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Abstract. Background/Aim: Limb-sparing procedures are
frequently applied to improve patient outcomes. The use of
vascularized bone grafts is associated with significant
improvements in oncologic safety and functional satisfaction.
This study highlights the clinical outcomes following tumor
resection combined with vascularized bone graft reconstructions.
Patients and Methods: Twenty-five free vascularized bone grafts
(17 fibulas, 5 iliac crests, 3 medial femoral condyles) were
assessed with respect to consolidation and hypertrophy,
functional and oncologic outcomes, and local complications.
Results: The rate of healing of fibular grafts after a median of 5
months was 86%. The rate of achieved unions of iliac crest
grafts after a median of 5 months was 80%. In medial femoral
condyle bone grafts, union occurred after a median of 4 months.
Significant hypertrophy was observed in 13 patients. We
identified six complications with highest rates in the fibula-
group. Despite the high complications, functional results were
highly satisfactory. Conclusion: Vascularized bone grafts
represent a reconstructive approach, maintaining long-term
functionality and cosmetic satisfaction without compromising
tumor recurrence outcomes.

With an estimated annual incidence rate of 0.8 cases per
100,000 individuals, bone sarcomas represent a rare tumor
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entity (1). Among children aged 0-14 years, however, bone
sarcomas account for approximately 4-6% of all childhood
malignancies (2). Since prognosis has improved for bone
tumor patients, surgical interventions have changed towards
limb-sparing procedures that maintain oncologic safety in
combination with function and appearance (3, 4). Various
reconstructive procedures have been developed, including
allografts (5-7), autografts using non-vascularized (8, 9) or
vascularized tissues (10-12), and tumor endoprostheses (13,
14). According to oncological guidelines, the decision on
whether a surgical intervention is indicated should be carefully
evaluated on a case-by-case basis in an interdisciplinary tumor
board, and biological reconstruction should be preferred in
children, adolescents, and young adults.

The use of non-vascularized bone grafts has been the
mainstay in biological reconstruction. This approach does not
require microsurgical expertise, and clinical advantages
include shorter operative time, low complication rates, and the
possibility of remodeling at the donor site (8, 9). In practice,
similar outcomes can be achieved with both vascularized and
non-vascularized bone grafts for reconstruction of segmental
bone defects following diaphyseal tumor resection (15). In the
decision to vascularize a graft, the length of the defect is an
important factor to consider in order to avoid graft failure and
revision surgery. Lenze et al. revealed that the use of non-
vascularized bone grafts is especially recommended to
segmental defects of less than 12 cm in which no concomitant
use of chemotherapy is required (9).

Tumor excision often results in extensive bone defects
and, in cases where bone tumors are close to the cartilage
surface, in secondary joint lesions. These factors are a
constant challenge for surgeons to ensure structural integrity
and mechanical strength, particularly near joints and in areas
of high biomechanical load. Vascularized bone grafts are
deemed to represent the best reconstructive approach in cases
with significant bone loss in which amputation may be the
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only alternative. The first bone transfer using a free
vascularized fibular graft to reconstruct a tibial defect in two
trauma cases was described by Taylor ez al. in 1975 (16), and
over the years, several studies have also shown its significant
success in patients following bone tumor resection (10-12).
However, prior reviews are generally focused on one specific
bone graft, and only few have compared the various
available bone graft options. Therefore, the aim of this study
was to examine and compare clinical outcomes of bone
tumor patients who had undergone microsurgical bone
transposition using the ipsilateral fibula, iliac crest, or medial
femoral condyle by means of a quality outcome analysis
comparing radiographic outcome in terms of consolidation
and hypertrophy, functional as well as oncologic outcomes,
and local complications at the donor and recipient sites.

