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Abstract
Purpose To compare the results for patients treated with intercalary endoprosthetic replacement (EPR) or intercalary allograft 
reconstruction for diaphyseal tumours of the femur in terms of: (1) reconstruction failure rates; (2) cause of failure; (3) risk 
of amputation of the limb; and (4) functional result.
Methods Patients with bone sarcomas of the femoral diaphysis, treated with en bloc resection and reconstructed with an 
intercalary EPR or allograft, were reviewed. A total of 107 patients were included in the study (36 EPR and 71 intercalary 
allograft reconstruction). No differences were found between the two groups in terms of follow-up, age, gender and the use 
of adjuvant chemotherapy.
Results The probability of failure for intercalary EPR was 36% at 5 years and 22% for allograft at 5 years (p = 0.26). Mechani-
cal failures were the most prevalent in both types of reconstruction. Aseptic loosening and implant fracture are the main 
cause in the EPR group. For intercalary allograft reconstructions, fracture followed by nonunion was the most common 
complication. Ten-year risk of amputation after failure for both reconstructions was 3%. There were no differences between 
the groups in terms of the mean Musculoskeletal Tumor Society score (27.4, range 16–30 vs. 27.6, range 17–30).
Conclusions We have demonstrated similar failure rates for both reconstructions. In both techniques, mechanical failure was 
the most common complication with a low rate of limb amputation and good functional results.
Level of evidence Level III, therapeutic study.

Keywords Bone sarcoma · Endoporsthesis · Allograft · Intercalary

Introduction

There has been an increase in the number of patients with 
malignant bone tumours treated with limb salvage surgery 
in the last three decades, largely due to advances in early 

diagnosis, accurate preoperative staging, orthopaedics 
expertise, and the evolution of implants [1–3]. Primary 
tumours of bone arising from the diaphyseal region of long 
bones represent a unique challenge for orthopaedic surgeons. 
This region does allow en bloc resection with epiphyseal 
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preservation, that represents preservation of the joint above 
and below of the plan resection [4–8]. Different options of 
reconstruction for bone defect after massive tumour resec-
tions of the femur have been described in the literature and 
include biological reconstruction such as autogenous vascu-
larized fibular grafts [9, 10], extracorporeal irradiated and 
reimplantation bone [11, 12], bone transportation or distrac-
tion osteogenesis [13, 14] and massive allograft [4, 6, 15]. 
Options for non-biological reconstruction include intercalary 
endoprosthetic replacements (EPR) [1, 4, 16]. Most com-
mon complications described for biological reconstruction 
include fracture, risk of infection and nonunion [10, 17–24]. 
Complications with endoprostetic reconstructions include 
aseptic loosening, infection and fracture of the prostheses 
[1, 2, 4, 16, 25, 26]. The ideal method of reconstruction for 
diaphyseal segmental defects remains unclear.

The purpose of this study, therefore, was to compare two 
groups of patients treated with intercalary EPR or intercalary 
allograft reconstruction for diaphyseal femoral bone tumours 
and analyse: (1) reconstruction failure rates; (2) cause of 
failure; (3) risk of amputation of the limb; and (4) functional 
results measured with Musculoskeletal Society of Tumor 
Society (MSTS) scoring and time to full weight bearing.

Materials and methods

Patients were retrospectively identified from a prospec-
tively maintained oncology database at each of the two 
contributory institutions. All patients with a primary 
tumour of bone arising from the femoral diaphysis treated 
by limb salvage resection and reconstruction, preserv-
ing both the proximal and distal joints between 1980 
and 2014, were included. Two different oncology centres 
were involved in the study: Oncology Unit 1 specialized in 

