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Introduction

Better understanding of tumor biology, effective che-
motherapy, improved imaging studies, new surgical 
techniques and prosthetic designs have enabled ma-
jority of bone cancers to be treated by limb salvage 
surgery. Lower extremity bone defects that mainly 
occur following removal of bone tumors can be man-
aged by modular or custom-made endoprosthetic 
reconstruction or by biological reconstruction meth-
ods such as recycled tumor-bearing autografts with 
or without vascularized fibula autograft (VFA), VFA 
alone, bone transport methods using external fixators, 
massive bone allografts (MBA) combined with VFG, 
MBA alone and allograft-prosthesis composites (1-15). 

In the past 30 years, modular endoprostheses have 
become the standard for tumor reconstructions about 
the hip and knee (11-15). These allow reconstruction 
of a wide variety of skeletal defects using off-the-shelf 
components without the expense or time required 
to manufacture a custom-made implant. Modular 
replacement prostheses can provide a stable and se-
cure fixation which allows immediate weight-bearing 

and restoration of function in patients with primary 
or metastatic bone tumors. Besides their ability to 
provide a solid and functional limb, complications of 
endoprosthesis have also been reported in the liter-
ature including soft tissue failure, aseptic loosening, 
structural/mechanical failure, infection and tumor 
progression (16). 

The overall survival and functional outcomes of 
megaprosthesis following limb-sparing surgery have 
been evaluated extensively in the literature (11-15, 
17-22). However, there are few studies reported from 
the country in which the current study was conduct-
ed (23-25). We believe that the experience of a sin-
gle musculoskeletal tumor referral center may also 
provide a contribution to the literature in terms of 
creating a standard approach for endoprosthetic re-
placements about the hip and knee. This study aimed 
to evaluate the overall survival of modular endopros-
thetic reconstructions in the treatment of primary and 
metastatic bone tumors of the lower limbs and to as-
sess the rate and causes of failure and ultimate func-
tional outcome. The effect of the anatomical site on 
implant survival and functional scores was analyzed. 
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ABSTRACT

Objective: The study was aimed to determine the survivorship and functional outcomes of modular endoprosthetic reconstruc-
tion in the management of primary and metastatic bone tumors of the lower limbs and to investigate the rate and causes of 
implant failure. 

Methods: A total of 84 limbs of 82 patients (49 male, 33 female; mean age=48 years, age range=13–78 years) with a minimum 
follow-up of 12 months in whom resection and modular endoprosthetic reconstructions were performed for primary or meta-
static bone tumors of the lower extremity were retrospectively reviewed and included in the study. The mean follow-up was 43 
(range=13–119) months. Functional status was assessed using the Musculoskeletal Tumor Society (MSTS) scoring system at the 
final follow-up. Implant survival was defined as the time from implantation until partial or complete exchange of the prosthesis 
secondary to mechanical or nonmechanical causes or amputation. The effects of the anatomical site on functional scores and 
implant survival were statistically analyzed. Additionally, the effects of diagnosis and adjuvant treatments on functional scores, 
implant survival, and failure rates were investigated.

Results: At the time of the study, 55 patients were still alive with a mean follow-up of 48 (range=15–119) months. The mean 
MSTS scores resulting from the final follow-up of all patients and of those surviving were 87.9% (range=16%–100%) and 86.8% 
(range=16%–100%), respectively. Overall implant survival was 95.2%, 89.2%, 87%, and 87% at 1, 2, 3, and 4 years, respectively. 
Statistically, both functional scores and implant survival analysis in different anatomical sites were found similar. In 15 of the 
patients (17.8%), endoprosthetic reconstructions had failed. The causes of failure were soft tissue failure (dislocation) in 5 pa-
tients, infection in 5, structural/mechanical failure in 2, local recurrence in two, and aseptic loosening in one. The diagnosis and 
receiving preoperative and/or postoperative adjuvant treatment did not affect functional scores, implant survival or failure rates.

Conclusion: The results of this study have shown that modular endoprosthetic replacement can provide satisfactory functional results 
and a durable mid-term limb salvage option in the management of patients with primary and metastatic bone tumors of the lower limbs. 

