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Abstract 

Aims: To assess complications and failure mechanisms of osteoarticular allograft 

reconstructions for primary bone tumors.

Patients and Methods: We retrospectively evaluated 38 patients (28 men, 74%) 

who were treated at our institution with osteoarticular allograft reconstruction 

between 1989 and 2010. Median age was 19 years (interquartile range 14 to 

32). Median follow-up was 19.5 years (95% confidence interval [CI] 13.0 to 26.1) 

when 26 patients (68%) were alive. In addition, we systematically searched the 

literature for clinical studies on osteoarticular allografts, finding 31 studies suitable 

for analysis. Results of papers that reported on one site exclusively were pooled for 

comparison.

Results: A total of 20 patients (53%) experienced graft failure, including 15 due to 

mechanical complications (39%) and three (9%) due to infection. In the systematic 

review, 514 reconstructions were analyzed (distal femur, n = 184, 36%; proximal 

tibia, n = 136, 26%; distal radius, n = 99, 19%; proximal humerus, n = 95, 18%). 

Overall rates of failure, fracture and infection were 27%, 20%, and 10% respectively. 

With the distal femur as the reference, fractures were more common in the 

humerus (odds ratio [OR] 4.1, 95% CI 2.2 to 7.7) and tibia (OR 2.2, 95% CI 1.3 to 4.4); 

infections occurred more often in the tibia (OR 2.2, 95% CI 1.3 to 4.4) and less often 

in the radius (OR 0.1, 95% CI 0.0 to 0.8).

Conclusion: Osteoarticular allograft reconstructions are associated with high 

rates of mechanical complications. Although comparative studies with alternative 

techniques are scarce, the risk of mechanical failure in our opinion does not justify 

routine employment of osteoarticular allografts for reconstruction of large joints 

after tumor resection.
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Introduction 

Primary malignant bone tumors commonly grow in close proximity to joints1, 2. 

Resection with clear margins is the mainstay of surgical treatment and therefore, 

it is often necessary to resect part of a joint3, 4. Endoprostheses are generally 

regarded as the benchmark after such resections5, 6. However, endoprosthetic 

joint arthroplasty requires the sacrifi ce of the corresponding reciprocal side 

of the joint. Moreover, recent studies describe considerable rates of failure of 

endoprosthetic reconstruction due to both mechanical (loosening, implant 

breakage, periprosthetic fractures) and non-mechanical (predominantly infection) 

complications6-8.

Osteoarticular allografts provide an alternative method of reconstruction 

to endoprostheses. Potential advantages of osteoarticular allografts include the 

possibility to re-attach tendons and to reconstruct unicondylar or hemi-articular 

defects9, 10. On the other hand, allografts have been associated with considerable 

rates of infection, fracture and nonunion3, 11-14. Reported overall complication rates 

typically range from 40% to 70%9, 15-25. Moreover, studies raised concern about the 

viability of cryopreserved cartilage and noted that osteoarthritis becomes a major 

problem approximately six years after transplantation26, 27. Nevertheless, functional 

outcome is generally acceptable, with mean Musculoskeletal Tumor Society 

(MSTS) scoring system scores28 ranging from 70% to 91%9, 16-18, 23-25, 29, 30.

To date, there are no studies on large groups of patients with osteoarticular 

allografts with long-term follow-up. Therefore, there is paucity of solid evidence 

concerning complications and long-term outcomes. We retrospectively evaluated 

our experiences with osteoarticular allografts in treatment of primary tumors 

and systematically reviewed the literature with the aims to assess: long-term 

complication rates, mechanisms of reconstruction failure, and allograft survival 

rates. 

Patients and Methods

Retrospective study
We searched our institutional database to identify all patients who had an 

osteoarticular allograft reconstruction for a bone tumor between 1989 and 2012. 

A total of 38 consecutive patients (28 men, 74%) with a median age of 19 years 
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(interquartile range [IQR] 14 to 32) at surgery were included (table 1). A total of 

33 patients (87%) had a malignant tumor (predominantly osteosarcoma, n = 20, 

53%), five patients (13%) were treated for a benign but aggressive lesion, mostly 

giant cell tumors of bone (n = 4, 11%). A further 26 patients (68%) were treated 

with chemotherapy according to appropriate protocols, two (5%) underwent 

radiotherapy. 

Allografts were harvested during post-mortem tissue donation by our national 

bone bank. Proximal humeral grafts included tendons of the rotator cuff, pectoralis 

major and latissimus dorsi; allografts of the proximal femur had the tendons of the 

glutei and iliopsoas attached. Distal femoral and proximal tibial grafts included the 

knee capsule and all surrounding ligaments. Following retrieval, articular cartilage 

was covered with gauze soaked in dimethylsulphoxide31 and allografts were 

stored at -80°C32. Processing of the allografts was performed at either Osteotech 

(Eatontown, New Jersey) or the Musculoskeletal Transplant Foundation (Edison, 

New Jersey). Grafts were either not subjected to additional sterilization or irradiated 

with low-dose gamma radiation (< 25 kGy). 