endoprosthetic replacement for bone tumours (150 onco-
logical megaprostheses per year) and Unit 2 specialized in 
allograft reconstruction (more than 800 massive allografts 
done). The inclusion criteria were: age below 60 years, 
diagnosis of bone sarcoma of the femur, minimum follow-
up for patients alive of 24 months and treated with limb 
salvage reconstruction. Patients with soft tissue sarco-
mas and bone invasion or aggressive benign lesion were 
excluded. The study population comprised 107 patients, 
36 in the EPR group, with a median age of 19 years (range 
8–60), and 71 in the allograft group, with a median age of 
16 (range 6–55). The variety of histological indications for 
resection was equally represented in each group. The use 
of chemotherapy, either adjuvant or neoadjuvant, was not 
different between the two groups, nor was the duration of 
follow-up (Table 1). Complete data were available for all 
patients included in the study. Failure of the reconstruc-
tion was defined as revision of the prosthesis or allograft 
reconstruction for any cause. The method of treatment of 
these complications was also recorded, in particular, the 
necessity for limb removal. Failures of the reconstruction 
in both groups were defined according to the modified 
Henderson classification for limb salvage reconstruc-
tion is divided into six types. Type 1 failure is defined 
as soft tissue failure (1A: failure of function/1B: failure 
of cover; type 2, aseptic loosening (in the case of EPR, 
2A: early < 2 years after implantation/2B: late > 2 years 
after implantation) or graft–host nonunion for allografts 
(2A: hypertrophic nonunion/2B: atrophic nonunion); type 
3, structural failure (3A: implant or fixation/3B: bone or 
graft); type 4, infection (4A: early/4B: late), and type 5, 
tumour progression (5A: soft tissue/5B: bone). In the mod-
ified classification, type 6, paediatric failures are defined 
as 6A, growth arrest resulting in longitudinal or angular 
deformity, or 6B, the formation of a dysplastic joint [26]. 

Table 1  Demographic 
characteristics of the 107 
patients of the series

IQR interquartile range
a MFH, leiomyosarcoma (2), adamantinoma, Spindle cell sarcoma
b Fibrosarcoma, Spindle cell sarcoma

Endoprostheses Intercalary allograft p value

Age (median years) 19, IQR 24, range 8–60 16, IQR 12, range 6–55 0.14
Gender (%) 23 males (64%)

13 female (36%)
45 males (63%)
26 females (37%)

0.90

Type of tumour (n) Osteosarcoma: 13 Osteosarcoma: 44 –
Chondrosarcoma: 1 Chondrosarcoma: 8 –
Ewing Sarcoma: 17 Ewing sarcoma: 16 –
Othera: 5 Otherb: 3 –

Chemotherapy (%) 32 (89%) 63 (89%) 0.58
Resection length (median cm) 12, IQR 5.5, range 5–30 16, IQR 8, range 7–29 0.12
Median follow-up in months 114, IQR 189, range 10–411 129, IQR 110, range 12–311 0.72
10-year overall survival 71% (95% CI 54–87%) 80% (95% CI 70–89%) 0.46
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The functional assessment following limb salvage was per-
formed using the revised 30-point functional classification 
system established by the MSTS and time for full weight 
bearing recorded from the reports [27].

All allografts used for bone reconstructions were non-
irradiated, harvested under sterile conditions and stored 
frozen in the bone bank at one of the study institution. 
All bacteriologic and viral tests available at the time were 
performed in accordance with the recommendations of 
the American Association of Tissue Banks [28]. Between 
1980 and 2008, allografts were selected according preop-
erative image studies (X-rays and CT scan) and in the last 
years through the 3D virtual bone banking [29] (Fig. 1).

All of the prostheses were custom made, designed and 
manufactured at the Department of Biomedical Engineer-
ing of the Institute of Orthopaedics of University College, 
London (now known as Stanmore Implants Worldwide, 
Royal National Orthopaedic Hospital Trust, Stanmore, 
Middlesex). All the implants used in this series had 
cement fixation [30]. All the operations were performed 
in a clean-air operation room. Resection of the tumour was 
carried out following oncological principles, endeavouring 
to achieve a wide margin of resection (Fig. 2).

Statistical analysis

Demographic differences between groups were assessed 
using the Wilcoxon test for nonparametric variables and for 
continuous variables. For categorical variables, a Chi-square 
test was used. The reconstruction failure rates were calcu-
lated by a competitive risk analysis method with limb sal-
vage reconstruction censored at the time of failure or last fol-
low-up and death as the competing risk. Differences between 
groups were compared by log-rank test. To estimate patients’ 
overall survival, the Kaplan–Meier method was used. The 
statistical analysis was performed using the R programming 
language (R Foundation for Statistical Computing, Vienna, 
Austria). Statistical significance was defined as p < 0.05 [31].