Patients and Methods

Between 2000 and 2019, 26 patients affected by malignant or
aggressive bone tumors at the extremities have undergone
microvascular reconstruction at our institution, 15 males and 11
females, with a mean age of 17.4 years (ranged=3-39 years) at the
time of definitive tumor surgery. We excluded one case in which a
total replacement by tumor endoprosthesis was performed briefly
after index surgery. An Ewing’s sarcoma was present in seven cases,
an osteosarcoma in six patients, a giant cell tumor in four patients,
a chondroblastoma in three patients, an adamantinoma in two
patients, and a chondrosarcoma, an aneurysmal bone cyst and a
rhabdomyosarcoma attached to the tibial bone in one case each.
Affected sites were the femur [9], tibia [8], talus [4], humerus [2],
and radius [2]. Surgical reconstruction was performed with a
vascularized fibular graft (Figure 1) in seventeen cases, with an iliac
crest graft (Figure 2) in five cases, and with a medial femoral
condyle graft in three cases. The mean defect size was 12.9 cm,
ranging from 2 to 28 cm; the mean length of the harvested fibula
grafts, iliac crest grafts, and medial femoral condyle grafts were
16.7 cm, 5.0 cm, and 2.8 cm, respectively. The method of fixation
was plates in seventeen cases, screws in three cases, plates and
screws in two cases, and Kirschner wires with screws in one patient.
In two patients, only pressfit without fixation was possible.

After surgery, all patients were regularly followed-up at our
oncological orthopedic outpatient clinic every six to twelve weeks
until complete consolidation was achieved. The median follow-up
period was 6.7 years with an interquartile range of 1.2-14.3 years.
Plain radiographs were evaluated for bony union, hypertrophy, local
recurrence, and complications. Bony union was defined as a
complete osseous consolidation at both osteotomy sites within
twelve months after surgery. Delayed union was considered as
incomplete consolidation after twelve months, whereas non-union
was assumed after twenty-four months. Major advantage of
vascularized bone grafts over conventional bone grafts is the ability
to hypertrophy resulting in increased mechanical strength. We
defined this structural change as biological activity, represented by
an increase in diameter at the graft-host junctions, and measured
biological activity according to De Boer and Wood’s study (17).
Therefore, hypertrophy was considered significant if the
hypertrophy index increased by more than 20%. A hypertrophy
index between 0 and 20% was defined as a biological active graft
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without significant hypertrophy. An index of 0% or lower was
considered to indicate an atrophic graft (8).

The Musculoskeletal Tumour Society (MSTS) Score (18) was
used to evaluate patients’ functional outcomes. A score of 86-100%
was considered as excellent, 70-85% as good, 50-69% as
satisfactory, and 0-49% as a poor functional result.

Additional treatments (chemotherapy, radiotherapy, extracorporeal
irradiation) as well as any donor/host site complications requiring
surgical intervention were recorded according to Henderson
classification (19).

Statistical analysis. We performed all analyses using SPSS software,
version 23.0 (SPSS Inc., Chicago, IL, USA). Data are expressed as
medians with interquartile ranges (IQR) and as means with standard
deviations (SD) for continuous endpoints. Binary endpoints were
assessed using absolute and relative numbers of patients and grafts.
Fisher’s exact test and two-sample Wilcoxon test were performed
to evaluate paired data. All tests were performed at a significance
level of 0=0.05.

The study was approved by the local ethical committee
(Ethikkomission Nordwest und Zentralschweiz, number: 2019-
00212), and the criteria of the Declaration of Helsinki were
followed.

Results

Clinical findings. Patient characteristics are shown in Table
I. Fourteen patients (56%) received neo-/adjuvant treatment
according to the EURAMOS-1, EURO-B.O.S.S., or EURO-
EWIN.G. 99 protocol. In one patient adjuvant
chemotherapy was applied in combination with radiotherapy.
Six patients (24%) were treated with extracorporeal
irradiation (50 Gy). RO-resection was achieved in 24 patients
(96%), while one patient underwent R1-resection. Four
patients (16%) developed local tumor recurrence; no patient
died as a result of the oncologic disease.