All patients had a biopsy pre-operatively to obtain a histological diagnosis. 

Resections were planned on conventional radiographs, CT and/or MRI. All patients 

received prophylactic cephalosporins pre-operatively. During tumor resection, 

the allograft was thawed in saline with gentamicin and flucloxacillin. Following 

resection, the graft was cut to fit the resected defect freehand, and appropriate 

structures were prepared to attach corresponding host structures. All osteotomies 

were fashioned transversely. Muscle flap rotations (n = 9, 23%) were only used 

where there was poor soft-tissue coverage. 

Follow-up routinely included conventional radiographs but if a recurrence 

was suspected an MRI scan was obtained. Medical files and radiographs of the 

reconstruction were evaluated to obtain details about patients, tumors, treatment, 

and reconstructions. Complications and failures were classified into types 1 to 5, 

according to Henderson et al33, 34 (type 1, soft-tissue failure and instability; type 2, 

graft-host nonunion; type 3, structural failure; type 4, infection; and type 5, tumor 

progression). Nonunion was defined as surgical intervention to facilitate union of 

the allograft-host junction3. Fractures were diagnosed on imaging. If the allograft 

was removed (partially or completely), or if the reconstruction was converted to an 

allograft-prosthetic composite or arthrodesis, we considered the reconstruction to 

be a failure. 
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Table 1. Study data

Variable n (%)

Gender

     Male 28 (74)

     Female 10 (26)

Diagnosis

     Osteosarcoma (conventional type) 20 (53)

     Giant cell tumor of bone 4 (11)

     Ewing sarcoma 3 (8)

     Chondrosarcoma grade 3 3 (8)

     Chondrosarcoma grade 2 2 (5)

     Parosteal osteosarcoma 2 (5)

     Pleomorphic undiff erentiated sarcoma 2 (5)

     Low-grade osteosarcoma 1 (3)

     Aneurysmal bone cyst 1 (3)

Location

     Proximal tibia 14 (37)

     Proximal humerus 12 (32)

     Distal femur 10 (26)

     Distal radius 2 (5)

Type of graft

     Segmental 32 (84)

     Hemicortical/unicondylar 6 (16)

Osteosynthesis

     Plate(s) 28 (74)

     Intramedullary nail 8 (21)

     Intramedullary nail and plate 1 (3)

     Screws 1(3)

Graft length

     < 10 cm 6 (16)

     10 cm to 15 cm 14 (37)

     > 15 cm 18 (47)

Adjuvant therapy

     Chemotherapy 26 (68)

     Radiotherapy 2 (5)

Failures

     Mechanical reasons 15 (39)

     Non-mechanical reasons 5 (13)

Follow-up

     ≥ 5 yrs 28 (74)

     ≥ 10 yrs 24 (63)

     ≥ 20 yrs 12 (32)
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Reconstructions were located in the proximal tibia (n = 14, 37%), proximal 

humerus (n = 12, 32%), distal femur (n = 10, 26%) and distal radius (n = 2, 5%). A total 

of 32 patients (84%) had a segmental, and six (16%) a unicondylar reconstruction 

(four proximal tibial, two distal femoral). Median allograft length was 14 cm (IQR 

10 to 17), and was greater for the proximal humerus (16.5 cm, IQR 13 to 19.5) than 

for other sites (12 cm, IQR 10 to 17). Allografts were fixed to host bone using either 

one or more plate(s) (n = 28, 74%), an intramedullary nail (n = 8, 21%), screws only, 

or an intramedullary nail and plate (each; n = 1, 3%). In seven patients (18%), an 

allogeneic fibular strut was used to reinforce the construct. A gastrocnemius flap 

was used in nine proximal tibial reconstructions (64%).

Systematic literature review
We performed a systematic search to identify papers on osteoarticular allograft 

reconstructions for musculoskeletal tumors. All clinical case series that reported on 

at least five reconstructions, and were written in English, Dutch, German, French or 

Italian, were included. With search terms which are detailed in the supplementary 

material, we identified 244 unique titles in PubMed, EMBASE, Web of Science, 

CINAHL, Academic Search Premier and Science Direct. The leading author screened 

all titles and abstracts, extracted relevant data and critically appraised the included 

studies. The critical appraisal data were based on a previous systematic review 

on reconstructions for tumor resections35. Our review was registered with the 

international prospective register of systematic reviews (PROSPERO) database36 

(identifier CRD42015026027).