Level of Evidence: Level IV, Therapeutic Study

https://orcid.org/0000-0003-2452-1954
https://orcid.org/0000-0002-5210-224X
https://orcid.org/0000-0002-4752-2725
https://orcid.org/0000-0001-7099-6374
http://www.aott.org.tr


In addition, the effect of diagnosis and adjuvant treatments on func-
tional scores, implant survival and failure rates were investigated.

Materials and methods

Patients who underwent resection and modular endoprosthetic 
reconstruction for primary or metastatic bone tumors of the lower 
extremity between 2005 and 2013 were reviewed retrospectively. 
Patients lacking regular postoperative follow-up, having a follow-up 
period of less than 12 months or incomplete medical records were 
excluded from the cohort.

The study protocol was approved by the Local Ethics Committee of 
Marmara University School of Medicine (09.2013.153). Subsequent-
ly, the data were obtained from our extensive orthopedic oncology 
files, imaging studies, and operative and pathology reports. The age 
and sex of the patients, diagnosis and localization of the lesions, ra-
diologic staging of primary tumors, previous oncological treatment 
and surgical treatment modalities were analyzed. Functional out-
comes of the surgical procedure, implant survival, the rate and caus-
es of failure were investigated. In addition, the overall survival of the 
patients was recorded.

All cases in this study were treated with a multidisciplinary approach 
based on the decision of the Bone and Soft Tissue Tumors Council of 
Marmara University Pendik Training and Research Hospital. Osteo-
sarcoma and Ewing’s sarcoma patients had a standard treatment pro-
tocol including neoadjuvant and adjuvant chemotherapy, combined 
with wide resection and endoprosthetic reconstruction. In addition, 
2 patients with Ewing’s sarcoma received postoperative radiothera-
py for low tumor necrosis rate (one) or close surgical margin (one). 
Patients with chondrosarcoma and recurrent giant cell tumor of the 
bone (GCTB) underwent wide resection and endoprosthetic replace-
ment, without any adjuvant treatment. Persistent pain and extensive 
bone destruction with actual or impending pathological fracture 
were the main indications for resection and endoprosthetic recon-
struction in patients with bone metastasis in whom the Mirels score 
was at least 8 and in patients with multiple myeloma (MM) (26). The 
adjuvant treatments received by patients with metastatic bone dis-
ease and MM are summarized in Table 1.

We routinely performed magnetic resonance imaging showing entire 
length of the involved bone and the adjacent joint to determine intra- 
and extra-compartmental tumor extension. In addition, all patients 
had a whole-body bone scintigraphy (technetium-99 MDP whole-
body bone scintigraphy) done as part of the radiological staging.

The surgical procedure included the resection of the tumor with wide 
margins followed by bone and soft tissue reconstruction. Surgical ap-
proaches for different anatomical sites were performed according to 
the general principles of limb salvage surgery (27, 28). The R classi-

fication was used to evaluate the surgical margin. According to the 
R classification, residual tumors are referred to as R0, R1, and R2 
(R0: no residual tumor, margin ≥ 1mm; R1: no residual tumor [mi-
croscopic residual tumor], margin ≤1 mm; R2: macroscopic residual 
tumor) (29). 

For thrombosis prophylaxis, 1x40 mg enoxaparin (low-molecular 
weight heparin derivative) was started 12-24 h before surgery and 
continued until the patients were able to ambulate. As antibiotic 
prophylaxis, cephalosporin with a total dose of 50 mg/kg was giv-
en twice daily at induction before surgery and administered until all 
drains were removed by the third or fourth postoperative day.

Patients with proximal and distal femoral reconstructions were al-
lowed to bear full or partial weight immediately after surgery with 
walking aids. Those who underwent distal femoral reconstruction 
began isometric quadriceps exercises and mobilization of the knee 
on the second postoperative day. Following proximal tibial and ex-
tra-articular resections, the knee was kept in full extension for 3 
weeks to allow healing of the extensor mechanism. Then extension 
exercises were started to prevent an extensor lag, followed by flexion 
of the knee. 

A musculoskeletal oncology team consisting of 4 orthopedic surgeons 
did preoperative and postoperative clinical and radiological follow-up 
evaluations. Functional and radiological follow-up was performed at 
3-month intervals in the first 2 years, at 6-month intervals in following 3 
years, and then annually. Functional evaluation was done by Musculo-
skeletal Tumor Society (MSTS) scoring system (30). 

