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Abstract The use of allograft-prosthesis composites for

reconstruction after bone tumor resection at the proximal

femur has generated considerable interest since the

mid1980s on the basis that their use would improve func-

tion and survival, and restore bone stock. Although

functional improvement has been documented, it is

unknown whether these composites survive long periods

and whether they restore bone stock. We therefore deter-

mined long-term allograft-prosthesis composite survival,

identified major complications that led to revision, and

determined whether allograft bone stock could be spared at

the time of revision. We also compared the radiographic

appearance of allografts sterilized by gamma radiation and

fresh-frozen allografts. We retrospectively reviewed 32

patients with bone malignancy in the proximal femur who

underwent reconstruction with a cemented allograft-pros-

thesis composite. The allograft-prosthesis composite was a

primary reconstruction for 23 patients and a revision pro-

cedure for nine. The minimum followup was 2 months

(median, 68 months; range, 2–232 months). The cumula-

tive incidence of revision for any reason was 14% at

5 years (95% confidence interval, 1%–28%) and 19% at

10 years (95% confidence interval, 3%–34%). Nine

patients (28%) had revision of the reconstruction during

followup; four of these patients had revision surgery for

infection. Allografts sterilized by gamma radiation showed

worse resorption than fresh-frozen allografts. Based on

reported results, allograft-composite prostheses do not

appear to improve survival compared with megaprostheses.

Level of Evidence: Level IV, therapeutic study. See

Guidelines for Authors for a complete description of levels

of evidence.

Introduction

Aggressive surgery and chemotherapy have permitted

improvement in survival of patients with most bone sar-

comas of the appendicular skeleton such that function and
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Descartes, AP-HP, Paris, France

F. Thévenin
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implant survival are increasingly being considered by

patients and surgeons. The most frequent locations of bone

sarcoma are the distal and proximal femur, the proximal

tibia, and proximal humerus. The generally preferred

reconstructive options in adults after bone tumor resection

in the proximal femur are implantation of a megaprosthesis

or an allograft-prosthesis composite [4, 12–14, 22, 24, 30,

31, 39, 42].

The use of allograft-prosthesis composites for recon-

struction after bone tumor resection at the proximal femur

[4, 12–14, 16–18, 24, 42], proximal humerus [9, 18, 20,

37], and proximal tibia [6, 11] has generated considerable

interest since the mid1980s. The purported benefits of

allograft-prosthesis composites over megaprostheses

include improved function, improved longevity through the

load-sharing properties of the allograft, and restoration of

bone stock [10]. Comparative studies suggest minor

improvement in function for patients who had reconstruc-

tion surgery with allograft-prosthesis composites compared

with patients who had megaprostheses; however, to date,

no evidence of improvement in survival or advantage of

bone stock restoration for future revision has been reported

[4, 13, 42]. Moreover, these purported benefits sometimes

have been counterbalanced by risks of infection with rates

ranging from 0% to 19%, risks of resorption with rates

ranging from 7% to 46%, and risks of fracture with rates

ranging from 12.5% to 27% [4, 6, 11, 12, 24, 30, 42].

The expected mechanical advantage of allograft-pros-

thesis composites over megaprostheses may be affected in

different ways. The load-sharing properties of the allograft

are transmitted to the host femur only if union at the

allograft-host femur junction occurs. Likewise, resorption

may alter the mechanical properties of the allograft and

compromise the status of bone stock available at the time

of revision. Nonunion at the allograft host-bone junction

and graft resorption have reported rates ranging from 4%

to 22% [12, 13, 24, 30, 42] and 7% to 46% [4, 12, 13],

respectively, and eventually, the improvement regarding

reconstruction is questionable. A deleterious effect of

gamma radiation on the structural properties of the allo-

graft have been observed in ex vivo studies [1, 2, 32], and

these effects correspond to a clinically increased risk of

fracture with massive structural allografts [26]. Although

the effect of gamma radiation on the allograft-prosthesis

composites is not known, we presumed allografts sterilized

by gamma radiation would show greater resorption and

lower union rates than fresh-frozen allografts.

