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There have been no studies comparing the outcomes of nonvascularized autograft (NA) and allograft
after resection of primary bone tumors. This study compares the clinical, functional outcomes of

NA and allograft reconstruction and analyzes the risk factors for failure after these procedures.

A retrospective study of patients with primary bone tumors of the extremities who underwent

NA (n=50) and allograft reconstruction (n=47). The minimum follow up time was 24 months. The
mean time to union for the NA and allograft group was 9.8 +2.9 months and 11.5 + 2.8 months,
respectively (p=0.002). Reconstruction failure in the NA and allograft group was 19 (38%) and 26
(55.3%), respectively. Nonunion (30%) was the most common complication found in the NA group,
while structural failure (29.8%) was the most common in the allograft group. There was no significant
difference in functional outcome in terms of the mean Musculoskeletal Tumor Society score between
the NA and allograft groups (23.5+2.8 and 23.9+ 2.1, respectively, p=0.42). Age, sex, tumor location,
graft length, method of reconstruction did not significantly influence failure of reconstruction.
Chemotherapy was the only significant risk factor affecting outcomes (HR=3.49, 95% Cl=1.59-

7.63, p=0.002). In the subgroup analysis, the use of chemotherapy affected graft-host nonunion
(p<0.001) and structural failure in both the NA and allograft groups (p=0.02). Both NA and allograft
reconstruction methods provide acceptable clinical and functional outcomes. Chemotherapy is a risk
factor for failure of both reconstructions, particularly graft-host nonunion and structural failure.

Massive bone defect after resection of primary bone tumors remains a challenging problem. The treatment
includes biological, endoprosthesis, and a combination of biological and endoprosthesis reconstructions. Each
method has its advantages and disadvantages. The benefits of endoprosthesis reconstruction include its avail-
ability and early ambulation post-procedure. The disadvantages include complications that compound over
time, such as aseptic loosening and bone loss'. Biological reconstruction has advantages in long-term use when
host-bone graft incorporation is achieved, providing bone stock for future reconstruction and soft tissue attach-
ment, thus improving joint kinematics and function*?. The disadvantages include technical difficulty, prolonged
operative time, and a high complication rate, including infection?, nonunion’, fracture, and joint degeneration®.

Biological reconstruction methods include vascularized and nonvascularized autograft (NA), allograft,
recycled bone by freezing with liquid nitrogen, irradiation, autoclaving, and pasteurization’. NA and allograft
reconstruction methods have long been used in biological reconstructions of the extremities. NA reconstruction
is widely used for massive bone defects such as distal radius replacement, intercalary bone graft for diaphyseal
bone defect of long bones, and resection arthrodesis procedure. The advantages of NA reconstruction are no
risk of disease transmission or immune reaction and no special equipment required. The disadvantages of NA
reconstruction include donor site pain, fracture, and the limited quantity of bone graft®. The use of allograft in
bone tumor surgery is mostly from frozen allograft, which has an advantage over autograft in that there is no
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Nonvascularized autograft | Allograft
Variable (N=50) (N=47)
S Male 22 (44%) 22 (46.8%)
ex

Female 28 (56%) 25 (53.2%)

<25 16 (32%) 24 (51.1%)
Age (years)

=25 34 (68%) 23 (48.9%)
Follow-up (months) Median (range) 99.6 (24.3-216.6) 74 (24-219.6)

GCT 24 (48%) 13 (27.7%)

Osteosarcoma 21 (42%) 32 (68.1%)

Chondrosarcoma 3 (6%) 0
Diagnosis

Malignant GCT 1 (2%) 1(2.1%)

Adamantinoma 0 1(2.1%)

Ewing’s sarcoma 1(2%) 0

Proximal humerus | 0 4 (8.5%)

Humeral shaft 2 (4%) 0

Distal radius 3 (6%) 1(2.1%)
Location

Femoral shaft 0 1(2.1%)

Distal femur 35 (70%) 22 (46.8%)

Proximal tibia 10 (20%) 19 (40.4%)

Mean 14.5+£3.2 16.2+4.7
Resection length (cm) <15 22 (44%) 21 (44.7%)

>15 28 (56%) 26 (55.3%)

No 27 (54%) 17 (36.2%)
Chemotherapy

Yes 23 (46%) 30 (63.8%)
Functional outcomes 23.5+2.8 23.9+2.1

Table 1. Patient characteristics.

donor site morbidity or limit on quantity. The disadvantages of allograft include reducing osteogenicity and
osteoconductivity due to processing and the risk of disease transmission®®. For the best outcomes, bone allografts
from organ donors should include a strict allograft process (namely, well-controlled harvesting, packaging, and
storage in a bone bank) and optimal size-matching between the donor and host at the time of surgery'®!!.
Although the literature reports high complication rates for biological reconstruction, favorable outcomes have
also been reported®3!>-14; however, no studies have been conducted comparing the NA and allograft reconstruc-
tion outcomes. We thus aimed to compare the clinical, functional outcomes and the failure rates of biological
reconstruction of a massive bone defect after resection of primary bone tumors and reconstruction using either
NA or allograft reconstruction. We also sought to determine the risk factors for the failure of these procedures.