Implant survival was defined as the time from implantation until par-
tial or complete exchange (revision) of the prosthesis for mechanical 
(soft tissue failure, aseptic loosening, structural/mechanical failure) 
or nonmechanical (infection, tumor recurrence/progression) causes 
or amputation. Implant survival was not affected by interventions 
that did not consist of partial or complete exchange of the prosthesis. 
Complications resulting in reconstruction failure were also recorded. 
Henderson classification was used to define failure: Type 1, soft tis-
sue failure; Type 2, aseptic loosening; Type 3, structural/mechanical 
failure; Type 4, infection; and Type 5, tumor recurrence (16). 

We also grouped the patient cohort to see the effect of diagnosis and 
adjuvant treatments on MSTS scores, overall implant survival rates 
at 1, 2, 3 and 4 years, and the rate of complications resulting in re-
construction failure. Group 1 (metastatic bone disease and MM) and 
Group 2 (osteosarcoma and Ewing’s sarcoma) included patients who 
received neoadjuvant and/or adjuvant chemotherapy and radiother-
apy. On the other hand, the patients in Group 3 (chondrosarcoma 
and GCTB) did not have any adjuvant treatment in the preoperative 
and postoperative period. First, we compared Group 1 and 2 to see if 
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•	 Modular endoprosthetic reconstructions  can provide satisfactory 
functional results in the management of patients with  primary and 
metastatic diseases in lower extremity.

•	 According to different anatomical sites, functional scores of 
endoprosthetic reconstructions did not show a statistically significant 
difference.

•	 Bipolar hip articulation was found to be an important prognostic factor 
to decrease the rate of dislocation.

H I G H L I G H T S

Table 1. The adjuvant treatments received by patients with metastatic bone disease 
and multiple myeloma

Variable Metastatic Bone  
Disease (%)

Multiple  
Myeloma (%)

Chemotherapy

   Preoperative 5 (13.1) 2 (33.3)

   Postoperative 20 (52.6) 1 (16.6)

   Preoperative and postoperative 9 (23.7) -

Radiotherapy

   Preoperative 8 (21) -

   Postoperative 13 (34.2) 6 (100)

   Preoperative and postoperative 7 (18.4) -



outcomes were changing or not with regard to the diagnosis. Then, 
Group 1+2 and Group 3 were compared to reveal if these parameters 
were affected by adjuvant treatments.

Descriptive analyses were presented using mean and standard devia-
tion for normally distributed variables. The variables were investigat-
ed using visual (histogram, probability plots) and analytical methods 
(Kolmogorov-Simirnov\Shapiro-Wilk’s test) to determine whether or 
not they were normally distributed. Chi-square and t tests were used 
to compare categorical and continuous variables. Since MSTS scores 
were not normally distributed, nonparametric tests (Mann-Whitney 
U test) were used to compare these parameters. The Kaplan-Meier 
test was used for the endoprosthesis and patient survival analyses. 
The implantation of the prosthesis was the starting point of implant 
survival analysis. The end points were amputation or revision sur-

gery for any cause, which was defined as partial or complete ex-
change of the endoprosthetic implant for any cause. The log-rank 
test was used to analyze different survival probabilities of factors. 
A p value of less than 0.05 was considered to be significant. Data 
obtained in the study were analyzed statistically using the Statistical 
Package for Social Sciences, version 22.0 software (IBM SPSS Corp.; 
Armonk, NY, USA).

Results 

A total of 82 patients (49 male, 33 female) with primary or metastatic 
bone tumors of the lower extremity underwent 84 resection and en-
doprosthetic reconstructions. The mean age at surgery was 48±19.46 
years (range, 13–78 years). The diagnosis of the tumors and localiza-
tion of the lesions based on diagnosis are summarized in Tables 2 
and 3 respectively. For primary tumors, radiological staging revealed 
stage IA (1), IB (1), IIA (2), IIB (28) and IIIB (2) malignant and, stage 3 
benign (4) lesions according to the Enneking system (31). There were 
4 patients with solitary metastasis, 7 with oligometastases [metasta-
ses only in a limited number (≤3) of sites] and 27 with multimetasta-
ses (metastases >3 sites). 

