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Abstract

Background Reconstruction with vascularized fibula
grafts (VFQG) after intercalary resection of sarcoma may
offer longevity by providing early graft-host union and
fracture healing. The ability of the fibula to hypertrophy
under mechanical stress, as well as vascularized bone in the
area, may also be advantageous, given that soft tissues may
be compromised because of resection, chemotherapy, or
radiation therapy. VFG with a massive allograft combines
the primary mechanical stability of the graft with the

biological potential of the vascularized fibula; however,
complications and the durability of this combined re-
construction are not well described.

Questions/purposes (1) What was the proportion of
complications after reconstruction with VFG, with or
without allografts? (2) What was the functional result after
surgical treatment as assessed by the Musculoskeletal
Tumor Society (MSTS) score? (3) What was the survi-
vorship of these grafts free from revision and graft
removal?
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Methods Between 1988 and 2021, 219 patients were trea-
ted at our institution for a primary malignant or aggressive
benign bone tumor of the tibia with en bloc resection. Of
those, 54% (119 of 219) had proximal tibial tumors with
epiphyseal involvement and were treated with either intra-
articular resection and reconstruction with an osteoarticular
allograft, allograft-prosthesis composite (APC), or modular
prosthesis according to age, diagnosis, and preoperative or
postoperative radiotherapy. Nine percent (20) of patients had
distal tibial tumors that were treated with intra-articular
resection and reconstruction with ankle arthrodesis using
allogenic or autologous grafts, and 0.5% (1 patient) un-
derwent total tibial resection for extensive tumoral in-
volvement of the tibia and reconstruction with an APC.
Thirty-six percent (79) of patients had a metadiaphyseal
bone tumor of the tibia and were treated with intercalary
joint-sparing resection. We routinely use reconstruction with
VFG after intercalary tibial resection for primary malignant
or aggressive benign bone tumors in patients with long life
expectancy and high functional demands and in whom at
least 1 cm of residual bone stock of the proximal or distal
epiphysis can be preserved. By contrast, we routinely use
intercalary massive allograft reconstruction in short
resections or in patients with metastatic disease who do not
have long life expectancy. We avoid VFG in patients with
tibial bone metastasis, patients older than 70 years, or pri-
mary bone tumors in patients who may undergo post-
operative radiotherapy; in these patients, we use alternative
reconstructive methods such as intercalary prostheses, plate
and cement, or intramedullary nailing with cement aug-
mentation. According to the above-mentioned indications,
6% (5 of 79) of patients underwent massive allograft re-
construction because they were young and had intercalary
resections shorter than 7 cm or had metastatic disease at
diagnosis without long life expectancy, whereas 94% (74) of
patients underwent VFG reconstruction. The median age at
operation was 16 years (range 5 to 68 years). The diagnosis
was high-grade osteosarcoma in 22 patients, Ewing sarcoma
in 19, adamantinoma in 16, low-grade osteosarcoma in five,
fibrosarcoma in three, malignant fibrous histiocytoma and
Grade 2 chondrosarcoma in two, and malignant myoepite-
lioma, angiosarcoma of bone, malignant peripheral nerve
sheath tumor of bone, squamous cell carcinoma secondary
to chronic osteomyelitis, and desmoplastic fibroma in one
patient each. Median follow-up was 12.3 years (range 2 to
35 years). The median tibial resection length was 15 cm
(range 7 to 27 cm), and the median fibular resection length
was 18 cm (range 10 to 29 cm). VFG was used with a
massive allograft in 55 patients, alone in 12 patients, and
combined with allogenic cortical bone struts in seven pa-
tients. We used VFG combined with a massive allograft in
patients  undergoing  juxta-articular,  joint-sparing
resections that left less than 3 cm of residual epiphyseal
bone, for intra-epiphyseal resections, or for long intercalary
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resections wherein the allograft can provide better me-
chanical stability. In these clinical situations, the combina-
tion of a VFG and massive allograft allows more stable
fixation and better tendinous reattachment of the patellar
tendon. VFG was used with cortical bone struts in distal tibia
intercalary resections where the narrow diameter of the al-
lograft did not allow concentric assembling with the fibula.
Finally, VFG alone was often used after mid- or distal tibia
intercalary resection in patients with critical soft tissue
conditions because of previous surgery, in whom the com-
bination with massive allograft would result in a bulkier
reconstruction. We ascertained complications and MSTS
scores by chart review, and survivorship free from revision
and graft removal was calculated using the Kaplan-Meier
estimator. In our study, however, the occurrence of death
as a competing event was observed in a relatively low pro-
portion of patients, and only occurred after the primary event
of interest had already occurred. Considering the nature of
our data, we did not consider death after the primary event of
interest as a competing event.

Results In all, 49% (36 of 74) of patients experienced
complications and underwent operative treatment. There
were 45 complications in 36 patients. There was one instance
of footdrop secondary to common peroneal nerve palsy, four
wound problems, one acute vein thrombosis of the VFG
pedicle and one necrosis of the skin island, two episodes of
implant-related pain, 10 nonunions, six fractures, six deep
infections, nine local recurrences, one Achilles tendon re-
traction, one varus deformity of the proximal tibia with
postoperative tibial apophysis detachment, one knee osteo-
arthritis, and one hypometria. The median MSTS score was
30 (range 23 to 30); the MSTS score was assessed only in
patients in whom the VFG was retained at the final clinical
visit, although if we had considered those who had an am-
putation, the overall score would be lower. Revision-free
survival of the reconstructions was 58% (95% confidence
interval 47% to 70%) at 5 years, 52% (95% CI 41% to 65%)
at 10 and 15 years, and 49% (95% CI 38% to 63%) at 20 and
30 years. Eight patients underwent VFG removal because of
complications, with an overall reconstruction survival of
91% (95% CI 84% to 98%) at 5 years and 89% (95% CI 82%
to 97%) at 10 to 30 years.

Conclusion VFG, alone or combined with an allograft,
could be considered in reconstructing a lower extremity
after intercalary resections of the tibia for primary bone
tumors, and it avoids the use of a large endoprosthesis.
However, this procedure was associated with frequent,
often severe complications during the first postoperative
years and complication-free survival of 58% at 5 years.
Nearly 10% of patients ultimately had an amputation. For
patients whose reconstruction succeeded, the technique
provides a durable reconstruction with good MSTS scores,
and we believe it is useful for active patients with long life
expectancy. Fractures, frequently observed in the first 5
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years postoperatively, might be reduced using long-
spanning plate fixation, and that appeared to be the case
in our study. Nonbridging fixation can be an option in
intraepiphyseal resection when a spanning plate cannot be
used or in pediatric patients to enhance fibula hypertrophy
and remodeling. We did not directly compare VFG with or
without allografts to other reconstruction options, so the
decision to use this approach should be made thoughtfully
and only after considering the potential serious risks.
Level of Evidence Level IV, therapeutic study.

Introduction

The tibia is the second most-frequent site of primary bone
tumors, after the femur [4, 5]. In most patients, the tumor
extends in the metaepiphysis and is treated with an intra-
articular resection with articular surface removal to obtain
adequate surgical margins. Less frequently, when the tumor
arises in the metadiaphysis, an intercalary resection is feasi-
ble, with native joint preservation [4, 5]. Patients with pri-
mary malignant bone tumors are often young with high
functional demands, and their survival has been improved by
applying appropriate chemotherapy protocols. Therefore, a
durable reconstruction that lasts for many years is advised for
these patients.

