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Abstract
Objective: Bone and soft tissue tumors have high mortality and morbidity rates. With new improvements in adjuvant–neoadjuvant therapies and new 
endoprosthesis designs, limb salvage surgery methods became more popular than amputations. The aim of our study was to evaluate the clinical and 
radiological results of patients who underwent surgery due to tumors around the knee with megaprosthesis. We also compared hinged and rotational 
hinged megaprosthesis to determine if they have advantages over each other.

Methods: This study has a cohort design. Thirty-one patients who had been operated between 2000 and 2018 by a single surgeon with knee mega-
prosthesis were evaluated using International Limb Salvage Symposium criteria (ISOLS score).

Results: The 5-year survival rate for the prostheses was 46.2%. The overall Musculoskeletal Tumor Society (MSTS) score was 84.65% ± 9.94% (range: 
54%-97%) (fair-excellent), and the ISOLS score was 86.60% ± 10.47% (range: 45%-100%) (poor-excellent). There were no significant differences 
between the scores according to prosthesis types. As the strength of straight leg lift increased, so did the emotional acceptance for both types of 
prostheses.

Conclusion: Megaprosthesis is a good choice of treatment for tumors around the knee without decreasing life expectancy. Both hinged and rotational 
hinged prostheses can be used according to clinical needs.
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Introduction
The distal femur and proximal tibia are the most common areas 

for primary and metastatic bone tumors. Developments in chemo-
therapy and radiotherapy protocols, new improved surgical and 
diagnostic techniques, and multidisciplinary approaches increased 
the success rates of the limb salvage procedures.1-4

Megaprosthesis, compared to other limb salvage methods (osteo-
articular allografts, allograft arthrodesis, rotationplasty, etc.), has 
earlier mobilization time, better extremity function and cosmetic 
results, and better emotional acceptance. Therefore, megapros-
theses are commonly used for limb salvage procedures.5,6 Even 
though early prostheses were only custom made, today modular 
prosthesis options are available.

Although prosthesis designs and materials have improved, mega-
prostheses have higher complication and failure rates compared to 
primary total knee prostheses. Therefore, the need for revision is 
more common in megaprosthesis patients.5,7-9 Long-term results, 
compared to primary knee prostheses, were bad because of the 
patient’s immunosuppressive conditions due to adjuvant therapy, 
massive soft tissue and bone resections, long surgical time, and the 
poor health conditions of the patients.11-12

In this study, we aimed to evaluate the complication rates 
and 5-year survival of the megaprostheses used for bone tumors 
around the knee. We also compared rotational hinged and hinged 
prostheses to determine if they have advantages over each other. 
We used Musculoskeletal Tumor Society (MSTS) scores to evaluate 
clinical results and International Society of Limb Salvage (ISOLS) 
scores to evaluate radiological results of the patients.

Methods
After obtaining ethical board approval from İstanbul 

University-Cerrahpaşa, Cerrahpaşa Faculty of Medicine 
(Approval No: 83045809-604.01.02, Date: October 19, 2017), 
we conducted a retrospective review of our institution’s data-
base, focusing on patients who underwent a surgical procedure 
involving bone resection and reconstruction with a megapros-
thesis for tumors around the knee area between 2000 and 2018. 
Written informed consent was obtained from all the patients 
who participated in this study. Initially, 55 patients were identi-
fied, but 24 patients were excluded from the study. The reasons 
for exclusion included 6 patients who had deceased during their 
follow-up due to metastasis, 1 patient who required amputa-
tion due to chronic infection, and 18 patients with insufficient 
follow-up data. Ultimately, a total of 31 patients were included 
in the study.

Among the included patients, there were 19 female (61.3%) 
and 12 male (38.7%) patients, and mean age was 44.4 ± 20.4 
(9-79). Histologically, 8 osteosarcoma, 6 giant cell bone tumor, 
1 cyst hydatid, 1 needle cell mesenchymal tumor, 1 hereditary 
exocytosis, 1 adamantinoma, 1 clear cell carcinoma, 1 malignant 
fibrous histiocytoma, and 1 lymphoma patient were evaluated. 
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All patients were graded with the Enneking grading system.10 For 
diagnosis and surgical planning, all patients had anteroposterior 
and lateral knee x-rays, contrast-enhanced magnetic resonance 
imaging, scintigraphy, and/or positron emission tomography 
imaging. Additionally, all patients had bloodwork evaluated prior 
to surgery. For histopathological diagnosis, fine needle biopsy 
performed.

