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Summary Background: Pediatric sarcomas are the most common malignancies of bones in 
childhood. With advances in adjuvant treatment, limb salvage surgery has become common, 
increasing the demand of skeletal reconstruction. Traditional practice included bone grafting 
and transport. Recently, microsurgical tissue transfer in pediatric patients has become a well- 
accepted practice, with the fibula as an ideal biologic construct for long bone reconstruction. 
We aim to assess the success rate of this operation, including flap survival, bony union, weight- 
bearing ambulation, and complications. 
Methods: We identified 10 pediatric patients who underwent reconstruction of long bones (fe- 
mur, humerus, or tibia) with a free fibula flap from January 2015 to January 2020. All patients 
received neoadjuvant chemotherapy 4 weeks prior to the surgical procedure followed by adju- 
vant chemotherapy. 
Results: The average follow-up time was 15 months. We had no partial or total flap loss. 
Three of our patients passed away in the first post-operative year due to metastatic disease. 
In the remaining 7 patients, we had two long-term complications. The fibula of one patient 
did not exhibit hypertrophy, yet weight-bearing ambulation was achieved. The other patient 
had nonunion proximally that required bone grafting at 8 months post-operatively. After that, 
the same patient fractured her fibula and required surgical fixation. She was eventually able to 
achieve weight-bearing ambulation. 
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Conclusion: The vascularized fibula flap is a reliable tool for reconstruction in children. Flap 
survival is similar to that of adults. Complication rate is low compared to that for other forms 
of reconstruction. 
© 2021 British Association of Plastic, Reconstructive and Aesthetic Surgeons. Published by El- 
sevier Ltd. All rights reserved. 
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ntroduction 

arcomas are a heterogeneous group of tumors that account 
or 10% of all pediatric solid tumors. Osteosarcoma and Ew- 
ng’s sarcoma are the most common sarcomas of the bone 
n childhood. The treatment of these tumors is complex and 
equires a multidisciplinary approach. Complete surgical 
esection and tumor eradication is the main prognostic 
ndicator for survival. This could be more easily achieved 
n the appendicular skeleton but is more difficult in the 
xial skeleton. Usually, when the axial skeleton is affected, 
urgical resection is more difficult and subsequently radia- 
ion therapy plays a major role in treatment. 1 Historically, 
mputation has been the mainstay of treatment for extrem- 
ty sarcomas. With advances in neoadjuvant and adjuvant 
hemotherapy, limb salvage surgery has become a more 
ommon treatment modality; aiming to maintain normal 
imb function and anatomy. 2 With larger tumor size, the 
esection is wider and subsequently the skeletal defect 
s larger, necessitating reconstruction. The objective of 
econstruction is to achieve bony union and long-term 

unctional stability with minimal morbidity and in a short 
eriod of time. 3 

Techniques of bony reconstruction include bone graft- 
ng, bone transposition, vascularized bone transfers, 
nd endoprosthesis. Extendible endoprostheses, even 
hough less morbid than biologic constructs, have a higher 
ate of infections and failure of lengthening mecha- 
isms. 4 The choice of biologic construct will depend on 
efect size; for larger defects, the preferred method 
f reconstruction is vascularized bone flaps. The lat- 
er have a higher rate of bony union, lower infection 
ate, and faster return to ambulation and full weight- 
earing. This is particularly important in patients receiving 
hemotherapy. 5 

With advances in microsurgical techniques, microsurgi- 
al tissue transfer in the pediatric age group is no longer 
s challenging as it once was. With technique refinement 
nd accumulation of experience, flap survival rates have 
ncreased. Microsurgical tissue transfer in the pediatric 
atients has gained widespread acceptance after an initial 
eriod of concern regarding the technical feasibility of the 
rocedure. 6 A special concern with the fibula flap in the 
ediatric age group is growth; the reconstructed extremity 
hould be able to withstand weight-bearing load associated 
ith growth. 
In this study, we report our experience and success 

ith long bone reconstruction using the vascularized fibula 
ap in oncologic limb surgery of pediatric patients. We 
ocus on the union rate and fibula hypertrophy, functional 
utcomes including the time to weight-bearing ambulation, 
nd complications, both early and late. 
2505
aterials & methods 