Statistical analysis
Continuous variables were compared with Mann-Whitney U tests. Logistic 

regression analysis was used to assess the influence of factors on the occurrence 

of complications in the retrospective study, and to compare the incidence of 

complications in the systematic review. Allograft survival was estimated with 

Kaplan-Meier curves with 95% confidence intervals (CI). We used SPSS v.21 software 

(IBM Corp., Armonk, New York), with the level of significance at a p-value < 0.05.
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Results

Retrospective study
At review, 26 patients (68%) had no evidence of disease and 12 patients (32%) had 

died. Median follow-up was 19.5 years (95% CI 13.0 to 26.1). A total of 39 patients 

(79%) experienced one or more complications. Two patients (5%) required further 

surgery for joint instability (Henderson type 1 complication); both reconstructions 

of the distal radius were converted to an arthrodesis. Of 24 patients with a 

reconstruction around the knee, 15 (63%) had worn a brace for at least one year, or 

until failure of their graft, because of instability of the reconstructed joint. 

Nonunion (Henderson type 2 complication) occurred in six reconstructions 

(16%). Re-operations took place after a median of 13 months (IQR 9 to 18), in 

two proximal tibial (14%), two distal femoral (20%) and two proximal humeral 

reconstructions (17%). One allograft (3%) was removed because of nonunion. 

Fractures (Henderson type 3 complication) occurred in ten patients (26%), after 

a median of 49 months (IQR 27 to 74). Fractures occurred in reconstructions of the 

proximal tibia (n = 5, 36%), proximal humerus (n = 3, 25%) and distal femur (n = 2, 

20%). All fractures occurred in reconstructions ≥ 10 cm. 

Infections (Henderson type 4 complication) occurred in fi ve patients (13%), after 

two, 14, 17, 37 and 40 months. Two patients had a primary infection (5%), others 

occurred after operative intervention for other complications. Four infections 

occurred in the proximal tibia (29%) and one in the distal femur (10%). Allografts 

involving the tibia were associated with an increased risk of infection (OR 9.2, 95% 

CI 0.9 to 93.0, p = 0.06). Tibial grafts with a muscle fl ap appeared to have a lower 

infection risk (two of nine, 22%) than those without (two of fi ve, 40%). 

Local recurrences (Henderson type 5 complication) occurred in two patients 

(5%, one osteosarcoma with wide margins and one parosteal osteosarcoma 

with an intralesional excision), after six and 13 months, respectively. Metastases 

developed in eight patients (21%). 

In total, 20 reconstructions failed (53%): eight proximal tibial (57%), fi ve distal 

femoral (50%) and two distal radial (100%) allografts. Reasons for failure were 

fracture (n = 7, 18%), degenerative changes or subchondral collapse (n = 5, 13%, 

fi gure 1), infection (n = 3, 9%), instability (n = 2, 6%), tumor recurrence (n = 2, 6%, 

fi gure 2) and nonunion (n = 1, 3%) (table 2). 
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Figure 1. Conventional anteroposterior and lateral radiographs, taken 18 years after a transarticular distal 
femoral resection for an osteosarcoma in a 14-year-old male patient. The allograft was fixed to host bone 
using two plates. There is sound incorporation of the allograft. Signs of severe secondary osteoarthritis can 
easily be identified in the tibiofemoral and patellofemoral joints. The patient was free of pain.

Table 2. Overview of failure mechanisms

Failure type (Henderson classification)

Location (n) Instability Nonunion Structural Infection Tumor 
progression

Total n (%)

Proximal tibia (14) - 1 4 3 - 8 (57)

Distal femur (10) - - 4 - 1 5 (50)

Proximal humerus (12) - - 4 - 1 5 (42)

Distal radius (2) 2 - - - - 2 (100)

All (38) 2 1 12 3 2 20 (53)
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Of the 15 allografts that were followed for more than fi ve years (39%), fi ve (33%) 

failed after more than fi ve years post-operatively. Failures were salvaged with 

endoprostheses in 12 patients (32%; eight knee and three shoulder arthroplasties) 

and with an arthrodesis in two (5%; both at the wrist). Ablative procedures were 

undertaken in six patients (16%).  

Figure 2. Conventional anteroposterior and lateral radiographs, taken 15 years after resection of the proximal 
humerus for a low-grade osteosarcoma in a 46-year-old female patient. The allograft was fi xed to host bone 
using a plate. A fi bular strut graft can be identifi ed in the intramedullary canal. Later, a transhumeral 
amputation was performed for a soft-tissue recurrence. 

Estimated median allograft survival was 5.7 years (95% CI 0.4 to 11.1), when 22 

patients were at risk for failure. With failure for any reason as the endpoint, survival 

rates at two, fi ve and ten years were 89% (95% CI 79 to 99, 30 patients at risk), 52% 

(95% CI 34 to 70, 15 patients at risk) and 41% (95% CI 23 to 59, ten patients at risk). 

