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Abstract 

Purpose Bone tumors around the elbow are rare, with frequently delayed diagnosis. The current study aimed 
to assess the functional and oncological outcomes of limb salvage surgery for primary benign aggressive or malig-
nant bone tumors around the elbow.

Methods We conducted a retrospective review of patients with primary aggressive benign and malignant bone 
tumors around the elbow treated with limb salvage surgery between 1995 and 2020 at a single musculoskeletal 
oncology center. The minimum follow-up period was 24 months. Functional results were assessed using the Musculo-
skeletal Tumor Society (MSTS) scoring system at the last follow‐up visit. Local recurrence, chest metastasis, and com-
plications were recorded.

Results This study included 30 patients, 19 males and 11 females, with a mean age of 25.4 ± 14.2 years. The tumor 
location was the distal humerus (n = 21), proximal radius (n = 5), and proximal ulna (n = 4). Reconstruction was done 
by elbow fusion using fibular graft (n = 10), mobile endoprosthesis (n = 9), excision arthroplasty (n = 7), and extracor-
poreal freezing and reimplantation (n = 4). The mean follow-up period was 36.2 ± 21.3 months. The median follow-up 
MSTS score was 27 [Interquartile range (IQR): 26–30]. Skeletally immature patients had a significantly higher MSTS 
score. The rate of postoperative complications was 26.7%.

Conclusion Limb salvage surgery with different reconstructive options for benign aggressive and malignant bone 
tumors around the elbow can achieve good functional and oncological outcomes.

Level of evidence Level IV.

Keywords Limb salvage, Elbow tumors, Distal humerus tumors, Benign aggressive tumors, Malignant bone tumors, 
MSTS score

Introduction
Bone tumors around the elbow are a rare entity, with an 
incidence of about 1% of all osseous tumors [27]. The 
most frequent malignant tumors of the elbow are Ewing 
sarcoma, osteosarcoma, and chondrosarcoma, most 
commonly affecting the distal humerus in older patients 
[4].

For a proper diagnosis, a detailed history, thorough 
physical examination, and radiological imaging are cru-
cial. Symptoms of malignancy typically include unex-
plained unremitting rest pain, swelling, or fracture [6, 7, 13]. 
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Diagnostic imaging modalities include plain X-rays, CT, and 
MRI, in addition to chest CT and bone scan for detection 
of distant metastasis [9]. Moreover, core-needle or open 
biopsy with histopathological specimen should be obtained 
to confirm the diagnosis before proceeding with definitive 
treatment [25, 30].

Due to the limited soft tissue envelope and proxim-
ity of neurovascular structures, treating primary benign 
aggressive or malignant bone tumors around the elbow 
can be more challenging than in other body areas. As a 
result of these anatomic considerations, amputation was 
traditionally the treatment of choice [27].

Advancement in adjuvant chemotherapy combined 
with en bloc tumor resection have improved the manage-
ment and prognosis of patients with malignant tumors, 
such as Ewing sarcoma and osteosarcoma [2, 3, 11].

Several limb salvage and reconstruction procedures are 
available, including autografts, allografts, megaprosthe-
ses, allograft-prosthetic composites, and arthrodesis [5, 
13, 22]. Surgical treatment requires careful preoperative 
planning and consideration of various possible resection 
and reconstruction techniques based on tumor size and 
location [5].

Elbow reconstruction is demanding, and the options 
for reconstruction can be limited given that the elbow 
joint is a complex interaction between several joints that 
must be stabilized for optimal wrist and hand function. 
In addition, achieving safe oncological margins can be 
challenging [13].

The existing literature about primary bone tumors of 
the elbow is quite sparse [4, 15]. The current study sought 
to evaluate the functional and oncological results of limb 
salvage surgery for primary benign aggressive or malig-
nant bone tumors around the elbow.