Necessary adjuvant and radiotherapy treatments were adminis-
tered before and after the surgeries. All operations performed by 
the same surgeon, and the same brand of prosthesis system were 
used (METS modular distal femur prosthesis (Stanmore)) (Table 1). 
In total, 19 (61.3%) of the patients had bone tumor at their femur 
distal, and 12 (38.7%) of the patients had bone tumor at their 
tibia proximal region. Prior to surgery, all patients received 2 g of 
intravenous cephalosporin for prophylaxis, which was continued 
after the surgery until surgical drainages were removed. General 
anesthesia and a pneumatic tourniquet were used for all patients. 
The mean femoral resection length was 11.2 ± 4.96 (6-25) cm, 
and the mean tibia resection length was 10.3 ± 3.42 (9-18) cm. 
The mean operation time was 109.7 ± 18.76 (80-160) minutes. 
Surgical drainage was applied to all patients and removed after the 
3rd day. For deep vein prophylaxis, low molecular weight heparin 
was used for 30 days.

Following tumor resection, rotational hinged prostheses were 
applied to 26 patients, hinged prostheses to 4 patients, and 1 custom-
made prosthesis was utilized. Due to complications such as aseptic 
loosening, infection, and periprosthetic fracture, revision surgery 
was performed, and the final study group comprised 18 rotational, 
12 hinged, and 1 custom-made prosthesis. For clinical evaluation, 
the MSTS score was used, assessing 7 different parameters:

• Range of motion
• Pain
• Stability
• Deformity
• Strength
• Activity
• Emotional acceptance.

Each parameter was scored between 0 and 5, with scores of 2 
and 4 used for the intermediate values. The final score was con-
verted to percentiles, with percentiles grouped as follows: 80%-
100% excellent, 60%-80% good, 40%-60% fair, 20%-40% poor, 
and 0%-20% very poor.

Radiological evaluation was conducted using the International 
Society of Limb Salvage (ISOLS) score, which utilized 6 criteria:

• Bone remodelization
• Interface

• Anchorage
• Implant body problems
• Implant articulation problems
• Extracortical bone bridging.

Each parameter was evaluated based on anteroposterior and lat-
eral views, with the worst-scored view considered for the actual 
evaluation. Every parameter scored between 1 and 4 and then 
converted to percentiles. Percentiles were grouped as follows: 
80%-100% excellent, 60%-80% good, 40%-60% fair, 20%-40% 
poor, and 0%-20% very poor.

Statistical Analysis
The statistical analysis was performed using the Number 

Cruncher Statistical System (NCSS 2007) program from Kaysville, 
Utah, USA. Descriptive statistics, such as mean, standard devia-
tion, median, frequency, minimum value, and maximum value, 
were calculated for the variables. When comparing 3 or more 
groups, the one-way ANOVA test was used. For post hoc evalua-
tion, the Bonferroni test was applied. Pearson correlation analysis 
and Spearman’s correlation analysis were used to assess the cor-
relation between groups. A P-value less than .05 was considered 
statistically significant. Kaplan–Meier analysis was used for the 
5-year survival rate calculation.

Discussion
Megaprosthesis has been the most common method of recon-

struction for the past 3 decades. In this study, we aimed to evalu-
ate the clinical and radiological outcomes of megaprosthesis 
and compare the results between hinged and rotational hinged 
prostheses.

In our study, the revision rate was 45.2%, with aseptic loosening 
being the most common complication, followed by infection. The 
5-year survival rate was found to be 46.2%. When comparing the 
survival rates between hinged and rotational hinged prostheses, 
no significant difference was observed (P = .526, P > .05). The 
mean range of motion was 97° (ranging from 30° to 120°). At the 
last examination, 11 patients reported no pain, 16 patients expe-
rienced minimal pain from time to time, 2 patients had moderate 
pain, and 1 patient had severe pain. All prostheses were stable, 
and 1 prosthesis exhibited a 5° valgus deformity. In comparison 
to the unaffected limb, 64.5% of the patients had weaker strength 
in the operated limb. Quadriceps strengthening exercises were 
initiated for these patients. Minimal limitations in daily activi-
ties were reported by 50% of the patients. Emotionally, 29% of 
patients (9) were happy, 58% of the patients were satisfied (18), 
and 9.6% of the patients accepted (3) their condition. Overall, the 
MSTS scores were 74% (23) excellent, 16% (5) good, and 3.2% (1) 
fair. Radiologically, the ISOLS scores were 77.4% (24) excellent, 
19.3% (6) good, and 3.2% (1) poor.