Several options to reconstruct large intercalary tibial
defects have been reported, such as intercalary prostheses
[13, 24, 26], massive allografts [2, 11, 23], bone transport
[8], osteoinductive membrane techniques [25], recycled
autografts [17, 19,21, 32, 33], vascularized autografts [22],
and a combination of massive allografts or cortical struts
and vascularized autografts [1, 16, 18, 20].

Among vascularized autografts, the fibula is frequently
used to restore large segmental bone defects, according to
the length of the vascular pedicle and ease of access for
harvest [7]. Intercalary vascularized fibula grafts (VFG)
provide many advantages, such as early osteotomy union
and spontaneous healing after fracture; they maintain the
ability to hypertrophy under mechanical stress, even in
critical soft tissue conditions [7]. Reconstruction with VFG
was first reported by Taylor et al. [27], and Weiland et al.
[31] described the first application after tumor resection.
Capanna et al. [6] first described a VFG and massive al-
lograft as a reconstruction option after intercalary
resection for primary bone tumors; this technique is used
because it combines the primary mechanical stability of the
allograft and long-term biological potential of the vascu-
larized fibula. Since then, several studies have reported
results using VFG, either combined with a massive allo-
graft or not, to reconstruct large bony defect of the tibia [1,
16, 18, 20, 22]. We believe it is important to report our
results of VFG tibial reconstruction after intercalary
resection for primary bone tumors in patients with a median

of 12 years of follow-up. Because we have substantial
experience using VFGs for intercalary defects, we thought
it would be helpful to present our results, although we were
not able to directly compare them with a comparison group.

We therefore asked: (1) What was the proportion of
complications after reconstruction with VFG, with or with-
out allografts? (2) What was the functional result after sur-
gical treatment as assessed by the Musculoskeletal Tumor
Society (MSTS) score? (3) What was the survivorship of
these grafts free from revision and graft removal?

Patients and Methods
Study Design and Setting

This was a retrospective study performed during a 30-year
period at the Careggi University Hospital of Florence by
experienced orthopaedic oncology and plastic surgery
teams.

Patients

Between 1988 and 2021, 219 patients were treated at our
institution for a primary malignant or aggressive benign
bone tumor of the tibia with en bloc resection; we excluded
patients treated with extra-articular resection or amputa-
tion. Of those, 54% (119 patients) had proximal tibial tu-
mors with epiphyseal involvement and were treated with
intra-articular resection and reconstruction with an osteo-
articular allograft, allograft-prosthesis composite (APC), or
modular prosthesis according to age, diagnosis, and pre-
operative or postoperative radiotherapy. Nine percent (20)
of patients had distal tibial tumors that were treated with
intra-articular resection and reconstruction with ankle ar-
throdesis using allogenic or autologous grafts, and 0.5% (1)
underwent total tibial resection for extensive tumoral in-
volvement of the tibia and reconstruction with an APC.
Thirty-six percent (79) of patients had metadiaphyseal
bone tumors of the tibia and were treated with intercalary
joint-sparing resection. We routinely use reconstruction
with VFG after intercalary tibial resection for primary
malignant or aggressive benign bone tumors in patients
with long life expectancy and high functional demands and
in whom at least 1 cm of residual bone stock of the prox-
imal or distal epiphysis can be preserved. By contrast, we
routinely use intercalary massive allograft reconstruction
in short resections or in patients with metastatic disease
who do not have long life expectancy. We avoid VFGs in
patients with tibial bone metastasis, patients older than 70
years, or primary bone tumors in patients who may undergo
postoperative radiotherapy; in these patients, we adopt al-
ternative reconstructive methods such as intercalary
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Fig. 1 This figure shows the three types of VFG used in this
study: (A) VFG combined with a concentric massive allograft,
(B) VFG alone, and (C) VFG combined with allogenic cortical
struts.

prostheses, plate and cement, or intramedullary nailing
with cement augmentation. According to the above-
mentioned indications, 6% (5 of 79) of patients un-
derwent massive allograft reconstruction because they
were young and had intercalary resections shorter than
7 cm or metastatic disease at diagnosis without long life
expectancy, whereas 94% (74 of 79) of patients underwent
VFG reconstruction. VFG was used with massive allo-
grafts in 55 patients, alone in 12 patients, and combined
with allogenic cortical bone struts in seven (Fig. 1). Our
policy was to use VFG combined with a massive allograft
in patients undergoing juxta-articular, joint-sparing
resections that left less than 3 cm of residual epiphyseal
bone, for intra-epiphyseal resections, or for long intercalary
resections wherein the allograft can provide better

Fig. 2 This figure shows the two types of bridging fixation: (A)
fixation with a single bridging plate and (B) fixation with
double plates (one bridging and two separate plates at
osteotomy sites).

{J:J?@Wolters Kluwer

Fig. 3 This figure shows the three types of nonbridging fixa-
tion: (A) fixation with proximal screws and a distal plate, (B)
fixation with only screws or K-wires, and (C) fixation with
double plates (one proximal and one distal).

mechanical stability. In these clinical situations, a VFG and
massive allograft allow more-stable fixation and better
tendinous reattachment of the patellar tendon. VFG was
used with cortical bone struts in distal tibia intercalary
resections where the narrow diameter of the allograft did
not allow concentric assembling with the fibula. Finally,
VFG alone was often used after mid- or distal tibia in-
tercalary resection in patients with critical soft tissue con-
ditions because of previous surgery, in whom the
combination with a massive allograft would result in a
bulkier reconstruction. Bone fixation was performed with a
bridging plate in 31 patients, proximal screws and distal
plate in 21, only screws or K-wires in eight, two plates (one
proximal and one distal) in seven, temporary external fix-
ation in four, and double plates (one bridging and two
separate ones at the osteotomy site) in three. External fix-
ation was removed once both osteotomies achieved union,
generally after 6 months. A single-bridging or double-
bridging plate was classified as bridging fixation (Fig. 2);
proximal screws and distal plate, screws or K-wires only,
and two separate plates were considered nonbridging fix-
ation (Fig. 3). Temporary external fixation was
considered a different type of fixation (Fig. 4).

All 74 patients who were treated with VFGs were available
at a minimum follow-up of 2 years, with a median follow-up
duration of 12.3 years (range 2 to 35 years). Nine patients
have not been seen in the past 5 years and are not known to
have died; however, they had 3.4, 3.8, 3.8, 7.7, 9.7, 10, 10,
11.4, and 13.8 years of follow-up, and they were included.

