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Educational Objective: Assess outcomes of pediatric facial reconstruction with fibula free flaps.
Objectives: Free flap reconstruction of complex maxillofacial defects in pediatric patients is rare. Post-operative complica-

tions, donor site morbidity, impact on craniofacial growth, and oro-dental rehabilitation are unknown. Our study assesses the
outcomes of pediatric maxillofacial reconstruction with composite fibula free flaps.

Study Design: Retrospective chart review.
Methods: Multi-institutional retrospective chart review from 2000 to 2020 on pediatric patients undergoing

maxillomandibular reconstruction with fibula free flaps.
Results: Eighty-seven patients underwent 89 surgeries; 5 maxillary and 84 mandibular defects. Median age: 12 years.

Defects were acquired following resection of sarcoma/carcinoma 44% or benign tumors 50%. 73% of cases had immediate
free flap reconstruction. Closing osteotomies were reported in 74%; 1 in 40%, 2 in 27%, and more than 2 in 6.7%. Hardware
was used in 98% and removed in 25%. 9.2% demonstrated long-term hardware exposure, greater than 3months following
reconstruction. Short-term complications: wound infection 6.7%, flap salvage/failure 2.2%, fistula 1.1%, and compromised cra-
niofacial growth: 23%. Two patients developed trismus. Long-term fibula donor site complications: hypertrophic scarring:
3.4%, dysesthesia: 1.1%, and long-term gait abnormality: 1.1%. Dental rehabilitation was performed in 33%. Post-operative
speech outcomes showed 94% with fully intelligible speech.

Conclusion: Pediatric maxillary and mandible defects repaired with fibula free flaps demonstrated complication rates
comparable to the adult free flap population. Long-term follow-up did not demonstrate adverse outcomes for craniofacial
growth. Hardware for flap retention was utilized and remained in place with minimal exposure. Post-operative gait abnormal-
ity is rare.
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INTRODUCTION
Surgical resection of benign or malignant tumors

resulting in maxillary and mandibular defects is rare in
the pediatric population.1–5 Multiple options for recon-
struction are available for such defects, including local
tissue reconstruction, placement of an oral obturator, and
autologous free tissue transfer.6 The paradigm for treat-
ment in the adult population is well-defined with autolo-
gous composite free tissue transfer that replaces the
composite tissue defect. Fibula free flaps are the work-
horse for composite reconstructive defects as they provide
osseous and soft tissue components, with the fibula pro-
viding ample bony length to reconstruct multi-component
defects of the midface and lower facial skeleton.1,7 Addi-
tionally, the bone of fibula free flaps can facilitate dental
rehabilitation with implants.6

The outcomes of fibula free flaps for the reconstruction
of large facial defects in the adult population have well-
defined functional and cosmetic outcomes. Post-operative
reconstructive outcomes in the pediatric population have
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seldom been reported. Pediatric patients are unique in that
the donor and recipient sites may be active in the process of
development during the peri-operative period. Descriptions
of long-term effects on craniofacial growth and extremity
development are limited to small, single-institutional case
series. This study aims to define the short and long-term
outcomes of pediatric maxillary and mandible reconstruc-
tion with fibula free flaps.

METHODS
This study is a multi-institutional retrospective chart

review from 2000 to 2020, and included pediatric patients under
18 years of age. Data was collected from Oregon Health & Sci-
ence University, MD Anderson Cancer Center, Dallas Fort Worth
Plastic Surgery, University of Alabama, Columbia Health
System, Centura Health, Loyola University Medical Center,
MetroHealth, Northwestern Medicine, City of Hope, Oschner
Health, SUNY Upstate Medical University, University Hospitals
Cleveland Medical Center, Washington University in St. Louis,
The University of Kansas Health System, and Baptist ENT. Indi-
vidualized centers obtained IRB approval. GraphPad software
was used to complete the statistical analysis.