Consolidation. The harvested fibula had a mean length of
16.7 cm (range=8-27.5 cm) and was used to bridge defects
with a mean length of 16 cm (range=7-28 cm). Bony union
was evaluated in 14 patients (those excluded were two
patients from abroad and one patient who underwent
hemipelvectomy for local tumor recurrence). Complete bony
union (<12 months) was observed in 86% (12/14) of patients
at the proximal osteotomy sites, after a median (IQR) time
of 5 (3-12) months, and in 64% (9/14) of patients at the
distal osteotomy site after a median (IQR) of 6 (3-12)
months. Delayed union occurred in one proximal and five
distal junctions but healed at a median (IQR) of 18 (13-30)
months. Therefore, the vascularized fibular grafts had
achieved overall bony union at a median (IQR) of 6 (4-12)
months in 13 out of 14 patients; the remaining was a case of
nonunion at the proximal end of the fibular graft.

The vascularized iliac crest graft was selected in five
patients. The iliac crest grafts had a mean length of 5.0 cm
(range=2.8-6.5 cm) to bridge defects with a mean length of
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Figure 1. An 11-year-old female patient with an adamantinoma of the right tibia. Preoperative conventional X-rays anteroposterior view (A) and
lateral view (B). Postoperative conventional X-rays 3 months after segmental resection (C). The graft was fully integrated 6 months after surgery
(D). Plate removal was performed 5 years after the initial surgery (E). Postoperative imaging at 10 years follow-up appointment (F).

4.8 cm (range=3-7 cm). Bony union was achieved primarily
in 80% (4/5) of the patients after a median (IQR) time of 5
(3-12) months. One patient showed delayed union, which
healed after 18 months.

The medial femoral condyle bone grafts were used to
bridge talar defects with a mean length of 2.5 cm (range=2-
3.4 cm). The medial femoral condyle bone graft had a mean

length of 2.8 cm (range=2-3.5 cm) and was used in 3
patients. Complete bony union was observed primarily in all
three patients at a median (IQR) time of 4 (4-12) months.

Biological activity and hypertrophy. Once complete bony

union was achieved, biological activity was observed in 70%
of the junctions. Significant hypertrophy of more than 20%

5017



ANTICANCER RESEARCH 41: 5015-5023 (2021)

Figure 2. A 31-year-old female patient with a giant cell tumor of the right distal radius: preoperative conventional X-rays anteroposterior view (A)
and lateral view (B), and e-Thrive MRI sequence with contrast agent (C). Postoperative conventional X-rays 3 months after segmental resection

(D, E), and 7.5 years postoperatively (F, G).

was detected in 52% of the junctions. One patient showed
atrophy of the vascularized fibular graft following a
perioperative complication. Concerning the fibular grafts, we
found a mean hypertrophy rate of 47% at the proximal
osteotomy sites and of 32% at the distal sites within 38
months. In iliac crest reconstructions, the mean hypertrophy
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rate of the graft was 27% at the proximal sites and 11% at
the distal osteotomy sites. In the three patients in whom a
medial femoral condyle graft was performed, no hypertrophy
was observed radiographically. The grafts were completely
integrated after a median of 34 months. The method of
stabilization or graft length had no influence on hypertrophy.
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Table 1. Patient characteristics.

