improved their ambulatory status, and there were no cases of implant loosening or instability events. One 
patient experienced a postoperative deep wound infection that required an open surgical debridement and femoral 
head exchange.  
 
Conclusion. The Tripod procedure can be safely converted to a cemented total hip arthroplasty without using a cage 
device. There was significant improvement in pain and ambulatory status with no hardware loosening or failures 
observed at final follow-up or time of death. This technique can serve as one of the solutions to address severe 
periacetabular bone loss in the setting of metastatic bone disease or in elderly fragility fractures. 
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Topic use of vancomycin powder to cover megaprosthesic implants: an 
expedient to reduce the burden of infections 
Lorenzo Andreani, Lorenzo Andreani, Giorgio Varchetta, Silvia De Franco, Olimpia Mani, Antonio D'Arienzo, 
Rodolfo Capanna 

University Of Pisa, Pisa, Italy 

Background. Megaprostheses represent one of the most reliable surgical technologies to replace massive bone defects 
caused by tumors, infections, traumas or previous implants’ failures. Although they can often lead to good-to-great 
clinical and functional outcomes, these devices are burdened by a relatively high risk of intra-operative and post-
operative complications. Infections, in particular, are among the most frequent of these adverse events.  
  
Objectives. The aim our study was to evaluate if the topic use of Vancomycin during the implant of megaprostheses 
could decrease the post-operative risk of infection without causing a significant increasement in complications rate. 
 
Methods. This retrospective study included 59 cases treated with megaprosthesis in our institution. Cases were divided 
in two groups: Group A included patients who were treated with topical vancomycin (21) whereas those who did not 
receive local antibiotics were included in Group B (38). Each case received antibiotic treatment according to the same 
protocol. Group A cases received 1g of vancomycin powder directly on the prosthesis and another 1g above the 
muscular fascia. White blood cell count, C-Reactive Protein (CRP) and Creatinine values were recorded both pre-
operatively and 5 days after surgery. For each patient, we evaluated whether cases developed or not a post-operative 
infection. In parallel, we recorded the development of complications attributable to the use of topic vancomycin 
through the whole post-operative intercourse. 
  
Results. 7 (18.4%) of our control cases (Group B) were diagnosed with an infection through their post-operative follow-
up. Instead, none of the 21 cases treated with topical vancomycin developed infections. A Fisher Exact test testified that 
the use of local antibiotic significantly reduced the risk of local infections (p=0.0434). The differential between pre-
operative and post-operative values of white blood cells, CRP and creatinine were not significantly different in Group A 
and Group B, according to (p=0.813; p=0.806; p=0.722). These results are consistent with the idea that local vancomycin 
does not significantly modulate systemic inflammation nor increases the risk of kidney damage. None of our patients 
developed acute kidney injury nor other complications directly attributable to the use of vancomycin. 
  
Conclusions. Our outcomes suggest that the administration of vancomycin powder on the implant surfaces and above 
the muscular fascia is effective in reducing the risk of post-operative infections in cases treated with megaprostheses. 
In parallel, the drug does not seem to cause a significant increasement of post-operative complications attributable to 
the drug itself. 
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Moving Toward an International Sarcoma Registry: Establishing Data 
Elements for the Musculoskeletal Tumor Registry Sarcoma Module 
Eric R Henderson2, Nathan  Mesko4, Benjamin J. Miller5, George Calvert3, Dr Adam Levin1, on behalf of the 
Musculoskeletal Tumor Registry Steering Committee6 

1Johns Hopkins University, Baltimore, United States, 2Dartmouth-Hitchcock Medical Center, Lebanon, United States, 
3Norton Healthcare, Louisville, United States, 4Cleveland Clinic, Cleveland, United States, 5University of Iowa, Iowa City, 
United States, 6American Academy of Orthopaedic Surgeons, Rosemont, United States 

Background.  The Musculoskeletal Tumor Registry (MsTR) was introduced as a pilot program in 2018 through an effort 
supported by the Orthopaedic Research and Education Foundation (OREF) and the Musculoskeletal Tumor Society 
(MSTS) to improve data reporting and consistency across institutions for tertiary sarcoma programs.  In 2020, MSTR was 
accepted as a full registry into the American Academy of Orthopaedic Surgeons (AAOS) Family of Registries, with the 
Sarcoma Module as its initial data capture tool.  In the development of the MsTR, the MsTR Steering Committee was 
convened to establish consensus regarding standard data elements for collection.  The pillars of the registry effort 
include 1) collection of research-quality data, 2) minimization of the burden of data entry to providers, and 3) utilization 
of a framework that allows for future modification.  An important strategy used to fulfill these goals was to create 
“smartforms” within the electronic health record (EHR) with branching logic to collect the maximum amount of 
important data in the least intrusive possible manner. 
 
Questions/Purposes. The current report describes the process and results from the consensus development for 
standardized data elements for the sarcoma module of the Musculoskeletal Tumor Registry, as well as clarifying 
inclusion criteria for MsTR.   
 
Patients and Methods. A national panel of experts in musculoskeletal oncologic surgery was convened, including 
members of ten geographically distinct sarcoma centers.  The MsTR Steering Committee panelists are all Fellows of the 
American Academy of Orthopaedic Surgeons (AAOS) and full members of the Musculoskeletal Tumor Society (MSTS) . 
A preliminary list of data elements was established, including demographic and procedural data, as outlined in the 
American Joint Replacement Registry (AJRR).  The panel reviewed and refined data elements with consideration for 
clarity of element definition to optimize reliable and accurate reporting; verbal majority was required to establish 
consensus.   
 
Results. The MsTR Steering Committee has approved patient inclusion criteria and data elements for the initial iteration 
of the MsTR Sarcoma Module.  Patients with primary extremity sarcomas of the bone or soft tissues, or giant cell tumor 
of bone are eligible for inclusion.  Data elements for collection are organized via branching logic to provide focus on 
relevant data.  Selected data domains include: demographics, diagnosis and treatment, procedure and implants, 
histology, patient-reported outcomes, and follow-up and adverse outcomes.   
 
Conclusions. The standard data elements for the introduction of the sarcoma module of the MsTR through consensus 
provide a template for international centers to coordinate data collection for collaboration and for benchmarking.   
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Development of The Metastatic Bone Disease Module Within The 
American Academy of Orthopaedic Surgeons Musculoskeletal Tumor 
Registry 
George Calvert2, Nathan Mesko3, Eric R. Henderson5, Dr Adam Levin1, Benjamin J. Miller4, on behalf of the 
Musculoskeletal Tumor Registry Steering Committee6 

1Johns Hopkins University, Baltimore, United States, 2Norton Healthcare, Louisville, United States, 3Cleveland Clinic, 
Cleveland, United States, 4University of Iowa, Iowa City, United States, 5Dartmouth-Hitchcock Medical Center, Lebanon, 
United States, 6American Academy of Orthopaedic Surgeons, Rosemont, United States 

Background. In 2020, The American Academy of Orthopaedic Surgeons (AAOS) launched the Musculoskeletal Tumor 
Registry (MsTR) as the third member of its Family of Registries.  Primary bone and soft tissue sarcoma data collection 
was initiated with the Sarcoma Module.  MsTR is contracted with 25 programs across 15 states.  To support metastatic 
bone disease (MBD), which has greater societal health burden and costs than sarcoma, a second MsTR module is in 
development to study demographics, treatment, and outcomes of patients treated surgically for MBD patients in US. 
 
Methods. MsTR criteria for MBD module enrollment includes all patients with treated surgically for MBD lesions of the 
extremities and pelvis at participating institutions.  Patient identification occurs via a combination of ICD-10-CM and 
CPT codes, with confirmation by the local registry team.  Baseline patient demographics, tumor characteristics, adjuvant 
treatments, procedural details, implants, adverse events, and outcome measures are recorded.  Automated data 
abstraction from the electronic health record (EHR) is utilized whenever possible (>50%).  EHR ‘smartforms’ with 
branching logic are employed to minimize data entry burden for variables that cannot be abstracted. Surgeon-reported 
outcomes (MSTS upper and lower extremity scores) and patient-reported outcomes (PROMIS global heath, TESS upper 
and lower extremity) are included. 
 
Results. The MsTR MBD data dictionary contains >200 unique elements and data specification layout by AAOS’s IT staff 
is complete.  Data elements amenable to abstraction are defined, and draft smartforms with branching logic for 
elements requiring manual entry are drafted; platform launch is scheduled for mid-summer of 2022. We anticipate 
presentation-ready data from this launch by September 2022. 
 
Conclusions. A larger elderly population and improvements in systemic cancer therapy have dramatically increased the 
number of people living with MBD.  We now seek to use MsTR’s capacity to benefit patients with this frequently 
underappreciated problem.  MsTR is designed to help surgeons and institutions improve patient care through timely 
analysis of reliable and relevant data from patients treated surgically for MBD.  Feedback from—and acceptance by—
the broader orthopaedic oncology community is critical to the utility, application, and success of the MBD module. We 
plan to update the ISOLS membership on the current status of the effort, answer questions regarding participation and 
logistics, and seek suggestions for ongoing improvement. Furthermore, dissemination of our selected datea elements 
is designed both to provoke thoughtful discussion of their merits and to facilitate synergistic efforts at a later date with 
programs outside of MsTR. 
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Mythology to Modular, history of endoprosthetic reconstruction and limb 
salvage of the distal femur 
Alberto Crimi1, David Joyce1, Odion Binitie1, Pietro Ruggieri2, Douglas Letson1 

1Sarcoma Department, Moffitt Cancer Center, University of South Florida, United States, 2Orthopedics and Orthopedic 
Oncology, Department of Surgery, Oncology and Gastroenterology DiSCOG, University of Padova,Italy 

Background. The possibility of reconstructing bones and joints has always fascinated the Mankind, with examples dating 
back to the Greek and Roman Mythology, while for the first modern accounts of resection of bones and reconstruction 
with endoprosthesis we have to wait until the 1890s, with the experiments of Gluck and Giordano, on knee and distal 
tibia. The purpose of this historical review is to highlight the evidence of prosthetic reconstruction with a focus on the 
modular distal femur and hinged total knee arthroplasty. 
 
Methods. Scientific literature was searched for descriptions of endoprosthetic reconstruction of the extremities to give 
a thorough overview of the subject, focusing the research on the evolution of limb salvage of the distal femur. 
Treatments, techniques, materials, and biomechanical solutions were investigated. 
 
Results. After the first works of Gluck and Giordano, with ivory and metal and the pioneer shoulder prosthesis by Pean 
in the late 1890s, a great advancement was brought by reconstructions performed for injured soldiers of the Great War. 
By the 1940s substitutions of all the main joints were attempted, and documented, there was among them the famous 
Vitallium proximal femur replacement by Moore. In 1947 Delitala reported seven cases of metallic replacement of the 
shafts of long bones after resection of malignant tumors. In the same years Judet and Magnoni started the use of a 
hinged knee prosthesis, respectively acrylic and metallic. The idea of the hinge knee reconstruction was concretized in 
Walldius’ fully constrained hinge knee, for the first time it was available a consistent and replicable method of 
substituting the knee after resection for tumors, tuberculotic knee or post-infectious deformity. In 1953 Shiers’ fully 
constrained prosthesis allowed for good flexion and extension, though this led to failures cause by the weak stem-bone 
interface. Shiers’ and Walldius’ prosthesis were used until the 1970s. Other successful attempts were made with the 
Stanmore and GUEPAR group prosthesis in the 1960s. The first rotating hinge was developed in 1978 by Walker, with 
the innovative 6 degrees of freedom, concept extrapolated from his studies on the knee mechanics. Between the 1979 
and 1982 Kotz developed the first modular segmental replacement that, added to a fixed hinge knee, permitted the 
revolutionary creation of the modern distal femur replacement. Biomet Finn prosthesis, Stryker Kinematic, and Zimmer 
NexGen are among the more common modern distal femur reconstructions, with modularity and rotating hinge knee. 
 
Conclusion. The history of the development of segmental endoprosthetic reconstruction, the study of the materials and 
mechanical solutions that brought to the modern distal femur resection prosthesis are a good example of a virtuous 
multidisciplinary teamwork between orthopedic surgeons, anatomists, and biomechanical engineers. 
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The infected Megaprostheses: Treatment Strategies, Results. 
Alexander Klein, Julian Fromm, Hans Roland Dürr 

Hospital Of University Munich, Münich, Germany 

Introduction. One of the most serious and feared complication of megaprostheses is periprosthetic infection. There is 
no standardized approach after resection and endoprosthetic reconstruction of musculoskeletal tumors established.  
Lavage, exchange of the mobile parts of the prosthesis, removing the prosthesis with implantation of a spacer (with or 
without leaving the stems) are the major options. The aim of this study is hence to compare the effectiveness of those 
in respect to infection control and limb preservation. 
 
Patients and methods. 241 patients treated in our clinic between 2003-2019 were retrospectively evaluated. Only 
patients with endoprosthetic reconstruction due to tumor were included. 
 
Results. The mean follow-up time was 48.5 months. The mean age of the patients was 51.3 years. During the follow-up 
period, 60 of 241 patients (24.9%) deceased in almost all cases due the oncological disease. The entities were metastasis 
in 75 cases (31.1%), followed by 65 cases with osteosarcoma (27%), 40 cases with chondrosarcoma (16.6%) and others. 
Surgical revision due to infection was necessary in 42 cases (17.4%). Of those, 19 involved a distal femur (25.7% of all 
prostheses on the distal femur), 10 the proximal femur (11.8%), 5 the proximal tibia (17.9%), 4 the proximal humerus 
(12.9%) and 2 each a femoral diaphysis (16.7%) and an elbow tumor prosthesis (40%). 
42 patients required a total of 72 revisions (1-4 revisions per case, mean 1.7). Complete prosthesis removal (2-stage-
surgery) was performed in 19 cases (26.8 of all revisions), in 15 (21.1%) cases the removal of the mobile prosthesis parts 
while leaving the anchor stems (2-stage-surgery), in 14 (19.7%) cases a 1-stage-revision with change of the mobile 
prosthesis parts and in 10 cases (14.1) only the lavage of the prosthesis and the joint were performed. In 5 cases (7%) it 
was necessary to change the spacer. An amputation due to uncontrollable infection was performed in 8 cases (81% limb 
salvage). In comparison of treatment effectiveness, a significant difference (p=0.022) was seen. While further revision 
was necessary after an amputation (1 of 8 cases) in 12.5% of cases and after the complete removal of the prosthesis 
(3/19) in 15.8% of the cases, the rate of revisions after partial removal of the prosthesis (2-stage-surgery) was 
significantly higher (5 /15 cases; 33.3%), comparable with a 1-stage-surgery (5/14; 35.7%) and only worse by lavage only 
(7/10; 70%). 
 
Discussion.  Our results show a significant advantage for an extended approach in surgical revision (2-stage-revision 
with complete removal and replacement of the stem) and are consistent with the results of published literature. 
However, the situation of megaprosthetics often means a relevant loss of bone substance of the residual long bones 
and possible losses in the function of the extremities sometimes also amputation.  
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surgery and pexidartinib treatment: presentation of 3 clinical cases  
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Background. Tenosynovial giant cell tumor (TGCT) is a rare neoplasm of the joint synovium that has a wide clinical spectrum including, 
pain and stiffness in the affected joint, swelling, joint effusion, and cartilage loss. The mainstay treatment for TGCT has been surgery 
involving partial or total synovectomy using arthroscopic or open techniques. Particularly in diffuse-TGCT (D-TGCT) cases, these 
surgeries have high recurrence rates and can result in increased morbidity and decreased quality of life. As systemic treatments 
targeting the colony-stimulating factor-1 receptor have been utilized with encouraging results in TGCT cases not amenable to surgery, 
the 3 cases presented here summarize a combination approach (surgery + pexidartinib [tyrosine kinase inhibitor]) in patients with 
previously unresectable or inoperable D-TGCT. 
 
Methods. Case 1 was a 29-year-old male presenting with D-TGCT in the hip who received pexidartinib prior to surgery. Case 2 was a 
35-year-old female diagnosed with D-TGCT in the foot who was treated with pexidartinib following disease recurrence. Case 3 was a 
55-year-old male presenting D-TGCT in the knee, who was treated with pexidartinib pre- and postoperatively. 
 
Results. Case 1 – Hip. Pexidartinib treatment resulted in tumor reduction. Subsequently, a left total hip arthroplasty was performed 
with no recurrence 12 months postoperative with significant reduction in tumor burden into the pelvis (Figure 1A) and the 
ischiofemoral space and anterior psoas (Figure 1B). The patient is currently on 400 mg BID pexidartinib treatment. Case 2 – Foot. 
Nearly a decade following a left foot mass resection, D-TGCT recurred and the patient was treated with pexidartinib. Treatment with 
pexidartinb resulted in decreased soft tissue lesions at the mid-foot, and decreased marrow enhancement at the first metatarsal 
head were observed from coronal (Figure 2A) and sagittal views (Figure 2B). These changes were noticable within 4–5 months of 
pexidartinib treatment; the patient is currently on pexidartinb (400 mg/day) with improved symptom control. Case 3 – Knee. This 
patient received 200mg BID pexidartinib prior to, and following surgery. No evidence of reccurent D-TGCT was observed in follow up 
MRI, shown here at the level of the menisci (Figure 3A). A reduction in swelling and size of the popliteal cyst (Figure 3B) was significant 
and maintained, without synovial disease growing following pexidartinib discontinuation. Surgery and adjuvant therapy eliminated 
the disease as of the last follow-up visit (11 months postoperative). 
 
Conclusion. These cases provide a unique perspective based on tumor location, timing of treatment strategy, and patient outcomes. 
Optimal treatment strategies for this debilitating disease may entail utilizing a combination approach (surgery + systemic treatment) 
to potentially reduce surgical morbidity, and the risk of postoperative disease recurrence. 
Consent for publication: Written informed consent was obtained from the patients for publication/presentation of these case reports 
and clinical images. 
 

  

 
 
 
 
  

379



 

 
 

FS15.12 

A patient with diffuse intramuscular lipomatosis of a lower limb having 
pudendal nerve insufficiency – Successfully resected following vascular 
embolization 
Hanako Tsuji, Jun Nishida, Yuichi Ichikawa, Takanori Hatanaka, Takashi Koyama, Kengo Yamamoto 

Tokyo Medical University, Shinjuku-ku, Japan 

Background. Intramuscular lipoma is a relatively rare condition, and usually asymptomatic. Intramuscular lipomatosis 
is a very rare example, and we could find only one reported case from our literature review. We experienced a case 
having a huge adipose tissue mass in the buttock in a patient with intramuscular lipomatosis of a lower leg presenting 
sciatic and pudendal nerve insufficiencies, and successfully treated by intralesional excision following vascular 
embolization.  
 
Case presentation. A 53-year-old woman, a housewife, underwent a left buttock tumor resection at somewhere 40 
years ago. However, the residual tumor gradually enlarged after that, and pain of the left buttock and numbness of the 
left perineal area occurred 6 years ago. In addition, the numbness of the left lower limb evoked by a supine position 
made her difficult to sleep 3 months ago, so that she visited the previous hospital. A needle biopsy revealed a benign 
adipose tissue neoplasm, and she was referred to our hospital for further treatment. At the first visit, her left buttock 
was huge and tense, however, mass could not be understandable by manual palpation. Hypesthesia on the left anus 
and perineum was observed. Manual muscle testing (MMT) of the left lower limb was not reduced, and range of motion 
(ROM) of the left hip was slightly restricted. A diagnosis of intramuscular lipomatosis was made because of the imaging 
modalities revealed multiple intramuscular adipose tissue tumors in the left lower extremity including gluteus maximus, 
medius, and minimus muscles. An intralesional excision with neurolysis of the left pudendal nerve was performed 
following intra-arterial embolization. The tissue pressure of the gluteus maximus muscle decreased from 52.3 mmHg 
preoperatively to 7.7 mmHg postoperatively. The amount of bleeding during the procedure was 473ml. The histological 
diagnosis was also intramuscular lipoma. Perianal and perineal sensory disturbance was getting better after surgery, 
and they disappeared completely 1 and half years after the operation, and she has no complaint, and her ADL is free at 
the one and half years after the operation.  
 
Discussion and conclusion. The tumor compressed the sciatic and pudendal nerves. Symptoms were improved after the 
resection of the tumor following intra-arterial embolization, even though the procedure was intralesional. Preoperative 
vascular embolization has made it possible to reduce the amount of bleeding during the debulking surgery.  
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Prognostic Factors and Outcomes of Dedifferentiated Chondrosarcoma—
The University of Florida Experience 
Danielle Chun, Andre Spiguel, Parker Gibbs, Mark Scarborough, Gregory LaChaud 

University Of Florida, Gainesville, United States 

Background. Dedifferentiated chondrosarcoma is a highly aggressive malignant bone tumor with many uncertainties 
regarding survival and overall prognosis given the rare nature of the disease. Few large series studies have been 
published given the rarity of this diagnosis with the majority of the literature being small case series or database studies. 
The purpose of this study was to review the University of Florida’s experience in the treatment of patients with 
dedifferentiated chondrosarcoma with regards to prognostic factors and outcomes. 
 
Methods. An IRB approved retrospective review identified 91 patients diagnosed with dedifferentiated 
chondrosarcoma and treated at the University of Florida between 1966 and 2021. All patients were followed up to death 
or at least for 12 months. Data was collected regarding clinical and pathologic characteristics (e.g. MSTS stage, tumor 
size, tumor location, fracture at presentation, surgical treatment type, surgical margins, and adjuvant treatment) and 
overall survival and disease-free survival outcomes were analyzed.   
 
Results. The most involved sites were the femur (55%), pelvis (29%), and humerus (8%). 15 patients (16.4%) presented 
with metastatic disease. The median overall survival (OS) was 12.5 months, with 33% two-year survival and 15.7% five-
year survival. Median disease-free survival (DFS) was 6.3 months. Worse prognosis was associated with MSTS stage III 
at presentation. Overall survival was not associated with tumor size, tumor location, surgical margins, or decade of 
diagnosis. Compared to surgery alone, adjuvant therapy (radiation, chemotherapy, or both) was not associated with 
improved overall-survival or disease-free survival. Fracture at presentation may be associated with decreased overall 
survival but the ability to perform limb salvage was associated with improved survival.  
 
Conclusions. Prognosis of dedifferentiated chondrosarcoma continues to remain poor with advances in imaging, surgical 
technique, and adjuvant treatment not significantly altering the overall survival, suggesting an intrinsic aggressive 
biology associated with this disease. Further advances in survival will likely depend on understanding the unique biology 
of dedifferentiated chondrosarcoma.  
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Pedicled sartorius flap and mesh (PSM) technique vs no reconstruction in 
reconstructing the defect after type III pelvic tumor resection: a 
retrospective study 
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Weitao Yao, Hua Wei 
1Bone and Soft Tissue Department, The Affiliated Cancer Hospital of Zhengzhou University & Henan Cancer Hospital, 
Zhengzhou, China, 2Key laboratory for digital assessment of spinal-pelvic tumor and surgical aid tools design (Zhengzhou), 
Zhengzhou, China, 3Key laboratory for perioperative digital assessment of bone tumors (Henan), Zhengzhou, China, 
4Department of Anesthesiology, Pain and Perioperative Medicine, The First Affiliated Hospital of Zhengzhou University, 
Zhengzhou, China 

Background. Type Ⅲ pelvic tumor resections are often accompanied by postoperative complications. In order to lower 
complication rates, we developed a novel technique to reconstruct the pelvic ring defect with a pedicled sartorius flap 
and mesh (PSM). In this study, we assessed the complication rates of reconstruction with the PSM technique in 
comparison with no reconstruction after type Ⅲ pelvic tumor resections.  

Methods. We retrospectively reviewed a consecutive set of patients who underwent type Ⅲ pelvic tumor surgery in 
our center from January 2020 to January 2021 with either PSM reconstruction (designated as the PSM group) or without 
any reconstruction (designated as the control group). General information such as age, gender, tumor type, and surgical-
related information such as duration of surgery, blood loss, and the surgical margins was collected. Besides, wound 
complications such as infection and dehiscence were recorded together with local recurrence and MSTS 
(Musculoskeletal Tumor Society) scores. Statistical analysis between two groups was conducted with GraphPad Prism 
v7.  
Results. In total 20 patients were included in this study (PSM group n=12, control group n=8). While no herniation was 
found in the PSM group, it occurred in 6 of 8 cases in the control group. The control group showed a significantly higher 
rate of bacterial infection (p = 0.03) and wound dehiscence (p = 0.02) but a lower MSTS score compared with the PSM 
group. 
Conclusions. PSM technique can significantly reduce postoperative complication rates after type Ⅲ pelvic tumor 
resection. 
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in sarcoma evaluation and surgical planning   
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Zhengzhou, China, 3Key laboratory for perioperative digital assessment of bone tumors (Henan), Zhengzhou , China, 
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Background. In order to determine sarcoma margins with more accuracy and aid surgical planning, we constructed 3D 
digital models with CT and MRI image fusion data and validated the preciseness of the models by comparing them with 
3D models constructed with CT only data.  
Methods. We retrospectively reviewed a consecutive set of patients treated in our center who were preoperatively 
evaluated with the fusion image model. Clinical information such as age, gender, location of the disease, pathological 
diagnosis and metastasis status at diagnosis was collected. Treatment strategy and oncological results were also 
included. Models based on fusion image or CT only data were constructed. Volumes of both tumors were calculated 
and the tumors were overlapped to see the location of differences between the two models.  
Results. A consecutive of 12 cases (4 male vs 8 female) were included in this study. The median age of this group of 
patients was 43 years (range 18-69 years). Most of the tumors were located in the pelvic bone or spine, followed by 
scapula, clavicular region and sacrum. Chondrosarcoma is the most common disease in this group of patients (n=4), 
followed by osteosarcoma (n=2) and undifferentiated pleomorphic sarcoma (n=2). Two of the tumors were diagnosed 
with distant metastasis. Postoperative pathological evaluation showed 11 cases with R0 resection and 1 with R1 
resection. Systematic or radiotherapy was conducted based on the tumor types. The patients were followed for a 
median of 14.7 months. Tumor recurrence was detected in 3 cases and 1 patient died of disease.   
Conclusion. CT and MRI fusion image 3D models are more accurate than models with CT only data and can be very 
helpful in preoperative planning of sarcoma patients.    
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Does endothelial cell dysfunction decide surgical wound health in bone 
sarcoma? A prospective study evaluating factors predicting wound 
complications in bone sarcoma. 
Shah Alam Khan, Love Kapoor, Venkatesan Sampath Kumar 

All India Institute of Medical Sciences, New Delhi, Delhi, India 

Background. We hypothesize that endothelial dysfunction plays a substantial contributory role in the pathogenesis of 
wound healing impairment following limb salvage surgery for bone sarcomas. The objective of this prospective cohort 
study is to study the potential association between endothelial dysfunction and postoperative wound complications 
and to determine the risk factors contributing to surgical wound complications in a cohort of patients undergoing limb 
salvage surgical resection for bone sarcomas. 
 
Methods. Brachial arterial flow mediated dilatation (FMD) was used as a measure of healthy endothelium. Patient-
related variables including age, sex, body mass index (BMI), comoridities, smoking status, tumor type, bone involved, 
tumor volume and blood parameters were recorded. Patients were divided into two groups. One group included 
patients without any evidence of wound healing impairment while the other group consisted of patients with wound 
healing complication to identify factors affecting surgical wound health. 
 
Results. A total of 46 patients were recruited in the study including 34 males and 12 females. The mean age was 19.73 
+/- 11.51 years (range 3-57 years). Ewing’s sarcoma was the most common diagnosis (n=22), followed by Osteosarcoma 
(n=19), Chondrosarcoma (n=3) and Synovial sarcoma (n=2). 5 (10.8%) patients developed wound healing complications. 
The risk factors that had univariate statistical significance included FMD, post operative drain volume, transaminase 
levels and plasma levels of zinc and copper. However, FMD remained the only independent predictors of wound healing 
in multivariate analysis when controlled for other variables (P = 0.005, OR = 0.450, 95% C.I. 0.259 – 0.782).  
 
Conclusion. Flow mediated dilatation as a marker of endothelial function might be a useful tool in the surgeon’s 
armamentarium to predict wound healing complications. The assessment of endothelial function prior to surgery might 
improve the risk stratification for postoperative wound healing problems. Endothelial dysfunction holds potential as a 
marker of wound complications as well as a target for therapeutic intervention. 
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The effects of neoadjuvant or adjuvant radiation or chemotherapy on the 
local recurrence, distant metastasis and overall survival in 
myxofibrosarcoma patients: a meta-analysis of existing literature 
Yousef Abuodeh, Brooke Crawford, H Thomas Temple 

University Of Miami, Miami, United States 

Background. Management of Myxofibrosarcoma (MFS) has been debated in the literature. Neoadjuvant radiation 
and/or chemotherapy has been advocated prior to wide surgical resection due to the high incidence of local recurrence 
(LR) and lower Overall Survival (OS) compared to other soft tissue sarcomas. However, no consistent agreement on the 
effect of neoadjuvant/adjuvant therapies in reducing LR nor a sufficient literature analysis has been established. 
 
Methods. Detailed search of the literature using keywords Myxofibrosarcoma, neoadjuvant chemotherapy, and 
neoadjuvant radiation was performed through the following databases: PubMed, Medline, CINAHL, Cochrane, Embase, 
and Google Scholar. Therapeutic studies that presented the outcome of therapy in terms of local or distant recurrence 
and overall survival in patients with myxofibrosarcoma were included in the analysis. Analysis of OS, LR and Distant 
Metastasis (DM) was performed using Revman5.3 for Hazard Ratio (HR) effect. 
 
Results. 301 studies were identified through database search. Of them, 12 studies were included in final analysis. Five 
of the studies that reported the effect of chemotherapy and/or radiation on survival were included in survival analysis. 
Seven studies reported the effect of chemotherapy and/or radiation on Local recurrence and were included in local 
recurrence analysis. Seven studies reported the effect of chemotherapy and/or radiation on distant metastasis and were 
included in distant metastasis analysis. Overall survival was not affected by addition of chemotherapy (HR 1.00 [95%CI: 
0.85-1.17} p=0.97) nor the addition of radiation (HR=1.07[95%CI: 0.95-1.22] p=0.27). Local recurrence was not affected 
by the addition of chemotherapy (HR 0.95 [95%CI:0.73-1.25] p=0.73) nor radiation (HR 1.15 [95%CI:0.94-1.40] p=0.17). 
Finally, Distant metastasis was not affected by the addition of chemotherapy (HR 1.19 [95%CI:1.02-1.40] p=0.03) nor 
the addition of radiation (HR 0.97 [95%CI: 0.85-1.11] p=0.67). 
 
Conclusion. Neoadjuvant radiation and/or chemotherapy have no significant effect on overall survival, local recurrence 
and distant metastasis in patients with myxofibrosarcoma. Most of the available literature is observational case-control 
comparison and/or case series. Multicenter collaboration is of paramount importance in conducting higher level 
therapeutic studies. 
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Mid-term results of utilizing a magnetic lengthening nail for intercalary 
allograft reconstruction after tumor resection 
Lee Zuckerman1, J. Dominic Femino1, Mark Agulnik1, Nadine Williams2 

1City Of Hope National Medical Center, Duarte, United States, 2Loma Linda University Medical Center, Loma Linda, United 
States 

Background. Reconstruction after excision of tumors has remained challenging. Intercalary allograft reconstruction has 
remained an option but is not without complication. Osteosynthesis techniques have included plate fixation, nail 
fixation, or combined techniques. Non-union occurs more frequently in those fixed with intramedullary nails alone. We 
previously reported on a novel technique of using magnetic growing intramedullary nails to compress across the entire 
allograft in 15 osteotomy sites with an 87% union rate. This technique also provides the opportunity to lengthen the 
bone at a later date using the same implant. The purpose of this study is to evaluate union rates and complications using 
this technique with a larger sample size and longer-term follow-up.   
Methods. A retrospective review of 12 patients with 25 osteotomy sites including 1 prior nonunion was performed. The 
average age was 36 (9-73) with an average follow-up of 41 months (12-85). Diagnoses included two pleomorphic 
sarcomas, six osteosarcomas, one metastatic endometrial stromal sarcoma, and four metastatic renal cell carcinomas. 
Twenty-four osteotomy sites were primary resections, one site was a chronic non-union previously treated with a 
carbon fiber nail, and two sites were for a revision of a previously fractured intercalary allograft. Eleven patients received 
adjuvant chemotherapy. One patient received neoadjuvant radiation and one patient received adjuvant radiation. An 
intercalary allograft with a magnetic growing intramedullary nail was placed. The average allograft length was 15.4 cm 
(6.5-29). The nails were compressed intraoperatively. Radiographs were evaluated to determine union rates, time to 
union from the initial procedure and to evaluate for any graft reabsorption or hardware complications.  
Results. Twenty-one out of 25 sites demonstrated evidence of healing after an average of 9 months (3-19) (Figure 1). 
Complications included 1 fracture through the allograft after a fall, 1 wound dehiscence, an intraoperative fracture of 
the native bone during surgery in 2 patients and an intraoperative fracture of the allograft in 1 patient. Hardware 
complications occurred in 6 patients and included the backing out of 4 screws/pegs with one that required removal, 
fracture of 3 screws, fracture of 2 nails (Figure 2), and cut-out of the nail from the humeral head in 1 patient. Four 
patients had revision surgery due hardware failure. Two patients successfully underwent a total of 3 surgeries for an 
acquired limb-length discrepancy (Figure 3). There was no evidence of reabsorption of any of the allograft, recurrent 
tumor, or infections at final follow-up.  
Conclusion. In this series, there was a union rate of 84%. Intraoperative fractures of the host and allograft bone did not 
prevent healing of the osteotomy sites. Hardware failure was the most common complication. Continued compression 
post-operatively may improve union rates. No longer term complications such as reabsorption of the allograft, infections 
or recurrences occurred. 
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Translation, Validation, and Cross-Cultural Adaptation of The Toronto 
Extremity Salvage Score System into the Arabic Language  
Musab Alageel1, Ibrahim AlShaygy1, Motaz Alogayyel1, Abdulrahman AlAseem1, Abdulaziz AlSudairi1, Khalid 
Murrad1, Anthony Griffen3, Mahmoud Shaheen2, Mohammed AlTayeb2, Fawzi Aljasir1 

1Department of Orthopedic Surgery, College of Medicine, King Saud University, Riyadh, Saudi Arabia, 2Department of 
Orthopedic Surgery, King Faisal Specialist Hospital & Research Centre, Riyadh, Saudi Arabia, 3Musculoskeletal Oncology 
Unit, Orthopedic Surgery, Mount Sinai Hospital, Toronto, Canada 

Background. Treatment of musculoskeletal (MSK) tumors involving the extremities has evolved over the past decade from 
amputation into limb salvaging treatments with the introduction of prosthesis and chemotherapy. Many scoring tools were 
developed to measure functional outcomes. Toronto Extremity Salvage Score system (TESS) is a patient-filled questionnaire 
measuring the functional status of patients with MSK tumors who underwent limb-sparing procedures. The purpose of this 
study is to translate the TESS into Arabic (TESS-AR) and to examine its reliability and validity. 
Methods. Our study was conducted at multiple centers in Riyadh, Saudi Arabia. All the Arabic-speaking adults diagnosed with 
MSK tumors involving the extremities were included. In this study, we included 108 participants who were diagnosed with 
MSK tumors in the upper or lower limb. Based on the location of the MSK tumor, we divided the participants into two groups 
(Upper & Lower Limbs). 61 participants have MSK tumor in the lower limb, and 47 participants have MSK tumor in the upper 
limb. TESS-AR was created following the clear, user-friendly guidelines for translation (Figure 1). To determine the reliability, 
we used the Test-Retest Reliability. Each group (Upper limb & Lower limb) answered the questionnaire twice in two different 
periods which was around 14 days. Initially, each patient completed only the appropriate TESS-AR. At the second time point, 
participants answered two questionnaires: the TESS-AR (upper or lower) and either SF-36 or EORTC QLQ C30 to determine the 
construct validity. Pearson Correlation coefficient was used to assess the correlation between TESS and SF36 or EORTC QLQ 
C30. The Cronbach’s alpha was used to assess the reliability and internal consistency of the items in the TESS questionnaire. A 
p-value <0.05 was considered statistically significant 
Results. Participants Reported that TESS-AR was clear, and they understood all the questions and answers. Test-retest 
reliability showed excellent reliability with an interclass correlation coefficient of 0.965 for both lower and upper extremities 
TESS-AR. Cronbach’s Alpha of lower extremity TESS-AR was 0.972, whereas the Cronbach’s Alpha of upper extremity TESS-AR 
was 0.969 indicating strong internal consistency. Construct Validity between TESS-AR and SF-36 showed a strong and 
moderated correlation between most of the components, with a Pearson correlation coefficient >0.40. similar results were 
found between TESS-AR and EORTC QLQ C30.  
Conclusion. The TESS-AR is a comprehensible, valid, and reliable score to assess the functional outcomes in patients with 
extremity tumors. We believe that TESS-AR can be used by clinicians, researchers, and patients.  
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Distraction Osteogenesis for Reconstruction of Intercalary Defects with a 
Bone Transport Nail After Tumor Resection 
Lee Zuckerman1, J. Dominic Femino1, Mark Agulnik1, Nadine Williams2 

1City Of Hope National Medical Center, Duarte, United States, 2Loma Linda University Medical Center, Loma Linda, United 
States 

Background. Reconstruction of large bony defects after tumor resection is challenging. The use of distraction osteogenesis and bone 
transport immediately after tumor resection allows for intercalary reconstruction utilizing the patient's own bone. All internal 
transport utilizing a bone transport nail is a newer technique for bone reconstruction. The purpose of this study was to evaluate the 
initial results of using a bone transport nail after tumor resection. 
Methods. A retrospective review of all patients who had a bone transport nail placed after tumor resection was performed. A joint-
preserving intercalary resection with negative margins was performed in all cases. Length and location of transport, complications 
and formation of regenerate were evaluated.  
Results. Five patients were identified with an average age of 34 (range 13-70) and follow-up of 24 months (range 11-38). Four femurs 
were treated and one tibia. The average length of transport was 12.2 cm (range 3.6 to 18). Two patients were treated for conventional 
high-grade osteosarcoma, one for Ewing’s sarcoma, one for metastatic synovial cell sarcoma and one for metastatic renal cell 
carcinoma. Adjuvant chemotherapy was given during transport in four cases. Four patients underwent primary tumor resection while 
one patient was treated for a failed intercalary allograft. No patients had radiation to the operative site. Two patients utilized all 
internal cable assisted transport (Figure 1). Two patients had a backing out of their distal interlocking screws and one required revision 
(Figure 2). One nail broke after prolonged weight bearing prior to healing and was revised. Regenerate was abundant in one patient 
who had their rate increased and was delayed in two patients, including one patient who was undergoing tibial transport and was 
not on chemotherapy and one patient undergoing femoral transport on cytotoxic chemotherapy (Figure 3). Otherwise, no evidence 
of local recurrence of tumor, infection or other complications were identified. Two patients died of metastatic disease 11 and 14 
months after their initial surgery. 
Conclusion. Regenerate formed in all patients, although the rate at which it formed was variable. Hardware complications were 
minor. There were no issues with transport, but the optimal latency and transport rate is unclear due to the variability of regenerate 
formation. The initial experience with this technique is promising for providing a viable method for reconstructing intercalary defects. 
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Reconstructions surgery with custom-made 3D-printed pelvic prosthesis 
due to malignancy or benign bone tumors involving the acetabulum. 
Single-center retrospective cohort study with clinical follow-up including 
patients from 2014 to 2020.  
Müjgan Yilmaz1, 2, Linda Fernandes, Michael Mørk Petersen 
1Rigshospitalet, Copenhagen, Denmark, 2Hillerød Hospital, Hillerød, Denmark 

Background. Limb-salvage surgery is today the preferred surgical treatment for patients with malignant bone tumors, metastasis, or 
benign tumors resulting in major bone loss.  Improvement in technology allows the use of personalized 3D-printed custom-made 
prostheses developed from CT and/or MRI scans. 
This study aims to evaluate surgical and functional outcomes after reconstruction with a custom-made pelvic prosthesis. 
Methods. Retrospective single-center cohort study including 12 patients (M/F =8/4) reconstructed with custom-made 3D-printed 
pelvic prosthesis due bone resection involving the acetabulum due to malignancy or benign tumors between 2014-2020. Mean age 
at surgery was 51 years (range: 15-76), following pathological diagnoses were represented; Chondrosarcoma(n=4), Ewing 
sarcoma(n=1), Giant cell tumor(n=1), B-cell lymphoma(n=1), Renal cell carcinoma(n=2), Ductal carcinoma(n=1), Planocellular 
carcinoma(n=1) and Aneurismal bone cyst(n=1). 
All eligible patients (total n= 12, not alive=1, change of prosthesis due to late infection=1, too sick to participate in follow-up=1, 
leaving n=9 for follow-up) were included and assessed for follow-up on average 4 years (range: 1-7 years) postoperatively with 
measurements of active and passive ROM, isometric muscle strength, MSTS, TESS, EQ-5D-5L, EORTC QLQ-C30, 6-minute walk test, 
and 30-second chair-stand test. Descriptive statistics as mean, and range are used to report data and non-parametric paired t-test 
(Wilcoxon signed-rank test) were used to determine any significant difference between the extremities. Data are not normally 
distributed. The level of statistical significance was set at p < 0.05 and confidence intervals were reported at 95% (95CI). Statistical 
analyses were executed in RStudio® (Version 1.2.1335© 2009-2019 RStudio, inc.). Approval from the regional scientific center (R-
21015388) and Danish data protection agency (P-2021-258) were obtained, and before follow-up, informed consent from all the 
participants was obtained. 
Results. ROM for the surgical limb and the healthy contralateral site with their corresponding p-values are stated in figure 1. A 
significant difference in active ROM (abduction, adduction, internal- and external rotation) and passive ROM (flexion and internal 
rotation) were observed (figure 1).A significant difference in isometric muscle strength for the surgical limb and the healthy 
contralateral site is found and data (mean, range and p-values) are stated in figure 2. EQ-5D-5L were 0.9 prior to surgery (range: 0.87-
0.97) and 0.9 (0.84-0.92) postoperatively. TESS (mean: 68.3, range: 55-90), MSTS (mean: 66.1, range: 55-85) and EORTC QLQ-C30 
(mean: 63.3, range: 55-80) 6-minute walk test (mean: 413.6, range: 320-501.5) and 30-second chair-stand test (mean: 11.2, range: 
7-18) was assessed at follow-up. 
Conclusion. Patients with a reconstruction of the pelvis with custom-made prosthesis due to malignancy or benign bone tumors 
involving the acetabulum have overall lower isometric muscle strength and ROM compared with the healthy site, functional outcome 
is as expected affected. These patients represent a small but important group and further studies in collaboration with other tumor 
centers should be considered. 
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Comparing limb-salvage techniques for proximal tibia tumors: Allograft 
prosthetic composite associated with higher reoperation rate but longer 
survival than proximal tibial replacements 
Katherine Mallett, Peter Rose, Matthew Houdek 

Mayo Clinic, Rochester, United States 

Background. The proximal tibia is a common location for primary bone sarcomas, giant-cell tumors, and metastatic disease. 
Historically, proximal tibia tumors were treated with amputation due to the complex popliteal neurovascular anatomy; however, 
recent advances in surgical techniques have increasingly shifted treatment towards limb salvage. Two proximal tibia reconstruction 
techniques are placement of a proximal tibial replacement (PTR, Figure 1) prosthesis or allograft-prosthesis composite (APC, Figures 
2-3). While PTR reconstruction allows for early weightbearing, APC reconstruction allows for anatomic soft tissue reconstruction to 
the allograft as needed. Each method has been individually reviewed in prior work; however, there is a paucity of data comparing 
the two techniques. This study aims to compare the oncologic and functional outcomes of PTR vs. APC reconstruction for proximal 
tibia tumors.  
 
Methods. We retrospectively reviewed 39 (18 male, 21 female) patients with proximal tibial tumors who underwent tumor excision 
and either allograft-prosthetic composite reconstruction (n=20) or proximal tibial replacement (n=19) from 1988 to 2020. Mean 
tumor size was 9.5±7 cm, 8 (21%) patients underwent radiotherapy, and 25 (64%) underwent chemotherapy. 35 patients (90%) 
required soft tissue coverage with a flap (34 local, 1 free flap). Mean age was 39, mean BMI was 25mg/kg2, and mean follow up was 
10 years. 
 
Results. Patients undergoing APC reconstruction were significantly younger than the PTR group, with a mean age of 31.65 years vs. 
47.5 years, respectively (p=0.02). APC patients were significantly more likely to undergo reoperation, with 11 (55%) requiring 
reoperation compared to 4 (21%) in the PTR cohort (OR 4.6, 95% CI 1.12-18.8). Revision rates in both groups were low, with 4 APC 
revisions and 1 PTR revision, and no significant difference in revision risk between groups (OR 4.5, 95% CI 0.45-44.5). Only 3 patients 
(2 APC, 1 PTR) underwent amputation; the APC amputations were for non-union and infection, respectively, and the PTR amputation 
was for recurrent component dislocation. Overall, 10-year survival was significantly higher in the APC cohort at 70%, compared to 
30% in the PTR group (p=0.03). There was no difference in post-operatively knee extension between groups, with a mean 4° extension 
lag in the APC group and 2.5° lag in the PTR group (p=0.45). Two APC patients and one PTR patient had a clinically significant extension 
lag >10° postoperatively.  
 
Conclusion. Patients undergoing APC reconstruction tend to be younger than those selected for PTR. APC patients are also at 
significantly increased risk for reoperation compared to PTR patients; however, 10-year overall survival was significantly higher in the 
APC group. Revision rates were low in both groups. In comparing functional outcomes, postoperative extensor lag was rarely clinically 
significant, with no statistical difference between groups. Overall, both limb-salvage methods have low revision rates and good 
functional outcomes. 
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Clinical Outcomes of a Modular Platform Shoulder Prosthesis Used to 
Perform Reverse Total Shoulder Arthroplasty for the Treatment of Complex 
Fractures and Proximal Humeral Bone Loss  
C. Parker Gibbs1, Mark T. Scarborough1, Pietro Ruggieri2, Josie Elwell5, Christopher P. Roche5, Pierre-Henri 
Flurin4, Joseph D. Zuckerman3, Thomas W. Wright1 

1Department of Orthopaedics, University of Florida, Gainesville, United States, 2Department of Orthopedics and 
Orthopedic Oncology, University of Padua, Padua, Italy, 3Department of Orthopedic Surgery, NYU Langone Orthopaedic 
Hospital, New York, United States, 4Department of Orthopedic Surgery, Bordeaux-Mérignac Clinic, Mérignac, France, 
5Exactech, Inc., Gainesville, United States 

Introduction. Proximal humeral bone loss and complex fractures of the humeral head present challenging scenarios in 
terms of restoring joint function and stability and relieving pain with shoulder arthroplasty. Standard shoulder 
prostheses may be predisposed to complications such as loosening and instability due to difficulty in achieving adequate 
fixation within the diaphyseal portion of the humerus and lack of reconstruction of humeral head anatomy to restore 
deltoid wrap. Several proximal humeral replacement systems are available, and the aim of this study was to report two-
year clinical outcomes of a single platform, modular implant used in the reverse shoulder arthroplasty configuration. 
Methods. Patient data from a prospectively enrolled database approved by the WIRB and collected using standardized 
forms was reviewed retrospectively. Patients treated with a reverse Humeral Reconstruction Prosthesis, HRP (Exactech, 
Inc.; Gainesville, FL), with a minimum of two-year follow up were included. Indications for the procedure were failed 
arthroplasty with proximal humeral bone loss or primary arthroplasty in the setting of fracture. Demographic, pre-
operative, post-operative, pre-to-post operative improvement, patient satisfaction and complications data were 
reviewed and tested for significance with student’s t-tests where appropriate. Active range of motion (ROM) measures 
included abduction, forward elevation, and external rotation. Patient reported outcome metrics (PROMs) included: VAS 
pain, global shoulder function (GSF), simple shoulder test (SST), Constant score, American Shoulder and Elbow Surgeons 
score (ASES), University of California at Los Angeles Shoulder score (UCLA) and Shoulder Pain and Disability Index 
(SPADI). 
Results. A total of 26 patients were included an average follow up of 36.7±12.5 months. Average age at surgery was 
68.5±14.3 years with a of range 30-85. Seventeen patients were female, 8 were male and 1 was unknown. Seven patients 
underwent primary arthroplasty with proximal humeral reconstruction, while the remaining twenty were performed to 
revise a previous arthroplasty.  Pre-operative, post-operative, and pre-to-post operative improvements are shown in 
Table 1. At latest post-op visit, eight patients rated their shoulders “much better”, seven rated them “better”, five rated 
them “unchanged” and four rated them “worse”. All patients rating worse were revision procedures and three of four 
were revising prostheses originally performed for fracture. There were two intra-operative complications and four post-
operative complications, including three dislocations and one case of unexplained pain. Dislocations were treated with 
closed reduction. 
Conclusions. Historically, treatment options for severe proximal humeral bone loss have been subject to high 
complication rates and limited improvements in pain, ROM, and joint stability. Two-year clinical outcomes of the reverse 
HRP in 26 patients are favorable in terms of ROM restoration, pain improvement, and patient satisfaction. Although 
three dislocations occurred, there were no reports of humeral loosening, supporting that reverse HRP is a viable 
treatment for complex cases of proximal humeral bone loss or fracture. 
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Prophylactic Gracilis Muscle Free Flap Transfer in a High-Risk Ankle 
Arthroplasty Patient 
Arman Fijany, Griffin Rechter, Sofia Olsson, Michael Downey, Maxim Pekarev 

TCU School of Medicine, Fort Worth, United States 

Background. Total ankle arthroplasty (TAA) is an increasingly popular procedure performed in the treatment of patients 
with severe ankle arthritis. In the procedure, the ankle joint is completely removed and interchanged with a prosthetic 
ankle, which serves to retain much of the range of motion and functionality of a natural, non-arthritic ankle. However, 
TAA is not free of complications. These include reoperation due to loosening or subsidence, soft tissue and/or prosthetic 
joint infection, implant failure, nonunion, and joint malalignment. Additionally, these complications could result in 
amputation, wound persistence, periprosthetic osteolysis, and all of which may require subsequent major secondary 
revision procedures. Compared to other joints, operative interventions on the ankle joint are historically associated with 
high rates of complications. These complications are directly correlated to the tenuous vascular supply and poor soft-
tissue quality around the ankle. In particular, the anterior compartment - solely supplied by the anterior tibial artery - 
explains the heightened risk of poor outcomes in ankle surgery. The effect of a secondary reconstructive procedure such 
as a skin graft or a muscle flap for prosthesis salvage has been well described in the literature. Muscle flaps are indicated 
in soft tissue reconstructive procedures due to their ability to provide a reliable blood supply and significant tissue 
volume when there is significant dead space. We hypothesize that the use of an early, prophylactic, free muscle flap, 
occurring 2-3 days after TAA will result in a decreased incidence of significant complications.   
Methods. A 54-year-old White male patient with a significant history of chronic left ankle arthritis was seen for 
persistence of pain and poor range-of-motion after several ankle surgeries. Due to the large soft tissue deficiency, 
hardware, and chronic scar tissue in the left ankle, a TAA was proposed. Additionally, due to the concern of post-
operative complications, such as infection and a non-healing wound, we proposed a reconstructive muscle free flap of 
the anterior compartment of the ankle to ameliorate his soft tissue deficits. The reconstructive procedure utilized the 
contralateral gracilis muscle and was performed 3 days after the initial TAA. During the reconstructive procedure, the 
contralateral gracilis muscle was isolated and an anastomosis was created between the posterior tibial artery of the 
affected ankle and the gracilis flap. 
Results. At this point, 3 weeks after the initial procedure, our patient has been free of complications. The soft tissues 
and perfusion of the distal left lower extremity appear to be patent. He will continue to be monitored for potential 
complications.  
Conclusion. A free muscle flap can be a last-ditch effort to prevent complications in TAA patients. Potentially, salvaging 
a limb that would potentially be amputated. To our knowledge, prophylactic muscle flaps have not been performed in 
TAA patients. 
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Wound complication risk factors of soft tissue sarcoma resection with 
neoadjuvant radiotherapy 
Zhengxiao Ouyang1,2, Sally Trent3, Cosker Thomas1, Duncan Whitwell1, Harriet Branford White1, CLMH 
Gibbons1 

1Nuffield Orthopaedic Centre, Oxford University Hospitals Foundation Trust, Oxford, United Kingdom, 2Department of 
Orthopedics, The Second Xiangya Hospital, Central South University, Changsha, China, 3Department of Oncology, Churchill 
Hospital, Oxford University Hospitals Foundation Trust, Oxford, United Kingdom 

Background. Neoadjuvant Radiotherapy (NART) is recommended by guidelines for the treatment of high-grade soft 
tissue sarcomas, but post-operative wound problems are a barrier to its widespread use and are a major consideration 
for surgeon. With development of local wound care and nonsurgical techniques, wound complication (WC) which need 
reoperation is now the major concern. The aim of this study was to analyze the WC rate after surgical resection and to 
determine the risk factors for patients with soft tissue sarcoma treated with NART. 
 
Methods. Using the Oxford University Hospital (OUH) database we retrospectively studied 128 cases of STS treated with 
NART and surgery between 2007 and 2021. All patients received NART and 15 patients received post-operative 
chemotherapy. Wound complications were defined as minor wound complication (MiWC) without surgical intervention 
or major wound complication (MaWC) if they received secondary surgical intervention. Univariate and multiple 
regression analyses on gender, age, BMI, diabetes, anxiety or depression, smoking, alcohol, pre-NART SUVmax of PETCT, 
tumour site, size, grade type of surgery, margin, tumor depth, histology and time interval between surgery and wound 
complication were performed using frequency of WC and MaWC as a dependent variable. 
 