In limb salvage procedures, emotional acceptance is also crucial 
for patients’ recovery. In our study, we also examined the correla-
tion between the MSTS score parameter and emotional accep-
tance. We found that as the strength of the extremity increased, 
emotional acceptance also increased (62.9% correlation, r = .629, 
P = .001, P < .01).

When comparing the MSTS scores between the hinged and 
rotational hinged groups, no significant difference was observed 
(hinged: 83.3% excellent MSTS scores, rotational hinged: 61.5% 
excellent MSTS scores) (P > .05). However, the hinged prosthesis 
group had slightly higher pain scores. The rotational hinged group 
had 77.7% excellent scores, while the hinged group had 76.9% 
excellent scores (P > .05).

Table 1. Brand, Model, and Number of implants

Manufacturer Brand
Number of 
Prostheses

Stanmore METS modular distal femur 
prosthesis, Fixed Hinged System

4

Stanmore METS modular distal femur 
prosthesis, Rotational Hinged System

26

Stanmore METS modular custom made distal 
femur prosthesis, Rotational Hinged 
System

1
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Conclusion
Large resection is the primary treatment for bone and soft tissue 

malignancies. Histopathological specifics, anatomical position, 
and size vary from tumor to tumor, making it difficult to obtain 
a sufficient surgical margin. Additionally, the relationship of the 
tumor with joint, vascular, and neurological structures makes sur-
gical planning even more challenging. With the improvements in 
neoadjuvant and adjuvant therapies, limb salvage procedures have 
become possible alternatives to amputation.2,13

During surgical planning, the surgeon must consider patients’ 
activity levels, age, grade, histopathological specifics of the tumor, 
surgical margin, and its relation to other structures such as vas-
cular and neurological elements. Prostheses are usually chosen 
for adults or young adults with closed physes, but today, manual 
and magnetically extendable prostheses can also be applied for 
children.14

The main goal of surgery is tumor control and prolonging the 
patients’ life span. Functional gain should never be the primary 
goal for the reconstruction. It is crucial to evaluate soft tissue inva-
sion when selecting the reconstruction method.

Today, limb salvage surgery methods can be used for 85%-95% 
of patients without affecting the oncological outcome,1 and the 
most commonly used surgical method is the megaprosthesis.3,4,8 
There are many types of megaprostheses (hinged, rotational 
hinged, custom-made, etc.), all with similar complications such 
as aseptic loosening, infection, prosthesis fracture, and peripros-
thetic fractures. In the literature, the complication rate of mega-
prostheses ranges from 40% to 75%.15-18 For this reason, we 
aimed to evaluate the survival, revision rates, clinical, and radio-
logical results of our clinic using the MSTS and ISOLS scores. 
We also compared the results of hinged and rotational hinged 
prosthesis types.

It is known that hinged prostheses, due to their inability to 
distribute force evenly, have high rates of mechanical complica-
tions.19 Studies with rotational hinged prosthesis types have shown 
lower mechanical complication rates because their design allows 
not only flexion and extension but also external and internal rota-
tion, which provides better weight distribution.10,20-22 Studies have 
shown that the 10-year survival rate for rotational hinged prosthe-
ses was 78%, while for hinged prostheses, it was 48%.10,21,23

Additionally, there was a significant difference in the number 
of patients between the rotational hinged and hinged prosthesis 
groups when evaluating the revision rate. To minimize biased 
patient selection, we included all patients with megaprosthe-
sis between 2000 and 2018 who were operated on by a single 
surgeon.

In studies, the 5-year survival rate for megaprostheses ranged 
from 60% to 70%.2,17,18,24 In our study, the 5-year survival rate 
was 46.2%. The survival rate for the rotational hinged group was 
44.4%, while for the hinged group, it was 50%.

It is common knowledge that the revision rate of megaprosthe-
ses is higher than that of primary total knee prostheses. Factors 
such as longer operation time, chemotherapy and radiotherapy-
induced immunodeficiency, larger bone and soft tissue resection, 
increase the rates of mechanical and biological complications.25 In 
the literature, revision rates vary from 25% to 92%.3-8,25 However, 
due to the different evaluation systems used, it is challenging to 
compare these studies. In our study, we classified revision reasons 
as mechanical (aseptic loosening, periprosthetic fracture, etc.) and 
biological (infection, recurrence, etc.).