Methods
This study was a retrospective review of clinical, histo-
pathological and radiological records of patients with 
primary aggressive benign or malignant bone tumors 
around the elbow, that were managed by limb salvage 
surgery, operated on between 1995 and 2020 at a sin-
gle musculoskeletal oncology center. Approval from the 
Institutional Review Board (IRB) was obtained prior 
to the conduction of the study. All methods were per-
formed in accordance with the relevant guidelines and 
regulations.

Patients with tumors around the elbow that were not 
amenable to limb salvage and were thus treated by above-
elbow amputations or shoulder disarticulations were 
excluded from the study. Patients with soft tissue tumors 
were also excluded. The minimum follow-up period was 
24 months.

Collected preoperative data included age, sex, the bone 
affected, the histopathological diagnosis, previous surgi-
cal interventions, the presence of pathological fracture, 
and the findings of radiological investigations, including 
plain X-rays, CT, MRI, bone scan, and chest CT.

Operative data included the type and length of resec-
tion, the operative margins, the type of limb salvage 
surgery, reconstruction technique, and operative time. 
Tumor location, size, soft tissue extent, skin condition, 
and relationship to the neurovascular bundle determined 
the type of limb-salvage surgery performed.

During follow-up visits, clinical evaluation for onco-
logical and functional outcomes was done. Chest CT and 
bone scan were obtained for detection of distant metas-
tasis. Plain X-rays were done to assess the radiologic out-
come of the reconstruction method as well as possible 
detection of local recurrence. MRI and CT were required 
when a local tumor recurrence was suspected.

Functional outcomes were evaluated using the Muscu-
loskeletal Tumor Society (MSTS) scoring system [8] at 
the last follow‐up visit. The recurrence rate, chest metas-
tasis, and complications were reported.

Statistical analysis
Statistical analysis was performed using IBM SPSS ver-
sion 26.0 (Armonk, NY: IBM Corp). Qualitative variables 
were reported as frequency and percentage. Continuous 
variables were reported as mean and standard deviation 
(SD), or median and interquartile range (IQR), when 
appropriate. The Mann–Whitney U test or Kruskal–Wal-
lis tests were used to compare the MSTS scores between 
groups when appropriate. The significance level was set 
at p-values less than 0.05.

Results
Epidemiological and baseline characteristics
This study included 30 patients, 19 (63.3%) males and 11 
(36.7%) females, with a mean age of 25.4 ± 14.2 (range, 
4–56) years. Overall, 24 (80%) patients were skeletally 
mature, and 6 (20%) patients were skeletally immature.

The tumor was located in the distal humerus (n = 21, 
70%), proximal radius (n = 5, 16.7%), and proximal ulna 
(n = 4, 13.3%). Twenty-one (70%) patients had de novo 
tumors, while 9 (30%) patients presented as recurrent 
cases after previous surgery at other hospitals.

The histopathological diagnosis was Ewing sarcoma 
(n = 8), osteosarcoma (n = 5), chondrosarcoma (n = 4), 
synovial sarcoma (n = 4), giant cell tumor (n = 3), angio-
sarcoma (n = 2), epithelioid sarcoma (n = 1), parosteal 
osteosarcoma (n = 1), osteoblastoma (n = 1), and aneurys-
mal bone cyst (n = 1). Two (6.7%) patients presented with 
pathological fractures, Table 1.
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Operative data
The mean length of resection was 13.8 ± 5.6 (range, 8–34) 
cm. Intraarticular resection was done in 25 (83.3%) 
patients, extraarticular resection in 3 (10%) patients and 
hemicortical intercalary resection in 2 (6.7%) patients. 
Wide margin was achieved in all patients except 6 
patients who had marginal margin in some parts.

After wide resection, elbow fusion using vascularized 
or non-vascularized fibular graft was done in 10 (33.3%) 
patients, mobile endoprosthetic reconstruction in 9 
(30%) patients, Fig. 1, excision arthroplasty in 7 (23.3%) 
patients, Fig. 2, and extracorporeal freezing, reimplanta-
tion and plate osteosynthesis in 4 (13.3%) patients, Fig. 3. 
The mean operative time was 4.6 ± 2.5 (range, 2–10) 
hours.