Results. The incidence of WC and MaWC in whole study group was 43% (55/128) and 18.8% (24/128). Age, diabetes, 
and tumour size and site were associated with WC in univariate analysis. Tumour size (OR:1.10, 95%CI:1.01-1.32, 
p=0.036) and tumour site namely proximal lower limb vs upper limb OR:16.28, 95%CI 1.53-172.68, p=0.021) were risk 
factors on multivariate analysis. In nested case control analysis, the incidence of MaWC was 43.6% (24/55), the mean 
recovery time is 143 days in patients with MaWC.  Smoking increases the risk for MaWC (OR:8.32, 95%CI:1.36-49.99, 
p=0.022). Moreover, the time interval between surgery and wound complication reduces the risk for MaWC (OR:0.91, 
95%CI:0.84-0.99, p=0.028) in multivariate analysis.  
 
Conclusions.Tumor size and site are risk factors for WC with NART. Smoking and time interval between surgery and 
complication are risk factors for Major WC as compared with Minor WC. Patients with large tumours and in the lower 
limb have a higher incidence of WC. All cases of minor and major wound complication with NART fully recovered with 
limb preservation 
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Secondary Chrondrosarcoma of Clavicle Due to Multiple Hereditary 
Exostosis in Adolescent 
Badaruddin Sahito, Asif Jatoi, Awais Abro, Nauman H Rajput, Asadullah Solangi, Maratib Ali 
Dow University of Health Sciences / Dr Ruth KM Pfau Civil Hospital Karachi, Karachi, Pakistan 

Approximately 0.5% bone tumor occurs in clavicle. Primarychrondrosarcoma is very rare even among clavicle tumors. 
SecondaryChrondrosarcoma is reported with variable incidence. It is the thirdmost common primary tumor arising from 
bone. Surgery is the onlytreatment option in Chondrosarcomas with excellent prognosis.We report a case of 14 years 
old male patient history of multiplehereditary exostosis largest over clavicle with restricted shoulder andneck 
movements previously operated elsewhere two and half yearsback. We evaluated the patient with plain radiographs of 
shoulder,chest, neck, CT scan of chest, neck, and shoulder MRI with contrastand technetium scan for skeletal metastasis. 
CT angiography wasdone for vascular involvement. Multidisciplinary team involvedbefore the surgery. Total 
claviculectomy was done. Postoperativelypatient recovered uneventful. After one year follow-up his 
shouldermovements flexion, extension, adduction and internal rotationnormal except abduction up to 90 degrees. 
Keywords: clavicle; chondrosarcoma; multiple hereditary exostosis;secondary.  
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Frozen bone-tendon-bone autograft for reconstruction of extensor 
apparatus of the knee in a patient with soft tissue sarcoma 
Koichiro Ihara1, Takatomo Mine1, Michio Shinohara1, Ryutaro Kuriyama1, Yasuhiro Tominaga1, Takanori 
Yonehara1, Ken-ichiro Murata2 

Department of Orthopaedic Surgery/Kanmon Medical Center/NHO, Shimonoseki, Japan, 2Department of 
Pathology/Kanmon Medical Center/NHO, Shimonoseki, Japan 

Background. Use of frozen autograft is one of techniques for devitalization at present among Japanese community of 
musculoskeletal oncology. The technique is mainly used for massive defect of long bones, and satisfactory results have 
been obtained in limb salvage surgery. In contrast, reconstruction using frozen bone-tendon-bone autograft is rarely 
reported. 
Here, the authors reported a unique case in which a frozen bone-tendon-bone autograft was used for reconstruction of 
extensor apparatus of the knee joint. 
 
A Case Report. The case was 47-year-old female patient, and she noticed a small nodule at an anterior aspect of her left 
knee few years ago. The mass was painless, and it has been gradually getting large. She consulted an orthopaedic clinic 
nearby 4 months before the initial consultation. Size of the mass was measured 3cm, but nothing was performed for 
evaluation at that time. At the initial consultation at our center, size of the mass reached over 8cm. MRI showed a 
markedly heterogenous mass occupying anterolateral aspect of the knee (Figure 1). PET-CT revealed high accumulation 
of 11.7 SUV max, and there was no other accumulation. After confirming sarcoma by a needle biopsy, wide resection of 
the tumor was performed. The tumor was excised with overlying skin, and the patellar tendon including partial bone on 
both sides was combinedly excised. The bone-tendon-bone autograft was harvested from the specimen on a separately 
prepared table, and it was frozen in a liquid nitrogen for twenty minutes. After thawing the graft, the lower patella and 
the tibial tuberosity were fixed with tension band wiring and two screws, respectively. Soft tissue defect was closed 
with medial gastrocunemius muscle flap and split thickness mesh skin graft.  The involved leg was placed in a splint, and 
CPM was started two weeks after surgery. The wound healing was achieved one month after surgery. Weight bearing 
was partially allowed one month after surgery, and then it gradually raised to full for another one month. Bone union 
was confirmed two months after surgery (Figure2). Full range of motion of the knee was achieved, and MMT of knee 
extension recovered 4. There was no recurrence 6 months after surgery, and functional evaluation using MTS scoring 
system was 90%. 
 
Conclusion. Reconstruction of extensor apparatus is challenging after resection of malignant tumor of the knee. Frozen 
bone-tendon-bone graft is valuable option for it, and both early bony union and functional recovery can be obtained 
using this technique. It is important to cover free autograft with well vascularized tissue such as muscle flap. Further 
observation is necessary to evaluate a final value of the reconstruction. 
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'Spare-parts' in surgery - optimising functional outcomes for below knee 
amputations with insufficient stump length 
Harry Burton, Georgios Pafitanis 
Guys And St Thomas NHS Trust, London, United Kingdom 

We portray our experience of a complex lower limb bone and soft tissue defect, following chronic osteomyelitis and 
pathological fracture, which was managed by the multidisciplinary orthoplastic team. The decision for functional 
amputation versus limb salvage was deemed necessary, enhanced by the principles of “spare parts” in reconstructive 
microsurgery. This case describes a successful and novel use of the osteocutaneous distal tibia turn-over fillet flap that 
allowed ‘lowering the level of the amputation’ from a through knee to the conventional level of a below-knee 
amputation to preserve the knee joint function. This case demonstrates the value of ‘spare-parts’ surgery principles and 
how these concepts refine complex orthoplastic approaches when limb salvage is not possible to enhance function. The 
osteocutaneous distal tibia turn-over fillet flap is a robust technique for modified BKA reconstructions that provides 
sufficient bone length to achieve a tough, sensate stump and functional knee joint. 
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A new technique for internal trifocal bone transport with two lengthening 
nails, for defects above 8-10 cm. 
Ulrik Kähler Olesen, Michael Mørk Petersen, Upender Martin Singh 
Rigshospitalet, Copenhagen, Denmark 

We demonstrate a novel technique to solve larger extra articular bone defects (8-10 cm and up) using two lengthening 
nails working together and aligned in a custom-made device. An illustrative case that produced 17 cm of required bone 
in 3.5 months, is presented.Large segmental bone defects with a traumatic, malignant or infectious origin are 
challenging injuries, sometimes requiring yearlong treatment time and absenteeism. Trifocal bone transport (BT) in 
frames is very demanding on soft tissues, and virtually impossible in the femur. However, with two internal lengthening 
nails (ILN), soft tissues are spared, and treatment time is cut in half - and additional length can be added.  This concept 
may be seen as the latest development in accelerated, partly or fully internal, bone transport techniques, such as BTN, 
PABST, LON and LATN 
 
Materials and method. A 28-year-old healthy male presented with a slowly growing mass in the left femur. No general 
symptoms were reported, no weight loss, no previous illness. Histopathology, CT and MRI scans revealed a malignant 
diaphyseal bone tumor. A 3 stages trifocal bone transport was projected and conducted based on a 3D model test. 
 
Results. Trifocal bone transport using two lengthening nails in a custom made device, reduced the 17 cm bone defect 
in 3.5 months.Follow up was 14 months. Additional length was not needed. Deformity parameters were within normal 
range on longstanding radiographs. Total number of surgeries was 5 (remowal of tumor, insertion of double nail and 
holster, rewinding procedure, docking, removal of double nail, exchange nailing), time to full w/b was 6 months.  
 
Conclusion. The presented technique is a showcase for further developments of devices for complex and large bone 
loss and lengthenings, cutting treatment time roughly in half and mitigating stress on soft tissues. Future models should 
ideally allow full weight bearing, boast a double motor in one device and include measures to avoid rotation and to 
stabilize the construct, obviating the need for a plate. We find trifocal lengthening relevant for defects over 8-10 cm. 
Supplemental or concomitant lengthening is also possible within this concept, however not tested in this 
setup.Depression, absenteeism or even exclusion from the work force is not uncommon in multi trauma and cancer 
cases. Such conditions are life-changing and with currently available implants, a new option now exists for reducing 
treatment time and improving comfort on the way. 
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Biological Reconstruction for Parosteal Osteosarcoma of the Distal Femur 
Dimitra Melissaridou, Olga Savvidou1, Stavros Goumenos, Ioannis Trikoupis, Panagiotis Gavriil, Panayiotis 
Papagelopoulos 

National And Kapodistrian University of Athens, Athens, Greece 

Background. Parosteal osteosarcoma (PAOS), is a surface osteosarcoma of low or intermediate grade of malignancy. 
Treatment options include wide excision and endoprosthetic or allograft reconstruction. The purpose of this study was 
to evaluate the oncological and functional outcome of patients with parosteal osteosarcoma (PAOS) of the posterior 
cortex of the distal femur who underwent biological reconstruction after hemicortical wide resection and biological 
reconstruction with hemicortical allograft. 
 
Methods. Eleven patients who underwent wide tumor resection and reconstruction of the resected posterior surface 
of the distal femur using hemicortical allograft were retrospectively reviewed. Local recurrence, metastasis, 
complications and the functional outcome using the Musculoskeletal Tumor Society scoring system (MSTS Score) were 
evaluated. 
 
Results. The average postoperative follow-up period was 53.64 months (range: 30-84 months). In all cases the 
hemicortical allograft has been incorporated to the host bone. One patient developed local recurrence and underwent 
revision surgery with autologous fibula reconstruction. All patients were free of metastases. The mean MSTS score was 
93.45 ± 3.56.  
 
Conclusions. Treatment of patients with PAOS of the posterior aspect of the distal femur with hemicortical resection 
and allograft reconstruction has satisfactory oncological and functional outcome and low complication rates, preserving 
the knee joint. 
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Limb Salvage for Infected T.K.A. using a Modular Silver Coated Arthrodesis 
Implant 
Dimitra Melissaridou, Olga Savvidou, Ioannis Trikoupis, Stavros Goumenos, Panagiotis Gavriil, Panayiotis 
Papagelopoulos 

First Department of Orthopedic Surgery, National and Kapodistrian University of Athens, Athens, Greece 

Objective. Knee arthrodesis is a limb salvage procedure for persistent periprosthetic joint infection (PJI), when revision 
total knee arthroplasty fails. Conventional arthrodesis techniques are associated with high complication rates, especially 
in patients with extensive bone loss and extensor tendon deficiency. The purpose of this study was to evaluate the 
outcome of the limb salvage for infected T.K.A. using a modular silver coated arthrodesis implant (Implantcast GmbH, 
Buxtehude, Germany). 
 
Materials and Methods. A modular silver-coated arthrodesis implant (Implantcast GmbH, Buxtehude, Germany) was 
used in 7 patients after failed exchange knee arthroplasty for infection. All patients had significant bone loss 
(mean:14cm); 5 patients had non reconstructable extensor mechanism deficiency. Survivorship, complications, leg 
length discrepancy, mean Visual analog scale (VAS) and Oxford Knee score (OKS) were assessed. 
 
Results. The mean follow up was 32 months (range, 24 - 59 months). The survivorship rate of the implant was 86% 
during the minimum time of follow up of 24 months. One patient had infection recurrence and underwent above-knee 
amputation. The average postoperative leg length discrepancy was 2.07±.0.67cm. The remaining 6 patients were able 
to ambulate with mild or no pain. The mean VAS and OKS was 2.14  0.9 and 34.7  9.3 respectively. 
 
Conclusion. Knee arthrodesis with a silver coated arthrodesis implant (Implantcast GmbH, Buxtehude, Germany) may 
be used for limb salvage after persistent PJI in patients with significant bone loss and/or knee extensor mechanism 
deficit. It provides a stable construct, allows eradication of infection and is associated with good functional outcome 
despite the loss of knee motion. 
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Endoprosthetic Replacement of The Proximal Tibia for Oncological 
Conditions 
Federico Sacchetti1, William Aston2, Rob Pollock2, Pierluigi Cuomo3, Panos Gikas2, Craig Gerrand2 

1Ortopedia Oncologica E Ricostruttiva, Firenze, Italy, 2Royal National Orthopedic Hospital, London, United Kingdom, 
London, United Kingdom, 3Department of Bioengineering, Imperial College, London, United Kingdom, London, United 
Kingdom 

Background. The proximal tibia (PT) is the anatomical site most frequently affected by primary bone tumours after the 
distal femur. Reconstruction of the proximal tibia remains challenging because of the poor soft tissue cover and the 
need to reconstruct the extensor mechanism. Reconstructive techniques include implantation of massive 
endoprosthesis (megaprosthesis), osteoarticular allografts (OA) or allograft-prosthesis composites (APC). This was a 
retrospective analysis of clinical data relating to patients who underwent proximal tibial replacement in our regional 
bone tumour centre from 2010 to 2018. 
 
Methods. Endoprosthesis failures were grouped using the Henderson classification system. Prognostic factors included 
age, gender, aggressiveness (benign, malignant or metastatic), type of intervention (revision or primary), year of 
intervention (before or after 2014), American Society of Anaesthesiologists (ASA) score, reconstruction length, 
Radiotherapy, Chemotherapy, use of a medial gastrocnemius flap, type of prosthesis (custom or modular), type of Hinge, 
fixation method (cemented or press fit), Extensor Mechanism Reconstruction technique, hospital length of stay. 
 
Results. Seventy-six patients fulfilled the inclusion criteria and were included in the study. Mean age at surgery was 43.2 
years (12-86, SD:21). The mean follow up period was 60.1 months. Twenty-one failures were identified, giving an overall 
failure rate of 27.6%. Prosthesis survival at 5 years was 75.5%, and at 10 years was 59%. At last follow up mean Knee 
flexion was 89.8 ° with a mean extensor lag of 18.1°. In univariate analysis, factors associated with better survival of the 
prosthesis were a malignant or metastatic cancer diagnosis (versus benign), with a 5 and 10 years survival of 78.9% and 
65.7% versus 37.5% (p:0.04), in hospital length of stay longer than 9 days was also associated with better prognosis with 
5 and 10 years survival rates at 83.6% versus 60% and 16% (p<0.001). In multivariate analysis only in hospital length of 
stay was associated with longer survival (HR: 0.23, 95% CI: 0.08-0.66). 
 
Conclusions. We have shown that proximal tibial replacement with endoprosthesis is a safe and reliable method for 
reconstruction in patients treated for orthopaedic oncological conditions. Either modular or custom implants in this 
series performed well. 
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What are long-term results of growth plate fibular transplantation in 
proximal humerus and distal radius reconstructions in paediatric age? 
Domenico Andrea Campanacci1, Giuditta Cammelli1, Elena Lucattelli2, Dr Roberto Scanferla1, Francesco 
Muratori1, Rodolfo Capanna3, Marco Innocenti2 

1Orthopaedic Oncology, Azienda Ospedaliera Universitaria Careggi, Firenze,Italy, 2Plastic Surgery, Azienda Ospedaliera 
Universitaria Careggi, Firenze, , Italy, 3Ortopaedic Clinic, University of Pisa, Pisa, , Italy 

Aims. For reconstruction of osteoarticular bone loss in a skeletally immature individual it is necessary to consider three 
main issues: the replacement of the bone defect, the restoration of joint function and mantainance of longitudinal 
growth. If these objectives are not achieved, young patients may experience severe deformities and impairment of the 
quality of life. The proximal fibula flap with growing epiphysis has proven, due to its biological and morphological 
characteristics, to be an excellent option in limb salvage surgery of pediatric oncological patients, meeting all 
reconstructive requirements.  
 
Patients and Methods. Between 1992 and 2013, 12 children with an average age of 8.9 years (range 5-13 years) and 
diagnosis of malignant bone tumor (osteosarcoma and Ewing’s sarcoma) of distal radius or proximal humerus 
underwent tumor resection and reconstruction with proximal fibula flap, including the epiphysis and a variable diaphysis 
length. The anterior tibial vascular network provided the pedicles of all flaps. Four patients have died of disease, while 
eight patients were periodically followed both clinically and by imaging investigations. 
 
Results. The average follow-up time was 18.5 years (range 10-28 years). All flaps survived, except one, and at the 
receiving site level, complete union was observed. The growth rate of the fibula after transplantation was between 0.7 
and 1.35 cm per year. Periodic x-ray and CT scan showed a progressive reshaping over time of the new joint surface. 
Fracture was the most frequent complication, three cases of distal radius and five of proximal humerus, but all healed 
spontaneously after conservative treatment. Peroneal nerve palsy occurred at the donor site level in two third of 
patients, but it was a transient event with complete recovery in all patients except one. No post-operative instability of 
the knee joint was observed. In patients with proximal humerus reconstruction, good functional results were obtained, 
although the morphological discrepancy between the fibular head and the glenoid fossa led to a subacromial 
displacement. However, shoulder abduction resulted between 70° e 90°. The functional result was evaluated with DASH 
and MSTS score of the upper limb, with an average of 15.12 and 81.91% respectively.  
 
Conclusions. Long-term results confirm that growth plate transplantation of the proximal fibula provides a reliable and 
durable reconstruction of both the proximal humerus and distal radius in children. Even after 28 years, the 
reconstructed joint was painless and functional, and no severe degenerative changes were observed. Morbidity of the 
donor site must be considered, although peroneal nerve palsy was transient in all but one case. In conclusion, the 
procedure represents a valid option in distal radius and proximal humerus reconstruction in growing patients.  
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Bone reconstruction with a magnetically driven, intramedullary bone 
transport nail: Novel application on intercalary femur defect after tumor 
resection. A case reports 
Kourosh Zarghooni, Peter Knöll, Sebastian Walter, Ayla Yagdiran, Peer Eysel 

University Hospital Cologne, Köln, Germany 

Introductions. Reconstruction of large bone defects of the femur after limb salvage surgery remains a surgical challenge. 
The options for reconstruction of femoral diaphyseal defects include biological reconstructions with allografts and 
autografts, combined allografts and autografts or modular intercalary prosthesis. All these methods have limitations and 
failure rates for example non-unions in allografts (0% - 43%) and aseptic loosening in prosthesis (0%-33%). With the addition 
of a vascularized fibula graft the bone union rate seems to increase and the infection and fracture rate seems to be reduced. 
Segmental transport using the principles of distraction osteogenesis have been described in various techniques with 
application of external fixators. It is well known that external fixators may cause discomfort for the patients and there is a 
risk of pin site-infections. With the application of a novel bone transport nail (PRECISE, NuVasive) large bone defects can be 
reconstructed with all-implantable solution and without using additional implants.  
 
Material and Methods. In this case report we describe the technique of bone transport after resection of a parosteal 
osteosarcoma of the femur utilizing a magnetic bone lengthening nail to reconstruct segmental bone loss.  
 
Results. The 58-year-old patient underwent a wide resection of the osteosarcoma leaving a 10 cm intercalary defect of the 
femur which was temporarily fixed with an AO-external fixator. Because the final pathology report showed tumor free 
margins of a low grade parosteal osteosarcoma we implanted the Bone transport nail and removed the fixator in a second 
procedure. The benefits of the technique are discussed, along with specific challenges and lessons that have been learned 
through experience of internal bone transport. 
 
Discussion. Use of a magnetic bone transport nail as a method of all internal bone transport provides an option for the 
management of tumor resections in the femoral bone, while avoiding most of the challenges and possibly the complications 
that have been reported with the existing technique. 
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FS16.18 

Indications and longevity of endoprosthetic reconstructions for patients with 
metastatic bone disease 
Christopher Hamad1, Joseph Kendal1, Annalise Abbott2, Danielle Greig1, Lauren Wessel1, Shannon Puloski2, 
Michael Monument2, Nicholas Bernthal1 

1UCLA Department of Orthopaedic Surgery, Los Angeles, United States, 2University of Calgary Section of Orthopaedic Surgery, 
Calgary, Canada 

Background. Malignant bony destruction secondary to metastatic bone disease (MBD) significantly impacts patient mobility 
and quality of life. Surgical intervention is indicated for patients with realized or impending pathologic fractures. Surgical 
techniques are tailored to the clinical presentation, with more aggressive surgical resection and endoprosthetic 
reconstruction (EPR) indicated for patients with favorable survival or with few metastatic deposits. As therapeutic advances 
for MBD patients continue to develop, a critical evaluation of indications, outcomes, and complications of EPR performed 
for MBD is indicated. 
 
Methods. We performed a retrospective multi-institutional database review of patients undergoing primary and revision 
cemented EPR for extremity MBD between 1990 and 2022 at the University of California, Los Angeles, and the University 
of Calgary. Demographic, surgical and implant survival data was extracted. Patient survival was calculated using the Kaplan 
Meier statistic. Failure modes were categorized by Henderson’s classification system.  
 
Results. A total of 113 patients were included with a median age of 61.5 (IQR: 49.2-72.5), and 58 (51.3%) were female. 
Median follow-up was 22.4 months (95% CI 16.7-34.4) and median survival was 28 months (95% CI 18.3-48.4). The 3 most 
common primaries were renal cell (31/113, 27.4%), breast (26/113, 23.0%), and lung (16/113, 14.2%). EPR was performed 
for 3 indications: actualized pathologic fracture (58/113, 51.3%), failed surgical fixation (24/113, 21.2%), and impending 
pathologic fracture (31/113, 27.4%). Proximal femur replacements were most common (PFR; 41/113, 6.3%), followed by 
proximal humerus replacement (PHR; 40/113, 35.4%, 4 reverse total shoulder EPRs), distal femur replacement (DFR; 
21/113, 18.6%), distal humerus replacement (DHR; 7/113, 6.2%), and total femur replacement (TFR; 4/113, 3.5%). The one-
year implant survival rate was 81.8% (95%CI: 78.2-92.6). Henderson type 1 failure was the most common (50%, 6/12) 
followed by type 2 (33.3%, 4/12), type 3 (16,7%, 2/12) and type 4 (16.7%, 2/12). Two implants failed in >1 Henderson mode. 
When stratified by anatomic location, 2/40 PHRs, 3/41 PFRs, 3/21 DFRs, 2/7 DHRs, and 2/4 TFRs failed. Of the 24 patients 
undergoing EPR for failed previous MBD fixation, 4 were for failed hip hemiarthroplasty, 10 for failed IMN (8 femur and 2 
humerus), and 10 for failed ORIF (4 femur, 6 humerus).  
 
Conclusions. In a multi-center cohort of MBD patients, EPRs were done most frequently for renal cell carcinoma, and 
patients with a relatively favorable survival (28 months in this cohort). Soft tissue failures were the most common failure 
type. EPR was indicated for failed previous fixation in 21% of cases, emphasizing the importance of predictive survival 
modeling to optimize surgical decision making. When utilized for the appropriate indication, EPR is a reliable surgical option 
for patients with MBD.
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Postoperative function and walking ability of hip transposition arthroplasty 
following resection of pelvic sarcoma 
Toshiyuki Kunisada, Eiji Nakata, Tomohiro Fujiwara, Masuo Senda, Toshifumi Ozaki 
Okayama University, Okayama, Japan 

Background. Hip transposition is known as resection arthroplasty or no reconstruction. We reviewed our experience 
with external fixation for this procedure. 
 
Patients. We treated 11 patients with acetabular resection for malignant bone tumors between 2008 and 2019; all were 
managed using a hip transposition, initially stabilized using external fixation. The mean follow-up was 87 months. 
External fixation was removed 6 weeks postoperatively. The postoperative rehabilitation course and functional results 
were assessed by chart review, and functional results were determined using MSTS score. 
 
Results. With temporary external fixation, standing next to a bed was achieved in mean 7 days postoperatively, 
transferring to a wheelchair in mean 7 days, and gait training using parallel bars in mean 21 days. Six patients could walk 
without a crutch or cane, four could walk with a cane or crutch. The mean limb leg discrepancy is 4.8(1-9) cm. The mean 
MSTS score was 74(63-100) %. All patients had pin-track infections that resolved with nonsurgical approaches and no 
deep infection was identified. 3 patients had an abdominal herniation that gradually developed, and which was 
reconstructed using polypropylene mesh.  
 
Conclusions. Hip transposition with temporary external fixation can stabilize the bone and soft tissue after pelvic 
resection. We believe that external fixation facilitates early postoperative physiotherapy and rehabilitation and provides 
good functional results without major surgical complications. 
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Role of Bone Grafting, Cementing in Large Gd3 Campanacci GCTumors of 
Proximal Tibia 
Vijay Titus 

Christian Medical College and Hosp, Vellore, India 

Large Campanacci Gd3 Giant cell tumors of the prox tibia where the cortex is breached and completely blownout (as in 
Asia many patients come very late for treatment and tumors are very large and they often come from very faraway 
places. The obvious easier option is to do an en bloc excision and mega prosthesis but this will need revision later (when 
patient is in early forties which is a daunting task. Also, prosthesis gives poorer function, and Asia patients especially 
women want to squat and sit cross legged. Also managing a postop infection is much easier in non-prosthetic cases. 
Also in this region tumors are complicated due   large tumor with small circumference (compared to distal femur area) 
size, tibial tuberosity involvement ,  poor  skin around it , poor vascularity in the region , etc. Choosing BoneGrafting, 
Plating is based on breach of articular surface , chance of recurrence etc. So we did a Tricortical Iliac crest Bone Grafting 
and fixed it to the metaphysis by a non-locked T plate with cementing distal to the plate allowing knee mobilization with 
non-weight bearing crutch walking .If tibial tuberosity was  breached then cerclage wiring  from patella to distal Tibia 
was added( published in CORR 466 ,1749,2008 by author for malignancies) We reviewed our cases done from 2016 to 
2020 , there were 23 cases of which there were 14 male, 13 right side, 11 which had been previously operated 
elsewhere .Eleven patients were given postop Denosumab,  6 had small cortical or articular defects covered by Bone 
graft or Gelfoam All had Extended curettage, Burring , LiqN2 (14 patients ),phenol and reconstruction was done by a 
single Tri cortical graft (abutting articular surface ) and fixed by a plate ( to allow early mobilization and   prevent cortical 
breakage) Post op  Average  ROM Average was  115 deg , quadriceps lag av of 6 deg ,Average Follow up 3yr4months, 
longest 6 years. We reviewed them every three months till the one year, then six monthly till 5 years .Function was 90 
per cent of preop status. We had the following complications, supf infection one, deep infection one( wash out done , 
medial gastrocnemius flap added )LPN palsy two,   one transient one, recovered in 3 weeks , one needed a tibialis 
posterior transfer done later,  there was three  recurrences (all had resurgery , one re Bone Graftingetc  ,one had knee 
fusion with Double Fibula and one was converted to prosthesis  ) . Three cases had local flap rotation and STSG at first 
surgery. There was one delayed  Union which healed after 7 months. 
 
Conclusion. Correctly chosen cases Grafting,Cementing instead of prosthesis  gives  Good results with low complications. 
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The prevalence of iron deficiency anaemia, and association with peri-
operative transfusion rates in patients undergoing resections of bone and 
soft tissue sarcomas and metastatic bone disease 
Rachel Mahoney, Usman Khattak, Ben Smith, Kuda Nyangoni, Scott Evans 
Royal Orthopaedic Hospital, Birmingham, UK, Birmingham, United Kingdom 

Background. Peri-operative anaemia is associated with increased risks of post-operative complications, blood 
transfusion and mortality. Correction of anaemia with peri operative IV iron supplementation has been shown to reduce 
transfusion requirements and improve outcomes in other surgical specialties. 
We aimed firstly to identify the need for transfusion and associated morbidity, and then secondly, the presence of occult 
iron deficiency anaemia (IDA), it's impact on peri-operative transfusion requirements and complication rates, in patients 
undergoing resections of bone and soft tissue sarcomas and metastatic bone disease. We hypothesise that we can target 
this group for peri-operative optimisation.  
 
Methods. We conducted a multi-phase retrospective study of all oncological resections and amputations at a single 
tertiary referral centre. During Phase 1 (1st January to 1st November 2020), data was collected on pre- and post-
operative haemoglobin, transfusion requirements, demographics and complications. Following the results of Phase 1, 
during Phase 2 (1st November 2020 to 1st July 2021) we performed routine pre-operative iron studies on patients and 
collected this in addition to the data in Phase 1. 
 
Results. Phase 1: We collected data on 127 patients (mean age 57 years, 80 males, 47 females). We showed a mean 
pre-operative Hb of 127g/L, and post-operative Hb of 107g/L, with a transfusion rate of 27%, at an average of 2.4units 
per patient. Transfused patients had a 5-fold increase rate of wound complications, double average length of stay and 
7.5% of non-transfused patients required oral iron therapy. 
 
Phase 2: iron studies were available for 57 patients (mean age 57 years, 45 males, 42 females). Mean haemoglobin pre-
operatively and post-operatively was 126.6g/L and 98.6g/L respectively. The mean serum iron was 10.5 ug/dl (normal 
range 11.6-31.3 ug/dl), with 52% of our cohort iron deficient. 51% of iron deficient patients were transfused, compared 
to 11.5% in non-iron deficient patients, with a mean post-operative haemoglobin of 89.4g/L compared to 109.7g/L in 
those non-iron deficient. Intravenous or oral iron supplementation was required in a further 9.7%, giving a total of 66.7% 
requiring therapy for anaemia peri-operatively. Of the 19 transfused patients, 79% were iron deficient, with mean serum 
iron 7.2 (range 2.5-22.5). In patients with a Hb>120g/L, 12 required transfusion, of which 83% were iron deficient. 
 
Conclusions. Peri-operative anaemia is a significant problem in our patient cohort. We have identified that iron 
deficiency is a significant risk factor for requiring peri-operative transfusion. Targeted optimisation prior to surgery could 
potentially reduce the transfusion requirements, associated morbidity, post-operative complications, and length of stay. 
 
Proposed Next Phase. pre-op Iron Studies and peri operative IV Iron transfusion in all Iron Deficient Patient and assess 
implication on blood transfusion rates. 
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Reconstruction of intercalary bone defect after resection of malignant 
bone tumor 
Frank Traub1, Saskia Sachsenmaier2, Wagner Daniel1, Isabel Sperrhake2, Philipp Drees1 

1University Medical Center of the Johannes-Gutenberg-University Mainz, Mainz, Germany, 2Department of Orthopaedic 
Surgery, University of Tuebingen, Tuebingen, Germany 

The intercalary resection of malignant bone tumor results in a bone defect which can represent a challenging 
reconstructive problem. The most commonly used surgical reconstructive options for these defects include biologic 
reconstructions such as allografts, vascularized fibular grafts, autogenous extracorporeally devitalized tumor-bearing 
bone grafts, a combination of allografts or devitalized autografts with vascularized fibular grafts, segmental bone 
transport, or induced membrane technique.  
 
Patients and Methods. Twenty-four eligible patients were included. The patient population consisted of 10 female and 
14 male patients with a mean age at surgery of 23.5 years. 35% of the tumors were located in the upper extremity 
(humerus, clavicle, and radius), 55% in the lower extremity (femur and tibia), and 10% in the pelvis. The average tumor 
size was 10.75 ± 6.14 cm in longitudinal extent at the time of surgery. In 14 cases an autologous fibular graft was used. 
In 5 patients, allogeneic fibular transplantation was performed - always the donor was the father. The remaining 
patients received either a 3D printed scaffold fixed with an intramedullary nail or an extracorporeal irradiated autograft.  
All patients with Ewing's sarcoma and osteosarcoma received their multimodality therapy with respect to the EURO-
E.W.I.N.G 99 or COSS-96 protocol. The median follow-up was 66 months. 
 
Results. R0 resection was achieved in all cases. No local recurrence occurred in any of the patients. Four patients died 
from distant metastasis. Full weight-bearing of the operated lower limb was achieved after an average of 162 days (60-
250 days) in the fibular grafts group. Limitations on the upper extremity were cleared after an average of 86 days. Failure 
of the osteosynthesis material was noted in 9 patients after an average of 30 months (10-50 months). Revision surgery 
was performed on 7 patients. The median MSTS score was 89% (72-100%). 
 
Only one patient with Ewing's sarcoma and multimodal chemotherapy and radiotherapy developed an uncontrollable 
infection, which ultimately required amputation of the lower leg. Biologic reconstruction should always be considered 
as a treatment option. Reconstruction of metadiaphyseal defects using fibular transposition has achieved good to very 
good and durable results 
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Intralesional curettage and bone graft for the treatment of bone GCT. 
Experience in a single institution since 1982 
Laura Trullols Tarragó1, Ana Peiró Ibañez1, Pau Machado Granados1, Javier Arenas Romera1, Alfonso Mandía 
Martínez1, Joan Sugrañes Camprubí1, Ferran Abat Gonzalez2, Marta Almenara Fernandez1, Isidre Gracia 
Alegría1 

1Hospital De La Santa Creu I Sant Pau, Barcelona, Spain, 2Resport Clinic, Barcelona, Spain 

Background. To describe our series of patients with giant cell tumor of bone affecting lower extremities treated by 
curettage and filling by allograft bone. 
 
Methods. A total of 145 histologically confirmed giant cell tumor of bone affecting lower extremities were treated with 
curettage and allograft in our center between 1982 and 2019. The series consisted of 54.6% women and 45.4% men 
with a median age of 36.4 years (18-73 years). The data collected was focused on the location, recurrences and 
complications. 
 
Results. Bone GCT cases were located in: 10 proximal femur, 79 distal femur, 39 proximal tibia, 11 distal tibia, 3 talus, 3 
calcaneus. In the surgical time, all of the cases were grade I or II based on the Campanacci’s radiologic classification. 
From them, nineteen cases where grade III at the diagnosis, and they received preoperative denosumab, so they 
become grade I-II and we could perform an intralesional excision with high velocity drilling and filling with a graft. Total 
weight-bearing was forbidden during minimum 60 days in all cases.  
The mean follow-up period was minimum 2 years. An overall recurrence rate of around 18.6% was observed.  There 
were 8 patients with bone fracture presented at the time of diagnosis. Seven cases (4.8%) presented with a recurrence 
of the malignancy. The death rate at the end of follow-up was 1.3% (2 cases). 
 
Conclusion. Curettage with a high-velocity drill and a bone graft in giant cell tumor of bone obtain good results after 
long-term follow-up in Campanacci grades I and II. When grade III giant cell tumor of bone occur, preoperative 
denosumab treatment can improve the quality of bone and allows to perform an intralesional surgery. In our 
experience, allograft filling don’t show and increased ratio of recurrence compared to cement, preserve the biology of 
epiphyseal cartilage, and recover the bone stock with low ratio of mechanical complications. 
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Experience of interstitial permanent I(125) brachytherapy for extremity 
soft tissue sarcomas 
Wenli Zhang, Xiang Fang, Xiang Fang, Chongqi Tu, Yi Luo, Yong Zhou 

West China School of Medicine/west China Hospital, Sichuan University, Chengdu, China 

Background. Soft tissue sarcomas are uncommon, but relatively aggressive tumours. Although surgical resection 
remains the primary therapeutic modality for all localised tumours, brachytherapy combined with function-preserving 
excision is a popular treatment for extremity soft tissue sarcomas. The objective of this study was to evaluate the effect 
of interstitial permanent brachytherapy using I(125) seeds in patients undergoing the combined modality in the 
management of soft tissue sarcomas at our institution. 
 
Methods. Between January 2007 and January 2017, 110 adult patients aged 18-86 years (median = 44 years) with 
extremity soft tissue sarcomas and who underwent interstitial permanent brachytherapy as part of the local treatment 
were included in this study. Treatment included wide local excision of the tumour and brachytherapy using a permanent 
I(125) implantation. Complications were assessed in terms of wound complication and peripheral nerve damage. 
 
Results. After a median follow-up of 43.7 months, the local control, disease-free survival and overall survival for the 
entire cohort studied were 74, 54 and 77%, respectively. The actual rates of wound complications requiring reoperation 
and nerve damage were 4.5 and 1.8%, respectively. 
 
Conclusions. We conclude that interstitial permanent brachytherapy with I(125) after function-preserving surgery 
results in a satisfactory outcome in patients with extremity soft tissue sarcomas and the complication rate is low. 
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Is a Carbon Enhanced Polymer Intramedullary Nails safe to use for patients 
with Metastatic Bone Disease in the Femoral bone? A retrospective cohort 
study  
Allan Villadsen1,2, Arnold Chen3, Jakub Jagiello1, Luke Johnson1 

1SA Soft Tissue and Bone Tumour Unit, Dept. of Orthopaedics, Flinders Medical Centre, Adelaide, Bedford Park, Adelaide, 
Australia, 2University Hospital Rigshospitalet, Copenhagen, Denmark, 3Flinders University, Adelaide, Australia 

Introduction. Fractures and impending fractures to the Femoral bone are common due to Metastatic Bone Disease 
(MBD) and other oncological entities. The expected lifetime with MBD has increased over the past decades which 
emphasizes that surgical treatment in this patient group is challenging but an essential part of the multidisciplinary 
approach. The purpose of the surgery is to ensure stabilisation of the bone and to alleviate pain. The ideal implant 
addresses these issues and aims at lasting to end-of-life for the patient. Today, the use of a possible new generation of 
nails is gaining ground namely Carbon Enhanced Polymer Intramedullary Nails (CEP-IN).  
 
The aim of this study was to retrospectively evaluate the safety and complication rates of carbon enhanced polymer 
intramedullary nails when used in the setting of surgical orthopaedic oncology. 
 
Material and Methods. Inclusion criteria were for patients diagnosed with a pathological fracture or a painful impending 
fracture (Mirel score 8 or above) of the Femur. Patients were identified based on operating theatre lists and hospital 
records and imaging. Main outcomes were implant survivorship, revision and post operative infection evaluated for the 
patient lifetime and latest at 1st April 2022. Secondary outcomes were pain and mobilisation at 6 and 12 weeks 
postoperatively. 
 
Results. Between January 2019 and April 2021 35 patients (14 males. Mean age 66 years) were identified and operated 
with a CEP-IN (CarboFix™). Patients had mainly Metastatic Bone (26) and Haematological disease (6 patients). Eleven 
patients died prior to the 6 weeks mark. We found no data suggestive of implant failure or infection. Overall, patients 
had sufficient pain management. Mobilisation varied from using a stick to having to use a wheelchair.  
 
Conclusion. Carbon Enhanced Polymer intramedullary nails are safe to use in patients with pathological fractures or 
bone lesions in the Femur with results in line with the literature for more conventional implants (titanium). However, 
one should bear in mind the additional implant cost and possible operational learning curve. The need for superior 
implant survivorship needs to be further assessed. 
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Enchondroma of Acromion: Case Report of An Unusual Tumor Location 
Safak Aydın Simsek1, Tolgahan Cengiz1, Oğuzhan Muslu1, Alparslan Yurtbay2, Farak Say1, Nevzat Dabak1 
1Orthopedics and Τraumatology, Ondokuz Mayıs University, Turkey, 2Orthopedics and Τraumatology, Samsun University, 
Turkey 

Enchondroma is a benign cartilaginouse tumor and rarely located on shoulder girdle. The lesion that affects the subacromial area can 
cause rotator cuff impingement’s clinical signs. Our aim is to present this patient who has a shoulder pain and was finally diagnosed 
with acromial enchondroma. A 62-year-old woman who has a mechanical pain in her left shoulder in the last 2 years without previous 
trauma. The patient was treated conservatively for one year and her complaints did not regress and she was referred to our clinic.On 
physical examination, palpation of acromion was painful. There was full range of motion, and the muscle strength was normal. 
Hawkins signs and Neer impingement sign were clearly positive. Plain radiographs showed a degeneration of acromioclavicular joint 
and irregular appearance at the posteromedial edge of acromion (Figure 1-Zanca view). According to the computerized tomography 
images, there is a central localized and benign characterized cystic formation which has sclerotic edges and calsifications on left 
acromion. This lesion is approximately 1.5 cm in diameters (Figure 2). Magnetic resonance imaging(MRI) revealed a well-
circumscribed hypointense content on T1-weighted images (Figure 3), which was hyperintense and had some focal regions of signal 
drop out where calcification was present on T2-weighted images. In addition to this, there was a subacromial effusion on T2- weighted 
images (Figure 4). Because of the small sizes of the lesion, we decided to follow up the patient with conservative therapy. We can 
decide to operate the patient for acromioplasty in the future if her complaints don’t regress. We’ve followed up the patient for 1 
year and the patient’s complaints haven’t increased, and her shoulder pain is under control by suggested medical treatment and 
physiotherapy. At the same time the acromial lesion’s size haven’t changed at the radiographical plans. Subacromial impingement 
syndrome appears to result from a variety of factors which are inflammation of the tendons and bursa, degeneration of the tendons, 
weak or dysfunctional rotator cuff musculature, posterior glenohumeral capsule tightness, postural dysfunctions of the spinal column 
and scapula and bony or soft tissue abnormalities of the borders of the subacromial outlet9.At the same time enchondroma can be 
one of the reasons of subacromial impingement. LÓPEZ at al. reported one case which was about rotator cuff impingement due to 
enchondroma of acromion. This is a simple case about enchondroma of acromion. In addition to this, the lesion affected the 
subacromial area and caused the rotator cuff impingement syndrome.They used surgical treatment for the pathology7. In conclusion, 
acromial enchondrome is a very rare case in literature. In addition to this, rotator cuff impingement by acromial enchondrome is a 
rarer situation, as only one case was reported. We must consider this pathology in differential diagnosis about uncertain pain of 
shoulder. 
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A rare diagnosis: osteoid osteoma in the metacarpal bone 
Tolgahan Cengiz, Safak Aydın Simsek, Oğuzhan Muslu, Ercan  Bayar, Farak Say, Nevzat  Dabak 
Orthopedics and Τraumatology, Ondokuz Mayıs University, Turkey  

Osteoid osteoma is a benign bone-forming lesion, which was first described by Jaffe in 1935[1]. Osteoid osteoma 
represents 2 to 3% of the primitive bone tumors and 12% of all benign bone neoplasia [2]. The tumor appears as an oval 
lytic lesion called “nidus,”. The nidus range between 5 and 20 mm. [6]. Osteoid osteoma can occur in various places, 
especially in the long bones of the lower limbs (mainly femur and tibia). It is rarely localized in the hand, where it is most 
often seen in the phalanx. Metacarpal bone is the least common area for osteoid osteoma [2, 7]. We would like to 
present a rare case of metacarpal bone osteoid osteoma in a young patient. A 29-year-old right-handed male patient 
was admitted to our outpatient clinic with a complaint of pain at the right hand’s second finger for eight months with 
previous trauma history. The pain is characteristic, increasing at night and partially relieved by aspirin. Physical 
examination demonstrated that there was a tender swelling of the head of the second metacarpal bone of the right 
hand. A radiograph of the region demonstrated cortical sclerosis at the head of the second metacarpal bone of the right 
hand. On CT, the lesion had an oval radiolucent zone at the head of the second metacarpal bone and marked sclerosis 
around the lesion (Figure 1). The history and clinical and radiographic findings pointed to the diagnosis of an osteoid 
osteoma of the head of the second metacarpal bone in the right hand. The operation was planned considering the 
osteoid osteoma as a result of the clinical and radiological findings. Surgical treatment including excision of the nidus is 
usually curative and is the treatment of choice [8] We also preferred surgical excision as a treatment for our patient.  A 
longitudinal incision on the second metacarpal bone of the right hand was performed and the nidus was completely 
removed by curettage (Figure 2).  The osteoid osteoma area in the distal 2nd metacarpal of the patient was curetted by 
preoperative radiological marking. Curettage material sent to pathology. Histological examination confirmed the 
diagnosis of osteoid osteoma. The patient’s pain was relieved immediately after the operation. (Figure 3). While pain 
severity was 9 out of 10 according to VAS score in the preoperative period, pain complaints decreased to 2 out of 10 
according to VAS score in the postoperative 1st month. Osteoid osteoma appears with pain, especially in the lower 
limbs, which is typically exacerbated at night and decreases in severity with NSAIDs(nonsteroidal anti-inflammatory 
drugs). Although osteoid osteoma is a rare diagnosis in hand bones, it is a diagnosis that should be kept in mind in 
patients with typical clinical findings. 
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Incidence and risk factors for recurrence giant cell tumour of tendon 
sheath in hand 
Sudhir Kumar Garg, Gagan DJ, Purnima Aggarwal, Rajeev Kansay 
Government Medical College & Hospital, Chandigarh, India 

Introduction. Giant cell tumour of tendon sheath (GCTTS) is common benign tumour in hand. Complete excision is the 
treatment of choice, but recurrence is common. Our study aims were to determine the incidence and risk factors for 
recurrence of GCTTS.  
 
Material & methods. This was a longitudinal study including 30 cases of GCTTS of hand operated at our institution from 
2015 to September 2019. In all patients, pre-operative x-rays and MRI were carried out. 18 (60%) patients were male 
and 12 (40%) were female. Mean age of patients was 39.33±14.35 years. 16 (53.3%) patients had lesion in the right hand 
and 14 (46.7%) in the left hand. 22 (73.3%) patients had lesion on palmar aspect and 8(26.7%) on dorsal aspect of hand. 
10 (33.3%) patients had lesion in metacarpal region and 20 (66.7%) in phalanx region. 6 (20%) patients had pressure 
erosion on adjacent bone. Size of lesion was 2×1cms in 8 (26.7%),  2×2cms in 12 (40%) and 3×2cms in 10 (33.3%) patients. 
In 11 (36.7%) patients the lesion originated from tendon of FDS, in 9 (30%) from FDP, in 2 (6.7%) each from FPL and EPL 
and in 6 (20%) from ED. En-bloc excision was carried out in all patients.  
 
Results. On histopathological examination, excision was marginal in all cases. There was recurrence in 8 (26.7%) patients 
at a mean follow up of 2.36±1.1 years. 7 (87.5%) patients were male and 1 (12.5%) was female. There were no 
recurrences in the age group of ≤20 and ≥60 years.  4 (50%) patients had lesion in right hand and 4 (50%) in left hand. 7 
(87.5%) had lesion on palmar aspect and 1(12.5%) on dorsal aspect. 6 (75%) patients had pressure erosion on the 
adjacent bone. In 7 (87.5%) patients the primary lesion size was 3×2cms and in 1 (12.5%) it was 2×2cms. 4 patients each 
had lesion in metacarpal region and in phalanx region. Out of 8 recurrences, tumour involved FDS and FDP in 3 patients 
each and 1 each from FPL and ED tendons. 
 
Conclusion. Recurrence rate of GCTTS of hand was 26.7% at a mean follow up of 2.36 ± 1.10 years. Presence of pressure 
erosion on adjacent bone and size of lesion were significant risk factors, while Age, Sex, Side, Site, Aspect and Origin 
were not the significant risk factors for recurrenc
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Can the unipedicular approach replace bipedicular percutaneous balloon 
kyphoplasty for the management of metastatic vertebral lesions? 
Wence Wu, Xiaoyang Li, Shengji Yu 
National Cancer Center/National Clinical Research Center for Cancer/Cancer Hospital, Chinese Academy of Medical 
Sciences and Peking Union Medical College, Beijing, China 

Background. Percutaneous balloon kyphoplasty (PKP) could achieve rapid pain relief for patients with metastatic 
vertebral lesions. The techniques for kyphoplasty, including bipedicular and unipedicular approaches (UPK and BPK), 
have been developed. As the clinical and radiographic outcomes of these two techniques have mostly been compared 
in the treatment of osteoporotic vertebral compression fractures (OVCFs), data regarding their comparison in the 
management of malignancies are very limited. The aim of the present study is to compare the clinical and radiographic 
results of UPK and BPK in the management of metastatic vertebral lesions 
Methods. Eighty-two patients with 159 metastatic vertebral lesions who underwent UPK (25 cases, 69 lesions) or BPK 
(57 cases, 90 lesions) were retrospectively evaluated. Clinical results were assessed mainly depending on the Visual 
Analogue Scale (VAS) score, Oswestry Disability Index (ODI), and Quality of Life (QoL) score. Radiographic outcomes 
were evaluated mainly on the basis of bone cement distribution and changes in vertebral body height (VBH). Major and 
minor complications were systematically evaluated and compared to assess the safety of the two procedures. 
Results. No statistically significant differences were observed in age, sex, types of lesions, location of lesions, posterior 
vertebral body and/or pedicle involvement, or the percentage of vertebra invasion between the groups (p=0.168-0.833). 
There were statistically significant differences in treated segments of each patient between the groups (p<0.001). There 
were significant improvement in the VAS score, ODI, and QoL as clinical parameters at any follow-up examination 
(p<0.001) relative to the preprocedure value. No significant difference was observed in the VAS score, ODI or QoL 
between the two groups (p=0.243-0.886). Compared to preprocedure results, significant improvement was observed in 
the VBH improvement as radiographic parameters at any follow-up point (p<0.001). Both groups were similar with 
regard to the radiographic parameter in terms of VBH improvement (p=0.258-0.847). In the UPK group, bone cement 
was primarily distributed in the posterior and middle portions of the vertebral body (D, G, E, H or F, I, E, H), while in the 
BPK group, bone cement was mainly distributed in the posterior and lateral portions of the vertebral body (A, D, G, C, 
F, I). UPK was superior to BPK in terms of the operative duration (p<0.001), cement volume (p=0.004), and surgical 
complications (p=0.033).  
Conclusion. Both UPK and BPK resulted in similar clinical and radiographic outcomes in patients with metastatic 
vertebral lesions. The UPK had advantages including a shorter operation and lower cement volume than the BPK, which 
may have played an important role in reducing the incidence of complications. Because the management of spinal 
metastases requires multidisciplinary input, UPK can replace BPK in the treatment of metastatic vertebral lesions. 
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Evaluating the utilisation of biopsy in suspected chondrosarcoma 
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Kingdom 

Background. Chondrosarcoma is a malignant cartilaginous neoplasm and is the most common bone sarcoma in adults 
in the UK. Due to alternative treatments being ineffective, surgery remains the mainstay of treatment. Current 
guidelines recommend biopsy in patients with suspected chondrosarcoma, to correlate radiologic findings with 
histopathology, prior to surgical management. However, evidence of the clinical utility of preoperative biopsy for the 
diagnostic workup and grading of chondrosarcoma is limited and may delay definitive surgery. 
 
Aim. This study aimed to evaluate the role and utilisation of biopsy in the preoperative assessment of chondrosarcoma 
in a local setting. Implications on patient management and prognostic outcomes were evaluated with the view to inform 
updates to local guidelines. 
 
Methods. This was a service evaluation conducted at Royal Orthopaedic Hospital (Birmingham, UK), a large specialist 
orthopaedic hospital receiving national refers. Information for patients referred for suspected cartilaginous lesions was 
collected including patient demographics, diagnosis, biopsy, imaging, surgery, complications, histologic grade, 
outcomes, and follow-up for the period between 1 January 2017 and 31 Oct 2021. Data was anonymised and analysed, 
comparing patients with and without biopsy. 
 
Results. Of 482 patients referred for evaluation of a cartilaginous lesion, biopsy showed chondrosarcoma in 257 patients 
(53.3%). 83.8% of tumours were in the limbs and pelvis. For patients who underwent biopsy, CT-guided biopsy was the 
most common modality employed (82%). Comparing the biopsy and no-biopsy groups, time interval between referral 
and surgery was increased in the biopsy group (80.9 vs 36.5 days). Final histology specimen showed 181 patients (73.3%) 
had high-grade chondrosarcoma, with similar numbers in both groups. 16 patients (6.8%) required a repeat biopsy due 
to inconclusive results and outcomes were worse for the biopsy group with increased rate of recurrence and death. 
 