The objectives of our study therefore were to (1)

determine allograft-prosthesis composite survival with

revision for any reason and for mechanical reasons as end

points; (2) identify the major complications that led to

revision of allograft-prosthesis composites; (3) determine

whether allograft bone stock could be spared at the time of

revision; and (4) compare the radiographic appearance of

allografts sterilized by gamma radiation and fresh-frozen

allografts with a specific rating system.

Patients and Methods

We retrospectively reviewed 32 patients with bone

malignancies of the proximal femur who underwent

reconstruction with allograft-prosthesis composites from

1987 to 2005. All operations were performed at a tertiary

care university center by senior surgeons with expertise in

musculoskeletal tumor surgery. There were 21 male and 11

female patients with a median age of 41 years (first quar-

tile–third quartile [Q1-Q3], 27–57 years), a median body

weight of 67 kg (Q1-Q3, 59–70 kg; data were missing for

two patients), and a median height of 173 cm (Q1-Q3,

164–182 cm; data were missing for two patients) at the

time of surgery. The right limb was affected in 12 patients

(38%). According to the classification of the American

Society of Anesthesiology [3], 17 patients were Grade 1

physical status (53%), 10 were Grade 2 (31%), and two

were Grade 3 (6%) (data were missing for three patients).

Diagnosis and classification of tumors are based on the

World Health Organization Classification of Tumours [15].

The diagnosis of the index procedure was low-grade

chondrosarcoma in 16 patients (50%), Ewing sarcoma in

four (13%), conventional osteosarcoma in four (13%),

high-grade malignant fibrous histiocytoma of bone in two

(6%), bone metastasis in two (6%), and low-grade osteo-

sarcoma, high-grade chondrosarcoma, high-grade fibrosar-

coma, and high-grade leiomyosarcoma of bone in one each

(3%). Five patients (16%) presented with pathologic frac-

tures. The allograft-prosthesis composite was a primary

reconstruction for 23 patients (72%) and a revision pro-

cedure for nine (28%); three patients had intralesional

curettage and bone grafting and reconstruction with plate

osteosynthesis for chondrosarcoma (one Grade 1, one

Grade 2, and one clear-cell chondrosarcoma). Six patients

had previous reconstruction with a megaprosthesis; three

had revision surgery for local recurrence and three for

mechanical failure. Thirteen patients had received periop-

erative chemotherapy and two had postoperative radiation

therapy. At last followup, 21 of the 32 patients (65%) were

alive, 19 with no evidence of disease and two with disease;

10 (31%) had died from disease, and one (3%) had

died from unrelated causes (colorectal cancer). The mini-

mum followup was 2 months (median, 68 months; range,

2–232 months). Six patients were followed for less than

1 year; three died from disease during the first year, two

patients returned to their home country and attempts to

contact them failed, and one patient with a soft tissue

recurrence did not return for the 1-year followup and was
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considered lost to followup. We had prior approval of our

local ethics committee.

The technique used in these patients was described

previously [4, 5]. A lateral approach was used in all

patients. The surgical technique involved resection of the

tumor, or the previous megaprosthesis or plate osteosyn-

thesis, and reconstruction of the joint. At the time of

resection, 12 patients had the abductor mechanism conti-

nuity preserved; of these, nine had a trochanteric slide

osteotomy and three had continuity preserved through the

gluteus medius and vastus lateralis tendons by periosteal

elevation. The abductor mechanism continuity was not

preserved in 20 patients; 17 patients had soft tissue

detached from the proximal femur and three had a tro-

chanteric osteotomy. Tumor resections conformed to

principles for management of malignant bone tumors; a

cuff of normal tissue was left with the tumor and the biopsy

track was left in continuity with the specimen with a 2-cm

margin. The distal femoral cut was horizontal.

Reconstruction was performed during the same surgery.