Functional and oncologic outcomes
The mean follow-up period was 36.2 ± 21.3 (range, 
24–105) months. The median last follow-up MSTS score 

was 27 (IQR: 26–30) points. Skeletally immature patients 
at presentation had a significantly higher median MSTS 
score compared to skeletally mature patients, 30 (IQR: 
30–30) and 26 (IQR: 26–28.5), respectively, P<0.001. 
Other factors, including gender, history of previous sur-
gery, tumor location, and method of reconstruction did 
not affect the MSTS score, Table 2.

Postoperative complications occurred in 8 (26.7%) 
patients. Six patients had postoperative infection. One 
patient with Ewing sarcoma of the proximal ulna who 
had extracorporeal freezing had early wound infection 
and skin sloughing that responded to serial debridement 
and irrigation and excision of the proximal ulna to allow 
wound closure. Three patients with tumors of the distal 
humerus who had elbow fusion with fibular graft devel-
oped infection; one responded to antibiotics and serial 
debridement, the second improved after debridement 
and plate removal, and the third patient had septic non-
union which responded to repeated debridement and 
was kept in a brace.

Two patients with tumors of the distal humerus who 
had mobile endoprosthetic reconstruction developed 
infection; one had septic loosening of the prosthesis and 
was managed by prosthesis removal and cement spacer 
insertion, and the other patient responded to serial 
debridement without prosthesis removal.

One patient with osteosarcoma of the proximal radius 
who had wide resection developed wrist drop, which was 
managed by tendon transfer. Another patient with osteo-
sarcoma of the proximal radius who had had elbow fusion 
with non-vascularized fibula developed distal nonunion 
of the fibular graft, and iliac crest bone grafting was done.

At the end of the follow-up period, only two (6.7%) 
patients with distal humerus tumors who had elbow 
fusion by vascularized fibula developed local recurrence 
and were managed by shoulder disarticulation. Three 
(10%) patients had chest metastasis; one died of disease, 
and the other two survived free of disease after lung 
metastasectomy.

Discussion
Management of malignant tumors around the elbow is 
challenging, and there are several factors to consider 
when deciding between amputation and limb-salvage 
resection, such as the tumor site, size, extramedullary 
extension, distant metastasis, and the patient’s character-
istics. In terms of reconstruction, the options are limited 
and technically demanding due to the complex anatomy 
and biomechanics of the elbow, in addition to the prox-
imity to the neurovascular bundles and limited soft tis-
sue envelope [13, 15]. Various reconstruction options 
include fibular autografts, allografts, endoprosthetic 

Table 1 Baseline and demographic data of the included patients

Characteristics Study 
patients 
(n = 30)

Age, years (mean ± SD) 25.4 ± 14.2

Gender (n, %)

 Males 19 (63.3%)

 Females 11 (36.7%)

Skeletal maturity (n, %)

 Mature 24 (80%)

 Immature 6 (20%)

Tumor location (n, %)

 Distal humerus 21 (70%)

 Proximal radius 5 (16.7%)

 Proximal ulna 4 (13.3%)

Recurrent at presentation (n, %)

 De novo 21 (70%)

 Recurrent 9 (30%)

Histopathological diagnosis (n, %)

 Ewing sarcoma 8 (26.7%)

 Osteosarcoma 5 (16.7%)

 Chondrosarcoma 4 (13.3%)

 Synovial sarcoma 4 (13.3%)

 Giant cell tumor 3 (10%)

 Angiosarcoma 2 (6.7%)

 Epithelioid sarcoma 1 (3.3%)

 Parosteal osteosarcoma 1 (3.3%)

 Osteoblastoma 1 (3.3%)

 Aneurysmal bone cyst 1 (3.3%)

Pathological fractures (n, %)

 No 28 (93.3%)

 Yes 2 (6.7%)
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replacements, total elbow arthroplasty, allograft-prosthe-
sis composite, or arthrodesis [13, 24, 28, 31].