With failure for mechanical reasons as the endpoint, these were 97% (95% CI 91 to 
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100, 31 patients at risk), 59% (95% CI 41 to 78, 15 patients at risk) and 46% (95% CI 

26 to 66, ten patients at risk), respectively (figure 3).

Figure 3. Kaplan-Meier curve for survival of the reconstruction, with failure for all reasons as the endpoint 
(red line), failure for non-oncological reasons (mechanical reasons and infection) as the endpoint (blue line) 
and failure for mechanical reasons as the endpoint (green line). 

 

Systematic literature review
After review of 244 titles, 110 abstracts were screened, of which 82 full-text articles 

were subsequently assessed. This resulted in further exclusion of 51 papers, leaving 

31 studies available for review (figure 4)9, 14-19, 21-25, 37-55. Only five studies (16%) were 

level III evidence; the remainder (26/31, 84%) were level IV (supplementary material). 

Critical appraisal demonstrated that only nine (30%) of studies properly reported 

on eligibility criteria and sources and methods of patient selection (figure 5). The 

31 included studies reported on a total of 781 reconstructions in 769 patients. 

49073 Michaël Bus.indd   146 21-02-18   09:08



Osteoarticular allografts

147

7

Figure 4. Flowchart of the systematic literature search (*excluded languages were Chinese, Spanish, Russian 
and Norwegian; †including (but not limited to) basic science studies, animal studies, reviews without new 
cases, radiological studies, immunological studies and biomechanical studies; ‡excluded sites involving the 
pelvis, hand and elbow; ¶excluded indications were traumatic skeletal defects and failed arthroplasty).

Predominant reconstruction sites were the distal femur (n = 333, 43%), 

proximal tibia (n = 228, 29%), proximal humerus (n = 111, 14%) and distal radius 

(n = 100, 13%). To ensure that complications could be linked to the site at which 

they occurred, we selected only those papers that reported on one reconstruction 

site exclusively. We identifi ed three papers focusing on the distal femur (n = 184)14, 

16, 19, fi ve on the proximal tibia (n = 136)15, 17, 43, 47, 53, seven on the distal radius (n = 

99)22, 38, 40, 41, 48-50 and fi ve on the proximal humerus (n = 95)21, 23, 24, 45, 46, leaving 514 

reconstructions for analysis. Apart from one study that included 18% unicondylar 

distal femoral reconstructions14, all reconstructions were segmental.  
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Figure 5. Result of the critical appraisal of studies included in the systematic review. Low reporting of 
selected criteria increases the risk of bias. 

Overall reported rates of failure, fracture and infection were 27% (141/514), 20% 

(100/514) and 10% (52/514), respectively. Mean follow-up ranged from 24 months 

to 16 years. With the distal femur as the reference, we compared complication 

rates between different reconstruction sites. The risk of failure was lowest for the 

distal radius (OR 0.3, 95% CI 0.1 to 0.6). While the risk of fracture was significantly 

higher for the proximal humerus (OR 4.1, 95% CI 2.2 to 7.7) and proximal tibia (OR 

2.2, 95% CI 1.3 to 4.4), the risk of infection was significantly higher for the proximal 

tibia (OR 2.2, 95% CI 1.1 to 4.3) and significantly lower for the distal radius (OR 

0.1, 95% CI 0.0 to 0.8) (table 3). Results of studies that reported on at least 20 

reconstructions are detailed in the supplementary material; many studies did not 

report the length of the graft. As a result of a lack of detailed description, we were 

not able to comment on an association between the type of osteosynthesis and 

the occurrence of complications.
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Discussion

Osteoarticular allografts represent an alternative to endoprosthetic reconstruction 

in musculoskeletal tumor surgery. However, solid evidence on the incidence of 

complications, failure mechanisms, and survival of the reconstruction is lacking. 

We therefore systematically reviewed the literature and retrospectively evaluated 

our single-centre experiences, with the aims to assess long-term rates of 

complications, mechanisms of failure, and rates of survival of the allograft. 

Table III. Analysis of reported complication rates by odds ratios (OR) with 95% confi dence intervals (CI)

Failure Infection Fracture

Location 
(n)

n (%) OR 
(95% CI)

p-value n (%) OR 
(95% CI)

p-value n (%) OR 
(95% CI)

p-value

Distal femur 
(184) 

55 (30) Ref (-) - 17 (9) Ref (-) - 21 (11) Ref (-) -

Proximal 
tibia (104)

47 (35) 1.2 
(0.8 – 2.0)

0.38 25 (18) 2.2 
(1.1 – 4.3)

0.02 32 (24) 2.2 
(1.3 – 4.4)

0.005

Distal 
radius (99)

11 (11) 0.3 
(0.1 – 0.6)

0.001 1 (1) 0.1 
(0.0 – 0.8)

0.03 14 (14) 1.3 
(0.6 – 2.6)

0.51

Proximal 
humerus 
(95) 

28 (30) 1.0 
(0.6 – 1.7

0.94 9 (10) 1.0 
(0.4 – 2.4)

0.95 33 (35) 4.1 
(2.2 – 7.7)

<0.00001

Data in this table are based on results reported in papers focusing on one reconstruction site exclusively. 
Results are derived from three papers focusing on the distal femur14, 16, 19, fi ve on the proximal tibia15, 17, 43, 47, 53, 
seven on the distal radius22, 38, 40, 41, 48-50 and fi ve on the proximal humerus21, 23, 24, 45, 46. 
* logistic regression analysis. Ref, reference value.