Patient and methods

A retrospective design study was performed after institutional review board approval was obtained (HE641241,
Khon Kaen University, Thailand). Informed consent was obtained from all subjects or, if subjects are under 18,
from a parent and/or legal guardian. All the protocol was performed in accordance with the relevant guidelines
and regulations. Between January 1998 and December 2018, 68 patients underwent NA reconstruction, and 57
patients underwent allograft reconstruction after resection of primary bone tumors in the extremities.

The inclusion criteria were patients under 65 years of age, with a diagnosis of primary bone tumor in the
extremities treated with limb-sparing surgery and reconstructed with structural bone graft (either NA or allo-
graft). The exclusion criteria were patients who had metastasis at diagnosis, followed-up less than 2 years after
surgery, or incomplete data.

Twenty-eight patients were excluded, 16 were followed up for less than two years, 6 died from tumor-related
causes before the two-year follow-up, and 6 were lost to follow-up. Ninety-seven patients met the criteria, 50
for NA reconstruction and 47 for allograft reconstruction. The median age for the NA and allograft groups was
32.5 years (range, 11.9-61 years) and 24.8 (range, 7.9-53.1 years), respectively. The characteristics of the patients
in both groups are presented in Table 1.

In patients with osteosarcoma and Ewing sarcoma, the chemotherapy protocols (neoadjuvant chemotherapy)
were administered before and after surgery, comprising combinations of methotrexate, doxorubicin, cisplatin,
vincristine, ifosfamide, and etoposide depending on the year. Patients with giant cell tumor (GCT), malignant
GCT, chondrosarcoma, or adamantinoma were treated by surgery only.

Surgical procedures. The choice of surgical procedures was discussed with the patients before surgery.
In general, NA reconstruction was indicated for patients with the following; (1) Tumor at the distal radius, for
which NA was harvested from the ipsilateral or contralateral proximal fibula to replace the bone defect as an
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Figure 1. A 47-year-old male with giant cell tumor of the distal radius. (a) preoperative anteroposterior and
lateral radiograph. (b) Postoperative radiograph after wide resection and reconstruction with nonvascularized
fibula graft and fusion of the wrist joint. (c) Break of plate occurred 13 months postoperatively. (d) Revision
surgery with plate and screws plus iliac bone graft, bone union was achieved in 9 months. (e) Three years after
the revision surgery with acceptable functional outcome.

osteoarticular bone graft (Fig. 1); (2) Tumor at the diaphysis of a long bone, for which the fibula shaft was har-
vested to fill the defect as an intercalary bone graft; and, (3) Tumor at the distal femur or the proximal tibia, for
which the bone graft was harvested from the proximal tibia or the distal femur, respectively, and augmented with
an ipsilateral fibula shaft to fill the defect as an intercalary bone graft (resection arthrodesis procedure).

Allograft reconstruction was indicated for treatment in patients with primary bone tumors at the diaphysis
(intercalary allograft) or epiphysis-metaphysis (osteoarticular allograft) of the long bone (Fig. 2). The availability
of allograft at the time of surgery, with size-matching between the host and graft, is a requirement for allograft
reconstruction. Allografts were harvested under sterile conditions and stored frozen in our bone bank.

The extremities were immobilized in casts or braces for at least two months postoperatively or until bone
union was achieved.

Clinical and radiographic follow-up. Patients were followed up monthly for four months after surgery,
then every two months for a year, every three months for two years, and every six months thereafter. At each
follow-up, radiographs were analyzed until bone union was achieved. Bone union was defined as callus bridging
at three or more cortices on the anteroposterior and lateral radiographs. Nonunion was defined as the presence
of a radiolucent line at the host-graft junction after 12 months®.

At the final follow-up, the functional outcomes were assessed using the Musculoskeletal Tumor Society
(MSTS) scoring system'?, comprising six domains. The general factors are pain, function, and emotional accept-
ance. The specific factors for upper extremity include hand positioning, dexterity, and lifting ability. The specific
factors for lower extremity include need for walking aids, walking, and gait. The score for each domain is 5 (range,
0-5). The total score, ranging from 0 to 30: the higher the score, the better the functional outcomes.