Case Gender Age Diagnosis Site  Defect  Distant Neo-adjuvant Adjuvant ECI Resection Reconstruction Graft
(year) length metastases therapy therapy margins with length
(cm) vascularized (cm)
1 F 18 Giant cell tumor Tibia 7 No No No No RO Tliac crest 7
2 M 11 Aneurysmal bone cyst Femur 6 No No No No RO Tliac crest 6
3 F 31 Giant cell tumor Radius 4 No No No No RO Iliac crest 4
4 M 12 Osteosarcoma Tibia 3 No CTX CTX No RO Tliac crest 2.8
5 M 15 Chondroblastoma Talus 4 No No No No RO Tliac crest 5.0
6 F 10 Osteosarcoma Femur 25 No CTX CTX No RO Fibula 25
7 M 8 Osteosarcoma Femur 16 No CTX CTX No RO Fibula 16.5
8 M 3 Ewing's Sarcoma Femur  10.5 No CTX CTX No R1 Fibula 10
9 W 11 Adamantinoma Tibia 15 No No No Yes RO Fibula 16
10 M 39 Ewing's Sarcoma Tibia 11 No CTX CTX Yes RO Fibula 12
11 M 12 Rhabdomyosarcoma Tibia 18 No CTX CTX,RTX Yes RO Fibula 21
12 M 25 Giant cell tumor Radius 10.5 No No No No RO Fibula 10
13 F 17 Osteosarcoma Femur 28 Yes CTX CTX No RO Fibula 27.5
14 F 7 Osteosarcoma Tibia 155 No CTX CTX No RO Fibula 15
15 M 12 Ewing's sarcoma Tibia 12 No CTX CTX Yes RO Fibula 13
16 F 23 Adamantinoma Tibia 22.5 No No No Yes RO Fibula 24
17 F 6 Ewing's sarcoma Femur 15 No CTX CTX No RO Fibula 155
18 M 37 Ewing's sarcoma Femur 195 Yes CTX CTX Yes RO Fibula 19.5
19 F 15 Ewing's sarcoma Femur 25 No CTX CTX No RO Fibula 25
20 F 5 Ewing's sarcoma Femur 13 No CTX CTX No RO Fibula 13
21 M 11 Osteosarcoma Humerus 7 No CTX CTX No RO Fibula 8
22 M 38 Chondrosarcoma  Humerus 8 No No No No RO Fibula 13
23 F 17 Giant cell tumor Talus No No No No RO Medial femoral 2
condyle
24 M 20 Chondroblastoma Talus 2 No No No No RO Medial femoral 2
condyle
25 M 33 Chondroblastoma Talus 2 No No No No RO Medial femoral 2
condyle

CTX: Chemotherapy; RTX: radiotherapy; ECI: extracorporeal irradiation; M: male; F: female.

Functional outcome. We evaluated the functional outcomes
of the 21 patients in which bone union was achieved using
the MSTS score (18). The mean (SD) functional index was
86.7% (£13) (range=57-100%) in the lower extremities and
84.4% (£11) (range=76-97%) in the upper extremities. There
was no statistically significant correlation between the MSTS
score and the type of donor graft (Fibula vs. iliac crest vs.
medial femoral condyle, p=0.171).

Complications. Postoperative complications requiring
surgical intervention were grouped into six categories based
on the classification system by Henderson et al. (19) (Table
II). Complication rates were highest in the fibular group.
There were five cases of fracture of the transferred fibular
grafts. One patient was asymptomatic and identified
retrospectively during the oncological follow-up appointment
and healed without intervention (case 14). Re-osteosynthesis
was performed in two patients (cases 6, 11), while one
patient required plating and iliac bone grafting to promote
union (case 7). One patient was treated conservatively (case

Table II. Postoperative complications according to Henderson
classification.

Adverse events (n=25) n (%)
1. Soft-tissue failure 1 (4%)
2. Graft-host nonunion 1 (4%)
3. Structural failure 7 (28%)
4. Infection 2 (8%)
5. Tumor progression 4 (16%)
6. Pediatric failures 3 (12%)

21). Two further grafts fractured beneath fixation,
necessitating intramedullary nailing (cases 18, 19).

Deep infection was observed in two patients. There was
one case of staphylococcus capitis infection following screw
perforation (case 16). Screw removal was performed, and the
patient was also treated with intravenous culture specific
antibiotics for two weeks and oral antibiotics for three months
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thereafter. One patient had a traumatic wound dehiscence
associated with plate exposure (case 15). Therefore, the plate
was removed, an intramedullary nail was inserted, and the
wound was closed with a local fasciocutaneous flap.

One patient, who received neoadjuvant percutaneous
irradiation, showed delayed healing of the distal part of the
surgical wound, which was treated with a local transposition
flap (case 11). In addition, the same patient suffered a
traumatic fracture of the proximal osteotomy site, and after
re-osteosynthesis, a rotational flap was performed. There was
also one case of occlusion of the popliteal artery 12 h after
index surgery that required thrombectomy and saphenous
vein grafting (case 15). The same patient sustained a
compartment syndrome with painful neuropraxia of the N.
peroneus profundus 48 h after first revision surgery. In a
second look, a partial necrosis of the tibialis anterior muscle
was obvious, requiring further reconstruction with a
fasciocutaneous flap.