Twenty-two patients had a THA and 10 had implantation

of a bipolar prosthesis. From 1998 onward, most patients

had a bipolar prosthesis implanted because it was consid-

ered more stable; however, two of the six patients who had

a megaprosthesis revised and one who required an extra-

articular resection of the proximal femur and hip for joint

contamination had a THA.

We first prepared the allograft to match the length of the

skeletal defect. We then cemented the prosthesis into the

allograft on a back table and performed a second trial after

cement polymerization was complete. The composite

prosthesis was cemented into the host bone, and care was

taken so no cement was caught between the allograft and

the host bone. Four patients had autograft bone added at the

allograft host-bone junction.

All allografts were obtained from our institution’s bone

bank. Twenty allografts were sterilized by gamma radiation

(25 kGy precisely controlled by dosimeters), and 12 were

fresh-frozen allografts; the institution’s policy regarding

bone allograft conservation changed in 1995 in favor of

fresh-frozen allografts; after 1995, we used six irradiated

allografts remaining in the bone bank. The allograft ten-

dons were not retained on the specimens. All allografts

were harvested under sterile conditions, cultured before

delivery and implantation, and preserved at �75�C without

cryoprotective agents until preparation. For fresh-frozen

allografts, when an operation was scheduled, the allograft

chosen was retrieved and prepared under sterile conditions

as requested by the surgeon. The allograft was immersed

for 90 minutes in a solution of dimethyl sulfoxide (8 mL/

100 mL), sodium chloride (0.9/1000), and rifampicin

(600 mg/L). After this, the allograft was returned to �75�C

until the operation. At the time of the operation, the

allograft was immersed for 20 minutes in a saline solution

with rifampicin (600 mg/L).

The median resection length was 175 mm (Q1-Q3, 150–

211 mm), the median stem length was 335 mm (Q1-Q3,

273–350 cm), the median duration of the procedure was

180 minutes (Q1-Q3, 150–210 minutes; data missing for

three cases), and the median number of red blood cell units

transfused was 2 (Q1-Q3, 0–4 units; for three cases). Four

patients (13%) had postoperative complications, which

included two hematomas with neurologic signs of sciatic

nerve palsy that required drainage; two stems were too

long, as seen on the postoperative radiographs, with a

supracondylar breach through the anterior cortex. These

stems were shortened with a diamond saw through an

anterior cortical window.

Preoperative and postoperative second-generation

cephalosporins were administered for 48 hours. Patients

had coaptation-suspension in the department for 2 weeks

during which they had wound care. A spica cast subse-

quently was applied for another 6 weeks to allow scar

formation around the hip. Weightbearing using two elbow

crutches was allowed while wearing the spica cast after the

second postoperative week. Full weightbearing with no

support was allowed at the end of the eighth week, after the

spica cast was removed. Low-molecular-weight heparin

was administered for 8 weeks. The median hospital stay

was 18 days (Quartile 1–3, 15–20 days; data missing for

two patients).

Patients were followed at 8 weeks, every 6 months until

the fifth year, and yearly thereafter. At each followup, a

clinical evaluation was performed; an AP view of the

pelvis and AP and lateral radiographs of the femur were

taken at 2 months, 6 months, and yearly thereafter.

We used the International Society of Limb Salvage

(ISOLS) radiographic allograft-prosthesis evaluation sys-

tem [25]. The ISOLS evaluation system assesses bone

remodeling, interface, anchorage, fusion, resorption, and

fracture on AP and lateral radiographs and rates these items

as excellent, good, fair, and poor (Table 1). Only the 21

patients, 13 who received an irradiated allograft and eight

who received a fresh-frozen allograft, with radiographic

followup greater than 1 year were included in this analysis.

For patients who had the reconstruction revised, the

radiographs were analyzed before the revision surgery.

Radiographs were rated using the ISOLS evaluation system

by two senior musculoskeletal radiologists (FT, EP)

blinded to the allograft type; each radiologist rated the

radiographs separately and disagreement was resolved by

consensus.