The mean follow-up was 43±18.96 months (range, 13–119 months); 
patients with metastatic disease/MM and primary bone tumors were 
followed a mean of 32±10.76 months (range, 13–-56 months) and 
52±11.74 months (range, 15–119 months) respectively. At the time 
of the study, 23 patients with metastatic disease or MM had died 
because of progression of the disease. In addition, 4 patients with 
primary bone sarcoma had died secondary to pulmonary metastases 
(3) or chemotherapy complications (one). 55 patients were still alive 
with a mean follow-up of 48±20.01 months (range, 15–119 months). 

Surgical margins were reported as R0 (33) and R1 (one) following the 
resection of primary bone sarcomas. The case with R1 margin was 
an Ewing sarcoma, and underwent postoperative adjuvant radiother-
apy. Except for one case with R1 margin, R0 margins were obtained 
in remaning 3 resections done for recurrent GCTB. We also achieved 
R0 margin in the majority of the patients (38/44; 86.4%) with meta-
static bone disease or MM, even though clear margins do not affect 
patient survival, except for 4 patients with solitary renal cell (3) and 
thyroid (one) carcinoma metastasis. This approach was standardized 
r to prevent intra-operative tumor spillage and to minimize local tu-
mor progression/recurrence in the postoperative period. The diagno-
ses of 6 patients with R1 and R2 margins were lung carcinoma (one), 
breast carcinoma (2), and MM (3), and all received postoperative ra-
diotherapy.

Two different types of modular prostheses (in 56 patients; TMTS/
HBRS, CoCrMo alloy, Hipokrat Inc, İzmir, Turkey and in 28 patients; 
MUTARS, TiA16V4 alloy, Implantcast, Buxtehude, Germany), which 
were available in the market at the time of the study, were used for re-
construction. Details of the surgical procedures are given in Table 4.

The mean MSTS scores at the last follow-up of all patients and 
of those surviving were 87.9%±13.24% (range, 16%–100%) and 
86.8%±12.72% (range, 16%–100%) respectively. Table 5 summarizes 
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Table 2. The diagnosis of the tumors

Diagnosis n (%)

Metastatic bone disease 38* (46.3)

   Lung carcinoma 16 (42.1)

   Breast carcinoma 12 (31.6)

   Renal cell carcinoma 4 (10.5)

   Thyroid carcinoma 2 (5.3)

   Prostate carcinoma 2 (5.3)

   Bladder carcinoma 1 (2.6)

   Unknown origin 1 (2.6)

Multiple myeloma 6 (7.3)

Primary bone sarcoma 34 (41.5)

   Conventional osteosarcoma 17 (50)

   Ewing’s sarcoma 9 (26.5)

   High-grade chondrosarcoma 6 (17.6)

   Low-grade chondrosarcoma 2 (5.9)

Recurrent giant cell tumor of bone 4 (4.9)
*Two patients with metastatic bone disease had bilateral bone involvement

Table 3. The anatomical localizations of the lesions based on diagnosis

Diagnosis Number of reconstructions Proximal femur Distal femur Total femur Proximal tibia

Metastatic bone disease or multiple myeloma, n (%) 46 (54.7) 41 (95.3) 5 (17.2) − −

Primary bone sarcoma n (%) 34 (40.5) 2 (4.7) 22 (75.9) 4 (100) 6 (75)

Giant cell tumor of bone, n (%) 4 (4.8) − 2 (6.9) − 2 (25)

Total 84 43 29 4 8

Figure 1. Overall survival of endoprosthetic reconstructions
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functional scores of endoprosthetic reconstructions in different an-
atomical sites, demonstrating a statistically insignificant difference 
(p=0.572). The last follow-up MSTS scores of metastatic/MM patients 
(Group 1) and osteosarcoma/Ewing’s sarcoma patients (Group 2) did 
not show a statistically significant difference (p=0.421). Additional-

ly, final MSTS scores were similar when comparing Groups 1 and 
2 with Group 3, which included patients with chondrosarcoma and 
GCTB, demonstrating that adjuvant treatments did not affect func-
tional improvement (p=0.096).