fter obtaining Institutional Review Board approval that 
onforms to the Helsinki Declaration, a retrospective re- 
iew was conducted from our institutional database at the 
merican University of Beirut Medical Center in Lebanon 
etween January 2015 and January 2020. Our aim was to 
dentify pediatric patients only who underwent oncologic 
esections of a primary bone sarcoma and reconstruction 
ith vascularized bone transfer. All of the resections were 
erformed by the same oncologic orthopedic surgeon 
nd the reconstructions by the same plastic surgeon. 
he research is adherent with the STROBE guidelines 
or observational studies, being a retrospective cohort 
tudy. 
Inclusion criteria were patients from age 0–18 years 

ho had undergone limb salvage surgery for bone tumor 
esection and immediate reconstruction with the free fibula 
ap. We included only long bones; the humerus, femur, and 
ibia. Patients were excluded from the analysis if they were 
dults or if the fibula was used as a non-vascularized graft. 
atients satisfying the inclusion criteria were identified, 
nd relevant data were extracted from the electronic med- 
cal records. Patient data collected included demographics, 
ge, sex, body mass index, medical comorbidities, pathol- 
gy of the tumor, whether patients received radiotherapy 
nd chemotherapy, the involved bone, size of the defect, 
ethod of fixation, and method of arterial and venous 
nastomosis. 
Patients were followed up at 2–3-month intervals, mainly 

y the orthopedic surgeon. Plain radiographs of the ex- 
remity were obtained at these follow-up visits to assess 
or bone healing and fibula hypertrophy. Patients also had 
hest radiographs and computed tomography (CT) scans 
very 6 months as part of their oncologic follow-up to rule 
ut any recurrence of disease or metastasis for the first 2 
ears after the resection. 
We looked into both functional outcomes and com- 

lications. Functional outcomes were defined as fibula 
ypertrophy (assessed by plain radiographs), time to return 
o activity of daily living and weight-bearing ambulation 
n lower extremity cases; specifically, non-weight-bearing, 
artial weight-bearing, or full weight-bearing. Partial 
eight-bearing was defined as the need of orthosis to 
mbulate. Full weight-bearing was defined as the patient 
eing able to fully bear load on the extremity and per- 
orm is normal daily activities without the need of an 
rthosis. 
Complications were divided into early and late. Early 

omplications included flap complications, such as problems 
ith the arterial or venous anastomosis, venous congestion, 
artial or total flap loss, hematoma or seroma formation, 
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Table 1 Patient and flap characteristics. 

Patient Age Gender Follow-up time Involved bone Defect size Flap type Mode of fixation Recepient vessel 

1 9 F 12 months Left femur 14 cm Osseous Locking compression 
plate 

Branch of profunda 
femoris artery 

2 17 F 9 months Left femur 17 cm Osseous Locking compression 
plate 

Branch of profunda 
femoris artery 

3 7 F 7 months Left humerus 15 cm Osseo 
cutaneous 

Intramedullary nail Branch of brachial 
artery 

4 12 F 5 months Right humerus 22 cm Osseous Intramedullary nail Branch of brachial 
artery 

5 14 M 13 months Right femur 19 cm Osseous Locking compression 
plate 

Branch of superficial 
femoral artery 

6 12 M 9 months Left tibia 24 cm Osseo 
cutaneous 

Locking compression 
plate 

Peroneal artery 

7 16 F 12 months Right humerus 18 cm Osseous Intramedullary nail Branch of brachial 
artery 

8 12 F 48 months Right femur 14 cm Osseous Locking compression 
plate 

Descending branch of 
lateral circumflex 
femoral artery 

9 7 M 24 months Left tibia 12 cm Osseo 
cutaneous 

Intramedullary nail Anterior tibial artery 

10 8 M 13 months Left femur 15 cm Osseous Locking compression 
plate 

Branch of profunda 
femoris artery 
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nd infection. Late complications were defined as bony 
onunion and fractures. 