In studies, the incidence of aseptic loosening ranged from 
2.4% to 15.4%.5,8,26,27 In our study, aseptic loosening was the 
most common reason for revision, with a rate of 69.5%. Aseptic 

loosening in the rotational hinged group was 54.1%, while in 
the hinged group, it was 25%. In studies, aseptic loosening of 
rotational hinged prostheses ranged from 4.8% to 0.7%-27% for 
hinged prostheses.3-10,23,28 Bikets reported that aseptic loosening of 
rotational prosthesis was 5.4% and Fink reported 9.4%.17 There 
were no significant differences between the groups (P = .10).19 In 
contrast, our study showed that the rotational hinged group had 
higher rates of aseptic loosening. We believe that this result may 
be due to the difference in the number of patients between the 
groups.

In our study, the second most common complication was infec-
tion (26.08%). In the literature, the risk of infection ranges from 
5% to 40%, and it has been reported as the most common reason 
for revision.5,15 The patients’ immunosuppressed state, long surgi-
cal time, and larger resected tissue are thought to be the reasons 
for this.28 Another study reported that hinged prosthesis groups 
had higher infection rates than rotational hinged prosthesis groups 
(8.9% and 6.6%).19 However, there were no significant differences 
(P = .23, P > .05). In our study, the hinged prosthesis group had an 
infection rate of 8.3%, while the rotational hinged group had a rate 
of 20.8%. To decrease the risk of infection, better hygienic precau-
tions, new antibiotic prophylaxis, hydrophilic materials, etc., have 
been designed. Recently, silver-coated prostheses have been con-
sidered to further decrease the infection risk, with in vivo studies 
showing reduced infection rates.

In our study, periprosthetic fracture was only seen in 1 patient 
(4.3%). In a meta-analysis, the periprosthetic fracture rate was 
reported to be between 2% and 12%.5 In the same meta-anal-
ysis, the first-generation hinged prosthesis had a rate about 6% 
higher than the rotational hinged prosthesis. Stress distribution was 
achieved by using a thicker stem, more curved femoral component 
designs, and special hardening methods.10 Structural deformities 
were the least frequently observed complications.

Compared to other studies, our study found different revision 
rates and occurrence rates of complications. This difference may 
be because we had 26 rotational hinged and 4 hinged prostheses 
after the primary surgery, resulting in higher revision rates for rota-
tional hinged prostheses.

In our study, the MSTS scores of the patients varied between fair 
and excellent (54-97). The mean MSTS score was 84.65 ± 9.94. 
In the literature, MSTS scores ranged from 78% to 86%.29 Bickels 
reported that 33% of hinged prosthesis patients had good or excel-
lent (75%-100%) results while rotational prosthesis patients had 
85%. Another study reported good or excellent results in 91% of 
hinged prosthesis patients.19 In our study, 83.3% of the rotational 
hinged group and 83.3% of the hinged group had good or excellent 
scores. There were no significant differences between the hinged 
and rotational hinged prosthesis groups for MSTS scores (P > .05). 
When comparing the parameters of the MSTS score between the 
2 groups, the rotational prosthesis group had slightly less pain, but 
there were no significant differences (P = .088, P = .05).

In our study, the mean ISOLS score was 86.60 ± 10.47 (excel-
lent) (45%-100%) (poor-excellent). In a study, ISOLS scores ranged 
from poor to excellent, with more than 25% extracortical bone 
bridging reported in 66.6% of patients.22 In our study, extracortical 
bone bridging was observed in 67.74% –(21). When comparing 
the rotational hinged and hinged prosthesis groups, there were no 
significant differences in scores (P > .05).

When comparing the parameters of the MSTS scores with each 
other, it was found that as extremity strength increased, emo-
tional acceptance also increased (P = .005, P = .003, P < .05). 
Additionally, patients with lower range of motion had lower activ-
ity levels (P = .042, P < .05).



58

Erenler et al. Results of Total Knee Megaprosthesis

Ethics Committee Approval: Ethics committee approval was received for 
this study from the ethics committee of İstanbul Unive rsity -Cerr ahpaş a, 
Cerrahpaşa Faculty of Medicine (Approval No: 83045809-604.01.02, 
Date: October 19, 2017).

Informed Consent: Written informed consent was obtained from all the 
patients who participated in this study.

Peer-review: Externally peer-reviewed. 

Author Contributions: Concept – M.E.; Design – H.B.; Supervision – M.B.; 
Resources – A.Ş.; Materials – C.D.D.; Data Collection and/or Processing – 
M.K.Ö.; Analysis and/or Interpretation – F.G.; Literature Search – M.K.Ö.; 
Writing Manuscript – M.E.; Critical Review – G.K.