Patient information including demographics, underlying
pathology, surgical reconstruction, and post-operative course was
collected. Descriptive statistics were collected and analyzed for
post-operative outcomes including short and long-term complica-
tions, flap survival, dental rehabilitation, speech outcomes, cra-
niofacial growth, and donor site morbidity. This study is IRB
approved under IRB MODCR00018404.

RESULTS
A total of 87 patients underwent 89 surgeries. The

median age at the time of surgery was 12 years, ranging
from 2 to 18 years. Five patients underwent reconstruction
for maxillary defects, and 82 patients underwent recon-
struction for mandibular defects. Underlying pathologies
requiring maxillary and mandibular resection included
sarcoma or carcinoma in 38/87 (44%) patients, benign
tumors in 44/87 (50%) patients, congenital lesions in 2/87
(2.3%) patients, invasive fungal sinusitis in 1/87 (1.1%)
patients, and facial trauma in 2/87 (2.3%) patients.

No prior past medical conditions were reported in
52/87 (60%) patients. A history of diabetes or craniofacial
disorder was reported in 2/87 (2.3%) patients respectively.
A history of Wilms tumor, sickle cell trait, Kawasaki’s
disease, neurofibromatosis, McCune-Albright, epilepsy,
and retinoblastoma were reported in individual patients.
A history of prior chemotherapy treatment was reported
in 22/87 (25%) patients, and prior radiation therapy was
reported in 8/87 (9.2%) patients. Post-operative chemo-
therapy was used in 20/87 (23%) patients, and post-
operative radiation therapy was used in 12/87 (14%)
patients. Prior oral surgery was reported in 23/87 (26%)
patients.

All patients underwent free flap reconstruction;
65/89 (73%) cases were performed immediately follow-
ing surgical resection, whereas 24/89 (27%) cases where
reconstruction was performed in a delayed fashion
(at second surgery following ablation, or during a sepa-
rate hospitalization). The most commonly used vessels

for microvascular anastomosis included the facial
artery in 51/89 (57%) cases and the facial vein in 35/89
(39%) cases. Table I shows the vessels used for micro-
vascular anastomoses of free flaps.

The use of closing osteotomies was performed in
66/89 (74%) cases. No osteotomies were performed in 17/89
(19%) cases. One osteotomy was used in 36/89 (40%) cases,
2 osteotomies were performed in 24/89 (27%) cases, and
greater than 2 osteotomies were performed in 6/89 (6.7%)
cases. Unknown use of osteotomies was reported in 6/89
(6.7%) cases.

Hardware plating was used in 87/89 (98%) cases.
Reconstruction plates were used in 40/87 (46%) cases,
mini plates were used in 5/87 (5.7%) cases, bicortical
plates were used in 2/87 (2.3%) cases, a lag screw was
used in 1/87 (1.1%) cases, locking screw plates were used
in 28/87 (32%) cases, custom hardware was used in 1/87
(1.1%), and unknown hardware used in 10/87 (11%).
Hardware was eventually removed in 22/87 (25%) cases.
Reasons for hardware removal included elective hard-
ware removal in 13/22 (59%) from 1 to 3 years following
reconstruction, unknown reasons in 7/22 (32%) at an
unknown time after reconstruction, long-term plate expo-
sure in 1/22 (4.5%) necessitating hardware removal 6
years after reconstruction, and elective hardware removal
in 1/22 (4.5%) at 9months after reconstruction. Long-term
hardware exposure was reported in 8/87 (9.2%) cases.

Post-operative complications following surgery were
rare. Within 30 days of surgery, minor complications
occurred in 16/89 (18%) cases, and major complications
occurred in 12/89 (13%) cases. Within 90 days of surgery,
minor complications were reported in 9/89 (10%) cases, and
major complications were reported in 6/89 (6.7%) cases.