Postoperative complications were evaluated according to Henderson et al.': Type 1 Soft-tissue failure, Type 2
Graft-host nonunion, Type 3 Structural failure (implant breakage or fracture), Type 4 Infection, Type 5 Tumor
progression, and Type 6 Pediatric failure (physeal arrest or joint dysplasia).
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Figure 2. A 31-year-old male with giant cell tumor of the proximal humerus. (a) Pre-operative anteroposterior
radiograph. (b) Six months after extended curettage with phenol and bone cement, tumor recurrence was
detected. (c) Wide excision and allograft reconstruction was performed. (d) Three months later, failure of the
implant was found. (e) Revision surgery with locking plate and screws was done. (f) Fifteen months after the
revision procedure, fracture and lysis of the allograft occurred. (g) Finally, proximal humeral endoprosthesis was

performed.
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N larized autograft | Allograft

Variable (N=50) (N=47)
Total failures 26 37

Type 1 Soft-tissue failure 0 3

Type 2 Graft-host nonunion | 15 12

Type 3 Structural failure 8 14

Type 4 Infection 1 5

Type 5 Tumor progression 2 2

Type 6 Pediatric failure 0 1

Table 2. Failure of biological reconstruction.

Statistical analysis. The continuous variables between the two groups were tested using the Mann-Whit-
ney U test, while the categorical variables were tested with the Chi-square and/or Fisher’s exact test.

Time to failure was defined as the interval between the date of the reconstructive surgery and the date of
failure of the NA or allograft reconstruction. Graft survival was analyzed using the Kaplan-Meier survival
analysis, and differences in survival between groups were compared using the log-rank test. The following vari-
ables were included in the study as independent risk factors: age'®7, sex'®!8, tumor location'*'®'°, graft length'’,
chemotherapy>'®®, and method of reconstruction'”. The independent risk factors for failure of biological recon-
struction were determined using the Cox proportional hazards regression model. Bivariate and multivariable
analyses as well as the crude and adjusted hazard ratios (HRs) with 95% confidence intervals (CIs) were calculated
to present the effect of risk factors. Risk factors were considered statistically significant if p <0.05. The statistical
analyses were performed using SPSS version 23 (SPSS Inc., Chicago, IL, USA.).

Results
Fifty patients with NA reconstruction were follow-up for a median time of 99.6 months (range,
24.3-216.6 months). The median time from the date of surgery to the date of failure was 37.9 months (range,
4.3-198.3 months).
Forty-seven patients with allograft reconstruction were followed up for a median time of 74 months (range,
24-219.6 months). The median time from the date of surgery to failure was 25.3 months (range, 3-103.1 months).
The mean length of bone graft was 14.5+3.2 cm and 16.2+4.7 cm in the NA and allograft group, respec-
tively. The mean union time was 9.8 +2.9 and 11.5+2.8 months in the NA and allograft group, respectively
(p=0.002). In the subgroup analysis of patients with benign and malignant bone tumors, the mean union time
was 9.5+ 2.6 months and 11.4 + 3 months, respectively (p=0.002).

Failure of biological reconstruction. In the NA group, 38% (19 of 50) of patients developed a total of
26 complications. Nonunion was the most common complication in 30% (15 of 50), followed by structural fail-
ure in 16% (8 of 50), local recurrence in 4% (2 of 50), and infection in 2% (1 of 50) (Table 2). All patients with
nonunion were successfully managed by cancellous autograft from the iliac crest. All patients with structural
failure were managed by revising the implants (removal of an intramedullary nail and re-osteosynthesis with
plating or revision with a locking plate). Deep infection was managed by multiple debridements and prolonged
intravenous antibiotics. Tumor recurrence was treated by re-excision, which ultimately was unsuccessful so that
amputation was required.

In the allograft group, 55.3% (26 of 47) of patients developed a total of 37 complications. Structural failure
was found in 29.8% (14 of 47) followed by nonunion in 25.5% (12 of 47), infection in 10.6% (5 of 47), soft tissue
failure in 6.4% (3 of 47), local recurrence in 4.3% (2 of 47), and physeal arrest in 2.1% (1 of 47) (Table 2). All
patients who had structural failure needed revision of the implants and all patients with nonunion were treated
with cancellous autograft from the iliac crest. In patients with an infection, the successful treatment consisted of
multiple debridements with prolonged intravenous antibiotics. In two patients with instability, one was treated
with arthrodesis and the other with an endoprosthesis reconstruction.

At the final follow-up, three patients in the NA group (two for tumor recurrence and one for infection) and
four in the allograft group (two for structural failure, one for tumor recurrence and one for nonunion) required
amputation. In addition, five patients in the allograft group had been converted to an endoprosthesis reconstruc-
tion (one for instability and four for intraarticular fracture of the allograft). The overall retention rate of the limb
in the NA and allograft group was 94% and 80.9%, respectively.

Risk factors for failures of biological reconstruction. The risk factors for failure of biological recon-
struction were analyzed by bivariate and multivariable analyses (Table 3). In the bivariate analysis, method of
reconstruction (p=0.005) and the use of chemotherapy (p <0.001) were associated with the failure of biological
reconstruction. However, in the multivariable analysis, chemotherapy was the only factor significantly associ-
ated with failure of biological reconstruction (p=0.002, HR=3.49, 95% CI=1.59-7.63).