Discussion & Conclusion. This study demonstrates substantial delays to diagnosis and surgery following biopsy, with no 
clear benefit to patient outcomes and prognosis. Biopsy of cartilaginous lesions prolongs the diagnostic workup. Risks 
of biopsy and implications of repeat biopsy sampling should be considered in the diagnostic workup of cartilaginous 
lesions, particularly in patients with radiologically evident disease who could benefit from omitting biopsy 
preoperatively. Current guidelines should be reassessed to reduce unnecessary diagnostic tests and service burden
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Utility of Targeted Muscle Reinnervation to Reduce Postoperative Pain in 
Patients Undergoing Hindquarter Resections 
Hiba Saifuddin1, Elyse Brinkmann2, Mikaela Sullivan1, Brian Carlsen1, Matthew Houdek1, Steven Moran1 

1Mayo Clinic, Rochester, United States, 2University of Washington, Seattle, United States 

Background. Pre-emptive targeted muscle reinnervation (TMR) at the time of upper extremity amputation results in 
less phantom limb pain (PLP) and residual limb pain compared with untreated amputee controls. However, there is 
limited literature describing the technique in patients undergoing hindquarter amputation despite up to 90% of these 
patients reporting PLP and 50% presenting with painful neuroma. Our goal is to perform an anatomic study to locate 
motor nerves accessible through a primary hindquarter amputation to be used for TMR and review pain outcomes in 
clinical case correlates of patients with TMR.  
Methods. Six limbs were obtained from three fresh adult cadavers without previous lower limb surgery or trauma. 
Sensory and motor nerves were dissected, and available motor entry points were recorded. In addition, we reviewed 
records of patients undergoing hindquarter amputation with TMR.  
Results. Following cadaveric dissection we proposed the following transfers during a hindquarter amputation: the 
femoral nerve is coapted to the psoas muscle branches from the lumbar plexus or to the femoral motor branch to the 
iliacus; the sciatic nerve is coapted to the inferior gluteal nerve branches to the gluteus maximus; and the obturator 
nerve is coapted to one of the motor branches to the gluteus medius from the superior gluteal nerve or to the adductor 
longus branches in the setting of a hip disarticulation. 
Two patients who underwent external hemipelvectomy and one patient who underwent hip disarticulation with TMR 
were reviewed (Table 1, Figure 1). Following surgery patients were taking narcotic and neuroleptic pain medication for 
a mean of 30 days (range 5-50 days) and 207 days (range 0-406 days). At most recent follow-up, no patient reported 
debilitating phantom pain nor pain associated with neuromas.  
Conclusion. Our study describes technical options for pre-emptive TMR in the case of hindquarter amputation with 
supporting clinical cases. Pre-emptive TMR should be considered as an option at the time of surgery for these patients 
to limit PLP, neuroma pain and dependence on pain medications.  
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A proposed survival predicting system for breast cancer patients with bone 
metastases  
Jichuan Wang1, Haijie Liang1, Jie Xu1, Zhiqing Zhao1, Rui Yang2, Shu Wang3, Xiaodong Tang1, Wei Guo1 

1Musculoskeletal Tumor Center, Peking University Peoples Hospital, Beijing, CHINA P.R, 2Department of Orthopedic 
Surgery, Montefiore Medical Center, THE BRONX, United States, 3Breast Disease Center, Peking University People’s 
Hospital, Beijing, CHINA P.R 

Background. Breast cancer is the most common malignancy in females. With improved treatment regimens, especially hormone 
therapies and targeted therapies, survival for patients with breast cancer has substantially improved over the past two decades, 
accompanied by an increased population with skeletal-related events. Since surgery is most commonly needed for mechanical 
complications like complete or pending pathological fractures, an accurate preoperative survival estimation for patients with 
symptomatic bone metastases is crucial in surgical decision-making in order to relieve the pain, restore structural stability and 
function, improve life quality, and eventually benefit the patient without increasing the risk of complications. Several prognostic 
models for survival estimation in metastatic cancer patients have been developed in western centers. However, neither they focus 
on a specific cancer type since the biological nature of cancers varies nor without external validation in external Asian patient cohorts.  
Methods. A cohort of metastatic breast cancer patients from an Asian center were externally validated by seven reported survival 
prediction models. The prediction ability and accuracy were valued using receiver operating characteristic analysis and Brier score at 
different postoperative durations. Univariate and multivariate Cox regression was used to identify independent prognostic factors. A 
new multivariable prediction model, specifically for breast cancer patients with bone metastases, was established and validated.  
Results. In our metastatic breast cancer patient’s cohort, the PathFx model demonstrated superior accuracy at predicting 3- and 6-
month survival (AUC:0.953; 0.948), while the SSG model showed the highest accuracy at 12-month (AUC:0.864). None of these 
models exhibit accurate predictions beyond 12-month (Table 1). Cox regression further identified five independent prognostic 
factors. A prognostic scoring system with breast cancer-specific prognostic factors was established (Table 2). Internal validation 
showed consistent discrimination and accuracy (P<0.001) (Figure 1).  
Conclusions. Current prognostic models showed inconsistent and limited accuracy in metastatic breast cancer patients, which is the 
population who distinguish themselves from other cancer types with extended survival. A disease-based predicting model with 
cancer-specific prognostic factors would increase the prediction accuracy and help surgical decision-making. External validation of 
survival estimation models is necessary to improve accuracy. 
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Knockout of SKP2 in pre-clinical transgenic mouse models of OS induces 
macrophage infiltration and improves survival 
Alexander Ferrena1, Jichuan Wang2, Ranxin Zhang2, Waleed Al-Hardan2, Swapnil Singh2, Hasibagan Borjihan2, 
Rui Yang2, David Geller2, Bang Hoang2, Deyou Zheng3,4 

1Institute for Clinical and Translational Research, Albert Einstein College of Medicine, Bronx, United States, 2Department 
of Orthopedic Surgery, Montefiore Medical Center, Albert Einstein College of Medicine, Bronx, United States, 3Department 
of Genetics, Albert Einstein College of Medicine, Bronx, United States, 4Department of Neuroscience, Albert Einstein College 
of Medicine, Bronx, United States 

Background. Osteosarcoma (OS) is an aggressive cancer of the bone with a poor prognosis and limited improvements 
in treatment for several decades. OS patients frequently display loss-of-function mutations in the tumor suppressors 
RB1 and TP53. One putative proto-oncogene in OS is SKP2, which codes for a substrate-recognition factor of the SCF E3 
ubiquitin ligase. We have previously demonstrated that germline knockout of SKP2 in a pre-clinical transgenic mouse 
model of OS doubly deficient in Rb1 and P53 improved survival, delayed tumorigenesis, reduced malignant cell 
proliferation, slowed tumor growth, diminished stemness, and induced apoptosis. However, the role that SKP2 plays in 
OS progression remains unclear. 
 
Method. We performed bulk RNA-sequencing on pre-clinical transgenic mouse models of OS. To model OS in mice, we 
generated a conditional double-knockout line of Trp53 and Rb1 mutations induced in cells of the bone-forming 
osteoblast lineage via Cre-Lox recombination (“DKO”: Osx1-Cre;Rb1lox/lox;p53lox/lox). We compared this with a triple-
knockout model, which additionally features a germline Skp2 knockout (“TKO”: Osx1-Cre;Rb1lox/lox;p53lox/lox;SKP2-
/-). We compared tumors from the TKO and DKO models via bulk RNA-sequencing (n=3 per group) to study differential 
expression and immune infiltration. Using the transcriptomic results from the mouse models, we analyzed a human OS 
patient cohort of 83 participants (NCI TARGET OS) with RNA-seq and clinical data via survival analysis to infer the impact 
of modulating Skp2 in OS patients. 
 
Result. We found a large difference in gene expression between the two models. Surprisingly, we observed a dramatic 
increase in the expression of genes related to immune microenvironment infiltration in TKO tumors compared to DKO. 
Macrophage transcriptomic signatures were the strongest signal detected (P<0.001), but significant increases in B cells, 
endothelial cells and T cell signatures were also observed. Further analysis indicated that naïve/M0-like macrophages 
were predominant in the TKO, rather than M1 or M2 macrophages. In the NCI TARGET OS cohort, high expression of 
genes up-regulated in TKO was significantly correlated with 5-year overall survival (p=0.02). This effect was driven by 
macrophage transcriptomic signatures. This finding was supported by an immune microenvironment deconvolution 
analysis, which showed that macrophages and T cells were associated with improved overall survival in the patient 
cohort (p=0.01). We are currently using immunohistochemistry and flow cytometric analysis to validate our findings of 
immune infiltration and performing single-cell RNA-sequencing analysis to study immune infiltration and cellular 
heterogeneity in more detail. 
 
Conclusion. Taken together, our new findings indicate that SKP2 modulation in OS may induce a vigorous anti-tumor 
immune activation especially in the form of macrophage and lymphocyte infiltration into the tumor microenvironmen 
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Use of Small Molecule STING Agonist Immunotherapy for Canine Soft 
Tissue Sarcoma: A Cross-Species Analysis 
Ye-Jean Park1, Joseph Kendal2, Karys Hildebrand1, Carolina Salazar1, Michael Monument1 

1University Of Calgary (Cumming School of Medicine), Calgary, Canada, 2University Of California (Department of 
Orthopaedic Surgery), Los Angeles, United States 

Background. Soft tissue sarcomas (STS) are rare connective tissue malignancies that are highly resistant to traditional 
therapies. Intra-tumoural injection of small molecule STING (STimulator of INterferon Genes) receptor agonists 
generates a profound immune response anti-tumour effect in pre-clinical murine STS models. Sarcomas are relatively 
common in dogs, yet few studies have previously investigated anti-sarcoma immunotherapies in this species. In this 
study, we evaluated the dose toxicity and STING pathway cytokine induction in selected STING agonists (DMXAA, ADU-
S100, MSA-2) for canine, murine, and human macrophage and sarcoma cell lines. We further assessed the efficacy of a 
selected STING agonist without species specificity (ADU-S100) as an intra-tumourally administered drug in two STS 
canine patients. 
 
Methods. To assess the cytotoxicity of STING agonists DMXAA, ADU-S100, and MSA-2, an MTT cell viability assay was 
used. Murine, canine, and human macrophages and sarcoma cells were exposed to the following conditions: media, 
vehicle control, or 0.1, 1, 10, and 100μg/mL of treatment (up to 200μg/mL of treatment for ADU-S100). 6, 12, and 24-
hours post-exposure to the conditions, cell viability was assessed via formazan absorbances. STING-pathway induced 
interferon-dependent cytokine production (IFN-β, TNF-ɑ, CXCL-10) in cells was assessed via the Luminex cytokine assay. 
All cells were treated with 177nmol/L of the STING agonists, and cytokine release 2- and 6-hours post-exposure were 
quantified. Clinical efficacy of ADU-S100 was further evaluated in vivo for two canine STS patients (1 hindlimb, 1 
forelimb). Serial intra-tumoural doses further ranged from 200µg to 2.0mg of ADU-S100. Tumour volumes were 
calculated from caliper measurements of tumour length, width, and depth. 
  
Results. DMXAA and ADU-S100 were not cytotoxic below 100 and 200µg/mL, respectively, and MSA-2 was cytotoxic 
above 10μg/mL. DMXAA, ADU-S100, and MSA-2 effectively stimulated the interferon-dependent STING pathway in 
murine macrophage cells. In addition, ADU-S100 and MSA-2 effectively stimulated both the canine and human 
interferon-dependent STING pathways. Our subsequent in vivo pilot study demonstrated that intra-tumoural 
administration of ADU-S100 led to a significant reduction in both patients’ tumour volumes over the course of 6-weeks. 
Patient 1 had a reduction in tumour volume from 594cm^3 to 172cm^3 (3.5-fold reduction) and patient 2 had a 
reduction from 420cm^3 to 180cm^3 (2.3-fold reduction). An improvement in ambulation was observed in one patient, 
which may be secondary to decreased mass effect on the sciatic nerve. 
 
Conclusion. Overall, our findings suggest that STING agonists possess potential as a novel, low-cost, and effective 
therapeutic approach for canine STS. Notably, ADU-S100 effectively activated the STING interferon-dependent pathway 
in murine, canine, and human cell lines, and demonstrated in vivo efficacy against canine STS. As sarcomas are highly 
metastatic and commonly fatal in dogs, further evaluating STING agonist therapy in canines may provide insights for 
treating human disease using a comparative biology approach. 
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Variation in the Administration and Reporting of the MSTS Score:  Evidence 
for the Need of Standardized Outcome Measurement Guidelines 
Alysia Kemp1, Theresa Nalty2, Grant McChesney3, Valerae Lewis2, Justin Bird2 

1Karmanos Cancer Center, Detroit, United States, 2The University of Texas MD Anderson Cancer Center, Houston, United 
States, 3The University of Texas Medical Branch, Galveston, United States 

Background. The Musculoskeletal Tumor Society (MSTS) score is widely used despite the paucity of evidence supporting 
its reliability and validity. Our aim was to determine the degree of variation in functional outcome reporting in the 
literature with the intent to develop uniform standards for analyzing and reporting functional outcomes.   
 
Methods. A systematic review was conducted and reported according to the Preferred Reporting Items for Systemic 
Review and Meta-Analyses (PRISMA) guidelines. English articles were searched. Reviewers determined whether the 
studies met inclusion criteria, screened, and extracted data from each article to evaluate the methodology of reporting 
MSTS scores in the literature. If a table of MSTS scores was included, the mean, median, range, standard deviation and 
other values could be calculated. The range and mean length of follow up for each study was calculated.  
 
Results. Over seven thousand records were identified. After removing duplicates and screening for eligibility, 368 met 
inclusion criteria. Most records were retrospective (88.6%, n=326) and reported in the MSTS 93 format (89.9%, n=331). 
MSTS raw mean scores were reported in 51.9% (n=191) of the articles. The percentage of the mean for the 1993 version 
was reported in 68.8% of the sample. Only 47.6% of authors reported a median MSTS value (n=175). Tables of MSTS 
scores were provided in 40% of the articles reviewed, contributing to the reported standard deviation of MSTS scores 
in 55.7% of the articles. Only 9% of the authors reported the methodology of collecting the MSTS scores, and of those 
only 6.5% mentioned that the patient answered the emotional acceptance item. Most authors (91%) had clinical staff 
complete the MSTS assessment on behalf of the patient. While the MSTS was not designed to be a pre-op tool, it was 
reported as such in 5.4% of the articles. The MSTS was used as a longitudinal assessment in 12.2% of the articles. The 
most common method of reporting the MSTS score was at last follow-up (91.6%), but that time point varied for each 
patient. The range of last follow up was one week to 39 years, with a mean value of 10.4 ± 6.9 years (n=295).  
 
Conclusion. Although the MSTS score is one of the most reported functional outcome measures in the orthopedic 
oncology literature, large variation exists in the way authors collect and report data. MSTS scores are reported in 
different ways: as a percentage of the mean, raw mean, range of scores or a combination of the three values. Scores 
are often reported at final follow up but the time to follow up varied considerably. This heterogeneity makes it difficult 
to compare and analyze outcomes. A standardized outcome collection and reporting structure is critical to ensure 
meaningful functional outcome data are being reported.  
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Reconstruction of large segmental defects at the femur: how does a 
modular intercalary prosthesis compare with massive allograft 
reconstruction? A biomechanical analysis 
Yazan Kadkoy1, Gregory Schneider1, Joseph Ippolito1, Thomas Helbig2, Jonathan Lopez1, David Paglia1, Joseph 
Benevenia1 

Rutgers, New Jersey Medical School, Newark, United States, 2Robert Wood Johnson Medical School, New Brunswick, 
United States 

Background. Recent alternative options to massive allograft for segmental bone defects have included reconstruction 
with a metal intercalary endoprosthesis. We sought to perform a biomechanical analysis comparing intercalary allograft 
to intercalary endoprosthetic reconstruction. 
 
Methods. In a preliminary study, we compared the biomechanical properties of 10 paired human cadaveric femurs in 
which a 7 cm segmental defect was reconstructed an intercalary endoprosthesis (10) or with bulk allograft fixed by a 
single (5) or double (5) plate construct. The endoprosthesis used is a Ti6Al4V cylinder that is fixed in the bone defect by 
proximal and distal cemented intramedullary rods [IDSF; Merete OsteoBridge]. The bulk allograft was fixed within the 
defect using a single 11-hole 4.5 mm broad plate (5) or a 11 hole 4.5mm plate and 10 hole 4.5 mm narrow plate (90-90 
double plate) (5). Matched pair femurs were tested by cyclical medial-lateral and anterior-posterior bending (300-
800N), cyclical axial compression (300-800N), cyclical torsion (-6Nm to +6Nm), and internal rotation to failure (Figure 
1). Normalized data from paired match femora were compared with ANOVA.  
 
Results. In anterior-posterior bending, the IDSF displaced a smaller distance per cycle (p=0.018) and had a higher elastic 
stiffness (P=0.027) than the single plate. The IDSF displaced a smaller distance over 100 cycles of creep (p=0.037) and 
had a higher elastic stiffness (p=0.002) then the double plate construct. In medial-lateral bending, the IDSF displaced a 
smaller distance per cycle (p=0.006) and had a higher elastic stiffness (p<0.001) than the single plate construct.  The 
medial-lateral bending parameters were similar between the double plate construct and the IDSF.  In axial compression, 
IDSF had a smaller displacement over 100 cycles (P=0.046). In cyclic torsion, the IDSF had a smaller angular displacement 
than both the single plate (p=0.017) and double plate (p=0.03) constructs.  When samples were tested to failure in 
torsion, the IDSF had a higher torsional rigidity (p=0.002) and shear modulus (p=0.005) and a lower angular displacement 
than the single plate construct.  The IDSF also had a higher torsional rigidity (p=0.005) and a smaller angular 
displacement (p=0.03) than the double plate construct.   When data was normalized to its paired construct the IDSF had 
a 400% and 600 higher torsional rigidity than the double plate and single plate constructs, respectively.  The IDSF also 
had a 250% and 310% higher shear modulus than the double plate and single plate constructs, respectively (Table 1).  
 
Conclusion. Preliminary data suggests that intercalary endoprosthetic reconstruction provides superior stability in 
bending and torsion compared to intercalary allograft reconstruction with single or double plate fixation. Future work 
will focus on alternative methods of fixation of bulk allograft as well as testing of various segmental defect 
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Patient-reported Outcome Measures to measure Health-related Quality of 
Life in people with Soft-Tissue Sarcoma: A Systematic Review of 
Measurement Properties of Patient-reported Outcomes 
Kedar Mate1, Urska Kosir2, Argerie Tsimicalis3, Robert Turcotte4, Krista Goulding5 

1Research coordinator, Centre for outcomes Research and Evaluation, McGill University Health Centre- Research Institute, 
Montreal, Canada, 2PhD Candidate, Department of Experimental Psychology, University of Oxford, Oxford, United 
Kingdom, 3Ingram School of Nursing, McGill University, Montreal, Canada, 4Department of Orthopedic Surgery, McGill 
University Health Centre, Montreal, Canada, 5Department of Orthopedic Surgery - Mayo Clinic Arizona, Phoenix, United 
States 

Background. Patient-reported outcomes measures (PROMs) provide valuable information and are increasingly used in 
clinical care and measure what matters to the patient population. Various generic and disease specific PROMs are 
developed for cancer. This has results in rapid update on PROMs in clinical care for soft-tissue sarcoma (STS) with limited 
information on their psychometric properties. COnsensus-based Standards for the selection of health Measurement 
INstruments (COSMIN) steering committee developed a checklist to evaluate psychometric properties of PROMs. The 
purpose of this study is to systematically review study quality that have reported psychometric properties of PROMs 
used in STS using COSMIN criteria and provide evidence as to whether studies adhere to standardized reporting 
guidelines.  The results of this study will be useful in selecting the optimal PROM for STS.  
 
Methods. A systematic search was conducted in PubMed, Ovid Medline, CINAHL, EMBASE and the Cochrane Library 
between 2000 and 2018. The studies that assess the quality of PROMs in STS and published in English language were 
identified. Two reviewers will independently read the abstract and identified relevant full-text articles. The quality of 
the PROMs questionnaires will be evaluated using COSMIN checklist by the same two reviewers independently and any 
conflicts between them will be resolved in consultation with the third reviewer. Relevant data will be extracted from 
the studies related to constructs measures, content of the PROM, number of items or domains, psychometric 
information and other characteristics of the study as relates to patient demographics. The methodological quality of 
each study will be evaluated for risk of bias on 4-point ordinal scale (excellent, good, fair, or poor) and also on COSMIN 
checklist for each of 9 measurement properties. 
 
Results. We have completed the systematic search and in process of extracting relevant information from each included 
studies. This project is on-going, and findings will be presented at the conference. 
 
Conclusion. Studies that report psychometric properties of PROMs are recommended to use COSMIN checklist so as to 
make sure that important information related to the measure is made available to the reader. This project will highlight 
any gaps related to reporting of PROMs in STS and provide information on which PROMs should be used for trials. 
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Health-Related Quality of Life of Sarcoma patients at time of diagnosis 
Anouk Kruiswijk1, Desiree Dorleijn2, Michiel  van de Sande2, Leti van Bodegom-Vos1 

1Department of Biomedical Data Sciences, Leiden University Medical Center, Leiden, The Netherlands, 2Department of 
Orthopedics, Leiden University Medical Center, Leiden, The Netherlands 

Background. Bone and soft tissue tumor patients experience physical and psychosocial challenges. However, it is 
unknown which health-related quality of life (HRQoL) challenges patients already experience around the time of 
diagnosis. Therefore, this study aimed to compare HRQoL scores of patients suspected of having a bone or soft tissue 
tumor to the scores in the general population.  
 
Methods. All Dutch patients visiting the Leiden University Medical Center between March 2016-May 2020 with a 
suspected bone or soft tissue tumor were invited to complete the Patient-Reported Outcomes Measurement 
Information System (PROMIS) 29-item profile questionnaire. Mean scores of all included patients, and of patients in the 
diagnosis groups ‘benign bone tumor (BT)’, ‘malignant BT’, ‘benign soft tissue tumor (STT)’ and ‘malignant soft tissue 
sarcoma (STS)’ (based on patients’ diagnosis after their diagnostic trajectory), were compared to general population 
scores (obtained from the literature) using one-sample t-tests. A clinically relevant difference was defined as three point 
difference on T-score. 
 
Results. 637 patients completed the questionnaire: 32 (5%) malignant STS, 81 (13%) malignant BT, 125 (19%) benign 
STT, 399 (62%) benign BT. Bone and soft tissue tumor patients reported statistically significantly worse HRQoL scores 
on anxiety (51.3±9.6), pain interference (55.3±10.1), physical (46.0±9.7) -and social functioning (48.1±10.8) compared 
with the general population (p<.05), and significant better scores on fatigue (47.1±10.4) and depression (46.4±7.8) 
(p<.05). Patients with a BT (benign as well as malignant) reported statistically significant and clinically meaningful worse 
scores on physical functioning (benign 45.8±9.4, malignant 43.4±10) compared to the general population (p<.05), which 
was not the case for patients with a soft tissue tumor. Malignant BT and STS patients scored statistically significant and 
clinically meaningful higher on anxiety (BT 55.4±9.7, STS 57.0±8.6) in comparison with the general population (p<.05), 
in contrast to benign BT and STT patients.  
 
Conclusion. Our results demonstrate that patients visiting the outpatient clinic with a suspected bone or soft tissue 
tumor reported worse HRQoL scores around the time of diagnosis compared to the general population. Future research 
should focus on changes in HRQoL scores during follow up. 
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Study on predictive factors of valgus knee deformity in patients with 
multiple osteochondromas 
Kan Ito1, Kunihiro Ikuta1, Tomohisa Sakai1, Hiroshi Koike1, Shiro Imagama1, Yoshihiro Nishida2 

1Department of Orthopedic Surgery, Nagoya University Graduate School of Medicine, Nagoya, Japan, 2Department of 
Rehabilitation, Nagoya University Hospital, Nagoya, Japan 

Background. Multiple osteochondromas occur in approximately 1 in 50,000 people per year, hereditary or sporadically. 
One in three patients will develop valgus knee deformity, but the mechanism of its pathogenesis remains unknown, and 
there are only a few studies on predictive factors for the development the deformity. The purpose of this study is to 
identify predictive factors for the development of valgus knee deformity in patients with multiple osteochondromas. 
 
Methods. From 64 patients with multiple osteochondromas who first visited our hospital between January 1, 2003 and 
December 31, 2018, we included 33 patients with 66 legs, excluding 12 patients with a past history of lower extremity 
surgery, 15 patients who had no radiograph of the knee, and 4 patients whose age at last examination was less than 7 
years, which could be affected by physiological knee valgus. Age, sex, family history, femoro-tibial angle (FTA), aLDFA, 
MPTA, LDTA (Figure 1), center edge angle, Sharp angle, femoral neck shaft angle, tumor localization (medial or lateral 
distal femur, with or without interference between proximal tibial fibula) were obtained retrospectively from the 
medical records. For patients who underwent surgery during the follow-up period, the last visit was regarded as the 
visit just before the surgery. FTA ≥176 ° was defined as the Normal group (Group N) and FTA <176 ° as the Valgus group 
(Group V), and the two groups were compared. Subgroup analysis was performed in 9 patients whose initial examination 
was less than 10 years old and who were followable for more than 5 years, comparing the initial and final x-rays. 
 
Results. 24 males and 9 females were included in the study, with a mean age of 23 (10-66) years, mean follow-up of 43 
(0-159) months, and mean FTA of 172.7 (157-185) degrees. 26 patients were familial, 6 patients were sporadic, and 1 
patient was unknown. 28 legs were included in the Group N and 38 legs in the Group V. Multiple regression analysis 
showed that Group V had a significantly smaller neck shaft angle and larger MPTA (P<0.01 for each). In the subgroup 
analysis of 16 legs in 8 patients (8 legs in Group N and 8 legs in Group V), the mean neck body angles at the initial and 
final X-rays were 155.8 and 148.9 degrees in Group N and 141.6 and 144.3 degrees in Group V, respectively, and Group 
V tended to have a lower neck body angle from the initial examination. 
 
Conclusion. The femoral neck shaft angle and MPTA were identified as factors associated with multiple 
osteochondromas causing valgus knee deformity. The tendency of coxa vara is found to be a risk factor for the 
development of valgus knee deformity even before it became obvious. 
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Accuracy of MRI in evaluation of longitudinal intraosseous extent of 
primary malignant bone tumors 
Sudhir Kumar Garg, Purnima Aggarwal, Sarthak Sharma, RPS Punia, Kisley Dimri 
Government Medical College & Hospital, Chandigarh, India 

Background. MRI is the modality of choice for the local staging of primary malignant bone tumours as well as for the 
pre-surgical planning. Intramedullary extent i.e., marrow involvement details the primary extent of the tumour and 
determination of safe margins for the adequate resection. In this study we aim to assess the relative accuracy of the 
various MRI sequences acquired pre and post neo-adjuvant chemotherapy by comparing the measurements made on 
these sequences with the histopathological measurement of excised tumour . 
 
Materials and methods. This was a single-centre, prospective study consisting of 40 patients with primary malignant 
bone tumours of appendicular skeleton. MRI was performed pre and post chemotherapy with the longitudinal 
intraosseous extent of tumours measured on four sequences: T1-weighted, T1-weighted with contrast enhancement by 
gadolinium injection, STIR and chemical shift (in and opposed phase) sequences. The tumour extent as assessed on pre-
chemotherapy and post- chemotherapy MRI was compared with histological measurement of the resected specimen.  
 
Results. Of the 40 patients of malignant bone tumours enrolled in the study, 27 were male and 13 females. Femur was 
affected in 19 patients, tibia in 15 patients, humerus in 5 and fibula in one patient. The median age of the enrolled 
patients was 19. 
 
Conclusion. T1W and Chemical shift sequences were found to be accurate in the evaluation of intra-osseous extent of 
primary malignant bone tumours with no significant statistical difference between the measurements made on these 
sequences and on histopathological examination. STIR and Post contrast T1W sequences tend to overestimate the 
intramedullary extent of bone tumours. Measurement of tumour length on either type of imaging did not change 
significantly after chemotherapy. Adequate safe margins for the resection of primary malignant bone tumours were 
found to be 1.5 cm. 
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Short and Intermediate term outcomes with long bone allograft in Penang 
General Hospital, Malaysia 
Prashant Narhari, Azuhairy Azid 

Ministry of Health Malaysia, Georgetown, Malaysia 

Long bone allograft is an excellent armamentarium in orthopedic oncology practice. After resection of long bones 
namely, humerus, tibia or femur, allograft from deceased donor can be used to reconstruct the bony defect. We present 
our short to medium term outcome with allograft reconstruction at our center. This is a retrospective review of all long 
bone allograft surgery done between August 2016 and August 2020 over a 4-year period. There were 16 cases in total, 
9 males and 7 females with mean age of 28. The cases were 7 osteosarcomas, 3 chondrosarcomas, 3 ewing sarcomas, 
2 giant cell tumors and 1 revision arthroplasty. As for the site of the lesion, 7 cases were distal femur, 4 were humerus, 
4 distal tibia and 1 total tibia. 12 of the allografts were stabilized with titanium locking plates and screws, 2 with APC 
(allofraft prosthetic composite), 1 with a nail and 2 with a nail and plate used in combination. The last 4 cases had EBBI 
(extracortical bone bridge interface) done at diaphyseal bone allograft junction to reduce the incidence of nonunion.  
Mean follow up was 43 months (20-67 months). Overall survival is 88%, with allograft survival of 81%. Union was 
achieved in 56.3% (11 or 16) with average time to union at 11 months (6-20 months). Infection, nonunion and allograft 
fracture was seen in 2 cases each, limb length discrepancy more than 2 cm in 3 cases and allograft resorption in 1. Some 
patients had more than 1 complications, eg. nonunion with limb length discrepancy. MSTS score at at least 2 years post-
surgery was 71% (50% - 93%) Long bone allograft can be an excellent reconstruction option especially after tumor 
surgery in selected cases. Among the advantages are, biological reconstruction that potentially give very good long-term 
outcomes, can be used to salvage the joint when resection is done in intercalary fashion and cheaper compared to 
endoprosthesis reconstructions. 
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Combining Bacteriophage and Vancomycin is More Efficacious in Treating 
MRSA Aggregates Formed in Human Synovial Fluid Compared to Using 
Vancomycin or Bacteriophage Alone  
Mariam Taha1, Hesham Abdelbary2 

1Ottawa Hospital Research Institute, Ottawa, Canada, 2The Ottawa Hospital, Ottawa, Canada 

Purpose. Bone cancer patients require prosthetic replacement after bone tumor excision. This involves extensive soft-
tissue removal and long operation time which makes patients more vulnerable to developing peri-prosthetic joint 
infection (PJI). The rate of PJI can go up to 14-40% and treatment failure up to 40%. A major challenge contributing to 
PJI treatment failure is the inability to effectively treat biofilm infections. Lytic bacteriophages (phages) can target 
biofilm associated bacteria at localized sites of infection by penetrating and disrupting biofilm matrices. The aim of this 
study is to test if phage has better antimicrobial effect than vancomycin against Staphylococcus aureus biofilm 
aggregates in human synovial fluid.  
Methods. S. aureus BP043 was utilized in this study. This strain is a PJI clinical isolate, methicillin resistant (MRSA) and 
biofilm-former. Phage Remus, a lytic phage known to infect S. aureus, was used. S. aureus BP043 was grown in human 
synovial fluid in 96-well for 24hr. Then the already established S. aureus biofilm aggregates were treated with a) phage 
Remus at 4x109 PFU/mL, 48hr, b) vancomycin, 500 ug/mL (sub- minimal biofilm eradication concentration), 48hr, or c) 
phage Remus, 24hr followed by vancomycin for another 24hr, at 37oC. Then, aggregates were vortexed vigorously and 
bacterial survival was assessed by plating on tryptic soy agar plates.  Aggregates formation in synovial fluid was assessed 
using flow cytometer by measuring their size and comparing it to S. aureus clumping in Tryptic Soy broth (TSB). The 
aggregates were also examined by scan electron microscopy (SEM). Each experiment had two technical repetitions and 
at least two different human synovial fluids. 
Results. SEM images and flow cytometer data demonstrated the ability of human synovial fluid to significantly 
influences biofilm formation of S. aureus BP043 by promoting aggregation compared to TSB media. Phage Remus 
resulted in more than 56% reduction in viable S. aureus residing in the synovial fluid aggregates, compared to the control 
aggregates with no treatment (p=0.015). Additionally, Remus is more powerful in breaking BP043 aggregates and 
eliminating viable bacteria compared to vancomycin (p=0.02). Moreover, combining phage Remus followed by 
vancomycin is more efficacious in reducing bacterial load than using Remus or vancomycin alone (p=0.023, p<0.001, 
respectively). 
Discussion. We demonstrated synergistic interaction between the phage (Remus) and vancomycin, leading to better 
clearance of synovial fluid aggregates of the S. aureus MRSA isolate.  
Conclusion. This work is aimed at gathering preclinical evidence for using phage as a new therapeutic avenue to treat PJI.  
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Microbial teamwork: Polymicrobial prosthetic joint infection with 
Staphylococcus aureus and Pseudomonas aeruginosa augments infection 
burden of both pathogens in a mouse model 
Zeinab Mamouei, Christopher Hamad, Nicholas Peterson, Joseph Kendal, Rahul Sobti, Jack Pearce, Alan Li, 
Jeremiah Taylor, Abdulrahman Almalouhi, Nicholas Bernthal 

University of California, Los Angeles, Los Angeles, United States 

Background. Polymicrobial periprosthetic joint infections (PJI) are increasing in incidence and portend worse clinical 
outcomes compared to monomicrobial PJI. Unfortunately, patients undergoing tumor resection and endoprosthetic 
reconstruction are at particular risk of developing polymicrobial and gram-negative PJIs. It is unclear how various 
pathogens interact in polymicrobial infections. To address this gap, we studied a combination of gram-positive and 
gram-negative bacteria that commonly cause polymicrobial PJI:  Staphylococcus aureus (SA) and Pseudomonas 
aeruginosa (PA). 
 

Methods. Bioluminescent strains of MRSA (AH4775) and PA (Xen41) were used. 1E3 CFUs of MRSA and PA were 
interacted in vitro in LB broth at 37°C on a shaker, and CFUs were counted at 24 and 48 hours. An in vivo murine model 
of PJI was used to investigate the bacterial burden associated with monomicrobial versus polymicrobial infection. A 
titanium pin was implanted into the distal femur of an 8-week-old C57BL/6 mouse. An inoculum of 1E3 CFUs of MRSA, 
PA, or MRSA+PA (mix) were added to the distal aspect of the implant. There were 4 mice in each infected group and 2 
negative controls given sterile saline. Bacterial burden was longitudinally measured in vivo by quantifying bacterial 
bioluminescence using an IVIS Spectrum. 
 

Results. In vitro, MRSA CFUs are diminished in the presence of PA at 24 and 48 hours, while there was no difference in 
PA CFUs in either mono or co-culture. In vivo, the MRSA bacterial burden in mixed infection appears to increase after 
post-operative day (POD) 10 and is higher than the MRSA group by POD21 (Figure 1-A). PA also showed a higher bacterial 
burden over time after POD10 in the presence of MRSA (Figure 1-B). 
 

Conclusions. The coexistence of MRSA and PA is dynamic. In vitro, MRSA CFUs are diminished, and PA is the dominant 
organism. In vivo, co-infection benefits both bacterial organisms with an inflection point on POD10. Further investigation 
is required to study the synergistic mechanisms between these bacterial organisms and the impact of polymicrobial 
infection on host immunity. 
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Can antimicrobial implant coatings improve osseointegration in a murine 
model of knee arthroplasty? 
Zeinab Mamouei, Christopher Hamad, Nicholas Peterson, Joseph Kendal, Christopher Hart, Rahul Sobti, Jack 
Pearce, Parsa Asachi, Nicholas Bernthal 
University of California, Los Angeles, Los Angeles, United States 

Background. Periprosthetic infection and aseptic loosening are important and common modes of endoprosthetic failure 
in orthopaedic oncology. Advances in implant engineering include implant coatings aimed at promoting 
osseointegration and preventing infection. In this study, we investigate osseointegration of two implant coatings: 
Bactiguard® (Zimmer Biomet, Warsaw, IN) and an iodine eluting coating (Zimmer Biomet, Warsaw, IN). Bactiguard® is 
an FDA approved coating currently used on urinary catheters to prevent infection. It consists of three noble metals: 
silver, gold, and palladium that generate a pico-current dispersion force that prevents microbial adhesion. We aim to 
provide in vivo data to determine if the aforementioned implant coatings improve osseointegration in a murine model 
of knee arthroplasty. 
 
Methods. A 6 x 0.8mm titanium pin was implanted retrograde into the distal femur of 10-week-old C57BL/6 mice. Mice 
were randomized to receive three implants: uncoated titanium, Bactiguard®, or iodine eluting. Animals were sacrificed 
at 2 and 4 weeks, and femurs were disarticulated, and soft tissue was removed. There were 5 mice in each group at 
each time point (N=30). Femurs were embedded in a resin block with the distal aspect exposed for “push-in” testing. 
An Instron hydraulic press was calibrated and used to quantify the force necessary to “push-in” the titanium implant, 
disrupting the bone-implant interface. Peak values were recorded for each implant from curves in Figure 1. 
 
Results. Push-in forces for titanium, Bactiguard®, and iodine eluting implants were 40.8N, 47N, and 58N, respectively at 
2 weeks (Figure 2). Push-in forces for titanium, Bactiguard®, and iodine eluting implants were 70.5N, 63.2N, and 76.8N, 
respectively at 4 weeks (Figure 2). At 2 weeks, iodine has the highest push-in force and improves osseointegration 
compared to uncoated titanium (p=0.02). There was no significant difference between Bactiguard® and uncoated 
titanium at 2 weeks (p=0.7). Iodine and Bactiguard® did not significantly affect osseointegration of implants compared 
to uncoated titanium at 4 weeks (p=0.7 and p=0.56, respectively). Iodine appears to promote osseointegration at 2 
weeks compared to uncoated titanium and has no significant effect at 4 weeks. Bactiguard® has no significant effect on 
osseointegration at 2 or 4 weeks. 
 
Conclusion. To decrease the incidence of implant failure, it is necessary to identify an implant coating with intrinsic 
antimicrobial activity and the ability to promote osseointegration. In this murine model of knee arthroplasty, an iodine 
eluting coating improved osseointegration at 2 weeks, but Bactiguard® did not have a significant effect on 
osseointegration at either 2 or 4 weeks, as assessed by “push-in” force required to disrupt the bone-implant interface. 
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Decreasing bacterial colonization: Non-eluting Zimmer Bactiguard® 
implant coating decreases burden of implant infection seven days after 
surgery 
Christopher Hamad1, Zeinab Mamouei1, Nicholas Peterson1, Joseph Kendal1, Alan Li2, Jeremiah Taylor2, 
Abdulrahman Almalouhi2, Aaron Kavanaugh1, Fabrizio Billi1, Nicholas Bernthal1 

1UCLA Department of Orthopaedic Surgery, Los Angeles, United States, 2UCLA David Geffen School of Medicine, Los 
Angeles, United States 

Background. Periprosthetic infection is a morbid complication of endoprosthetic reconstruction in orthopaedic 
oncology patients. Currently, a multi-modal approach of prophylactic antibiotics, intraoperative field sterility, surgical 
wound irrigation, and intrawound vancomycin powder are used to prevent PJI, but breakthrough cases still occur. 
Implant coatings could provide additional protection against early biofilm formation on implants. Bactiguard® (Zimmer 
Biomet, Warsaw, IN) is an FDA approved coating currently used on urinary catheters to prevent infection. It consists of 
three noble metals: silver, gold, and palladium that generate a pico-current dispersion force that prevents microbial 
adhesion. This study endeavors to determine if Bactiguard coating technology helps prevent implant associated 
infection (IAI) in a murine model of peri-prosthetic joint infection (PJI). 
 
Methods. An established mouse model of PJI was utilized. A 6 x 0.8mm Bactiguard® or uncoated pin were implanted 
retrograde into the distal femur of 10-week-old C57BL/6 mouse and inoculated with 1E3 CFUs of S. aureus (Xen36) or 
sterile saline. Bacterial burden was longitudinally measured in vivo by quantifying bacterial bioluminescence using an 
IVIS Spectrum. Animals were sacrificed on post-operative days (PODs) 7, 21, and 35 to collect implants and harvest 
tissue for CFU analyses. Additional implants were harvested on PODs 7 and 35 for scanning electron microscopy (SEM) 
analysis. 
 

Results. There was no difference in in vivo bioluminescence between Bactiguard® and uncoated pins, indicating a similar 
burden of planktonic bacteria in the surrounding soft tissue (Figure 1A). Bactiguard® coated pins had significantly lower 
CFUs compared to that of uncoated pins on POD7 (p=0.0085). There was no significant difference in CFUs on POD 21 
(p=.44) or 35 (p>0.99) (Figure 1B). On SEM, there were fewer staphylococci observed on Bactiguard® coated implants 
harvested on POD7 compared to uncoated pins (Figure 2). On POD35, there were no observed differences between 
groups on SEM. 
 

Conclusion. Bactiguard® coating has demonstrated efficacy in reducing urinary and venous catheter infections. Despite 
extensive soft-tissue infection seen on in vivo bioluminescence, non-eluting Bactiguard® coating provides protection 
against bacterial colonization of titanium implants on POD7, which is observed on CFUs and SEM. Implant coatings such 
as Bactiguard® could be helpful in conjunction with current multi-modal approaches to help prevent PJI caused by 
microbial contamination at the time of surgery, especially in immunocompromised oncologic patients who are more 
susceptible to direct wound contamination at the time of surgery. 
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Periprosthetic joint infection (PJI) promotes immunosuppression: 
Characterizing the peri-implant immune environment in a murine model of 
PJI 
Christopher Hamad1, Joseph Kendal1, Zeinab Mamouei1, Nicholas Peterson1, Michael Shehata2, Alan Li2, 
Jeremiah Taylor2, Abdulrahman Almalouhi2, Michael Yeaman3, Nicholas Bernthal1 

1UCLA Department of Orthopaedic Surgery, Los Angeles, United States, 2David Geffen School of Medicine, Los Angeles, 
United States, 3Lundquist Institute for Infection and Immunity at Harbor UCLA Medical Center, West Carson, United States 

Background. Periprosthetic infection is a devastating complication of endoprosthetic reconstruction in orthopaedic 
oncology patients. The formation of an immunosuppressive immune microenvironment (IME) may drive the 
development of chronic infection in periprosthetic infection. To identify novel immunotherapies, we must elucidate the 
cellular mechanisms that promote immunosuppression in chronic infection. We endeavor to determine the molecular 
and cellular changes that occur throughout time in a murine model of PJI. 
 
Methods. An established mouse model of PJI was utilized. A titanium pin was implanted retrograde into a mouse femur 
and inoculated with 1E3 CFUs of S. aureus (Xen36) or sterile saline (sham). Negative control mice that did not undergo 
surgery were included. On post-operative days (PODs) 1, 3, 7, 14, 21, and 35, periarticular tissue was homogenized and 
peri-implant IME cells were isolated by centrifugation for 32-plex cytokine array and flow cytometry analyses, 
respectively. Flow cytometric analyses was used to quantify innate and adaptive immune populations, and co-
expression of relevant immunosuppressive surface markers (PD-1, PD-L1 and CSF-1R). 
 
Results. 13/32 cytokines were significantly elevated in infected mice (P<0.5). Cytokines that peak on PODs 1 or 3 include 
G-CSF, IL-1b, CXCL-1, CXCL-2, and CCL-3. Cytokines that peak on PODs 7 or 14 include IL-1a, IL-2, IL-6, IL-17, RANTES, 
CCL-3, CCL-4, CXCL-9, and CXCL-10. Cytokine responses begin waning by POD21. Percent neutrophils and macrophages 
were lower in infected and sham animals compared to that of negative control. T-cells were highest in infected animals 
on POD1, but decreased below negative control by POD3. PD-L1+CSF-1R+ F4/80+ macrophages and monocytic MDSCs 
(M-MDSCs) were significantly elevated in PJI samples on POD7 (29.6% vs. 45.8%, p = 0.007 and 13.1% vs. 18.9%, p = 
0.0006, respectively). PD-L1+ immune cells (as a percentage of CD45+ cells) were significantly elevated in both sterile 
control (titanium pin) and infected mice compared to non-operative control (POD7: 4.0% vs. 15.1%, p < 0.001, and 4.0% 
vs. 21.1%, p <0.001), and were significantly elevated in infected mice compared to sterile control at POD7 (15.1% vs. 
21.1%, p = 0.002).  
 
Conclusions. In a murine model of PJI, the early cytokine response induces acute neutrophil and monocyte recruitment 
to replace dying innate immune cells. As chronic inflammation persists, the cytokine milieu promotes cellular immunity 
in a TH1/TH17 dominated manner, despite a low T-cell number. This native immune response fails to eradicate S. aureus 
PJI. In this model, chronic S. aureus PJI promotes the recruitment of MDSCs and immunosuppressive PD-L1+ CSF-1R+ 
macrophages (F4/80+). Immunosuppressive polarization may be driven by both pin implantation and PJI, resulting in 
MDSC recruitment and immune checkpoint activation.
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Mesenchymal chondrosarcoma; Single center study of oncologic outcomes 
and the effect of adjuvant treatment 
Chung Ming Chan1, Elham Nasri2, Cory Couch4, Ian English5, Andre RV Spiguel3, Parker Gibbs3, Mark 
Scarborough3 

1Division of Musculoskeletal Oncology, Department of Orthopaedic Surgery / National University Hospital, Singapore, 
Singapore, Singapore, 2Department of Pathology, University of Florida, Gainesville, USA, 3Department of Orthopaedics and 
Rehabilitation, University of Florida, Gainesville, USA, 4Department of Orthopaedic Surgery/ Mayo Clinic, Rochester, USA, 
5Department of Orthopaedic Surgery / Washington University in St Louis, St Louis, USA 

Background. Mesenchymal chondrosarcoma is a rare high-grade variant with poorer oncologic outcomes than 
conventional chondrosarcoma. 5-year survival ranges from 51-70%, and 10-year survival from 15-56% [1, 5–8].  The 
effectiveness of adjuvant therapies is unclear [1–3].   
Methods. This single institution study is a retrospective case series.  From 1974 to 2019, 23 patients with mesenchymal 
chondrosarcoma were identified out of 694 cases of chondrosarcoma; comprising 3.3%. 
Data collected included demographics, tumor-related features, treatment, and the occurrence of any significant events.  
Three patients with less than one year of follow-up were excluded from survival analysis. 15 patients presented with 
localized disease. Three patients had molecular confirmation of HEY-NCOA2 fusion gene [4]. 
Kaplan–Meier (KM) survival analysis were performed for the whole study group.  For the subgroup presenting with 
localized disease, overall survival (OS), metastasis-free (MFS), and progression-free survival (PFS) were analyzed.  Log-
rank test was used for comparing subgroups.  Cox proportional-hazards regression model was used for assessing effect 
size and multi-variate analysis.  
Results. The median follow-up was 4.2 years (Range:  1.3-24.6y). 11 of 20 patients were managed with chemotherapy. 
11 of 20 patients underwent radiation therapy; 9 of these patients had extra-skeletal disease. 
The overall survival rate was 48.0% at 5 years and 34.3% at 10 years. (Figure 1a). The only factors found to be significantly 
poorer survival was the presence of metastatic disease (p= 0.00184) and tumors graded AJCC grade T2 or above 
(p=0.0357). A trend favoring better survival in patients who received chemotherapy was observed (p=0.0982) (Figure 
1b). 
In patients with localized disease on presentation, the overall survival was 51.3% at 5 years and 42.8% at 10 years. 5-
year survival estimate was 72.9% in the group that received chemotherapy and 28.6% in the group that did not.  Cox 
proportional hazards model found a hazard ratio of mortality of 0.19 (95% CI: 0.04-0.94) in patients who received 
chemotherapy (p= 0.041). All other factors were not significant (Table 1).  MFS for this group was 47.6% at 5 year and 
at 10 years.  PFS was 46.1% at 5 years and at 10 years.  Axial site of disease was associated with poorer MFS (p=0.024), 
and poorer PFS (p=0.022).  Univariate analysis found patients with axial disease having a hazard ratio of 6.155 (95% CI: 
1.016-37.28) for developing metastasis (p=0.04799) and a hazard ratio of 5.36 (95% CI: 1.07-26.8) for disease 
progression (p=0.04098). 
Conclusions. A five times higher chance of mortality was found in patients presenting with localized disease who did 
not receive chemotherapy.  Our study did not find a benefit of adjuvant radiation on PFS or OS. 
This study strengthens the recommendation found in several studies for the use of adjuvant chemotherapy in patients 
with mesenchymal chondrosarcoma presenting with localized disease. 
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Overall survival of soft tissue sarcomas may be prolonged with 2nd line 
chemotherapy in succession  
Seiji Shimomura, Toshiharu Shirai, Ryu Terauchi, Naoki Mizoshiri, Yuki Mori, Daichi Hayashi, Kenji Takahashi 
Kyoto Prefectural University of Medicine, Kyoto, Japan 

Background. Trabectedin, eribulin, and pazopanib are used as second-line chemotherapy for soft-tissue sarcomas (STS) 
in Japan. Although each of these 2nd line chemotherapies has been reported to prolong progression-free survival (PFS), 
they have not been shown to prolong overall survival (OS) in the past studies. The effect of single agent of second line 
is limited. Therefore, we hypothesized that treatment of 2nd line chemotherapy drug in succession would prolong OS 
more than treatment with single drug previously reported. 
The purpose of this study was to evaluate whether a combination of drugs administered as second-line chemotherapy 
for STS prolongs OS and PFS compared with previous reports. 
 
Methods. Eighteen patients with STS who received second-line chemotherapy between January 1, 2015, and December 
31, 2021, and who could be followed up for at least six months at our hospital were included in this study. The primary 
end point was OS after the introduction of the 2nd line chemotherapy, and the secondary end points were PFS with the 
2nd line chemotherapy drug with 1st choice and the duration of all available 2nd line chemotherapy drugs.  
 
Results. The mean age at the first visit was 55.2 years. 4 patients had myxofibrosarcoma, 3 had synovial sarcoma, 2 had 
undifferentiated pleomorphic sarcoma, and 9 had other histological types. Of these, 5 patients were treated by 
trabectedin for the first choice of the second line, 6 were eribulin, and 4 were pazopanib. The median PFS for all patients 
with first-choice therapy was 5.5 months and OS was 10.9 months. There was no significant difference in PFS for each 
drug choice (median trabectedin: 1.6, eribulin: 7.0, pazopanib: 6.5 months). Next, 6 patients received single drug 
treatment, 7 patients received two drugs, and 5 patients received three drugs. Reasons for drug change were disease 
progression, side effects, and decline of performance status. The OS was significantly prolonged in patients who could 
be treated by 2nd or subsequent drugs compared to patients who could be treated only single drug (median single drug: 
7.3 months, 2 drugs: 16.5 months, 3 drugs: 18.7 months). Among patients who could be treated by 2nd or subsequent 
drugs, the second and subsequent drugs contributed to OS by more than 50% in 7/12 cases. 
 
Conclusion. In this study, OS was longer than previously reported when 2nd or subsequent drugs were available. In 
patients with inadequate response to the first drug and no decline in performance status, a second or subsequent drug 
should be considered aggressively.
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Phosphaturic Mesenchymal Tumours: a rare cause of Oncogenic 
Osteomalacia 
Suraya Zainul-Abidin, Yu Heng Kwan, Cheryl Gatot, Henry Soeharno, Mann Hong Tan 
Singapore General Hospital, Singapore, Singapore 

Phosphaturic Mesenchymal Tumours (PMT) are a rare type of mixed connective tissue tumour that are difficult to 
diagnose owing to their wide clinical presentation and vague symptoms. They are closely associated with a 
paraneoplastic syndrome known as Oncogenic Osteomalacia: a syndrome of excessive renal phosphate wasting and 
hypophosphatemia. PMT are characterised as tumours of mainly soft tissue origin, frequently small and in unexpected 
locations, but usually displaying benign behaviour – traditionally making the diagnosis of the tumour can be very 
challenging due to the non-specific nature of symptoms and a clinically occult tumour. 
Presentation of these patients can range from non-specific aches and pains, pain related to the anatomical location of 
the tumour and at late presentation, pain due to pathological fractures. Patients have been reported to have suffered 
from symptoms for more than 20 years before a diagnosis. There is also a high rate of misdiagnosis due to the numerous 
histopathological variants of PMT. 
We present our case series of four patients with differing presentations of PMT at our institution. Three of the four 
patients presented with chronic non-specific bony pain and pathological fractures at presentation. One patient 
presented with a soft tissue tumour on his foot. All patients were found to have low serum phosphate, 
hyperphosphaturia, normal serum Calcium levels and Parathyroid hormone levels. All patients underwent a PET/CT scan 
with Gallium 68 Dotanoc, which revealed the tumour. Patients also underwent MRI scans of the affected region and 
subsequent surgical resection of the tumour. The tumours were found to be in these locations: Ischial tuberosity, 
mandible, thigh (superficial soft tissue tumour), 3/4th webspace of foot. All patients were found to be FGF-23 positive. 
Three patients had pathological fractures at presentation. Tumour size at resection ranged from 20 to 35 mm.All 
patients achieved normal serum phosphate levels within four weeks post-surgery. Symptoms also improved with three 
out of four patients reporting complete resolution of symptoms at four weeks.PMT is a rare and frequently 
misdiagnosed entity causing oncogenic osteomalacia. A high index of suspicion must be employed when assessing 
patients with nonspecific musculoskeletal complaints, in the setting of hypophosphataemia with an otherwise normal 
blood tests. 
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Clinical Outcomes of Patients Treated with Carbon-Fiber Nails for 
Oncologic Indications in Long-Bones: An International Multi-Institutional 
Study 
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Marone7, Raimondo Piana7, Simone De Meo7, Pietro Pellegrino7, Nicola Ratto, Carmine Zoccali8, Maurizio 
Scorianz9, Cecilia Tomai9, Guido Scoccianti9, Domenico Campanacci9, Lorenzo Andreani10, Silvia  de Franco10, 
Michele Boffano11, Thomas Cosker12, Varunprasanth Sethurajah12, Manuel Pensado13, Irene Ruiz13, Esperanza 
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Background. Intramedullary nail fixation is commonly used for the prophylactic stabilization of impending pathologic 
fractures and for fixation of complete pathological fractures of the long bones. However, metallic artifact complicates 
subsequent imaging for bone healing or tumor progression while also affecting post-operative radiation planning. 
Carbon-fiber implants have gained popularity as an alternative given their radiolucency and superior biomechanical 
properties in terms of axial bending. We evaluate the incidence of mechanical and non-mechanical complications and 
their predictors related to carbon-fiber nail use. We also compare these data to existing data on titanium femoral, tibial 
and humeral nails in the clinical setting of metastatic bone disease. 
 