Descriptive Data

The median age at the time of operation was 16 years (range
5 to 68 years); 46% (34) of patients were women and 54%
(40) were men. Furthermore, 53% (39) were skeletally im-
mature patients, while 47% (35) were skeletally mature. The
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Fig. 4 (A) This radiograph shows a diaphyseal osteoblastic osteosarcoma in a 19-year-old
man. (B) The patient underwent intercalary resection of the tibia and reconstruction with
VFG and external fixation. (C) After union of both osteotomies was achieved at 6 months
after the index surgery, the external fixator was removed. (D) This radiograph shows pro-
gressive hypertrophy and remodeling of the vascularized fibula under mechanical stress
once hardware was removed.

median tibial resection length was 15 cm (range 7 to 27 cm),
leaving a median proximal residual tibial bone of 3 cm
(range 1 to 18 cm) and a distal residual tibial segment of
15 cm (range 7 to 27 cm); the mean fibular resection length
was 18 cm (range 10 to 29 cm) (Table 1). All patients had
malignant bone tumors or locally aggressive, benign tumors.
The diagnoses were high-grade osteosarcoma (22), Ewing
sarcoma (19), adamantinoma (16), low-grade osteosarcoma
(5), fibrosarcoma (3), malignant fibrous histiocytoma and
Grade 2 chondrosarcoma (2), malignant myoepithelioma
(1), angiosarcoma of bone (1), malignant peripheral nerve
sheath tumor of bone (1), squamous cell carcinoma sec-
ondary to chronic osteomyelitis (1), and desmoplastic fi-
broma (1). Experienced pathologists made the diagnosis
after biopsy in all patients. At diagnosis, five patients had a
pathologic fracture and, according to the MSTS staging
system [9], one benign tumor was Stage 2, three malignant
tumors were Stage 1A, 20 were 1B, two were IIA, 47 were
[IB, and one was Stage IIIB.

Surgical Technique, Aftercare, and Cancer Treatment

All operations were performed with the patient in the su-
pine position, through an extended anteromedial or

anterolateral approach according to the tumor extension.
Eighteen patients underwent intraepiphyseal resections. A
histologic examination of the resected tumors found that
surgical margins were wide in 69 patients, marginal in four,
and wide-contaminated in one.

The vascularized fibula was harvested from the con-
tralateral leg in 67 patients, whereas an ipsilateral pedicle
fibula was used in seven. The free VFG was harvested by a
microsurgical team using separate instruments, who took
care to avoid contamination between the two surgical fields
through a posterolateral approach. The pedicle VFG was
harvested through a posterolateral approach, with a double
incision on the same leg. The median length of the fibular
graft was 18 cm (range 10 to 29 cm). The harvested fibula
was at least 2 cm longer than the tibial resection length to
obtain a minimum overlap of 1 cm for each osteotomy.
Primary syndesmotic screw fixation was performed at the
ankle of the donor side in two children; we routinely do not
use primary syndesmotic fixation in patients with more
than 7 cm of residual distal fibula. In patients with free VFG
reconstruction, the vascular pedicle of the flap, including
the peroneal artery and two vena comitans, was anasto-
mosed in 64 patients with the collateral branch of the an-
terior tibial artery and vein, while in two and one patient, it
was anastomosed with the collateral branch of the posterior

{J:}@Wolters Kluwer
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Table 1. Patient characteristics

Characteristic Total (n = 74)
Women 46% (34)
Age in years 16 (5-68)
Diagnosis
Osteosarcoma (high-grade) 30% (22)
Ewing sarcoma 26% (19)
Adamantinoma 22% (16)
Osteosarcoma (low-grade) 7% (5)
Fibrosarcoma 4% (3)
Chondrosarcoma (Grade 2) 3% (2)
Malignant fibrous histiocytoma 3% (2)
Malignant myoepithelioma 1% (1)
Angiosarcoma of bone 1% (1)
MPNST 1% (1)
Squamous cell carcinoma secondary 1% (1)
to chronic osteomyelitis
Desmoplastic fibroma 1% (1)
Stage
2 1% (1)
1A 4% (3)
1B 27% (20)
A 3% (2)
1B 64% (47)
113] 1% (1)
Treated with chemotherapy 57% (42)
Treated with radiotherapy 0% (0)
Tibial resection length in cm 15 (7-27)
Intercalary 76% (56)
Intraepiphyseal 24% (18)
Proximal residual juxta-articular bone 3(1-18)
Distal residual juxta-articular bone 15 (2-24)
Fibular resection length in cm 18 (10-29)
Free VFG 91% (67)
Pedicle VFG 9% (7)
Reconstruction
VFG + concentric massive allograft 74% (55)
VFG 16% (12)
VFG + allogenic cortical struts 10% (7)
Fixation
Single bridging plate 42% (31)
Double bridging plate 4% (3)
Proximal screws + distal plate 28% (21)
Only screws/K-wires 11% (8)
Proximal and distal plates 10% (7)
External fixation 5% (4)

Data presented as % (n) or median (range). MPNST = malignant
peripheral nerve stealth tumor; VFG = vascularized fibula graft.
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tibial and peroneal vessels, respectively. Moreover, in eight
patients, the free VFG was harvested with the fasciocuta-
neous flap based on its perforator vessels, and in one pa-
tient, it was harvested with the soleus muscle flap to cover
skin defects secondary to tumor excision.

The median operative time was 8 hours (range 4 to 12
hours); in patients with free VFG reconstruction, the me-
dian operative time was 8 hours (range 4 to 12 hours), and
in patients with pedicle VFG, it was 7 hours (range 5 to 9
hours).

All patients received perioperative antibiotic pro-
phylaxis with intravenous vancomycin (1 g every 12 hours)
combined with tobramicin (1 mg/kg every 8 hours) until
2010 and with piperacillin and tazobactam (4.5 g every 8
hours) from 2010 onward, following our institution’s
protocol this was continued until drain removal.
Postoperatively, in patients in whom the patellar tendon
was reattached and in pediatric patients, the operated-on
leg was protected with a long leg cast for 4 weeks.
Controlled passive movements of the knee and ankle were
then allowed. In young and adult patients with intercalary
resections distal to the tibial apophysis, controlled passive
ankle and knee movement was allowed postoperatively.
No weightbearing was allowed until radiographic evidence
of VFG union, which was considered as the disappearance
of the fibula’s osteotomy line or the appearance of a
bridging callus on radiographs in patients with VFG and
allograft or VFG alone. Then, the patient could walk with
partial weightbearing, and full weightbearing was started
after evidence of complete allograft union. The donor leg
was left free postoperatively, encouraging active and pas-
sive movements of the knee, ankle, and toes. Full weight-
bearing on the donor side was allowed 3 weeks after
surgery.

Forty-one patients with a diagnosis of high-grade oste-
osarcoma, Ewing sarcoma, malignant myoepitelioma,
high-grade fibrosarcoma, or malignant fibrous histiocy-
toma received preoperative and postoperative chemother-
apy, whereas one 67-year-old man with a diagnosis of
high-grade osteosarcoma underwent postoperative che-
motherapy only. No patients underwent radiation therapy.
In patients treated with preoperative chemotherapy, the
surgery was usually planned 3 weeks after the last drug
administration, which is not different from other re-
constructive options.

Data Sources and Variables

All patients were periodically reviewed according to on-
cologic follow-up, and they underwent clinical and
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radiologic examinations. Postoperatively, we followed
patients with malignancies every 3 months during the first 2
years, every 4 months during the third year, every 6 months
during the fourth and fifth years, and yearly until the 10th
year after the index surgery. Data extracted from medical
records were registered in our database.

At the most-recent clinical follow-up, at a median of
12.3 months (range 2 to 35), 72% (53 of 74) of patients were
continuously disease-free. Ten patients had no evidence of
disease after treatment of local recurrence (five patients) and
distant metastasis (five). One patient with Ewing sarcoma
developed bone metastasis 2.3 years after the index surgery
and is alive with disease at 6.4 years. Nine patients died of
disease after a median of 5 years from the index surgery
(range 2.3 to 11 years) because of metastatic disease, and one
patient died because of another cause after 11.8 years.