Results

The overall survival (OS) rate at 5 and 10 years for the 
entire series was 84% [95% confidence interval (95% CI) 
77–91%] and 76% (95% CI 67–84%). Survival analysis 
per group showed for EPR reconstruction an OS of 86% 
(95% CI 75–97%) at 5 years and 71% (95% CI 54–87%) at 
10 years. For allograft group, the OS at 5 and 10 years was 
82% (95% CI 72–91%) and 80% (95% CI 70–89%), respec-
tively. No statistical differences between both groups were 
found (p = 0.46).

The overall risk of reconstruction failure, as ana-
lysed according to a competing risk method for the study 

Fig. 1  Fourteen-year-old male with a periosteal osteosarcoma of the 
femur treated with an allograft Intercalary femur reconstruction. a 
AP X-ray of the femur that shows a bone lesion in the mid shaft with 
periosteal reaction (sunrise). b, c 1-year post-operative AP and lateral 
X-rays with an intercalary allograft reconstruction stabilized with 
rigid fixation, a long 4.5 LCP lateral and two compressive plates ante-
rior in both osteotomies

Fig. 2  Twenty-two-year-old male with an Ewing sarcoma of the left 
femur. a Preoperative coronal MRI views showing the mid shaft inva-
sion and soft tissue extension of the tumour. b, c Post-operative AP 
and lateral X-rays views of the intercalary EPR reconstruction after 
tumour resection
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population as a whole, was 36% (95% CI 18–55%) at 5 years 
and 50% (95% CI 29–71%) at 10 years for intercalary EPR 
and 22% (95% CI 12–33%) at 5 years and 39% (95% CI 
25–53%) at 10 years for intercalary allografts (Fig.  3), 
respectively. This risk of reconstruction failure was not 
statistically different between the reconstruction methods 
at 5 years post-primary procedure (p = 0.270) or 10 years 
post-primary procedure (p = 0.162) (Fig. 3).

The mode of failure, defined by the modified Henderson 
classification, is summarized in Table 2. In the EPR group, 
18 out of 36 (50%) patients developed a failure at some stage 
during the follow-up period. Aseptic loosening (type 2) and 
implant fracture (type 3) were the most common mechanical 

failures occurring in 16 out of 18 patients (89%). The other 
two failures were defined as: one infection (type 4) and one 
local recurrence (type 5). Sixteen patients with a mechanical 
failure were revised to a new prosthesis. Six out of the 16 
patients were revised with a new intercalary EPR, while the 
other 10 patients need to be reconstructed with a distal femur 
EPR (n: 6) or a proximal femur EPR (n: 4). The patient with 
infection failure was treated with a two-stage revision and 
finally reconverted to a distal femur EPR, while the patient 
that presented with a local recurrence failure was finally 
treated with an amputation.

In 25 out of 71 (35%) patients in the intercalary allo-
graft group, a failure was seen. In 21 out of 25 (84%), this 
was defined as a mechanical failure (type 2 or 3), with the 
remaining four failures attributable to infection (type 4) in 
1 out of 25, tumour progression (type 5) in 2 out of 25, and 
growth arrest (type 6A) occurring in 1 out of 25 patients. 
Seventeen patients that presented an allograft fracture (type 
3) needed to be revised: One patient was treated with a vas-
cular fibula and new osteosynthesis achieving consolidation; 
in 11 patients, revision surgery included a new intercalary 
allograft and in five cases the revision was done with a distal 
femur endoprostetic. In the four patients with nonunion (type 
2), the osteosynthesis was changed from one lateral plate to 
two plates (90° conformation) + bone autograft with the iliac 
crest in the nonunion site being done with final consolida-
tion. The patient who suffered an infection was treated with 

Fig. 3  Competitive risk analysis for reconstruction failure and risk of 
amputation. EPR endoprosthestic replacement