Methods. Between 2013 and 2020, 18-year-old and older patients with impending/actual pathologic long-bone 
fractures secondary to metastases and fixated with carbon-fiber nails at 13 centers were included. Incidence and risk 
factors for mechanical and non-mechanical complications were analyzed. Mechanical complications included: (1) screw 
aseptic loosening, (2) structural failures of the host bone, and (3)structural failures of the carbon fiber implant. Non-
mechanical complications included: (4) deep infection and (5) tumor progression. Other complications such as 
superficial wound dehiscence and/or infection, and perioperative medical adverse events including deaths are also 
reported. 
 
Results. 239 patients were included. The median-age was 68 years (IQR,59-75) with 47% males and 53% females. Most 
common tumors included breast cancer (19%), lung cancer (19%), multiple myeloma (18%), and sarcoma(13%). In total, 
33(14%) patients had complications. Mechanical failures occurred in 4(1.7%) patients that were structural host-bone 
failures, 7(2.9%) had implant-structural failures, and 1(0.4%) patient had distal locking screws’ aseptic loosening. Non-
mechanical failures included 8(3.3%) peri-implant infections and 15(6.3%) tumor progressions with contamination of 
the implant. The 90-day mortality was 28% (61/239) and 1-year mortality was 53% (53/102). Failure and mortality rates 
were comparable to patients treated with conventional titanium nails in the literature.  
 
Conclusions. Carbon fiber implants are a promising alternative for the treatment of impending and sustained pathologic 
fractures secondary to metastatic bone disease. Their advantages and favorable complication profile warrant further 
comparative studies.
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Determining pain and functional outcomes for percutaneous stabilization 
of metastatic pelvic lesions via photodynamic nails 
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Health and Rehabilitation Sciences, Boston University , Boston , United States 

Background. Metastatic bone disease may cause local destruction of cortical and trabecular bone. Because of 
mechanical and oncologic pain, this patient population often experiences limited function and mobility. Although often 
treated conservatively, many patients require gross surgical resection and megaprosthesis. Contrasting with these 
procedures on the extremities, there are currently minimal options of small incision pelvic implants such percutaneous 
screws or Steinman pin plus or minus cementation. The IlluminOss photodynamic bone stabilization system (PBSS) is a 
non-rigid polymer that allows for customizable adhesion to bone. We retrospectively collected data with the goal of 
effectively evaluating patient reported outcomes of those who receive PBSS.  
 
Methods. A retrospective cohort analysis was conducted on 35 patients who underwent PBSS for management of 
metastatic pelvic cancer from October 2020 through October 2021 at a single academic medical center. Seven patients 
failed to meet inclusion criteria. Demographic data was abstracted from medical charts, and PROMIS Global Physical 
scores were collected from patient reported surveys at specific timepoints. Pain was rated using the Numerical Rating 
Score (NRS). We examined the relationship between average preoperative and postoperative NRS and PROMIS data. 
We determined the relationship between PROMIS and NRS scores.  
 
Results. Average age of the cohort was 71 years [Range 25 years, SD 7.31 years] (n = 31). The most common primary 
cancer diagnoses were multiple myeloma (22.6%), lung (19.4%), and breast (16.1%). Most patients were female (48.4% 
male vs 51.6% female). Average BMI was 26.68 kg/m2 (range 27.76), while mean age adjusted Charlson comorbidity 
index (CCI) was 10.35 [range 13, SD 2.27]. Average preoperative pain level as rated by the Numerical Rating Score (NRS) 
from 0 to 10 was of 6.39 [range 10, SD 2.04] while preoperative PROMIS was 35.92 [range 27.4, SD 6.80]. Average 
postoperative pain level was 3.61 [range 10, SD 3.06] while postoperative PROMIS was 38.43 [range 34.2, SD 9.37]. 
Average improvement in pain at 2 weeks and 6 weeks was 3.50 (SD 2.71) and 4.4 (SD 2.26) (p =2.29x10-7, p = 6.73x10-
10). Preoperatively, 51.6% of patients used narcotic pain medication. At 6 weeks status post PBSS, 32.2% of patients 
were reported taking narcotic pain medication. Negative correlations were examined between preoperative PROMIS 
and NRS scores (-0.34), as well as postoperative scores (-0.73) (n = 5). Complications were limited to two episodes of 
wound dehiscence, treated surgically with complete resolution.  
 
Conclusion. Preliminary data supports that PROMIS global physical health is a predictor of pain outcomes in these 
patients. Future research would expand the patient cohort. Our current efforts focus on prospective data collection in 
patients who have received PBSS for metastatic pelvic cancer. PBSS is a safe and effective tool to reduce pain and 
improve function in patients with metastatic disease of the pelvis 
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Background. A tenosynovial giant cell tumor (TGCT) is a locally aggressive benign neoplasm arising from intra- or extra-
articular tissue, categorized as localized (L-TGCT, solitary lesion) and diffuse (D-TGCT, multiple lesions) TGCT. Surgical 
excision is the mainstay of the treatment, and a high local recurrence rate of approximately 50% has been reported. We 
focused on zaltoprofen, a nonsteroidal anti-inflammatory drug that can activate peroxisome proliferator-activated 
receptor gamma (PPARγ) and inhibit the proliferation of TGCT stromal cells. Therefore, we conducted a randomized trial 
to evaluate the safety and effectiveness of zaltoprofen in patients with D-TGCTs or unresectable L-TGCTs. 
 
Methods. This randomized, placebo-controlled, double-blind, multicenter trial evaluated the safety and efficacy of 
zaltoprofen. In the treatment group, zaltoprofen (480 mg/day) was administered for 48 weeks; the placebo group 
received similar dosages without zaltoprofen. The primary outcome was progression-free rate (PFR) 48 weeks after 
treatment administration. Disease progression was defined as the following conditions requiring surgical intervention: 
1) repetitive joint swelling due to hemorrhage; 2) joint range of motion limitation, 3) invasion of the adjacent cartilage 
or bone, 4) severe joint space narrowing, and 5) increased tumor size (target lesion). 
 
Results. Forty-one patients were allocated to the zaltoprofen (n=21) or placebo (n=20) groups. The PFR was not 
significant between the zaltoprofen group and the placebo group at 48 weeks (84.0% and 90.0%, respectively; p=0.619). 
The mean Musculoskeletal Tumor Society score significantly improved from baseline to week 48 in the zaltoprofen 
group (83.8% versus 93.0%, p=0.02), whereas that in the placebo group did not significantly improve (82.2% and 86.8%, 
respectively; p=0.167). One severe adverse event (grade 3 hypertension) was observed in the zaltoprofen group. 
 
Discussion. This is the first study to evaluate the efficacy and safety of zaltoprofen in patients with TGCT. No significant 
differences in PFR were observed between the groups at 48 weeks. Physical function significantly improved after 
zaltoprofen treatment. The safety profile of zaltoprofen was acceptable. This less invasive and safer treatment with 
zaltoprofen, compared to surgical removal, could be justified as a novel approach to treating TGCT. Further analysis of 
long-term administration of zaltoprofen should be considered in future studies. 
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Case of giant cell tumor of distal femur with pathological fracture treated 
with postoperative denosumab following extended intralesional curettage 
– is there role for adjuvant denosumab?   
Loren Josephine Lantin, Mamer Rosario, May Faye Quinto, John Ricardo Chua, Lilia Monina Jose, Avelino 
Alomesen, Geoffrey Battad 

East Avenue Medical Center, Quezon City, Philippines 

Background. Giant cell tumor of bone (GCT) is a locally aggressive tumor that can rarely metastasize, and surgery aiming 
for as near complete tumor removal as possible without major morbidity is the standard treatment. For cases wherein 
complete tumor removal by surgery is impossible, treatment usually consists of debulking surgery with use of various 
adjuvants. Neoadjuvant denosumab had been used to facilitate intralesional resection until recently, due to more 
studies revealing increased risk of local recurrence after curettage. However, role for denosumab as postoperative 
targeted therapy for patients with GCT remains to be established. The authors report on a case of GCT of distal femur 
with pathological fracture treated with adjuvant denosumab, following extended intralesional curettage and plate 
fixation with cementation.  
 
Case presentation. A 29-year-old male presented at the emergency room stretcher-borne with swollen, painful right 
knee. Right knee radiographs revealed fracture through an eccentric lytic lesion involving the lateral metaphysis and 
adjacent epiphysis of distal femur, which demonstrated low intensity on T1- and heterogenous high intensity on T2-
weighted magnetic resonance imaging. Radiological findings suggested diagnosis of stage 2 GCT with pathological 
fracture, and fixation was expedited by foregoing biopsy and opting for intraoperative frozen section prior to resection. 
Frozen section findings suggested GCT intraoperatively; thus, extended curettage using high-speed burr and adjuvant 
ethanol treatment was performed followed by fracture reduction and fixation using distal femoral locking plate, then 
cementation. Final histopathological analysis confirmed GCT, and patient was administered monthly subcutaneous 
injections of 120-mg denosumab (XGEVA®; Amgen Philippines Inc., Taguig City, Philippines) for 5 months following 
surgery, with additional loading doses on days 8 and 15. No local recurrence or lung metastasis was noted upon follow-
up and surveillance at 2 years and 10 months postoperatively, and patient had satisfactory functional outcomes with 
Musculoskeletal Tumor Society score of 90%.      
  
Conclusion. The report concludes that despite several studies that showed neoadjuvant denosumab probably increasing 
the local recurrence risk following intralesional curettage, postoperative denosumab may have a role for limiting GCT 
recurrence following extended intralesional curettage. The authors recommend further studies to investigate such role, 
as facilitation of limb salvage surgery for advanced cases of GCT cannot be overemphasized.      
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A single-arm phase II clinical trial of neoadjuvant anlotinib plus liposomal 
doxorubicin in local advanced soft tissue sarcoma 
Wei Sun, BiQiang Zheng, Wen Ding Huang, Zheng Wang Sun, Chun Meng Wang, WangJun Yan, Yong Chen 

Department of Musculoskeletal Surgery, Fudan University Shanghai Cancer Center, Shanghai, China 

Background. Neoadjuvant therapy might improve the excision and limb salvage rate in local advanced soft tissue 
sarcoma (STS). Anlotinib has shown encouraging activity in against STS. The purpose of this study was to evaluate the 
clinical efficacy of neoadjuvant anlotinib plus liposomal doxorubicin in local advanced STS. 
 
Methods. This single-arm, open label, phase II clinical trial were performed at a single cancer center in China. Patients 
at 14 - 75 years old, with local advanced, non-metastasis, treatment-naive STS were allowed to enroll with the exception 
of Ewing's sarcoma, embryonal rhabdomyosarcoma and alveolar rhabdomyosarcoma. Pegylated liposome Doxorubicin 
50mg/m2 was given intravenously on day 1, and anlotinib 12mg/d orally on day 8 - 21, every 21 days for 2 - 4 cycles. 
Radiographic assessment was performed every two cycles. Objective response rate (ORR) was the primary end point. 
Overall survival (OS) and progression-free survival (PFS) were secondary end points. 
 
Results. Between November 2020 to February 2022, a total of 25 patients (16 men; 9 women) were enrolled in this 
clinical trial. The median (range) patient age was 47 (23-74) years. The most common histologic subtype was 
liposarcoma (5 patients). Anlotinib plus liposomal doxorubicin was well tolerated without significant unexpected toxic 
effects. Of all patients, 1 (4%) patient with EWSR1-POU5F1 sarcoma has reached near complete response (NCR), 3 (12%; 
Spindle cell sarcoma, n=1; myxofibrosarcoma, n=1; synovial sarcoma, n=1) have reached partial response (PR), 1 (4%) 
patients with malignant peripheral nerve sheath tumor had a progressive disease. Twenty-two (88%) patients have 
received radical surgery. The ORR was 16% and DCR was 96%. Median PFS and OS have not reached. Mean PFS was 
10.52 (95% CI, 7.66 - 13.38) months. Mean OS was 12.54 (95% CI, 10.46 - 14.63) months at the time of this analysis.  
 
Conclusion. Our study suggests that neoadjuvant anlotinib plus liposomal doxorubici had good efficacy and resulted in 
favorable survival with good tolerance among patients with local advanced STS. 
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Artificial Intelligence Algorithm can predict the clinical course of Desmoid 
Tumors based on Baseline MRI- A Feasibility study 
Amir Sternheim1,2, Yair Gortzak1,2, Solomon Dadia1,2, Ortal Segal1,2, Omri Merose1,2, Rabeeh Fares2,4, Moran 
Arzi2,4 

1National Unit of Orthopaedic Oncology Tel-Aviv Medical Center, Tel-Aviv, Israel, 2Sackler Faculty of Medicine, Tel-Aviv 
University, Tel-Aviv, Israel, 3Segol Brain Institute, Tel Aviv Medical Center, Tel-Aviv, Israel, 4Radiology Division, Tel-Aviv 
Medical center, Tel-Aviv, Israel 

Objective. Desmoid tumors (DT) are soft tissue mesenchymal neoplasms that are considered locally aggressive but non-
metastasizing. When they enlarge in size they often become locally invasive and cause significant morbidity. DT has a varied pattern 
of clinical presentation, up to 50% to 60 % of DTs do not grow after diagnosis, and 20% to 30% may shrink or even disappear after an 
initial progression. Tumors that enlarge in size are considered unstable/progressive. Management of unstable disease, symptomatic 
and enlarging DTs, is challenging. It is primarily treated with chemotherapy. Despite wide surgical resection, DT has a high rate of 
local recurrence, as high as 50%. There is a consensus that contrast-enhanced MRI or alternatively CT is the preferred modality for 
monitoring DTs, using Response Evaluation Criteria in Solid Tumors version 1.1 (RECIST 1.1) which measures the largest diameter on 
axial, sagittal or coronal series, which, according to previous studies, lacks the accuracy in detecting response to therapy nor predict 
tumors that might progress. Therefore, the need for a more sophisticated methods are deemed a necessity. The objective is to detect 
unique features identified by deep learning which correlate with the future clinical course of the disease. 
Material and methods. Fifty-one patients (mean age 33.8 years) were included in this retrospective single center study who had a 
tissue diagnosis of Desmoid tumor. The study included 28 males (13 stable) and 23 females (15 stable), the age ranges from 19 to 84 
years. Patients had at least 3 MRI examinations with a baseline (pretreatment) study and were followed for a median time of 38.8 
months by orthopedic oncology specialists. Tumor segmentations were performed on T2 fat suppressed treatment-naive MRI 
sequence, the segmented lesion then extracted to 3D file together with its DICOM file and then run through deep learning software. 
Results of the algorithm were then compared to clinical data collected from the patients' medical files.  
Results. There were 23 unstable and 28 stable patients. Our model was able to independently predict clinical progression using the 
baseline MRI with overall accuracy of 93% (93+-0.04) and ROC of 0.89+-0.08.  
Conclusion. Artificial Intelligence may contribute to risk stratification and clinical decision-making in patients with DT, by predicting 
patients who are likely for progress. 
 
Figure 1- A. Sagittal T2FS MRI of a segmented DT in the back muscles. B. Extracted 3D model of the tumor in A. 
Figure 2- ROC Curve with mean ROC (Area under curve= 0.89) 
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Progression on chemotherapy in extremity osteosarcoma - Outcomes and 
survival 
Anand Raja, Chandra Kumar Krishnan 

Cancer Institute (WIA), Chennai, India 

Background. Literature on progression during chemotherapy in extremity osteosarcoma is sparse. 
 
Purpose. To study the outcomes of patients with clinical/Radiological progression during chemotherapy in extremity 
osteosarcoma 
 
Methods. Retrospective analysis of a prospectively maintained database. The clinicopathological factors were analysed. 
Study period- 2008-2018 
Inclusion criteria- Patients with clinical/radiological progression during chemotherapy for extremity osteosarcoma (n=19 
of 232). 
 
Results. Progression was seen in 19(8.1%) of the 232 treated patients. M:F- 15:4. Femur was the commonest site.  4 
patients were metastatic at presentation progressed. 2 patients had pathological fracture at presentation. All patients 
underwent surgery of whom 16 were operated post 1st/2nd cycle of chemotherapy. Amputation was done in 17 
patients whilst salvage was done in 2. 5 patients had recurrence. Median follow up was 19 months.8 had died. 
Recurrence was seen in 5 patients. The median OS was significantly lower in patients with progression on chemotherapy 
than those who did not progress (35±16 months Vs 72± 13 months, p<0.035).  
 
Conclusion. Progression on chemotherapy portends a dismal outcome in patients with extremity osteosarcoma 
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Clinical Effects of Aromatase Inhibitor on Bone Mineral Density Loss in 
Patients with Non-Metastatic Breast Cancer; 5-year experience in 
Chulabhorn Hospital, Bangkok, Thailand 
Pichaya Thanindratarn1,2, Thanapon Chobpenthai1,2, Jomtana Siripaibun3 

1Chulabhorn Hospital, Chulabhorn Royal Academy, Bangkok, Thailand, 2Princess Srisavangavadhana College of Medicine, 
Chulabhorn Royal Academy, Bangkok, Thailand, 3Chulabhorn Oncology Medical Center, Chulabhorn Hospital, Chulabhorn 
Royal Academy, Bangkok, Thailand 

Background. Breast cancer is the most common malignancy in women. Breast cancer is mostly hormone-sensitive, and 
adjuvant treatment including aromatase inhibitor (AI) is widely used for recurrence prevention. The significant side effect of 
AI is rapid bone loss, resulting in increased fracture risk. However, no annual rate of AI-induced bone loss and its clinical 
outcomes in Thailand has been reported. 
 
Method. Annual percent changes in BMD at the lumbar spine, total hip, and distal radius were retrospectively examined in 
381 women with breast cancer who had at least two serial BMD reports available while receiving AI therapy at Chulabhorn 
Oncology Medical Center, Chulabhorn Hospital, Thailand during 2016 – 2020. BMD changes were also compared by age, 
clinical subgroups, and different AI treatments available in our hospital (exemestane or letrozole). 
 
Results. Among these patients, twelve patients were treated with exemestane and 369 patients with letrozole. No 
demographic difference was detected among different types of AI use, except for cancer staging (Table 1). The median age 
was 62.90 years (interquartile range (IQR) 56.60 to 69.75). Median BMI was 23.62 kg/m2 (IQR 21.21 to 26.70). Most of the 
baseline BMD of these patients was normal (Table 1). Most patients received calcium and vitamin D supplements and proper 
antiresorptive treatment during AI therapy.  
 
Patients experienced BMD declines after AI treatment, with median annual percent change -0.58% (IQR -2.48% to 1.17%) at 
the lumbar spine, -1.14% (IQR -2.56% to 0.53%) at the hip, and -1.43 (IQR -3.23% to -0.001%) at the distal radius (Table 2A, 2B, 
2C). Interestingly, patients treated with exemestane demonstrated significant higher bone loss of total hip (-2.14% (IQR -3.73% 
to -0.37%)) compared with letrozole (-1.08% (IQR -2.50% to 0.59%)) (p=0.04) (Table 2B). In addition, significant decrease in 
total hip BMD was shown among high cancer stage patients, premenopausal status, normal baseline total hip BMD, and 
correlated with osteoporotic fracture during treatment (Table 2B). Significant bone loss of lumbar spine and distal radius was 
similarly observed, as shown in Table 2A and 2C. 
 
Moreover, the 10-year probability of fracture risk assessment (FRAX) tool was utilized in 370 patients. Median baseline FRAX 
score of major osteoporotic fracture was 5.20% (IQR 3.50% to 8.10%), while Median baseline FRAX score of the hip fracture 
was 1.20% (IQR 0.55% to 2.63%). Interestingly, the annual FRAX score of the hip was significantly increased in patients treated 
with exemestane compared with letrozole (median 0.29% and 0.10%, respectively (p=0.04)) (Table 3). 
 
Conclusion. The patients with AI treatment experience their BMD loss, even a small amount, significantly more than normal 
postmenopausal women, leading to a higher risk of fracture. Increasing awareness of bone health and proper treatment and 
prevention is necessary for these patients.  
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Predicting proximal femoral pathologic fractures from digitally 
reconstructed radiographs using deep learning in advanced cancer patients 
Yong-Suk Lee1, Min Wook Joo1, Taehoon Ko2, Seung Han Shin1, Yang-Guk Chung1, Jae-Young Lee1

1Department of Orthopaedic Surgery, College of Medicine, The Catholic University Of Korea, Seoul, Republic of Korea, 
2Department of Medical Informatics, College of Medicine, The Catholic University of Korea, Seoul, Republic of Korea 

Background. The incidence of cancer is increasing every year; however, the survival rate is improving with the 
development of treatment. Bone is one of the most common sites for cancer to spread and bone metastasis can cause 
skeletal-related events such as pathologic fractures. Pathologic fractures are common in the proximal femur and have 
a serious effect on walking ability and quality of life, therefore, preemptive treatment for impending fractures is 
essential. In the past, scoring systems such as Mirels’ score and Harrinton’s criteria were produced through small-scale 
analyses of clinical data with simple X-rays and showed low reproducibility and intra and inter-observer reliability. 
Recently, prediction of pathologic fractures using machine learning algorithms has been studied. However, for such 
methods to produce successful results, clinical information is required in addition to imaging data. Thus, we tried to find 
a novel deep learning approach for predicting proximal femoral pathologic fractures from digitally reconstructed 
radiographs in advanced cancer patients. 

Methods. We have collected the abdomen CT scan images of 388 advanced cancer patients with a proximal femoral 
bone metastasis who were treated at our institution between 2011 and 2021. The dataset was randomly split into 
training (316 patients, 81.4%) and test (72 patients, 18.6%) sets. Digitally reconstructed radiographs (DRRs) were 
produced from slices of abdomen CT axial images for deep learning. Before creating DRRs, the intensity of input voxels 
was clipped to the bone window (level=500, width=2000) to emphasize bones. Positive label indicates the case where 
a fracture developed within 3 months after CT scan. The size of stored DRR images in the training and test set is modified 
into 224 × 224 pixels for deep learning. We used DenseNet-121 convolutional neural network (CNN) model with Adam 
optimizer and the batch size was set to 32. Given that the class imbalance between positive and negative labels, weight 
loss of 1e-10 is utilized to stabilize the training process. 

Results. The area under receiver-operating characteristic curved for prediction performance of pathologic fractures was 
0.83 and the accuracy was 0.78. When CNN set the decision boundary for determining positive and negative labels at 
0.5, sensitivity and specificity were 0.67 and 0.80, respectively. Such results might be derived due to the class imbalance. 

Conclusion. Our deep learning model showed a favorable prediction performance for predicting proximal femoral 
pathologic fractures compared with pre-existing methods. It should be necessary to track whether deep learning was 
performed with a proper target area in the DRR images through gradient mapping. If more imaging data are obtained 
and this deep learning model is further improved, clinicians will more easily predict pathologic fractures in cancer 
patients. 
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Efficacy of multi-kinase inhibitors in osteosarcoma treatment 
Takashi Higuchi1, Norio Yamamoto2, Katsuhiro Hayashi2, Akihiko Takeuchi2, Shinji Miwa2, Kentaro Igarashi2, 
Yuta Taniguchi2, Sei Morinaga2, Yohei Asano2, Hiroyuki Tsuchiya2 

1Kanazawa Red Cross Hospital, Department of Orthopaedic Surgery, Graduate School of Medical Sciences, Kanazawa 
University, Japan, 2Department of Orthopaedic Surgery, Graduate School of Medical Sciences, Kanazawa University, Japan 

Background. In rare cancers such as osteosarcoma, where drug development has not progressed, drug repurposing is 
attracting attention. The osteosarcoma patient-derived orthotopic xenograft (PDOX) mouse model mimics the clinical 
disease and has identified effective clinically-approved drugs that hold much clinical promise. Multikinase inhibitors are 
molecularly targeted drugs that block multiple receptors and factors necessary for tumor growth and are expected to 
be effective in osteosarcoma, but have not yet been clinically applied in osteosarcoma. The purpose of this study was 
to identify effective multikinase inhibitors for osteosarcoma using the osteosarcoma PDOX models. 
Methods. Two osteosarcoma PDOX models were establishtd using tumor tissue from two osteosarcoma patients. 
Osteosarcoma PDOX models were randomized into following treatment groups of six mouse: control, cisplatin as 
standard treatment, multikinase inhibitors such as pazopanib, crizotinib, sunitinib, sorafenib, sorafenib, and 
regorafenib. Tumor size and mouse weight were measured twice weekly during treatment. Tumor size and body weight 
were measured during the 14 days of treatment. Tumors were excised after treatment, and the effect of treatment was 
evaluated histologically. 
Results. In all models, no significant growth inhibition was observed in the cisplatin, crizotinib, or pazopanib groups 
(Figure 1 and 2); in the sunitinib and sorafenib groups, 
significant growth inhibition was observed in only one osteosarcoma PDOX model, but not in the other (Figure 1 and 2); 
in the regorafenib groups, significant growth inhibition was observed in both models (Figure 1 and 2), and extensive 
necrosis and fibrosis of the resected tumors were observed (Figure 3). No significant weight loss or mouse death was 
observed in all groups. 
Discussions and conclusion. Regorafenib exerts its antitumor effects by inhibiting a variety of kinases and is available 
only for advanced colon cancer, advanced hepatocellular carcinoma, and gastrointestinal stromal tumor. In the present 
study, we found that regorafenib significantly inhibited tumor growth in two osteosarcoma PDOX models derived from 
two osteosarcoma patients compared to other multi-kinase inhibitors, suggesting the clinical potential of regorafenib 
for osteosarcoma. 
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In vitro and in vivo experiment of bone regeneration after tumor resection 
using autologous adipose-derived stem cell spheroid complex 
Katsuhiro Hayashi, Norio Yamamoto, Akihiko Takeuchi, Shinji Miwa, Kentaro Igarashi, Yuta Taniguchi, Sei 
Morinaga, Yohei  Asano, Hiroyuki  Tsuchiya
Kanazawa University, Japan 

Background. Bone defects after tumor resection require reconstruction using various biomaterials or non-biological 
materials. Stem cell spheroids can be used for scaffold-free approaches for osteogenesis. We set up a culture method 
for creating an optimal osteogenic adipose-derived stem cell (ADSC) spheroid complex by measuring the expression of 
protein in a sequential series of culture media. 

Methods. After culturing ADSC spheroids for 24 hours in DMEM, the spheroids were cultured in ascorbic acid–containing 
medium for five days followed by osteoblast 
differentiation medium. One day after exchanging to osteoblast differentiation medium, spheroids were collected and 
cultured for four days to obtain a spheroid complex. Each culture period was determined by analyzing the expression 
of collagen type I, alkaline phosphatase and integrin α5 to maximize the activity of ADSC spheroids. 

Results. The expression of collagen type I increased significantly in ascorbic acid-containing medium (p<0.05) compared 
with control medium on day five, suggesting that culturing spheroids in ascorbic acid increases collagen synthesis. RNA 
was extracted from ADSC spheroids after 1, 3, 5, and 7 days in each medium and RT-PCR was performed to measure 
integrin α5 expression. The expression was transiently high on the first day of osteoblast differentiation culture and 
then gradually decreased. Osteoblast differentiation medium enhanced cell adhesion in spheroids. The ADSC spheroid 
complex was made according to the above protocol and grafted into the 
rabbits to check the survival of the spheroid complex and osteogenesis in vivo. Spheroid complexes were transplanted 
into the lateral femoral condyle with no apparent adverse effects. In H+E sections, osteogenesis began by two weeks in 
the spheroid complex and beta-tricalcium phosphate groups, but not in the control group. There was more apparent 
bone regeneration in the spheroid complex group than in the other groups after eight weeks. (Fig) Two weeks after 
transplantation in the control (a), beta-tricalcium phosphate (b) and ADSC spheroid complex (c) groups, osteogenesis 
had begun in the spheroid complex and beta-tricalcium phosphate groups, but not in the control group. Eight weeks 
after transplantation (d), (e) and (f), respectively, there was more apparent bone regeneration in the spheroid complex 
group than in the other groups.  

Conclusion. The ADSC spheroid complex stimulated bone regeneration and will be applied to the treatment of large 
bone defects after tumor excision. 
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Tumor-targeting Salmonella typhimurium A1-R is an effective general 
therapeutic for undifferentiated/unclassified soft tissue sarcoma (USTS) 
patient-derived orthotopic xenograft (PDOX) nude-mouse model 
Kentaro Igarashi1, Norio Yamamoto1, Katsuhiro Hayashi1, Akihiko Takeuchi1, Shinji Miwa1, Takashi Higuchi1, 
Yuta Taniguchi1, Sei Morinaga1, Yohei Asano1, Robert M. Hoffman2, Hiroyuki Tsuchiya1 

1Orthopaedic surgery, Kanazawa University, Kanazawa, Japan, 2Department of Surgery, University of California San Diego, 
San Diego, USA 

Undifferentiated soft tissue sarcoma (USTS) is a recalcitrant and heterogeneous subgroup of soft tissue sarcoma with 
high risk of metastasis and recurrence. Due to heterogeneity of USTS, there is not reliably effective systemic first-line 
therapy. We have generated tumor-targeting Salmonella typhimurium A1-R (S. typhimurium A1-R), which previously 
showed strong efficacy on single patient-derived orthotopic xenograft (PDOX) models of Ewing's sarcoma, follicular 
dendritic cell sarcoma and USTS. In the present study, tumor resected from 4 patients with a biopsy-proven USTS (2 
undifferentiated pleomorphic sarcoma [UPS], 1 undifferentiated sarcoma not otherwise specified [NOS] and 1 
undifferentiated spindle cell sarcoma [USS]) were grown orthotopically in the biceps femoris muscle of mice to establish 
PDOX models. Each PDOX models were randomized into the following groups when tumor volume reached around 100 
mm3: G1, control without treatment; G2, doxorubicin (DOX) (3mg/kg, intraperitoneal (i.p.) injection, weekly, for 2 
weeks); G3, intra-venous injection of S. typhimurium A1-R (5 × 107 CFU/100 μl, i.v., weekly, for 2 weeks). Tumor size 
and body weight were measured with calipers and digital balance twice a week. One USS model and one UPS model 
were doxorubicin (DOX) resistant. One UPS and the NOS model were partially sensitive to DOX. DOX is first-line therapy 
for these diseases. S. typhimurium A1-R arrested tumor growth all 4 models. In addition to arresting tumor growth in 
each case, S. typhimurium A1-R was significantly more efficacious than DOX in each case, thereby surpassing first-line 
therapy. These results suggest that S. typhimurium A1-R can be a general therapeutic for USTS and possibly sarcoma in 
general.
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Patterns of sensitivity to a panel of drugs are highly individualized for 
undifferentiated/unclassified soft tissue sarcoma (USTS) in patient-derived 
orthotopic xenograft (PDOX) nude-mouse models 
Kentaro Igarashi1, Norio Yamamoto1, Katsuhiro Hayashi1, Akihiko Takeuchi1, Shinji Miwa1, Takashi Higuchi1, 
Yuta Taniguchi1, Sei Morinaga1, Yohei Asano1, Robert M. Hoffman2, Hiroyuki Tsuchiya1 

Department of Orthopedic Surgery, Kanazawa University, Kanazawa, Japan, 2Department of Surgery, University of 
California San Diego, San Diego, USA 

Undifferentiated soft tissue sarcoma (USTS) is a recalcitrant and heterogeneous subgroup of soft tissue sarcoma with 
high risk of metastasis and recurrence. Due to heterogeneity of USTS, there is no reliably effective systemic first-line 
therapy. Here, we determined the extent of uniqueness of drug response in a panel on USTS PDOX models from 5 
different patients.  
 
In the present study, tumor resected from 5 patients with a biopsy-proven USTS (3 undifferentiated pleomorphic 
sarcoma [UPS], 1 undifferentiated sarcoma not otherwise specified [NOS] and 1 undifferentiated spindle cell sarcoma 
[USS]) were grown orthotopically in the biceps femoris muscle of mice to establish PDOX models. Each PDOX models 
were randomized into the following groups when tumor volume reached around 100 mm3: G1, control without 
treatment; G2, doxorubicin (DOX) (3mg/kg, intraperitoneal (i.p.) injection, weekly, for 2 weeks); G3, gemcitabine (GEM) 
/ docetaxel (DOC)-treated (GEM: 100 mg/kg, DOC: 20 mg/kg, i.p., once a week for 2 weeks); G4, pazopanib (PAZ)-treated 
(100 mg/kg, administrated orally daily for 14 consecutive days); G5, temozolomide (TEM)-treated (25 mg/kg, 
administrated orally daily for 14 consecutive days). Tumor size and body weight were measured with calipers and digital 
balance twice a week. 
 
Three PDOX cases were completely resistant to DOX. TEM had high efficacy for 4 USTS PDOX models, including DOX-
resistant cases. GEM/DOC and PAZ were effective in three USTS PDOX. One case was completely resistant to TEM. Two 
cases were completely resistant to PAZ.  
 
The results showed the drug sensitivity pattern for each USTS PDOX was highly individualized and that at least one 
effective drug could be found for each. The PDOX model could be effective in precise individualized drug sensitivity 
testing which is especially important for heterogeneous sarcomas such as USTS and can give the patient a greater chance 
to be treated with an effective drug.
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Retrospective analysis of 18F-fluorodeoxyglucose positron emission 
tomography/computed tomography for soft tissue tumors 
Hiromichi Oshiro, Yasunori Tome, Yuichi Tsuha, Yusuke Aoki, Kohei Mizuta, Yoshiro Yoshikawa, Kotaro Nishida
Graduate School of Medicine, University of the Ryukyus, Nishihara-cho, Nakagami-gun, Okinawa, Japan 

Background. Soft tissue tumors are occasionally misdiagnosed with only MRI findings. New approaches are needed to 
have accurate diagnoses in soft tissue tumors. The purpose of this study was to evaluate the efficacy of 18F-
fluorodeoxyglucose positron emission tomography/computed tomography (FDG PET/CT) for diagnoses of soft tissue 
tumors. 

Methods. Two hundred patients who pathologically diagnosed as soft tissue tumors from April 2013 to September 2021 
were retrospectively analyzed. Patients after surgery, with recurrence, and with metastatic tumors were excluded in 
this study. The maximum standardized uptake (SUVmax) value at initial examination was evaluated. The Steel-Dwass 
test was used to distinguish between benign, intermediate, and malignant soft tissue tumors. The receiver operatorating 
characteristic curve was used to decide a cut-off value. 

Results. One hundred one patients were diagnosed as benign tumor, 25 were intermediate, and 74 were malignant. 
The median follow-up period was 15.6 months (range, 1–90). SUVmax values were 5.34 ± 5.21 in benign tumors, 3.48 ± 
5.32 in intermediate, and 11.58 ± 10.43 in malignant, respectively. Especially, tenosynovial giant cell tumors (TSGCTs) 
were extremely high even in benign group. The averaged SUVmax of TSGCTs was 12.05 ± 6.52. The averaged SUVmax 
value of benign without TSGCTs was 3.37 ± 2.39. The SUVmax value of malignant was significantly higher compared with 
benign excluded TSGCT and intermediate (p<0.001, respectively). There were no significant differences between benign 
excluded TSGCT and intermediate (p=0.593). A cut-off value of malignant was 5.59. This cut-off value had sensitivity and 
specificity of 62 % and 92 %, respectively. 

Conclusion. The present study demonstrated that the SUVmax value of FDG-PET/CT was a useful diagnostic tool in soft 
tissue tumors. 
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M6A demethylase FTO-mediated downregulation of DACT1 mRNA stability 
promotes Wnt signaling to facilitate osteosarcoma progression 
Dongming Lv, Xianbiao Xie 

The First Affiliated Hospital of Sun-Yat Sen University, Guangzhou,China 

Background. Osteosarcoma (OS) is the most common malignant bone tumor in children and adolescents and has high mortality and 
disability rates and high treatment costs. Despite advances in clinical diagnosis and treatment, the prognosis of patients with OS 
remains poor, and the treatment efficacy has plateaued. Therefore, it is important to identify new therapeutic targets for OS. 
Methods. Functional screening for m6A regulators based on a high-content imaging system was performed to explore a potential 
therapeutic target for OS. RT-qPCR and Western blotting were used to detect FTO expression. Methylated RNA immunoprecipitation 
sequencing and RNA sequencing were conducted to search for the potential targets of FTO. In vitro and in vivo assays were used to 
explore the function and mechanism of FTO and entacapone treatment in OS. 
Results. Functional screening identified FTO as a candidate therapeutic target for OS. Upregulated FTO was associated with a poor 
prognosis in OS patients. FTO promoted the growth and metastasis of OS in vitro and in vivo. MeRIP-seq and RNA-seq were performed 
to identify DACT1 as a potential target of FTO. In vitro assays demonstrated that FTO reduced DACT1 mRNA stability via m6A 
demethylation, which decreased DACT1 protein levels and further activated the Wnt signaling pathway. The oncogenic effect of FTO 
on OS was dependent on DACT1. In addition, the m6A reader IGF2BP1 was validated to participate in the regulation of DACT1. 
Entacapone, an FDA-approved drug, was confirmed to suppress OS through the FTO/DACT1 axis. 
Conclusion. FTO promotes the growth and metastasis of OS through m6A/IGF2BP1/DACT1 axis and serves as a potential therapeutic 
target for OS patients. Entacapone, a conventional FDA-approved drug, could be a novel therapeutic strategy for OS. 
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Sarcoma Biobank Innovation Consortium for Biomedical and Healthcare 
Research 
June Hyuk Kim1, Hyun Guy Kang1, Jong Woong Park1, Su Ji Kim1, Da Young Kim1, Chong Woo You2, Seog Yun 
Park2, Kyeong Wook Kim3, Hye Jin Yoo4, Eun Young Lee4, Yong Nyun Kim5, Ji Yeong Sung5, Kui Son Choi6, Phillip 
Park6, Yeon Hee Baek6, Jung Ryul Kim7, Young Jae Moon7, Min Wook Joo8, Sung Wook Seo9, Jae Hwan Jung10, 
Jinwoo Ahn10, Seung Hwan  Hong11, Su Heon Kim11, Hyeon Su Lee11, Il Kyu Han12, Kyoung Min Kim13 

1Department of Orthopaedic Surgery, National Cancer Center, Goyang-si , South Korea, 2Department of Pathology, 
National Cancer Center, Goyang-si , South Korea, 3Biobank, Healthcare Platform Cneter, National Cancer Center, Goyang-
si , South Korea, 4Tumor microenvironment Branch, Division of Cancer Biology, Research Institute, National Cancer Center, 
Goyang-si , South Korea, 5Cancer Metastasis Branch, Division of Cancer Biology, Research Institute, National Cancer 
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of Orthopaedic Surgery, Jeonbuk National University Hospital, Jeonju-si, South Korea, 8Department of Orthopaedic 
Surgery, St. Vincent’s Hospital, The Catholic University Hospital, Suwon-si, South Korea, 9Department of Orthopaedic 
Surgery, Samsung Medical Center, Sungkyunkwan University School of Medicine , Seoul, South Korea, 10Celemics, Seoul, 
South Korea, 11Korea Pharmaceutical and Bio-Pharma Manufacturers Association, Seoul, South Korea, 12Department of 
Orthopedic Surgery, College of Medicine, Seoul National University, Seoul, South Korea, 13Department of Pathology, 
Jeonbuk National University Hospital, Jeonju-si, South Korea 

Purpose. Primary research purpose: By establishing a national registry for sarcoma, tumor samples, clinical information, 
and in-depth information of patients are secured and used for basic research and clinical research to improve the 
survival rate of sarcoma patients. 
Secondary research purpose: Establish and commercialize a comprehensive genomic profiling test to implement 
precision medicine in sarcoma patients, and develop a drug design platform through search for new drug candidates 
using artificial intelligence 
Methods. In addition to orthopedic surgery, specialists from gynecology, urology, colorectal surgery, orofacial surgery, 
and thoracic surgery were involved to secure a systemic sarcoma specimen. Radiology, nuclear medicine, pathology 
specialists, and basic researchers were included in the consortium to strengthen the expertise of in-depth information. 
Since July 2021, normal/treatment-naïve tumor specimens were prospectively collected according to the protocol, and 
eCRFs for collecting multi-center clinical information have been developed according to the KBN-CDM format of the 
Korea Centers for Disease Control and Prevention, and clinical information corresponding to each sample has been 
collected. Through previous studies, a multiple oncogene target capture panel was developed for each type of 
DNA/RNA, targeting genes and transcripts that are significantly expressed in sarcoma. In order to utilize the biobank 
data, a basic model was established to enable the use of preprocessed data. Pre-processing of PanCan Atlas data was 
completed, and GTEx/TARGET data was obtained and tested. 
Results. In the first year, a total of 117 sarcoma patients were secured with prospective and retrospective samples. 
Quality control was performed on 10% of the collected vials of blood and tissue samples. 28 MRI images, 20 PET images, 
and chest CT images showing pulmonary metastasis were obtained in 9 patients. One cancer gene target capture panel 
was prepared for each of DNA and RNA. After receiving retrospective sarcoma samples from 70 cases, panel verification 
and whole exome/transcriptome sequencing was performed. A pan-cancer VAE model targeting 10,793 RNA sequencing 
samples for 33 carcinomas containing sarcoma was constructed and learned through PanCan Atlas.  
Conclusion.  In order to implement precision medicine for rare cancers such as sarcoma, it is essential to establish a 
platform for collecting national integrated research resources and to create and operate a clinical research network. By 
establishing high-quality human resources and databases through standardized operating guidelines, and conducting 
basic, clinical, and transitional studies using them, it is intended to contribute to the improvement of the treatment 
outcomes of sarcoma patients.
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Inhibition of SIRT6 potentiates the anti-tumor effect of doxorubicin 
through suppression of the DNA damage repair pathway in osteosarcoma 
Jung Ryul Kim, Kyu Yun Jang 

Jeonbuk National University Hospital, Jeonju, South Korea 

Background. SIRT6 has diverse roles in cells, and the role of SIRT6 in tumorigenesis is controversial. Considering the role 
of SIRT6 as an inducer of DNA damage repair, it might be involved in resistance to anti-cancer therapy. 

Methods. We evaluated the prognostic significance of SIRT6 in osteosarcomas and investigated the therapeutic efficacy 
of SIRT6 on the anticancer effects of doxorubicin, olaparib, and ATM inhibitor. 

Results. Immunohistochemical expression of SIRT6 was significantly associated with shorter overall survival and relapse-
free survival of osteosarcoma patients, especially in patients who received adjuvant chemotherapy. In U2OS and 
KHOS/NP osteosarcoma cells, knock-down of SIRT6 significantly potentiated apoptotic effects of doxorubicin and SIRT6 
overexpression induced resistance to doxorubicin. Moreover, SIRT6 induced the DNA damage repair pathway and SIRT6-
mediated resistance to doxorubicin was attenuated by blocking the DNA damage repair pathway with olaparib and ATM 
inhibitor. 

Conclusions. This study suggests that suppression of SIRT6 in combination with doxorubicin might be an effective 
modality in the treatment of osteosarcoma patients, especially for osteosarcomas with shorter survival with high 
expression of SIRT6.

454



 

 
 

 

PP09 

Changes in the transcriptional regulatory network of telomere 
maintenance mechanisms for the immortalization of MPNST 
Seung Hyun Kim1, Yong Jun Suk1, Jungwoo Lee2, Eunji Choi2, HyoJu Kim2, Young-Joon Kim2 

1Severance Hospital, Yonsei University College of Medicine, Seoul, South Korea, 2Interdisciplinary Program of Integrated 
OMICS for Biomedical Science, The Graduate School, Yonsei University, Seoul, South Korea 

Purpose. Telomere maintenance mechanism (TMM) is indispensable for cancers to achieve immortalization. TMMs are 
implemented as a complex collaboration of various genes. The purpose of this study is to evaluate the malignant-specific 
transcriptional regulatory structures of TMM. 
 
Method. To uncover the malignant-specific transcriptional regulatory structures of TMM, we compared genetic 
information of neurofibroma (NF) and malignant peripheral nerve sheath tumor (MPNST) in one patient; genetic 
alterations during immortalization can be more clearly contrasted, for they share identical genetic backgrounds and 
differentiation lineages. We analyzed 21 NF-MPNST pairs from 21 patients, who underwent both whole genome 
sequencing (WGS) for measuring telomere length and whole transcriptome sequencing (WTS) for monitoring whole 
genome-wide gene expression profiles. We analyzed transcriptional relationships of TMM-associated genes and their 
interaction effects on telomere length. Linear regression (LR) analysis was used to correlate gene transcripts, and 
Benjamini-Hochberg adjustments were also performed for false-positive control. Generalized linear model (GLM) was 
used to analyze whether interactions between each pair of gene transcripts affected telomere length. 
 
Result. There was no significant difference in telomere length, suggesting proper activation of TMM during 
immortalization. The major transcriptional regulatory networks in NF were formed from WRN/SMC complex-mediated 
alternative lengthening of telomere (ALT) and POLD4-mediate break-induced replication (BIR). Telomerase subunit and 
H/ACA snoRNP complexs directly regulated WRN, SMC complex, and POD4. In MPNST, the transcriptional regulatory 
network of WRN/SMC complexes-mediated ALT, BIR, and regulation by telomerase was abolished. The ALT mechanisms 
in MPNST were more complex than that of NF, engaging FEN1, BTR complex, SLX complex, NuRD-ZNF827 complex, and 
RAD51 loader. The WRN/SMC complex-mediated ALT mechanism has been completely replaced. BIR was also 
suppressed in MPNST, otherwise nonhomologous end joining (NHEJ) was activated. DNA repair/Checkpoint genes and 
FA-related groups played the regulatory role in ALT by displacing telomerase in MPNT.  
 
Conclusion. Our results provide insight for differentiating malignant-specific TMM from benign-specific and ranking 
transcriptional regulatory hierarchy in TMMs-associated genes for immortalization.
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Clinical outcome in MDM2-amplified soft tissue peripheral sarcomas 
Eisuke Kobayashi, Yu Toda, Tetsuya Sekita, Akira Kawai 
National Cancer Center Hospital, Tokyo, Japan 

Introduction. There are MDM2-amplified soft tissue peripheral sarcomas (MSPS) that have the MDM2 gene 
amplification characteristic of dedifferentiated liposarcoma (DDLS) but lack the components of well-differentiated 
liposarcoma. Whether this tumor should be classified as undifferentiated pleomorphic sarcoma (UPS) or DDLS has not 
been established. In this study, we reviewed the clinicopathologic characteristics of 15 cases of MSPS experienced at 
our hospital and compared their outcomes with those of 30 cases of DDLS (p-DDLS) that occurred in the extremities and 
superficial layers of the trunk. 
 
Patients. We defined MSPS as having FISH amplification of MDM2 and the absence of an obvious well-differentiated 
liposarcoma component in whole split specimens at the time of resection. As a result, 15 cases of MSPS (12 males and 
3 females) were identified. 
 
Results. The mean age of MSPS was 61 years, and the sites of occurrence were the thigh in 6 cases, the groin in 3 cases, 
the chest wall in 3 cases, and other sites in 3 cases. MRI showed infiltrative growth pattern in 14/15 cases. All patients 
underwent wide resection (with reconstruction in 11 cases), but post-resection margins were R2 in 9 cases and R1 in 4 
cases. Therefore, postoperative irradiation was added in 9 of the patients. Postoperative local recurrence was observed 
in 3 patients (2 with irradiation) and distant metastasis in 2. mean follow-up of MSPS at our hospital was 44 months, 
with 7 CDF, 6 NED, and 2 AWD at last follow-up, and no deaths. Progression-free survival rate was 78.6% at 2 years and 
58.9% at 5 years. The 5-year survival rate of p-DDLS was 92.8%, and the progression-free survival rate was 79.4% at 2 
years and 74.4% at 5 years. 
 
Discussion. It has been reported that MSPS has a better prognosis than MDM2-negative UPS and the clinical outcome 
is consistent to that of p-DDLS. In the present study, MSPS tended to have a better prognosis, and the clinical outcome 
was similar to that of p-DDLS. On the other hand, MSPS is characterized by a strong infiltrative proliferation seen on 
MRI, which is clinically distinct from p-DDLS. Genomic analysis is desirable to establish whether MSPS is a new 
histological entity. 
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Impact of the pretreatment neutrophil/lymphocyte ratio as a prognostic 
factor in conventional chondrosarcoma 
Miguel Angel Clara-Altamirano1, Dorian Y.  Garcia-Ortega1, Alethia Alvarez-Cano1, Veronica Villavicencio-
Valencia1, Amelia Rebeca De Los Santos-Quintanilla2, Stephanie Velazquez-Rodriguez1, Anderson Ruben 
Lizcano-Suarez1 

1National Cancer Institute, Mexico City, Mexico, 2Anahuac University, Naucalpan de Juarez, Mexico 

Background. Chondrosarcomas are malignant cartilage-forming bone tumors; they respond poorly to chemotherapy and radiation 
treatment, resulting in high rates of morbidity and mortality. The inflammatory microenvironment promotes tumor development, 
altering the immune response, and the response to chemotherapy agents. Due to this association of inflammation in the development 
of cancer, the prognostic significance of different biomarkers and hematological ratios has been evaluated. The 
Neutrophil/Lymphocyte Ratio (NLR) is the most widely used hematological ratio in cancer, but its role in chondrosarcomas has been 
little investigated.  In this work we analyze the prognostic role of the NLR in conventional chondrosarcoma. 
Methods. The present study is a retrospective cohort in which we analyzed the relation of preoperative NLR on recurrence-free 
survival (RFS) and overall survival (OS) using Kaplan–Meier curves and Cox proportional models. All data were obtained from the 
database of the bone tumors service at the National Cancer Institute of Mexico in the period January 1st, 2005, to December 31st, 
2017. All patients had at least one complete blood count performed, we estimated the NLR in the first sample recorded. The NLR was 
calculated from the differential leukocyte count by dividing the absolute neutrophil count by the absolute lymphocyte count. The 
cut-off value was defined according to receiver operating characteristic curve analysis, and a cutoff value of 1.9 was determined. OS 
was calculated from the date of first medical evaluation to death or last follow up. Survival curves were calculated by Kaplan-Meier 
method and analyzed by log-rank test (image 1). Univariate and multivariate analyses for OS and RFS were performed using Cox's 
regression model. A p value less that 0.05 was considered significant. All statistical analyses were performed using the Statistical 
Package Stata/BE 17.0.  
Results. Sixty-seven consecutive patients were included for analyses. The main demographic characteristics of our cohort are shown 
in image 2. Applying receiver operating curve analysis, we determined a cut-off value of 3.5 as optimal to discriminate between 
survival and death with an AUC = 0.86 (95% CI 0.76–0.96] Cutoff = 1.9 Sensitivity 84% and Specificity 83.3%. Univariate analysis was 
performed to identify RFS and OS factors. Multivariate regression analysis was adjusted to determine the best-fitting model, 
considering the confounding effect that metastases at diagnosis and mortality in CS patients might have (image 3). 
Conclusion. We found an association between a high NLR (>1.9) at the time of diagnosis and mortality in patients with CS. The 
elevated NLR allows us to create new hypotheses about the role of the inflammatory process in the conventional chondrosarcoma 
microenvironment. 
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Cytogenetic results of multiple myeloma patients as prognostic factor for 
pathologic fractures 
Seung-Han Shin1, Young-Seol Byun1, Min-Wook Joo2, Yang-Guk Chung1 

1Department of Orthopedic Surgery / The Catholic University of Korea / Seoul St. Mary's Hospital, Seoul, South Korea, 
2Department of Orthopedic Surgery / The Catholic University of Korea / St. Vincent's Hospital, Suwon-si, Gyeonggi-do, 
South Korea 

Background. Multiple myeloma (MM) is a plasma cell malignancy that goes through cytogenetic alterations during the 
course of disease. With the incorporation of chromosomal abnormalities detected by interphase fluorescence in situ 
hybridization (FISH) into the preexisting international staging system, discreet investigation of cytogenetic subgroups is 
demanded for tailored treatment of MM patients. 
 
Methods. This study was a retrospective observational analytic study including 34 MM patients who underwent single 
or multiple orthopedic surgeries to treat impending or real pathologic fractures at a single tertiary institution. All 34 
patients newly diagnosed of MM in our institution were evaluated of cytogenetic abnormalities with FISH. Statistical 
analysis was performed for chromosome 13q(RB1), IGH & IGH fusion genes and TP53 gene. Analysis of data related to 
MM bone disease, modalities of surgical treatment, clinical and oncologic outcomes, and survival were also collected. 
 
Results. Of the 48 patients who received surgery for MM, 31 had single pathologic fracture. The other 17 experienced 
additional pathologic fractures during follow up. FISH reports showed that compared to single fracture patients, multiple 
fracture patients had significantly more deletion of 13q(RB1) (p<0.03). 
13 patients died due to aggravation of MM or related complications. Mean survival periods of surviving and died of 
disease patients at last follow up were 24.3(3-81) months and 18.3 (1-86) months respectively. 
 
Discussion. Transformation of normal plasma cells into myeloma cell requires two crucial steps. One is hyperdiploidy 
presenting multiple trisomies of odd-numbered chromosomes. The other one is translocations involving the IGH gene, 
which was predominantly seen on our study group with pathologic fractures. Our study has not only shown that IgH 
translocations occur at an earlier stage of MM disease, but also imply sequential secondary cytogenetic abnormalities 
such as downregulation of Rb1 gene lead to unfavorable outcome of the disease: multiple fractures.
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Antibacterial effect and biological reaction of calcium phosphate cement 
impregnated with iodine 
Sei Morinaga, Norio Yamamoto, Katsuhiro Hayashi, Akihiko Takeuchi, Shinji Miwa, Kentaro Igarashi, Yuta 
Taniguchi, Yohei Asano, Hiroyuki Tsuchiya 

Kanazawa University, Ishikawa, Japan 

Introduction. Calcium phosphate cement (CPC) has been used for bone defects such as bone tumor surgery and fracture 
treatment. It was reported that osteomyelitis was treated using CPC mixed with antibiotics and excellent results were 
obtained. We developed CPC impregnated with iodine which had long-term and wide-spectrum antibacterial effect. 
Attenuation of iodine of the CPC, antibacterial effect, cytotoxicity, and bone conductivity were examined. 
 