Primary and Secondary Study Outcomes

Our primary study endpoint was complications after
surgery, which we assessed by chart review. Our sec-
ondary study endpoints were the MSTS score and survi-
vorship. The MSTS score is an established system to
assess functional outcomes in patients treated for bone
tumors. In lower limb reconstructions, it evaluates six
parameters: pain, function, emotional acceptance, sup-
port, walking, and gait, giving a value ranging from 0 to 5
according to specific criteria. The sum of the individual
scores defines the overall functional score, with a maxi-
mum of 30 points [10]. The MSTS score was assessed in
patients in whom the VFG was retained at the final clinical
visit. Furthermore, the function of the knee and ankle was
clinically assessed by clinicians using a goniometer for all
patients, except for those who died or were lost to follow-
up, in whom functional results were extracted through a
clinical chart review; either MSTS score and knee and
ankle ROM was assessed by independent observers and
not by the surgeons who performed the procedures. We
evaluated survivorship free from revision and survivor-
ship free from graft removal using the Kaplan-Meier
survivorship estimator.

In all patients, union and hypertrophy of the VFG were
radiographically assessed; nonunion was defined as the
lack of evidence of osteotomy healing on radiographs
9 months after the index surgery, and complications and
graft removal were recorded during follow-up. We do not
routinely monitor fibular vitality, such as VFG with a skin
flap, based on perforator vessels, bone scan, or single-
photon emission CT. We evaluated graft union and hy-
pertrophy as signs of persistent vascular supply. We de-
fined union on radiographs as cortical fusion of the
allograft and VFG on AP and lateral views, and we defined
hypertrophy as increase of the VFG in width, although we

did not measure it in detail. Simultaneously, donor site
morbidity at the final clinical visit was evaluated.

Ethical Approval

Ethical approval for this retrospective observational study
was obtained from our local institutional review board (ref.
10197/2017).

Statistical Analysis

Reconstruction survival was determined according to the
Kaplan-Meier method, with revision surgery for any
complications and removal of the VFG as endpoints.
Kaplan-Meier curves and survival proportions were com-
puted using R version 4.1.2 via Survival version 3.5. In our
study, however, the occurrence of death as a competing
event was observed in a low proportion of patients, and
only occurred after the primary event of interest had al-
ready occurred. Considering the nature of our data, we did
not consider death after the primary event of interest as a
competing event. A log-rank test was used to compare the
survival distributions. Significance was set at p < 0.05.

Results
Complications and Reoperations

Donor site complications were observed in 14% (10 of 74)
of patients. Seven percent (5) of patients experienced a mild
ankle valgus deformity 7 to 10 years after the index surgery
and all of these patients were treated nonoperatively. Five
patients had claw toes that involved the first toe in four
patients, all treated nonoperatively. In the fifth patient, the
other toes were involved and managed with surgical tendon
release. During follow-up, 62 complications were observed
at the recipient site in 64% (47) of patients at a median of
11 months (range 0 to 237) after the primary procedure.
Surgical revision of these complications was performed in
49% (36) of patients after a median of 12 months (range 0 to
237), and VFG removal was performed in 11% (8) after a
median of 12 months (range 5 to 94) (Table 2).

Five patients had postoperative common peroneal nerve
palsy that completely recovered spontaneously in four
patients; four patients developed wound dehiscence, while
one patient had necrosis of the skin island and another had
venous thrombosis of the VFG pedicle within the first
hours postoperatively. There were 12 nonunions in 10
patients (14%), with hardware breakage in two. These
patients were treated with graft augmentation with autol-
ogous bone of the iliac crest and new fixation in all patients

{E}QWolters Kluwer
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Table 2. Recipient-site complications that underwent surgical treatment

Follow- VFG
Reconstruction Fixation = Complication up, Treatment of removal MSTS
Patient type type type months complication Outcome (months) score
1 VFG + Allograft 1 Distal tibia skip 45 New distal tibial NED No 30
metastasis intercalary
resection preserving
the previous free VFG
and ipsilateral VFG
reconstruction
2 VFG + Allograft 1 Deep infection 2 Debridement and local Healed No 28
flap covering and
antibiotics
3 VFG + Allograft 1 Nonunion 10 Autologous graft Healed No 30
augmentation and
new synthesis
4 VFG + Allograft 1 Wound 1 Debridement Healed No 30
dehiscence
Achilles tendon 30 Tendon elongation Resolved No
retraction
5 VFG + Allograft 1 Nounion 12 Autologous graft Healed No 26
augmentation and
new synthesis
6 VFG + Allograft 1 Nounion 9 Autologous graft Healed No 30
augmentation
7 VFG + Struts 1 Nonunion 36 Autologous graft Healed No 28
augmentation and
new synthesis
8 VFG + Allograft 1 LR 7 Above-knee DOD Yes (7) -
amputation
9 VFG + Allograft 2 Fracture 64 Autologous graft Healed No 30
augmentation and
new synthesis
10 VFG alone 1 Nonunion with 28 Autologous graft Healed No 25
plate rupture augmentation and
new synthesis
11 VFG + Allograft 2 Fracture 24 New synthesis with Healed No 30
bridging fixation
12 VFG + Allograft 2 Screw-related 72 Screw removal Resolved No 30
pain
13 VFG + Allograft 1 Deep infection 19 Debridement and Resolved No 25
antibiotics
Nonunion 47 Autologous graft Healed No
augmentation and
new synthesis
14 VFG + Struts 2 Wound 1 Debridement and local Healed No 30
dehiscence flap cover
15 VFG + Allograft 1 Proximal tibia 85 Deformity correction Resolved No 24
varus deformity
Traumatic tibial 89 ORIF Healed No

apophysis
detachment

am—
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Table 2. continued
Follow- VFG
Reconstruction Fixation = Complication up, Treatment of removal MSTS
Patient type type type months complication Outcome (months) score
16 VFG + Allograft 2 Fracture 34 Autologous graft Healed No 24
augmentation and
new synthesis
Common 50 Tibialis posterior Resolved No
peroneal nerve proanterior tendon
palsy trasposition
17 VFG + Allograft 2 Wound 1 Debridement Healed No 28
dehiscence
18 VFG + Allograft 2 Fracture 40 Autologous graft Healed No 28
augmentation and
new synthesis
19 VFG + Allograft 2 Nonunion 10 Autologous graft Healed No 29
augmentation and
new synthesis
20 VFG + Allograft Soft tissue LR 39 Excision NED No 30
21 VFG + Allograft 2 Nonunion 9 Autologous graft Healed No -
augmentation and
new synthesis
Soft tissue LR 75 Excision DOD No
22 VFG alone 1 Deep infection 18 Debridement, plate Healed No 26
removal, and
antibiotics
23 VFG + Allograft Osteoarthritis 237 TKA Resolved No 30
24 VFG + Allograft 2 Fracture 13 Autologous graft Fracture No -
augmentation and nonunion
new synthesis
Bone LR 25 Above-knee DOD Yes (25)
amputation
25 VFG + Allograft 2 Wound 1 Debridement and local Healed No 30
dehiscence flap cover
26 VFG + Allograft 2 Necrosis of the 0 Debridement and local Healed No 30
skin island flap cover
Nonunion 37 Autologous graft Healed No
augmentation and
new synthesis
6 cm 62 Elongation with Resolved
hypometria llizarov frame
27 VFG + Allograft 2 Bone LR 5 Above-knee NED Yes (5) -
amputation
28 VFG + Allograft 2 Fracture 75 ORIF with new Nonhealing with  Yes (94) -
synthesis nonviable VF,
VFG removal and
allograft
reconstruction
29 VFG + Allograft 2 Deep infection 4 Debridement, local Persistent Yes (11) -

flap coverage, and
antibiotics

infection, above-
knee amputation
with infection
resolution

(=)