The association between the use of chemotherapy and the failure of reconstruction was analyzed in subgroup
analysis. There was a statistically significant difference between patients who received chemotherapy and those
who did not receive chemotherapy in graft-host nonunion (41.5% and 11.4%, p <0.001) and structural failure
(32.1% and 11.4%, p=0.02) (Table 4).
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Crude Adjusted*
Variable pvalue [HR [95%Cl  |pvalue [HR [95%CI
Age
<25 1 (reference) | (reference)
=25 0.12 | 0.62 |0.34-1.12 0.52 ‘ 1.25 ‘ 0.64-2.42
Sex
Male 1 (reference) | (reference)
Female 019 |0.68 |038-122 |04l [076 [0.4-144
Tumor location
Upper extremity 1 (reference) | (reference)
Lower extremity 046 |1.56 |0.48-505 | 035 (179 [052-619
Graft length
<15cm 1 (reference) | (reference)
>15cm 035 |076 |042-136 |0.29 [07 [036-137
Method of reconstruction
Autograft 1 (reference) | (reference)
Allograft 0.005 | 237 |1.3-433 | 0.09 (171 Joo1-32
Chemotherapy
No 1 (reference) | (reference)
Yes <0.001 395 |1.99-7.82 | 0.002 ‘ 349 ‘ 1.59-7.63

Table 3. Prognostic factors for failure of biological reconstruction. HR Hazard ratio, CI confidence interval.
*Adjusted for age, sex, tumor location, graft length, method of reconstruction, and the use of chemotherapy.

No chemotherapy

(N=44) Chemotherapy (N=53) | p value
Time to union (months) 9.4+2.7 11.6+2.8 <0.001
Failure of reconstruction
Total failure (n) 12 (27.3%) 33 (62.3%) <0.001
Type 1 Soft-tissue failure 1 2 0.67
Type 2 Graft-host nonunion | 5 22 <0.001
Type 3 Structural failure 5 17 0.02
Type 4 Infection 3 3 0.81
Type 5 Tumor progression 1 3 0.41
Type 6 Pediatric failure 0 1 N/A

Table 4. Subgroup analysis of patients according to the use of chemotherapy. N/A Not applicable.

Survival analysis. Based on analysis of the risk factors for failure of biological reconstruction, chemother-
apy was considered the only factor that influenced graft survival, so the NA and allograft groups then underwent
a subgroup analysis for the use of chemotherapy. The survival analyses using the Kaplan-Meier curve for both
groups are presented in Figs. 3 and 4.

For patients who did not receive chemotherapy, the 5- and 10-year overall survival rate of the graft in the
NA group was 88% and 79%, respectively. While in the allograft group, the 5- and 10-year overall survival rate
of the graft was 55% and 55%, respectively (p=0.06).

For patients who received chemotherapy, the 5- and 10-year overall survival rate of the graft in the NA group
was 51% and 13%, respectively. As for the allograft group, the 5- and 10-year overall survival rate of the graft was
27% and 13%, respectively (p=0.27).

The overall mean union time in both groups who received chemotherapy was 11.6 + 2.8 months and
9.4+2.7 months for those who did not receive chemotherapy (p <0.001). When the subgroup analysis was per-
formed in patients who did not receive chemotherapy, the mean union time in the NA and allograft groups was
8.4+2.1 months and 10.9+2.9 months, respectively (p=0.002). In patients who received chemotherapy, the mean
union time in the NA and allograft groups was 11.4 £2.9 months and 11.9 + 2.8 months, respectively (p=0.53).

Functional outcomes. The mean functional outcomes at the final follow-up in the NA and allograft groups
was 23.5+2.8 and 23.9 £ 2.1, respectively. There was no statistically significant difference between treatment with
NA or allograft reconstruction methods (p=0.42).
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Figure 3. Kaplan-Meier survival curve of the bone graft in the subgroup of patients who did not receive
chemotherapy. There was no statistically significant difference between the nonvascularized autograft and
allograft groups (p=0.06).
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Figure 4. Kaplan-Meier survival curve of the bone graft in the subgroup of patients who received
chemotherapy. There was no statistically significant difference between the nonvascularized autograft and
allograft groups (p=0.27).

Discussion
Reconstruction of massive bone defects after resection of bone tumors remains a challenge for orthopedic onco-
logic surgeons. To select the appropriate technique, we must first understand the long-term clinical outcomes
and the complication rate of the chosen reconstruction method. Therefore, we analyzed NA and allograft recon-
struction outcomes and identified the risk factors that influenced the failure of both reconstruction methods.
In bone tumor surgery, the structural bone graft, which provides structural support and mechanical strength,
is required to replace the massive resected bone tumor. Autogenous bone graft is the gold standard among all
bone graft materials due to its histocompatibility, osteogenicity, osteoinductivity, and osteoconductivity?'. In
addition, autogenous bone graft has several advantages, including no risk of disease transmission, short union
time, and low cost; notwithstanding, donor site morbidity and limited graft material are disadvantages®. Allograft
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is an alternative option for treating the massive bone defect as it provides adequate bone graft material without
donor site morbidity; however, its osteoinductive and osteogenicity properties are limited®.