esults 

emographics 

e identified ten pediatric patients who underwent onco- 
ogic resection of a long bone sarcoma and reconstruction 
ith a vascularized fibula flap ( Table 1 ). There were 6 
emales (60%) and 4 males (40%). The mean age was 11 
ears, with a range of 7–17 years. The average body mass 
ndex (BMI) was 25 mg/kg 2 (18–35 mg/kg 2 ). The pathologic 
iagnosis was Ewing’s sarcoma in 5 patients (50%) and os- 
eosarcoma in 5 patients (50%). The femur was involved in 5 
atients (50%), the humerus in 3 patients (30%) ( Fig. 1 ), and 
he tibia in 2 patients (20%). All the patients received both 
eoadjuvant chemotherapy 4 weeks prior to the surgery and 
djuvant chemotherapy once wound healing was achieved. 
o patient underwent pre- or post-operative radiotherapy 
o the site of surgery. None of the patients had any previous 
urgeries or excisional biopsies at the surgical site. 

ollow-up & oncologic outcomes 

he mean follow-up time was 15 months, ranging from 5 to 
8 months. Three out of the 10 patients unfortunately died 
n the first post-operative year at 5, 7, and 9 months due to 
etastatic disease. One of these patients had local disease 
ecurrence in addition to her metastasis and required a 
orequarter amputation at 5 months post-operatively. 
2506
urgical technique 

ll patients underwent transfer of a vascularized fibula 
ap for reconstruction of a long bone defect. The average 
efect size was 17 cm, ranging from 14 to 24 cm. Nine of the
efects were diaphyseal and so the reconstructions were 
ntercalary. In one patient, the tumor was involving the 
umeral head, which necessitated transfer of the fibular 
ead to reconstruct the shoulder joint. This patient was 
7 years old and had reached skeletal maturity, therefore 
xcluding the need of growth plate transfer. To stabilize the 
bular head in the glenoid fossa, suspensory braided sutures 
ere passed through a drill hole from the acromion to the 
bula. 
The fibula flaps were harvested in the standard fashion, 

ased on the peroneal vessels. The flaps were either os- 
eous ( n = 7 ) or osteocutaneous ( n = 3 ) depending on the
ature of the defect. The recipient artery was a branch 
f the brachial artery in the patients where the humerus 
as involved ( n = 3 ). The contralateral peroneal artery 

 n = 1 ) or the anterior tibial artery ( n = 1 ) was used when
he tibia was being reconstructed. In the patients who had 
ndergone femur reconstruction, a branch of the superficial 
emoral artery ( n = 1 ), the profunda femoris artery ( n = 3 ),
r the descending branch of the lateral circumflex femoral 
rtery ( n = 1 ) was used. All anastomoses were hand sewn in
n end-to-end manner, except for one which was done in 
n end-to-side manner to the profunda femoris artery. One 
r two veins were usually anastomosed using the microvas- 
ular anastomotic coupler system (Synovis Micro Companies 
lliance, Birmingham, AL, USA). The average coupler size 
as 2, with a range of 2–3. The venous anastomosis was 
and sewn in one case in an end-to-side manner to the 
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Fig. 1 A. Six-year old with left humeral osteosarcoma seen on magnetic resonance imaging. B. Left humeral bone defect after 
the resection. C. The fibula being inset and fixed with an intramedullary nail prior to the anastomosis. D. Post-operative plain 
radiograph with the fibula set in place. 
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rofunda vena commitante. No vein grafts or arteriovenous 
oops were used in this series. 

All fibulas were inset within the defect as a single barrel 
onfiguration. Sequential intramedullary reaming of the 
roximal and distal stumps of the bone at the resection site 
as done until a tunnel of sufficient diameter was formed to 
llow intramedullary placement of the fibula. The method 
f bony fixation depended largely on the location of the 
efect. Intramedullary fixation with Kirschner wires was 
sed when humeral reconstruction was the case ( n = 3 ). 
ocking compression plates were used in lower extremity 
econstructions ( n = 7 ) to allow for sooner weight-bearing 
mbulation. None of our patients received additional bone 
rafting at the initial procedure or needed additional flaps 
or soft tissue coverage. 

lap survival 

e had no events of arterial thrombosis or venous con- 
estion, thus no urgent re-explorations were warranted. 
e had only one case of intraoperative arterial thrombosis 
here the anastomosis was revised immediately, flow was 
eestablished, and no further complications were encoun- 
ered. There were no cases of partial or total flap loss. 