Table 6 shows the overall implant survival and survivorship of en-
doprostheses with respect to specific anatomic localizations. Based 
on the Kaplan-Meier analysis, the overall survival of endoprosthetic 
reconstructions and endoprosthetic survivorship in terms of ana-
tomical localization are shown in Figures 1 and 2, respectively. The 
log-rank test showed no statistical difference of implant survival 
probabilities among anatomical localizations (p=0.452). The implant 
survival rates of Groups 1, 2 and 3 at 1, 2, 3 and 4 years are shown 
on Table 7. Even though a statistical analysis was not performed, im-
plant survival rates were similar in all groups, giving an impression 
that diagnosis and adjuvant treatments did not affect this parameter. 

Fifteen (17.8%) of 84 reconstructions failed, requiring partial (3 pa-
tients; 3.6%) or complete (3 patients; 3.6%) exchange of the prosthesis, 
soft tissue reconstruction to restore joint stability (5 patients; 5.9%) and 
amputation (4 patient; 4.7%). Table 8 demonstrates the causes of recon-
struction failures and how they were managed during follow-up. Soft 
tissue failure (Henderson Type 1 failure) leading to the dislocation of 
the hip joint was seen in 4 THAs (4/13; 30.7%) and one bipolar pros-
thesis was seen (1/34; 2.9%), indicating the type of articulation was an 
important prognostic factor (p=0.024). Two late infections were man-
aged by amputation as the definitive treatment at initial presentation, 
because of the insufficient soft tissue coverage. Statistically, the rate of 
complications resulting in reconstruction failure was similar between 
Groups 1 and 2 (p=0.054), and Group 1 + 2 and Group 3 (p=0.636).
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Table 4. The details of the surgical procedures

•	 Mean length of resection

	 Proximal femur; 11.25±4.71 mm

	 Distal femur; 19.56±6.36 mm

	 Proximal tibia; 15±5.31 mm

•	 Type of resection (in both hip and knee regions)

	 Intra-articular; in 80 (95.2%) resections 

	 Extra-articular*; in 4 (4.8%) distal femoral resections for primary bone sarcomas

•	 Stem fixation (in both hip and knee regions)

	 Press-fit; in 38 (45.2%) reconstructions for primary lesions

	 Cemented; in 46 (54.8%) reconstructions for metastatic/MM lesions

•	 Type of articulation

	 Knee region

	 Rotating-hinged; in 28 (68.3%) reconstructions

	 Fixed hinged; in 13 (31.7%) reconstructions

	 Hip region

	 Bipolar; in 34 (72.3%) reconstructions

	 Total hip arthroplasty; in 13 (27.7%) reconstructions

•	 Soft tissue reconstruction

	 Knee region (for coverage and extensor mechanism repair)

	 Medial GC muscle flap; in 8 intra-articular proximal tibial resections 

	 in 7 intra- and 4 extra-articular distal femoral resections 

	 Soleus flap; 2 extra-articular distal femoral resections

	 Hip region (for stablity and abductor mechanism repair)

	 Capsulorrhaphy; in all resections when joint capsule was preserved

	 Primary suturing of GM and VL muscles or use of attachment tube**/prolene  
mesh (if trochanter major was removed); 2 primary bone sarcomas

	 9 metastatic/MM lesions

	 Split trochanteric osteotomy (if trochanter major was not invaded by the tumor);  
32 metastatic/MM lesions

*Postoperative histopathological examination approved intra-articular tumor contamination in all.
**Attachment tube: polyethylene terephthalate ‘Trivera tube,’ MUTARS, Implantcast, Buxtehude, Germany). 
GC: gastrocnemius; GM: gluteus medius; VL: vastus lateralis muscles

Table 5. The MSTS scores with regard to anatomical localizations of all patients and 
of those surviving at the time of study

Anatomical localizations  
of reconstructions

MSTS scores due to the latest follow-up;  
mean% (SD)

All patients (%) Patients surviving at the  
time of study (%)

Proximal femur 87.2±9.99 85.7±14.3 

Distal femur 88.4±17.24 87.7±13.7 

Proximal tibia 86.2±15.56 86.2±15.56 

Total femur 89.9±13.4 89.9±13.4 

Overall 87.9±13.24 86.8±12.37 

p values (Mann- Whitney U test) p=0.071 p=0.092

Table 6. The overall implant survival and survivorship of the implants with respect 
to specific anatomical localizations