Schuh et al.”> compared the results of vascularized and nonvascularized fibula graft reconstruction after
resection of a bone tumor. They reported no difference between groups in achieving bone union except that the
vascularized autograft required more revision surgery.

Aithal et al."? reported 20 cases of giant cell tumors of the distal radius treated by tumor resection and recon-
struction with nonvascularized fibular osteoarticular autograft. The mean union time was 5.2 months (range,
4-6.5 months). Nonunion was found in 3 cases. These results were better than our series which had a mean union
time of 9.8 +2.9 months and a 30% postoperative complication rate of nonunion, and a 16% rate of structural
failure. This may be related to the chemotherapy rate, which was not stated. Krieg et al.® analyzed 31 patients
treated with a nonvascularized fibular graft after resection of primary bone tumors. The union rate of 89% was
achieved in a median time of 24 weeks (range, 7-61 weeks). The fracture of the graft was found in 19%. The
chemotherapy or radiotherapy had a significant adverse effect on union of the graft. In resection arthrodesis of
the knee, which the NA was used to fill the defected in the distal femur or the proximal tibia, Enneking et al.*
reported 20 patients with primary bone tumors around the knee. The structural failure occurred in 25%, nonun-
ion in 20%, and 5% local recurrence. Salai et al.** reported nine patients who underwent resection arthrodesis of
the knee after resection of bone tumors. The mean union time was 19 weeks. The complications were one patient
each for infection and local recurrence.

The allograft reconstruction in our series had a mean union time of 11.5 + 2.8 months with a rate of post-
operative complications of a structural failure of 29.8% and a nonunion of 25.5%. Mankin et al."' reported a large
series of 718 patients who underwent allograft reconstruction with at least 2 years of follow-up. Fracture was the
most common complication (19%), followed by nonunion (17%), infection (11%), and joint instability (6%).
The results from Mankin et al. were better than our series possibly because of better allograft quality or lower
chemotherapy rate. Ogilvie et al.’ retrospectively reviewed 20 patients who underwent primary osteoarticular
allograft reconstruction after resection of bone tumors with a minimum follow-up of 10 years. Seventy percent
of patients had postoperative complications: fracture (45%), progressive arthritis (25%), nonunion (20%), and
infection (10%). Sixty percent of allografts were removed at an average of 5.2 years. Bus et al.’® retrospectively
reviewed 87 patients from a multicenter study of intercalary allograft reconstructions following resection of
primary bone tumors. Postoperative complications were nonunion (40%), fracture (29%), and infection (14%).
Reconstruction site, age, allograft length, nail-only fixation, and non-bridging osteosynthesis were associated
with risk factors for complications. Adjuvant chemotherapy and irradiation had no effects on complication rates.

The current study revealed a high complication rate of 38% in the NA group and 55.3% in the allograft group.
However, it should be noted that the number of patients who received chemotherapy in the allograft group was
greater than those patients in the NA group. Moreover, univariate and multivariable analyses revealed that either
NA or allograft reconstruction did not affect postoperative complications. Therefore, only chemotherapy was
considered a significant variable influencing outcomes, explaining why the allograft group had higher complica-
tion rates than the NA group. Thus, we conducted a further subgroup analysis of patients based on their use of
chemotherapy. We found that chemotherapy significantly affected the complications in graft-host nonunion and
structural failure. However, the use of chemotherapy remains controversial in its effect on complications follow-
ing the biological reconstruction>>#!2022. Qur results confirm previous reports indicating that chemotherapy
results in a higher rate of nonunion®*.The effect of chemotherapy on bone healing was studied in animal models.
Eisenschenk et al.”> compared the effect of chemotherapy on bone healing of vascularized rib and fibula grafts in
dogs. They found 100% union rate of bone graft in those that did not receive chemotherapy compared to 30% of
vascularized rib and 80% of fibula grafts among those that received chemotherapy. The effect of chemotherapy
on segmental bone healing was studied in rabbits®: the results showed that chemotherapy affected both the
quantity and quality of bone enhanced by rhBMP-2.

Hazan et al.” studied the effect of chemotherapy on complications after osteoarticular allograft reconstruc-
tion. The rate of nonunion was higher in patients who received chemotherapy (32%) than in those who did not
(12%). Hornicek et al.® reported a 27% nonunion rate for an allograft-host junction in patients who received
chemotherapy compared with 11% for those who did not.