The main outcome consisted of time to revision of any

part of the reconstruction (stem or acetabular component)

for any reason. The secondary outcome was revision of

any part of the reconstruction for mechanical reasons.
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Survival of the allograft-prosthesis reconstruction was

estimated using the cumulative incidence function to

account for competing risks; this method is a better esti-

mator than the Kaplan-Meier method in the context of limb

salvage surgery [7]. Median cumulative probabilities of

events with the 95% confidence intervals were determined.

Factors such as chemotherapy, radiotherapy, resection

length, tumor grade, and revision procedure are potentially

influential regarding reconstruction survival [17, 19, 41].

Pooling patients regardless of these factors provides a

summary measure that may be misleading. In the current

series, the influence of these factors assessed using a Cox

regression model was low (all hazard ratios between 0.5

and 2) and furthermore, no association was statistically

significant (Table 2). We therefore decided to report sur-

vival for all patients as one group. We determined

differences in ISOLS radiographic evaluation between

irradiated and fresh-frozen allografts using a chi square test

for trend. For quantitative variables (continuous variables),

we report the median and first and third quartile values

(Q1-Q3). For length of followup, we report the range.

Categorical variables are reported as counts and propor-

tions. All analyses were performed with R statistical

software [38]. All patients were included in the analysis

regardless whether they had retained the allograft-

prosthesis composite. All tests are two-sided and the level

of statistical significance was chosen at 0.05.

Results

The cumulative incidence of revision for any reason was

14% at 5 years (95% confidence interval [CI], 1%–28%),

19% at 10 years (95% CI, 3%–34%), and 31% at 15 years

(95% CI, 10%–53%). The cumulative incidence of revision

for mechanical reasons was 4% at 5 and 10 years (95% CI,

0%–12%) and 16% at 15 years (95% CI, 0%–35%)

(Fig. 1).

Table 1. The ISOLS radiographic evaluation system for allograft-prosthesis composites [25]

Grade Bone remodeling Interface Anchorage Fusion Resorption Fracture

Excellent No change from

discharge

radiographs

No radiolucent line No change from

discharge radiographs

Fusion-

osteotomy

line no longer

visible

No resorption or

geometric change

Periosteal new bone

formation

No fracture

Good Hypertrophy or

sclerosis or

osteopenia;

bone

angulation \ 5�

Radiolucent line \ 2 mm

thick and less than entire

length of interface

Adequate cementation

technique (no gaps or

porosity)

Fusion greater

than or equal

to 75%;

osteotomy

line still

visible

Resorption less than

25% and no

fracture

Incomplete

fracture

Fair Resorption of

fixation

area \ 50%

cortical

thickness

and [ 2 cm

length

Radiolucent line [ 2 mm,

incomplete; or \ 2 mm,

complete; axial

migration; stem/shaft

angulation \ 5�

Stem fracture; or stem

deformation; or screw

fracture*; or plate

fracture*; or cement

fracture*

Fusion 25%–

75%

Resorption 25%–

50% no fracture

Simple fracture

without

displacement

Poor Resorption of

fixation

area [ 50%

cortical

thickness

and [ 2 cm

length

Radiolucent line [ 2 mm,

completely around stem;

or [ 5 mm axial

migration, loosening

(macromotion)

No evidence of

callus; or

fusion \ 25%

Resorption [ 50%;

or type I fracture

(with resorption)

Simple fracture

with

displacement

or

comminuted

fracture

* With motion of the stem; ISOLS = International Society of Limb Salvage. (Adapted from and published with permission from Springer and

Dr. Bernard Tomeno from Langlais F, Tomeno B (eds). Limb Salvage: Major Reconstructions in Oncologic and Nontumoral Conditions.

Heidelberg, Germany: Springer; 1991.)