=l

Wolters Kluwer



SMIAGZIUMIPXZOBBAROATOAEIOVIASALLIAIPOOAEIEAHION/AD AUMY TXOM

ADUOINXYOHISABZaY 10+ NIOITWNOTZTARYHARSHINAUG Ag doyniouljo/wod mm| sfeulnol;/:dny wolj papeojumoq

¥¢0¢/22/e0 uo

10 Campanacci et al.

Clinical Orthopaedics and Related Research®

Table 2. continued

Follow- VFG
Reconstruction Fixation = Complication up, Treatment of removal MSTS
Patient type type type months complication Outcome (months) score
30 VFG alone 1 Plate-related 13 Plate removal Resolved No 30
pain
Bone LR 177 Intercalary NED No
resection and
reconstruction with
induced-membrane

technique

31 VFG + Allograft 1 VFG vein 0 New anastomoses Resolved No 30
thrombosis with safena vein graft
32 VFG + Allograft 1 Nonunion with 6 Autologous graft Healed with No 23
plate rupture augmentation and residual valgus
new synthesis deformity

33 VFG alone 1 Bone LR 12 Below-knee NED Yes (12) -

amputation
34 VFG + Allograft 2 Soft tissue LR 28 Excision DOD No 28
35 VFG alone 2 Deep infection 4 Debridement, local Persistent Yes (26) -

flap covering + infection. Above

antibiotics knee amputation
36 VFG alone 2 Deep infection 1 Debridement and Persistent Yes (12) -

antibiotics infection.

Nonviable VFG

removal and
reconstruction
with bone
transport. Healed

ORIF = open reduction and internal fixation; VFG = vascularized fibula graft; MSTS = Musculoskeletal Tumor Society; LR = local
recurrence; 1 = bridging fixation; 2 = nonbridging fixation; 3 = external fixation; NED = no evidence of disease; DOD = dead of

disease.

except one, in whom the original fixation was retained.
Twenty-two percent (16 of 74) had a fracture at a median of
24 months (range 4 to 75) after the primary surgery that
healed spontaneously with brace protection in 10 patients,
whereas six patients had surgical revision with a new
bridging plate fixation. One of them underwent removal
of anonviable VFG and new reconstruction with a massive
allograft and new plate fixation. With the numbers we had,
the only factor associated with the risk of fracture was
fixation with a temporary external fixator (Table 3). Deep
infection was observed in 8% (6) of patients at the recipient
site at a median of 4 months (range 1 to 19) after the pri-
mary surgery (Table 2), leading to VFG removal in three
patients. No patient had an infection at the donor site.
Twelve percent (9) of patients had local recurrence at a
mean of 46 months (range 5 to 177) after tumor excision,
leading to amputation in four patients (Table 2). The risk of
local recurrence was higher in patients with distal tibial
intercalary resections (hazard ratio 0.71 [95% confidence
interval 0.57 to 0.9]; p = 0.03).

am—

(=), Wolters Kluwer

Overall, 8% (6 of 74) of patients underwent amputation
because of infectious complications (2 of 6) and local re-
currence (4 of 6).

At the final clinical visit, a mean limb-length discrepancy
of2.4 cm (range 1 to 6) was observed in 35% (26) of patients
and in 83% (15 of 18) of skeletally immature patients treated
with intra-epiphyseal resections. A shoe lift was used in all
patients except one, a 10-year-old child treated for a high-
grade osteosarcoma with an intraepiphyseal resection; this
child had a 6-cm limb length discrepancy that was managed
with bone transport of the femur using external fixation
62 months after the index procedure. Finally, one patient
developed a postoperative deep vein thrombosis that was
treated with lifelong oral anticoagulant therapy.

MSTS Scores and Knee Function

At the final follow-up interval, after a median of 12.3 years
(range 2 to 35), the median MSTS score was 30 (range 23 to
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Table 3. Recipient-site mechanical and infective complications

Nonunion (10)

Fracture (16)

Infection (6)

Variable (total) % (n) HR((95%Cl) pvalue % (n) HR(95% ClI) vaFI’ue % (n) HR(95% Cl) p value

Sex 9(3) 23(0.61-8.6) 0.22 15(5) 14(052-39) 049 9(3) 1.3 (0.21-7.5) 0.81
Female (34) 18 (7) 28 (11) 8(3)
Male (40)

Resection type 16 (9) 0.27 (0.04-2.1)  0.21 18 (10) 1.9(0.68-5.1) 0.23 9(5 0.61(0.072-5.2) 0.66
Intercalary (56) 6 (1) 33 (6) 6 (1)
Intra-epiphyseal (18)

VFG harvest 13(9) 1.2(0.16-9.8) 083 22(15) 0.79 (0.1-6) 082 6(4) 3.6 (0.64-20) 0.15
Free (67) 14 (1) 14 (1) 29 (2)
Ipsilateral pedicle (7)

Reconstruction type 8 (1) Reference 33 (4) Reference 25 (3)
VFG alone (12) 15(8) 0.89(0.19-42) 088 18(10) 0.52(0.16-1.7) 0.27 6(3) 0.23(0.05-1.2)  0.08
VFG + allograft (55) 14 (1) 0.80(0.07-8.8) 0.86 29 (2) 0.91(0.16-5.0)0 091 0(0) NA 1
VFG + struts (7)

Fixation type 21 (7)  Reference 9(3) Reference 9(3)
Bridging fixation (34) 8(3) 03(0.08-12 009 28(10) 2.1(0.7-69 021 8(3) 097(0.19-48) 0.97
Non-bridging fixation (36) 0 (0) NA 1 75(3) 9.6(2.3-458) 0.03 0(0) NA 1
External fixation (4)

Chemotherapy 6(2) 1.9 (0.5-7.1) 0.35 13(4) 2.1(066-6.6) 021 9(3) 0.66(0.13-3.3) 0.62
No (32) 19 (8) 29 (12) 7 (3)
Yes (42)

Growth 15(6) 0.65(0.19-2.2) 049 28(11) 0.48(0.17-1.4) 0.17 10 (4) 0.55 (0.1-3) 0.49
Skeletally immature (39) 11 (4) 14 (5) 6(2)

Skeletally mature (35)

30). The MSTS score was assessed only in patients in
whom the VFG was retained at the final clinical visit; if we
had included patients who had an amputation, the MSTS
scores would have been lower. Pain and emotional ac-
ceptance scores ranged between 4 and 5 points, and func-
tion, support, walking, and gait scores ranged between 3
and 5 points. Regarding knee function, the median active
flexion was 140° (range 100° to 140°), and an extension lag
ranging between 5° and 20° was found in eight patients.
For ankle function, the median active flexion was 50°
(range 10° to 50°) and median active extension was 20°
(range 5° to 20°).