Donati et al. 7 conducted a review of 112 allograft reconstructions. The most common postoperative compli-
cations were delayed union (49%) and fracture (27%). In addition, they found that chemotherapy increased the
likelihood of delayed union. Bus et al.”® retrospectively reviewed 87 patients with intercalary allograft reconstruc-
tion. The most common complications were nonunion (40%), fracture (29%), and infection (14%). Adjuvant
chemotherapy and irradiation had no effects on complication rates. The risk factors for complications were site,
age, allograft length, nail-only fixation, and non-bridging osteosynthesis.

In our study, the NA group had a shorter union time than the allograft group. However, when a subgroup
analysis according to chemotherapy was performed, a longer union time was found in patients who received
chemotherapy over against those who did not. There was no significant difference in union time between the
NA and allograft group in the subgroup of patients who received chemotherapy. In the subgroup of patients who
did not receive chemotherapy, the NA group had a shorter union time than the allograft group. Our findings
confirm previous studies in which NA had a shorter union time than allograft and that chemotherapy delayed
bone union122427:28

The literature indicates that the survival rate of the allograft varies widely. Bus et al.!* retrospectively reviewed
38 patients with primary bone tumor and reconstruction with osteoarticular allograft. The 5- and 10- year of
the allograft survival was 52% and 41%, respectively. Ogilvie et al.® retrospectively reviewed 20 patients with
primary bone sarcoma who were followed up at least 10 years. The 5- and 10- year osteoarticular allograft
survival was 55% and 34%, respectively. Muscolo et al.?’ studied 76 patients with a primary bone tumor. The
survival rate of the distal femoral osteoarticular allograft was 78% at both 5 and 10 years. As for the survival rate
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of the nonvascularized autograft, Schuh et al.?? reported a reconstruction after resection of primary sarcoma.

The revision-free survival at 5 years was 55.6%. The survival rates in our study were lower than in previous stud-
ies because the definition of failure of reconstruction that we used, based on Henderson et al.!, while in other
studies®!*14?, it was defined as removal of the graft, necessitating a revision procedure or an amputation. In our
study, the survival rate of the bone graft was categorized according to the use of chemotherapy. We found that
in patients who received chemotherapy, the graft survival of both the NA and allograft groups was significantly
worse than in those patients who did not receive chemotherapy. This survival rate confirms that the failure of
the reconstruction is adversely affected by chemotherapy.

Our study has several limitations. First, it is retrospective, so direct comparisons are limited. Second, due to
the rarity of the disease, the sample size was small and heterogeneous. A future study should be performed to
demonstrate the effect of chemotherapy on the failure of biological reconstruction that includes more patients
and/or is multicenter. Third, chemotherapy regimens have changed over the years as the science develops and
can vary among diseases, thus affecting reconstruction outcomes. Fourth, the long-term nature of the study may
have been confounded by the evolution of surgical techniques over the years.

Conclusions

After resection of primary bone tumors, NA and allograft reconstruction provide satisfactory functional out-
comes despite several anticipated complications. Either method can be used without significant differences in
graft survival and complications. Chemotherapy influences the failure of biological reconstruction, particularly
graft-host nonunion and structural failure. Thus, in cases of malignant bone tumors undergoing chemotherapy,
the choice of biological reconstruction with NA and allograft reconstruction should be used with caution.

Data availability
The data that support the findings of this study are available on reasonable request from the corresponding author.

Received: 7 October 2021; Accepted: 18 August 2022
Published online: 23 August 2022

References

1. Henderson, E. R. et al. Classification of failure of limb salvage after reconstructive surgery for bone tumours: A modified system
Including biological and expandable reconstructions. The Bone Joint J. 96-B, 1436-1440. https://doi.org/10.1302/0301-620X.96B11.
34747 (2014).

2. Ortiz-Cruz, E., Gebhardt, M. C., Jennings, L. C., Springfield, D. S. & Mankin, H. J. The results of transplantation of intercalary
allografts after resection of tumors. A long-term follow-up study. The J. Bone Joint Surg. 79, 97-106. https://doi.org/10.2106/00004
623-199701000-00010 (1997).

3. Temple, H. T. Allograft reconstruction of the knee-methods and outcomes. J. Knee Surg. 32, 315-321. https://doi.org/10.1055/s-
0038-1672123 (2019).

4. Mankin, H. J., Hornicek, E J. & Raskin, K. A. Infection in massive bone allografts. Clin. Orthop. Relat. Res. https://doi.org/10.1097/
01.b10.0000150371.77314.52 (2005).

5. Hornicek, F. J. et al. Factors affecting nonunion of the allograft-host junction. Clin. Orthop. Relat. Res. https://doi.org/10.1097/
00003086-200101000-00014 (2001).

6. Ogilvie, C. M., Crawford, E. A., Hosalkar, H. S., King, J. . & Lackman, R. D. Long-term results for limb salvage with osteoarticular
allograft reconstruction. Clin. Orthop. Relat. Res. 467, 2685-2690. https://doi.org/10.1007/s11999-009-0726-9 (2009).