Table 2. Hazard ratio derived from univariate Cox regression mod-

els and significance level of potentially influential factors on

reconstruction survival

Covariates Hazard ratio (95%

confidence interval)

p Value

Previous operation 0.85 (0.22–3.29) 0.82

Previous megaprosthesis 0.60 (0.12–2.94) 0.53

Chemotherapy 0.60 (0.12–2.97) 0.53

High-grade tumor 0.70 (0.14–3.47) 0.66

Volume 468, Number 3, March 2010 Allograft-prosthesis Composites of the Femur 837

123



Nine patients (28%) had revision of the reconstruction

during followup, including four for infection. One patient

had a two-stage revision procedure and reconstruction with

a long stem THA 4 months after the index procedure. She

subsequently had infection develop again and a resection

arthroplasty was performed. One patient had a two-stage

revision procedure to a long stem THA at another center

30 months after the index operation. One patient had a

two-stage revision procedure to another allograft-prosthesis

composite 41 months after the index operation. The

reconstruction eventually failed 134 months after the index

procedure and revision surgery using another allograft-

prosthesis composite was performed. Finally, one patient

had a one-stage revision procedure to a long stem THA

76 months after the index operation. The allograft was

never retained when revision was performed to treat

infection. Five patients had revision surgery to treat

mechanical complications. One patient sustained a stem

fracture 59 months after the reconstruction and had a

standard long cemented stem implanted. Extraction of the

proximal stem resulted in some allograft being extracted as

well, and only 3 cm of the allograft could be retained on

the host femur. One patient had a megaprosthesis implanted

126 months after the index procedure to treat aseptic

loosening of the femoral stem. The allograft showed severe

resorption (Fig. 2) and no allograft bone was retained. One

patient had revision surgery for a worn acetabular com-

ponent 165 months after the index procedure. She had an

all-polyethylene acetabular component cemented and

reinforced with an acetabular ring. One patient had a local

recurrence located against the anterior acetabular horn

excised 204 months after the index procedure. The ace-

tabular component was exchanged during the same

procedure owing to macroscopic wear. The patient had an

all-polyethylene acetabular component cemented and

reinforced with an acetabular ring. Finally, one patient had

another allograft-prosthesis composite 212 months after

the index procedure to treat acetabular aseptic loosening

and allograft resorption. During revision surgery, the

proximal part of the allograft was split longitudinally to

preserve soft tissue attachment and access the acetabulum.

During extraction of the stem, only the last 2 cm of the

allograft remained attached to the host femur and it was

decided to implant another allograft-composite prosthesis.

Little if any allograft bone stock was retained in the

seven patients whose stems were revised. The allograft was

removed entirely for all infected reconstructions (four

patients) and only the more distal few centimeters could be

preserved for two of the three patients who had mechanical

complications.

Allograft sterilized by gamma radiation showed worse

resorption (p = 0.041) than fresh-frozen allografts according

to the ISOLS radiographic allograft-prosthesis evaluation

system (Table 3; Figs. 2 and 3) We observed no difference in

bone remodeling (p = 0.87), fusion at the allograft-host bone

junction (p = 0.75), interface (p = 0.13), anchorage (p = 1),

and fracture (p = 0.42).

Numerous additional operations were performed during

followup. Three patients had revision of a nonunion of the

greater trochanter; one patient had a supracondylar fracture

below the stem that was opened and internally fixed; three

patients had washout procedures (two patients cited pre-

viously; one patient died from metastatic dissemination

7 months after surgery with no evidence of infection); one

patient had a negative biopsy; one patient had corticocan-

cellous bone grafting at the allograft host-bone junction;

and three patients had excision of a local recurrence.