This study evaluated the functional and oncological 
outcomes of treating primary benign aggressive or malig-
nant bone tumors around the elbow by limb salvage sur-
gery. The median MSTS score improved significantly at 
the last follow-up, with a higher median score in skel-
etally immature patients. Overall, 26.7% of patients had 
complications, 6.7% had local recurrences, and 10% had 
chest metastases.

In our study, the most common tumor location was the 
distal humerus. Ewing sarcoma and osteosarcoma were 
the most common tumors. In Halai et  al. [15] series of 
primary osseous tumors of the elbow, the distal humerus 
was the most common location and high-grade osteosar-
coma and Ewing’s sarcoma accounted for 61% and 25% of 
malignancies, respectively.

In our study, the functional outcomes were satisfactory, 
with a median MSTS score of 27 after a mean follow-up 
period of 36.2 months. Patients with biological recon-
struction and elbow arthrodesis and those with mobile 
reconstructions using endoprosthesis had satisfactory 
and almost similar functional outcomes. The functional 
outcome was better in skeletally immature patients. This 
may be attributed to their good potential for healing, as 5 

out of 6 skeletally immature patients received biological 
reconstruction.

Tang et  al. [29] evaluated the outcomes of custom-
made endoprosthetic reconstruction after resection 
of elbow tumors and reported an average MSTS score 
of 23.9. Similarly, Hanna et  al. [16] reported a mean 
MSTS score of 22.7 after treating 18 patients with dis-
tal humerus tumors with endoprosthetic replacement. 
Kulkarni et  al. [23] reported satisfactory outcomes fol-
lowing endoprosthetic reconstruction for tumors of the 
distal humerus. Henrichs et  al. [17] reported a mean 
MSTS score of 24 after distal humeral endoprosthetic 
reconstruction.

Athwal et  al. [1] treated 20 patients who had elbow 
tumors with total elbow arthroplasty and reported good 
pain relief and functional outcomes.

Kimura et  al. [21] reported excellent elbow function 
four years after treating Ewing sarcoma of the proximal 
ulna in an eight-year-old girl with wide excision and 
vascularized fibular graft reconstruction. Kalaiah et  al. 
[18] treated a 30-year-old male with giant cell tumor of 
the proximal ulna with a free fibular graft and reported 
satisfactory outcomes and stable functional joint two 
years after surgery. Graci et  al. [12] reported excel-
lent functional outcomes ten years following treatment 

Fig. 1 A 19-year-old male patient with Ewing’s sarcoma of the distal humerus treated with wide resection and reconstruction by modular 
endoprosthesis. A Preoperative X-rays anteroposterior and lateral views. B Preoperative MRI coronal view. C Preoperative MRI axial view. D 
Intraoperative photograph of the resected distal humerus. E Six-year follow-up X-rays anteroposterior and lateral views
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of parosteal osteosarcoma of the distal humerus in a 
12-year-old girl by en bloc resection, extracorporeal irra-
diation and reimplantation.

Fig. 2 A 20-year-old male with Ewing’s sarcoma of the proximal ulna 
treated by excision arthroplasty. A Preoperative X-ray lateral view. 
B Preoperative MRI sagittal view. C Immediate postoperative X-rays 
anteroposterior and lateral views. D Three-year follow-up X-rays 
anteroposterior and lateral views

Fig. 3 A 12-year-old female with Ewing’s sarcoma of the proximal 
ulna treated by resection, extracorporeal freezing and reimplantation 
with plate fixation. A Preoperative X-rays anteroposterior and lateral 
views. B Preoperative MRI axial view. C Preoperative MRI sagittal view. 
D Postoperative X-ray lateral view

Table 2 Factors affecting the functional outcomes

Variables MSTS score 
Median (IQR)

P-value

Skeletal maturity <0.001
 Mature (n = 24) 26 (26–28.5)

 Immature (n = 6) 30 (30–30)