Table 2  Modified Henderson 
classification for limb salvage 
reconstruction failure

Henderson et  al. classification: type 1—soft tissue failures (1A: failure of function/1B: failure of cover. 
Type 2: aseptic loosening for endoprosthetics (2A: early < 2 years after implantation/2B: late > 2 years after 
implantation) or graft–host nonunion for allografts (2A: hypertrophic nonunion/2B: atrophic nonunion). 
Type 3: structural failure (3A: implant or fixation/3B: bone or graft). Type 4: infection (4A: early < 2 years 
after implantation/4B: late > 2 years after implantation). Type 5: tumour progression (5A: soft tissue/5B: 
bone). Type 6: paediatric failures (6A: growth arrest resulting in longitudinal or angular deformity/6B: dys-
plastic joint

Failures Endoprosthetic recon-
struction (n = 36)

Intercalary 
allograft 
(n = 71)

Total failures 18 (50%) 25 (35%)
 Overall mechanical failures (%) 16 (44%) 21 (29.5%)
  Henderson type 1 A 0 0
  (Soft tissue failure) B 0 0
  Henderson type 2 A 3 3
  (Aseptic loosening or graft-host nonunion B 9 1
  Henderson type 3 A 4 0
  (Structural failure) B 0 17

 Overall non-mechanical failures 2 (6%) 4 (5.5%)
  Henderson type 4 A 0 1
  (Infection) B 1 0
  Henderson type 5 A 1 2
  (Tumour progression) B 0 0
  Henderson type 6 A 0 1
  (Paediatric failures) B 0 0
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a two-stage revision and was finally reconstructed with distal 
femur endoprostheses. Two patients developed local tumour 
progression: one patient was treated with resection and a 
new allograft reconstruction, and the other patient received 
a limb amputation.

The overall rate of limb salvage following intercalary 
resection and reconstruction was comparable between the 
groups with a risk of amputation after failure of recon-
struction within 10 years of 3% (95% CI 0–9%) for the 
EPR group, and 3% (95% CI 0–8%) for the allograft group 
(p = 0.998).

The functional results, measured by the MSTS score, 
demonstrated no difference between the two groups with a 
median, MSTS score of 27 (range 16–30) in the EPR group, 
and a median score of 28 (range 17–30) in the allograft 
group. Time to full weight bearing was significantly shorter 
in the EPR group with a median time of 3 weeks (range 1–6) 
compared to 22 weeks (range 17–49) for the patients with an 
allograft intercalary reconstructions (p < 0.001).

Discussion

Several options for intercalary reconstruction follow-
ing tumour resection, including biological and prosthetic 
options, have been described and benefits, and complications 
unique to each reconstruction method have been reported 
[1–10, 15–19, 25, 26]. In this study, we present the results 
from a comparative study between two high-volume oncol-
ogy units treating patients with primary malignant bone 
tumours of the femur with resection and reconstruction and 
limb salvage surgery either by intercalary EPR or allograft.

One of the first series about intercalary prostheses was 
presented by Abudu et al. reporting 18 patients (including 
13 femoral reconstructions) and concluded that EPR after 
excision of diaphyseal tumours offers good oncological and 
functional outcome, being symptomatic mechanical loos-
ening the most common complication (6/10) [4]. In con-
cordance with Birmingham results, Hanna et al. reported an 
85% overall survival at 5 years for intercalary femur endo-
prostheses reconstructions. The rate of revision of the series 
was 22%, and the overall rate of re-operation was 26% [25]. 
Recently, Benevenia et al. [1] analysed a series of patients 
that received intercalary implants for primary and metastatic 
bone tumours and found that patients, treated with interca-
lary endoprostheses in the femur, experienced more frequent 
complications than those treated for lesions in other long 
bones.