Discussion

Development of aggressive treatment has permitted

remarkable improvement in survival of patients with most

bone sarcoma of the appendicular skeleton and patients

want surgeons to provide reconstructions that restore

function and last for decades. Although allograft-prosthesis

composites have generated substantial interest since the

mid1980s, their purported benefits over megaprostheses

have not been confirmed. We therefore (1) evaluated

allograft-prosthesis composite survival with revision for

any reason and for mechanical reasons as end points;

Fig. 1 This graph shows the cumulative probability of revision for

mechanical or infectious reasons and of death. The cumulative

incidence of revision for any reason was 19% at 10 years (95%

confidence interval, 3%-34%), and the cumulative incidence of

revision for mechanical reasons was 4% at 10 years. Infection is an

important cause for revision.
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Fig. 2A–D (A) This radiograph shows

an allograft-composite prosthesis after

resection of a chondrosarcoma of the

right proximal femur. (B) The immedi-

ate postoperative and (C) 16-year

postoperative AP and (D) lateral radio-

graphs show allograft resorption,

allograft-host bone nonunion, and stem

loosening with time. Some mismatch

between the allograft and host femur

can be seen on the postoperative

radiograph.

Table 3. Radiographic evaluation of proximal femoral allograft composites using ISOLS rating system

ISOLS rating Resorption Fusion Interface Bone remodeling Anchorage Fracture

Irradiated Fresh Irradiated Fresh Irradiated Fresh Irradiated Fresh Irradiated Fresh Irradiated Fresh

Excellent 0 4 4 0 4 3 1 1 13 8 12 8

Good 4 2 3 6 4 5 9 5 0 0 1 0

Fair 5 0 3 2 2 0 1 0 0 0 0 0

Poor 4 2 3 0 3 0 2 2 0 0 0 0
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(2) identified the major complications that led to revision of

allograft-prosthesis composites; (3) determined whether

allograft bone stock could be spared at the time of revision;

and (4) compared the radiographic appearance of allografts

sterilized by gamma radiation and fresh-frozen allografts

with a specific rating system.

Our study has some limitations regarding to the internal

and external validity of the results. First, we lost some

patients to followup (three of 32 [9%]) and had a limited

number of patients with radiographic followup more than

1 year (21 of 32 [66%]). However, these cases are rela-

tively infrequent and it is difficult to accumulate a large

number. Further, analysis of time to event data, either using

the Kaplan-Meier estimator or cumulative incidence esti-

mator, takes account of censored observations in such a

way that patients with short followup do not bias the results

because their observations are censored early. Except for

graft resorption, the small number of patients with radio-

graphic followup more than 1 year implies the study has

limited power to detect meaningful effects in radiographic

Fig. 3A–D (A) This radiograph shows

an allograft-composite prosthesis after

resection of a malignant fibrous histio-

cytoma of the left proximal femur. (B)

The immediate postoperative and (C) 7-

year postoperative AP and (D) lateral

radiographs show allograft-host bone

union and absence of allograft resorp-

tion with time.
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differences between both groups. Therefore, the absence of

differences between irradiated allografts and fresh-frozen

allografts for items other than resorption should be inter-

preted in light of other in vitro and vivo studies. Second,

our data are most likely only applicable to centers and

surgeons that have developed a specific expertise in the

treatment of malignant bone tumors. For instance, access to

a bone bank is a prerequisite to perform allograft-prosthesis

composite reconstructions. Third, the Kaplan-Meier esti-

mator used in some studies to assess the survival of the

reconstruction overestimates the risk of the event to occur

[7]; comparisons with survival estimated with the cumu-

lative incidence estimator need to account for this bias.

Fourth, factors such as chemotherapy, radiotherapy,

resection length, tumor grade, and revision procedure

potentially influence reconstruction survival. Although we

did not find these factors had an effect on reconstruction

survival in this limited series, we do not believe their

potential influence should be disregarded for future studies.

We found the cumulative incidence of revision for any

reason was 14% at 5 years and 19% at 10 years. These

results are comparable to those in other studies [4, 11, 13,

14, 22, 31, 42]. In series ranging from 16 to 27 patients, the

allograft-prosthesis composite survival rates ranged from

76% to 100% at 5 years and 76% to 86% at 10 years [11,

13, 42]. In series ranging from 17 to 96 patients, the

megaprosthesis survival rates ranged from 65% to 86% at

5 years and from 0% to 86% at 10 years [4, 13, 14, 22, 31,

42]. To date, however, comparative studies of allograft-

prosthesis composites versus megaprostheses have failed to

show improved longevity of the former [4, 13, 42]

(Table 4). Junction union is paramount to the theoretical

advantage of allograft-prosthesis composites over mega-

prostheses. When union is not obtained, the purported load-

sharing properties of the allograft are negligible [19]. Four

reconstructions of 21 (19%) showed union less than 25%

on the AP or lateral radiographs (union rated as poor).