Materials and methods. (1) Attenuation: Five-millimeter cubic CPC impregnated with iodine was immersed in 10 mL of 
phosphate-buffered saline (PBS). After the specified periods, the CPC was removed, the iodine content was measured 
by fluorescent X-ray analysis. (2) Antibacterial effect: Using S. aureus and E. coli, 10⁶ colony-forming units were 
inoculated on the CPC, which was then covered with a slide glass and incubated at 37 ℃ for 2, 6, 24 hours. At each 
point, each CPC was washed with 5 mL of PBS. The washed elute was diluted 1:50 with PBS and 100μL of the dilute elute 
was incubated in tryptic soy broth for S. aureus and E. coli at 37 ℃. The number of bacterial colonies was counted after 
24 hours. (3) Cytotoxicity: The V79 cell line (Chinese hamster fibroblasts) was used. Approximately 300 cells were seeded 
in the elute obtained by immersing iodine-containing CPC in 10 ml medium solution for 24 hours. After seeding, the 
dishes were gently shaken and cultured in the incubator. After 1 week, the cells were fixed with 10% formalin and 
stained with 0.15% methylene blue. Then, the number of colonies was measured. (4) Bone conductivity: Two-millimeter 
cubic CPC was inserted into the lateral condyle of the femoral bone of a rabbit. The femoral bone was removed at 
specific operative periods (2, 4, and 8 weeks). The presence of osteogenesis was measured using a scanning electron 
microscope. 
 
Results. The CPC with 5 % of iodine concentration had the highest iodine concentration after 1 week and 8 weeks. The 
antibacterial effect was maintained until 8 weeks with the 5 % of iodine concentration. In addition, the 5% iodine 
concentration had no cytotoxicity and did not suppress  
 
Discussion and Conclusion. Our group has shown the effectiveness of iodine-supported implants with a broad 
antibacterial spectrum. In addition, though there have been some reports of CPC containing antibiotics, no report of 
CPC with iodine has been described. The CPC impregnated with iodine may be useful for the treatment of patients with 
osteomyelitis and compromised patients with bone tumors.
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Novel Dormancy Mechanism of Castration Resistance in Bone Metastatic 
Prostate Cancer Organoids 
Anna Kulidjian, Sanghee Lee, Theresa R. Mendoza, Michelle T. Muldong, Danielle N. Burner, Christina C. N. Wu, 
Terry Gaasterland, Christina A. M. Jamieson 
Director, Orthopedic Tumor Surgery, Joint Reconstruction and Limb Preservation, Scripps MD Anderson Cancer Center, La 
Jolla, United States 

Advanced prostate cancer (PCa) patients with bone metastases are treated with androgen pathway directed therapy 
(APDT). However, this treatment invariably fails, and the cancer becomes castration resistant. To elucidate resistance 
mechanisms and to provide a more predictive pre-clinical research platform reflecting tumor heterogeneity, we 
established organoids from a patient-derived xenograft (PDX) model of bone metastatic prostate cancer, PCSD1. APDT-
resistant PDX-derived organoids (PDOs) emerged when cultured without androgen or with the anti-androgen, 
enzalutamide. Transcriptomics revealed up-regulation of neurogenic and steroidogenic genes and down-regulation of 
DNA repair, cell cycle, circadian pathways and the severe acute respiratory syndrome (SARS)-CoV-2 host viral entry 
factors, ACE2 and TMPRSS2. Time course analysis of the cell cycle in live cells revealed that enzalutamide induced a 
gradual transition into a reversible dormant state as shown here for the first time at the single cell level in the context 
of multi-cellular, 3D living organoids using the Fucci2BL fluorescent live cell cycle tracker system. We show here a new 
mechanism of castration resistance in which enzalutamide induced dormancy and novel basal-luminal-like cells in bone 
metastatic prostate cancer organoids. These PDX organoids can be used to develop therapies targeting dormant APDT-
resistant cells and host factors required for SARS-CoV-2 viral entry.
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Analysis of the structure and bone formation promoting effect of 
membrane tissue formed around frozen bone: A study in a rat model 
Yohei Asano, Norio Yamamoto, Katsuhiro Hayashi, Akihiko Takeuchi, Shinji Miwa, Kentaro Igarashi, Yuta 
Taniguchi, Sei Morinaga, Hiroyuki Tsuchiya
Kanazawa University Graduate School of Medical Sciences, Kanazawa, Japan 

Background. Our department has developed an original reconstruction method by recycling tumor-bearing autografts using liquid 
nitrogen after malignant bone and soft tissue tumor resection, and clinical application since 1999. Basic and clinical studies have 
reported favorable bone union and bone revitalization of frozen bone. In this study, we hypothesized that the membrane tissue 
formed around the frozen bone affects the latter’s union and revitalization and analyzed the structure of the membrane tissue and 
the function that affects the bone formation of the frozen bone. 
Methods. This study used female Sprague-Dawley rats weighing 270–290 g. Segmental defects with a length of 6 mm were created 
in the right femoral shaft and external fixation was performed. The segmental bone defects were then filled with frozen bone treated 
with liquid nitrogen (FR model) and a polymethylmethacrylate (PMMA) cement spacer (PMMA model) as a control model according 
to the Masquelet’s induced membrane technique. At 2, 4, 6, and 8 weeks after surgery, the membrane tissue formed around the 
spacer surface was collected from four animals in each group at each time point. The structure of the membrane tissue was assessed 
by hematoxylin and eosin (HE) staining. The effects on bone formation were evaluated using immunostaining and real-time 
polymerase chain reaction (PCR) for the expression of growth factors that promote bone formation, including bone morphogenetic 
protein-2 (BMP2), transforming growth factor-beta 1 (TGF-β1), and vascular endothelial growth factor (VEGF). Furthermore, as 
another model, the spacer was removed after 2 weeks of the surgery, autologous bone grafting from the ilium was performed (ABG 
model) in each group, and radiological evaluation was performed every 2 weeks until bone union. 
Results. The membrane tissue of both groups showed a two-layered fibrous membrane; the inner layer was synovial-like epithelium, 
and the outer layer comprised fibroblasts, collagen fibers, and myofibroblasts. Over time, the membrane gradually thickened, and 
capillaries and newly formed bone tissue based on enchondral ossification were observed in the membrane. In the immunostaining 
evaluation and real-time PCR, all growth factors were highly expressed in the FR group at each collection time point. In the ABG 
model of the FR group, the period until bone union was shorter than that in the PMMA group, and the bone formation was 
satisfactory. 
Conclusion. In the membrane tissue formed around the frozen bone treated with liquid nitrogen, various growth factors promoting 
bone formation were highly expressed and favorable bone formation and union were observed in the ABG model. Our results suggest 
that membrane tissue may contribute to favorable bone union and revitalization of frozen bone and new reconstruction methods 
may be developed using the membrane tissue. 
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Osteosarcoma-Derived Small Extracellular Vesicles Enhance Tumor 
Metastasis and Suppress Osteoclastogenesis by miR-146a-5p 
Yoshihiro Araki, Norio Yamamoto, Katsuhiro Hayashi, Akihiko Takeuchi, Shinji Miwa, Kentaro Igarashi, Takashi 
Higuchi, Kesaku Abe, Yuta Taniguchi, Hirotaka Yonezawa, Sei Morinaga, Yohei Asano, Rikinari Hanayama, 
Hiroyuki Tsuchiya 

Kanazawa University Hospital, Kanazawa City, Japan 

Background. Osteosarcoma is the most frequent type of primary bone tumor in children and adolescents, thus care for 
patients with malignant osteosarcoma is strongly required. The roles of small extracellular vesicles (SEVs) in enhancing 
metastases have been demonstrated in multiple tumors, but they are still poorly understood in osteosarcoma.  
 
Methods. This study investigated the effects of SEVs on progression and the tumor microenvironment in mice and 
patients.  
 
Results. In an orthotopic implantation study, we found that osteosarcoma derived SEVs had the potential to enhance 
metastases and angiogenesis. In addition, osteosarcoma derived SEVs decreased the number of mature osteoclasts in 
vivo. In vitro osteoclastogenesis studies revealed that the inhibition of osteoclast maturation by osteosarcoma-derived 
SEVs was mediated by suppressing the NF-κB signal pathway. MicroRNA analysis of SEVs from different malignant 
human osteosarcomas revealed that miR-146a-5p was involved in the inhibition of osteoclastogenesis. In osteosarcoma 
patients, lower numbers of osteoclasts in biopsy specimens at the first visits were correlated with higher malignancy.  
 
Conclusion. These findings indicated that osteosarcoma derived SEVs enhance distant metastasis of osteosarcomas by 
inhibiting osteoclast maturation, which may be a useful prognostic marker. This diagnostic method may enable to 
predict malignancy at early stage and help to provide optimal care to patients with risk of high malignancy. 
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Pleomorphic Liposarcoma of Femur: A Rare Soft Tissue Sarcoma 
Metastasized to the Bone—Case Report and Review of Literature 
Thanate Poosiripinyo1, Thanapon Chobpenthai2, Taweechok Wisanuyotin3, Winai Sirichativapee3

1Khon Kaen Hospital, Khon Kaen, Thailand, 2Chulabhorn Royal Acedamy, Princess Srisavangavadhana College of Medicine, 
Bangkok, Thailand, 3Department of Orthopaedics, Faculty of Medicine, Khon Kaen University, Khon Kaen, Thailand 

Background. Pleomorphic liposarcoma (PLPS) accounts for less than 5% of liposarcoma, and its metastasis to bone is rare. As a high-
grade tumor, PLPS is reported to be more invasive with high local recurrence and distant metastasis. Here, we report a case of PLPS 
of the femur and undertake a review of the literature. 
Case Presentation. A 58-year-old man presented with a big mass at posterior aspect of his left thigh. The computed tomography of 
the chest for staging revealed two nodules at the left upper lung field. Wide resection of the soft tissue mass at the left thigh was 
performed by a general surgeon. Thoracotomy and wedge resection of the lung nodules was carried out by a cardiothoracic surgeon. 
Pathologic diagnosis suggested PLPS. Three years later, he was presented with sudden right hip pain after he slipped. The plain 
radiograph revealed an osteolytic lesion at the right proximal femur with minimally displaced pathological fracture. The MRI showed 
the presence of a tumor at the proximal part of the right femur and its soft tissue invasion. The patient underwent en bloc proximal 
femur wide resection followed by cemented long-stem bipolar hemiarthroplasty. The final histopathology report from definite 
surgery specimen revealed pleomorphic spindle, round, and polygonal cells arranged in 
sheets, short fascicles, and storiform arrays. 
Results. There were no complications, adverse outcomes, or recurrence reported at six months after surgery. The patient could walk 
without gait aid and had good functional outcomes according to the TESS questionnaire. 
Conclusion. PLPS is a highly aggressive tumor with a high distant metastatic rate. The definite diagnosis of PLPS is made on the basis 
of histopathology. Surgical treatment involving wide resection that aims to achieve a negative margin is the best option currently 
available, and we recommend treating bone metastasis from PLPS as the primary site of the tumor. The effect of chemotherapy and 
radiotherapy in preventing postoperative recurrence is still unclear and requires further studies. 
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Treatment of Giant Cell Tumors of the Distal Radius: A Long-Term Patient 
Reported Outcomes Study 
Doga Kuruoglu, Marco Rizzo, Steven Moran, Matthew Houdek 

Mayo Clinic, Rochester, United States 

Introduction. The distal radius is a common location for giant cell tumors (GCT) of bone. Management includes 
intralesional curettage or wide excision, however long-term comparisons of treatment options are limited. The purpose 
of the current study was to evaluate our institutions outcomes of treatment of these tumors.        
 
Methods. We reviewed 24 GCT of the distal radius in 23 patients (12 males:11 females) with a mean age of 42-years at 
the time of surgery. Functional outcomes were collected including the Musculoskeletal Tumor Society Score (MSTS), 
QuickDash, the Visual Analog Scale (VAS), and the Patient Rated Wrist Evaluation (PRWE). The mean follow-up was 13-
years. 
 
Results. Tumor grade included Campanacci Grade II (n=14) and Grade III (n=10). Treatment included extended 
intralesional curettage (n=16) and wide excision (n=8). Reconstruction mainly included bone grafting/cement (n=16) or 
free vascularized fibula radiocarpal arthrodesis (n=5).  At most recent follow-up, there was no difference in MSTS, VAS 
and PRWE (p>0.05) between patients undergoing a joint sparing or arthrodesis. Patients undergoing arthrodesis had a 
lower QuickDASH score (13.7 vs. 20.8, p=0.04) 
 
Conclusions. Treatment for GCT of the distal radius is individualized however in the setting of articular surface 
involvement, arthrodesis can lead to superior functional results at long-term follow-up.   
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MRI assisted CT guided bone tumor biopsy for Osteofibrous Dysplasia 
(OFD) type lesions: A new perspective in sampling  
Divesh Jalan1, Dharmendra Kumar Singh2, Geetika Khanna3, Nishith Kumar2, Ashish Rustagi1, Rajni Prasad3 
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Background. The biopsy from the active component of the bone tumor is one of the determining factors for the 
successful outcome of the biopsy procedure. However, in certain lesions that are large and heterogeneous, such as 
Osteofibrous Dysplasia (OFD), fibrous dysplasia and Admantinoma, the standard percutaneous CT guided biopsy may 
not yield the representative sample thereby leading to false negative results. A PET-CT-guided biopsy is one of the viable 
options. However, the superior contrast and spatial resolution of the bone tumors on MRI, and the feasibility of CT for 
guided biopsy can be combined to obtain the samples in selected cases. 
 
Method. 5 patients in the age group (17-27 yrs) with large heterogeneous lesion involving tibial diaphysis were 
subjected to MRI assisted CT guided percutaneous biopsy, after informed consent. The technique involved obtaining 
MRI of the bone tumor after applying a series of equidistant vitamin “E” capsule markers on the skin overlying the bone 
tumor in two orthogonal planes. The vitamin “E” capsule overlying the solid, or active component of bone tumor on 
MRI was noted and marked on the skin. The patient was subjected to CT guided-biopsy and sampling was done from 
the bone tumor segment at the marked site. 
  
Results. This procedure was able to get adequate number of cores (5-8) from all the 5 subjects without any 
complications. The diagnostic yield was 100%. The diagnosis obtained were OFD (3 cases), Fibrous dysplasia (1 case) and 
Admantinoma type OFD (1 case).  
 
Conclusion. The MRI assisted CT guided tumor biopsy is a safe and effective procedure in selected group of patients 
where the standard CT guided procedure may not give the representative tissue. However, it may not be of much value 
for smaller or homogeneously enhancing lesions.
 
  

465



 

PP20 

Reconstruction of bone defect after tumor resection by frozen tumor-
bearing bone 
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Introduction. Various methods are used for reconstruction after excision of malignant bone tumor, including tumor 
prostheses. We have been performing frozen autografts using liquid nitrogen since 2011. The purpose of this study is 
to retrospectively analyze the outcome of frozen autografts. 

Patients and Methods. From 2011 to 2019, 18 patients who underwent reconstruction by frozen autograft after wide 
excision for malignant bone tumors and could be followed up for more than one year were included. The survival rate 
of frozen bone was analyzed using Kaplan-Meier methods. The Musculoskeletal Tumor Society (MSTS) score was used 
to evaluate the affected limb function of patients with viable frozen bone at the latest follow-up. 

Results. There were 12 males and six females, with a mean age of 26.5 years. The mean follow-up period of 72.9 months. 
The diagnosis included 13 cases of osteosarcoma, Ewing's sarcoma in two and one case each of chondrosarcoma, 
leiomyosarcoma, and metastatic bone tumor. The affected sites were pelvis in two cases, proximal femur in two cases, 
distal femur in 13 cases, and proximal tibia in one case. The liquid nitrogen treatment method was free bone in 14 cases 
and pedicled bone in 4 cases. The transplantation method was intercalary graft in 11 cases and composite graft in 
combination with artificial joint in seven cases. Complications were encountered in 7 of 18 patients (39%), including 
frozen bone fractures in two cases, frozen bone absorption in one case, recurrence from soft tissue in one case, limb 
shortening in two cases, and skin ulcer in one case. There was no infection. The 5-year survival rate of frozen bone was 
87%. The cause of frozen bone removal was skip metastasis to residual bone in both cases. The event-free 5-year survival 
rate was 67%. The average time to event was 21.7 months. The outcomes were CDF in eight cases, NED in three, AWD 
in three, and DOD in four. The average limb function MSTS score was 80.6%. However, in cases under 10 years old, the 
average of MSTS score was 53.3%. 

Discussion. Reconstruction using frozen autografts had a complication rate of 39%, roughly the same as that of past 
recycled bone reconstruction methods (42-87%). However, the fact that the infection rate was 0% (previous reports: 22 
to 25%) was exceptional. A relatively good limb function was gained, however, that the limb function in immature cases 
tends to be poor remains a future task to be solved. Reconstruction using frozen autograft after malignant tumor 
excision is a useful method enabling good limb function. 

466



 

 
 

PP21 

Surveillance strategies for bone tumors: Survey of the Italian 
Musculoskeletal Tumor Society 
Fabio Luca Giardina1, Tommaso Frisoni2, Barbara Rossi3, Pietro Pellegrino4, Lorenzo Andreani5, Elisa Pala6, 
Flavio Fazioli7, Domenico Andrea Campanacci8, Sabrina Vari3, Raimondo Piana4, Davide Maria Donati2, Rodolfo 
Capanna5, Pietro Ruggieri6, Primo Andrea Daolio1 

1ASST Gaetano Pini - Cto, Milano, Italy, 2IRCCS Istituto Ortopedico Rizzoli, Bologna, Italy, 3IRCCS Istituto Nazionale Tumori 
Regina Elena, Roma, Italy, 4AOU Città della Salute e della Scienza di Torino, Torino, Italy, 5Azienda Ospedaliera Università 
Pisana - Cisanello, Pisa, Italy, 6Università di Padova, Clinica Ortopedica e Traumatologica ed Oncologia Ortopedica, 
Padova, Italy, 7Istituto Nazionale Tumori IRCCS "Fondazione G. Pascale", Napoli, Italy, 8AOU Careggi, Firenze, Italy 

Background. Surveillance is crucial in muscoloskeletal pathology. It is well known that the lack of evidence-based guidelines 
contributes to non-uniform follow-up protocols in clinical practice. This work aims to investigate the surveillance strategies of the 
main Italian reference centers as the first step to define shared recommendations. 
 Methods. Digital surveillance evaluation questionnaires regarding the main pathologies of interest were submitted to the centers of 
the Italian Club of Oncology of the Musculoskeletal System “M. Campanacci ”(CIOSM). Parameters such as modalities and timing of 
follow-up and overall duration of surveillance were investigated in each questionnaire. Information about preferred exams in the 
suspect of local recurrence were collected. Risk factors for local recurrence and distant metastasis were considered. 
 Results. Represtentatives of 8 CIOSM centers (72.7%) fill in the schedules. High grade bone sarcomas surveillance protocols applied 
by the respondents show variation during the course of follow-up. According to national and international guidelines, is widely 
accepted a follow-up interval of 3-4 months for the first 3 years after treatment, every 6 months for year 4 and 5 and annually 
thereafter. Regarding duration of follow-up, 10 years is defined as final follow-up timing for 87.5% responders. After 10 years the 
decision of surveillance strategy should be shared with the patient. X-ray in local monitoring of tumor site is the first choice for most 
of the centers, considering that MRI and CT scan can be influenced by metal artifacts. Routine use of PET/CT remains uncertain. As 
expected, there is no agreement on chest monitoring methods. CT is the surveillance modality most commonly used for the first 5 
years post-treatment. Chest X-rays and alternate X-rays/CT are considered too. Disagreement on low grade sarcomas, benign and 
locally aggressive tumors among centers was observed for both local and systemic surveillance pratices. For low grade bone sarcomas 
and locally aggressive tumors the frequency of follow-up is usually reduced to 4-6 monthly for 3 years and then 6-12 until the end of 
surveillance. Pulmonary screening of chondroblastoma and ostoblastoma is controverse and considered not necessary in 37,5% 
centers. Clinical examination is considered mandatory at every visit. Tumor size, pathologic fracture, surgical margins and poor 
histologic response are considered the most important factors for local recurrence. For metastases, responders consider important 
risk factors the presence of metastasis at diagnosis and poor histologic response. 
Conclusion. This work identified both similarities and differences in surveillance strategies between reference centers in Italy. The 
absence of evidence-based and shared recommendations leads to an uneven management of follow-up and exposes patients and 
doctors to problems relating to the appropriateness of services with clinical, organizational and legal consequences. Further studies 
are needed to standardize these strategies based on the evidence. 
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Leg lengthening after biologic reconstruction with autoclaved recycled 
bone and/or vascularized fibula: A report of 3 cases 
Chung Ming Chan1,2, Kumaran Rasappan1, Robert Pho1,2, Mark Puhaindran1,2 

1Division of Musculoskeletal Oncology, Department of Orthopaedic Surgery, National University Hospital, Singapore, 
Singapore, Singapore, 2Department of Hand and Reconstructive Microsurgery, National University Hospital, Singapore 

Background. Surgery for periarticular primary bone malignancies in the skeletally immature can result in significant leg length 
discrepancy (LLD) at skeletal maturity. 
Biologic reconstruction techniques using recycled autograft are established techniques in orthopaedic oncology and performing leg 
lengthening in patients who have had prior periarticular resections and significant leg length discrepancies should be considered. 
Methods (Case descriptions). 3 patients who had undergone leg lengthening surgery years after initial sarcoma resection and 
reconstruction using free vascularized fibula graft (FVFG) with or without autoclaved recycled bone graft are presented. All had leg 
lengthening with the use of monolateral external fixators. Leg lengthening was halted once patients felt clinically level. 
Patient 1 (Figure 1) underwent initial surgery at the age of 7 involving distal femoral epiphyseal and joint sparing intercalary meta-
diaphyseal resection with recycled autoclaved bone and FVFG reconstruction. Leg lengthening surgery was performed 18 years later.  
She underwent lengthening of femur and tibia; femoral osteotomy was performed in the subtrochanteric region and tibial osteotomy 
was performed at the proximal metaphysis. Simultaneous femur and tibia lengthening was performed to permit more post-operative 
flexibility in the event of complications in lengthening the femur through the subtrochanteric region, and for a shorter period of non-
weightbearing post-operatively. 
Patient 2 (Figure 2) underwent initial surgery at the age of 7 involving proximal femoral resection with reconstruction with use of 
recycled autograft, and free vascularized fibular head reconstruction articulating with the native acetabulum.  Leg lengthening 
surgery was performed 7 years later. The osteotomy was performed in the distal femoral metaphysis with only the femur being 
lengthened. 
Patient 3 underwent initial surgery at the age of 13 involving proximal femoral resection with reconstruction with hip fusion using 
recycled autograft, and FVFG.  Leg lengthening surgery was performed 5 years later. The osteotomy was performed in the distal 
femoral diaphysis and proximal tibial diaphysis. 
Results. Patients had a mean initial LLD of 6.9cm (Table 1/FIgure 3).  Mean percentage increase in affected leg length was 9.6%.  
Mean final LLD was 1.4cm. Patients 1 and 2 did not encounter any complications requiring surgery or early fixator removal.  Patient 
3 required early removal of external fixators owing to femoral pin loosening.  Following antibiotic therapy, successful consolidation 
of the lengthened bones was achieved.  All patients are currently still ambulating without walking aids at a mean of 9.6 years after 
their leg lengthening surgery.  
Conclusion. Leg lengthening surgery with the use of a monolateral external fixator system is a feasible and durable technique for 
addressing leg length discrepancies following oncologic reconstruction with recycled, autoclaved bone and FVFG.  Complications in 
these patients do not appear to be different from lengthening in other settings 
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Biological reconstruction for distal lower leg tumor 
Yuichi Ichikawa1, Jun Nishida1, Yoshikuni Mimata2, Takanori Hatanaka1, Hanako Tsuji1, Kojiro Yoshikawa1, 
Takashi Koyama1, Kengo Yamamoto1 

1Tokyo medical University., Shinjuku, Japan, 2Iwate Medical University, Morioka, Japan 

Background. The outcome of treatment for primary bone and soft-tissue sarcomas of the extremities has been improved 
in recent years due to advances in chemotherapy and imaging modalities, and limb-salvaging techniques has been 
progressed. However, limb preserving surgery is difficult to perform in the distal lower leg due to the anatomical 
features. Here, we report five patients who underwent biological reconstruction for bone and soft-tissue sarcomas in 
the distal lower leg. 
 
Methods. A total of five patients (two women and three men: mean age of 35.4 years) underwent biological 
reconstruction following resection of sarcomas in the distal lower leg between 2010 and 2022. There were 2 patients 
with osteosarcomas of tibia and 3 patients with soft tissue sarcomas including 1 each synovial sarcoma, 
leiomyosarcoma, clear cell sarcoma, respectively. The reconstructive procedures were vascularized fibular graft in 1, 
vascularized fibular graft with recycled autograft in 2, and recycled autograft in 2 patients, respectively. Four of five 
patients underwent arthrodesis, consequently. The patient’s survival, metastasis, time until obtaining bone union, 
functional score (MSTS scoring system), and surgical complications were evaluated.  
 
Result. One patient with osteosarcoma died from metastatic lung disease 4 years after the operation. One patient with 
leiomyosarcoma survives after resection of metastatic lung lesions 2 years after the procedure. The other 3 patients 
survive without any evidence of diseases. The mean term until obtaining bone union was 8 months (6 – 9 months). 
Mean MSTS score was 26.7 (24 to 30). Post operative infection was suspected in 1 patient having osteosarcoma 2 
months after surgery, and hydroxyapatite including antibiotics was packed in the recycled bone. He got fracture of the 
recycled bone 10 months after the procedure so that autologous bone graft was performed, consequently. Skin necrosis 
was seen in one patient with clear cell sarcoma, and the wound healed after debridement of the necrotized skin.   
 
Discussion and conclusions. Although amputation used to be the standard surgical treatment for bone and soft-tissue 
sarcoma of the distal lower leg, limb-sparing surgery has become the treatment of choice in recent years. Possible 
reconstructive methods for bone defects following extensive resection may include prosthesis replacement or biological 
reconstruction such as vascularized bone graft, allograft or recycled autograft, distraction osteogenesis. We performed 
recycled autograft with or without vascularized fibular graft and obtained relatively good functional outcome. 
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Long Term Outcomes of Ewing Sarcoma of the Foot and Ankle 
Alexandra Arguello, Mikaela Sullivan, Steven Robinson, Brittany Siontis, Peter Rose, Matthew Houdek 

Mayo Clinic, Rochester, United States 

Background/Aim. Ewing sarcoma (ES) is one of the most common malignancies of the foot and ankle despite this being 
a rare location for the primary bone tumor. Standard of care involves chemotherapy and local control with surgery or 
radiotherapy. Surgical treatment of ES of the foot and ankle has historically involved amputation, though limb salvage 
options are available if a functional foot can be preserved. The aim of this study is to review our institution’s 
management of Ewing sarcoma of the foot and ankle. 
 
Patients/Methods. We reviewed 21 (16 male:5 female; mean age 20±14 years) patients with ES of the foot or ankle. 
The most common location of the tumor was the metatarsals (n=5) and distal fibula (n=4). All patients were treated 
with chemotherapy, most commonly VDC/IE in a neoadjuvant and adjuvant fashion following local control. Local control 
consisted of surgical resection (n=17) or definitive radiotherapy (n=4). Of the patients who underwent surgical resection, 
12 were treated with an amputation (below knee, n=10; Syme, n=2). Limb salvage surgery included wide local excision 
(n=3) and ray resections (n=2). The mean follow-up was 10-years. The mean tumor necrosis on the resected specimens 
was 63% (range 0-100%). Five patients presented with metastatic disease which was treated with radiotherapy following 
consolidation chemotherapy. These patients were not included in the metastatic disease-free survival. 
 
Results. Following treatment, the 10-year disease specific survival was 57%.  Patients undergoing surgery for local 
control had improved 10-year survival compared to those treated with definitive radiotherapy (65% vs 25%, p=0.04). 
There was no difference in 10-year survival between patients treated with limb salvage and those with an amputation 
(48% vs. 64%, p=0.86) 
Disease recurrence occurred in 6 patients and included metastatic disease (n=5) and local progression and metastatic 
disease (n=1). The mean time to development of metastatic disease was 2.5 years. The 5-year metastatic free survival 
was 59%. The case of local tumor progression occurred in the setting of previous definitive radiotherapy. 
Surgical complications occurred in 3 patients. Of the limb salvage patients, one underwent secondary transtibial 
amputation due to valgus deformity, ankle pain and limb length discrepancy.  
 
Conclusion. Combined chemotherapy and definitive surgical management resulted in 100% local control and improved 
disease specific survival in the setting of Ewing sarcoma of the foot and ankle. Tumor location will largely dictate the 
ability to perform a limb salvage surgery, however if limb salvage is able to be done, it does not impact survival.   
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An unsual case of christmas disease masquerading as fungating ABC 
Sandeep., Shah Alam Khan, Venkatesan Sampath Kumar, Love Kapoor, Abhijit Behera
AIl India Institute of Medical Sciences, New Delhi, India 

Background. Pseudotumor is an encapsulated, chronic, slowly expanding hematoma, involving the musculoskeletal 
system, resulting from recurrent episodes of intramuscular, intraosseous, or subperiosteal hemorrhage. Hemophilic 
pseudotumor is a rare entity occurring in approximately 1–2% of patients with hemophilia.It was first described by 
Starker in 1918 who described the entity in the femur of a 14 year old boy. Although rare, hemophilic pseudotumors 
can have devastating implications, posing serious threat to limb and life. Also, this entity is often misdiagnosed due to 
its rarity and similar clinic-radiological presentation as some other relatively common bone tumors. Therefore, high 
index of suspicion is the key to early diagnosis. 

Study Design & Methods. An 8-year-old male child presented to our emergency with complaints of swelling and pain in 
right distal forearm since 4 months, with a sudden increase in the size of swelling since last 2 months. There was no 
antecedent history of trauma, fever, pus discharge, or previous episodes of bleeding. He had undergone left above 
elbow amputation for a suspected aggressive tumor of left arm. Radiological workup was performed including skeletal 
survey and MRI which revealed a solitary lytic lesion, expanding and eroding the cortex of distal radius with 
predominantly cystic areas. Two successive biopsies failed to reveal any conclusive diagnosis. In the meantime, the 
lesion had fungated and profusely bleeding. Hence, wide excision was performed along with wrist arthrodesis. 
Postoperatively, patient developed wound dehiscence and impending compartment syndrome on Day 4 for which 
relook surgery was performed. During the procedure, plenty of clots were removed but there were no active bleeders. 
As the diagnosis was uncertain, Thromboelastogram (TEG) was performed which revealed a fibrinolytic pattern. Further 
evaluation revealed, factor IX levels as 4% of normal. Hence a final diagnosis of Hemophilia B was made, and patient 
managed appropriately. Patient was started on Tranexamic acid and Factor IX replacement therapy. The wound started 
to show signs of healing in a months’ time. 

Results. At 6 months follow-up, patient was completely asymptomatic with well healed wound and good function of 
the hand. 

Conclusions. This is the first case report of Hemophilia B presenting as Pseudotumour of Radius at young age. High index 
of suspicion and adequate history are the key to early diagnosis. Clotting profile should come as a preliminary 
investigation while managing such case of diagnostic dilemma. No rule of thumb and no standard treatment protocol 
exists for management. Therapy should be selected on a case-by-case basis in collaboration with hematologist.
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A case report of 3D printed customized modular talus for post-traumatic 
total talus loss 
Bhim Shreemal 
Christian Medical College, Vellore, Vellore, India 

Background. Post-traumatic total talar loss is a rare and challenging clinical problem. A case report of ankle motion-
preserving surgery using a modular custom-made 3D printed talar prosthesis used to treat one such patient is presented 
with the functional outcome at two years follow up.  
 
Methods. Staged reconstruction with a custom-made 3D printed modular talar prosthesis was done in a 27-year-old 
chemical engineer with right-sided post-traumatic total talus .3D CT of the opposite ankle was mirrored to ascertain the 
exact size. DICOM files were retrieved and converted into 3D models using Slicer 3D software which were further refined 
using Autodesk Meshmixer and the final design was made using Autodesk Fusion 360. It was designed in two interlocking 
components with the distal part made up of titanium and the proximal part of Ultra-high molecular weight polyethylene. 
Provisions for screws fixation of the subtalar joint and ligament augment attachments were made for ankle stability.  A 
universal approach to the ankle and medial malleolar osteotomy was used for approach. The patient was started on 
non-weight-bearing ambulation with gentle ankle movement post-op. Full weight-bearing was delayed for 3 months 
with the use of an ankle binder during ambulation.   
 
Results. He developed an early post-op wound infection requiring debridement retention of the prosthesis and long-
term broad-spectrum antibiotics suppression following which he had an uneventful recovery. VAS pain score at final 
follow-up was 3 and FAOS score of 70. The patient was ambulant unaided and had 50 degrees of plantar flexion and 15 
degrees of dorsiflexion. 
 
Conclusion. Ankle joint movement sparing reconstruction could be a viable option following talus excision with better 
technology being available to us. long term results, however, are yet to be seen. 
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Early results following joint sparing limb salvage surgery for proximal femur 
bone tumors through surgical dislocation of hip.  
Bhim Shreemal 
Christian Medical College, Vellore, India, Vellore, India 

Background. Joint sparing surgeries of proximal femur tumors are challenging owing to their difficult anatomic location. 
Intralesional surgeries in this region could give rise to increased local recurrence since visualization is often inadequate 
through conventional methods. Surgical dislocation of the hip was therefore performed in these cases to provide better 
visualization and facilitate complete curettage in benign lesions and excision in the case of malignant lesions.  
 
Methods. This is a retrospective review of the treatment of tumors involving the femoral head and neck treated in a 
tertiary care center in South India. Data were collected from electronic records and radiological archives. All patients 
had surgical dislocation following trochanteric flip osteotomy and cavity management as well as osteotomy fixation 
were done to gain mechanical stability.  All patients followed up three monthly. 
 
Results. There were 7 cases of benign tumors and 2 cases of malignant tumors in this series including osteochondroma 
(2), secondary chondrosarcoma(2) and chondroblastoma (3), and giant cell tumor (2). There were no recurrences, 
nonunion of the osteotomy, or avascular necrosis of the femoral head in a minimum of 12 months of follow-up. All of 
them had gone back to their previous work with some limitation of recreational activties 
 
Conclusion. Surgical dislocation of the hip provides better visualization for intralesional as well as for selected excision 
of femoral neck lesions without increasing the morbidities significantly.
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Wound healing disorders and deep infections after soft tissue sarcoma 
resection of the lower extremity 
Kevin Döring, Paul Apelt, Philipp Funovics, Joannis Panotopoulos, Reinhard Windhager, Gerhard Hobusch 

Department of Orthopedics and Trauma Surgery, Medical University οf Vienna, Vienna, Austria 

Background. Limb-salvage surgery serves as standard soft tissue sarcoma treatment. With additional analysis of 
postoperative complications and revisions due to wound healing disorders (WHD), further contouring of potential risk 
factors might allow to identify patients at risk. 
 
Patients and Methods. Between 2008 and 2018, 166 patients received (1) limb salvage resection (2) for soft tissue 
sarcoma (3) of the lower extremity (4) at the orthopaedic department of the Medical University of Vienna (5) with a 
minimum follow-up of 1 year. Mean follow-up was 53 months. One-hundred twenty-nine (78%) Patients received 
radiotherapy; 45 (27%) patients had chemotherapy. 
 
Results. In the postoperative course, clinical WHD occurred in 121 (73%) patients. Resection of histological high-grade 
sarcoma (p=0.02) and radiotherapy (p<0.001) were associated with a higher risk for WHD. Surgical revisions due to WHD 
were performed in 34 (20%) patients after primary sarcoma resection. Necrosis (n=27, 16%), wound dehiscence (n=22, 
13%) and wound infection (n=19, 11%) were the most common diagnoses leading to surgical revision. 
 
Conclusion. Limb salvage surgery for soft tissue sarcoma comes with a high WHD rate. Patients after radiotherapy and 
high-grade sarcoma are at high risk to suffer from WHD, and wound inspections need due diligence to avoid further 
complications.
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Lateral peroneal perforating branch as perforator-to-perforator recipient 
within the zone of injury for foot and ankle reconstruction 
Harry Burton, Georgios Pafitanis 
Guys And St Thomas NHS Trust, London, United Kingdom 

In lower limb free flap reconstruction, recipient vessel selection has been a source of controversy since the recognition 
of the “zone of injury” in the 1980s. Traditionally, microsurgeons have preferred to use recipient vessels proximal to the 
zone of injury to avoid the ‘post-traumatic vessel disease’ described by Acland in 1990. However, more recent studies 
have demonstrated preserved blood flow through vessels traversing the zone of injury, with no difference in rates of 
flap survival comparing proximally versus distally based free flaps using modern techniques. The use of 
supermicrosurgery for achieving perforator-to-perforator free flaps has been applied successfully to elective lower limb 
reconstruction for defects caused by diabetes or chronic infection. In such cases, with single vessel run off, or 
widespread atherosclerosis, the traditional approach of end-to-side anastomosis poses a higher risk of main vessel 
injury, therefore it is preferred to perform an end-to-end anastomosis to perforating arteries and veins. In the lateral 
ankle region, the peroneal artery gives off numerous perforators which pass through the fascial septum to supply 
peroneal tenosynovium and overlying skin. As well as the distal perforator to the skin, there is a perforating branch that 
lies within the bony skeleton, protecting it from injury if there is no fibula fracture.  Herein we present our experience 
at a major trauma centre of successfully applying the above concepts in a post-traumatic lower limb reconstruction 
using a free flap based on perforator-to-perforator anastomosis within the zone of injury, using the perforating branch 
of the distal peroneal artery.  
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Practical and constructive interventions to combat common errors in 
microsurgery 
Harry Burton 

Guys And St Thomas NHS Trust, London, United Kingdom 

Microsurgical training methodologies vary widely in approach and delivery, but traditionally start with simulation 
training in a laboratory environment, aiming to develop confidence and skill in low and high-fidelity tasks involved in 
microvascular anastomoses. At the end of each “micro-course”, trainees receive their certificate of completion if 
deemed competent. However, no consensus has been reached as to how competency is assessed through a 
standardised method, even though several microsurgery assessment tools exist, such as global rating scales. These 
scales are reliable and readily available but resource intensive as they require a trained educator to watch and rate each 
student’s performance. Whilst these may be effective at determining overall competency, they lack the ability to provide 
constructive or tailored feedback. In the field of microsurgery education where the learning curve is notoriously steep, 
the concept of error-based learning is recognised and has been utilised well to minimise common errors with prior 
education on how to avoid them. Therefore, it is clear that making mistakes is a key part of deliberate practice and an 
essential part of learning. In microsurgery training, where the first steps occur in a safe simulated environment, we 
believe there is a lack of emphasis on well reflected commonly occurring mistakes; education manuals provide stepwise 
instructions on performing tasks but do not list common mistakes and ways to avoid them. 
 
Our aim is to improve and streamline constructive feedback in microsurgical education by use of an error-based learning 
resource. By referring to our ’13 errors’ graphic, teachers and students can refer to specific errors they have made, and 
quickly revise these with error-specific feedback, with and without supervision. The ‘13 errors’ table enables 
identification errors, explanation as to why these may have occurred, and constructive feedback in order to rectify the 
mistake.
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Complications of megaprosthetic oncological and non-oncological 
reconstruction 
Panagiotis Gavriil, Ioannis Trikoupis, Stavros Goumenos, Dimitra Melissaridou, Olga Savvidou, Vasileios 
Kontogeorgakos, Panayiotis Papagelopoulos 

National And Kapodistrian University of Athens, Athens, Greece 

In this observational study, we retrospectively reviewed oncological and non-oncological patients (n= 265) of all ages 
referred to our institution from 2003 to 2022 who were surgically treated with megaprosthetic reconstruction after 
tumor resection, revision arthroplasty or complex trauma. Information about demographic data, diagnosis, surgical 
treatment, other therapeutic modalities (chemotherapy-radiotherapy), implant selection, surgical techniques, 
complications after readmission or during usual follow up, limb salvage, implant survival and patient survival were 
retrieved from their medical records. The complications after the use of megaprostheses were categorized in 5 distinct 
groups according to the modified Henderson classification (Type 1: soft tissue failure, Type 2: aseptic loosening, Type 3: 
structural failure, Type 4: infection, Type 5: local tumor progression or recurrence) In the study population (n=265, male: 
57.3%), mean age 50,2 (range: 6-91), there were 310 megaprostheses implanted (93 Stanmore, 170 MUTARS). Average 
follow-up was 4 years. Most common surgery type was distal femoral replacement (n=92, 29.7%) followed by proximal 
femoral replacement (n=68, 22.2%), proximal humerus replacement (n=32, 10.3%) and pelvic reconstruction 
(n=37,11.9%). Most common diagnosis was osteosarcoma (n=87, 28,1%) followed by metastatic disease (n=74, 24% of 
megaprosthetic reconstructions) and chondrosarcoma (n=59, 18.9%). Cemented fixation was used in 62.7% of cases and 
silver coating in 54.6 % of prostheses. At the time this study was conducted 47 (17.8%) patients were not alive. 191 
(72,1%) patients had none recorded complication. The remaining complications were classified as: type 1 (n=11, 4.2%), 
type 2 (n=11, 4.2%), type 3 (n=6, 2.2%) type 4 (n=39, 14.6%) and type 5 (n=5, 2%). Amputation was performed eventually 
in 8 cases. The use of megaprosthesis for reconstruction in oncological and non-oncological cases, although it is a viable 
option for limb salvage, is associated with a relatively high rate of different types of complications with detrimental 
effect on implant survival and patient morbidity. Due to the rarity of this topic in the literature, more cohort studies are 
required to safely guide surgical management and to facilitate the development of the improved methods and materials.
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Limb Salvage Surgery definition – a concept update 
João Paulo Freitas, José Casanova 
Centro Hospitalar E Universitário De Coimbra, Coimbra, Portugal 

Limb salvage surgery is often defined in the context of oncology as it was in this field, with its challenges and specific 
techniques, that this type of surgery grew and evolved, often times replacing amputation. However, we can also find 
the term limb salvage used when referring to the reattachment of an amputated extremity. 
 
For the National Cancer Institute Dictionary (U.S.), Limb salvage surgery is “surgery to remove a tumor in a limb (arm or 
leg) without removing the whole limb. The bone and tissue around the tumor may also be removed, and an implant 
may be used to replace the part of the limb removed. Limb-salvage surgery is done to help save the use and appearance 
of the limb”. 
 
However, we propose that this definition is too restrictive as those specific techniques and materials used in the 
oncology field can and are extremely valuable in other surgical contexts outside of that area such as trauma with bone 
loss with or without infection, prosthetic complications with bone loss with or without infection, as we will illustrate 
with different clinical cases of each one of these different contexts using silver coated endomegaprosthesis in extreme 
orthopedic cases of trauma and prosthetic complications with indication for amputation (7-year experience with a 
casuistry of 41 cases).  
 
In this sense, we aim to broaden the scope and redefine limb salvage surgery as surgical procedures on a limb, where 
devitalized, tumoral and non-viable tissues (bone and soft tissue) are excised preserving the limbs’ structure and 
function through reconstruction with endoprosthesis, graft (allograft, xenograft, synthetic graft) or a combination of 
both in areas such as trauma, prosthetic complications and tumors.
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A radiological scoring system for differentiation between enchondroma 
and chondrosarcoma 
Shinji Miwa, Norio Yamamoto, Katsuhiro Hayashi, Akihiko Takeuchi, Kentaro Igarashi, Hirotaka Yonezawa, Sei 
Morinaga, Yohei  Asano, Shiro  Saito, Hiroyuki  Tsuchiya 

Department of Orthopedic Surgery, Graduate School of Medical Science, Kanazawa University, Japan 

Background. It is challenging to differentiate between enchondromas and atypical cartilaginous tumors (ACT)/chondrosarcomas. In 
this study, correlations between 
radiological findings and final diagnosis were investigated in patients with central cartilaginous tumors. 
Methods. To evaluate the diagnostic usefulness of radiological findings, correlations between various radiological findings and final 
diagnoses were investigated in a cohort of 81 patients. Furthermore, a new radiological scoring system was developed by combining 
radiological findings. 
Results. Periosteal reaction on X-ray (P = 0.025), endosteal scalloping (P = 0.010) and cortical defect (P = 0.002) on CT, extraskeletal 
mass (P < 0.001), multilobular lesion (P < 0.001), abnormal signal in adjacent tissue (P = 0.004) on MRI, and increased uptake in bone 
scan (P = 0.002) and thallium scan (P = 0.027) was significantly correlated with final diagnoses. Based on the correlations between 
each radiological finding and postoperative histological diagnosis, a radiological scoring system combining these findings was 
developed. In another cohort of 17 patients, the sensitivity, specificity, and accuracy of the radiological score rates for differentiation 
between enchondromas and ACT/chondrosarcomas were 88%, 89%, and 88%, respectively (P = 0.003). 
Conclusion. Radiological assessment with combined radiological findings is recommended to differentiate between enchondromas 
and ACT/chondrosarcomas. 
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Synchronous Multicentric Giant Cell Tumor of Bone with Multiple Lung 
Metastases: A Case Report 
Yasuo Yazawa1, Jungo Imanishi4, Tomoaki Torigoe1, Atsuko Watanabe2, Atsuhiko Ohta2, Ryuhei Tanaka2, 
Masanori Yasuoda3 

1Department of Orthopaedic Oncology and Surgery, Saitama Medical University International Medical Center, Hidaka, 
Japan, 2Department of Pediatric Hematology and Oncology, Saitama Medical University International Medical Center, 
Hidaka, Japan, 3Department of Pathology, Saitama Medical University International Medical Center, Hidaka, Japan, 
4Department of Orthopaedic Surgery, Teikyo University School of Medicine, Itabashi, Japan 

Giant cell tumor of bone (GCTB) is a locally aggressive neoplasm typically affecting the end of long bones. Although 
GCTB occasionally metastasizes to the lung with its incidence being 3-7%, lung metastasis from multicentric GCTB is 
extremely rare, reported only a few cases in literature so far. Here we present further rare case of GCTB yielding 
synchronous multiple spinal lesions and simultaneous multiple pulmonary metastases. A 28-year-old woman visited a 
local clinic because of worsening back pain during the last three months. Then the patient was referred to our hospital 
with a diagnosis of pathologic fracture of the 9th thoracic vertebrae. On imaging studies, osteolytic lesions in T8-9, T12 
and L1 along with multiple lung nodules were identified. The histological diagnosis of needle biopsy for T9 lesion was 
GCTB of uncertain malignancy, confirmed by the immunohistochemical study of H3G34W.  With the probable diagnosis 
of malignant GCTB, a systemic chemotherapy was commenced, based on a protocol for osteosarcoma. However, all the 
lesions showed no change after the first three cycles of chemotherapy and no new lesions were detected. To control 
the back lesions, radiotherapy using cyber-knife to T8 and T9 followed by partial resection of T12 together with spinal 
fusion was carried out. Pathologically, the lesion in T12 showed similar features as in T9. Because of no obvious response 
was shown, denosumab therapy was induced. Fortunately, all the lung metastases eventually disappeared within one 
year. At the follow-up of 32 months, the patient stayed free of regrowth of lesions nor new lesion. We finally made a 
diagnosis of synchronous multicentric GCTB with multiple lung metastases showing equivocal malignancy on this case. 
Synchronous multicentric GCTB involving both skeletal and pulmonary regions at first presentation is extremely rare 
condition, and to our knowledge, this is the first case.
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The influence of muscle loss after chemotherapy for malignant bone and 
soft tissue tumors 
Ryuta Iwanaga1, Atsushi Mihara1, Takashi Sakai1, Keiichi Muramatsu2, Koichiro Ihara3

1Department of Orthopedic surgery, Yamaguchi University Graduate School of Medicine, Ube, Japan, 2Department of 
Orthopedic surgery, Nagato General Hospital, Nagato, Japan, 3Department of Orthopedic surgery, Kanmon Medical 
Center, Shimonoseki, Japan 

Introduction. Although muscle loss is known to negatively affect overall survival and complications in a various 
malignant tumor, there have been few studies about malignant bone and soft tissue tumors. The treatment of 
osteosarcoma involves prolonged preoperative and postoperative chemotherapy (NECO95-J protocol in Japan) for as 
long as 8 months, which can cause side effects such as a loss of appetite, nausea, and vomiting, and is prone to muscle 
loss. This study reports the clinical impact of muscle loss in malignant bone and soft tissue tumors.  

Patients and Methods. 12 patients with malignant bone and soft tissue tumors who underwent NECO-95J protocol at 
our hospital, 4 males and 8 females, with a mean age of 27.2 years (13-66). The histological diagnosis of malignant bone 
and soft tissue tumors were 9 osteosarcomas, 1 bone of MFH, and 1 extraskeletal osteosarcoma. The location of tumors 
were 5 distal femur, 1 proximal tibia, 1 rib, 1 lower leg, 1 acetabulum, 1 sacrum, and 1 humerus. The method was to 
calculate the psoas major muscle cross-sectional area (PMMA) at the superior border of L4 using PET-CT taken before 
preoperative chemotherapy, after preoperative chemotherapy, and after postoperative chemotherapy. We compared 
the three cases with a decrease of 20% or more in the muscle loss group and the other nine cases in the control group. 

Results. There were no significant differences in overall survival, duration of febrile neutropenia, duration of platelet 
count below 25,000, total blood transfusion, duration of wound healing, or duration of muscle recovery. Muscle loss 
had no clinical impact in malignant bone and soft tissue tumors. 

Discussion and Conclusion. Although NECO95-J protocol for malignant bone and soft tissue tumor is a well-established 
therapy, it is prone to poor feeding due to high emetogenicity and high incidence of febrile neutropenia. In addition, 
due to the two causes, it is difficult to perform rehabilitation satisfactorily, and the patient often felt muscle loss after 
treatment. Muscle loss has been reported to negatively affect the outcome of treatment for malignant tumors. One 
cause is cachexia, and the level of cachexia depends on the type of malignant tumor. The study population was mainly 
young adults; however, it has been reported that acute lymphocytic leukemia, a pediatric cancer, also results in muscle 
loss during treatment and increased susceptibility to mycosis fungoides. The limitation of this study is the small number 
and localized cases. It is possible that muscle loss is less clinically important in malignant bone and soft tissue tumors.
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A traumatic intermuscular hematoma mimicking a soft tissue tumor 
Yoshihiro Araki, Takashi Higuchi, Norio Yamamoto, Hiroyuki Tsuchiya 

Kanazawa University Hospital, Kanazawa City, Japan 

Background. A certain types of soft tissue tumors are combined with bleeding or a hematoma. Thus. these soft tissue 
tumors are sometimes reported because of mimicking a hematoma after trauma. On the contrary, however, there were 
few reports about a traumatic hematoma mimicking a soft tissue tumor. The former is a soft tissue tumor remained 
even after disappearance of traumatic bleeding, but the latter is no mass remained after spontaneous shrinkage of 
traumatic bleeding or hematoma. 
Methods. In this report, we describe a patient with a traumatic hematoma which seemed to be a soft tissue tumor, but 
spontaneously shrunk and completely disappeared. 
Results. The patient was a 43-year-old man who presented with his left calf pain after practicing running for full-length 
marathon. He consulted a nearby doctor on the next day and underwent magnetic resonance (MR) imaging. The lesion 
was located between the soleus and the medial gastrocnemius muscle and revealed isointensity on T1-weighted MR 
images and hyperintensity on T2-weighted MR images (Figure 1). The bleeding around the lesion extended longitudinally 
along the intermuscle fascia. A soft tissue tumor with bleeding was suspected, and he was referred to our hospital. Two 
weeks later, MR imaging examination was undertaken again. Bleeding around the lesion was decreased, and the lesion 
changed to hyperintensity on T1-weighted MR images and heterogeneity of intensity on T2-weighted MR images (Figure 
2). The calf pain was almost improved. About one month later, he underwent MR imaging again. The lesion was 
completely disappeared (Figure 3), and he had no symptom.  
Conclusion. The change of MR images findings for a traumatic hematoma over time is important to notice. Especially 
the change to hyperintense signal at the late timing of subacute phase from isointense signal at acute phase on T1-
wighted MR images is essential to diagnose or consider to a possibility of a traumatic hematoma. Furthermore, the 
findings of gradual absorbing and spontaneously shrinking of bleeding are also helpful to distinguish from a soft tissue 
tumor. 
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Soft tissue metastasis of carcinoma in 21 cases diagnosed at the 
department of orthopaedic surgery 
Sei Morinaga, Norio Yamamoto, Katsuhiro Hayashi, Akihiko Takeuchi, Shinji Miwa, Kentaro Igarashi, Yuta 
Taniguchi, Yohei Asano, Hiroyuki Tsuchiya 

Dept. of Orthopaedic surgery, Kanazawa Univ., Kanazawa, Japan 

Introduction. Soft tissue metastasis of carcinoma is very rare. Some reports described the prevalence of soft tissue 
metastasis to be 0.2-1.2% of patients with solid malignancy. This study aimed to investigate the clinical features in 
patients with soft tissue metastasis of carcinoma. 
 