Gender 0.119

 Males (n = 19) 26 (26–29)

 Females (n = 11) 29 (26–30)

Previous surgery 0.349

 De novo (n = 20) 27 (26–29.5)

 Recurrent (n = 10) 28 (26–30)

Tumor location 0.815

 Distal humerus (n = 21) 27 (26–30)

 Proximal radius or ulna (n = 9) 26 (26–30)

Method of reconstruction 0.089

 Elbow fusion (n = 10) 29 (26–30)

 Endoprothestic reconstruction (n = 9) 26 (25.5–27)

 Excision arthroplasty (n = 7) 26 (26–30)

 Extracorporeal freezing (n = 4) 29 (27.5–30)
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However, different reconstruction options have their 
own drawbacks. There is a risk of implant failure and 
loosening with total elbow arthroplasty in patients with 
extensive defects [22]. Endoprosthetic replacement can-
not provide good elbow function compared to total 
elbow arthroplasty [23]. In allograft elbow reconstruc-
tions, the outcome is unpredictable, and complications 
are common such as graft nonunion [19, 20, 26]. Fibular 
autografting has the disadvantage of donor site morbidity 
[10]. Extracorporeal irradiation and reimplantation can 
be associated with infection and long-term arthritis [14].

In our study, the rate of local recurrence was 6.7% and 
the rate of chest metastasis was 10%. These rates were 
lower than the rates reported in Halai et  al. [15] series, 
in which the rate of local recurrence of malignant tumors 
was 39%, and the rate of distant metastases was 43%.

In our study, complications occurred in 26.7% of 
patients. The main complication was infection, as many of 
these patients were immunocompromised and had exten-
sive surgeries. However, the complications were manage-
able without affecting limb survivorship. Kruckeberg et al. 
[22] reported a 45% rate of complications after treating 
tumors of the distal humerus with resection and total 
elbow arthroplasty. Henrichs et  al. [17] reported a 55% 
complication rate after endoprosthetic reconstruction.

We believe that limb salvage surgery for upper limb 
tumors, when performed with adequate resection mar-
gins, will offer a superior functional outcome than ampu-
tation without jeopardizing the oncologic outcome.

This study is not without limitations, including the 
retrospective nature and the absence of a control group. 
Moreover, due to the rarity of tumors around the elbow, 
we had to include various pathologies, locations, pres-
entations and limb salvage techniques. Additionally, 
patients were enrolled in this study over a long period 
of time with changes in treatment methods, techniques, 
technology and recommendations over the years which 
could have affected the outcomes.

Conclusion
Limb salvage surgery for benign aggressive and malig-
nant bone tumors around the elbow is feasible with good 
functional and oncological outcomes. The different recon-
structive options yield similar functional outcomes, with 
younger patients doing better. Most elbow bone tumors 
are manageable without jeopardizing limb survivorship.

Acknowledgements
Not applicable.

Authors’ contributions
W.A.E. designed the study, performed the surgeries, and revised the final 
manuscript. I.T.B. and M.K.M. performed analysis and interpretation of data 
and manuscript preparation. B.Z.H. contributed to the study design and final 
manuscript revision.

Funding
Open access funding provided by The Science, Technology & Innovation 
Funding Authority (STDF) in cooperation with The Egyptian Knowledge Bank 
(EKB). No financial support was received for this study.

Availability of data and materials
The dataset analyzed in this study is available from the corresponding author 
on request.

Declarations

Ethics approval and consent to participate
This study was approved by Menoufia University Institutional Review Board 
(IRB). Informed consent to participate in the study was taken from adult 
patients or parents of minor patients.

Consent for publication
Consent to publish individual data was obtained by adult patients or parents 
of minor patients.

Competing interests
All authors declare that they have no conflict of interest.