Nonunion at the allograft host-bone junction is reported

between 4% and 22% in series ranging from 18 to 27

patients [12, 13, 24, 30, 42] (Table 5). Factors affecting

bone union are bone grafting at the junction, postoperative

chemotherapy, and radiotherapy [17, 19]. Although use of

intramedullary cement reportedly offers stability without

adverse effects on healing [40], it is important that no

cement be placed at the host-bone allograft junction during

fixation of the stem and that cancellous bone be added at

the periosteal surface [17]. McGoveran et al. proposed

using an uncemented stem to improve the chances of host-

graft bone union through compression loading [30]

(Table 5). To increase stability at the host-graft junction

and enhance union, some authors advise performing a step-

cut osteotomy instead of a transverse osteotomy [24, 30].

Although this osteotomy provides a mechanical advantage,

it is technically difficult and may lead to inadequate

contact between the allograft and the host femur or rota-

tional malunion. The treatment of nonunion at the

allograft host-bone junction is corticocancellous bone

autograft.

Infection was an important mode of early failure in the

current series with five of 32 patients (16%) having the

component removed for this reason. Reported rates of

infection vary from 0% to 19% in series ranging from 16 to

96 patients (Table 4). Numerous risk factors have been

incriminated in the development of postoperative infection

such as patients’ comorbidities [28, 33, 34], previous

surgery [36], complexity and duration of the operation [34,

36], prophylactic antibiotic protocol [23, 35, 36], blood

transfusion [28, 33, 35], radiation, and chemotherapy [8,

21, 23, 35]. Our series shows possible increased suscepti-

bility for allograft-prosthesis composites toward infection

when compared with megaprostheses. Superior infection

rates have been reported for allograft-prosthesis composite

reconstructions than for megaprostheses (Table 4) [13, 42].

This could be attributable to the greater complexity of

allograft-prosthesis composite reconstructions and to the

transmission of pathogen agents through the allograft [27,

29]. The use of fresh-frozen instead of irradiated-sterilized

allografts may increase the risk of infection-related com-

plications. In the absence of an unbiased comparative

study, we believe it is inappropriate to draw any conclu-

sion and this finding should merely serve as the basis for

future research. Retention of bone stock was never possible

when revision for treating infection was performed. Bone

stock could not be preserved because of allograft resorp-

tion or technical difficulties either when revision was

performed for treating aseptic stem loosening or stem

fracture or when exchange of the stem was necessary to

facilitate exposure.

We observed a difference in radiographic evaluation

between irradiated and fresh-frozen allografts only for graft

resorption. Radiation affects the structural properties of

allografts [1, 2, 32] and increases the risk for fracture for

massive allografts [26]. For these reasons, we presumed

irradiation could have played a role in allograft resorption.

Our observations with fresh-frozen allografts are consistent

with those in several previous studies where marked or

severe allograft resorption occurred in 5% to 7% of fresh-

frozen allografts [12, 24]. Based on the deleterious effect of

gamma radiation on allograft-prosthesis composites

observed in our series, and the findings of other in vivo and

ex vivo studies [1, 2, 26, 32], we recommend radiation not

be used routinely for sterilization.

Allograft-prosthesis composite reconstruction survival

in our series showed comparable survival to reported rates

of megaprosthesis reconstruction survival. However, allo-

graft bone stock could never be retained when stem
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revision was performed. Allografts sterilized by gamma

radiation were at increased risk for allograft resorption

compared to fresh-frozen allografts.
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