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Abstract. The aim of this retrospective study was to verify the three-dimensional
morphological change in neocondyle bone growth after fibula free flap (FFF)
reconstruction. The independent variables were age, sex, and diagnosis. Outcome
variables included the direction and volume of neocondyle bone growth, and the
time to a stable neocondyle following bone growth. The outcome variables were
measured on postoperative computed tomography scans using iPlan 3.0. Of the 35
patients included, 25 showed neocondyle bone growth. The direction of neocondyle
bone growth included the direction of lateral pterygoid traction (DLPT) and the
direction towards the glenoid fossa (DGF). The bone growth of the neocondyle
showed three patterns: only DLPT (eight patients), only DGF (two patients), and a
combination of DLPT and DGF (15 patients). The average volume of bone growth
in the 25 patients was 0.479 � 0.380 cm3. The average volume of neocondyle bone
growth was significantly greater in patients aged <18 years (0.746 � 0.346 cm3)
than in patients aged >18 years (0.219 � 0.191 cm3) (P < 0.001). The time to a
stable neocondyle following bone growth was 5.6 months postoperatively. In
conclusion, neocondyle bone growth after FFF reconstruction occurred in two
different directions, DLPT and DGF. Osteogenesis of the lateral pterygoid muscle
affects neocondyle growth with DLPT. Neocondyle bone growth is more marked in
paediatric patients than in adults.
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Mandibular reconstruction is a challeng-
ing task in head and neck reconstructive
surgery, which aims to achieve the best
possible functional and aesthetic out-
comes. In 1989, Hidalgo demonstrated
the utility of the vascularized fibula free
flap (FFF) for mandibular reconstruc-
tion1. Since then, the FFF has become a
highly reliable and popular flap for man-
dibular reconstruction2. This flap has
many advantages, including a long pedi-
cle length, wide vessel diameter, and the
ability to incorporate skin, muscle, and
bone components, which are required for
mandibular reconstruction3.
ons. Published by Elsevier Inc. All rights reserved.
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Fig. 1. Compared with the 1-month postoperative CT examination (left), the 3-month postoperative CT shows neocondyle bone growth (right).

Table 1. Descriptive statistics of the study sample.

Number of patients 35

Sex
Female 18
Male 17
Mean age (years) 32.3 � 17.5
Diagnosis
Benign 28
Malignant 7
Temporofibular ankylosis 0
Mean follow-up period (months) 21.8 � 9.9
New neocondyle formation 25
Only DLPT 8
Only DGF 2
DLPT + DGF 15
Mean volume of neocondyle bone growth (cm3) 0.479 � 0.380

DLPT, new bone formed in the direction of lateral pterygoid traction; DGF, new bone formed in
the direction of the glenoid fossa. Data presented as the number, or mean � standard deviation.
A mandibulectomy that includes the
condyle may be performed in patients with
osteomyelitis, trauma, or a tumour. Sever-
al techniques have been used to recon-
struct the mandibular condyle, including
the autogenous costochondral graft, autog-
enous coronoid process, distraction osteo-
genesis, vertical ramus osteotomy, total
alloplastic joint prosthesis, and vascular-
ized free tissue transfer for reconstruction.
Vascularized fibula flaps allow the
anatomy of the mandibular ramus and
condyle to be rebuilt, but cannot maintain
an appropriate condyle–disc relationship
during mandibular movement. A previous
study performed at the authors’ institution
demonstrated that the two different
neocondyle repositioning patterns were
associated with the morphology of
the neocondyle4. Some studies have found
that neocondyle remodelling can result in
persistent postoperative trismus and post-
operative temporofibular ankylosis5–7. In
fact, neocondyle bone growth after FFF
reconstruction remains unclear. The aim
of this study was to verify the three-di-
mensional (3D) morphological changes in
the neocondyle.

Materials and methods

The study population was composed of
patients who had undergone a mandibu-
lectomy that included the condyle for the
treatment of benign or malignant tumours
and underwent mandibular reconstruction
with a FFF at Peking University School
and Hospital of Stomatology between
January 2013 and June 2016. The inclu-
sion criteria were (1) stable occlusion
before and after surgery, (2) unilateral
mandibular defect affecting the condyle,
and (3) preserved lateral pterygoid mus-
cle and temporomandibular articular joint
discs.
Surgery was performed under general
anaesthesia with nasotracheal intubation.
Based on the location of the lesion, the
mandible was exposed through a subman-
dibular approach with or without a lower
lip-splitting incision, and the lateral pter-
ygoid muscle and temporomandibular
joint (TMJ) disc were carefully preserved.
After mandibular resection, the FFF was
harvested, shaped, and fixed to the residual
mandible using miniplates. The distal fib-
ula segment was shaped as the neocondyle
and placed in the glenoid fossa. The same
chief surgeon (XP) performed the tumour
resection and mandibular reconstruction
on every patient.
The postoperative maxillofacial com-