The most common minor complication within 30 and
90 days of surgery was wound breakdown in 7/89 (8.0%)

TABLE I.
Depicts the Reported Vessels Used During the Anastomosis of

Fibula Free Flaps to Cervical Vasculature.

Vessels Used in Microvascular Anastomoses of Fibula Free Flaps

Vessels Used for
Anastomosis

Number of
Surgeries

Percentage of
Surgeries

Facial artery 51/89 57%

Lingual artery 16/89 18%

Superior thyroid artery 8/89 9.0%

Unknown artery 5/89 5.6%

External carotid artery 4/89 4.5%

Transverse cervical artery 3/89 3.4%

Other arteries 2/89 2.2%

Facial vein 35/89 39%

External jugular vein 23/89 26%

Internal jugular vein 14/89 16%

Other veins 8/89 9.0%

Superior thyroid vein 3/89 3.4%

Retromandibular vein 2/89 2.2%

Transverse cervical vein 2/89 2.2%

Unknown veins 2/89 2.2%
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cases respectively. Wound infection was the most common
major complication within 30 days of surgery in 6/89
(6.7%) cases and an additional 2/88 (2.2%) of cases within
90 days of surgery. Table II summarizes 30 and 90-day
complications.

Free flap complications were infrequent. One of
89 cases experienced free flap failure. Flap donor site
complications occurred in a minority of patients. Short-
term complications that occurred within 90 days of sur-
gery were reported in 14/89 (16%) cases; long-term com-
plications, which occurred greater than 3months after
surgery, were reported in 7/89 (7.9%) cases. The most
common short-term complication was wound dehiscence
in 6/89 (6.7%), whereas the most common long-term com-
plication was hypertrophic scar formation in 3/89 (3.4%).
Gait abnormality was reported in one patient. Table III
shows short and long-term donor site complications.

Long-term complications with craniofacial growth
were reported in 20/87 (23%) patients. This includes man-
dible asymmetry in 16/20 (80%) patients and malocclu-
sion in 2/20 (10%) patients. Post-operative trismus was
reported in 2/87 (2.3%) patients. Long-term follow-up
ranged from 90 days to 6 years.

Dental rehabilitation with implants was completed in
29/87 (33%) patients. Immediate implant placement was
reported in 7/29 (24%) patients, and delayed implant placement was completed in 13/29 (45%) patients; an

unknown time of implant placement occurred on
9/29 (31%).

Post-operative speech outcomes were reported in
31/87 (36%) patients. Of these patients, fully intelligible
speech was reported in 29/31 (94%) patients. Moderate or
severe speech deficits were reported in 2/31 (6.5%)
patients.

DISCUSSION
Fibula free flap reconstruction is an effective method of

midface and mandibular reconstruction in adults, however,
there is limited knowledge of the safety and efficacy of fibula
free flap reconstruction for pediatric maxillomandibular
defects. Fibula flap reconstruction of pediatric maxillary and
mandibular defects provides restoration of large structural
defects, with minimal post-operative morbidity in the short
and long-term perioperative periods.8 Most facial defects
were acquired from oncologic resection of benign and
malignant tumors. Although pre and post-operative chemo-
therapieswere uncommon in our patient population, preoper-
ative chemotherapy and radiation did not appear to affect
long-termwoundhealing.

Most patients underwent immediate free flap recon-
struction of defects following facial lesion resection. The
facial artery and vein were most frequently used for free
flap anastomosis in pediatric patients, which reflects pre-
viously reported common practices, most likely due to
ease of dissection and consistent availability of
vessels.3,6,8,9

Closing osteotomies were required in most patients
in our study for optimal reconstruction. No complications
from closing osteotomies were reported, which is

TABLE II.
Shows Wound Healing Complications within 30 and 90 Days of

Surgery.