Received: 8 July 2023   Accepted: 12 October 2023

References
 1. Athwal GS, Chin PY, Adams RA, Morrey BF (2005) Coonrad-Morrey total elbow 

arthroplasty for tumours of the distal humerus and elbow. J Bone Joint Surg 
Br 87(10):1369–1374. https:// doi. org/ 10. 1302/ 0301- 620X. 87B10. 16569

 2. Benjamin RS (2020) Adjuvant and neoadjuvant chemotherapy for osteo-
sarcoma: a historical perspective. Adv Exp Med Biol 1257:1–10. https:// 
doi. org/ 10. 1007/ 978-3- 030- 43032-0_1

 3. Biazzo A, De Paolis M (2016) Multidisciplinary approach to osteosarcoma. 
Acta Orthop Belg 82(4):690–698

 4. Bruguera JA, Newman RJ (1998) Primary tumors of the elbow: a review of 
the leeds regional bone tumour registry. Orthopedics 21(5):551–553

 5. Capanna R, Muratori F, Campo FR, D’Arienzo A, Frenos F, Beltrami G, Scoc-
cianti G, Cuomo P, Piccioli A, Muller DA (2016) Modular megaprosthesis 
reconstruction for oncological and non-oncological resection of the elbow 
joint. Injury 47(Suppl 4):S78–S83. https:// doi. org/ 10. 1016/j. injury. 2016. 07. 041

 6. Casas-Ganem J, Healey JH (2005) Advances that are changing the diag-
nosis and treatment of malignant bone tumors. Curr Opin Rheumatol 
17(1):79–85. https:// doi. org/ 10. 1097/ 01. bor. 00001 46608. 03927. 16

 7. Davies M, Lalam R, Woertler K, Bloem JL, Astrom G (2020) Ten command-
ments for the diagnosis of bone tumors. Semin Musculoskelet Radiol 
24(3):203–213. https:// doi. org/ 10. 1055/s- 0040- 17088 73

 8. Enneking WF, Dunham W, Gebhardt MC, Malawar M, Pritchard DJ (1993) 
A system for the functional evaluation of reconstructive procedures after 
surgical treatment of tumors of the musculoskeletal system. Clin Orthop 
Relat Res 286:241–246

 9. Errani C, Tsukamoto S, Mavrogenis AF (2020) Imaging analyses of bone 
tumors. JBJS Rev 8(3):e0077. https:// doi. org/ 10. 2106/ JBJS. RVW. 19. 00077

 10. Errani C, Ceruso M, Donati DM, Manfrini M (2019) Microsurgical recon-
struction with vascularized fibula and massive bone allograft for bone 
tumors. Eur J Orthop Surg Traumatol 29(2):307–311. https:// doi. org/ 10. 
1007/ s00590- 018- 2360-2

 11. Ferguson JL, Turner SP (2018) Bone cancer: diagnosis and treatment 
principles. Am Fam Physician 98(4):205–213

 12. Graci C, Gaston CL, Grimer R, Jeys L, Ozkan K (2015) Saving a child’s elbow 
joint: a novel reconstruction for a tumour of the distal humerus. Case Rep 
Orthop 2015:404979. https:// doi. org/ 10. 1155/ 2015/ 404979

 13. Gulia A, Pruthi M, Gupta S, Nadkarni S (2021) Elbow reconstruction after 
excision of proximal ulna tumors: challenges and solutions. J Clin Orthop 
Trauma 20:101496. https:// doi. org/ 10. 1016/j. jcot. 2021. 101496

https://doi.org/10.1302/0301-620X.87B10.16569
https://doi.org/10.1007/978-3-030-43032-0_1
https://doi.org/10.1007/978-3-030-43032-0_1
https://doi.org/10.1016/j.injury.2016.07.041
https://doi.org/10.1097/01.bor.0000146608.03927.16
https://doi.org/10.1055/s-0040-1708873
https://doi.org/10.2106/JBJS.RVW.19.00077
https://doi.org/10.1007/s00590-018-2360-2
https://doi.org/10.1007/s00590-018-2360-2
https://doi.org/10.1155/2015/404979
https://doi.org/10.1016/j.jcot.2021.101496