A multicentre study from the Netherlands analysed inter-
calary allograft reconstructions and reported high complica-
tion rates, with mechanical complications being the most 
prevalent (nonunion 40% and fracture 29%) [15]. These 
results are in agreement with our findings. Aponte et al. in 

2012 reviewed 83 patients (some of them included in this 
series) who underwent an intercalary femoral segmental 
allograft reconstruction and reported that allograft fracture 
remained a major problem. The incidence of fracture in this 
series was 17%, and his group found no association between 
fracture and the type of osteosynthesis [5]. According to 
the literature, femoral intercalary allograft seems to have a 
higher risk of mechanical failure when compared to other 
long bones [15, 17–20]. The use of intramedullary cement 
as augmentation for intercalary allograft reconstruction has 
been reported by Gupta et al. as a reliable option to reduce 
fracture risk [32]. Also, the use of intramedullary nails to 
augment fixation, the length of the resection and the site of 
the osteotomy (diaphyseal versus metaphyseal) have been 
described as negative prognostic factors for failure of the 
reconstruction [5, 18].

Alternative reconstruction options for diaphsyeal tumours 
of the femur include: fibula grafting, with a reported failure 
rate around 20–25% being fracture (30–50%) and nonun-
ion (15–25%) the most common complications reported 
[10, 20–22]. Fibula grafting is a viable option to improve 
the rate of union or to rescue mechanical failures follow-
ing non-vascularized biological reconstruction [5, 17, 33, 
34]. A combination of allograft + vascularized fibula has 
been used for intercalary reconstructions of the femur with 
good results. In particular, the biologic properties of the 
fibula were seen to promote allograft fracture healing after 
hardware replacement and to decrease the long-term risk of 
mechanical complication [33].

Extracorporeal irradiation and autograft reimplantation 
is another acceptable biological alternative for the recon-
struction of the diaphysis of the femur, with a major existing 
disadvantage, the absence of material for histopathological 
examination of the effect of chemotherapy and the determi-
nation of surgical resection margins [11, 12]. Distraction 
osteogenesis should be considered as an alternative recon-
struction technique for limb salvage surgery after diaphyseal 
tumour resection with acceptable results being reported, but 
should not be considered for massive bone defects (more 
than 15 cm) [13, 14].

Although infections have been described as a major con-
cern in massive allograft and modular endoprostheses, in our 
series, infection was not reported as a common complication 
for either of the two reconstruction techniques. Mechani-
cal complications were the most frequent cause of failure 
in diaphyseal femoral reconstruction after bone sarcoma 
resections (Table 2). We know that the aim of intercalary 
reconstruction is to preserve the proximal and distal joint, 
but eventually, after failure revision, there could be a need to 
remove a joint. We reported joint replacement after revision 
surgery in 30.5% of EPR and 8.4% of intercalary allografts.

Intercalary reconstructions, in general, provide good 
functional results, attributable to the preservation of both 
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proximal and distal joints (Table 2). Good functional results, 
early mobilization and early weight bearing are benefits 
described for intercalary EPR of the femoral diaphysis [1, 
4]. In contrast, biological reconstruction requires a lengthy 
period of non-weight bearing to allow for union and graft 
hypertrophy [5, 6, 15]. However, biological reconstructions 
allow the opportunity to restore bone stock after massive 
resection, which is a significant advantage, particularly in 
the paediatric and young patients population [23, 24, 35].

We acknowledge certain limitations with this study. 
Firstly, we recognize the retrospective design. Secondly, the 
selection bias for the patients who were treated in two dif-
ferent countries by two different groups. Thirdly, the period 
of study includes many decades that may result in patients 
with failing implants not being known to the treating centre. 
Fourthly, the group has some inherent heterogeneity in terms 
of diagnosis, the amount of soft tissue resection, the method 
of internal fixation in the allograft group and length of bone 
resection, which could affect the incidence of failures, com-
plications and functional outcomes.

We have demonstrated the durability of both the recon-
struction options studied: intercalary allograft and interca-
lary EPR. Both result in good implant survival, with a failure 
rate of 22% and 36% at 5 years. The benefits of interca-
lary allograft reconstruction include the restoration of bone 
stock and therefore should be considered in younger patients. 
Intercalary EPR allows early weight bearing and therefore 
should be considered for those in whom this is a priority. In 
both techniques, mechanical failure was the most common 
complication; however, the amputation rate was low in both 
groups.
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