Survivorship of VFGs

The revision-free survival of reconstructions, with revision
surgery for any complication as the endpoint, was 58%
(95% CI 47% to 70%) at 5 years, 52% (95% CI 41% to
65%) at 10 and 15 years, and 49% (95% CI 38% to 63%) at
20 and 30 years (Fig. 5). Except for five instances, all
complications that led to surgical revision occurred during

the first 5 years postoperatively. The overall reconstruction
survival, with VFG removal or amputation as the failure
endpoint, was 91% (95% CI 84% to 98%) at 5 years and
89% (95% CI 82% to 97%) at 10 to 30 years (Fig. 6). Only
4 of 8 patients underwent VFG removal because of me-
chanical or infective complications.

Discussion

After intercalary tibial resection, the objective of re-
construction is to restore lower limb function with a low risk
of reoperation and implant removal in the long term, while
considering the young age and high functional expectations of
patients with primary bone tumors. Autologous VFG, either
pedicled from the ipsilateral leg or a free flap harvested from
the contralateral leg, is a possible reconstructive method.
After intercalary tibial resection, VFG can be used alone or
combined with allogenic cortical struts or a massive allograft.
In the present study, we aimed to investigate the results of this
technique, which we anticipated would result in a functional,
durable, joint-sparing, biological reconstruction and avoid a

{E}QWolters Kluwer
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Fig.5 This graph shows revision-free survival, with surgical revision for any complication as
the endpoint. The survival was 58% (95% Cl 47% to 70%) at 5 years, 52% (95% Cl 41% to
65%) at 10 and 15 years, and 49% (95% Cl 38% to 63%) at 20 and 30 years. The light blue

Clinical Orthopaedics and Related Research™

area represents Cls.

large metallic endoprosthesis. We found that although the
MSTS function score was good for those who maintained
their reconstruction at the final follow-up, approximately half
of patients had one or more complication and nearly 10% of
patients ultimately underwent amputation (and were not
counted in the functional analysis). Despite a consistent risk of

0.75+1

0.501

Survival probability

0.251

0.00 1

mechanical complications in the first 5 years postoperatively,
with complication-free survival of nearly 60% at 5 years,
almost 90% of the patients retained their VFG at the most
recent follow-up. The proportion of patients sustaining frac-
tures may be lower with long-spanning plate fixation, and
nonbridging fixation or temporary external fixation helps to

1.001 =~
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20 30 40
Time

Fig. 6 This graph shows VFG removal-free survival, with graft removal for any complication
as the endpoint. The survival was 91% (95% Cl 84% to 98%) at 5 years and 89% (95% CI 82%
to 97%) at 10 to 30 years. The light blue area represents Cls.
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enhance fusion and hypertrophy of the fibula in young pa-
tients, but we could not confirm that in this study.

Limitations

First, there might have been selection bias regarding the
indication for intercalary joint-sparing resection and VFG
reconstruction rather than intra-articular resection and
prosthetic reconstruction, but when feasible, we aim to
preserve native joints in all patients with primary bone
tumors. Second, nine patients were not seen in the past 5
years, and they could have been treated for other compli-
cations elsewhere. However, all nine patients had long-
term follow-up confirming functional and survival results.
Third, we did not analyze a control group with alternative
osteoarticular reconstruction, instead focusing on joint-
sparing resection. In our opinion and experience, we be-
lieve the functional advantages of preserving the native
joints and their tendinous insertions are substantial. Fourth,
we did not analyze a control group with alternative in-
tercalary reconstruction, such as prostheses, massive allo-
grafts, or recycled autografts, but we aimed to investigate
the incidence and type of complications and survival of a
vascularized reconstruction, with or without allograft
augmentation. Fifth, VFG reconstructions with and with-
out massive allografts or allogenic struts were included, but
we analyzed the incidence of complications according to
different reconstructive options, and the numbers are too
small to detect a difference in complication risk between
these reconstructive types. Sixth, both pedicle and free
VFG reconstruction were included, with possible bias be-
cause of different complication risks, but in our experience,
the proportion of complications was similar to that reported
by other authors [18]. Seventh, we did not have sufficient
numbers to compare our results by gender. Men seemed to
have a higher proportion of mechanical complications, but
with the numbers we had, this difference was not signifi-
cant (Table 3). A larger study is necessary to address this
issue. Finally, we did not consider the function of patients
who underwent amputation when we calculated the MSTS
function score. If we had included these patients, the score
would likely have been lower. We aimed to show the
function of patients who retained their VFG, but this score
does not apply to all patients at diagnosis.

Complications and Reoperations

In our series, 49% of patients underwent surgical revision
for complications, but most complications occurred within
the first 5 years postoperatively, and all but eight patients
retained their VFG at the final clinical follow-up.
Nonunions and fractures were the most frequent

complications in our study. No differences in nonunion
were seen between VFG alone and VFG combined with
cortical struts or massive allografts, but we likely did not
have sufficient numbers of patients with each technique to
address this. However, nonunion was more frequent in
patients with bridging plate fixation, but this difference did
not reach statistical significance. One might assume there
is a higher risk of nonunion in spanning fixation related to
stress shielding induced by the bridging plate, which could
inhibit fibular hypertrophy, but we did not have sufficient
numbers to address this. In our experience, the nonunion
risk did not seem to be related to resection length, proximal
and distal residual bone, gender, patient age, or chemo-
therapy, as reported [15]. All patients who experienced
nonunions healed after augmentation with iliac crest au-
tologous bone grafts and new fixation.

Fractures were observed in 22% of patients, all of which
healed after internal fixation or nonoperative treatment,
except for one patient who underwent removal of a non-
viable VFG and new reconstruction with an intercalary
massive allograft. The proportion of patients with fractures
appeared higher after removal of external fixators; fur-
thermore, fractures were more frequent in patients with
nonspanning fixation, but with the numbers of patients we
had, we could not confirm this. Indeed, one drawback of
VFG intercalary reconstruction in the lower limb is the low
mechanical strength of the fibula. To improve mechanical
strength, combining a VFG with long bridging plate fixa-
tion or a massive allograft has been suggested [28, 30]. We
observed no difference in the proportion of fractures be-
tween VGF alone and VFG combined with an allograft or
allogenic struts. Again, this may be related to small num-
bers or perhaps the fixation type is an important factor in
preventing fractures. Future studies are needed to address
this. There may be a higher incidence of fractures in
growing patients, but again, we could not substantiate that
it was higher, and if it is, it may be related to the higher
number of nonspanning fixations in this age group. Based
on our experience, we believe that when feasible, long-
spanning plate fixation may be preferable in both types of
reconstruction. Furthermore, in a very long intercalary re-
section, long-bridging plate fixation with a second plate for
each osteotomy may be helpful, as reported [3].
Conversely, in joint-sparing, intraepiphyseal resection of
the proximal tibia that preserves a very short segment of
residual bone, we believe reconstruction with VFG com-
bined with a massive allograft is preferred, and non-
spanning fixation with proximal screws and distal plate is
acceptable if there is no space for a bridging plate. We
currently use a VFG and massive allograft to improve
mechanical stability and obtain more-stable fixation in
joint-sparing resection when a short proximal residual bone
does not allow for stable spanning plate fixation.
Furthermore, in very young patients or in patients with
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Fig. 7 (A) This radiograph is from an 11-year-old girl treated
for an osteoblastic osteosarcoma of the tibia with intercalary
resection and reconstruction with VFG combined with an al-
logenic fibular graft and screws-only fixation. Radiographs
show (B) progressive hypertrophy of the fibula 2 years after the
index surgery and (C) abundant hypertrophy, remodeling, and
fusion of the VFG with the cortical strut 5 years after the pri-
mary surgery.

critical soft tissue conditions, nonbridging fixation (Fig. 7)
or temporary external fixation (Fig. 4) may be preferred to
obtain appropriate fibular hypertrophy and remodeling,
despite the higher risk of fracture. Unfortunately, with the
numbers we had, we could not definitively document the
superiority of one approach over another.