The reconstruction failed in 53% of our patients, mostly due to mechanical 

complications. Previous studies reported failures in 22% to 60% of segmental 

osteoarticular allografts; however, follow-up varied greatly (see supplementary 

material). Previous authors have stated that if an intercalary allograft survives the 

critical three to four years, it is likely to last for many years12. It appears that this does 

not apply to osteoarticular grafts. Of the grafts that were followed for more than fi ve 

years, 33% failed at a later point in time. One explanation might be that creeping 

substitution, the process through which the allograft is gradually replaced by living 

bone29, cannot take place at the articular side of the osteoarticular graft and as a 

result, there is a risk of subchondral collapse42. If technically feasible, performing 

a unicondylar or hemicortical resection may prove useful in reducing this risk; by 

preserving host subchondral bone and increasing the contact surface between 

allogenic and host bone, the risk of collapse and nonunion may be reduced. In the 
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only study focusing on unicondylar osteoarticular allografts to date, Muscolo et al9 

reported promising results with an allograft rate of survival of 85% at ten years in 

40 reconstructions (38 patients). 

Severe instability occurred in two reconstructions of the distal radius, and 

63% of our patients with a reconstruction around the knee had to wear a brace 

for a prolonged period. Previously reported rates of instability range from 5% to 

20%. Due to the subjectivity of the outcome, it is difficult to assess adequately the 

occurrence of joint instability in a retrospective study. 

From our review, it appeared that fracture is the most common complication 

after osteoarticular allograft reconstruction (up to 52%). A total of ten of our 

patients (26%) sustained a fracture. The risk of fracture was higher after nail fixation; 

in accordance with previous studies, we recommend plate fixation3, 11, 56. One 

of the problems in osteoarticular reconstructions, however, is the fact that it is 

not possible to apply bridging osteosynthesis, while it has been noted that this 

reduces the risk of complications3, 57. An explanation for the high risk of fracture 

might be that considerable torsional forces act on the plate (especially in case of 

instability of surrounding joints) and the hardware is therefore prone to break at 

some point in time. We demonstrated that the proximal humerus and tibia have 

the highest risk of fracturing. The high risk for proximal humeral grafts might be 

explained by the greater length of these reconstructions. Although we could not 

demonstrate an association between graft length and the risk of complications, 

previous studies reported unfavorable results for larger reconstructions3, 13, 58. Filling 

the graft with cement may reduce the fracture rate in high-risk reconstructions24. 

Another strategy is to apply double-plate fixation, thereby increasing the torsional 

and bending stiffness of the construct59. However, this may necessitate additional 

soft-tissue dissection and thus increase the risk of infection58.

A total of three of our patients (8%) underwent revision for symptomatic 

degenerative joint changes. Previous authors reported degenerative changes in 

13% to 31% of reconstructed joints17, 19, 25, while others concluded that osteoarthritis 

occurs in practically all patients20, 40, 41. However, follow-up periods differed and 

authors often either did not provide a clear definition of degeneration14, 19, 25, 54 or 

sufficed with a radiographic diagnosis9, 16, 17, 44.

The use of massive allografts is presumed to be associated with a high risk of 

infection60. However, through our literature review, we found an overall infection 

rate of 10% (52/514), which is identical to the rate found by Racano et al61 in their 

systematic review on endoprosthetic reconstruction in long-bone tumor surgery 
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(pooled overall infection rate that included 48 studies on a total of 4838 patients). 

Albergo et al62 on the other hand, reported that the risk of failure due to infection is 

higher for osteoarticular allografts than for endoprostheses in a direct comparative 

study of 88 patients with an endoprosthesis and 45 patients with an osteoarticular 

allograft, although their study was retrospective and compared data from two 

diff erent units. Both in the literature, and in our series, the risk of infection was 

highest in the proximal tibia. While the patients who were considered to be at high 

risk for infection due to poor soft-tissue coverage63 were the ones who received 

a muscle fl ap, the infection rate was lower in reconstructions with a muscle fl ap. 

Concurring with previous authors we believe that muscle fl aps should be used 

routinely in these high-risk cases64. 