urgical site occurrences 

urgical site occurrence was defined as complications 
ithin the surgical site. This included infection, seroma, 
ematoma, hardware exposure, and wound breakdown re- 
uiring prolonged wound care. Two out of 10 of our patients 
20%) had surgical site occurrence. One case developed a 
eroma at the surgical site at 2 weeks post-operatively. 
2507
he seroma was drained in the operating room and the 
ound was closed primarily with no further complications 
hereafter. One patient had a dehiscence at the anterior 
high resection incision. This was treated by surgical de- 
ridement and negative pressure wound therapy to hasten 
econdary healing. There were no complications at the 
onor site ( Table 2 ). 

one union & functional outcomes 

s previously mentioned, patients were followed up with 
lain radiographs at 2–3 months intervals. Three of our 
atients passed away at 5, 7, and 9 months after the 
econstruction prohibiting long-term assessment of fibula 
ypertrophy. Of the surviving 7 patients, 6 (85.7%) were 
ble to perform regular activities of daily living and had 
ull range of motion of the proximal joint, whether the 
houlder, hip, or knee joint. On imaging, they developed 
ony union at both ends of the fibula ( Fig. 2 ) and the fibula
ypertrophied in 5 out of these 6 patients (71.4%). 
A subgroup analysis was performed on patients where 

he lower extremity was involved where either the tibia 
r the femur was reconstructed. This included 7 patients, 
ut of which one passed away due to metastatic disease. 
n the remaining 6 patients (85.7%), partial weight-bearing 
mbulation was achieved at an average of 6.8 months 
ost-operatively, with a range of 3–12 months. Full weight- 
earing ambulation was achieved in 5 of the 6 patients 
83.3%) at an average of 14 months post-operatively, with a 
ange of 10–25 months. 
In patient number 5, where the fibula was used to 

econstruct a femur defect, it did not exhibit hypertrophy, 
nd the patient was not able to achieve full weight-bearing 
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Table 2 Complications and outcomes of fibula flap healing. 

Patient Intra operative 
complication 

Post operative 
complications 

FIbula 
hypertrophy 

Bone union Fibula fracture Partial weight- 
bearing 

Full weight- 
bearing 

1 none Wound 
dehiscence 
at recipient 
site 

yes yes no 3 months 10 months 

2 none none Passed away at 
9 months 

yes no N/A N/A 

3 none none Passed away at 
7 months 

yes no Upper 
extremity 

Upper 
extremity 

4 none seroma Passed away at 
5 months 

yes no Upper 
extremity 

Upper 
extremity 

5 none none None yes no 12 months N/A 
6 No reflow, 

anastomosis 
was redone 

none Yes yes no 6 months 11 months 

7 none none Yes yes no Upper 
extremity 

Upper 
extremity 

8 none none Yes yes no 6 months 25 months 
9 none none Yes Nonunion 

requiring 
bone graft at 
8 months 

Fracture at 20 
months, 
requiring 
fixation 

7 months 11 months 

10 none none Yes yes no 7 months 13 months 

Fig. 2 A. Donor leg with the fibula borders and the cutaneous perforators marked in a 12-year-old boy. B. 12 cm defect of the 
left tibia after oncologic resection. C. Post-operative plain radiograph at 1 month showing beginning of callus formation. D. Plain 
radiograph showing fully hypertrophied fibula at 13 months post-operatively. 

2508 
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Fig. 3 A. Twelve-year-old diagnosed with Ewing’s sarcoma of the right femur seen on magnetic resonance imaging. B. Plain 
radiograph obtained directly post-operatively showing the fibula set in place. C. The harvested osseous fibula flap still attached to 
the peroneal artery. D. Fibula transferred to the femur and end-to-side anastomosis performed to the profunda femoris vessels. 
E. Fixation of the fibular flap with locking compression plate. F. At 20 months post-operatively, plain radiograph showing fractured 
proximal fibula and plate. G. Plain radiograph post open reduction, bone grafting, and plate fixation. 
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mbulation. He was still able to ambulate with assistance 
t 12 months post-operatively. In patient number 8, bony 
nion was not achieved at the proximal end of the femur, 
ut he was able to achieve partial weight-bearing and 
mbulate with assistance. The patient underwent a second 
rocedure with bone grafting from the iliac bone along 
ith synthetic bone at 8 months post-operatively. The post- 
perative course was further complicated with fracture of 
he proximal fibula along with fracture of the compression 
late. The patient underwent a third procedure where 
he fracture was reduced, further bone grafting was done, 
nd the plate was replaced with two locking compression 
lates. The patient was able to ambulate without assistance 
t 25 months post the initial reconstruction ( Fig. 3 ). 