Materials and methods. Patients who were referred to our department and diagnosed as soft tissue metastasis of 
carcinoma from January 2007 to December 2019 were identified. Twenty-one patients met our criteria. Gender, age, 
location, size, depth, primary origin, serum C-reactive protein (CRP) level, diagnosis at first doctor, time to diagnosis, 
carcinoma marker, history of carcinoma, other  
 
Results. Eighteen patients were men and three were women. Mean patient age was 68.2 years (47–93 years). Three 
tumors were located in the upper extremities, seven in the lower extremities, and 11 in the trunk. Mean tumor size was 
5.4 cm (2.1-13.9 cm). Nineteen tumors (90.5%) were located under the muscular fascia. Primary origin of the cancer 
was lung in eight, kidney in six, esophagus in two, liver in one, ureter in one, anus in one, and unknown in two. Mean 
CRP level was 2.7 (0.1-13.6). Sixteen tumors (76.2%) were suspected as a soft tissue sarcoma or an inflammatory lesion 
by the previous doctor. Mean time to diagnosis was 2.3 months (1-20 months). Carcinoma marker was positive in 10 
and negative in six. Twelve patients (57.1%) had history of carcinoma. Sixteen patients (76.2%) had other metastases. 
Eight patients (38.1%) had a surgery for soft tissue metastasis.  
 
Discussion and conclusion. Soft tissue metastasis of carcinoma can be misdiagnosed as a soft tissue sarcoma or an 
inflammatory lesion. In this analysis, 76.2% of the patients with soft metastasis of carcinoma was suspected as a soft 
tissue sarcoma or an inflammatory lesion by the previous doctor. In addition, Surov A at al. described that radiologically, 
one of the types of soft tissue metastasis of cancer was abscess-like intramuscular lesion like our case presentation. 
Histopathological and immunohistochemical analysis plays the major role in differentiating and determining the primary 
lesion. The prognosis of patients with soft tissue metastasis of cancer is poor. Several reports described that 1-year 
survival was 25-55% and 2-year survival was 0-33%. Authors reported that other metastases, lung cancer as primary 
origin, and high CRP level were poor prognostic factors. Determining the organ of origin of metastatic carcinoma can be 
quickly done through assessment of clinical information such as past history of carcinoma, status of the past carcinoma, 
radiological findings, and histological results. After the soft tissue metastasis of carcinoma is diagnosed, it is necessary 
to promptly decide the treatment plan in cooperation with the department in charge of the primary organ. 
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Pretreatment neutrophil-to-lymphocyte ratio with immune checkpoint 
inhibitors and the early dynamics may predict therapeutic effects on non-
small cell lung cancer with bone metastases 
Yohei Asano, Norio Yamamoto, Katsuhiro Hayashi, Akihiko Takeuchi, Shinji Miwa, Kentaro Igarashi, Yuta 
Taniguchi, Sei Morinaga, Hiroyuki Tsuchiya 

Kanazawa University Graduate School of Medical Sciences, Kanazawa, Japan 

Background. Although pretreatment neutrophil-to-lymphocyte ratio (NLR) has been reported as a predictor for the 
prognosis in some solid tumors as well as in non-small cell lung cancer (NSCLC) treated with immune checkpoint 
inhibitors (ICIs), there are no reports regarding the early dynamics of NLR in ICI treatment. Furthermore, there are no 
studies regarding the predictors of the therapeutic effects of ICIs on bone metastases in NSCLC. This study aimed to 
analyze the relationship between the therapeutic effect of ICIs on NSCLC with bone metastasis and NLR in the early 
stages of ICI treatment. 
 
Methods. This retrospective study included 48 patients with NSCLC having bone metastasis who initiated ICI treatment 
between 2016 and 2019. The therapeutic effect of ICIs on bone metastasis was evaluated by the MD Anderson criteria. 
Based on the results, patients were classified into the responder group (CR + PR) and the non-responder group (SD + 
PD). In each group, NLR was investigated 1 week prior to ICI treatment initiation, and at 4 and 12 weeks after the 
initiation of ICI treatment. Comparing the NLR values of both groups, the cutoff values at each survey time were analyzed 
using the receiver operating characteristic curve. Then, based on the cutoff values, the overall survival (OS) was 
evaluated and analyzed whether it could be a prognostic predictor of NSCLC with bone metastasis treated with ICIs. 
 
Results. The 48 patients comprised 36 men and 12 women (mean age, 66.6±7.7 years), and the mean follow-up period 
was 47.9 months. The response group included 17 patients (CR, 3 patients; PR, 14 patients) with a response rate of 
35.4%. The NLR was significantly lower in the responder group than in the non-responder group before and at 4 and 12 
weeks after the initiation of ICI treatment (p=0.04, 0.04, and 0.04). The cutoff values of NLR at each survey time were 
2.1, 2.6, and 3.8, respectively; the values gradually increased in the early stage after the initiation of ICI treatment. In 
the responder group, there were five cases (29.4%) in which the NLR values were lower than the cutoff value at all 
survey timings, and only one case had a CR evaluation of bone metastasis. The OS rate was significantly better in the 
group in which the NLR value was lower than the cutoff value at all survey timings (p=0.01, <0.01, and 0.01). 
 
Conclusion. This study revealed, for the first time, the relationship between the therapeutic effects of ICIs on NSCLC 
with bone metastasis and NLR in the early stages of ICI treatment. The NLR values before as well as at 4 and 12 weeks 
after the initiation of ICI treatment may predict the therapeutic effect of ICIs on bone metastases and prognosis in 
NSCLC.
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Whether “neoadjuvant” distraction can take the effect of drug intake 
introducer in osteosarcoma chemotherapy: Cases observation study 
Jun Wan, Hong-bo He, Wei Luo, Can Zhang, Yu-peng Liu, Zhan Liao, Feng Long, Jian Tian, Qing Liu 

Xiangya Hospital, Central South University, Changsha, China 

Background. In the era of post neoadjuvant chemotherapy, development about new drugs for chemotherapy of 
osteosarcoma have stagnated. In cases of large tumor volume, high interstitial fluid pressure (IFP) results in insufficient 
uptake of chemotherapeutic drugs, which could induce the occur of drug-resistant cells and finally lead to recurrence 
and metastasis. How to change the tumor microenvironment and improve drug intake has become a research hotspot. 
At present, the direction focuses on the combination of anti-angiogenesis drugs to reduce the high IFP and increase 
vascular permeability in tumor micro-circumstance, so as to improve the uptake of chemotherapy drugs. However, the 
anti-angiogenesis effect of drugs also reduces the ability of tissue repair and increases surgical complications. Distraction 
was used to treat many kinds of orthopedics dilemma such as large bone defect, bone infection, bone nonunion. Some 
studies show the effect of histological regeneration by distraction. In theory, it can increase the ability of local tissue 
repair and promote angiogenesis. We hypothesized whether it can increase drug intake without affecting tissue repair. 
 
Methods. A prospective study was carried out on two patients with epiphyseal distraction in our center. We change the 
timeline of distraction operation as soon as the time that osteosarcoma was diagnosed (we give the name 
“neoadjuvant” distraction, in order to differ from the ordinary type). We performed distraction by using Ilizarov external 
fixator simultaneously during the period of chemotherapy and peri-chemotherapy (in order to avoid pathological 
fracture, we used to perform distraction operation in “accordion mode”). The effect of chemotherapy was evaluated 
according to RECIST1.1. 
 
Results. According to RECIST1.1, the effect of chemotherapy was classified as excellent in both patients. And both 
patients underwent joint sparing surgery and are free of disease in the follow-up till present. 
 
Conclusion. Neoadjuvant distraction could possibly enhance uptake of chemotherapeutic drugs and histological 
repairment, which guarantee satisfactory chemotherapeutic effect. The “accordion mode” is safe and does not lead to 
complications affecting limb salvage such as pathological fracture. Neoadjuvant distraction could take the effect of drug 
intake introducer in osteosarcoma chemotherapy, especially in dealing with patients who has large tumor volume.  
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Evaluating a Nanocrystalline Hydroxyapatite Bone Graft Substitute for the 
Treatment of Benign Bone Tumors 
Howard Rosenthal 
University of Kansas Health System, Overland Park, United States 

A new bone graft using nanocrystalline hydroxyapatite (NanoBone Bone Graft Substitute, Artoss GmbH, Rostock, 
Germany) was used in 98 patients treated for benign bone tumors.  Patients were followed for a minimum of 6 months 
out to 2.5 years.    Trabecular new bone formation growing through the bone graft indicating remodeling was also 
evident in all patients after 12 weeks.   Nanocrystalline hydroxyapatite provides for a simple and effective means of 
bone grafting and void filling of bone following curettage of benign bone tumors in the appendicular skeleton. 
Introduction. The nanocrystalline hydroxyapatite bone graft substitute used in this clinical series (NanoBone, Artoss 
GmbH, Rostock, Germany) consists of a synthetic nanocrystalline hydroxyapatite (50nm) embedded in a porous silica 
gel matrix used as a bone void filler and synthetic bone graft.  Animal studies have shown that nanocrystalline 
hydroxyapatite (NBS) has a high osteoinductive potential and demonstrates remodeling potential, with woven bone and 
lamellar bone being present followed by the remodeling with new bone formation based on mechanical stressors.   
Methods. We evaluated the utilization of NBS in 98 patients who had undergone curettage and graft for benign bone 
tumors between August 1, 2018, and February 17, 2021.  All patients had a minimum of 6 months follow-up with a mean 
follow-up of 2.5 years (range 6-36 months).  The NBS was implanted into the cavities following removal of the tumor 
and coverage of the cavity opening with soft tissues.   
Results. In all 98 patients’ successful extraction of the benign tumor and filling in of the entire void with the NBS product 
was achieved. Clinical and radiographic outcomes were determined based on pain reduction and functional outcomes 
such as full weight bearing and return to normal activity, incorporation of NBS was determined by radiographic evidence 
of the gradual diminishing and remodeling of the bone graft/host bone interface.  All patients demonstrated bony 
incorporation and initiation of remodeling by 12 weeks.  
Conclusions. NanoBone provides bone filling options in its use in the treatment of benign bone tumors even in a “hostile 
environment” such as bone treated with liquid nitrogen. It shows high biocompatibility and improves bone healing 
properties even in cavitied where bony apposition is not available. It is easily discernable on plain radiographs such that 
remodeling of bone as well as control of local recurrence of disease may be easily monitored. It acts as a scaffold for 
the host bone replacement to occur in an expected healing period of time. Because it is replaced by host bone, and 
allows for remodeling of that bone, it obviates the need for bone cement which as an inorganic inert substance, can 
adversely impact on future surgical procedures. 
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Sensitization of human chondrosarcoma cells with the combined 
treatment of proton irradiation and DNA repair inhibitors 
Birgit Lohberger1, Dietmar Glänzer1, Sylvia Kerschbaum-Gruber2,3, Andreas Leithner1, Dietmar Georg2,3 

1Department of Orthopedics and Trauma, Medical University Graz, Graz, Austria, 2Department of Radiation Oncology, 
Medical University Vienna, Vienna, Austria, 3MedAustron Ion Therapy Center, Austria 

Radiotherapy and chemotherapy play limited roles as primary treatment in chondrosarcomas. Particle therapy with 
protons and carbon ions (C-ions) has proven to be beneficial in the radiation treatment of chondrosarcomas due to their 
physical and biological advantages compared to X-ray photon beam therapy. More specifically, the physical 
characteristics provide the possibility to deliver higher doses to even larger target volumes than photon beams while 
minimizing doses to normal tissue structures surrounding the tumor, while the higher ionization density of particle 
beams is associated with increased biological effects. On the other hand, although the side effects and sequelae 
occurring after conventional therapeutic irradiation (IR) have been relatively well described, the cellular mechanisms, 
especially in mesenchyme-derived cells are still poorly understood, especially for particle beams. We were able to 
elucidate the cellular mechanisms of chondrosarcoma cells after proton IR. It could be shown that chondrosarcoma cells 
have an extraordinary DNA repair potential, which regenerates the DNA damage caused by IR within a very short time. 
In order to further improve the therapeutic success of particle beam therapy, the inhibition of the cell's own DNA repair 
mechanisms will be of outstanding importance. For this reason, we analyzed the impact of the combined treatment of 
specific PARP respectively ATM/ATR inhibitors and proton IR on the cell survival, cell cycle distribution, and DNA damage 
of chondrosarcoma cell lines. The aim was to sensitize the chondrosarcoma cells to proton IR by combined treatment 
by inhibiting the efficient DNA repair and regenerative capacity. Through the expression pattern of DNA repair genes, 
we can make conclusions about radiation sensitivity, which will in turn have an effect on patient treatments at the 
clinical level.
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Advanced abdominal wall desmoid tumor successfully treated with 
cryoablation 
Tsukasa Mizuno1, Michiro Susa1, Ryuji Nemoto1, Keisuke Horiuchi1, Yousuke  Suyama2, Hiroshi  Shinmoto2, 
Tomoaki  Torigoe3, Kazuhiro  Chiba1

1Department of Orthopaedic Surgery. National Defense Medical College, Tokorozawa, Japan, 2Department of Radiology. 
National Defense Medical College, Tokorozawa, Japan, 3Department of Bone and Soft Tissue Oncology and Orthopedics. 
Saitama Medical University International Medical Center, Hidaka, Japan 

Introduction. Desmoid tumor (DT) is a benign but locally infiltrative neoplasm that often recur even after resection with 
wide margin. We report here a case of advanced abdominal wall DT successfully treated with cryoablation. 

Case report. 43-year-old female. She had been aware of a right abdominal wall mass for 2 years. She visited a nearby 
hospital a year later, who pointed out a 60 x 100 mm mass in the abdominal wall with T1 low and T2 heterogeneously 
high signal intensity on MRI, which was diagnosed as DT on biopsy. The patient was followed up with oral meloxicam 
(10 mg/day), but the tumor showed a gradual enlargement, and resection was attempted at the prior institute. The 
tumor invaded the rectus abdominis muscle extensively, and total resection and abdominal wall reconstruction were 
judged to be too invasive; therefore, the surgery was terminated intra-operatively. The patient was treated with 
methotrexate (30 mg/m2) + vinblastine (6 mg/m2) for 11 courses, but the efficacy was evaluated as PD, and she was 
referred to our department for cryoablation therapy. Abdominal MRI showed that the tumor had increased to 141 x 
231 mm. For the procedure, 3 ice rods were used in multiple freeze – thaw cycle that was monitored with CT guidance 
under local anesthesia. Due to the proximity of the bowel, partial freezing of the mass was performed for safety reasons. 
Intraoperatively and postoperatively, there were no complications, and an MRI after 3 months showed a shrinkage of 
the tumor. However, after one year, MRI depicted a regrowth of the tumor, and repeat cryoablation was performed in 
a similar fashion. At the last follow-up 2 years after initial treatment, the tumor had shrunk to 81 x 117 mm, and there 
is no evidence of tumor regrowth. 

Discussion and Conclusion. DT is a relatively rare disease with an incidence of 2-4 cases per million people per year, and 
approximately 20% are considered unresectable. Guidelines for DT treatment recommend drug therapy and 
radiotherapy for unresectable DT, but clinical studies of cryoablation therapy have shown promising results in recent 
years. We consider cryoablation as an effective treatment option for advanced DT in areas that are refractory to drug 
therapy and where radiotherapy is undesirable because of its effects on the intestinal tract and genital organs, as in the 
present case.
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Tumor Necrosis Following Multi-Modality Neoadjuvant Therapy for 
Sarcoma: A Single Institution Series  
Crystal Seldon1, Gautam Shrivastava1, Shelia Conway2, Juan Pretell2, Laura Freedman1, Aaron Wolfson1, Wei 
Zhao3, Andrew Rosenberg4, Jonathan Trent5, Raphael Yechieli1, Amit Jethanandani1 

1Department of Radiation Oncology, University of Miami Miller School of Medicine, Sylvester Comprehensive Cancer 
Center, Miami, FL,  United States, 2Department of Orthopedic Surgery, University of Miami Miller School of Medicine, 
Sylvester Comprehensive Cancer Center, Miami, FL, United States, 3Department of Statistics, University of Miami Miller 
School of Medicine, Sylvester Comprehensive Cancer Center, Miami, FL, United States, 4Department of Pathology, 
University of Miami Miller School of Medicine, Sylvester Comprehensive Cancer Center, Miami, FL, United States, 
5Department of Hematology Oncology, University of Miami Miller School of Medicine, Sylvester Comprehensive Cancer 
Center, Miami, FL, United States 

Purpose/Objective(s). Treatment strategies for soft-tissue sarcomas (STS) vary across medical centers specializing in 
STS. Our institution treats STS with neoadjuvant chemotherapy (NA-CTX), neoadjuvant radiation (NA-XRT), or 
neoadjuvant chemoradiation (NA-CRT) followed by resection and chemotherapy.  Assessment of tumor response or 
treatment effectiveness remains poorly characterized. One marker available is the degree of pathologic necrosis in the 
surgical specimen, however, the relationship of necrosis to oncologic outcome following neoadjuvant therapy remains 
equivocal.  We seek to determine whether sequential neoadjuvant chemoradiotherapy yields superior outcomes in 
pathologic response and oncologic outcomes than either modality alone.  
 
Materials/Methods. 373 patients with a diagnosis of STS at our institution were retrospectively screened from 2011 to 
2018. We required a pathology report that detailed percent necrosis in the specimen.  Complete pathologic response 
was defined as at least 95% necrosis of the surgical specimen.  We followed the same exclusion criteria for tumor 
histologies as RTOG 9514 and RTOG 0630 protocols. 74 patients met criteria. Treatment regimens compared were NA-
CTX, NA-XRT, and NA-CRT before surgical resection. Univariable and multivariable logistic regression models and Cox 
proportional hazards regression models were used to estimate odds ratios (ORs) and hazard ratios (HRs) and 
corresponding p-values, respectively.  
 
Results. Of the 74 patients who met inclusion criteria, 27% (20/74) achieved complete pathologic response (pCR). 
Twenty-six (32.9%) patients achieved pCR while 53 (67.1%) did not. Of those who received NA-CRT, 22 (55.0%) patients 
had tumor necrosis rates greater than 90% while 18 did not (45.0%). Of the NA-CT arm, 1 patient (5.0%) achieved pCR 
and 19 (95.0%) did not. Of the NA-XRT group, 3 patients achieved pCR (15.8%) while 16 (84.2%) did not. 16 of the STS 
who achieved pCR were less than 10 cm in size, 15 were located in the lower extremity, and one patient had positive 
surgical margins. In univariable and multivariable analysis, no variables demonstrated statistically significant association 
with pCR. Patients treated with NA-CRT had border-line significant association with pCR (OR=3.16; p=0.092) compared 
to NA-CTX. On univariable analysis for overall survival, STS of the trunk (HR=6.96; p=0.048) and positive surgical margins 
(HR=11.9; p=0.004) were significantly associated with decreased overall survival. Of the patients who achieved pCR, 
75% received NA-CRT and trended towards better survival outcomes, 100% at 5 years, on univariable analysis (HR=0.15; 
p=0.091) compared to NA CTX.  
 
Conclusion. Patients treated with NA-CRT had higher rates of complete pathologic response with trend towards better 
survival outcomes than NA-CTX and NA-XRT though statistical significance was not reached.
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CivaSheet® Use for Soft Tissue Sarcoma: A Single Institution Experience 
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1Department of Radiation Oncology, University of Miami Miller School of Medicine, Sylvester Comprehensive Cancer 
Center, Miami, FL, United States, 2Department of Surgical Oncology, University of Miami Miller School of Medicine, 
Sylvester Comprehensive Cancer Center, Miami, FL, United States, 3Department of Orthopedic Surgery, University of Miami 
Miller School of Medicine, Sylvester Comprehensive Cancer Center, Miami, FL, United States, 4Department of Pathology, 
University of Miami Miller School of Medicine, Sylvester Comprehensive Cancer Center, Miami, FL, United States, 
5Department of Hematology Oncology, University of Miami Miller School of Medicine, Sylvester Comprehensive Cancer 
Center, Miami, FL, United States, 6Department of Radiology, University of Miami Miller School of Medicine, Sylvester 
Comprehensive Cancer Center, Miami, FL, United States 

Objective. Treatment options for soft tissue sarcoma (STS) are limited depending on location and if the event of a local 
recurrence. Brachytherapy can reduce risk of late radiation- associated toxicity, however, local control rates and 
complication rates vary. CivaSheet® is a palladium-103, implantable, intraoperative radiation therapy device which 
emits unidirectional radiation that enables boost doses in patients who have otherwise received the maximum radiation 
dose. Here, we present our initial clinical experience with the first 10 cases using this new technology. We aim to 
determine rates of local and distant recurrence as well as to assess adverse events following CivaSheet® placement. 

Methods. A retrospective chart review of all patients with STS treated with surgical resection and CivaSheet placement 
at the University of Miami Hospital, a tertiary care center, from January 2018 to December 2019, was performed. Data 
from clinical records was reviewed and subsequently extracted for analysis. Local recurrence was defined as tumor 
relapse in the post-operative region confirmed by biopsy or radiographically. Distant recurrence was defined as tumor 
growth outside of the original region confirmed by biopsy or radiographically.  
Adjuvant radiation was administered by a palladium-103 implant, which delivered an average of 47 Gy (35-55). 

Results. Nine patients underwent CivaSheet placement from January 2018 until December 2019 for a total of 10 
CivaSheets placed. Patients have been followed for a mean of 27 months (4-45 months).  The average age of the patients 
at the time of CivaSheet placement was 55.3 years old (19-91years old). Two tumors were myxofibrosarcoma, two were 
pleomorphic liposarcomas, and three were dedifferentiated liposarcomas. Six of these patients developed recurrent 
disease after a prior resection. All recurrences were local, except for one patient who had a distant recurrence in the 
chest. Three patients had primary disease treated with CivaSheet therapy. Four tumors were located in the 
retroperitoneum, two in the chest, two in the groin, and two within the lower extremity.  Eight patients underwent 
systemic and/or radiation therapy prior to the surgical resection with CIVA sheet placement. Four patients necessitated 
musculocutaneous tissue flaps for closure and reconstruction. All patients with Grade 4 complications had flap 
reconstruction and prior radiation. Four patients’ tumors recurred locally for a local recurrence rate of 40%. The time 
to recurrence ranged from 3-25 months.  Three patients had modified accordion grade 4 complications necessitating 
additional surgery for CIVA sheet removal, one for wound dehiscence and two for deep surgical site infection with 
dehiscence. Patients with extremity tumors unanimously developed modified accordion grade 4 adverse events.  

Conclusion. CivaSheet may be an acceptable alternative treatment modality compared to prior brachytherapy methods. 
This treatment should be further validated in future clinical trials.
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Hemipelvectomy with personalized surgical guide without navigation. 
Daniel Salgado Martínez 

Casr/redsalud, Santiago, Chile 

Background. Personalized surgical guides have remarkably improved precision and quality in orthopedic surgery at a 
lower cost and less surgical time compared to computer-assisted surgery. Objective: to present the planning, surgery 
and evolution of a hemipelvectomy with a personalized surgical guide without the use of navigation. 
 
Methods. 37-year-old patient, with a history of uterine cervix cancer of vitreous cells III C1 operated on in 2018 treated 
with brachytherapy, chemotherapy and radiotherapy. Evolves with pain in the right hip in 2019. Imaging study shows a 
mass in the right iliac bone of 4.8x2.4x2.6 cm. CT biopsy suggestive of sarcoma. Surgical planning with thin sections of 
CT and MRI. The images were processed using the anatomy engineering design software (Materialize NV), which allowed 
the generation of a three-dimensional model of the pelvis, and the resection of the tumor was planned with oncological 
margins of 3 cm. On this model, a metal cutting guide was designed to suit the patient, manufactured by 3D printing. 
 
Results. zone 1 right hemipelvectomy with cutting guide without incident. The control CT shows a discrepancy of 2 mm 
with respect to the surgical planning. Patient who walks without the support of canes without complications from an 
operative wound without sensory or motor deficits. Biopsy confirms sarcoma with tumor margins of approximately 3 
cm. tumor free. Follow-up at 3 years without tumor recurrence. 
 
Conclusion. the use of a 3D printed metal patient cutting guide improves the precision of osteotomies, reproducing 
surgical planning at a lower cost and surgical time. However, a more extensive approach must be performed, as the 
guide must have an exact correlation with the anatomy and be fixed with screws to prevent movement due to oscillation 
of the saw. Further studies are necessary to validate this method as a surgical technique and to dispense with surgical 
navigation.
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Navigation and 3D Printing in Traumatology and Orthopedics: Comparative 
cadaveric study of the accuracy obtained by various registration methods 
Daniel Salgado Martínez 

Casr/redsalud, La Florida, Chile 

Background. Surgical navigation has markedly improved the accuracy and quality of orthopedic surgery. Every surgical 
navigation system requires to have reference points (anatomical landmarks) of sufficient number and quality to make 
the registration process possible, essential for the use of the equipment. This requirement generates delays in the 
procedure and, in some cases, limits its application. Objectives: to compare the navigation accuracy obtained by 
different registration methods in cadaveric femurs.  
 
Methods. 3 radiopaque markers (Screws) were placed in 3 cadaveric femurs. Subsequently, high-resolution tomography 
of the pieces was performed, processing the images using software for engineering design on anatomy (Materialize NV), 
which allowed generating three-dimensional models of the pieces. On these models, registration guides were designed 
tailored to each anatomical piece, which were then manufactured by 3D printing. This information was later entered 
into the intra-surgical navigation system (Stryker). Two navigations were made on each cadaveric piece: a) Recording 
through anatomical landmarks; b) Registering by using custom registration guides. Then the navigation accuracy was 
measured in each case and for each piece, taking as a true value the position of the markers (screws), and comparing 
with the position indicated by the navigator.  
 
Results. At the same registration time, the use of registration guides tailored to the patient and printed in 3D improves 
navigation accuracy by around 500%.  
 
Conclusion. The tailored registration technique for intra-surgical navigation allows high accuracy over anatomic 
landmarks, the use of a 3D printed patient cutting guide improves the precision of osteotomies, reproducing surgical 
planning at a lower cost and surgical time. However, a more extensive approach must be performed, as the guide must 
have an exact correlation with the anatomy and be fixed with screws to prevent movement due to oscillation of the 
saw. Further studies are necessary to validate this method as a surgical technique and to dispense with surgical 
navigation.
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Resection and reconstruction navigated with custom implant a 
chondrosarcoma of the pelvis. Report of a case. 
Daniel Salgado Martínez 

Casr/redsalud, Santiago, Chile 

Background. Virtual planning and navigated surgery constitute a useful tool in oncological resection, preserving 
anatomy and function, especially in the pelvis. 
 
Objectives. To present the planning, resection and reconstruction navigated with implant to measure of a 
chondrosarcoma of the pelvis. 
 
Methods. Male, 62 years old, no antecedents, history of 6 months of evolution of left hip pain. A study with radiography, 
CT, MRI, and CO was performed, which showed a tumor mass in zone two of 8x6 cm in diameter with a posterior soft 
tissue mass. Dissemination study does not show pulmonary lesions. Bone puncture biopsy shows low-grade G1 
chondrosarcoma. Surgical planning navigated hemipelvectomy with oncological margins, custom implant and 
preservation of the left hip. Image processing using software for engineering design on anatomy (Materialize NV), which 
allowed the generation of three-dimensional models of both the pelvis and the tumor. On these models, custom 
registration and cutting guides were designed, which were then manufactured by 3D printing. This information was later 
entered into the intra-surgical navigation system (Stryker). In addition, a tailor-made implant in trabecular titanium was 
made based on the planned resection. 
 
Results. Navigated hemipelvectomy with zone 2 tumor resection reconstructing with custom implant and left hip 
prosthesis. Biopsy of the anatomical piece confirms the diagnosis and without tumor involvement in the margins. Good 
evolution, without complications, wandering with poles and without dislocation of the left hip. but, after a month the 
patient dies due to a pulmonary thromboembolism. 
 
Conclusion. Custom implant reconstruction requires precise, carefully planned browser-assisted osteotomies where 
registration is the critical step.  Resection and reconstruction with a tailored implant of malignant tumors in the pelvis 
is possible with the intra-surgical assistance of the navigator. but it is not without complications. 
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Tumor resection with cut guide to measure Recurrent distal femur 
chondrosarcoma. 
Daniel Salgado Martínez 

Casr/redsalud, Santiago, Chile 

Background. Virtual planning and custom cutting guides constitute a useful tool in oncological resection allowing 
precision and accuracy. Objectives: To present the planning, tumor resection with cut-to-measure guide and 
reconstruction with ostheoarticular allograft of a distal femur chondrosarcoma. 
 
Methods. Female, 59 years old, with no significant morbid history, with a history of grade 1 chondrosarcoma of the 
medial distal femur operated by Curettage and filling with cement in 2013. In controls she evolved with knee pain (2015). 
A study with radiography, CT, MRI and CO was performed, showing suspicion of recurrence. A dissemination study was 
performed that did not show pulmonary lesions. Bone puncture biopsy reveals a recurrent low-grade G1 
chondrosarcoma. Surgical planning, resection with custom cut guide with tumor-free margins and preservation of the 
knee with allograft. Allografts from the bone bank were digitally analyzed. Image processing using software for 
engineering design on anatomy (Materialize NV), which allowed the generation of three-dimensional models of both 
the patient's femur and the allograft. Custom cut guides were designed on these models, which were then 
manufactured by 3D printing. 
 
Results. Tumor resection of the medial femoral condyle with a custom cut guide with a 15 mm margin, reconstructing 
with an ostheoarticular allograft. Biopsy of the anatomical specimen confirms the diagnosis and does not show tumor 
involvement in the bone margins. The patient presented a good evolution, without complications in five years of follow 
up. 
 
Conclusions. Resection with custom cut guides and allograft reconstruction is an alternative due to the high cost of 
surgical navigation. The intra-surgical assistance of custom cut guides has allowed to obtain a precise tumor resection, 
with tumor-free margins, allowing the limb to be preserved.
 
  

494



 

 
 

 

PP49 

A preliminary Comparison of CT-guided Navigation-assisted Surgery versus 
conventional surgical Treatment of Osteoid Osteoma in the Spine 
Gerhard Hobusch, Jürgen Alphonsus, Philipp Theodor Funovics, Joannis Panotopoulos, Reinhard Windhager 

Medical University of Vienna, Vienna, Austria 

Background. Osteoid osteoma is a benign and painful bone tumor, which can be treated by radio frequency ablation 
(RFA) or surgical excision. While RFA might be a good solution in the treatment of certain peripheral lesions it might not 
be first choice in spinal lesions due to vulnerability of central neural structures. Due to difficulties to identify the nidus 
of an Osteoid osteoma during surgery, CT-guided navigation-assisted surgery (CTNAS) may provide additional surgical 
accuracy in the treatment. 
 
Methods. We conducted a retrospective comparative study including patients from the local in-house musculoskeletal 
oncology database who underwent surgery between 1988 and 2021. Inclusion criteria were histologically verified 
osteoid osteoma localized in the spine (from C1 to L5) and surgical removal. A total of 16 patients with osteoid osteoma 
of the spine were retrospectively reviewed. In 3 (18%) patients CTNAS was used to localize the lesion and to curettage, 
two in the cervical spine and one in the lumbar spine. In 13 patients’ conventional radiologic localization by x-ray was 
used to assist excisions in the cervical (4/31%), thoracic (2/15%) and lumbar (7/54%) spine. The mean age was 26,3 ± 
4,2 for the CT and 24,2 ± 11,7 years for patients operated conventionally assisted, there were 3 female and 13 male 
patients.  Postoperative pain was ordinally measured on a scale of 1-4, consisting of 1 (none), 2 (mild), 3 (intermediate) 
and 4 (severe). Type of intervention was defined as either curettage, resection, laminectomy or osteosynthesis.   
 
Results. All patients in the CTNAS group received curettage, whereas in the conventional group 7 ppts received 
curettages (54%), 2 pts resections (15%), 3 pts laminectomies (23%) and 1 pt osteosynthesis 1 (8%). Mean duration of 
CTNAS was 99,3 ± 6 minutes vs. 118 ± 58 minutes in conventionally assisted patients. 2 CTNAS patients (66%) 
experienced no pain versus 6 (46%) after conventional assistance. One patient (33%) after CTNAS experienced mild pain 
versus 4 (31%) after conventional assistance. Three (23%) patients experienced intermediate pain after conventional 
assistence. 
 
Conclusion. CT-guided navigation-assisted surgery (CTNAS) may provide additional surgical accuracy leading to 
improved pain reduction while reducing time of surgery in the therapy of benign skeletal lesions of the spine.
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Clinical outcomes of extended intralesional curettage with cementation 
without implant augmentation in non-fracture giant cell tumor of bone 
around the knee 
Sermsak Sukpanichyingyong, Krits Salang, Thanate Poosiripinyo, Thananit Sangkomkamhang 

Department of orthopaedics, Khon Kaen Hospital, Khon Kaen, Thailand 

Background. There remains a lack of consensus regarding the necessity of implant augmentation or fixation after intralesional 
curettage in giant cell tumor of bone (GCTB) around the knee. This study assessed whether cementation alone is effective and safe 
in GCTB with a non-fracture around the knee. 
Methods. We retrospectively examined clinical data from 14 GCTB patients treated from 2012 to 2022. The clinical data included 
age, gender, tumor location, size of tumor, radiographical, surgical procedure, Musculoskeletal Tumor Society (MSTS) score, 
postoperative fracture, metastases, recurrent, duration of follow-up in months, and complications were reviewed. 
Results. Of the 14 GCTB cases examined, 10 were at the distal femur and four were at the proximal tibia. The mean tumor size was 
61x79x50 mm (240,950 mm3) and the mean ratio of the greatest tumor/bone was 72% anteroposterior and 79% lateral diameter. 
Tumor invades to subchondral bone in eight cases. No postoperative fracture occurred in all patients with the mean MSTS score was 
89.2% and the mean follow-up period was 61 months. Regression analysis confirmed the patients with lower MSTS score is associated 
with subchondral bone involvement. 
Conclusion. Defect reconstruction with cementation alone may be strong enough to provide immediate stability and prevent 
postoperative fracture in GCTB around the knee. Subchondral bone involvement is associated with lower functional outcomes. 
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Leiomyosarcoma of the Popliteal Vein: A Case Report and Review of the 
Literatures 
Thanate Poosiripinyo, Sermsak Sukpanichyingyong, Krits Salang
Khon Kaen Hospital, Khon Kaen, Thailand 

Background. Leiomyosarcomas (LMS) are soft tissue sarcomas that originate from smooth muscle cells, approximately 5-10% of all 
soft tissue sarcomas. LMS are divided into 3 subtypes according to the site of presentation: 1.) LMS of soft tissue 2.) Cutaneous LMS 
and 3.) Vascular LMS. Vascular LMS is the less common subtype of LMS. About one-third of vascular LMS is located in extremities, 
commonly saphenous vein (25%). Vascular LMS originated from the popliteal vein is very rare and according to our knowledge, only 
nine cases have been reported. 
Case Presentation. We report a case of a 49-year-old woman who presents with a recurrence mass at the posterior aspect of the 
right proximal leg extending to the popliteal fossa. She had mild pain and intermittent claudication without a history of the edematous 
leg. The tissue diagnosis was leiomyosarcoma. En-bloc wide resection of the tumor including the segment of the involved popliteal 
vein without venous reconstruction was performed. The patient did not receive other adjuvant treatment. 
Results. The postoperative course was uneventful, and the patient was discharged within one week of surgery. There were no 
complications, adverse outcomes, local recurrence,and distant metastasis reported at 16 months after surgery. She had good 
functional outcomes.  
Conclusion. Vascular LMS at popliteal vein is very uncommon but should be considered as a differential diagnosis in the patient 
presented with mass at the popliteal fossa. En-bloc wide resection of the tumor including the involved segment of the vein is the 
mainstay treatment. Venous reconstruction after resection is not necessary in chronic cases without a history of the edematous leg. 
Radiotherapy is an important adjuvant treatment for local control when the surgical margins are close or positive. The role of 
chemotherapy treatment for systemic control is still unclear. 
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Frozen Section Margin Assessment in Oncology Orthopedics 
Pablo Stoppiello1, Leticia Gaiero1, Gottardo Bianchi1, Nicolas  Casales1, Claudio Silveri1, Ana Cecilia Belzarena2

Instituto Nacional de Ortopedia y Traumatología, Montevideo, Uruguay, 2Miami Cancer Institute, United States 

Background. The treatment cornerstone for soft tissue sarcomas is a wide margin resection. The same principle applies 
for some aggressive tumors as well. The surgeon performing the resection carries the burden and responsibility of 
surgical planning and intraoperatively decision making to achieve negative margins. Currently, resources to evaluate 
margins intraoperatively are limited to frozen margin section assessment. 

Question/Purpose. The purpose of this study is to assess the accuracy of frozen section margins in oncology orthopedic 
cases. Additionally, to assess if frozen result discrepancies ultimately affect patient care and final treatment. 

Patients and Methods. A retrospective chart review was conducted on patients who underwent a soft tissue or bone 
tumor resection at our institution between July/2017 and June/2021. Demographic information along with tumor 
characteristics, frozen section margin result and final pathology report were recorded. Frozen sections were sent for 
analysis at the surgeon’s discretion during the procedure. Frozen sections were then submitted for final pathology 
assessment. The percentage of diagnostic discrepancy was recorded and assessed for accuracy of the technique. 

Results. Fifty-four patients with soft tissue or bone tumors who underwent resection at our institution were included 
in the study. The mean age for the sample was 44 years of age (range 28-72, SD 13). The majority of the patients had a 
soft tissue tumor (70.4%) localized in the lower extremity (57.4%). Most patients had a diagnosis of soft tissue sarcoma 
(59.3%) and the most common subtype was myxofibrosarcoma. The percentage error for the sample was of 40.7%; in 
all those cases there was a discrepancy in the frozen section margin result when comparing the result given 
intraoperatively and the final pathology report. No margin changed from benign to malignant. Twenty-six percent of 
margins read as malignant or suspicious for malignancy intraoperatively, were benign in the final report. Fourteen 
percent of margins read as inconclusive during surgery were finally read as benign. In none of the patients the difference 
implied a change in the patient overall treatment. No patient 
needed a reoperation or the addition of radiotherapy due to a modification of the frozen margin results. 

Conclusion. The success of tumor resections highly depends on the status of the final margins. An extra tool surgeons 
can resource to, is intraoperative margin assessment by a pathologist. There is still a high rate of discrepancy in the final 
diagnosis and a low accuracy for this technique. However, in general pathologists seem to err towards a more malignant 
suspicion which is then assuaged in the final report. Surgeons should remain cognizant of this fact when making 
intraoperative decisions.
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Treatment of Juvenile Solitary Bone Cyst using Cannulated Cancellous 
Screw 
Michiro Susa1, Akira Yoshiyama2, Tsukasa Mizuno1, Tomoki Kasahara3, Naofumi Asano3, Robert Nakayama3, 
Keisuke Horiuchi1, Hideo Morioka2, Kazuhiro Chiba1 

1National Defense Medical College, Tokorozawa, Japan, 2National Hospital Organization Tokyo Medical Center, Meguro, 
Japan, 3Keio University School of Medicine, Shinjuku, Japan 

Introduction. Various modalities have been utilized to treat juvenile solitary bone cysts (SBC); however, evidence has 
not been fully reached to support the optimal treatment for these benign lesions. We have been utilizing cannulated 
cancellous screws with a diameter of 7.0 mm to drainage and curette from the small drill hole, and in this study, clinical 
outcome of this technique was analyzed to elucidate the problems surrounding this method.  

Methods. Between 1997 and 2017, 27 juvenile SBC with at least 2 years of follow-up were analyzed. There were 21 
males and 6 females. The average age was 9.7 years, and the median follow-up period was 74.4 months. Lesions were 
localized in the humerus (n=13), femur (n=12), tibia (n=1), and calcaneus (n=1). The average size of the cyst was 64.9 
mm in its greatest diameter. During the procedures, lesions were curettaged through the 5.0 mm drill hole, and all cysts 
were histologically confirmed as SBC. Radiological outcome was analyzed according to the criteria by Baker DM.  

Results. Before the first procedure, there were 17 cases with preoperative pathological fractures. The average number 
of procedures was 1.3 times due to 5 local recurrences, and average duration of the procedure was 49 minutes. 
Complications included 3 postoperative fractures. At the final follow-up, 74 % of the cases are healed with an average 
radiological score of 4.1. 

Conclusion. Drainage screws have been utilized in accordance with the theory that the etiology of SBC is due to venous 
obstruction. The final radiological outcome after the procedure has been reported with mixed results, but our success 
rate was comparable to past studies with fewer number of operations, possibly due to the extensive curettage through 
the small drill hole. Further accumulation of data including prospective studies are warranted to further refine the 
treatment of juvenile SBC.
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Availability of PET-CT for the diagnosis of the soft tissue tumor through US-
guided biopsy 
Jeung Il Kim1, In Sook Lee2, You Seon Song2, Kyung Un Choi3, So Hak Chung4, Seok Jin Jung1 

1Department of orthopedic surgery, Pusan National University School of medicine, Pusan, South Korea, 2Department of 
Radiology, Pusan National University School of medicine, Pusan, South Korea, 3Department of Pathology, Pusan National 
University School of medicine, Pusan, South Korea, 4Department of Orthopaedic Surgery, Kosin University Gospel Hospital, 
South Korea 

Background. While biopsy is needed to diagnose soft tissue tumors, it is often extremely difficult to pinpoint the site of 
a tumor during open biopsy especially for sarcomas due to the heterogeneity of the tumor. In such cases, a US-guided 
biopsy is used to improve the diagnostic accuracy. This study evaluated the accuracy of US-guided biopsy for a diagnosis 
of soft tissue tumors found initially in an MR perfusion and assessed the viability of PET-CT for a diagnosis of soft tissue 
tumors. 
Methods. From January 2014 to December 2018, the US-guided biopsy was performed on 152 patients with a suspected 
soft tissue tumor based on MR perfusion image. Of those, 86 cases were definitively diagnosed with a soft tissue tumor 
and the accuracy of the US-guided biopsy was assessed retrospectively. Among the 86 cases, only MR perfusion was 
used before the biopsy in 50 cases, while both MR perfusion and PET-CT was conducted on 36 cases. For the group of 
patients who underwent PET-CT, US-guided biopsy was performed on areas with maximum standardized uptake value 
(SUVmax). For the group in which only MR perfusion was taken, US-guided biopsy was performed on the most contrast-
enhanced area. The accuracy was analyzed to determine if the PET-CT could improve the precision of a biopsy.  
Results. 34 out of 50 cases, in which only MR perfusion had been conducted, matched the result of the definitive 
diagnosis and the US-guided biopsy. 32 out of 36 cases, in which both PET-CT and MR perfusion were conducted, 
matched the definitive diagnosis and the US-guided biopsy. These results show significant differences in the accuracy 
of US-guided biopsy. (p-value = 0.045, Fig. 1). In the case of soft tissue sarcomas, 6 out of 12 cases, in which only MR 
perfusion had been conducted, matched the result of the definitive diagnosis and the US-guided biopsy. 17 out of 18 
cases, in which both PET-CT and MR perfusion were conducted, matched the definitive diagnosis. Moreover, US-guided 
biopsy also showed significant differences in the accuracy of US-guided biopsy. (p-valued = 0.009; Fig. 2)  
Conclusion. In diagnosing soft tissue tumors, a US-guided biopsy is a well-known tool for its high accuracy. On the other 
hand, the heterogeneity of sarcoma makes it difficult to locate the exact site for a biopsy using only MR perfusion. Thus, 
the use of PET-CT will meaningfully improve the accuracy of a diagnosis by precisely targeting the site for the US-guided 
biopsy. 
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Rapidly Acquired Valgus Deformity After Resection of Osteochondroma: A 
Report of Two Cases 
Ana Cecilia Belzarena1, David Alcoloumbre2, John S.  Blanco2

1Miami Cancer Institute, United States, 2Hospital for Special Surgery, United States 

Background. Multiple hereditary exostosis (MHE) is a rare disease characterized by the presence of several benign 
osteochondromas. Symptomatic osteochondromas can be treated by surgical excision with a low rate of complications. 
However, Denduluri et al. reported on 3 patients who experienced a rapidly progressive tibial valgus deformity within 
the first 2 years after excision of medial proximal tibial osetochondromas. 
Patients and Methods. We aim to expand upon the literature by reporting on two patients with MHE, who underwent 
excision of an osteochondroma and developed a rapidly progressing valgus deformity.  
Results. A 7-year-old female presents with bilateral pain over the medial distal femur and palpable osteochondromas 
around the knee. Radiographs confirmed the lesions. The patient was taken to the operating room for removal of 
symptomatic left medial distal femoral and proximal tibial osteochondromas. Careful attention was made to completely 
remove the cartilaginous cap of both osteochondromas. At two-month postoperative radiographs she was noted to 
have increased valgus alignment of her left distal femur which had further progressed on radiographs taken 8 months 
postoperatively (Figure 1). The patient returned 2 years postoperatively with progressive valgus deformity of both the 
femur and tibia. The patient underwent hemiepiphysiodesis. The patient showed improved alignment 8 months after 
the growth modulation procedure. The eight-plates were in place for a total of 11.7 months. At latest follow-up the 
patient was back to full activity and radiographs revealed good alignment of the extremity. 
Case 2. A 9-year-old female with a diagnosis of MHE presents for a slight ‘knock kneed” appearance of the left limb. 
Radiographs reveal valgus alignment of the right limb and confirm the large distal femoral osteochondroma among 
additional exostoses. The patient undergoes concomitant excision of the right distal femoral osteochondroma and a 
hemiepiphysiodesis of the medial proximal tibia on the left side. In immediate post-operative course, she was noted to 
have slight increased valgus alignment (Figure 2). The deformity of the right limb rapidly progressed by the 4-month 
postoperative visit (Figure 2). The patient thus underwent hemiepiphysiodesis. Radiographs showed improved valgus 
deformity 4-months after the guided growth procedure, and 6-month postoperative radiographs revealed correction 
into slight varus. The functional eight-plate construct was in place for a total of 6.7 months. On her latest follow-up 4-
months post screw removal, the patient has full range of motion and radiographs reveal good alignment. 
Conclusion. Excision of osteochondromas near the physis of a skeletally immature patient can cause overgrowth from 
the involved side of the growth plate resulting in a rapidly progressing unilateral coronal plane deformity. Surgeons 
should be aware of this potential complication and closely follow growing patients with serial alignment radiographs 
and counsel the family regarding the potential of acquired limb deformity and subsequent surgeries. 
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Intraosseous tophaceous gout of patellar presenting with pathologic 
fracture; a case report and review of the literature 
Pichaya Thanindratarn1,2, Jagkra Masvanich2, Chullatham Prathumsuwan2 

1Department of Orthopedic Surgery, Chulabhorn Hospital, Chulabhorn Royal Academy, Bangkok, Thailand, 2Orthopedic 
Department, Bangkok Sanamchan Hospital, Nakorn Pathom, Thailand 

Background. The patellar bone is an uncommon location for benign or malignant bone tumors, as well as pseudotumor 
lesions.  
Method. We reported the case of intraosseous tophaceous gout of patella bone with pathologic fracture that mimics 
benign aggressive bone tumor. 
Result. We present the case of a 36-year-old Thai male with anterior right knee pain after a twisted knee injury. No 
previous medical illness was observed. Physical examination demonstrated tenderness on the palpation of the upper 
part of the patella with a limitation of range of motion. A plain radiographic study revealed an osteolytic lesion in the 
superolateral area of the patella with pathologic fracture (Figure 1). Computerized tomography (CT) and Magnetic 
resonance imaging (MRI) revealed a well-defined lobulated marrow replacement with sclerotic rim in a superolateral 
portion of the patella, hypointense on T1 and hyperintense on T2 with non-displaced pathologic fracture (Figure 1). The 
lesion was measured 15.1mmx13.2mmx9.2mm. Other intra-articular findings were unremarkable. The differential 
diagnosis was extensive, especially benign bone tumors such as simple bone cyst, giant cell tumor, osteoblastoma, or 
intraosseous hemangioma. After a multidisciplinary committee discussion, we planned for extended curettage, bone 
graft, and screw fixation for benign aggressive bone tumor treatment. Intraoperatively, a whitish exudate was emitted 
from the fracture site (Figure 2). The histological study revealed cancellous bone with a large area of intramedullary 
hemorrhage and focal fibroblastic proliferation with massive nodular deposits of eosinophilic feathery amorphous 
material, morphologically compatible with monosodium urate crystal (Figure 3). Extended curettage with a high-speed 
burr, synthetic bone grafting, and screw fixation was definitely performed as planned (Figure 2). Three months post-
operation, the patient had a full range of motion in his knee (0 to 130 degrees) without discomfort. The radiographic 
union was achieved without signs of local recurrence.  
Conclusion. Our case shows that gouty tophi should be considered when making a differential diagnosis of a patellar 
lesion.  
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Combination of Pazopanib and Surgery for the Management of Desmoid-
type Fibromatosis 
Chiao Yee Lim1, Maizatul Jamny Mahmood2, Muthukkumaran A/L Thiagarajan3, Noraini Binti Mohd Dusa4, 
Suryasmi Duski1 

1Department of Orthopaedic and Traumatology, Hospital Kuala Lumpur, Kuala Lumpur, Malaysia, 2Department of 
Radiology, Hospital Kuala Lumpur, Kuala Lumpur, Malaysia, 3Department of Radiotherapy and Oncology, Hospital Kuala 
Lumpur, Kuala Lumpur, Malaysia, 4Department of Pathology, Hospital Kuala Lumpur, Kuala Lumpur, Malaysia 

Background. Desmoid-type fibromatosis (DF) is a fibroblastic neoplasm which has a marked propensity for local 
recurrence and aggressive expansion that can result in significant morbidity and psychological distress. We are 
presenting two cases of DF managed with pazopanib followed by surgery. 
 
Report. A 41-year-old female presented with of right sided neck swelling in November 2017. Magnetic resonance 
imaging (MRI) showed large heterogeneously enhancing mass at the posterior aspect of the neck extending down to 
the upper back (C2 to T4 levels) measuring 6.2cm x 4.6cm x 17.2 cm. There was tapering and insinuation of the lesion 
between the C2 transverse process and the carotid sheath, no normal fat plane between the tumour capsule and the 
right carotid sheath with obliteration of the space where the phrenic nerve was. There was infiltration of the adjacent 
paravertebral muscles. The diagnosis of DF was confirmed via biopsy. She was started on celecoxib and tamoxifen in 
January 2018. Patient was started on T. pazopanib 200mg OD since November 2018. Her latest MRI in January 2022 
showed reduction in the size of DF measuring 1.1cm X 2.4cm x 14.5cm. Patient underwent excision of the DF recently, 
and intra-operatively the tumour was excised en-bloc with good margin, the nearest margin was at the C2 transverse 
process in order to preserve the vertebral artery. Patient recovered well and the final histopathological examination 
from the excised mass showed fibrosis with no residual tumour. Second case is a 40-year-old female who presented to 
us in December 2020 with 2-year history of right upper arm swelling. MRI showed right deltoid irregular soft tissue mass 
measuring 4.7cm x 2.1cm x 7.7cm, infiltrating into brachialis and triceps with no clear plane with humerus periosteum. 
The diagnosis of DF was confirmed by biopsy. Patient was started on T. pazopanib 600mg OD since July 2021. Patient 
developed hypertension, anemia and premature greying of hair while on pazopanib. Repeated MRI after 5 ½ months 
showed a smaller mass size 3.2cm x 1.7cm x 5.5cm. Patient underwent en-bloc resection of the right arm DF in January 
2022, the margin was clear except for the deep margin, it was reported as positive at cauterized margin (R1 microscopic 
margin). Patient was counselled for adjuvant radiotherapy, however she refused. 
 
Conclusion. Complete surgical removal of symptomatic DF remains the optimal treatment for the extremities and girdles 
if there is no significant postoperative impairment or morbidity. For critical anatomical localizations such as head and 
neck and intrathoracic sites, medical therapy is generally considered the first line option. Combination of pre-operative 
pazopanib followed by surgery enabled us to perform less debilitating and less morbid procedure for these two patients. 
We will continue to follow-up on these patients to monitor for long-term outcome. 
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Treatment Outcomes of Patients with Scapular Ewing Sarcoma 
John Blade Hargiss, Steven Robinson, Brittany Siontis, Peter Rose, Matthew Houdek 

Mayo Clinic, Rochester, United States 

Introduction. Ewing sarcoma are commonly found in the long bones of the lower extremity and the pelvis. It is rarely 
found in the scapula and due to the functional importance of the scapula, and the complex anatomy of the upper 
extremity, surgical resection can lead to substantial functional limitations. Previous series examining the outcome of 
patients with scapula Ewing sarcoma are limited. The purpose of the current study is to evaluate our institutional 
experience treating patients with scapular Ewing sarcoma.  

Methods. We reviewed our institutional database of patients and identified 11 patients with an Ewing sarcoma of the 
scapula. One patient died following cycle 6 of neoadjuvant chemotherapy while preparing to undergo local control and 
was removed from the study. The remaining group (n=9) included 5 males and 4 females with a mean age of 19±6 years 
(Table 1). Mean follow-up was 6-years.  

Results. All patients were treated with chemotherapy and local control. Local control included surgical resection (n=7) 
and definitive radiotherapy (n=2). Chemotherapy most commonly included vincristine, doxorubicin, and 
cyclophosphamide in addition to ifosfamide and etoposide (VDC/IE, n=6).  Prior to induction chemotherapy the mean 
tumor size and volume were 10±2 cm and 181±112 cm³. Following induction chemotherapy there was a reduction in 
the mean tumor size (6±3, p=0.02) and volume (20±12 cm³, p<0.01). The mean change in volume was 83±12%. All 
patients who underwent surgical resection (n=7) underwent en-bloc resection with a partial (n=4) or total (n=3) 
scapulectomy. In addition to surgical resection radiotherapy was given to assist with local control in 2 patients. Margins 
were negative in 6 patients, and in 1 patient the margins were positive. The mean tumor necrosis in these patients was 
72±23%. Two patients were treated with definitive radiotherapy, with a total dose of 55.8 Gy. Both patients decided to 
have radiotherapy secondary to the perceived functional implications of the surgical procedure. Following local control, 
the median survival was 30-months, and the 5-year disease specific survival was 38%. In patients that did not present 
with metastatic disease (n=6), metastatic disease occurred in 4 patients, with a 5-year metastatic free survival of 33%. 
Local recurrence occurred in 2 patients, one patient who had been treated with radiotherapy and the other with surgery. 
Following local control, the mean MSTS93 score was 79±14%. The mean shoulder elevation was 66±70⁰ and external 
rotation was 17±220. One patient who was treated surgical had a postoperative infection which required surgical 
debridement.  