Our study has a number of limitations. First, we were hampered by a limited 

number of patients in our retrospective study, and it was therefore not possible 

to assess fully the risk factors for complications. Secondly, diff erent defi nitions of 

complications have been used in the literature, and this may have aff ected the 

results from our pooled analysis. Furthermore, several studies did not clearly 

describe how they determined whether a complication had occurred, or how they 

defi ned nonunion. Thirdly, studies included in the systematic review have inherent 

heterogeneity with regards to included diagnoses, treatment protocols, use of 

additional struts and fl aps, osteosynthesis and cement. We were unable to adjust 

for these factors and this may have introduced bias. However, we aimed to provide 

an overview of current knowledge on osteoarticular allograft reconstructions in 

musculoskeletal tumor surgery, and this could only be achieved by combining 

diff erent studies and defi nitions. Lastly, it should be noted that all studies included 

in the systematic review were retrospective and observational, and may therefore 

be graded as a low level of evidence. 

An advantage of using an osteoarticular allograft for primary reconstruction 

is that, in case of degenerative changes, it may be converted to an allograft-

prosthetic composite with relative ease. Therefore, an osteoarticular allograft may 

be used to delay the time for endoprosthetic reconstruction in young patients. 

Few series have compared the results of allografts with endoprostheses, and most 

focused on reconstruction of the proximal humerus30, 39, 45, 53, 65. The majority of the 

comparative studies concluded that allografts are associated with unacceptably 

high complication rates and unpredictable outcomes; reconstruction with either 

allograft-prosthetic composites or endoprostheses was therefore advocated as 

the method of choice39, 45, 53.
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The use of osteoarticular allografts for reconstruction of large joints may have 

been justifiable in the past, when endoprostheses were associated with high 

rates of mechanical failure. Due to marked advances in endoprosthetic design, 

it appears that metallic implants have largely replaced biological implants as the 

technique of choice for reconstruction of articular defects. Possibly, osteoarticular 

allografts are a reasonable solution for patients in whom only a small part of the 

articulating structure has to be resected or, given the unpredictable results of 

expanding prostheses66, joint reconstruction in the growing child or teenagers. 

Although comparative studies with alternative techniques are scarce, the risk 

of mechanical failure in our opinion does not justify routine employment of 

osteoarticular allografts for reconstruction of large joints after tumor resection. 
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Appendices

Appendix 1. Search strategy for the systematic literature review 
PubMed: (“osteoarticular allograft”[tw] OR “osteoarticular allografting”[tw] OR 

“osteoarticular allografts”[tw] OR “osteo articular allograft”[tw] OR “osteoarticular knee 

allografts”[tw] OR ((“osteoarticular”[tw] OR osteoartic*[tw] OR “osteo articular”[tw]) 

AND (“allograft”[tw] OR allograft*[tw] OR “allo graft”[tw] OR allo graft*[tw] OR 

“Transplantation, Homologous”[Mesh] OR Homograft*[tw] OR Homologous 

Transplant*[tw] OR Allogeneic Transplant*[tw] OR Homologous graft*[tw] OR 

Allogeneic graft*[tw])) OR “osteo articular bone grafts”[tw] OR “osteoarticular 

graft”[tw] OR “osteoarticular grafts”[tw]) AND (“Bone Neoplasms”[Mesh] OR Bone 

Neoplasm OR Bone Neoplasms OR Bone Cancer OR Cancer of the Bone OR Cancer 

of Bone OR bone tumor OR bone tumors OR bone tumour OR bone tumours OR 

bone sarcoma OR bone sarcomas OR Adamantinoma OR Femoral Neoplasms 

OR “Neoplasms, Bone Tissue”[Mesh] OR Ossifying Fibroma OR Osteoblastoma OR 

Osteochondroma OR Osteochondromatosis OR Osteoma OR Osteoid Osteoma 

OR Osteosarcoma OR Osteosarcoma* OR Ewing Sarcoma OR Multiple Hereditary 

Exostoses OR Ossifying Fibroma* OR Osteoblastoma* OR Osteochondroma* OR 

Osteoma* OR Ewing Sarcoma*) 

Archivalia: OR ((“osteoarticular”[tw] OR osteoartic*[tw] OR “osteo articular”[tw]) 

AND (“graft”[tw] OR graft*[tw])) 

Embase: (“osteoarticular allograft”.mp OR “osteoarticular allografting”.mp OR 

“osteoarticular allografts”.mp OR “osteoarticular allograft”.mp OR “osteoarticular 

knee allografts”.mp OR ((“osteoarticular”.mp OR osteoartic*.mp OR “osteo articular”.

mp) AND (“bone allograft”/ OR “allograft”.mp OR allograft*.mp OR “allo graft”.mp 

OR allograft*.mp OR “allotransplantation”/ OR Homograft*.mp OR Homologous 

Transplant*.mp OR Allogeneic Transplant*.mp OR Homologous graft*.mp OR 

Allogeneic graft*.mp)) OR “osteo articular bone grafts”.mp OR “osteoarticular graft”.