puted tomography (CT) scans (with a slice
thickness of 1 mm) of each patient were
reviewed retrospectively. All patients un-
derwent postoperative scans at 3-month
intervals during the first year after surgery,
which could show any new bone forma-
tion in relation to the fibula neocondyle
(Fig. 1). The postoperative CT data
were imported into iPlan 3.0 (Brainlab,
Feldkirchen, Germany). 3D virtual models
of the maxillofacial skeleton and the lat-
eral pterygoid muscle from every
postoperative CT scan were created
according to different CT attenuations.
The different 3D models of the neocon-
dyle were registered using the same coor-
dinate system, which helped to verify
morphological changes and the time to a
stable neocondyle following neocondyle
remodelling. The morphological changes
of neocondyle remodelling between the
initial neocondyle and stable neocondyle
were marked to produce the distinct 3D
model, while the volume of the marked 3D
model was automatically acquired by the
iPlan 3.0 software.
Correlation analysis between the prima-

ry independent variables, other indepen-
dent variables, and the primary outcome
variable was performed using SPSS Sta-
tistics version 17.0 (SPSS Inc., Chicago,
IL, USA). Statistical significance was
set at P � 0.05.
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Fig. 2. The red circle shows neocondyle bone growth in the direction of lateral pterygoid traction (DLPT; right) and in the direction of the glenoid
fossa (DGF; left). Three-dimensional models of neocondyle bone growth in the DGF and DLPT were created.
This study received ethical approval
from Peking University School and Hos-
pital of Stomatology (approval number
PKUSSIRB-202055073). Further, the pro-
tocol was in keeping with the tenets of the
Declaration of Helsinki.

Results

This retrospective case series enrolled 35
patients (18 female, 17 male) with an
average age of 32 years (range 8–72 years)
who underwent surgical resection of
tumours (benign in 28 patients, malignant
in seven patients). In most patients, the
primary tumour was an ameloblastoma
(n = 18, 51.4%). All of the fibula flaps
survived after surgery without any com-
plications. The average follow-up time for
the 35 patients was 21.8 � 9.9 months. No
patients developed persistent postopera-
tive trismus or postoperative temporofib-
ular ankylosis (Table 1).
Of the 35 patients, 25 showed new bone

formation in the neocondyle, while 10 did
not. The average volume of bone growth
for the 25 patients was 0.479 � 0.380 cm3.
Neocondyle bone growth occurred in two
directions: the direction of lateral ptery-
goid traction (DLPT) and the direction
towards the glenoid fossa (DGF)
(Fig. 2). Neocondyle bone growth had
Fig. 3. The red circle shows neocondyle bone
neocondyle bone growth in the DLPT were cre
three patterns: (1) DLPT only, which oc-
curred in eight patients (Fig. 3); (2) DGF
only, which occurred in two patients
(Fig. 4); (3) DLPT + DGF, which occurred
in 15 patients (Fig. 2).
The average volumes of neocondyle

bone growth, bone growth in the DLPT,
and bone growth in the DGF were
0.479 � 0.380 cm3, 0.183 � 0.167 cm3,
and 0.446 � 0.371 cm3, respectively. The
average bone growth volume in the DLPT
was significantly lower compared
with bone growth in the DGF
(P = 0.004) (Table 2). The average
volumes of neocondyle bone growth,
bone growth in the DLPT, and bone
growth in the DGF were significantly
greater in patients aged <18 years
(0.746 � 0.346 cm3, 0.292 � 0.197 cm3,
and 0.681 � 0.407 cm3, respectively) than
in patients aged >18 years
(0.219 � 0.191 cm3, 0.107 � 0.073 cm3,
and 0.237 � 0.159 cm3, respectively)
(P < 0.001, P = 0.001, and P < 0.001, re-
spectively) (Table 3).
For two patients, bone growth in the

DLPT was associated with bone growth in
the DGF, and the dividing line between the
two directions of bone growth was recog-
nized (Fig. 5 ). For 23 patients, initial bone
growth began at the section of the lateral
pterygoid muscle and was separated from
 growth in the direction of lateral pterygoid tra
ated.
the neocondyle in the 1-month postopera-
tive CT scans. As time passed, the volume
of bone growth from the lateral pterygoid
muscle increased; thus, reattachment of
the lateral pterygoid muscle increased
and the lateral pterygoid muscle was final-
ly connected with the neocondyle after
osteogenesis until the time at which the
neocondyle was stable (the time between
the initial neocondyle shape and the stable
neocondyle shape), which was equal to
neocondyle bone growth in the DLPT.
The average time at which the condyle
was stable following neocondyle bone
growth was 5.6 months postoperatively.