Anatomical 
localizations of 
endoprosthesis

1-year  
survival

2-year  
survival

3-year  
survival

4-year  
survival

Overall survival 95.2% (80/84) 89.2% (75/84) 87% (73/84) 87% (73/84)

Proximal femur 95.3% (41/43) 95.3% (41/43) 93% (40/43) 93% (40/43)

Distal femur 96.5% (28/29) 82.7% (24/29) 79.3% (23/29) 79.3% (23/29)

Total femur 100% (4/4) 100% (4/4) 100% (4/4) 100% (4/4)

Proximal tibia 87.5% (7/8) 75% (6/8) 75% (6/8) 75% (6/8)

p values  
(log-rank test)

p=0.165 p=0.091 p=0.432 p=0.302  

Table 7. Implant survival rates at 1-, 2-, 3-, and 4-year based on diagnosis

Diagnosis 1-year (%) 2-year (%) 3-year (%) 4-year (%)

Metastatic bone disease/ 
MM (Group 1)

97 86 86 79

OS/ EWS

(Group 2) 95 82 80 76

CS/ GCTB

(Group 3) 100 84 84 84
MM: Multiple myeloma; OS: Osteosarcoma; EWS; Ewing sarcoma; CS: Chondro sarcoma, GCTB: Giant cell 
tumor of bone

Figure 2. Endoprosthetic survival chart in terms of anatomical localizations
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Discussion

The current study demonstrated that modular endoprosthetic re-
construction of the lower extremities could provide good functional 
outcomes and high implant survival rates with a relatively low rate 
of complications resulting in reconstruction failure in mid-term fol-
low-up. The functional scores and implant survival analysis of en-
doprosthetic reconstructions in different anatomical sites did not 
show statistically significant differences. Soft tissue failure/disloca-
tion (Henderson Type 1 failure) and infection (Henderson Type 4 
failure) were the leading causes of failure following reconstructions 
around the hip and knee respectively. Bipolar articulation in the hip 
was indicated as an important prognostic factor to prevent disloca-
tion. Even though it was not significant statistically, reconstructions 
around the knee were more prone to partial or complete exchange 
of the prosthesis in our study. The diagnosis and preoperative and/
or postoperative adjuvant treatment did not affect functional scores, 
implant survival and implant failure rates.

Endoprosthetic reconstruction of the lower extremities following 
bone tumor resection usually provides immediate weight-bearing 
and a well-functioning, durable reconstruct in the long term. High 
MSTS scores, ranging from 60% to 80%, have usually been achieved 
with long-term follow-up of endoproshetic replacements of the hip 
and knee regions (15, 20, 24). In a long-term analysis of 32 patients 
with primary bone sarcomas of the femur and proximal tibia, Ham 
et al. obtained the highest functional scores in patients with dis-
tal femoral endoprosthesis, and the lowest functional scores in pa-
tients with total femoral replacements (17). In the current series, a 
mean MSTS score of 87.9% was achieved at mid-term follow-up of 
patients who underwent limb salvage with endoprosthetic recon-
struction for lower extremity bone neoplasia. Functional scores did 
not differ statistically with anatomical sites. We can conclude that 
a standard surgical approach in all locations and individualized 
postoperative rehabilitation allow early mobilization and clinical 
recovery, which contribute to relatively high MSTS scores at mid-
term follow-up.

Survivorship and complications of endoprosthetic reconstructions 
have been studied in large series including primary and/or metastatic 

bone tumors (11-15, 17, 21, 22). A literature search reveals that high, 
long-term implant survival rates can be achieved with modular or 
custom-made endoprostheses in the lower extremity (15, 17, 32-34). 
Ahlmann et al. achieved an overall implant survival of 78%, 60% and 
60% at 5, 10 and 15 years of follow-up in patients who had undergone 
limb salvage with endoprostheses for lower extremity bone neoplasia 
(15). In a series of 250 patients with malignant bone and soft-tissue 
tumors of the upper and lower extremities, Gosheger et al. reported 
89.7% and 68.5% 5-year prosthetic survival rates for the upper and 
lower extremities respectively (18). Prosthetic survival without any 
re-operation was 73.4% at 3 years and 60.4% at 5 years postopera-
tively. The results of the current study were comparable to the lit-
erature data. Even though, the survivorship of endoprostheses with 
respect to anatomical localization revealed a higher rate in the proxi-
mal femur compared to distal femur and proximal tibia, this was not 
significant statistically. Total femoral endoprosthetic replacements 
achieved 100% implant survival rate at 4 years, supporting the high 
overall survival of total femoral endoprosthetic replacement (35, 36). 