mp OR “osteoarticular grafts”.mp) AND (exp “Bone Tumor”/ OR (Bone Neoplasm OR 

Bone Neoplasms OR Bone Cancer OR Cancer of the Bone OR Cancer of Bone OR bone 

tumor OR bone tumors OR bone tumour OR bone tumours OR bone sarcoma OR 

bone sarcomas OR Adamantinoma OR Femoral Neoplasms OR Ossifying Fibroma 

OR Osteoblastoma OR Osteochondroma OR Osteochondromatosis OR Osteoma 

OR Osteoid Osteoma OR Osteosarcoma OR Osteosarcoma* OR Ewing Sarcoma 

OR Multiple Hereditary Exostoses OR Ossifying Fibroma* OR Osteoblastoma* 

OR Osteochondroma* OR Osteoma* OR Ewing Sarcoma*).mp OR ((Bone* AND 
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Neoplasm) OR (Bone* AND Neoplasms) OR (Bone* AND Cancer) OR (bone* AND 

tumor*) OR (bone* AND tumour*) OR (bone* AND sarcoma*)).mp) 

Web of Science: TS=((“osteoarticular allograft” OR “osteoarticular allografting” 

OR “osteoarticular allografts” OR “osteo articular allograft” OR “osteoarticular 

knee allografts” OR ((“osteoarticular” OR osteoartic* OR “osteo articular”) AND 

(“bone allograft” OR “allograft” OR allograft* OR “allo graft” OR allo graft* OR 

“allotransplantation” OR Homograft* OR Homologous Transplant* OR Allogeneic 

Transplant* OR Homologous graft* OR Allogeneic graft*)) OR “osteo articular bone 

grafts” OR “osteoarticular graft” OR “osteoarticular grafts”) AND (“Bone Tumor” OR 

(Bone Neoplasm OR Bone Neoplasms OR Bone Cancer OR Cancer of the Bone 

OR Cancer of Bone OR bone tumor OR bone tumors OR bone tumour OR bone 

tumours OR bone sarcoma OR bone sarcomas OR Adamantinoma OR Femoral 

Neoplasms OR Ossifying Fibroma OR Osteoblastoma OR Osteochondroma OR 

Osteochondromatosis OR Osteoma OR Osteoid Osteoma OR Osteosarcoma OR 

Osteosarcoma* OR Ewing Sarcoma OR Multiple Hereditary Exostoses OR Ossifying 

Fibroma* OR Osteoblastoma* OR Osteochondroma* OR Osteoma* OR Ewing 

Sarcoma*) OR ((Bone* AND Neoplasm) OR (Bone* AND Neoplasms) OR (Bone* 

AND Cancer) OR (bone* AND tumor*) OR (bone* AND tumour*) OR (bone* AND 

sarcoma*)))) 

Cochrane: ((“osteoarticular allograft” OR “osteoarticular allografting” OR 

“osteoarticular allografts” OR “osteo articular allograft” OR “osteoarticular 

knee allografts” OR ((“osteoarticular” OR osteoartic* OR “osteo articular”) AND 

(“bone allograft” OR “allograft” OR allograft* OR “allo graft” OR allo graft* OR 

“allotransplantation” OR Homograft* OR Homologous Transplant* OR Allogeneic 

Transplant* OR Homologous graft* OR Allogeneic graft*)) OR “osteo articular bone 

grafts” OR “osteoarticular graft” OR “osteoarticular grafts”) AND (“Bone Tumor” OR 

(Bone Neoplasm OR Bone Neoplasms OR Bone Cancer OR Cancer of the Bone 

OR Cancer of Bone OR bone tumor OR bone tumors OR bone tumour OR bone 

tumours OR bone sarcoma OR bone sarcomas OR Adamantinoma OR Femoral 

Neoplasms OR Ossifying Fibroma OR Osteoblastoma OR Osteochondroma OR 

Osteochondromatosis OR Osteoma OR Osteoid Osteoma OR Osteosarcoma OR 

Osteosarcoma* OR Ewing Sarcoma OR Multiple Hereditary Exostoses OR Ossifying 

Fibroma* OR Osteoblastoma* OR Osteochondroma* OR Osteoma* OR Ewing 

Sarcoma*) OR ((Bone* AND Neoplasm) OR (Bone* AND Neoplasms) OR (Bone* 

AND Cancer) OR (bone* AND tumor*) OR (bone* AND tumour*) OR (bone* AND 

sarcoma*)))) 
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CINAHL: ((“osteoarticular allograft” OR “osteoarticular allografting” OR 