7. Yamamoto, N., Hayashi, K. & Tsuchiya, H. Progress in biological reconstruction and enhanced bone revitalization for bone defects.
J. Orthop. Sci.: Off. J. Japanese Orthop. Assoc. 24, 387-392. https://doi.org/10.1016/j.jos.2019.01.015 (2019).

8. Krieg, A. H. & Hefti, F. Reconstruction with non-vascularised fibular grafts after resection of bone tumours. The J. Bone Joint Surg.
89, 215-221. https://doi.org/10.1302/0301-620X.89B2.17686 (2007).

9. Delloye, C., Cornu, O., Druez, V. & Barbier, O. Bone allografts: What they can offer and what they cannot. The J. Bone Joint Surg.
89, 574-579. https://doi.org/10.1302/0301-620X.89B5.19039 (2007).

10. Fu, S. H. et al. Quality control processes in allografting: A twenty-year retrospective review of a hospital-based bone bank in
Taiwan. PLoS ONE 12, e0184809. https://doi.org/10.1371/journal.pone.0184809 (2017).

11. Mankin, H. J., Gebhardt, M. C,, Jennings, L. C., Springfield, D. S. & Tomford, W. W. Long-term results of allograft replacement in
the management of bone tumors. Clin. Orthop. Relat. Res. https://doi.org/10.1097/00003086-199603000-00011 (1996).

12. Aithal, V. K. & Bhaskaranand, K. Reconstruction of the distal radius by fibula following excision of giant cell tumor. Int. Orthop.
27, 110-113. https://doi.org/10.1007/s00264-002-0414-9 (2003).

13. Bus, M. P. et al. Intercalary allograft reconstructions following resection of primary bone tumors: a nationwide multicenter study.
The J. Bone Joint Surg. 96, €26. https://doi.org/10.2106/JBJS.M.00655 (2014).

14. Bus, M. P, van de Sande, M. A., Taminiau, A. H. & Dijkstra, P. D. Is there still a role for osteoarticular allograft reconstruction in
musculoskeletal tumour surgery? A long-term follow-up study of 38 patients and systematic review of the literature. The Bone
Joint J. 99-B, 522-530. https://doi.org/10.1302/0301-620X.99B4.B]J-2016-0443.R2 (2017).

15. Enneking, W. E, Dunham, W., Gebhardt, M. C., Malawar, M. & Pritchard, D. J. A system for the functional evaluation of reconstruc-
tive procedures after surgical treatment of tumors of the musculoskeletal system. Clin. Orthop. Relat. Res. 286, 241-246 (1993).

16. Ippolito, J. A. et al. Complications following allograft reconstruction for primary bone tumors: Considerations for management.
J. Orthop. 16, 49-54. https://doi.org/10.1016/j.jor.2018.12.013 (2019).

17. Frisoni, T., Cevolani, L., Giorgini, A., Dozza, B. & Donati, D. M. Factors affecting outcome of massive intercalary bone allografts in
the treatment of tumours of the femur. The J. Bone Joint Surg. 94, 836-841. https://doi.org/10.1302/0301-620X.94B6.28680 (2012).

18. Aponte-Tinao, L. A., Ayerza, M. A., Muscolo, D. L. & Farfalli, G. L. What are the risk factors and management options for infection
after reconstruction with massive bone allografts?. Clin. Orthop. Relat. Res. 474, 669-673. https://doi.org/10.1007/s11999-015-
4353-3 (2016).

19. Aponte-Tinao, L. A., Ayerza, M. A., Albergo, J. I. & Farfalli, G. L. Do Massive allograft reconstructions for tumors of the femur and
Tibia survive 10 or more years after implantation?. Clin. Orthop. Relat. Res. 478, 517-524. https://doi.org/10.1097/CORR.00000
00000000806 (2020).

20. Hazan, E. J., Hornicek, E. J., Tomford, W., Gebhardt, M. C. & Mankin, H. J. The effect of adjuvant chemotherapy on osteoarticular
allografts. Clin. Orthop. Relat. Res. https://doi.org/10.1097/00003086-200104000-00027 (2001).