Instability remains a frequent cause of failure following endopros-
thetic reconstruction of the proximal femur (15, 18, 21, 37). Type of 
articulation (bipolar versus THA), preservation of the joint capsule 
and technique of abductor repair are the factors affecting hip insta-
bility. In the current series, soft tissue failure (Henderson Type 1 fail-
ure) leading to dislocation of the hip joint was seen in 5.9% of the re-
constructions within 4 months of the initial procedure. We agree that 
acetabular preservation and a meticulous soft tissue reconstruction 
including capsulorrhaphy and abductor mechanism repair recreate 
hip stability and avoid dislocation (18, 36, 38). In the current series, in 
patients with metastatic bone disease or MM of the proximal femur, 
we preserved the continuity of the abductor mechanism by a split tro-
chanteric osteotomy if the trochanter major had not been invaded by 
the tumor. On the other hand, in the remaining metastatic/ myeloma 
lesions or primary tumors of this region, the trochanter major was re-
moved and abductor repair was achieved by primary suturing of the 
gluteus medius and vastus lateralis muscles, and the use of Trevira 
tube/prolene mesh, when there was soft tissue defect.

In the current series, the rates of aseptic loosening and mechanical 
failure were 1.1% and 2.3% respectively. These rates were lower than 
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Table 8. The causes of reconstruction failures and their management during follow-up

Patient Diagnosis Localization Complication (Type of failure*)
Time of 
complication Treatment Final status at F-U

1 Lung Ca Proximal femur Dislocation (Type 1 failure) p.o 1 mo OR + ST Reconstruction Event free

2 Breast Ca Proximal femur Dislocation (Type 1 failure) p.o 2 mo(s) OR + ST Reconstruction Event free

3 OS Proximal femur Dislocation (Type 1 failure) p.o 1 mo OR + ST Reconstruction Event free

4 Breast Ca Proximal femur Dislocation (Type 1 failure) p.o 4 mo(s) OR + ST Reconstruction Event free

5 RCC Proximal femur Dislocation (Type 1 failure) p.o 2 mo(s) OR + ST Reconstruction Event free

6 Recurrent GCTB Distal femur Aseptic loosening (Type 2 failure) p.o 10 mo(s) One-stage revision (partial exchange of EPR) Event free

7 OS Proximal femur Stem fracture (Type 3 failure) p.o 30 mo(s) One-stage revision (Complete exchange of EPR) Event free

8 Lung Ca Distal femur Polyethylene wear (Type 3 failure) p.o 18 mo(s) One-stage revision (partial exchange of EPR) Event free

9 EWS Proximal femur Infection (Type 4 failure) p.o 1 mo Debridement + One-stage revision (partial 
exchange of EPR)

Event free

10 OS Distal femur Infection (Type 4 failure) p.o 10 mo(s) Two-stage revision (complete exchange of EPR) Event free

11 H-G CS Proximal tibia Infection (Type 4 failure) p.o 12 mo(s) Two-stage revision (complete exchange of EPR) Recurrent infection 
→ Amputation

12 OS Distal femur Infection (Type 4 failure) p.o 16 mo(s) Amputation Event free

13 H-G CS Proximal tibia Infection (Type 4 failure) p.o 18 mo(s) Amputation Event free

14 OS Distal femur Local recurrence (Type 5 failure) p.o 14 mo(s) Amputation + Systemic CT Event free

15 OS Distal femur Local recurrence (Type 5 failure) p.o 26 mo(s) Amputation+ Systemic CT Event free
*Failures due to Henderson classification.
Ca: carcinoma; OS: osteosarcoma; RCC: renal cell carcinoma; GCTB: giant cell tumor of bone; EWS: Ewing’s sarcoma; H-G CS: high-grade chondrosarcoma; p.o: postoperative; mo(s): month(s); OR: open reduction; ST: soft 
tissue; CT: chemotherapy; F-U: follow-up; EPR: endoprosthetic reconstruction



that reported in the literature, ranging from 2.4% to 19% for asep-
tic loosening and 4.3% to 48% for mechanical complications (15, 18, 
21, 39). Aseptic loosening was observed in one patient with a distal 
femoral metadiaphyseal resection reconstructed by an uncemented 
endoprosthesis. As mentioned by Gosheger et al. cemented stems 
should be preferred in reconstructions of distal femoral metadiaph-
yseal defects (18). The lower incidence of mechanical complications 
was probably related to the relatively short follow-up. 