A mean (SD) limb-length discrepancy of 8.3 cm (+4.7)
(range=3-12 cm) was observed in three patients, which was
managed by intramedullary lengthening (cases 6, 7, 15). In
total, four patients (16%) developed local recurrence. One
patient underwent disarticulation of the hip (case 8) and in
one patient following medial femoral condyle bone grafting
a talectomy was performed (case 23). In the remaining two
patients a less aggressive revision surgery could be performed
(cases 11, 22).

We found no complications related to the iliac crest grafts in
this series.

One patient exhibited painful flexion contracture of the
toes and required extensor tendon lengthening (case 13). We
found no other complications from the donor site in this
study.

Discussion

Microvascular bone transfer is a well-established
reconstructive procedure for widespread bone sarcomas in
which amputation may be the only alternative. The aim of
this study was to examine and compare clinical outcomes of
bone tumor patients who had undergone microsurgical bone
transposition using the ipsilateral fibula, iliac crest, or medial
femoral condyle by means of a quality outcome analysis
comparing radiographic outcome in terms of consolidation
and hypertrophy, functional as well as oncologic outcomes
and local complications at the donor and recipient sites.

Since survival rates of patients with malignant bone
tumors have improved, mostly due to therapeutic effects of
multi-agent chemotherapy, reconstructive bone interventions
have become increasingly important, providing oncologic
safety in combination with functional and cosmetic
satisfaction. There are several reconstructive options for
bone tumor patients, and, depending on oncological
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guidelines, specialized centers should be able to provide
individualized treatment modalities.

Tumor endoprosthetic reconstruction is a frequently used
technique after bone tumor resection, particularly in elderly
patients, allowing immediate full weight-bearing (13) . Long-
term results, however, are associated with complications such
as aseptic loosening and infections, which can subsequently
require removal of the endoprosthesis or even amputation of
the affected extremity (13, 14, 20). Although also biologic
reconstructions have been shown to be associated with high
complications, such as fractures, infections, and non-union
(20), we have shown that the use of autologous bone grafts is
feasible in children, adolescents, and young adults, with good
prognosis (8, 9). In this study, we have compared three types
of vascularized bone grafts. Initially, we hypothesized a
correlation between complexity of graft dissection and flap
survival rates. In our series, we found no significant difference
between the three groups with flap survival rates of 92% for
the fibular group, 100% for the iliac crest group, and 96% for
the medial femoral condyle bone graft group.

In cases of diaphyseal tumors at the tibia, we used
extracorporal irradiation and reimplanted the irradiated graft
with a vascularized fibula. The related surgical technique was
described by Krieg et al. in 2019 (21). In general,
reconstruction of the tibia is challenging due to the poor
vascular supply at the distal third, and the fact that malignant
or intermediate tumors at the tibia usually follow
chemotherapy. An excellent technique was described by
Capanna et al., that combines an allograft with a vascularized
fibular graft. The allograft ensures biomechanical stability,
while the vascularized fibula provides union and hypertrophies
within the allograft over time (22). Disadvantages of this
technique are the long operating time (mean 8.5 h), donor site
morbidity and long time to full weight-bearing (mean 21.4
months after surgery) (22). Using extracorporal irradiation, on
the other hand, allows biological reconstruction with the
potential for long-term survival (23, 24). Operating time is
much shorter and reimplantation spares the purchase of an
allograft. Beside the perfect anatomical match of the irradiated
graft, the vascularized fibula improves blood supply and
thereby promotes union at the osteotomy sites (25).

In terms of radiographic outcomes of the vascularized
grafts, bony union was observed in 86 to 92% of cases after
a mean time of 4.5 to 12 months in previous studies (10, 12,
26). In our data analysis, overall bony union of the fibular
grafts was primarily achieved in 86% at the proximal
osteotomy sites after a median time of 5 months, and in 64%
at the distal osteotomy sites after a median of 6 months.
However, delayed union occurred in the remaining distal
junctions, and healed after a median of 18 months. Further,
in our series, all patients with delayed union received either
radio- or chemotherapy, which is supposed to be correlated
with a detrimental effect on bony union. An anatomic factor
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that also determines the delayed rate of union is the poor
vascular supply at the distal part of long bones, which is well
described in the literature (27). Therefore, according to our
experience, the distal osteotomy sites of diaphyseal
reconstructions, need more time to union.