In our series, the only factor that might be associated
with infection was reconstruction with an ipsilateral VFG,
although we could not demonstrate a difference with the
numbers of patients we had. Other authors [18] have
reported a shorter operative duration with a similar com-
plication rate using an ipsilateral or free VFG. Because of
the low number of patients treated with this technique
compared with free VFGs, and despite the double incision
used to excise the tumor and harvest the fibula (which
could increase infections), we could not show a differ-
ence. We now routinely prefer to harvest the VFG from
the contralateral limb to avoid a double incision on the
same leg and prevent excessive weakening of the
operated-on leg and instability of reconstruction related to
the lack of the fibula, although we did not assess whether
there was a difference in mechanical complications be-
tween these two groups. Further studies comparing the
long-term failure rates of free and pedicle VFG re-
construction should be performed.

The choice of a free VFG to reconstruct intercalary
defects of the tibia has some drawbacks. One is donor site
morbidity, which in our series was 14%, although it did not
affect the patients’ quality of life. Another disadvantage is
the long surgical time associated with the complexity of
VFG harvesting and anastomosis, which can be reduced
through the simultaneous work of orthopaedic and micro-
surgical teams. We did not have a comparison group to
demonstrate how patients treated with this technique might
compare with those with allografts alone.

{J:J?@Wolters Kluwer

MSTS Scores and Knee Function

The median MSTS score was good, with excellent active
ROM of the knee and ankle. However, this does not
consider patients who had an amputation, so if these
patients had been considered, the scores would certainly
be lower. Such excellent functional results were probably
related to retention of the native knees and ankles and
their tendinous and ligament insertions. Joint-sparing
intercalary tibial reconstructions have been reported to be
successful [1, 13, 16-22, 32, 33]. By contrast, the func-
tional outcomes of proximal tibial endoprosthetic
reconstructions have been reported to be lower, with a
mean MSTS of about 80% (40% to 90%), in the long term
[12,29].

Survivorship of VFGs

The revision-free survival was almost 60% at 5 years and
50% at 20 and 30 years, and the overall survival of the
reconstructions free from removal of VFGs was about 90%
at 10 to 30 years. If we excluded patients treated for local
relapse, 95% retained their reconstruction at the final
clinical follow-up visit. In comparing our results with the
reports of others, intercalary tibial prostheses are associated
with a rate of loosening reaching 36% in some series with a
mean follow-up of about 5 to 6 years [13, 24, 26], whereas
intercalary massive allografts have been associated with an
incidence of fractures and deep infections ranging between
38% and 62% [2, 11, 23]. Again, we cannot make a direct
comparison in our study, and conditions probably differ
among the studies. Reconstructions with intercalary recy-
cled autografts, both frozen and irradiated, were charac-
terized by an incidence of complications (between 18% and
50%) [21, 32, 33], although a major drawback of this
technique is the absence of material for a histologic ex-
amination of chemotherapy-induced necrosis and surgical
margins [32, 33]. An interesting reconstructive option
combines a VFG and recycled autograft, with the potential
advantages of early bone union and lower complication
risk [17, 19]. Proximal tibia prosthetic reconstructions are
also associated with complications that are possibly higher
than we found with intercalary reconstruction, particularly
for infections [12, 14, 29]. However, because these are
much different procedures for possibly different indica-
tions and we did not directly compare patients with VFG
to a similar group of patients treated with prosthetic re-
constructions, we cannot confirm there is a difference in
complications. Intercalary metal prostheses and massive
allograft (without an associated vascularized fibula) have
an implant removal-free survival of 63% at 10 years and
74% at 10 and 20 years [2, 24]. Furthermore, the incidence
of mechanical failure does not appear to reach a definite
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plateau [23]. Proximal tibia prosthetic reconstructions have
an implant survival rate ranging between 10% and 25% at
20 years, with a risk of deep infection that persists
throughout the life of the prosthesis at a mean of 1% per
year [12, 14, 29]. These reports may be less favorable than
our outcomes regarding VFG reconstructions, but these
reports cannot be directly compared with ours because of
differences in indications, patient populations, and other
factors. However, we believe that augmenting an in-
tercalary massive allograft with a VFG to combine the early
mechanical strength of the allograft with the biological
potential of the vascularized fibula seems to result in a
durable reconstruction and can preserve the native joint.
Future research should compare long-term, failure-free
survival of biologic and prosthetic joint-sparing tibial
reconstructions.

Conclusion

Reconstruction of intercalary tibial defects with VFG is a
challenging option that necessitates a well-trained mi-
crosurgical team, but we believe the biological potential
of a vascularized fibula is a major advantage. We also
caution that this was associated with substantial compli-
cations in about half of our patients. Most complications
were remedied with secondary procedures that retained
the graft. In our experience, 90% of patients retained their
graft at the final clinical follow-up; these patients had
good function. However almost 10% had amputations,
which reduces overall functional scores. Most failures
were fractures and nonunions that occurred within the first
years postoperatively. Once graft union and hypertrophy
were achieved, the proportions of complications were
low, confirming that biologic reconstruction with a viable
graft can be a lasting solution after intercalary tibial
resections. We believe that VFG represents an effective
reconstruction option after tibial intercalary resection for
primary bone tumors, and it is one alternative in active
patients with long life expectancy. Larger studies com-
paring VFG with other reconstruction options such as
allografts alone, intercalary endoprostheses, and recycled
autografts are warranted to assess the potential benefits of
one technique over the other. We believe that VFG, alone
or combined with an allograft, is an effective method to
reconstruct a functional lower extremity after intercalary
resections of the tibia for primary bone tumors,
providing a potentially durable reconstruction with
excellent functional results.

This is an open access article distributed under the Creative Commons
Attribution License 4.0 (CCBY), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original
work is properly cited.

References

1. Abed YY, Beltrami G, Campanacci DA, Innocenti M, Scoccianti
G, Capanna R. Biological reconstruction after resection of bone
tumours around the knee: long-term follow-up. J Bone Joint Surg
Br.2009;91:1366-1372.

2. Aponte-Tinao LA, Ayerza MA, Albergo JI, Farfalli GL. Do
massive allograft reconstructions for tumors of the femur and
tibia survive 10 or more years after implantation? Clin Orthop
Relat Res. 2020;478:517-524.

3. Aponte-Tinao LA, Ayerza MA, Muscolo DL, Farfalli GL.
Should fractures in massive intercalary bone allografts of the
lower limb be treated with ORIF or with a new allograft? Clin
Orthop Relat Res. 2015;473:805-811.