Declaration of Interests: The authors have no conflict of interest to declare.

Funding: The authors declared that this study has received no financial 
support.

References
1. Bacci G, Ferrari S, Bertoni F, et al. Longterm outcome for patients 

with nonmetastatic osteosarcoma of the extremity treated at the Isti-
tuto Ortopedico Rizzoli according to the Istituto Ortopedico Rizzoli/
Osteosarcoma-2 protocol: an updated report. J Clin Oncol. 2000; 
18(24):4016-4027. [CrossRef]

2. Bacci G, Picci P, Ferrari S, et al. Primary chemotherapy and delayed 
surgery for nonmetastatic osteosarcoma of the extremities. Results in 
164 patients preoperatively treated with high doses of methotrexate 
followed by cisplatin and doxorubicin. Cancer. 1993;72(11):3227-
3238. [CrossRef]

3. Capanna  R, Ruggieri  P, Biagini  R, et  al. The effect of quadriceps 
excision on functional results after distal femoral resection and pros-
thetic replacement of bone tumors. Clin Orthop Relat Res. 1991;267: 
186-196. [CrossRef]

4. Capanna R, van Horn  JR, Biagini R, Ruggieri P, Bettelli G, Cam-
panacci M. Reconstruction after resection of the distal fibula for bone 
tumor. Acta Orthop Scand. 1986;57(4):290-294. [CrossRef]

5. Ahlmann ER, Menendez LR, Kermani C, Gotha H. Survivorship and 
clinical outcome of modular endoprosthetic reconstruction for neo-
plastic disease of the lower limb. J Bone Joint Surg Br. 2006;88(6):790-
795. [CrossRef]

6. Mirra JM. Malignant bone tumors. In: Mirra JM, Picci P, Gold RH, 
eds. Bone Tumors: Clinical, Radiologic and Pathologic Correlations. 
Philadelphia: Lea & Febiger; 1989:248-262.

7. Bhangu AA, Kramer MJ, Grimer RJ, O’Donnell RJ. Early distal femo-
ral endoprosthetic survival: cemented stems versus the compress 
implant. Int Orthop. 2006;30(6):465-472. [CrossRef]

8. Biau  D, Faure  F, Katsahian  S, Jeanrot  C, Tomeno  B, Anract  P. 
Survival of total knee replacement with a megaprosthesis after bone 
tumor resection. J Bone Joint Surg Am. 2006;88(6):1285-1293. 
[CrossRef]

9. Cannon SR. Massive prosthesis for malignant bone tumours of the 
limbs. J Bone Joint Surg Br. 1997;79(3):497-506. [CrossRef]

10. Ruggieri  P, Mavrogenis  AF, Pala  E, Abdel-Mota’al  M, Mercuri  M. 
Long term results of fixed-hinge megaprostheses in limb salvage for 
malignancy. Knee. 2012;19(5):543-549. [CrossRef]

11. Enneking F. A System for the functional evaluation of reconstructive 
procedures after surgical treatment of tumors of the musculoskeletal 
system. Clin Orthop Relat Res. 1991;286:241-246.

12. Langlais  F, Tomeno  B. Thc ISOLS radiological implants evaluation 
system. In: Glasser D, Tomeno B, eds. Limb Salvage: Major Recon-
structions in Oncologic and Nontumoral Conditions. New York: 
Springer-Verlag; 1991:xxiii-xxxi.

13. Mathew R, Di Caprio MD, Gary E, Friedlaender MD. Malign bone 
tumors; Limb sparing versus amputations. J Orthop Surg Am. 
2003;11(1):25-37.

14. Sim  FH, Beauchamp  CP, Chao  EYS. Reconstruction of musculo-
sceletal defects about knee for tumor. Clin Orthop Relat Res. 
1987;221:188-201.

15. Gosheger G, Gebert C, Ahrens H, Streitbuerger A, Winkelmann W, 
Hardes  J. Endoprosthetic reconstruction in 250 patients with sar-
coma. Clin Orthop Relat Res. 2006;450:164-171. [CrossRef]

16. Mavrogenis AF, Pala E, Angelini A, Ferraro A, Ruggieri P. Proximal 
tibial resections and reconstructions: clinical outcome of 225 patients. 
J Surg Oncol. 2013;107(4):335-342. [CrossRef]

17. Orlic D, Smerdelj M, Kolundzic R, Bergovec M. Lower limb salvage 
surgery: modular endoprosthesis in bone tumour treatment. Int 
Orthop. 2006;30(6):458-464. [CrossRef]