Page 7 of 7Ebeid et al. Journal of Experimental Orthopaedics          (2023) 10:105  

 14. Gundavda MK, Agarwal MG, Reddy R (2019) Reconstructive challenges 
of proximal ulnar bone tumors: our experience with biological osteoar-
ticular reconstruction using extracorporeal irradiation and reimplanta-
tion. Sarcoma 2019:7812018. https:// doi. org/ 10. 1155/ 2019/ 78120 18

 15. Halai M, Gupta S, Spence S, Wallace D, Rymaszewski L, Mahendra A (2015) 
Primary osseous tumours of the elbow: 60 years of registry experience. 
Shoulder Elbow 7(4):272–281. https:// doi. org/ 10. 1177/ 17585 73215 586151

 16. Hanna SA, David LA, Aston WJ, Gikas PD, Blunn GW, Cannon SR, Briggs 
TW (2007) Endoprosthetic replacement of the distal humerus follow-
ing resection of bone tumours. J Bone Joint Surg Br 89(11):1498–1503. 
https:// doi. org/ 10. 1302/ 0301- 620X. 89B11. 19577

 17. Henrichs MP, Liem D, Gosheger G, Streitbuerger A, Nottrott M, Andreou D, 
Hardes J (2019) Megaprosthetic replacement of the distal humerus: still a 
challenge in limb salvage. J Shoulder Elbow Surg 28(5):908–914. https:// 
doi. org/ 10. 1016/j. jse. 2018. 11. 050

 18. Kalaiah K, Thejaswi SG, Siddappa M (2015) Reconstruction of Elbow by 
free fibular graft in a case of osteoclastoma of proximal Ulna: a rare case 
report. Case Rep Med 2015:429309. https:// doi. org/ 10. 1155/ 2015/ 429309

 19. Kamalapathy P, Shah A, Raskin K, Schwab JH, Lozano-Calderon SA (2021) 
Complications and survivorship of distal humeral allograft reconstruction 
after tumor resection: literature review and case series. J Am Acad Orthop 
Surg Glob Res Rev 5(2):e20 00256-00258. https:// doi. org/ 10. 5435/ JAAOS 
Global- D- 20- 00256

 20. Kharrazi FD, Busfield BT, Khorshad DS, Hornicek FJ, Mankin HJ (2008) 
Osteoarticular and total elbow allograft reconstruction with severe bone 
loss. Clin Orthop Relat Res 466(1):205–209. https:// doi. org/ 10. 1007/ 
s11999- 007- 0011-8

 21. Kimura K, Tatezaki S, Ishii T, Yonemoto T, Shigehara T, Takenouchi T (2002) 
Hemiarthroplasty of the elbow with a vascularized fibular graft after 
excision of Ewing’s sarcoma of the proximal ulna: a case report. Jpn J Clin 
Oncol 32(10):430–434. https:// doi. org/ 10. 1093/ jjco/ hyf088

 22. Kruckeberg BM, Lee DR, Barlow JD, Morrey ME, Rose PS, Sanchez-Sotelo J, 
Houdek MT (2021) Total elbow arthroplasty for tumors of the distal humerus 
and elbow. J Surg Oncol 124(8):1508–1514. https:// doi. org/ 10. 1002/ jso. 26658

 23. Kulkarni A, Fiorenza F, Grimer RJ, Carter SR, Tillman RM (2003) The results 
of endoprosthetic replacement for tumours of the distal humerus. J Bone 
Joint Surg Br 85(2):240–243. https:// doi. org/ 10. 1302/ 0301- 620x. 85b2. 13524

 24. Manoharan G, Jordan RW, Orfanos G, Cheruvu MS, Cool P, Hay SM (2021) 
Joint replacement surgery for elbow tumours: a systematic review of 
outcomes. Shoulder Elbow 13(6):656–670. https:// doi. org/ 10. 1177/ 17585 
73221 10148 32