Post-Operative Complications within 30 and 90 Days of Surgery

Complication
Number of
Surgeries

Percentage of
Surgeries

Minor Complications within 30 Days of Surgery

Minor wound breakdown 7/89 7.9%

Cellulitis 4/89 4.5%

Dehiscence 3/89 3.4%

Unknown 2/89 2.2%

Flap sloughing 1/89 1.1%

Hematoma 1/89 1.1%

Major Complications Within 30 Days of Surgery

Wound infection 6/89 6.7%

Dehiscence 2/89 2.2%

Fistula 2/89 2.2%

Flap salvage 1/89 1.1%

Failure 1/89 1.1%

Minor Complications Within 90 Days of Surgery

Minor wound breakdown 7/89 7.9%

Cellulitis 2/89 2.2%

Major Complications Within 90 Days of Surgery

Wound infection 2/89 2.2%

Dehiscence with operative
repair

1/89 1.1%

Fistula 1/89 1.1%

Other 1/89 1.1%

Unknown 1/89 1.1%

TABLE III.
Shows Short and Long-Term Complications of Fibular Free Flap

Donor Sites.

Free Flap Donor Site Complications

Complication
Number of
Surgeries

Percentage of
Surgeries

Short-Term Donor Site Complications

Wound dehiscence 6/89 6.7%

Skin graft loss 2/89 2.2%

Hematoma 2/89 2.2%

Seroma 2/89 2.2%

Cellulitis 1/89 1.1%

Unknown complication 1/89 1.1%

Other 1/89 1.1%

Long-Term Donor Site Complications

Hypertrophic scar
formation

3/89 3.4%

Other 2/89 2.2%

Unknown complication 1/89 1.1%

Dysesthesia 1/89 1.1%

Gait abnormality 1/89 1.1%
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consistent with the adult literature showing osteotomies
do not contribute to complications in fibula flaps.10

Hardware was placed in nearly all cases and
remained long-term with minimal instances of exposure.
This suggests hardware, including reconstruction plates,
may be left in situ while pediatric patients grow and
develop, with minimal risk of long-term hardware compli-
cations or growth abnormalities of the facial skeleton.
Elective removal of hardware was the most commonly
cited reason for hardware removal, whereas only 1 patient
underwent hardware removal for plate exposure years
following surgery. Our data suggest that hardware
removal may not be necessary to prevent long-term cra-
niofacial growth abnormalities, especially for patients
who have undergone dental rehabilitation; our data may
guide surgeons in counseling patients undergoing elective
hardware removal. Rates of hardware exposure and need
for explant of hardware were comparatively less than
rates reported in the adult population, which have been
demonstrated as high as 20%.11,12

Post-operative complications within 30 and 90 days
following surgery occurred in 20% of patients or less,
which is consistent with prior literature reporting few
complications following free flap reconstruction of cranial
base defects.1 Minor wound healing issues including
breakdown and cellulitis were most common, with an
expected incidence for the number of surgeries performed.
Only 1 incidence of free flap failure occurred. This data is
consistent with a prior study by Liu in 2019, demonstrat-
ing a 4% incidence of free flap failure in 135 cases of
midface and orofacial reconstruction in pediatric patients.8

This suggests that free flap reconstruction may be per-
formed successfully in pediatric patients, with minimal
risk of free flap failure.2,8,13 Unlike the study by Liu which
reports outcomes for fasciocutaneous and osteocutaeous
flaps in the pediatric population, our study reports flap
outcomes for fibula flaps with specific outcomes for fibula
donor site complications.8 Additionally, our study uniquely
reports outcomes on long-term craniofacial growth.