Discussion. Scapular Ewing sarcoma are rare, aggressive tumors. Following induction chemotherapy there is a reduction 
in the size of tumor and limb salvage was achievable in all cases. However, even with chemotherapy and local control 
or surgery or definitive radiotherapy, patient survival is poor.  
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Computed tomography-guided percutaneous curettage using hybrid 
operating room for osteoid osteoma 
Yasunori Tome, Hiromichi Oshiro, Yuichi Tsuha, Yusuke Aoki, Kohei Mizuta, Kotaro Nishida 

1Department of Orthopedic Surgery, Graduate School of Medicine, University of the Ryukyus, Nishihara, Japan 

Background. The principle of surgery for osteoid osteoma is a curettage of its nidus. The nidus size is often small, and 
the locations of osteoid osteoma are deep especially in pelvic and hip lesions. These characteristics of osteoid osteoma 
make appropriate curettage difficult under ordinary radiography-guide. The purpose of the current study is to 
investigate the efficacy and safety of computed tomography (CT)-guided percutaneous curettage of osteoid osteoma in 
pelvic and appendicular lesions. 
 
Methods. This retrospective cross-sectional study consisted of 10 symptomatic patients (averaged 24.9 years old, 
male/female ratio: 7:3) with osteoid osteoma who were treated by CT-guided percutaneous curettage between April 
2019 and April 2022. Surgical procedures were as follows: first, K-wire insertions in the center of the nidus were 
performed under CT-guide; second, percutaneous curettage by cannulated drill through inserted K-wire guide was 
performed; finally, complete curettage was confirmed by intraoperative CT scan. Technical and clinical success as well 
as complications were evaluated by review of clinical charts. Pains, pre- and postoperative at final follow-up were 
assessed by means of a visual analogue scale (VAS) questionnaire.  
 
Results. The lesions of osteoid osteoma were proximal femur in 5 patients, foot in 3 patients, and pelvic lesion in 2 
patients. Averaged follow-up period was 5.9 months (range, 0.2–15.0). Averaged lesion size was 5.6 mm (range, 3.5–
10.0). Averaged duration from surgery to initial symptoms was 21.5 months (range, 1.9–69.9). Averaged surgical 
procedure time was 94.1 min (range, 64–157). Averaged skin incision was 2.0 cm (range, 1.5–3.5). Averaged pain score 
prior to surgery was 7.8 VAS units (range, 4–10). At final follow-up, all patients were pain-free reporting 0 VAS units. In 
the current study, none of patient developed recurrence of the pain, nor complications. 
 
Conclusion. The current study demonstrates that CT-guided percutaneous curettage can be a safe and effective 
technique for osteoid osteoma in pelvic and appendicular lesions.
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Work ability and physical activity after major bone sarcoma resection and 
reconstruction with tumour prosthesis of the lower extremities. A cross-
sectional study 
Linda Fernandes1, Allan Villadsen2, Christina Holm2, Michala Sørensen2, Mette K Zebis1, Lars L Andersen3, 
Micheal Mørk Petersen2,4 

1Department of Physiotherapy, University College Copenhagen, Copenhagen, Denmark, 2Musculoskeletal Tumour Section, 
Department of Orthopaedic Surgery, University Hospital Rigshospitalet, Copenhagen, Denmark, 3National Research Centre 
for the Working Environment, Copenhagen, Denmark, 4Department of Clinical Medicine, Faculty of Health and Medical 
Sciences, University of Copenhagen, Copenhagen, Denmark 

Background. Work ability is a concept describing the balance between an individual’s resources (functional capability, 
competence, motivation) and work demands. Since functional capability can affect work ability, and disability typically 
is present in adults that have gone through major bone sarcoma resection and reconstruction surgery in hip and knee, 
one would assume that these patients’ work ability is reduced. While measuring work ability, the concurrent description 
of daily activities and physical activity (PA) is important, as they, along with work ability, predict return to work. The aim 
of this study was therefore to evaluate work ability, activity limitations and PA in working adults that had gone through 
major bone resection and reconstruction with a tumour-prosthesis of the hip or knee because of a bone sarcoma. 
 
Methods. Twenty patients of 72 enrolled, and 20 controls were included in this cross-sectional study. Work Ability Index 
scores (general work ability [0-10 points], work ability in relation to physical and mental demands [1-5 points]), the 
Patient Specific Functional Scale (PSFS) measuring the number and the severity of patient-important activities (0-10 
points), step counts (Fitbit Charge 2) and the International Physical Activity Questionnaire (IPAQ) were assessed. 
Adjusted and unadjusted general linear models were applied. Results were presented as between-group mean 
differences (95% CI) and standardised mean differences (SMDs). Results were considered significant if p <0.05 and SMDs 
over 0.8 were considered large. 
 
Results. The patients had a mean age of 43 (range, 20-71) years and were assessed 7 years (range, 2-12) after surgery 
(type of bone resection: proximal femur n=9, distal femur n=7, proximal tibia n=4). Compared with controls, patients 
had lower general work ability (mean difference [95%CI], -1.3 points [-2.1, -0.5], SMD 1.3) and work ability in relation to 
physical demands at work (-1.4 points [-2.0, -0.8], SMD 1.7), but not in relation to mental demands at work. The patients 
reported a greater number (3.5 [2.8, 4.1], SMD 3.3) and a higher severity (-6.7 points [-7.9, -5.4], SMD 3.6) of activity 
limitation on the PSFS. Examples of patient-important activities that were difficult to perform were walking, carrying, 
sitting, kneeling, driving, sport, gardening, and dancing. There were no between-group differences in step counts or 
IPAQ scores.  
 
Conclusion. Despite similar PA levels, patients with a tumour prosthesis showed poorer functional levels expressed as 
lower general work ability, lower work ability in relation to physical demands and severe difficulties in performing 
patient-important activities. Post-operative care in patients of the working-age population should include assessments 
of work ability and activities important to the individual patient.
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Useful reconstruction of the extensor mechanism supplemental with an 
iliotibial tendon after mega-prosthetic replacement of the proximal tibia 
Kunihiro Ikuta1, Yoshihiro Nishida2, Satoshi Tsukushi3, Tomohisa Sakai1, Hiroshi Koike1, Kan Ito1, Shiro Imagama1 

1Orthopedic Surgery/Nagoya University Hospital, Nagoya, Japan, 2Rehabilitation/Nagoya University Hospital, Nagoya, 
Japan, 3Orthopedic Surgery/Aichi Cancer Center Hospital, Nagoya, Japan 

Background. The proximal tibia is affected by a variety of primary bone tumors. Treatment with mega-prostheses 
frequently requires the reconstruction of the extensor mechanism after resection of this lesion. However, the optimal 
procedure for functional reconstruction of the extensor mechanism after proximal tibia mega-prosthetic replacement 
has been undetermined. The study aimed to evaluate clinical outcomes of reconstruction of the extensor mechanism 
using the iliotibial tendon (ITT) in patients with aggressive bone tumors at the proximal tibia. 
 
Methods. Since 2006, 14 consecutive patients with aggressive bone tumors in the proximal tibia who underwent mega-
prosthetic replacement were prospectively treated with reconstruction of the extensor mechanism using an ipsilateral 
ITT. The surgical procedure consisted of wrapping the reversed ITT around the tibia component, firmly suturing it to the 
remaining patellar tendon and the tibialis anterior fascia and covering it with a muscle flap. As for indicators for the 
knee function, the active range of motion, active flexion, and extension lag were measured, and the Musculoskeletal 
Tumor Society (MSTS) score was calculated at the last follow-up. Patellar height was calculated using the Insall-Salvati 
ratio (ISR) at three different times: preoperatively, postoperatively, and at the final follow-up. 
 
Results. The mean follow-up period was 64 months (10–126 months). Four patients underwent reoperation due to 
wound infection, but none required eventual revision surgery and amputation. The extension lags and active flexion in 
14 patients averaged 2.5° (0–15°) and 86° (40–110°), respectively. MSTS score could be obtained in nine surviving 
patients, and the mean score was 20.7 points (69%). The mean ISR at preoperative, postoperative, and at the last follow-
up was 1.04 (0.81–1.20), 0.75 (0.39–1.60), and 0.89 (0.30–1.56), respectively. Postoperative patellar height significantly 
decreased before proximal tibia mega-prosthetic reconstruction (P < 0.01). The extensor lag was not associated with 
the ISR value at any points, while reduced active flexion significantly correlated with a low ISR at the last follow-up (P = 
0.015). Four patients underwent additional surgeries due to postoperative infection, but none required eventual 
revision or amputation.  
 
Conclusion. The reconstruction of the extensor mechanism with reverse transferred ITT sutured to the remnant patellar 
tendon could restore and stabilize active knee extension in patients with mega-prosthesis replacement of the proximal 
tibia. And although this successful case series does not offer sound clinical evidence of the efficacy of our procedure, it 
suggests that it may be promising and thus deserving of further evaluation.
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Surgical management of pelvic chondrosarcoma: a case report 
Juste Ramonaite2, Vetra Markeviciute1,2, Mindaugas Stravinskas1

1Hospital of Lithuanian University of Health Sciences, Kaunas Clinic, Department of Orthopaedics and Traumatology, 
Kaunas, Lithuania, 2Lithuanian University of Health Sciences, Kaunas, Lithuania 

Background. Chondrosarcomas constitute a heterogeneous group of primary bone cancers characterized by hyaline cartilaginous 
neoplastic tissue. It's the second most common primary bone tumor after osteosarcoma. The vast majority of chondrosarcomas are 
conventional chondrosarcomas, and most conventional chondrosarcomas are low- to intermediate-grade tumors which have 
indolent clinical behavior and low metastatic potential. It typically occurs after 40 years with an equal gender distribution. 

Materials & Methods. Retrospective case report analysis of patient treated for primary pelvic tumor and its recurrence in Hospital 
of Lithuanian University of Health Sciences Kauno klinikos. 

Results. 31-year-old man noticed a derivative in the inguinal area and was referred to our hospital due to severe pelvic pain in 
March,2019. Two months prior, in January 2019, he felt the first symptom –mild pelvic pain. Palpable mass in the left thigh area was 
found during the inspection, no other symptoms such as atrophy of muscle, fever or weight loss were found. The patient was 
consulted by an orthopedic oncologist due to a suspicion for a malignant tumor. Magnetic resonance imaging (MRI) showed that a 
mass is about 25 cm and occupied the same part of the small pelvis. A biopsy was performed, and the patient was diagnosed with an 
intermediate grade periosteal chondrosarcoma. Pulmonary and abdominal CT was normal. In March 2019, pelvic tumor resection 
was performed under general anesthesia. Tumor was dissected from the small pelvic organs, from the rectum, prostate and on both 
sides of m. iliopsoas, bladder, both ureters were split. Resection edges were good but the tumor ruptured during resection and part 
of the fluid entered the wound.The patient was assigned to follow-up consultations every 3-6 months by MRI after resection but for 
personal reasons and due to the limitations of the Covid-19 pandemic he did not come. When Covid-19 pandemic restrictions were 
reduced, in March 2022, the patient was invited for follow-up after tumor resection in March 2019. Magnetic resonance imaging 
(MRI) showed signs of local recurrence in the postoperative lodge also a one third of the left ureter is involved in the neo-process. 
Visible heterogeneous density derivative ~6.1x5.3x3.8cm, with microcalcinates, accumulating contrast material in the wall. 
Computed tomography (CT) showed left kidney polycystosis. Left renal function is markedly impaired accounting for 10% of total 
renal function. No distant metastases were observed. The patient's condition and treatment options were discussed during the 
multidisciplinary council of sarcoma. In April 2022, left nephroureterectomy with pelvic chondrosarcoma removal was performed. 
Postoperative course was good and follow-up every 3 months was recommended. 

Conclusion. This case report demonstrates that postoperative follow-up of patients after primary tumor removal is necessary to 
manage the potential for tumor recurrence or metastasis. Follow-up of these patients should be ensured during the Covid-19 
pandemic. 
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Spectrum of primary bone tumors of the talus – A single Institutional 
experience in last 4 years 
Divesh Jalan1, Dharmendra Kumar Singh2, Geetika Khanna3, Ashish Rustagi1, Nishith Kumar2, Rajni Prasad3, 
Loveneesh G Krishna1 

1Central Institute of Orthopaedics, Vardhman Mahavir Medical College & Safdarjang Hospital, New Delhi, India, New Delhi, 
India, 2Department of Radiodiagnosis, Vardhman Mahavir Medical College & Safdarjang Hospital, New Delhi, India, 
3Department of Pathology, CIO, Vardhman Mahavir Medical College, New Delhi, India 

Introduction. The primary bone tumors of the talus are extremely rare with only few case series and case reports available in the 
literature. The rarity of these lesions often results in delay in the diagnosis of these tumors. The surgical management also poses 
significant challenges because of the complex anatomy of the region. Therefore, we describe our experience in the diagnosis and 
management of various primary tumors of talus seen during the last 4 years. 
 
Methods. We retrospectively analysed our records and identified all primary bone tumors of the talus which were confirmed 
histopathologically and managed between 2019-2022. 
 
Results. Our analysis revealed 16 cases of primary bone tumors of talus. Majority of the lesions were benign, accounting for 81% of 
the cases. The most common benign and malignant tumor was Giant cell tumor and Ewing’s Sarcoma respectively. 
 
Conclusion. The rarity and anatomic complexity of these lesions poses challenges in the diagnosis and management and thus both 
the radiologist and orthopedic oncologist needs to be aware of such lesions to provide timely diagnosis and management. 
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Clinical appearance of giant cell tumor of bone with denosumab treatment 
Takanori Hatanaka1, Jun Nishida1, Yoshikuni Mimata2, Yuichi Ichikawa1, Hanako Tsuji1, Taro Nagai1, Kengo 
Yamamoto1 

1Tokyo Medical University, Shinjuku, Japan, 2Iwate Medical University, Yahaba, Japan 

Background. We administer denosumab to the patients of giant cell tumor of bone (GCT) with pathologic fracture to 
obtain bone union preoperatively. Denosumab is known to inhibit the progression of GCT, but it has been pointed out 
that preoperative administration of denosumab may increase the postoperative recurrence rate of GCT. In this study, 
patients who administered denosumab for pathologic fracture caused by GCT underwent curettage, bone cementing 
and underwent removal of the cement were evaluated histologically for local recurrence and report the results.  
 
Material and Methods. Between January 2015 to December 2021, six patients (4 males and 2 females. Mean age was 
29.0 years old) had a pathologic fracture caused by GCT and administered denosumab preoperatively. Bone union was 
obtained within 2 months for all patients, and they underwent curettage and methylmetacrylate packing consequently. 
The lesion sites were 3 in the distal femur, and 1 each in the proximal tibia, the distal tibia, and the proximal humerus 
respectively. Campanacci classifications were 5 cases in Grade II and one case Grade III. Imaging evaluation for 
recurrence was performed every 6 months. And in general, more than 36 months following curettage and bone 
cementing, methylmetacrylate was removed and the surface tissue on the shell were evaluated histologically. After the 
ethanol treatment over the surface of the shell, autologous or allogeneic bone grafting with mixture of β-TCP was added. 
The average period from curettage and bone cementing to removal was 40.2 months (32-53 months), and the average 
follow-up period after removal was 12.5 months (6-27 months). During the period, 17 patients having GCT in the limb 
without pathologic fracture were treated curettage and methylmetacrylate packing without administration of 
denosumab in our hospital.   
 
Results. Although imaging findings did not reveal any recurrent lesion before removal operation of methylmetacrylate, 
local recurrence was observed in three patients histologically, there were no recurrences after that at the final follow-
up. Mean MSTS score was 29.8 at the final follow-up time, and no pulmonary metastasis was observed in any patients. 
No malignant transformation was seen. In the 17 patients who treated without administration of denosumab, no 
recurrence or metastasis was observed from imaging findings with mean MSTS score of 29.6.    
 
Conclusion. The local recurrence rate was 50% in patients who administered denosumab preoperatively. Even though 
denosumab is very useful to treat pathologic fracture caused by GCT, recurrence should be kept in mind whenever we 
treat GCT. 
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Extremity soft tissue sarcomas in a series of 18 patients treated at a single 
institution: Short-term follow-up 
Chiao Yee Lim1, Vwrene Chia1, Duski Suryasmi1, Maizatul Jamny Mahmood2, Noraini Mohd Dusa3, Ping Ching 
Chye1

1Department of Orthopaedic and Traumatology, Hospital Kuala Lumpur, Kuala Lumpur, Malaysia, 2Department of 
Radiology, Hospital Kuala Lumpur, Kuala Lumpur, Malaysia, 3Department of Pathology, Hospital Kuala Lumpur, Kuala 
Lumpur, Malaysia 

Introduction. Surgery is the primary treatment for extremity soft tissue sarcoma, combination with radiotherapy allows for limb 
salvage by using radiation to biologically “sterilize” microscopic extensions of tumour. We reported our short-term follow-up on soft 
tissue sarcomas operated at our centre in the year of 2019.  
Methods. This is a retrospective cohort study. All clinical records of patients with soft tissue sarcoma who presented between January 
and December 2019 were reviewed. We excluded FNCLCC grade 1 cases. The tumour volume was calculated using formula 0.5236 × 
length × width × height, based on measurements on final resected specimens provided by pathologist. There were 18 patients who 
underwent surgery for FNCLCC grade 2 or 3 soft tissue sarcomas, among which, there were 4 recurrent cases referred from other 
hospitals. The mean age was 49.44 years old.  
Results. Undifferentiated pleomorphic sarcoma was the most common histopathological diagnosis with a total of 5 cases, followed 
by synovial sarcoma 4 cases and high-grade myxofibrosarcoma 3 cases. The tumour volume ranged from 32.17 to 4398.24 cm3. There 
were 4 (22.2%) fungating soft tissue sarcomas, however, none of these patients experienced post-operation wound complications or 
local recurrence.  All surgical margins were reported as R0 except for 3 patients (16.7%) who had R1 resection. The 1st case was a 
case of high-grade myxofibrosarcoma of the leg, radiotherapy was not given as she had post-operation wound complications with 
delayed wound healing. She developed local recurrence at 33 months post-operation and subsequently underwent above knee 
amputation. The 2nd case was a case of recurrent gluteal unclassified spindle cell sarcoma referred from another center, he had 
external hemipelvectomy at 17 months post wide excision due to local recurrence. The 3rd case is a case of knee clear cell sarcoma. 
This patient had multiple metastases at presentation died at 6 weeks post-operation due to pneumonia and chemotherapy toxicity. 
None of the patients with R0 resection developed local recurrence in this short-term follow-up series. Information on patients' 
demographics, tumour characteristic and treatment outcome were presented in Table 1. 
Conclusion. The best chance of cure is at primary presentation. An individualised management plan should be made, following a 
multidisciplinary sarcoma case discussion based on both imaging and pathological findings. For resectable tumour, wide local excision 
is the surgical procedure of choice, to be carried out by surgeons with sarcoma expertise. Occasionally, amputation should be 
undertaken as the only surgical option to achieve adequate margins. Surgery should be aimed at achieving a one-specimen en bloc, 
macroscopically complete resection, minimising microscopically positive margins. Long term follow-up and regular surveillance are 
required for optimal care of surgically treated soft tissue sarcoma patients.  
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 Duchanne muscular dystrophy and rhabdomyosarcoma; association or 
coincidence? 
Prashant Narhari 
Ministry Of Health Malaysia, Georgetown, Malaysia 

Duchanne muscular dystrophy (DMD) and rhabdomyosarcoma (RMS) are both rare diseases that occurs predominantly 
in children. It has been reported only 3 times in the literature. We report a rare case of DMD with embryonal RMS in 
early adult patient. 
A 22-year-old man with DMD and cardiac failure presented with a painless growing mass at the back of his right thigh 
for 6 months. He has no lower limb functional movement however does have satisfactory bilateral hand function 
allowing him to operate a powered wheelchair. On examination, the swelling measuring 10 x 8 cm is deep and fixed to 
the muscle. MRI and CTTAP suggested an isolated tumour in the hamstring compartment of the right thigh. Biopsy 
confirmed embryonal RMS. Considering poor cardiac function, meticulous discussion with a MDT, it was deemed that 
upfront surgical resection will be the treatment of choice rather than neoadjuvant chemotherapy. Chemotherapy would 
carry the risk of cardiotoxicity and neurotoxicity which will potentially have significant morbidity. Wide resection of the 
entire hamstring compartment preserving the sciatic nerve was done. There was no wound complication. Resection 
margin was excellent at 5mm. Despite the good margin, patient was offered radiotherapy however the family did not 
opt of it in view of potential complications. At nine months follow up, he has no local recurrence nor distance metastasis. 
His functional status remains same as preoperatively. DMD is a rare x-linked recessive disease caused by mutation in 
the DMD gene, and RMS is a rare soft tissue sarcoma. In view of RMS arising from the skeletal muscle, these 2 diseases 
have been linked but the evidence is scarce. Gene abnormality in DMD patients probably predispose them to developing 
other malignancies especially RMS. Due to its rarity, this patient imposes a treatment dilemma. An MDT discussion can 
be helpful to map out the best care. 
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Subtrochanteric metastasis with pathological fracture: the comparative 
study of the surgical outcome between the long Dynamic hip screw and 
long Gamma-3 nails 
Yu-kuan Lin1,2, Chao-Ming Chen1, Po-Kuei Wu1, Ying-Chen Chi3, Wei-Ming Chen1

1Taipei Veterans General Hospital, Taipei, Taiwan, 2Taipei Veterans General Hospital, Taoyuan Branch, Taoyuan, Taiwan, 
3Ming Chun University, Taoyuan, Taiwan 

Background.  Metastases in femur subtrochanteric area could treat with long intra-medullary (IM) nail or long dynamic 
hip screw (DHS). The long intra-medullary nail had well biomechanism, but there were debts for distal seeding. However, 
the long dynamic hip screw was opposite. In this study, we compared of surgical outcome between the long IM nail and 
long DHS. 

Methods. In this retrospective study, there were 239 patient who was treated for subtrochanteric metastases in our 
department from 2002 to 2018. The exclusive criteria were patient treated with Bipolar hemiarthroplasty, plate or 
medicine (Zometa), and 149 patients were excluded. There were 48 patient who treated long IM nail, and 42 patient 
was treated long DHS. The surgical clinical outcomes were implant survival rate, revision rate, and incidence of the distal 
seeding. 

Results. The failure rate was 12% (8/48) in long IM nail group and 23.8% (10/42) in long DHS group. In long IM nail group, 
all implant failure cases were revision to cemented Bipolar. In long DHS group, 1 case was revision to long Gamma-3 
nail, and 9 cases were revision to cemented Bipolar. The survival rate was 79.2% (38/48) in IM nail group and 87.1% 
(37/42) in long DHS group. The distal seeding rate was 18.8% (9/48) in long IM group and 0% (0/42) in long DHS group. 

Conclusion. In subtrochanteric metastases, long DHS may had higher implant failure rate than long IM nail, however, 
the long IM group had higher distal seeding rate. The higher seeding rate may not influence the survival rate.
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Dual Plating in Metastatic Distal Humerus Benefits May Outweigh the Risks 
David Joyce, Will West, Caroline Gerhardt, Michael Collier, Nora Watson 
Moffitt Cancer Center, Tampa, United States 

Introduction. Metastatic disease of the humerus is generally treated with intramedullary nail unless the disease is distal 
to the working length of the humerus nail. Conventional plating is used to address the metastatic disease and fractures 
in the distal humerus. Unlike orthopaedic trauma where there is guidance on what type of construct to use in distal 
humerus fracture no such guidance exists for metastatic distal humerus fracture and disease. This study sought to exam 
if there may be benefit in dual plating. 
 
Methods. A retrospective chart review was conducted with IRB approval on all surgical metastatic distal humerus 
patients from 1/1/2000 to 12/1/2019. Patient’s charts were examined to determine fixation method and associated 
complications and need for further surgery. General demographic data was recorded as well as preoperative and 
postoperative treatment modalities. 
 
Results. A total of 29 patients were identified that underwent surgery for distal humerus metatstatic disease involving 
plate fixation. Twenty-five patients had a single plate while four patients had dual plating. The average age was 60.5 y.o 
for single plate and 65.5 for dual plating. The average time from surgery to death was 294 days for single plate compared 
to 315 days for dual plating. There was a 20% failure of hardware rate for single plating while there were no failures in 
dual plating. 
 
Conclusions. While the sample size is small the data suggests that there may be benefit to dual plating for metastatic 
distal humerus disease. Further study should be focused on this subset of metastatic disease patients given that 
metastatic disease patients are living longer and outlasting their fixation construct.
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Pathologic humerus fracture healing in metastatic disease 
Paul Gagnet, Rachel Bergman, Sybil Biermann, Geoffrey Siegel 
University Of Michigan, Ann Arbor, United States 

Background. Healing rates of pathologic fractures due to metastatic disease have not been evaluated since 1983. We 
sought to reevaluate healing rates to see if they have improved since 1983 with the advancement of chemotherapeutics 
since that time.  
 
Methods. A retrospective review was performed on all patients that presented to a tertiary sarcoma center with a 
diagnosis of a pathologic fracture between 1990 and 2019. Using the Electronic Medical Record Search Engine, 1,350 
patients were identified, and in-depth chart reviews were performed, including all pertinent documentation, imaging, 
and pathology reports. Inclusion criteria consisted of patients with confirmed myeloma or carcinoma that sustained a 
pathologic fracture of the humerus. Exclusion criteria included any patient with incomplete data or lack of follow up. In 
total, 84 of the 1,350 patients reviewed met inclusion criteria. Data collected included age, sex, date of cancer diagnosis, 
histology, date of fracture, location of fracture in the humerus, whether or not radiation was administered, radiation 
dosage, size of the lesion, type of non-operative management, bisphosphonate usage, chemotherapeutic drugs given, 
if the patient received surgery, radiographic union, time to radiographic union, clinical healing, time to clinical healing, 
date of death, time from pathologic fracture to death, time from identification of cancer to time of death. Radiographic 
fracture healing was determined using XR at follow up visits. We also assessed clinical healing in the non-operative 
group as a secondary data point to further confirm union. For patients that underwent surgical fixation only radiographs 
were used to assess union.  
 
Results. Patients with pathologic fractures due to multiple myeloma and breast carcinoma had increased rates of 
pathologic fracture healing at rates of 76.5% (n=46) and 77.7% (n=10) respectively. Patients with pathologic fracture 
due to renal cell carcinoma and metastatic lung carcinoma had low rates of pathologic fracture healing at rates of 42.1% 
(n=22) and 0% (n=0) respectively.  
 
Conclusions. These results suggest that long bone fractures due to metastatic breast cancer and myeloma can be 
excellent candidates for fracture fixation devices due to their higher propensity for union whereas renal cell and lung 
carcinoma demonstrated poor ability for fracture healing. Ultimately the goal in treating these patients is to provide 
them a surgery that will provide them the ability to ambulate and function with the affected extremity while minimizing 
chance of returning to the operating room for revision surgery. Although this study is underpowered to provide 
statistically significant differences, it provides valuable information to help with the decision-making process when 
treating patients with pathologic fracture due to metastatic disease.   
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Cemented Dual-Mobility Cup into a Well-Fixed Cementless Metal Shell: A 
Reliable Option in Musculoskeletal Oncology Patients Requiring 
Reconstruction. 
Gregory Lachaud, Danielle Chun, Charles Gibbs, Mark Scarborough, Andre Spiguel 
University Of Florida, Gainesville, United States 

Background. In the treatment of musculoskeletal tumors, many times there are large portions of the acetabulum, proximal femur, 
surrounding soft tissue, or any combination that require resection. The subsequent reconstruction is an art in itself, fraught with 
controversy of an ideal reconstruction, especially given the unique nature of one resection compared to another. Cementation of a 
dual-mobility (DM) cup into a cementless metal acetabular shells has become an increasingly popular option in revision total hip 
arthroplasty in patients with high risk of dislocations. This construct and its application in musculoskeletal tumor surgeries has yet to 
be described.  
Patients and Methods. This is a retrospective review of a single institution’s experience from three fellowship-trained surgeons of all 
patients who underwent a cemented DM into a metal acetabular shell construct from October of 2017 to June of 2021. We included 
patients treated primarily or converted to the cemented DM construct. Clinical outcomes were assessed on the bases of 
complications (intraoperative complications, prosthetic joint infection, aseptic loosening, periprosthetic fracture, dislocation, or 
intraprosthetic dissociation). Radiologic assessment was performed by one of the authors (GYL) based on standardized x-rays of the 
operative hip. All radiographs following the date of implantation were used for the radiographic evaluation of dislocation. The latest 
available follow-up radiograph was used for evaluation of aseptic loosening.  
Results. In total, there were 11 patient who met the inclusion criteria. The average follow-up was 1.47 years (17.7 months). 
Demographic breakdown demonstrated 2/11 (18.2%) of the patient population were female and 9/11 (81.8%) were male. The 
average age at time of surgery was 66.2 years old (Table 1). The two most common preoperative diagnoses accounted for a total of 
7/11 (63.6%) of the patients between osteonecrosis of the femoral head (secondary to radiation for the treatment of metastatic 
carcinoma lesions) and pathologic fractures. There was 1 case (9.1%) of prosthetic hip dislocation after a traumatic fall, requiring 
return to the OR for a closed reduction. There were no cases of intraoperative complications, prosthetic joint infection, aseptic 
loosening, periprosthetic fracture, or dissociation at the cement-cup interface. None of the patients required revision surgery. 
Conclusions. One of the most critical factors for achieving stability after primary or revision THA is the position of the components, 
most notably the acetabular cup. Although difficult to assess radiographically, for the one patient who dislocated, her apparent 
abduction angle was 49.6° (fringe of the “safe zone”) and has a previous spinal fusion and residual low lumbar scoliosis. Given the 
multitude of indications that may lead to a total hip arthroplasty in a patient with musculoskeletal pathology, a cemented DM cup 
(Table 2) into a metal shell appears to be a viable option to address resections that could result in instability.  
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Prognostic factors in spine metastatic bone disease on a Chilean population 
Patricio Alfaro1, Francisco Muñoz1, Marion Hohf2, Lucas Silva2, Miguel Acuña1, Ivan Mora1, Roberto Leal1
Hospital Traumatologico, Universidad de Concepcion (Chile), Concepcion, Chile, 2Faculty of Medicine, Universidad de 
Concepcion, Concepcion, Chile 

Introduction. Estimate survival in metastatic bone disease (MBD) in the spine is one of the most important factors to 
define the most appropriate treatment. Models that seek to predict survival have been developed in MBD that have 
considered clinical and laboratory parameters. The objective of this study was to identify prognostic factors associated 
with survival in patients with spinal MBD in a Chilean population. 

Methods. All patients with symptomatic MBD treated between 2016 and 2018 were included in a single center. Medical 
records were reviewed for type of primary cancer, functional status (Karnofsky), presence of visceral and bone 
metastases, number and location of vertebral metastases and neurological functioning (Frankel scale). In addition, 
laboratory parameters were evaluated. Statistical analysis was performed with SPSS software, and survival was 
established with the Kaplan- Meier method. 

Results. A total of 36 patients were studied, 28 women and 8 men. The average age was 59,3 years. The most prevalent 
primary cancer were breast (n=16), myeloma (n=4), prostate (n=4) and lung (n=3). The average follow-up was 12 
months. The most relevant prognostic factor was the primary tumor. An abnormal platelet value showed a tendency to 
be a risk factor, although it was a non-significant result. Survival at 6 and 12 months of follow-up was 80 and 55 % 
respectively. 

Conclusion. Identifying prognostic factors is a great help in improving clinical decision making. In our study we reported 
results similar to those described in previous studies. The origin of the primary tumor is the most relevant factor in the 
patient prognosis.
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Popliteal extraskeletal chondrosarcoma as a second primary tumor. 
Patricio Alfaro1, Manuel Cid2, Vania Molina2, Thomas Hermann1, Carlos Herrera1 

1Hospital Traumatologico, Universidad de Concepcion (Chile), Concepcion, Chile, 2Faculty of Medicine, Universidad de 
Concepcion, Concepcion, Chile 

Ιntroduction. Myxoid extraskeletal chondrosarcoma is a rare mesenchymal neoplasm. It usually affects people between 
30 and 60 years old, predominantly male. It has a preference for proximal segments of the lower limbs, presenting as 
multilobulated masses, slow-growing, painless and soft. We present a case of extraskeletal chondrosarcoma as a second 
primary cancer, which is even more infrequent and requires a high clinical suspicion. 
 
Case Presentation. Male, 67 years old, history of papillary thyroid carcinoma operated 17 years ago. Nine years later he 
was diagnosed with lung metastasis, which was resected. During follow-up 18 months ago, an increase in volume was 
found in the popliteal area of the right distal thigh, not adherent to the deep plane, painless, without other symptoms. 
The patient was evaluated by the musculoskeletal tumors team of our center, he was studied with nuclear magnetic 
resonance with a lesion suggestive of extraskeletal chondrosarcoma. Percutaneous biopsy revealed grade 1 
extraskeletal chondrosarcoma. The multidisciplinary oncology committee decided on wide resection and reassessed 
adjuvant therapy based on the results of the definitive post-surgical biopsy. The pathologist's report described grade 1 
extraskeletal chondrosarcoma, size 5x4.3x5 cm, without lymphovascular permeation, surgical margins without 
neoplasia (R0). The oncology committee decided to carry out clinical and radiological follow-up. The last follow-up was 
2 months ago with no clinical or radiological signs of local recurrence or distant metastasis. 
 
Discussion. Second primary tumors correspond to 16% of diagnosed cancers, therefore, experiences similar to this case 
are very rare. The diagnosis was made clinical, radiological and histological. The standard treatment in localized and 
low-grade disease is wide surgical resection. To our knowledge, there is no scientific evidence to perform neoadjuvant 
radiotherapy or chemotherapy in G1 extraskeletal chondrosarcoma. In our case, it was rejected because it did not meet 
these criteria. In extraskeletal chondrosarcoma, multidisciplinary management is required because they are very rare 
tumors. 
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Surgical Treatment of Pathologic Fractures in Patients with Multiple 
Myeloma 
Seung-han Shin1, Young-Seol Byun1, Min-Wook Joo2, Yang-Guk Chung1 

1Department of Orthopedic Surgery, The Catholic University of Korea, Seoul St. Mary's Hospital, Seoul, South Korea, 
2Department of Orthopedic Surgery, The Catholic University of Korea, St. Vincent's Hospital, Suwon-si, Gyeonggi-do, South 
Korea 

Background. Multiple myeloma (MM) is a treatable, but not curable plasma cell malignancy that leads to destruction of 
the osseous structure. Skeletal complications include diffuse osteopenia, lytic lesions, hypercalcemia, bone pain, and 
pathologic fractures, which are found in up to 80% of myeloma patients at presentation. MM patients who experience 
pathologic fracture usually require surgical treatment to relieve pain and regain function. However, time of intervention, 
indication and optimal surgical method are not standardized yet.  
 
Methods. This study was a retrospective observational analytic study including 46 MM patients who underwent single 
or multiple orthopedic surgeries to treat impending or real pathologic fractures at a single tertiary institution. To raise 
propriety of surgical management on pathologic fractures in MM patients, analysis of data related to MM bone disease, 
modalities of surgical treatment, postoperative stability, clinical and oncologic outcomes, and survival were performed. 
 
Results. Of the 46 patients who received surgery for MM, 32 had single pathologic fracture. 14 experienced additional 
pathologic fractures during follow up. As surgical procedures, rigid I/F with plate or IM nail were performed in 38 sites, 
following cementation with or without S-pin or K-wires in 10, resection and arthroplasty in 9 and flexible IM nailing in 
8. Mean bone union time was 3.2 months in applicable 38 sites. 17 complications including 5 deep vein thromboses, 5 
non-/delayed unions, 3 losses of fixations were occurred in 14 sites. Three of six patients who received flexible IM nail 
fixation with or without plating for humerus pathologic fracture showed loosening and two of three received additional 
surgery for refixation. 22 patients died due to aggravation of MM or related complications. Mean survival periods of 
surviving and died of disease patients at last follow up were 24.3(3-81) months and 18.3 (1-86) months respectively. 
   
Discussion. Unlike metastatic cancer pathologic fractures, that of MM have potential to heal and achieve firm bone 
union according to disease status. This allows relatively less rigid fixation for MM, encouraging early mobilization as 
compared to metastatic cancer fractures. Thus, choosing the appropriate modality of surgical treatment for MM 
patients is of importance.
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Metastasis of an adenocarcinoma of the prostate in the index finger 
Kojiro Yoshikawa, Jun Nishida 
, Yuichi Ichikawa, Hanako Tsuji, Kengo Yamamoto 
Tokyo Medical University hospital, Shinjuku-ku, Japan 

Background. Intraosseous metastasis of the prostate cancer is popular, and the main sites of metastasis were the pelvis 
and lumbar spine. However, metastasis in the digit is extremely rare, and we could not find any case report in our 
literature review. 
 
Case presentation. A 67-year-old man, clerical job, who had been receiving hormone therapy for prostate cancer during 
last 10 years. Since one year ago, he noticed left index finger pain and he visited a nearby physician. The plain 
radiographs revealed a relatively well marginated sclerotic lesion in the proximal phalanx of the left index finger cortex. 
T1 weighted MR images showed a heterogeneous low to intermediate signal intensity lesion in the epiphysis to the 
metaphysis of the basal part of the proximal phalanx, and fat suppression T2 weighted MR images showed a 
heterogeneous low and high signal intensity lesion. He was referred to the previous hospital, and an open biopsy was 
done. The histological diagnosis was metastasis of prostate cancer, and he was referred to our hospital, consequently.  
Swelling with tenderness around the base of the proximal phalanx was observed at the initial visit. The range of motion 
of the MP joint of the index finger was 90 ° in flexion and 5 ° in extension. The grip strength was 22.0 kg on the right and 
28.2 kg on the left. The DASH work score was 25. Whole-body FDG-PET / CT scan showed no abnormal accumulation 
except for prostate and left index finger. Under the diagnosis of bone metastasis of prostate cancer, transmetacarpal 
amputation of the index finger was performed. Histopathologically, the amputated specimen showed tumor cells having 
enlarged chromatin rich round nuclei. Immunohistochemically, tumor cells were positive for androgen receptor and 
negative for PSA, which coincided to the primary prostate adenocarcinoma. Postoperative course was uneventful. 
Twelve months after the operation, the grip strength was 27.3 kg on the right and 21.4 kg on the left, and the DASH 
work score improved to 12.5. No metastatic lesion was detected at the final follow-up time. 
 
Discussion and conclusion. Although metastasis of prostate cancer in the fingers is an extremity rare example, we 
should keep in mind this entity when we meet a cancer-bearing patient who had finger pain. 
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Pathological and clinical evaluation of radiofrequency ablation in the 
treatment of spinal metastasis 
Xinxin Zhang, Songfeng Xu, Libin Xu, Zhenguo Zhao, Ting Liu1, Shengji Yu 

National Cancer Center/National Clinical Research Center for Cancer/Cancer Hospital, Chinese Academy of Medical 
Sciences, Beijing, China 

Background. Spinal metastasis is common in later-stage cancer patients, leading to skeletal-related events that affect quality of life 
and decrease survival. Radiofrequency ablation (RFA), as a minimally invasive technique, has been widely used in clinical practice in 
recent years. However, the evaluation of effect of RFA for the treatment of spinal metastasis by pathological methods has not been 
investigated.  
 
Methods. RFA was performed in 19 consecutive patients (median age, 57.3y±10.5) with 28 metastatic spinal vertebras. The tumor 
tissue before ablation and the range of 1~2 cm after ablation were respectively retained during the operation. The paraffin embedded 
tumor specimens were sectioned along the longitudinal axis with a thickness of 4 μm. All sections were stained with HE to observe 
the tumor necrosis caused by ablation. The pathological images were imported into Mimics Medical 17.0 software. The decomposed 
matrix graphics and the lengths of the upper and lower bases of each matrix were obtained, and 4 μm was the height of the matrix. 
Preoperative and postoperative 1 day, 1 week, 4 weeks, 12 weeks of local pain (VAS score), preoperative and postoperative 4 weeks, 
12 weeks of living ability (KPS score) were recorded.  
 
Results. The necrosis in the tumor area by RFA was obvious, and the rate of ablation necrosis was (77.42±19.02) %. Percutaneous 
vertebroplasty (PVP) in 17 patients were performed after RFA, and the local pain VAS scores before operation and 1 day, 1 week, 4 
weeks, and 12 weeks after operation were (8.11±1.76), (4.84±1.61), (4.53±1.47), (4.11±1.52) and (4.00±1.56), which showed 
significant differences between the groups before and after operation (P=0.000). The KPS scores before operation and at 4 and 12 
weeks after operation were (56.84±8.20), (78.42±13.02) and (78.42±10.68) respectively, which showed significant differences 
between preoperative and postoperative time points between groups (P =0.000). 
  
Conclusion. RFA in the treatment of spinal metastasis can effectively remove local tumor lesions and combined with PVP in spinal 
metastasis can achieve definite therapeutic effect. 
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Prognostic factors in soft tissue sarcoma on a Chilean population 
Patricio Alfaro1,2, Javier Delgado3,4, Evelyn Gavilan2, Felipe Aguilar3, Diego Castillo2, Tomas Hermann2, Pedro 
Valdivia3, Carlos Herrera1 

1Hospital Traumatologico Concepcion, Concepcion, Chile, 2Faculty of Medicine, Universidad de Concepcion, Concepcion, 
Chile, 3Faculty of Medicine, Universidad Austral de Chile, Valdivia, Chile, 4Hospital Base de Valdivia, Valdivia, Chile 

Introduction. Soft tissue sarcoma is a group of diverse malignancies with variable histologic subtype, presentation, 
behavior, and survival. We aimed to determine prognostic factors for soft tissue sarcoma on a Chilean population. 
 
Methods. This a retrospective multicentric study. We retrospectively reviewed the medical records of all adult patients 
admitted to our both institutions for a surgical procedure for soft tissue sarcoma between January 2014 to May 2021. 
We analyzed histologic type and grade, body site, size and depth, surgical margin, radiotherapy or chemotherapy. The 
minimum follow-up was 12 months. 
 
Results. A total of 76 patients met our inclusion criteria with a median age of 48 years and 44 (57%) were female. The 
most common histotypes were liposarcoma (25%), UPS (17%) and Synovial sarcoma (11%). The overall survival at 1, 3 
and 5 years were 80%, 67% and 60% respectively. Positive surgical margin (R1 or R2) and high histological grade were 
worse prognostic factors.  
 
Discussion. We report that a positive surgical margin and a high histological grade are factors for worse prognosis in 
soft tissue sarcomas. The histotypes reported in our study are similar to those reported in previous studies. Soft tissue 
sarcomas are rare malignancies and we have not found previous reports in our population. 
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Minimally Invasive Separation Surgery for the Treatment of Spinal 
Metastases with Small Incision and Freehand Pedicle Screw Fixation 
Jiaming Lin, Xiaojun Zhu, Qinglian Tang, Jin Wang 

Department of Musculoskeletal Oncology, Sun Yat-sen University Cancer Center, Guangzhou, China 

Background. Minimally invasive separation surgery (MISS) is a safe and effective surgical technique, the current optimal 
treatment for spinal metastases. However, the learning curve for this technique has not been analyzed. This study aimed 
to define and analyze the surgical learning curve of MISS for the treatment of spinal metastases with small incision and 
freehand pedicle screw fixation. 
 
Methods. A continuous series of 62 patients with spinal metastases who underwent MISS were included. Each patient's 
operative data were accurately counted. The improvement of the patients' neurological function was followed up after 
surgery to evaluate the surgical treatment effect. Logarithmic curve-fit regression was used to analyze the surgical 
learning curve of MISS. The number of cases needed to achieve proficiency was analyzed. Based on this cut-off point, 
this series of cases was divided into the early phase and later phase groups. The influence of the time sequence of MISS 
on surgical data and surgical efficacy was analyzed. 
 
Results. The operative time decreased gradually with the number of surgical cases increasing and stabilized after the 
20th patient. There was no statistical difference in demographic characteristics and preoperative characteristics 
between the two groups. The mean operative time in the later phase group was about 39 minutes shorter than that in 
the early phase group (mean 227.95 vs. 189.02 mins, P=0.027). However, it did not affect other operative data or the 
surgical treatment effect. 
 
Conclusion. The learning curve of MISS for spinal metastases is not steep. With the increase of surgeons' experience, 
the operative time drops rapidly and stabilizes within a certain range. MISS can be safely and effectively performed at 
the beginning of a surgeon's career.  
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Treatment Trends of Benign Bone Lesions in Suburban New York 
Andrew Muran2, John Fallon2, Byeingho Jung2, Peter Dzaugis2, Aaron Zhang2, Michael Fitzgerald1, Howard 
Goodman1, Samuel Kenan1, Shachar Kenan1 

1North shore/LIJ Northwell Health, New Hyde Park, United States, 2Zucker School of Medicine at Hofstra/Northwell, 
Hempstead, United States 

Background. The treatment of benign bone lesions is controversial with no clear consensus on a gold standard of care. This 
controversy is multifactorial, with management being driven by the underlying diagnosis, lesion metabolic activity, age, location, 
comorbidities, surgeon preferences, and goals of care. A lack of large patient databases of such patients is a contributing factor. This 
retrospective study seeks to create a large database of patients with benign bone lesions in order to elucidate the demographic data 
and management patterns of patients in suburban New York, adding to the body of knowledge of these complex lesions. 
Methods. This was a single institution, multicenter retrospective observational study of patients diagnosed with a benign bone lesion 
from 2007 until 2021. Inclusion criteria included patients of all ages with a diagnosis of a benign bone lesion. Exclusion criteria 
included soft tissue tumors, tumors involving the skull, or maxillofacial bones, and malignancy. We analyzed differences in 
demographics, diagnosis, location, and operative status. 
Results. A total of 689 patients met inclusion criteria: 391 (56.7%) patients were male and 298 (43.3%) were female. 380 patients 
ranged from 1-18 years old (55.2%), 167 from 19-40 (24.2%), and 142 were greater than 40 (20.6%). Benign bone lesions were more 
commonly found in males under 18 and in females over 40. As expected, aneurysmal bone cysts (ABCs), nonossifying fibromas (NOFs), 
osteochondromas, and solitary bone cysts (SBCs) were more commonly found in patients under 18. Giant cell tumors (GCTs) were 
more commonly found over age 18 and enchondromas were more commonly seen over age 40. The distal femur was the most 
common location (185/26.9%), followed by the proximal tibia (99/14.4%), proximal femur (77/11.2%), and proximal humerus 
(77/11.2%). 195 (28.3%) had non-operative management and 494 (71.6%) had surgery. Patients over the age of 40 were less likely to 
undergo surgery than younger patients. As expected, the most common diagnoses undergoing surgery were, ABC, GCT, and 
osteochondroma, with diagnoses of enchondroma, NOF, and osteoid osteoma more frequently managed non-surgically. All of these 
findings were statistically significant. 
Conclusion. We have successfully created one of the largest recent databases of benign bone lesions, which we believe accurately 
represents the suburban population of New York. Operative management was more frequent than nonoperative management, likely 
owing to an inherent selection bias of symptomatic patients rather than incidentally found lesions who may otherwise never present 
for evaluation. ABCs, GCTs, and osteochondromas underwent surgery more frequently than enchondromas, NOFs, and osteoid 
osteomas. These findings correlate with the current recommended guidelines for the management of benign bone tumors, which 
aim to treat active symptomatic lesions rather than indolent ones.  Future steps will include assessing patient outcomes to establish 
best clinical practice guidelines.  
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Limb salvage surgery using 3D-printed custom made implants after partial 
scapulectomy 
Dimitra Melissaridou, Panayiotis Gavriil, Ioannis  Trikoupis, Vasileios  Apostolopoulos, Vasileios 
Kontogeorgakos, Olga  Savvidou, Panayiotis  Papagelopoulos 

National And Kapodistrian University of Athens, Greece 

Introduction. The shoulder girdle is a common site for sarcoma development. Although wide resection followed by 
endoprosthetic reconstruction is the treatment of choice for malignant tumors of the scapula, limb salvage surgery can 
be quite challenging for tumors involving the glenohumeral joint. An extra-articular resection is usually necessary for 
this type of sarcomas in order to obtain adequate margins and achieve satisfactory functional outcome. The 
advancement in 3D-printing technology allows the use for custom-made implants and navigation templates for 
minimally invasive tumor excision and personalized reconstruction. Given that this type of limb salvage surgeries are 
not well documented in the literature, the aim of this study is to describe the use of 3D-printing technology in sarcoma 
excision involving the glenohumeral joint. 

Methods. In this observational study, we retrospectively reviewed 3 patients who underwent a modified extra-articular 
partial scapulectomy (Malawer type V) combined with limb salvage surgery with the utilization of custom-made 3D-
printed guiding templates and oncological endoprosthesis. Information regarding demographic data, diagnosis, pre-
operative planning, surgical technique, post-operative management, oncological and functional outcomes were 
retrieved from their medical records by a group of health care professionals. For the assessment of the oncological 
outcome, consecutive imaging examinations (MRIs, CTs) were performed during the short-term follow-up period, until 
today. Reconstruction was achieved using MUTARS reverse proximal humerus prostheses and custom-made glenoid 
components. The Muskuloskeletal Tumor Society (MSTS) score was used for functional outcome evaluation. 

Results. In this study, 3 cases (n=3, 2 females, 1 male) with median age 55 years old were reviewed. Minimum follow-
up was 2 years. All of them, were diagnosed with chondrosarcomas in the Enneking S2 location and underwent a 
modified Malawer type V resection. Negative surgical margins (R0) were obtained in all patients, based on 
histopathological examination of the surgical specimens. No complications were reported. The MSTS score was 85%, 
55% and 60% for each patient respectively. 