 25. Mills MK, Leake RL, Crawford AM, Soltanolkotabi M, Hansford BG (2021) 
Concepts in musculoskeletal bone and soft tissue biopsy. Semin Muscu-
loskelet Radiol 25(6):711–724. https:// doi. org/ 10. 1055/s- 0041- 17354 71

 26. Molenaars RJ, Schoolmeesters BJA, Viveen J, The B, Eygendaal D (2019) 
There is a role for allografts in reconstructive surgery of the elbow and 
forearm. Knee Surg Sports Traumatol Arthrosc 27(6):1840–1846. https:// 
doi. org/ 10. 1007/ s00167- 018- 5221-y

 27. Savvidou OD, Koutsouradis P, Chloros GD, Papanastasiou I, Sarlikiotis T, 
Kaspiris A, Papagelopoulos PJ (2019) Bone tumours around the elbow: a 
rare entity. EFORT Open Rev 4(4):133–142. https:// doi. org/ 10. 1302/ 2058- 
5241.4. 180086

 28. Scaglioni MF, Chang EI, Gur E, Barnea Y, Meller I, Kollander Y, Bickels J, 
Dadia S, Zaretski A (2014) The role of the fibula head flap for joint recon-
struction after osteoarticular resections. J Plast Reconstr Aesthet Surg 
67(5):617–623. https:// doi. org/ 10. 1016/j. bjps. 2014. 01. 014

 29. Tang X, Guo W, Yang R, Tang S, Yang Y (2009) Custom-made prosthesis 
replacement for reconstruction of elbow after tumor resection. J Shoul-
der Elbow Surg 18(5):796–803. https:// doi. org/ 10. 1016/j. jse. 2009. 01. 022

 30. Traina F, Errani C, Toscano A, Pungetti C, Fabbri D, Mazzotti A, Donati 
D, Faldini C (2015) Current concepts in the biopsy of musculoskeletal 
tumors. J Bone Joint Surg Am 97(1):e7

 31. Weber KL, Lin PP, Yasko AW (2003) Complex segmental elbow reconstruc-
tion after tumor resection. Clin Orthop Relat Res 415:31–44. https:// doi. 
org/ 10. 1097/ 01. blo. 00000 93894. 12372. 53

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1155/2019/7812018
https://doi.org/10.1177/1758573215586151
https://doi.org/10.1302/0301-620X.89B11.19577
https://doi.org/10.1016/j.jse.2018.11.050
https://doi.org/10.1016/j.jse.2018.11.050
https://doi.org/10.1155/2015/429309
https://doi.org/10.5435/JAAOSGlobal-D-20-00256
https://doi.org/10.5435/JAAOSGlobal-D-20-00256
https://doi.org/10.1007/s11999-007-0011-8
https://doi.org/10.1007/s11999-007-0011-8
https://doi.org/10.1093/jjco/hyf088
https://doi.org/10.1002/jso.26658
https://doi.org/10.1302/0301-620x.85b2.13524
https://doi.org/10.1177/17585732211014832
https://doi.org/10.1177/17585732211014832
https://doi.org/10.1055/s-0041-1735471
https://doi.org/10.1007/s00167-018-5221-y
https://doi.org/10.1007/s00167-018-5221-y
https://doi.org/10.1302/2058-5241.4.180086
https://doi.org/10.1302/2058-5241.4.180086
https://doi.org/10.1016/j.bjps.2014.01.014
https://doi.org/10.1016/j.jse.2009.01.022
https://doi.org/10.1097/01.blo.0000093894.12372.53
https://doi.org/10.1097/01.blo.0000093894.12372.53

	Outcomes of management of primary benign aggressive or malignant bone tumors around the elbow by limb-salvage surgery
	Abstract 
	Purpose 
	Methods 
	Results 
	Conclusion 
	Level of evidence 

	Introduction
	Methods
	Statistical analysis

	Results
	Epidemiological and baseline characteristics
	Operative data
	Functional and oncologic outcomes

	Discussion
	Conclusion
	Acknowledgements
	References