Infection is a leading cause of failure following endoprosthetic re-
construction of the lower extremities. In a retrospective analysis of 
50 consecutive resections and endoprosthetic reconstructions for 
tumors around the knee, Sim et al. reported 4 superficial wound in-
fections (8%) and 6 deep infections (12%) (19). Gosheger et al. em-
phasized deep prosthetic infection as the most common complication 
following endoprosthetic reconstruction in extremities (18). Predilec-
tion sites were proximal femur (19.5%), proximal tibia (16.7%), and 
distal femur (11.7%). In the current series, the infection rate was 
5.9%. When compared to similar series in the literature with 3 to 25% 
infection rates (15, 17, 21, 34), our overall infection rate was accept-
able. However, we experienced a high rate of infection following 
proximal tibial reconstructions, even though a transpositional medial 
gastrocnemius flap was routinely used for soft tissue coverage. This 
can be explained by the low number of proximal tibial reconstruc-
tions in the current series.

Even though one patient with an early infection was managed by 
mechanical debridement and change of mobile components, the re-
maining 4 patients with late infections required a two-stage revision 
or amputation in our series. One of the 2 patients who underwent 
two-stage revision had a recurrent infection, and an amputation was 
performed to overcome this complication. Insufficient soft tissue en-
velope was the main indication for an amputation at initial presenta-
tion in the remaining 2 patients. We think that if a healthy, soft tissue 
coverage cannot be obtained by local flaps, which might already be 
used in the first surgery in some patients, or if local conditions are not 
suitable for free flaps, then an amputation is a reasonable option at 
initial treatment of an infected megaprosthesis.

The local recurrence rate of 5.8% (2 in 34 sarcomas) seen in this se-
ries compares favorably with previous reports for primary bone sar-
comas (15, 17, 22). Achieving a good response to chemotherapy and 
tumor free margins can explain the acceptable rates of local recur-
rence. Even though, an aggressive approach including amputation 
and systemic chemotherapy was applied, tumor relapse was associat-
ed with poor prognosis.

When 3 groups of the patient cohort were compared with regard to 
MSTS scores, implant survival rates and failure, the outcomes were 
found to be similar, indicating that diagnosis and preoperative and/or 
postoperative adjuvant treatment did not have a significant effect on 
functional improvement, implant survival, and implant failure rates, 
following endoprosthetic reconstruction of the lower extremities.

This study has some limitations. First, it is a retrospective study of a 
mixed group of patients. This might be a disadvantage, but bone tumors 
requiring endoprosthetic reconstruction are rare, limiting the overall 
number of procedures performed at any single institution. The second 
limitation is the lack of a control group. Third, the duration of follow-up 
is short. Fourth, even though frequently used in clinical studies, the 
MSTS score is not a Turkish-translated and validated score. Finally, the 
fifth limitation is the lack of a preoperative functional outcome score 
and a quality of life measure. On the other hand, all procedures were 

performed in a standard approach by the same surgeon in the same 
institution. In addition, the patients were followed up extensively with 
detailed clinical, functional and oncological records.

In conclusion, this study demonstrates that modular endoprosthetic 
reconstruction of the lower extremities can provide good function-
al outcomes and high implant survival rates with acceptable failure 
rates at mid-term follow-up. The functional scores of endoprosthetic 
reconstructions in different anatomical sites did not show a statisti-
cally significant difference. Even though, the survivorship of endo-
prostheses with respect to anatomical localization revealed a higher 
rate in the proximal femur compared to distal femur and proximal 
tibia, this was not significant statistically. Soft tissue failure/disloca-
tion and infection were the most common causes of failure. Bipolar 
hip articulation was defined as an important prognostic factor to de-
crease the rate of dislocation. 
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