onor site 

ll of the ankle joints were fixed with a tibio-fibular tri- 
ortical syndesmotic screw. We report no cases of ankle 
nstability nor valgus deformity. None of the patients re- 
uired further surgery for alignment of the ankle joint. None 
2509
ad any complaint at the donor site. On the long term, they 
ere all able to ambulate and fully bear weight at the donor 
eg. We had no neurological complications, specifically, no 
ransient neurapraxia of the common peroneal nerve. We 
id not harvest the flexor hallucis longus with the fibula and 
o did not have any flexion deformity of the big toe. 

iscussion 

he vascularized fibula flap is one of the most commonly 
sed options for bone reconstruction; this is especially 
rue when it comes to long bone reconstruction. The fibula 
ffers exceptional length, a reliable blood supply, and the 
olidity and stability of a thicker bone especially after it 
chieved hypertrophies. First described by Taylor in the 
970s, the fibula has become the workhorse flap for long 
one reconstruction. 7 In addition to bone, this flap is able to 
nclude skin, fascia, and muscle. 8 The fibula flap has proven 
tself to be a robust flap with larger defects, providing a 
ore rapid healing, earlier functional recovery, and less 
omplications. 9 The use of the fibula flap in limb salvage 
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urgery in pediatric patients is of the utmost importance. 
hese are complex reconstructive procedures that require 
reat technical skills and post-operative rehabilitation. If 
hese defects are not reconstructed in a thoughtful manner, 
hen this could leave the patient with loss of function. The 
im of the reconstruction is to first avoid any complica- 
ions and hence allow for the earliest possible bony union 
esulting in weight-bearing in a time appropriate manner. 
ith children specifically, we aim to achieve a near normal 
rowth and to allow them to have a normal life, without 
he need of walking aids. 

icrosurgical tissue transfer in pediatrics 

lthough microsurgical tissue transfer is commonly em- 
loyed in adults, the procedure was not well established 
n pediatric patients. Surgeons were concerned about va- 
ospasm and small vessel size, considering vessels smaller 
han 0.7 mm, which are not safe for microanastomosis. 10 

ith the current microsurgical capabilities, the vessel size 
s no longer an issue. 11 Success rates and flap survival are 
omparable with adults. In our study, we had no cases of 
omplete or partial flap loss, no venous congestion, and no 
ake backs. Our 100% flap survival rate is comparable with 
he literature. 12 

urgical site occurrence 

ediatric sarcomas, even if relatively uncommon, are a 
ignificant cause of morbidity and mortality. In addition 
o wide local excision, patients may need to receive local 
adiotherapy and systemic chemotherapy, which will delay 
ound healing. 13 This adjuvant therapy adds significantly 
o the morbidity of the reconstruction. In our series, none 
f the patients received pre- or post-operative radiation 
herapy to the area of the primary tumor, so we cannot 
omment directly the effect of radiation therapy on surgical 
omplications. 
Surgical site occurrence was defined as infections, 

ematoma, seroma, hardware exposure, and wound break- 
own requiring prolonged wound care. In our small series of 
0 patients, surgical site occurrence happened in 2 out of 
he 10 patients (20%). The surgical site occurrences that we 
ad were minor. A seroma was drained and the patient had 
o further complications. The other patient had superficial 
ound dehiscence; there was no exposure of the bone or 
ardware. There was no need for prolonged wound care 
eeing that the wound healed secondarily in 3 weeks. 
When comparing the fibula flap with the other known 

ethods of reconstruction in the literature such as bone 
rafts and bone transport, it is clear that the latter are less 
avorable and are more prone to surgical site occurrence. 
ven though non vascularized autografts or allografts are 
ess complex and less morbid procedures, they have a 
igher overall complication rate and are much more morbid 
o the patient. 14 15 In an attempt to decrease the compli- 
ations of allografts, the addition of the fibula flap to the 
llograft was proposed. Complication rates with infection 
ave been reported as high as 67%, with almost 60% of 