4. Arndt CA, Crist WM. Common musculoskeletal tumors of
childhood and adolescence. N Engl J Med. 1999;341:342-352.

5. Bielack SS, Kempf-Bielack B, Delling G, et al. Prognostic fac-
tors in high-grade osteosarcoma of the extremities or trunk: an
analysis of 1,702 patients treated on neoadjuvant cooperative
osteosarcoma study group protocols. J Clin Oncol. 2002;20:
776-790.

6. Capanna R, Bufalini C, Campanacci M. A new technique for
reconstruction of large metadiaphyseal bone defects: a combined
graft (allograft shell plus vascularized fibula). Orthop Traumatol.
1993;2:159-177.

7. Chen CM, Disa JJ, Lee HY, et al. Reconstruction of extremity long
bone defects after sarcoma resection with vascularized fibula flaps:
a 10-year review. Plast Reconstr Surg. 2007;119:915-924.

8. Demiralp B, Ege T, Kose O, Yurttas Y, Basbozkurt M.
Reconstruction of intercalary bone defects following bone tumor
resection with segmental bone transport using an Ilizarov circular
external fixator. J Orthop Sci. 2014;19:1004-1011.

9. Enneking WF. A system of staging musculoskeletal neoplasms.
Clin Orthop Relat Res. 1986;204:9-24.

10. Enneking WF, Dunham W, Gebhardt MC, Malawar M, Pritchard
DJ. A system for the functional evaluation of reconstructive
procedures after surgical treatment of tumors of the musculo-
skeletal system. Clin Orthop Relat Res. 1993;286:241-246.

11. Farfalli GL, Aponte-Tinao L, Lopez-Millan L, Ayerza MA,
Muscolo DL. Clinical and functional outcomes of tibial in-
tercalary allografts after tumor resection. Orthopedics. 2012;35:
391-396.

12. Grimer RJ, Aydin BK, Wafa H, et al. Very long-term outcomes
after endoprosthetic replacement for malignant tumours of bone.
Bone Joint J. 2016;98:857-864.

13. Guder WK, Hardes J, Nottrott M, Podleska LE, Streitbiirger A.
Highly cancellous titanium alloy (TiAl6V4) surfaces on three-
dimensionally printed, custom-made intercalary tibia prostheses:
promising short- to intermediate-term results. J Pers Med. 2021;
11:351.

14. Haijie L, Dasen L, Tao J, Yi Y, Xiaodong T, Wei G. Implant
survival and complication profiles of endoprostheses for treating
tumor around the knee in adults: a systematic review of the literature
over the past 30 years. J Arthroplasty. 2018;33:1275-1287.

15. Li J, Chen G, Lu Y, Zhu H, Ji C, Wang Z. Factors influencing
osseous union following surgical treatment of bone tumors with
use of the Capanna technique. J Bone Joint Surg Am. 2019;101:
2036-2043.

16. LiZ, PanZ, Guo H, Fei X, Cheng D, Yang Q. Long-term follow-
up of biological reconstruction with free fibular graft after
resection of extremity diaphyseal bone tumors. J Clin Med. 2022;
11:7225.

17. Lu Y, Zhu H, Huang M, et al. Is frozen tumour-bearing autograft
with concurrent vascularized fibula an alternative to the Capanna

{E}QWolters Kluwer


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

SMIAGZIUMIPXZOBBAROATOAEIOVIASALLIAIPOOAEIEAHION/AD AUMY TXOM

ADUOINXYOHISABZaY 10+ NIOITWNOTZTARYHARSHINAUG Ag doyniouljo/wod mm| sfeulnol;/:dny wolj papeojumoq

¥¢0¢/22/e0 uo

Campanacci et al.

Clinical Orthopaedics and Related Research™

19.

20.

21.

22.

23.

24.

25.

Vunn
[m W)

{23, Wolters Kluwer

technique for the intercalary reconstruction after resection of oste-
osarcoma in the lower limb? Bone Joint J. 2020;102:646-652.

. Manfrini M, Bindiganavile S, Say F, et al. Is there benefit to free

over pedicled vascularized grafts in augmenting tibial intercalary
allograft constructs? Clin Orthop Relat Res. 2017;475:1322-1337.
Mihara A, Muramatsu K, Hashimoto T, Iwanaga R, Thara K,
Sakai T. Combination of extracorporeally-irradiated autograft
and vascularized bone graft for reconstruction of malignant
musculoskeletal tumor. Anticancer Res. 2020;40:1637-1643.
Misaghi A, Jackson TJ, Stans AA, et al. Intercalary allograft
reconstruction of the proximal tibia with and without a free fibula
flap in pediatric patients. J Pediatr Orthop. 2020;40:833-838.
Oike N, Kawashima H, Ogose A, et al. Long-term outcomes of an
extracorporeal irradiated autograft for limb salvage operations in
musculoskeletal tumours: over ten years’ observation. Bone Joint
J.2019;101:1151-1159.

Puri A, Subin BS, Agarwal MG. Fibular centralisation for the
reconstruction of defects of the tibial diaphysis and distal meta-
physis after excision of bone tumours. J Bone Joint Surg Br.
2009;91:234-239.

Sanders PTJ, Spierings JF, Albergo JI, et al. Long-term clinical
outcomes of intercalary allograft reconstruction for lower-extremity
bone tumors. J Bone Joint Surg Am. 2020;102:1042-1049.

Sewell MD, Hanna SA, McGrath A, et al. Intercalary diaphyseal
endoprosthetic reconstruction for malignant tibial bone tumours.
J Bone Joint Surg Br.2011;93:1111-1117.

Sharma A, Sharma A, Tomar S, Mishra A, Kashyap A, Maini L.
Is Masquelet technique a successful viable treatment in

26.

27.

28.

29.

30.

31

32.

33.

reconstructing large tumor bone gaps in adolescent and adult?
Arch Bone Jt Surg. 2023;11:348-355.

Streitbiirger A, Hardes J, Nottrott M, Guder WK. Reconstruction
survival of segmental megaendoprostheses: a retrospective
analysis of 28 patients treated for intercalary bone defects after
musculoskeletal tumor resections. Arch Orthop Trauma Surg.
2022;142:41-56.

Taylor GI, Miller GD, Ham FJ. The free vascularized bone graft.
A clinical extension of microvascular techniques. Plast Reconstr
Surg. 1975;55:533-544.

Thompson RC Jr, Pickvance EA, Garry D. Fractures in large-
segment allografts. J Bone Joint Surg Am. 1993;75:1663-1673.
Tsuda Y, Tsoi K, Stevenson JD, Fujiwara T, Tillman R, Abudu
A. Extendable endoprostheses in skeletally immature patients: a
study of 124 children surviving more than 10 years after
resection of bone sarcomas. J Bone Joint Surg Am. 2020;102:
151-162.

Vander Griend RA. The effect of internal fixation on the healing
of large allografts. J Bone Joint Surg Am. 1994;76:657-663.
Weiland AJ, Daniel RK, Riley LH Jr. Application of the free
vascularized bone graft in the treatment of malignant or aggres-
sive bone tumors. Johns Hopkins Med J. 1977;140:85-96.

Yang J, Li W, Feng R, Li D. Intercalary frozen autografts for re-
construction of bone defects following meta-/diaphyseal tumor
resection at the extremities. BMC Musculoskelet Disord. 2022;23:890.
Zekry KM, Yamamoto N, Hayashi K, et al. Intercalary frozen
autograft for reconstruction of malignant bone and soft tissue
tumours. /nt Orthop. 2017;41:1481-1487.