Scientific Reports |

(2022) 12:14346 | https://doi.org/10.1038/s41598-022-18772-x nature portfolio


https://doi.org/10.1302/0301-620X.96B11.34747
https://doi.org/10.1302/0301-620X.96B11.34747
https://doi.org/10.2106/00004623-199701000-00010
https://doi.org/10.2106/00004623-199701000-00010
https://doi.org/10.1055/s-0038-1672123
https://doi.org/10.1055/s-0038-1672123
https://doi.org/10.1097/01.blo.0000150371.77314.52
https://doi.org/10.1097/01.blo.0000150371.77314.52
https://doi.org/10.1097/00003086-200101000-00014
https://doi.org/10.1097/00003086-200101000-00014
https://doi.org/10.1007/s11999-009-0726-9
https://doi.org/10.1016/j.jos.2019.01.015
https://doi.org/10.1302/0301-620X.89B2.17686
https://doi.org/10.1302/0301-620X.89B5.19039
https://doi.org/10.1371/journal.pone.0184809
https://doi.org/10.1097/00003086-199603000-00011
https://doi.org/10.1007/s00264-002-0414-9
https://doi.org/10.2106/JBJS.M.00655
https://doi.org/10.1302/0301-620X.99B4.BJJ-2016-0443.R2
https://doi.org/10.1016/j.jor.2018.12.013
https://doi.org/10.1302/0301-620X.94B6.28680
https://doi.org/10.1007/s11999-015-4353-3
https://doi.org/10.1007/s11999-015-4353-3
https://doi.org/10.1097/CORR.0000000000000806
https://doi.org/10.1097/CORR.0000000000000806
https://doi.org/10.1097/00003086-200104000-00027

www.nature.com/scientificreports/

21. Myeroff, C. & Archdeacon, M. Autogenous bone graft: Donor sites and techniques. The J. Bone Joint Surg. 93, 2227-2236. https://
doi.org/10.2106/JBJS.J.01513 (2011).

22. Schuh, R. et al. Vascularised or non-vascularised autologous fibular grafting for the reconstruction of a diaphyseal bone defect
after resection of a musculoskeletal tumour. The Bone Joint J. 96-B, 1258-1263. https://doi.org/10.1302/0301-620X.96B9.33230
(2014).

23. Enneking, W. E. & Shirley, P. D. Resection-arthrodesis for malignant and potentially malignant lesions about the knee using an
intramedullary rod and local bone grafts. The J. Bone Joint Surg. 59, 223-236 (1977).

24. Salai, M., Nerubay, J., Caspi, I. & Horoszowski, H. Resection arthrodesis of the knee in the treatment of tumours-a long-term
follow-up. Int. Orthop. 21, 101-103. https://doi.org/10.1007/s002640050129 (1997).

25. Eisenschenk, A. et al. Does chemotherapy impair the bone healing and biomechanical stability of vascularized rib and fibula grafts?.
J. Reconstr. Microsurg. 23, 35-40. https://doi.org/10.1055/s-2006-958700 (2007).

26. Morcuende, J. A. et al. Effect of chemotherapy on segmental bone healing enhanced by thBMP-2. Jowa Orthop. J. 24, 36-42 (2004).

27. Donati, D. et al. Massive bone allograft reconstruction in high-grade osteosarcoma. Clin. Orthop. Relat. Res. https://doi.org/10.
1097/00003086-200008000-00025 (2000).

28. Liu, Q. et al. Intercalary allograft to reconstruct large-segment diaphysis defects after resection of lower extremity malignant bone
tumor. Cancer Manag. Res. 12, 4299-4308. https://doi.org/10.2147/CMAR.S257564 (2020).

29. Muscolo, D. L., Ayerza, M. A., Aponte-Tinao, L. A. & Ranalletta, M. Use of distal femoral osteoarticular allografts in limb salvage
surgery. The J. Bone Joint Surg. 87, 2449-2455. https://doi.org/10.2106/]BJS.D.02170 (2005).

Acknowledgements

This study was funded by the Faculty of Medicine, Khon Kaen University, Thailand (MN64201). The authors
thank (a) the Cancer Registration Unit, Srinagarind Hospital, Khon Kaen University, Thailand; (b) the Muscu-
loskeletal Oncology Research Group, Khon Kaen University, Thailand; (c) and, Mr. Bryan Hamman under the
aegis of the Publication Clinic KKU, Thailand for assistance in English-language presentation of the manuscript.

Author contributions
Study design: T.W. Analysis of data: T.W., PP. Interpretation of data: T.W., PP, W.S., W.K. Drafting the manu-
script: TW.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to T.W.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2022

Scientific Reports |

(2022) 12:14346 | https://doi.org/10.1038/s41598-022-18772-x nature portfolio


https://doi.org/10.2106/JBJS.J.01513
https://doi.org/10.2106/JBJS.J.01513
https://doi.org/10.1302/0301-620X.96B9.33230
https://doi.org/10.1007/s002640050129
https://doi.org/10.1055/s-2006-958700
https://doi.org/10.1097/00003086-200008000-00025
https://doi.org/10.1097/00003086-200008000-00025
https://doi.org/10.2147/CMAR.S257564
https://doi.org/10.2106/JBJS.D.02170
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Allograft versus autograft for reconstruction after resection of primary bone tumors: a comparative study of long-term clinical outcomes and risk factors for failure of reconstruction
	Patient and methods
	Surgical procedures. 
	Clinical and radiographic follow-up. 
	Statistical analysis. 

	Results
	Failure of biological reconstruction. 
	Risk factors for failures of biological reconstruction. 
	Survival analysis. 
	Functional outcomes. 

	Discussion
	Conclusions
	References
	Acknowledgements