16 
atients requiring a revision procedure. t

2510
unctional outcomes 

he vascularized fibula is an ideal biologic construct for 
ong bone reconstruction because of its ability to achieve 
ypertrophy and subsequently allow weight-bearing. This 
lement is fundamental to the growing child. 17 In our study, 
e have the advantage of looking into one uniform group of 
atients, with a common long bone pathology, chemother- 
py and radiotherapy history, and age. Bony union and 
ypertrophy occurred in all but two patients, keeping in 
ind that all of our patients received chemotherapy 4 
eeks prior to surgery on average and all patients also 
eceived post-operative chemotherapy, which should have 
urther hindered bony union. Only one patient needed fur- 
her bone grafting and eventually bony union was achieved 
n 100% of our patients, which further supports the con- 
ept of the superiority of vascularized bone transfer as 
ompared with non-vascularized bone grafts. The only case 
here no fibula hypertrophy was documented, the mode 
f bony fixation was with a locking compression plate. 
he patient was anxious about ambulation and avoided 
ny weight-bearing. It is known that the mechanism of 
ypertrophy is primarily related to biomechanical stress on 
he construct. 18 In cases of rigid plate fixation, where the 
late shields the graft from stress, hypertrophy is described 
o be the lowest. 19 This could explain why this patient in 
articular had no hypertrophy of his fibula. Nevertheless, 
t the end of the first post-operative year, the patient 
eturned to the pre-operative level of activity except for 
he need to use crutches for ambulation. 
In the literature, nonunion is a fairly common compli- 

ation, more so than fractures and less likely infection. 20 

rimary bony union is usually achieved in more than 90% of 
ases, with numbers varying between different reports. 21 

l Ghoneimy et al. and McCullough et al. published their 
eries on vascularized fibula flaps with a patient population 
imilar to ours, pediatric sarcoma patients. The rate of 
onunion reported in their paper was 13.3% and 24.1% 

onsecutively 22 , 23 , which was significantly higher than ours 
here we had no cases of nonunion. This may be attributed 
o our low sample size. 
Fracture of the transferred fibula is a common com- 

lication. In our selected group, the pediatric patient 
opulation, where osteopenia is relatively common due 
o chemotherapy, prolonged hospital stay, and immobi- 
ization, fracture rates should be relatively higher than 
hat is reported in the literature. 24 We had only one case 
f fibula fracture which could also be attributed to the 
mall sample size and to the fact that three out of the 
en patients had reconstruction of the upper extremity. 
onetheless, if the fibula retains its vascularity, union 
ates at sites of fracture with non-operative treatment 
nd immobilization are reasonable. 25 In our patient, the 
ompression plate also fractured with the fibula, ne- 
essitating surgical intervention and replacement of the 
late. 
The most important functional outcome in pediatric pa- 

ients perhaps is to get them to perform their activities of 
aily living without assistance and to allow them to resume 
heir normal level of rigorous activity. This was possible in 
ll, but one of the surviving patients (85.7%). Even though 
here were no objective criteria used to assess their gait 
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nd mobility, the overall activity, emotional support, range 
f motion, and walking were deemed acceptable. 

imitations 

he main limitation in our study is its retrospective nature, 
hich inadvertently leaves us with no control group. Un- 
ortunately, a historical control from our institution was 
lso unavailable and hence we attempted to compare our 
esults with what was found in the literature. 
Another limitation would be the relatively short follow- 

p time of 15 months only. We were unable to properly 
ssess growth and limb length discrepancy between the 
wo extremities, which is an essential issue in the growing 
ediatric patient. 

onclusion 

he vascularized fibula flap is a reliable tool for recon- 
truction of post oncologic long bone defects in children. 
lap survival is similar to that of adults and subsequently 
icrosurgeons should not be discouraged from performing 
his procedure in children. Complications are low compared 
ith other forms of bony reconstructions. Satisfactory 
ong-term functional outcomes can be attained. In general 
atients who achieve disease cure should be able to attain 
 normal functional lifestyle. 
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