With a preserved vascular supply, bone grafts have the
ability to hypertrophy, a remodeling process that has been
proposed to enhance the mechanical strength of the grafts,
and to reduce possible graft complications such as fatigue
fracture and graft non-union. Several factors have been
discussed to influence hypertrophy including mechanical
loading (28, 29), increased graft vascularity (17, 29) and age
of the patients (29, 30). We found biological activity in 70%
of graft junctions. According to the standards described by
De Boer and Wood (17), significant hypertrophy of more
than 20% was observed in 52% of our patients. Our results
are in line with previously published data, demonstrating that
hypertrophy appears to be more common in young patients
and in lower extremities, probably due to higher level of
functional activity postoperatively (10, 17). In our series,
most patients were able to regain full weight-bearing after
bone union was achieved, and in the presence of mechanical
loading through the recipient bone, significant hypertrophy
was detected.

In our study, functional outcomes, reflected as the MSTS
score, were highly satisfactory, with an average score of 86.7%
in lower and 84.4% in upper extremities; these results fall
within previously described MSTS scores ranging between
78% and 92% for vascularized autografts (9, 15, 31).

Postoperative complications have become a major hurdle
for the surgical decision-making process, and with
progressive indications for bone reconstructions, it has
increasingly become important to outline these complication
rates. In our data, there were low complications in iiliac crest
and medial femoral condyle reconstructions, however,
various postoperative complications occurred in 48% of
patients in the fibular group. Vascularized fibular graft
technique encompasses extensive bone removal of up to 30
cm with the added difficulties of reconstruction and in case
of segmental defects there are two sites of potential non-
union. Fatigue fracture was the most common complication
in the fibular group and occurred in 28% of cases, that is in
line with previously published data (32). Two grafts fractured
beneath fixation that correlates with an increased likelihood
of structural failure (32). Leg-length discrepancy was noted
in 3 patients and was most likely attributed to the preceding
fracture of the fibular graft and non-union in one case. The
infection rate was only 8% in our cohort. Low et al. have
shown that infections are well managed with viable blood
supply of the grafts by local debridement and systemic
antibiotics, which could also be confirmed by our two cases
(33). We had one case with arterial thrombosis of an
anastomosed vessel 12 h after index surgery, which stresses

the importance of monitoring graft viability in the immediate
postoperative period to prevent further complications.

Donor site complication varies between 7 and 35% in the
literature and include ankle instability, various local
muscular problems, sensory deficit and compartment
syndrome (12, 34, 35). In our data, donor-site complications
were rather rare (4%) and of the three different donor sites
the only complication was painful flexion contracture of the
toes related to a fibula donor site. However, donor-site
morbidity does not appear to differ significantly between the
three groups. Most of our patients were not bothered by
motor weakness, numbness, or scar appearance.

Overall, vascularized bone grafting is associated with
significant complication risks that surgeons need to be aware
of. Nevertheless, we could show that this reconstructive
approach offers substantial benefits to bone tumor patients.

Our study has several limitations. It was a retrospective,
single-center study, involving a small number of patients as
well as an unequal distribution of patients in the three
groups. Furthermore, the included study population was very
heterogeneous, and no control group was included that was
operated on with different reconstructive procedures.

In conclusion, our study shows that vascularized fibula,
iliac crest, and medial femoral condyle bone grafts are reliable
reconstructive options in patients following bone tumor
resection at the extremities. As bone sarcomas most commonly
affect young patients, vascularized bone grafts have offered a
reconstructive approach, maintaining long-term functionality
and cosmetic satisfaction without compromising tumor
recurrence outcomes. We demonstrated that this reconstructive
approach is feasible with the concomitant use of chemo- and
radiation therapy. While the vascularized fibula is a suitable
graft in extensive defects of up to 30 cm, the iliac crest and
medial femoral condyle grafts both offer mechanical strength
nearby joints and have overall low complication rates.
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