“osteoarticular allografts” OR “osteo articular allograft” OR “osteoarticular 

knee allografts” OR ((“osteoarticular” OR osteoartic* OR “osteo articular”) AND 

(“bone allograft” OR “allograft” OR allograft* OR “allo graft” OR allo graft* OR 

“allotransplantation” OR Homograft* OR Homologous Transplant* OR Allogeneic 

Transplant* OR Homologous graft* OR Allogeneic graft*)) OR “osteo articular bone 

grafts” OR “osteoarticular graft” OR “osteoarticular grafts”) AND (“Bone Tumor” OR 

(Bone Neoplasm OR Bone Neoplasms OR Bone Cancer OR Cancer of the Bone 

OR Cancer of Bone OR bone tumor OR bone tumors OR bone tumour OR bone 

tumours OR bone sarcoma OR bone sarcomas OR Adamantinoma OR Femoral 

Neoplasms OR Ossifying Fibroma OR Osteoblastoma OR Osteochondroma OR 

Osteochondromatosis OR Osteoma OR Osteoid Osteoma OR Osteosarcoma OR 

Osteosarcoma* OR Ewing Sarcoma OR Multiple Hereditary Exostoses OR Ossifying 

Fibroma* OR Osteoblastoma* OR Osteochondroma* OR Osteoma* OR Ewing 

Sarcoma*) OR ((Bone* AND Neoplasm) OR (Bone* AND Neoplasms) OR (Bone* 

AND Cancer) OR (bone* AND tumor*) OR (bone* AND tumour*) OR (bone* AND 

sarcoma*)))) 

Academic Search Premier [fulltext]: ti/su/ab/kw ((“osteoarticular allograft” 

OR “osteoarticular allografting” OR “osteoarticular allografts” OR “osteo articular 

allograft” OR “osteoarticular knee allografts” OR ((“osteoarticular” OR osteoartic* OR 

“osteo articular”) AND (“bone allograft” OR “allograft” OR allograft* OR “allo graft” 

OR allo graft* OR “allotransplantation” OR Homograft* OR Homologous Transplant* 

OR Allogeneic Transplant* OR Homologous graft* OR Allogeneic graft*)) OR “osteo 

articular bone grafts” OR “osteoarticular graft” OR “osteoarticular grafts”) AND (“Bone 

Tumor” OR (Bone Neoplasm OR Bone Neoplasms OR Bone Cancer OR Cancer of 

the Bone OR Cancer of Bone OR bone tumor OR bone tumors OR bone tumour 

OR bone tumours OR bone sarcoma OR bone sarcomas OR Adamantinoma OR 

Femoral Neoplasms OR Ossifying Fibroma OR Osteoblastoma OR Osteochondroma 

OR Osteochondromatosis OR Osteoma OR Osteoid Osteoma OR Osteosarcoma OR 

Osteosarcoma* OR Ewing Sarcoma OR Multiple Hereditary Exostoses OR Ossifying 

Fibroma* OR Osteoblastoma* OR Osteochondroma* OR Osteoma* OR Ewing 

Sarcoma*) OR ((Bone* AND Neoplasm) OR (Bone* AND Neoplasms) OR (Bone* 

AND Cancer) OR (bone* AND tumor*) OR (bone* AND tumour*) OR (bone* AND 

sarcoma*)))) 

ScienceDirect: TITLE-ABSTR-KEY(((“osteoarticular allograft” OR “osteoarticular 

allografting” OR “osteoarticular allografts” OR “osteo articular allograft” OR 
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“osteoarticular knee allografts” OR ((“osteoarticular” OR osteoartic* OR “osteo 

articular”) AND (“bone allograft” OR “allograft” OR allograft* OR “allo graft” OR allo 

graft* OR “allotransplantation” OR Homograft* OR Homologous Transplant* OR 

Allogeneic Transplant* OR Homologous graft* OR Allogeneic graft*)) OR “osteo 

articular bone grafts” OR “osteoarticular graft” OR “osteoarticular grafts”) AND (“Bone 

Tumor” OR (Bone Neoplasm OR Bone Neoplasms OR Bone Cancer OR Cancer of 

the Bone OR Cancer of Bone OR bone tumor OR bone tumors OR bone tumour 

OR bone tumours OR bone sarcoma OR bone sarcomas OR Adamantinoma OR 

Femoral Neoplasms OR Ossifying Fibroma OR Osteoblastoma OR Osteochondroma 

OR Osteochondromatosis OR Osteoma OR Osteoid Osteoma OR Osteosarcoma OR 

Osteosarcoma* OR Ewing Sarcoma OR Multiple Hereditary Exostoses OR Ossifying 

Fibroma* OR Osteoblastoma* OR Osteochondroma* OR Osteoma* OR Ewing 

Sarcoma*) OR ((Bone* AND Neoplasm) OR (Bone* AND Neoplasms) OR (Bone* 

AND Cancer) OR (bone* AND tumor*) OR (bone* AND tumour*) OR (bone* AND 

sarcoma*))))) 
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