Conclusion. The use of 3D-printed custom-made implants for resection of sarcomas involving the glenohumeral joint is 
a viable option offering satisfactory oncological and functional outcome. 
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Brinkman, J OP11.10 
Brinkmann, E FS17.13 
Brito, J OP6.3 
Broekhuis, D FS1.13 
Broida, S FS01.03, FS12.15, FS13.11,  

FS13.12, FS13.13, FS6.4, FS8.14 
Brouillette, M OP6.9 
Brown (Greig), D FS9.10, FS9.8, FS9.9 
Bruland, Ø OP2.6 
Buehler, T FS8.9 
Bui, A FS9.2 
Burgkart, R OP6.6 
Burke, Z FS12.8, FS2.12, FS2.3, OP10.8, OP12.9 
Burner, D PP14 
Burton, H FS16.11, PP29, PP30 
Buscharino, B FS6.10 
Busse, J FS6.13, OP4.14 
Byun, Y PP12, PP73 

C 
Cabrera, A FS6.5 
Cai, Q FS15.15, OP6.7 
Caine, P FS2.4, FS2.5 
Calvert, G FS15.7, FS15.8 
Camaño, M FS10.4 
Cammelli, G FS16.16 
Campanacci, D IL2, FS1.8, FS6.15, FS10.6, FS14.8,  

FS16.16, FS19.4, OP6.4, PP21 
Campanacci, L IL12, FS9.16 
Canter, R FS5.4, FS5.5 
Cao, R OP11.11 
Capanna, R FS15.6, FS16.16, FS6.15, OP1.7, PP21 
Carey-Smith, R OP7.1 
Carlisle, E IL10 
Carlsen, B FS17.13 
Carolino, D FS10.12, FS6.1, FS6.2 
Casales, N FS10.4, FS12.7, FS13.4, FS3.15, PP52 
Casanova, J PP32 
Casas, M OP12.4 
Castellani, C OP2.4 
Castillo, D PP76 
Castro, G FS5.8 
Castro, L OP11.9 
Cengiz, T FS17.8, FS17.9 
Cerchiaro, M.-C. OP7.8 
Cevolani, L IL12 
Chan, C FS14.14, FS19.1, PP22 
Chancharoenchai, T FS13.6, FS15.2 
Chandhanayingyong, C FS4.10, FS4.11, OP6.10 
Chandramouli, B OP9.6 
Chao-Ming Chen FS4.6 
Chapman, T FS9.1 
Charoenlap, C FS13.6, FS15.2 
Chavez, G FS5.5 
Chen, A FS17.7 
Chen, C OP2.10, OP4.12, OP8.3, PP67 
Chen, H OP11.1, OP8.7 
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Chen, M FS7.11 
Chen, R FS4.8 
Chen, W FS1.9, FS4.9, FS17.12, OP2.10,  

OP4.12, PP67 
Chen, X FS13.11, FS13.12, FS13.13, FS6.4 
Chen, Y FS19.8 
Cheng, Y FS15.14, FS15.15, OP6.7 
Cheng-Fong Chen FS4.6 
Cheon, J OP5.6 
Chi, Y PP67 
Chia, V PP65 
Chiba, K PP42, PP53 
Chinder Shekarappa, P FS1.15, FS9.16, OP6.16, OP9.6 
Chiranjeevi, T OP6.16 
Cho, H FS14.6, FS9.14 
Cho, W OP10.6 
Chobchai, W FS2.11 
Chobpenthai, T FS19.11, OP6.5, PP17 
Choi, E OP11.5, PP09 
Choi, K PP07, PP54 
Choong, C FS12.9, FS14.10, FS15.4 
Choong, P OP4.3 
Christ, A FS10.3, FS7.11, FS9.1, OP6.1 
Christopher, Z FS14.7 
Chrobok, A FS9.11, FS9.12, FS9.13, OP3.3 
Chua, J FS12.2, FS19.7 
Chun, D FS15.13, PP70 
Chung, S OP10.6, PP54 
Chung, Y FS19.12, FS4.2, FS5.12, OP1.4,  

OP10.3, OP10.6, OP6.13, OP10.4, 
OP12.13, PP12, PP73 

Chye, P FS3.11, PP65 
Cid, M PP72 
Ciesielka, K OP11.13 
Cipriano, C FS2.13 
Clara-Altamirano, M PP11 
Clunk , M FS19.5 
Çolak, T FS6.12 
Collier, M PP68 
Collier, R FS1.12 
Consalvo, S OP6.6 
Conway, S PP43, PP44 
Cosker, T FS1.8, FS7.3, FS19.4 
Coşkun, H FS5.15 
Cosseddu, F OP1.7 
Couch, C FS6.6, FS19.1, OP11.3 
Crawford, B FS14.11, FS15.17, FS4.4, OP11.11,  

OP3.7 
Crimi, A FS15.9 
Croker, N OP7.4 
Crompton, J FS01.04 
Cuervo-Lozano, C FS13.2 
Cullen, N OP10.10 
Cunningham, C FS1.13 
Cuomo, P FS16.15 
Cury, F OP8.2 

D 

Dabak, N FS5.15, FS17.8, FS17.9 
Dadia, S FS01.01, FS11.6, FS19.9 
Dai, H OP5.4 
Daniel, W FS17.4 
Daolio, P PP21 
D'Arienzo, A FS15.6, OP1.7 
Darrow, M FS5.5 
David, A OP11.8 
Davies, M FS10.9 
de Franco, S FS1.8, FS15.6, FS19.4 
de la Vega, P FS5.8 
De Los Santos-Quintanilla, A PP11 
De Meo, S FS1.8, FS19.4 
Dean, D FS4.3 
Dedhia, N FS15.5 
Deepta Rano, D OP12.8 
Delgado, J PP76 
Demura, S FS2.1, FS4.1, FS8.2 
Denes, E FS14.9 
Deng, C OP11.1 
Deng, J FS01.04 
Deng, Z FS6.14 
Dhamija, E FS4.14 
Di Bella, C OP4.3 
Dijkstra, P OP2.2 
Dimri, K FS18.8 
Ding, Y OP11.6 
Dirksen, U OP2.2 
Dittman, L FS6.6 
Dixit, J OP6.16 
DJ, G FS17.10 
Doğan, B OP3.11 
Donati, D IL12, FS1.8, FS19.4, PP21 
Döring, K FS3.4, PP28 
Dorleijn, D FS18.6 
Downey, M FS16.7 
Drees, P FS17.4 
Du, X FS15.14, FS15.15, OP6.7 
Duan, H FS13.7, FS13.8, OP6.11 
Duan, Z FS4.3, FS4.4, FS4.7 
Dudda, M OP11.2 
Duerr, H OP2.2 
Duong, A FS10.3 
Duong, Y FS8.5 
Durox, H FS14.9 
Dürr, H FS15.10, FS15.3, OP2.7, OP5.7, OP5.8 
Duski, S FS3.11, PP57 
Dussik, C OP10.12, OP8.8 
Dy-Ledesma, J OP12.4 
Dy, A OP12.4 
Dzaugis, P PP78 

E 
Eaton, V OP11.10 
Ebeid, E OP3.9 
Ebeid, W OP12.10, OP3.9 
Eberlein-Gonska, M OP2.1 
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Eckardt, J FS9.10, FS9.8, FS9.9 
Eich , H OP2.2 
Eichler, M OP2.1 
Eilber, F FS01.04 
Eiseler, N FS10.4 
El-Heliebi, A IL5 
Elwell, J FS16.6 
Emirzeoğlu, M OP8.5 
Endo, M FS19.6, OP12.7, OP3.1 
Engel, E OP11.8 
English, I FS19.1 
Etchebehere, M FS2.7 
Evans, A OP2.5 
Evans, S FS10.9, FS12.6, FS17.3, OP8.4 
Evans, T FS1.12 
Exner, G FS8.9 
Eysel, P FS16.17 

F 
Fabbri, N FS11.3, FS9.1, OP6.1 
Fagundo, V FS5.8 
Fallon, J PP78 
Fang, X FS12.12, FS13.10, FS13.7, FS13.8,  

FS13.9, FS17.6, FS2.10, FS4.5, 
OP6.11 

Fares, R FS19.9 
Fauth, A OP9.3, OP9.4 
Fazioli, F PP21 
Femino, J FS16.1, FS16.3, FS7.4 
Ferguson, P FS2.12, FS2.3, FS5.2, FS12.8,  

OP10.8, OP12.9 
Fernandes, L FS16.4, PP60 
Fernandez, M PP44 
Ferrena, A FS4.4, FS4.15, FS18.1 
Ferro, A OP11.9, OP3.12, OP7.13 
Figueroa, A OP6.9 
Fijany, A FS16.7 
Fiorenza, F FS14.9 
Fitzgerald, M FS9.4, PP78 
Flug, J FS14.4 
Flurin, P FS16.6 
Focaccia, M FS12.8, OP10.8, OP12.9 
Fonseca de Freitas, J FS13.1 
Forsberg, J FS5.14 
Forster, N FS8.9 
Fox, J OP10.2 
Franceschi, D PP44 
Franks, D FS1.10, FS1.13, FS2.15, OP3.13,  

OP3.14, OP7.1, OP7.11 
Freedman, L PP43 
Freeman, C OP8.2 
Freitas, J PP32 
Frenos, F FS14.8 
Frenzel, S OP1.3 
Friedlaender, G OP10.12 
Friesenbichler, J OP2.4 
Frink, S FS5.11, FS5.13 
Frisoni, T PP21 

Fromm, J FS15.10, FS15.3, OP2.7, OP5.7, OP5.8 
Fujiwara, T FS17.1, FS3.3 
Fukushima, S FS1.7 
Fung, S OP2.1 
Funovics, P FS3.4, OP1.3, PP49, PP28 
Furtado , S OP10.11 

G 
Gaasterland, T PP14 
Gagnet, P PP69 
Gaiero, L FS10.4, FS12.7, FS13.4, FS3.15, PP52 
Galani, D FS3.6 
Galia, C OP11.8 
Gamanagatti, S FS14.12, FS4.14 
Gamangatti, S FS3.7 
Gao, S FS15.14, FS15.15, OP6.7 
Garcia, J FS5.8 
Garcia-Ortega, D PP11 
Garg, S FS17.10, FS18.8 
Gassert, F OP5.8 
Gatot, C FS19.3 
Gavilan, E PP76 
Gavriil, P FS16.13, FS16.14, OP1.10, OP1.8, OP12.3, 

OP12.11, OP2.13, OP7.7, PP31, PP79 
Gazendam, A FS13.1, FS6.13, FS7.2, FS8.13,  

FS8.5, FS8.8, OP1.1, OP4.14 
Geiger, E OP2.12 
Gelderblom, H OP2.2, OP2.8, OP2.12 
Geller, D FS4.15,FS15.5, FS18.1, OP9.3, 
OP9.4, OP10.2 
Georg, D PP41 
Gerasimidis, P OP7.7 
Gerhardt, C PP68 
Gerrand, C FS2.5, FS14.13, FS16.15, OP10.11 
Gersing, A OP5.8 
Gettleman, B FS10.3, FS7.11 
Ghert, M FS6.13, FS2.3, FS7.2, FS8.13, FS8.5, FS8.8,  

FS13.1, OP1.1, OP11.4, OP3.8, OP4.14 
Ghoneimy, A OP12.10 
Giardina, F PP21 
Gibbons, C FS16.8 
Gibbs, C FS16.6, PP70 
Gibbs, P FS15.13, FS19.1 
Giglio, V OP1.1 
Gikas, P FS12.1, FS16.15 
Gil, G OP11.8 
Gizewska-Kacprzak, K FS7.14 
Glänzer, D PP41 
Goetz, J OP6.9 
Gokita, T OP12.7 
Golafshar, M FS01.02 
Golcher, H OP2.1 
Goller, S OP2.7, OP5.7 
Gölpınar, M OP8.5 
Gominard, P FS14.9 
Gonzalez, V FS12.2 
González-Saldivar, J FS13.2 
Goodman, H PP78 
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Gorlick, R FS4.15 
Gortzak, Y FS01.01, FS11.6, FS19.9 
Gosheger, G OP2.2 
Gouin, F OP2.5 
Goulding, K FS01.02, FS14.4, FS14.7, FS18.5,  

IL8, OP11.10, OP8.1, OP8.2 
Goumenos, S FS16.13, FS16.14, OP1.10, OP2.13,  

OP12.11, PP31 
Gracia Alegría, I FS17.5 
Grazal, C FS5.14 
Greig, D FS16.19 
Griffen, A FS16.2 
Griffin, A FS12.8, FS2.12, FS2.3, OP10.8,  

OP12.9, OP2.12 
Griffin, A FS5.2 
Groot, O FS1.8, FS11.2, FS19.4 
Grossman, J PP44 
Grunhagen, D IL11 
Guariento, L OP6.4 
Guedes, A OP11.8 
Guevara, A FS6.2 
Guinand, L OP7.9 
Gulbrandsen, T FS2.8, FS5.6, OP5.11 
Gundavda, M FS2.12, FS2.3, OP10.8, FS12.8,  

OP12.9 
Gundle, K FS8.5 
Guo, W FS17.14 
Gupta, A FS14.15, IL9, OP1.2, OP10.5 
Gupta, P FS9.6, FS9.7, OP4.11 
Gürbüz, M OP8.5 
Guzman, M FS1.10, FS1.13, FS2.15, OP3.13, 
OP3.14, OP7.1, OP7.11 

H 
Hacişahinoğulları, H FS10.1 
Haider, T FS17.12 
Halbur, C FS2.8, FS5.6, OP5.11 
Hamad, C FS16.19, FS18.11, FS18.12,  

FS18.13, FS18.14, FS9.10, FS9.8, 
FS9.9, OP11.12 

Hameed, M FS10.11 
Han, I FS14.6, FS9.14, OP1.9, OP10.1,  

OP12.5, OP5.6, PP07 
Hanasilo, C FS2.7 
Hanayama, R PP16 
Hanna, G OP3.2 
Hannink, G OP10.9 
Hansa, A OP4.3 
Hansen, D OP3.2, OP6.1 
Hao, L FS6.14 
Haque, S FS2.4, FS2.5 
Hardan, W OP10.2 
Hardes, H OP2.5 
Hardes, J OP2.2, OP11.2 
Hardy, J FS14.9 
Hargiss, J PP58 
Hart, C FS18.12, OP11.12 
Hartmann, W OP2.2 
Hasan, O FS8.7 

Hashimi, M FS2.8, FS5.6, FS8.7 
Hatanaka, T FS15.12, PP23, PP64 
Hauschild, G OP11.2 
Haveman, L OP2.2 
Hayashi, D FS12.14, FS19.2 
Hayashi, K FS01.05, FS9.5, OP2.9, PP01, PP02, PP03,  

PP04, PP13, PP15, PP16, PP33, PP37, PP38 
Hayden, J FS8.5 
Hayes, A OP5.9 
He, H FS12.10, PP39 
Healey, J FS2.13, FS7.5, FS9.1, FS10.11,  

FS15.11, OP6.1 
Heckmann, N FS10.3, FS7.11 
Heels-Ansdell, D OP4.14 
Heidenreich, M FS01.03, FS3.10, OP4.10 
Heidt, V OP2.1 
Heitzer, E IL5 
Helbig, T FS18.4 
Henderson, E FS15.7, FS15.8 
Hentschel, L OP2.1 
Hermann, T PP72, PP76 
Hermogenes, T OP12.4 
Hernandez, A OP12.4 
Hernandez-Lopez, A FS13.2 
Herrera, C PP72, PP76 
Higuchi, T PP01, PP03, PP04, PP16, PP36 
Hildebrand, K FS18.2 
Hinckley, N FS14.7 
Hindiskere, S FS1.15, FS9.16, OP6.16, OP9.6 
Hintewimmer, F OP6.6 
Hoang, B FS4.15, FS15.5, FS18.1, OP10.2 
Hobusch, G PP28, PP49 
Hoffman, R PP03, PP04 
Hohenberger, P OP2.1 
Hohf, M PP71 
Holm, C FS5.14, PP60 
Holzapfel, B OP2.7, OP5.7 
Hong, K OP5.6 
Hong, S PP07 
Hongnaparak, T FS8.6 
Hongsaprabhas, C FS13.6, FS15.2, OP10.3, OP10.6 
Honig, R FS5.2, FS12.15 
Horiuchi, K PP42, PP53 
Hornicek, F FS4.3, FS4.4, FS4.7, OP3.7 
Hoshi, M FS19.6 
Hotta, H FS10.5 
Houdek, M FS01.03, FS01.06, FS12.13, FS12.15,  

FS13.11, FS13.12, FS13.13, FS16.5, 
FS17.13, FS2.3, FS3.1, FS3.10, FS5.2, FS6.4, 
FS6.6, FS8.14, OP11.3, OP2.12, OP4.10, 
PP18, PP24, PP58 

Hovgaard Ladegaard, T FS8.11 
Huang, C FS1.9, FS4.9 
Huang, W FS19.8 
Huang, X OP5.4 
Huang, Z OP11.6 
Hudson, T OP11.4 
Hussain, N OP5.3 
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I 
Iamthanaporn, K FS8.6 
Ibrahim, M OP11.7 
Ichikawa, Y FS15.12, PP23, PP64, PP74 
Igarashi, K FS01.05, FS9.5, OP2.9, PP01,  

PP02, PP03, PP04, PP13, PP15, 
PP16, PP33, PP37, PP38 

Ihara, K FS10.7, FS13.5, FS16.10, PP35 
Ikuta, K FS15.1, FS18.7, FS8.12, OP3.1,  

PP61 
Iliopoulou- Kosmadaki, S FS3.6 
Iljazi, A FS8.11 
Imagama, S FS15.1, FS18.7, FS8.12, PP61 
Imanishi, J OP3.1, PP34 
Inaba, Y FS1.7 
Innocenti, M FS6.15, FS16.16 
Innocenti, M FS6.15 
Ippolito, J FS18.4, FS7.6, FS7.8, FS7.9,  

OP7.10, OP7.9 
Ito, K FS15.1, FS18.7, FS8.12, PP61 
Ivany, C OP11.4 
Iwanaga, R FS10.7, FS13.5, PP35 
Iwata, S FS1.7, FS10.13, IL6 

J 
Jagiello, J FS17.7 
Jalan, D FS5.10, PP19, PP63 
Jamieson, C PP14 
Jang, K PP08 
Jang, W FS9.14, OP1.9 
Jatoi, A FS16.9, OP1.5 
Jehanzaib, S OP5.3 
Jethanandani , A PP43, PP44 
Jeys, L FS10.9, FS10.10, FS12.6, FS15.4,  

FS17.12, OP10.13, OP10.9, 
OP6.14, OP7.6 

Jin, S OP1.4 
Jin, T FS6.14, FS7.7, OP11.6 
Jin, W PP44 
Johnson, J FS14.1, OP6.9 
Johnson, L FS17.7 
Jonczak, E PP44 
Joo, M FS4.2, FS5.12, FS19.12, OP1.4,  

OP10.3, OP10.4, OP10.6, OP12.13, 
OP5.5, OP6.13, PP07, PP12, PP73 

Jose, L FS12.2, FS19.7 
Joseph, I OP3.4 
Joseph, S FS5.7 
Joyce, D FS1.12, FS5.1, FS15.9, PP68 
Juergens, H OP2.2 
Jung, B FS9.4, PP78 
Jung, J PP07 
Jung, S PP54 

K 
Kadkoy, Y FS18.4, FS7.6, FS7.8, FS7.9, OP3.4,  

OP7.10, OP7.9 
Kaider, A FS3.4, OP1.3 

Kakouratos, G OP7.7 
Kakouratos, S OP7.7 
Kalbasi, A FS01.04 
Kamboh, A OP1.5 
Kamil, R OP3.2 
Kamiński , A OP3.3 
Kang, H OP5.6, PP07 
Kansay, R FS17.10 
Kapoor, L FS4.14, FS6.3, FS6.8, FS6.9, FS12.11,  

FS14.12, FS14.5, FS15.16, OP12.8, PP25 
Kasahara, T PP53 
Kashofer, K IL5 
Kasper, B OP2.1 
Kaspiris, A FS3.6, OP12.11 
Kassim Al-Mosuli, Y OP6.12 
Kato, K FS10.7 
Kato, S FS2.1, FS4.1, FS8.2 
Katto,   OP1.5 
Katto, S OP5.3 
Kavanaugh, A FS18.13 
Kawai, A FS1.7, FS19.6, IL6, PP10 
Kawai, M FS4.1 
Kawano, H OP12.7, OP3.1 
Kawashima, H OP12.7, OP3.1 
Kaya, H FS6.11, FS6.12 
Kaya, O OP7.12 
Kayano, D FS19.6 
Kemp, A FS18.3 
Kenan, S FS9.2, FS9.3, FS9.4, PP78 
Kenan, S FS9.2, FS9.3, FS9.4, PP78 
Kendal, J FS01.04, FS4.4, FS5.9, FS7.1, FS8.13,  

FS9.10, FS9.8, FS9.9, FS13.1, FS16.19, 
FS18.11, FS18.12, FS18.13, FS18.14, 
FS18.2, OP11.12, OP11.13 

Kendrick, B FS1.11 
Kerschbaum-Gruber, S PP41 
Kew, T FS17.12 
Khairy, I OP3.9 
Khan, A OP10.10 
Khan, S FS3.7, FS4.14, FS6.3, FS6.8, FS6.9,  

FS12.1, FS14.12, FS14.5, FS9.15, 
OP12.8, PP25 

Khan, Z FS12.6 
Khanna, G FS5.10, PP19, PP63 
Khattak, U FS17.3 
Kiatisevi, P FS2.11, FS8.10, FS14.11, OP4.6 
Kim,  PP09 
Kim, D PP07 
Kim, H FS14.6, FS9.14, OP1.9, OP5.6, OP10.1,  

OP12.5, OP11.5 
Kim, J PP07, PP54 
Kim, J PP07, PP08 
Kim, J OP10.6 
Kim, K PP07 
Kim, K PP07 
Kim, S OP11.5, PP09 
Kim, S PP07 
Kim, S PP07 
Kim, W FS14.6 
Kim, Y PP07 
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Kim, Y FS14.6, FS9.14, OP1.9, OP10.1,  
OP12.5, OP5.6 

Kim, Y OP11.5, PP09 
King, D OP2.12 
Kirilova, M OP2.7 
Kittithamvongs, P OP4.6 
Klein, A FS15.10, FS15.3, OP2.7, OP5.7, 

OP5.8 
Knebel, C OP6.6 
Knöll, P FS16.17 
Knösel, T FS15.3 
Ko, T FS19.12 
Kobayashi, E FS1.7, PP10 
Kobayashi, H OP3.1 
Kobayashi, M FS2.1, FS4.1 
Kocaoglu, M OP12.14 
Kogler, A OP2.4 
Koike, H FS15.1, FS18.7, FS8.12, PP61 
Kollar , A OP2.2 
Kontogeorgakos, V FS3.6, OP1.8, OP1.10, OP2.13,  

OP7.7, OP12.3, OP12.11, PP31, 
PP79 

Kosir, U FS18.5, IL8, OP8.2 
Kosuwon, W OP4.1, OP9.5 
Kotrych, D FS9.11, FS9.12, FS9.13, IL3, OP3.3,  

OP4.8, OP4.9 
Koyama, T FS15.12, PP23 
Kozawa, E FS8.12 
Krebbekx, G OP4.2, OP8.4 
Kremers, H OP11.3 
Krishna, L FS5.10, PP63 
Krishnan, C FS11.1, FS19.10, FS6.7 
Krishnappa, R OP6.16 
Krueger, R FS19.5 
Kruiswijk, A FS18.6 
Kruseova, J OP2.2 
Kubat Üzüm, A FS10.1 
Kuehhas, F OP1.3 
Kuehne, T OP2.2 
Kulidjian, A PP14 
Kumar, J OP5.3 
Kumar, N FS5.10, PP19, PP63 
Kumar, V FS3.7, FS6.8, FS6.9, PP25 
Kunisada, T FS17.1, FS3.3 
Kuppen, P FS4.13 
Kurinskal, V FS12.6 
Kurisunkal, V FS10.9, FS15.4, OP10.13, OP6.14 
Kuriyama, R FS16.10 
Kurrer, M FS8.9 
Kuruoglu, D PP18 
Kutlu, O FS3.8 
Kwan, Y FS19.3 

L
Labott, J FS3.10 
LaChaud, G FS15.13, PP70 
Ladegaard, T FS2.9 
Ladenstein, R OP2.2 
Lana, D FS1.8, FS19.4 

Lane, J FS2.13 
Lang, D OP5.8 
Lantin, M FS12.2, FS19.7, FS6.5 
Laughlin, B FS01.02 
Lazarides, A FS12.8, FS2.12, FS2.3, OP10.8 
Lazerides, A OP12.9 
Leal, R PP71 
Leary, S FS2.16 
Lee, E PP07 
Lee, F OP10.12, OP8.8 
Lee, H FS5.12, PP07 
Lee, I PP54 
Lee, J FS19.12, OP11.5, PP09 
Lee, S PP14 
Lee, Y FS19.12, FS4.2, OP1.4, OP10.3, OP10.4,  

OP12.13, OP5.5, OP6.13 
Lehner, B FS7.10, FS7.12, FS7.13 
Lei, S FS12.12, FS13.10, FS13.7, FS13.8,  

FS2.10, FS4.5 
Leithner, A IL5, OP2.2, OP2.4, OP5.9, PP41 
Lenze, U OP6.6 
Lesensky, J FS1.14 
Letson, D FS1.12, FS15.9 
Letson, G FS14.11 
Levanon, E FS11.6 
Levin, A FS15.7, FS15.8 
Lewallen, D FS6.6, OP11.3 
Lewis, V FS5.11, FS5.13, FS14.1, FS18.3 
Li, A FS18.11, FS18.13, FS18.14 
Li, B OP5.4 
Li, J OP6.15 
Li, K OP6.15 
Li, X FS17.11, FS4.7, FS5.3 
Li, Y OP11.6 
Li, Y FS12.4, FS12.5, FS6.14, OP12.6, OP5.2 
Li, Z OP6.15 
Li, Z FS4.8 
Liang, H FS17.14 
Liang, Y OP11.11 
Liao, Y FS10.2 
Liao, Z FS12.10, PP39 
Liegl-Atzwanger, B IL5 
Lim, C FS3.11, PP57, PP65 
Lim, J FS5.12, FS6.5 
Lin, J FS14.3, OP9.2, PP77 
Lin, K FS01.02 
Lin, N OP5.4 
Lin, P FS14.1 
Lin, Y FS10.2, PP67 
Lindner, L FS15.3, OP2.7, OP5.7 
Lindskog, D OP10.12 
Liu, M OP5.4 
Liu, Q FS12.10, PP39 
Liu, T FS4.8 
Liu, T PP75 
Liu, W FS6.14, FS7.7, OP11.6 
Liu, X FS15.15, FS15.14 
Liu, X FS15.14, OP6.7 
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Liu, Y FS12.10, OP5.4, PP39 
Liu, Z FS4.8 
Livingstone, A PP44 
Lizcano-Suarez, A PP11 
Loh, B FS10.14 
Loh, B FS10.14 
Lohberger, B PP41 
Long, F FS12.10, PP39 
Long, J FS14.4 
Lopez, J FS18.4 
Lord, E FS4.4 
Lowe, M IL10, OP7.4 
Lozano-Calderon, S FS1.8, FS3.9, FS11.2, FS19.4,  

FS19.5, OP3.7 
Lucattelli, E FS16.16 
Luitjens, J OP5.8 
Luke, P FS14.14 
Lundberg, J FS14.16, IL1, OP1.11 
Luo, W FS12.10, PP39 
Luo, Y FS13.8, FS17.6 
Luo, Y OP11.11 
Lv, D PP06 

M 
Mabit, C FS14.9 
Machado Granados, P FS17.5 
Maempel, J OP7.11 
Maes, D OP7.6 
Maethungkul, R FS2.11 
Maher, A FS1.13, FS2.15, OP3.13, OP3.14,  

OP7.1 
Mahmood, M FS3.11, PP57, PP65 
Mahoney, R FS12.6, FS17.3 
Major, L OP7.4 
Mallett, K FS01.06, FS12.15, FS16.5, OP4.10 
Malyk, R OP4.13 
Mamouei, Z FS18.11, FS18.12, FS18.13,  

FS18.14, OP11.12 
Mandía Martínez, A FS17.5 
Manfrini, M FS9.16 
Mani, O FS15.6, OP1.7 
Mapangada, B FS1.15 
Mark, H FS14.16, IL1, OP1.11 
Markeviciute, V OP2.11, PP62 
Marone, S FS1.8, FS19.4, OP11.9, OP3.12,  

OP7.13 
Marsico, M FS14.8 
Mastboom, M OP2.8 
Masvanich, J PP56 
Mate, K FS18.5, IL8, OP8.1, OP8.2 
Matsumine, A FS19.6 
Matysiakiewicz, J FS9.11, FS9.13 
Mayo, N OP8.1, OP8.2 
McCarthy, A OP10.11 
McChesney, G FS18.3 
McMahon, S FS7.3 
McNamara, W FS2.15 

Melissaridou, D FS16.13, FS16.14, FS3.6, OP1.10, OP1.8,  
OP7.7, OP12.3, OP12.11, PP31, PP79 

Mello, G OP11.8 
Mendoza, T PP14 
Menendez, L FS10.3, FS7.11 
Mentrup, F FS15.3 
Mercado, A OP12.4 
Merchan, N FS11.2, FS19.4 
Merose, O FS01.01, FS11.6, FS19.9 
Mesko, N FS15.7, FS15.8 
Methadilogkul, S FS8.10 
Mihara, A FS10.7, FS13.5, PP35 
Milbrandt, T FS3.1 
Miller, B FS2.16, FS8.7, FS2.8, FS5.6, FS15.7,  

FS15.8, OP5.11, OP6.9 
Mimata, Y PP23, PP64 
Minami, Y OP12.7 
Mine, T FS16.10 
Miwa, S FS01.05, FS9.5, OP2.9, PP01, PP02,  

PP03, PP04, PP13, PP15, PP16, PP33, 
PP37, PP38 

Mizoshiri, N FS12.14, FS19.2 
Mizuno, T PP42, PP53 
Mizuta, K FS10.8, FS13.3, PP05, PP59 
Moerk Petersen, M FS5.14 
Mohd Dusa, N FS3.11, PP57, PP65 
Mohd Yusof, N FS12.9 
Molina, V PP72 
Montgomery, N FS5.13 
Monument, M FS16.19, FS18.2, FS5.9 
Moon, B FS14.1 
Moon, Y PP07 
Mora, I PP71 
Moran, S FS12.13, FS13.11, FS13.12, FS13.13,  

FS17.13, FS6.4, PP18 
Moreno, E FS1.8, FS19.4 
Mori, Y FS12.14, FS19.2 
Morii, K OP3.1 
Morimoto, N FS4.1 
Morinaga, S FS01.05, FS9.5, OP2.9, PP01, PP03, PP04, 

PP13, PP15, PP16, PP37, PP38 
Morinaga, S PP02, PP33 
Morioka, H PP53 
Mørk Petersen, M FS8.11, FS16.12 
Morris, G FS10.9, FS17.12, OP10.13 
Mosele, N OP5.1 
Moser, T IL5 
Mostert, C IL11 
Mridha, A FS3.7, FS4.14 
Muldong, M PP14 
Muñoz, F PP71 
Muramatsu, K FS10.7, FS13.5, PP35 
Muran, A PP78 
Murata, K FS16.10 
Muratori, F FS10.6, FS14.8, FS16.16, FS6.15, IL2,  

OP6.4 
Murayama, T FS19.6 
Murrad, K FS16.2 
Muslu, O FS17.8, FS17.9 
Myklebust, T OP2.6 
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N 
Nachbichler, S FS15.3, OP2.7, OP5.7 
Nagai, T PP64 
Nagatani, S FS2.1, FS4.1 
Najafi, F OP11.13 
Nakada, E FS3.3 
Nakagawa, M OP3.1 
Nakagawa, S OP11.8 
Nakamura, K FS10.5 
Nakamura, T FS19.6 
Nakata, E FS17.1 
Nakayama, R FS10.5, PP53 
Nalty, T FS18.3, FS5.11, FS5.13 
Narhari, P FS12.9, FS14.10, FS18.9, FS3.14,  

PP66 
Nasri, E FS19.1 
Nathan, S FS2.6 
Neijenhuis, R IL11 
Nekkanti, M OP9.6 
Nelson, S FS4.4, OP11.11 
Nemoto, R PP42 
Neri, E OP6.4 
Nesargikar, P OP6.16 
Netchalirat, K OP9.5 
Neumann, J OP6.6 
Newman, E FS11.2 
Nezu, Y FS1.7 
Niethard, M OP5.9 
Nishant, B FS12.12, FS13.10, FS13.9, FS4.5 
Nishida, J FS15.12, PP23, PP64, PP74 
Nishida, K FS10.8, FS13.3, PP05, PP59 
Nishida, Y FS8.12, FS15.1, FS18.7, FS19.6,  

PP61 
Nishisho, T FS3.5 
Niu, X FS12.4, FS12.5, FS6.14, FS7.7,  

OP10.3, OP10.6, OP11.6, OP12.6, 
OP5.2 

Nomura, A FS19.6 
Norum, O OP2.6 
Novak, R FS2.3 
Numkarunarunrote, N FS13.6, FS15.2 
Numoto, K FS3.5 
Nunes, M OP11.8 
Nyangoni, K FS17.3 

O 
Ogura, K FS10.11 
Oh, J FS14.6 
Ohta, A PP34 
Okubo, R FS5.7 
Okuda, M FS19.6 
Olesen, U FS16.12 
Oliveira, V FS1.8, FS19.4 
Olsson, S FS16.7 
Omlor, G FS7.12, FS7.13 
O'Reilly-Harbidge, S OP10.10 
Orr, S OP10.2 
Ortiz-Cruz, E FS1.8, FS19.4 

Osaki, S FS1.7 
Oshiro, H FS10.8, FS13.3, PP05, PP59 
Outani, H OP3.1 
Ouyang, Z FS16.8 
Ozaki, T FS17.1, FS19.6, FS3.3 
Öztürk, M OP8.5 

P 
Paez, J FS6.5 
Pafitanis, G FS16.11, PP29 
Paglia, D FS18.4 
Pagliarini, E OP5.1 
Paholpak,  OP9.5 
Paholpak, P FS2.2, FS8.3, OP4.1 
Paiva, D FS2.7 
Pala, E IL7, OP12.1, OP12.2, OP3.6, OP4.7, OP5.1, 

OP7.2, OP7.8, PP21 
Pang , G OP4.3 
Panotopoulos, J FS3.4, OP1.3, PP28, PP49 
Pant, R FS3.2 
Papachristou, D OP2.13 
Papadopoulos, D OP12.11 
Papagelopoulos, P FS16.13, FS16.14, FS3.6, OP1.10, OP1.8,  

OP12.11, OP12.3, OP2.13, OP7.7, PP31, 
PP79 

Papaiah, S FS1.15 
Park, C FS7.6, FS7.8, FS7.9, OP7.10 
Park, J FS9.14, OP12.5, PP07 
Park, P PP07 
Park, S OP5.6, PP07 
Park, Y FS18.2 
Parry, M FS17.12, OP10.13, OP2.5, OP6.14,  

OP7.6, OP10.9 
Parvizi, J OP11.13 
Pastore, G OP7.5 
Patapis, P OP7.7 
Patel, S FS5.11, FS5.13, OP10.10 
Patterson, F FS7.8, OP3.4, OP7.10, OP7.9 
Paul, R FS11.4, FS11.5, OP9.3, OP9.4 
Paulson, A FS7.1 
Paulussen, M OP2.2 
Pearce, J FS18.11, FS18.12, OP11.12 
Peeken, J OP5.8 
Peiró Ibañez, A FS17.5 
Pekarev, M FS16.7 
Pelaez, J FS5.8 
Pellegrino, P FS1.8, FS19.4, OP11.9, OP3.12,  

OP7.13, PP21 
Penny, A FS5.13 
Pensado, M FS1.8, FS19.4 
Peregud-Pogorzelski, J FS7.14 
Perera, J FS7.3 
Petersen, I FS01.03, FS01.06 
Petersen, M FS2.9, FS16.4, PP60 
Peterson, N FS01.04, FS18.11, FS18.12, FS18.13,  

FS18.14, OP11.12, OP11.13 
Pfaff, E FS19.5 
Phan, P OP6.12 
Phimolsarnti, R FS4.10, FS4.11, OP6.10 
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Pho, R PP22 
Piakong, P FS2.11, FS14.11, OP4.6 
Piana, R FS1.8, FS19.4, OP11.9, OP3.12,  

OP7.13, PP21 
Piazza, M OP3.6 
Pimentel, A FS10.12 
Pinitchanon, P FS2.11, OP4.6 
Pink, D OP2.1 
Pinto, F OP11.8 
Piple, A FS10.3, FS7.11 
Po-Kuei Wu FS4.6 
Polat, B OP12.14 
Polfer, E FS7.5 
Pollock, R FS14.13, FS16.15, FS7.3 
Poosiripinyo, T PP17, PP50, PP51 
Powell, G OP4.3 
Prasad, R FS5.10, PP19, PP63 
Prathumsuwan, C PP56 
Praytongyam, J FS8.10 
Pretell, J PP43 
Priester, J OP2.12 
Prince, D OP12.12 
Prugmahachaikul, A FS13.6, FS15.2 
Puccini, S FS6.15 
Puhaindran, M FS14.14, PP22 
Puloski, S FS16.19, FS5.9 
Punia, R FS18.8 
Puranik, P OP9.6 
  
 

Q 
Qadir, A OP5.3 
Qi, L FS4.8 
Qu, G FS15.14, FS15.15, OP6.7 
Qubain, L OP11.10 
Quinto, M FS19.7 
 

R 
R, P FS1.15 
Radhakrishnan, S FS14.10 
Raja, A FS11.1, FS19.10, FS6.7 
Rajput, N FS16.9 
Rakhra, K OP6.12 
Ramonaite, J OP2.11, PP62 
Randall, R FS15.11 
Randall, R FS5.4, FS5.5 
Ranft, A OP2.2 
Rasappan, K FS14.14, PP22 
Raskin, K FS11.2 
Raspanti, F FS10.6 
Rastogi, S FS4.14 
Ratanakornphan, C FS13.6, FS15.2 
Ratto, N FS1.8, FS19.4, OP11.9, OP3.12,  

OP7.13 
Rechter, G FS16.7 
Reddy, V FS01.04 
Rehman, K OP1.5 

Reichardt, P OP2.2 
Reichel, F FS7.10 
Ren, X FS4.8 
Restrepo, C OP11.13 
Rhea, L FS2.13 
Rhee, I OP4.3 
Ribeiro, M OP11.8 
Richman, E OP11.10 
Richter, S OP2.1 
Ridha, A FS10.9 
Rijs, Z FS1.8, FS19.4, FS4.13 
Rizzo, M PP18 
Robba, T OP3.12 
Robinson, S FS01.03, FS01.06, FS8.14, PP24, PP58 
Roche, C FS16.6 
Rodà, M OP3.5 
Rodgers, B FS14.4, FS14.7 
Roesler, K FS01.02 
Rogala, P OP7.3 
Rosario, M FS12.2, FS19.7, FS6.5, OP12.4 
Rose, P FS01.03, FS01.06, FS5.2, FS2.3, FS3.1,  

FS3.10, FS6.6, FS8.14, FS12.15, FS16.5, 
OP4.10, OP11.3, PP24, PP58 

Rosenberg, A PP43, PP44 
Rosenthal, H PP40 
Rosolowicz, K FS7.14 
Rossi, B PP21 
Rotor, R FS6.1, FS6.2 
Roustemis, A OP12.3, OP2.13 
Rowell, P OP7.4 
Rubio, D FS14.2, FS2.14, OP6.2, OP6.3 
Rudran, B OP10.10 
Rueckert, D OP6.6 
Ruggieri, P FS15.9, FS16.6, IL7, OP3.5, OP3.6, OP4.7,  

OP5.1, OP7.2, OP7.8, OP12.1, OP12.2, 
PP21 

Ruiz, I FS1.8, FS19.4 
Runyon, S FS2.13 
Russell, M FS2.16 
Rustagi, A FS5.10, PP19, PP63 
Rutkowski, P OP7.3 
Ryan, S OP5.11 
  

S 
Sabah, D FS6.11, FS6.12 
Sacchetti, F IL2, FS16.15 
Sachs , A OP6.12 
Sachsenmaier, S FS17.4 
Sah, S FS3.7, FS9.15 
Şahin, B OP8.5 
Sahito, B OP1.5 
Sahito, D FS16.9, OP5.3 
Saiani, R FS2.13 
Saifuddin, H FS17.13 
Saisu, T OP3.1 
Saito, S PP33 
Sakai, T FS10.7, FS13.5, PP35 
Sakai, T FS15.1, FS18.7, FS8.12, PP61 
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Salah, M OP3.9 
Salang, K PP50, PP51 
Salazar, C FS18.2 
Salduz, A FS10.1, FS3.8, FS8.7 
Salgado Martínez, D PP45, PP46, PP47, PP48 
Salman, S FS4.14 
Samarendra, H FS2.4, FS2.5 
Samiei, A FS4.4 
Sampath , V FS6.3 
Sampath Kumar, V FS4.14, FS9.15, FS12.11, FS14.12,  

FS14.5, FS15.16, OP12.8 
Sanchez-Sotelo, J FS12.15, OP4.10 
., Sandeep FS6.3, FS6.8, FS6.9, PP25 
Sangkomkamhang, T PP50 
Santoro, A OP11.9 
Santos, A FS6.10 
Santos, J OP11.8 
Sassi, S FS4.4 
Satcher, R FS14.1 
Sato, K OP3.1 
Savjani, R FS01.04 
Savvidou, O FS16.13, FS16.14, FS3.6, OP1.10,  

OP1.8, OP2.13, OP12.11, OP12.3, 
PP31, PP79 

Saxsby, N FS2.16 
Say, F FS5.15, FS17.8, FS17.9, OP8.5 
Scanferla, R FS16.16, FS6.15, IL2 
Scarborough, M FS15.13, FS16.6, FS19.1, PP70 
Schai, P FS8.9 
Schmitt, J OP2.1 
Schneider, G FS18.4, FS7.8, OP3.4 
Schneider, P FS6.13, FS7.2, FS8.8, OP1.1,  

OP11.4, OP4.14 
Schneider, T FS8.13, FS13.1 
Scholes, C OP7.1 
Schreuder, B OP2.12 
Schubert, T OP2.5 
Schuler, M OP2.1 
Schwab, J FS11.2 
Scoccianti, G FS1.8, FS6.15, FS10.6, FS14.8,  

FS19.4, IL2, OP6.4 
Scorianz, M FS1.8, FS6.15, FS10.6, FS19.4, IL2,  

OP6.4 
Seaman, H OP10.11 
Seetharam, M FS01.02 
Segal, K FS15.5 
Segal, O FS01.01, FS1.8, FS11.6, FS19.4,  

FS19.9 
Sehrawat, S FS4.14, FS14.12, FS14.5 
Seidel, M IL5 
Sekita, T FS10.5, PP10 
Seldon, C PP43, PP44 
Senda, M FS17.1 
Seo, S PP07 
Serafini, O OP11.8 
Servando Rotor, R OP2.3 
Sethurajah, V FS1.8, FS19.4 
Shah, A OP3.7 
Shaheen, M FS3.2, FS16.2 
Sharma, M FS4.14 

Sharma, S FS18.8 
Shaughnessy, W FS3.1 
Sheehy, V FS1.11 
Shehadeh, A OP4.4, OP4.5, OP9.1 
Shehata, M FS01.04, FS18.14 
Shen, Y FS12.3, OP5.10 
Shimomura, S FS12.14, FS19.2, PP20 
Shin, S FS19.12, OP12.13 
Shin, S PP12, PP73 
Shin, S FS5.12 
Shin, S OP6.13 
Shinmoto, H PP42 
Shinohara, M FS16.10 
Shirai, T FS12.14, FS19.2, PP20 
Shreemal, B PP26, PP27 
Shrivastava, G PP43, PP44 
Shytaj, S OP1.7 
Siddiqi, M FS1.11, FS7.3 
Siegel, G PP69 
Sier, C FS4.13 
Silva, L PP71 
Silveri, C FS3.15, FS10.4, FS12.7, FS13.4, PP52 
Singh, A FS4.4 
Singh, D FS5.10, PP19, PP63 
Singh, S FS14.13 
Singh, S FS3.14, FS18.1, FS4.15 
Singh, T OP2.3 
Singh, U FS16.12 
Siontis, B FS01.03, FS01.06, FS8.14, PP24, PP58 
Sirichativapee, W FS2.2, FS8.3, OP9.5 
Sirichativapee, W FS2.2, FS8.3, PP17 
Sirichativapee, W OP4.1, OP9.5 
Siripaibun, J FS19.11 
Sirivanarangsan, P FS4.10 
Sivaji, S OP7.11 
Skovlund Soerensen, M FS5.14 
Skovlund Sørensen, M FS8.11 
Slawaska-Eng, D FS13.1, FS8.13, FS8.8, OP11.4 
Smit , K OP6.12 
Smith, B FS17.3 
Smith, H OP5.9 
Smolle, M OP2.4, OP5.9 
Smolle-Juettner, F OP2.4 
Sobti, R FS18.11, FS18.12, OP11.12 
Sodhi, A FS19.5 
Soeharno, H FS10.14, FS19.3 
Solangi, A FS16.9 
Sommerville, S IL10, OP7.1, OP7.4 
Song, G OP3.10 
Song, Y PP54 
Sørensen, M FS2.9, PP60 
Soultanis, K OP7.7 
Spazzoli, B OP4.3 
Spelman, T OP4.3 
Sperrhake, I FS17.4 
Spierenburg, G OP2.12, OP2.8 
Spiguel, A FS8.8, FS15.13, FS19.1, PP70 
Staals, E FS1.8, FS19.4, OP2.12 
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Staats, K OP1.3 
Stalley, P FS1.13, FS2.15, OP3.13, OP3.14,  

OP7.1, OP7.11 
Steadman, P IL10, OP7.4, OP7.5 
Stein, A FS7.1 
Sternheim, A FS01.01, FS11.6, FS19.9 
Stevens, J OP4.3 
Stevenson, J FS1.11, FS10.10, FS15.4, FS17.12,  

OP10.9, OP6.14, OP7.6 
Stihsen, C FS3.4, OP1.3 
Stoppiello, P FS10.4, FS12.7, FS13.4, FS3.15,  

PP52 
Stravinskas, M OP2.11, PP62 
Streitbürger, A OP2.2, OP11.2 
Studenski, M PP44 
Su, M FS19.4 
Subhawong, T PP44 
Sudjai, N FS4.10 
Sugrañes Camprubí, J FS17.5 
Suk, Y PP09 
Sukanthanak, B FS2.11, OP4.6 
Sukpanichyingyong, S PP50, PP51 
Sullivan, M FS3.1, FS12.13, FS17.13, PP24 
Sumathi, V OP7.6, OP8.4 
Sun, W FS19.8 
Sun, Y FS6.14, FS7.7, OP11.6 
Sun, Z FS19.8 
Sung, J PP07 
Suntaxi, F FS2.14, OP6.2, OP6.3 
Suresh Nathan, S OP2.3 
Suryasmi, D PP65 
Susa, M FS10.5, PP42, PP53 
Suyama, Y PP42 
Szafranski, A FS7.14, OP3.3, OP4.8, OP4.9 
Szkandera, J IL5, OP2.4, OP5.9 
Szostakowski, B OP7.3 
Szwed , A OP3.3 
 

T 
Taha, M FS18.10 
Taha, M OP11.7 
Takahashi, K FS12.14, FS19.2, PP20 
Takahashi, Y FS10.5 
Takeuchi, A FS01.05, FS19.6, FS9.5, OP10.3,  

OP12.7, OP2.9, PP01, PP03, PP04, 
PP13, PP15, PP16, PP37, PP38 

Takeuchi, A PP02, PP33 
Taksdal, I OP2.6 
Tan, M FS10.14, FS19.3 
Tan, S FS14.10 
Tanaka, R PP34 
Tanakol, R FS10.1 
Tandai, S FS19.6 
Tang, Q FS14.3, OP3.10, OP9.2, PP77 
Tang, Q FS11.7 
Tang, X FS17.14 
Taniguchi, Y FS01.05, OP2.9, PP01, PP02, PP03,  

PP04, PP13, PP15, PP16, PP37, 
PP38 

Taylor, A FS1.11 
Taylor, J FS18.11, FS18.13, FS18.14 
Taylor, R OP3.2 
Temple, H FS4.3, FS14.11, FS15.17 
Terauchi, R FS12.14, FS19.2, FS19.6, PP20 
Thaisitti, W FS8.10 
Thanakit, V FS8.10, FS13.6, FS15.2 
Thanindratarn, P FS19.11, OP6.5, PP56 
Thiagarajan, M PP57 
Thoma, S FS1.11 
Thomas, C FS16.8 
Thomas, N FS3.9 
Thomson, J FS7.6, FS7.8, FS7.9, OP7.10, OP7.9 
Thongchot, S FS4.11 
Thorkildsen, J OP2.6 
Thorpe, S FS5.4, FS5.5, OP2.12 
Thueringer, A IL5 
Thuwajit, C FS4.11 
Thuwajit, P FS4.11 
Tian, J FS12.10, PP39 
Tiengo, C IL7 
Tieosirisap, W FS8.10 
Till, H OP2.4 
Timmermann , B OP2.2 
Tingling, J FS4.15 
Titus, V FS17.2 
Toda, Y PP10 
Toki, S FS3.5 
Toller, E OP11.8 
Tomai, C FS1.8, FS19.4 
Tomasik, P FS9.11, FS9.12, FS9.13 
Tome, Y FS10.8, FS13.3, OP12.7, PP05, PP59 
Tominaga, Y FS16.10 
Torigoe, T OP3.1, PP34, PP42 
Torres-Gaytan, A FS13.2 
Tosyalı, H FS6.11 
Traub, F FS17.4 
Trent, J PP43, PP44 
Trent, S FS16.8 
Trikha, R FS9.10, FS9.8, FS9.9 
Trikoupis, I FS16.13, FS16.14, FS3.6, OP1.10, OP1.8,  

OP2.13, OP7.7, OP12.3, OP12.11,  PP31, 
PP79 

Trovarelli, G IL7, OP12.1, OP12.2, OP3.6, OP4.7, OP5.1,  
OP7.2, OP7.8 

Trullols Tarragó, L FS17.5 
Tsantes, A OP12.11 
Tsimicalis, A FS18.5, IL8, OP8.2 
Tsoi, K FS12.8, FS2.12, FS2.3, FS5.2, OP10.8,  

OP12.9 
Tsuchida , S FS12.14 
Tsuchiya, H FS01.05, FS4.1, FS2.1, FS8.2, FS9.5, FS19.6,  

OP2.9, OP10.3, OP10.6, OP12.7, PP01, 
PP02, PP03, PP04, PP13, PP15, PP16, 
PP20, PP33, PP36, PP37, PP38 

Tsuha, Y FS10.8, FS13.3, PP05, PP59 
Tsuji, H FS15.12, PP23, PP64, PP74 
Tsukushi, S FS8.12, PP61 
Tu, C FS2.10, FS4.5, FS4.8, FS12.12, FS13.10,  

FS13.7, FS13.8, FS13.9, FS17.6, OP6.11 

538



Tud, A FS10.12, FS6.1, FS6.2, OP2.3 
Tunn, P OP2.2, OP5.9 
Tuntarattanapong, P FS8.6 
Turcotte, R FS18.5, IL8, OP8.1, OP8.2 

U 
Ueda, T OP12.7, OP3.1 
Umer, M OP10.6 
Urakawa, H FS15.1 

V 
van den Berg, H OP2.2 
Vahrmeijer, A FS4.13 
Valdez, A FS6.5 
Valdivia, P PP76 
Valera, J OP12.4 
van Bodegom-Vos, L FS18.6 
van de Sande, M IL11, FS1.8, FS18.6, FS19.4,  

FS4.13, OP2.12, OP2.5, OP2.8, 
OP5.9 

van der Heijden, L OP2.12, OP2.8 
van der Wal, R OP2.8 
van Driel, P FS4.13 
van Langevelde, K OP2.8 
Van der Wal, R IL11 
Van Praag, V IL11 
Varchetta, G FS15.6 
Vari, S PP21 
Vasconcelos, R OP11.8 
Velazquez-Rodriguez, S PP11 
Vélez, R FS7.2 
Verhoef, C IL11 
Vern-Gross, T FS01.02 
Vernon, K OP2.5 
Verspoor, F OP2.12, OP4.2, OP8.4, OP10.9 
Villadsen, A FS17.7, PP60 
Villavicencio-Valencia, V PP11 
Villeneuve , J OP6.12 
Viscarret, V FS4.15 
Voltan, K FS2.7 
von Eisenhart-Rothe, R OP6.6 
Vottis, C OP12.11 
Vyrva, O OP10.7, OP4.13 

W 
Wagner, E OP4.10 
Wagrodzki, M OP7.3 
Wahlig, B FS13.11, FS13.12, FS6.4, FS8.14 
Wahrenburg, M OP11.2 
Wajda, B FS5.9 
Walter, S FS16.17 
Walton, A OP7.5 
Wan, J FS12.10, PP39 
Wang, C FS19.8 
Wang, E OP10.3, OP10.6 
Wang, J FS10.3, FS7.11 

Wang, J FS15.5, FS17.14, FS18.1, FS4.15, OP10.2 
Wang, J FS11.7, FS14.3, OP3.10, OP8.7, OP9.2,  

PP77 
Wang, J OP11.1 
Wang, J FS4.6 
Wang, L OP11.11 
Wang, P OP6.8 
Wang, S FS17.14 
Wardelmann, E OP2.1 
Watanabe, A PP34 
Watanabe, I FS10.5 
Waterval, N OP4.2 
Watson, N PP68 
Webster, V FS2.8, FS5.6 
Wei, H FS15.14, FS15.15, OP6.7 
Wei-Ming Chen FS4.6 
Weitao, Y FS3.12, FS3.13, FS8.4 
Welck, M OP10.10 
Wen, J OP5.10 
Weng, H OP2.10 
Wenger, D FS01.06 
Werier, J OP11.7, OP6.12 
Wessel, L FS01.04, FS16.19, FS7.1, FS8.13, FS9.10,  

FS9.9 
West, W PP68 
Whaling, B FS01.03 
Whitwell, D FS1.11, FS16.8, FS7.3 
Wigley, C FS12.1 
Williams, N FS16.1, FS16.3, FS7.4 
Willinger, M FS9.2 
Wilson, D FS2.3, OP1.1 
Windhager, R FS3.4, OP1.3, OP2.2, OP5.9, PP28, PP49 
Winograd, J OP3.7 
Wisanuyotin, T FS2.2, FS8.3, OP4.1, OP9.5, PP17 
Woertler, K OP5.8 
Wolfson, A PP43 
Wong, P FS2.3 
Woollard, A FS2.4, FS2.5 
Wright, T FS16.6 
Wu, C PP14 
Wu, H OP3.10 
Wu, P FS1.9, FS4.9, OP2.10, OP4.12, PP67 
Wu, W FS17.11 
Wunder, J FS12.8, FS2.12, FS2.3, OP10.8, OP12.9,  

OP2.12 
Wunder, J FS5.2 
Wyles, C OP11.3 

X 
Xiao, J OP6.8 
Xie, X PP06 
Xu, H FS12.4, FS12.5, OP10.3, OP12.6, OP5.2 
Xu, J FS17.14 
Xu, L PP75 
Xu, S PP75 
Xu, W OP6.8 
Xu, Y OP11.1 

539



 

Y 
Yagdiran, A FS16.17 
Yahaya, F FS12.9 
Yamada, Y FS2.1, FS4.1 
Yamamoto, K FS15.12, PP23, PP64, PP74 
Yamamoto, N FS01.05, FS9.5, OP2.9, PP01,  

PP03, PP04, PP13, PP15, PP36, 
PP37, PP38 

Yamamoto, N PP02, PP16, PP33 
Yan, W FS19.8 
Yan, X OP5.4 
Yang, Q OP6.15 
Yang, R FS15.5, FS17.14, FS18.1, FS4.15,  

OP10.2 
Yang, Y FS6.14, FS7.7 
Yao, W FS15.14, FS15.15, OP6.7 
Yasuoda, M PP34 
Yatham, P FS5.8 
Yazawa, Y OP3.1, PP34 
Ye, Z OP5.4 
Yeaman, M FS18.14 
Yechieli, R PP43, PP44 
Yeung, C FS11.2, FS11.3, FS9.1, OP12.12,  

OP6.1 
Yeung, C FS19.4 
Yilmaz, M FS16.4 
Yokogawa, N FS2.1, FS4.1, FS8.2 
Yonamine, E FS6.10 
Yonehara, T FS16.10 
Yonezawa, H FS9.5, PP16, PP33 
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