Donor site complications did not occur in over 90% of
patients. Minor skin graft issues, fluid collections, and
long-term wound healing issues were rare. All donor sites
healed without orthopedic intervention following fibula
resection, and only 1 case of gait abnormality occurred.
This data suggests fibula flaps may be harvested in pedi-
atric patients without long-term orthopedic implications,
which is consistent with prior studies demonstrating nor-
mal gait and limb length in pediatric patients with fibula
flap donor sites.5,13,14 In comparison to the adult popula-
tion, pediatric patients demonstrated a much lower inci-
dence of minor complications including skin graft loss,
and long-term post-operative complications such as
dysesthesia.15–17

Dental rehabilitation was only completed in a third
of patients, with most dental implants placed in a delayed
fashion. This data may reflect the financial barriers to
dental rehabilitation following free flap reconstruction.6

Reconstructive surgeons may recommend delayed dental
implant placement to prevent free flap complications.
However, insurance may not cover dental implant place-
ment and dental restoration beyond the peri-operative

period, which may prevent patients from undergoing den-
tal rehabilitation. A study by Pelligrino in 2018 demon-
strated a 95% success rate of dental implant placement
into fibula free flaps used for orofacial reconstruction, with
a low incidence of complications including implantitis.18

Additionally, dental rehabilitation in free flap patients
improves post-operative quality of life and mastication,
underscoring the importance of considering dental rehabil-
itation in pediatric patients.19,20 Future studies may focus
on the implications of flap healing with immediate dental
implant placement and rehabilitation. Despite the lack of
dental restoration, patients achieved intelligible speech fol-
lowing reconstructions. It has been suggested that dental
rehabilitation and proper occlusion promote mandible
growth and facial symmetry.14,21,22 In 2000, Genden et al.
reported 2 pediatric patients undergoing osteocutaneous
flap reconstruction demonstrated long-term facial sym-
metry and successful mastication following dental reha-
bilitation. The authors posit that dental implantation
may have promoted proper dental occlusion and facial
growth over time.14 Similarly, a study by Bianchi in
2011 reported successful long-term facial symmetry in
pediatric patients who underwent dental rehabilitation
following osteocutaneous flap reconstructions of mandi-
ble defects.21 Dental rehabilitation in pediatric patients
with maxilla or mandibular reconstructions promotes
proper occlusion, which appears to influence long-term
bone growth.14,21,22

Long-term craniofacial growth abnormalities, includ-
ing mandibular asymmetry, occurred in a quarter of
patients. Data regarding the management of post-operative
craniofacial abnormalities were limited. At our institution,
patients presenting with mandible asymmetry were
observed. Overall, patients who underwent dental rehabili-
tation did not demonstrate long-term craniofacial abnormal-
ities including craniofacial asymmetry, suggesting dental
rehabilitation at the time of fibula reconstruction or during
the perioperative period may prevent long-term craniofacial
abnormalities. Prior studies suggest that reconstructed
hemimandibulectomy defects undergo growth over time
with minimal asymmetry and are facilitated by the preser-
vation of the mandible epiphyseal growth plates and con-
dyle.2,4,9,21,23,24 Furthermore, a study by Temiz in 2015
demonstrated pediatric patients experienced normal facial
symmetry and growth following mandibular defect recon-
struction with fibula flaps, suggesting fibula flaps grow with
patients’mandibles over time.5,25

The results of this study are limited by the number
of patients available for inclusion. To the authors’ knowl-
edge, our study is the largest to date reporting post-
operative outcomes of pediatric patients undergoing fib-
ula free flap reconstruction. However, our data set is lim-
ited, which may bias outcome reporting. Additionally,
detailed information regarding craniofacial growth abnor-
malities is not available, and future studies may examine
the components of soft tissue and osseous changes that
contribute to craniofacial asymmetry. Data regarding
post-operative survival following cancer ablation and
reconstruction was not fully available; future studies
focused on this data may provide practitioners with
expected survival outcomes following large reconstructive
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surgeries, which may ultimately assist surgeons and par-
ents during decision-making regarding surgery.

CONCLUSION
Pediatric maxillary and mandible defects repaired

with fibula free flaps demonstrate low rates of post-
operative donor/recipient site complications with favor-
able outcomes for craniofacial growth. Hardware for flap
retention can be used and left in place with a low risk of
exposure. Post-operative gait abnormality is rare.
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