18. Zeegen EN, Aponte-Tinao LA, Hornicek FJ, Gebhardt MC, Mankin HJ. 
Survivor analysis of 141 modular metallic endoprostheses at early fol-
lowup. Clin Orthop Relat Res. 2004;420:239-250. [CrossRef]

19. Pala E, Trovarelli G, Angelini A, Ruggieri P. Distal femur reconstruc-
tion with modular tumour prostheses: a single institution analysis of 
implant survival comparing fixed versus rotating hinge knee prosthe-
ses. Int Orthop. 2016;40(10):2171-2180. [CrossRef]

20. Bickels J, Wittig JC, Kollender Y, et al. Distal femur resection with 
endoprosthetic reconstruction: a long-term followup study. Clin 
Orthop Relat Res. 2002;(400):225-235. [CrossRef]

21. Myers GJC, Abudu AT, Carter SR, Tillman RM, Grimer RJ. Endo-
prosthetic replacement of the distal femur for bone tumors. J Bone 
Joint Surg Am. 2007;89(4):521-526.

22. Choong PFM, Sim FH, Pritchard DJ, Rock MG, Chao EYS. Megapros-
theses after resection of distal femoral tumors: a rotating hinge design 
in 30 patients followed for 2-7 years. Acta Orthop Scand. 
1996;67(4):345-351. [CrossRef]

23. Mittermayer F, Windhager R, Dominkus M, et al. Revision of the 
Kotz type of tumour endoprosthesis for the lower limb. J Bone Joint 
Surg Br. 2002;84(3):401-406. [CrossRef]

24. Eckardt JJ, Eilber FR, Dorey FJ, Mirra JM. The UCLA experience in 
limb salvage surgery for malignant tumours. Orthopedics. 
1985;8(5):612-621. [CrossRef]

25. Heisel C, Kinkel S, Bernd L, Ewerbeck V. Megaprostheses for the 
treatment of malignant bone tumours of the lower limbs. Int Orthop. 
2006;30(6):452-457. [CrossRef]

26. Guo W, Ji T, Yang R, Tang X, Yang Y. Endoprosthetic replacement 
for primary tumours around the knee: experience from 
Peking University. J Bone Joint Surg Br. 2008;90(8):1084-1089. 
[CrossRef]

27. Jeys LM, Kulkarni A, Grimer RJ, Carter SR, Tillman RM, Abudu A. 
Endoprosthetic reconstruction for the treatment of musculoskeletal 
tumors of the appendicular skeleton and pelvis. J Bone Joint Surg Am. 
2008;90(6):1265-1271. [CrossRef]

28. Ilyas I, Kurar A, Moreau PG, Younge DA. Modular megaprosthesis 
for distal femoral tumors. Int Orthop. 2001;25(6):375-377. [CrossRef]

29. Frink SJ, Rutledge J, Lewis VO, Lin PP, Yasko AW. Favorable long-
term results of prosthetic arthroplasty of the knee for distal femur 
neoplasms. Clin Orthop Relat Res. 2005;438:65-70. [CrossRef]

https://doi.org/10.1200/JCO.2000.18.24.4016
https://doi.org/10.1002/1097-0142(19931201)72:11<3227::aid-cncr2820721116>3.0.co;2-c
https://doi.org/10.1097/00003086-199106000-00030
https://doi.org/10.3109/17453678608994394
https://doi.org/10.1302/0301-620X.88B6.17519
https://doi.org/10.1007/s00264-006-0186-8
https://doi.org/10.2106/JBJS.E.00553
https://doi.org/10.1302/0301-620x.79b3.14191
https://doi.org/10.1016/j.knee.2011.08.003
https://doi.org/10.1097/01.blo.0000223978.36831.39
https://doi.org/10.1002/jso.23216
https://doi.org/10.1007/s00264-006-0193-9
https://doi.org/10.1097/00003086-200403000-00034
https://doi.org/10.1007/s00264-016-3232-1
https://doi.org/10.1097/00003086-200207000-00028
https://doi.org/10.3109/17453679609002328
https://doi.org/10.1302/0301-620x.84b3.12204
https://doi.org/10.3928/0147-7447-19850501-15
https://doi.org/10.1007/s00264-006-0207-7
https://doi.org/10.1302/0301-620X.90B8.20240
https://doi.org/10.2106/JBJS.F.01324
https://doi.org/10.1007/s002640100290
https://doi.org/10.1097/01.blo.0000180056.84593.47