Discussion

A previous study performed at Peking
University School and Hospital of Sto-
matology demonstrated that neocondyle
repositioning had two different move-
ment patterns: a move towards the gle-
noid fossa and a move anteriorly and
medially, which was associated with neo-
condyle bone growth4. This study found
that neocondyle bone growth after FFF
had two different directions, including
the direction of lateral pterygoid traction
(DLPT) and the direction towards the
glenoid fossa (DGF), which could be used
ction (DLPT). Three-dimensional models of
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Fig. 4. The red circle shows neocondyle bone growth in the direction of the glenoid fossa (DGF). Three-dimensional models of neocondyle bone
growth in the DGF were created.

Table 2. Comparison of new bone formation in the direction of lateral pterygoid traction
(DLPT) and in the direction of the glenoid fossa (DGF).

Group Number Average volume, cm3 P-value

DLPT 23 0.183 � 0.167 0.004
DGF 17 0.446 � 0.371

Table 3. Comparison of new bone formation (cm3) between patients aged <18 years and
patients aged >18 years.

Neocondyle bone growth DLPT DGF

Age <18 years 0.746 � 0.346 0.292 � 0.197 0.681 � 0.407
Age >18 years 0.219 � 0.191 0.107 � 0.073 0.237 � 0.159
P-value <0.001 0.001 <0.001

DLPT, new bone formed in the direction of lateral pterygoid traction; DGF, new bone formed in
the direction of the glenoid fossa. Mean � standard deviation values.
to explain the two different movement
patterns of the neocondyle. Neocondyle
bone growth towards the DGF could
guide the neocondyle move towards the
temporomandibular fossa. In the present
study, CT showed that neocondyle bone
growth occurred in two directions, in-
cluding the DLPT and the DGF. Bone
growth in the DLPT began at the section
of the lateral pterygoid muscle and was
separated from the neocondyle in the 1-
Fig. 5. Bone growth in the direction of lateral p
dividing line between these two directions of bo
month postoperative CT scans. As time
passed, the new bone volume from the
lateral pterygoid muscle increased so sub-
stantially that reattachment of the lateral
pterygoid muscle perhaps occurred and
osteogenesis of the lateral pterygoid mus-
cle connected with the neocondyle. Thus,
we think that the neocondyle bone growth
in the DLPT resulted from ‘distraction
osteogenesis’ of the lateral pterygoid
muscle.
terygoid traction was connected with bone growt
ne growth was recognized.
Many studies have verified that new
bone overgrowth is caused by distraction
osteogenesis of the lateral pterygoid
muscle during the healing of sagittal
fractures of the mandibular condyle
and after disc and glenoid fossa damage,
which together eventually lead to trau-
matic TMJ bony ankylosis8,9. In the
previous study at the authors’ institution
it was found that the neocondyle could
move anteriorly and medially4. We
know that the inferior head of the lateral
pterygoid muscle inserts into the ptery-
goid fovea under the condylar process of
the mandible. Distraction osteogenesis
of the lateral pterygoid muscle was an-
terior and medial, which could explain
the direction of neocondyle movement.
The role of the lateral pterygoid muscle
could potentially be to form bone growth
in the DLPT to stabilize the position of
the shifting neocondyle.
The lateral pterygoid muscle is an

important factor in the development of
traumatic TMJ bony ankylosis. In animal
experiments, Deng et al. found that
blockade of lateral pterygoid muscle
function prevented the development of
traumatic TMJ bony ankylosis, while
maintaining the function of this muscle
h in the direction of the glenoid fossa, and the
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successfully established an animal mod-
el with traumatic TMJ bony ankylosis8.
Some studies have demonstrated that the
main direction of new trabecular bone in
new bone segments is consistent with the
DLPT8,10,11. Other studies have shown
considerable new bone overgrowth in
patients with maintained lateral ptery-
goid muscle function, but no TMJ bony
ankylosis was observed; TMJ bony an-
kylosis was also not observed in the
absence of damage to the glenoid fossa.
Thus, these authors demonstrated that
traction from the lateral pterygoid mus-
cle results in overgrowth of new bone
between the fragment and the lateral
stump of the condyle; however, it does
not result in TMJ bony ankylosis9,12.
Distraction osteogenesis of the lateral
pterygoid muscle during healing leads
to bony overgrowth between the frag-
ment and the lateral stump of the con-
dyle.
The main reason for traumatic ankylosis

of the TMJ is a bone healing disorder,
which is affected by multiple factors.
Many studies have confirmed that the
development of traumatic TMJ bony an-
kylosis can occur after post-traumatic
bleeding, condylar damage, articular disc
rupture/displacement, glenoid fossa dam-
age, or bone grafting in the joint space and
lateral pterygoid muscle13–16. In the pres-
ent study, patients who had undergone
mandibulectomy for benign or malignant
tumours and mandibular reconstruction
with FFF had similar conditions, including
postoperative bleeding, bone grafting in
the joint space, and preservation of the
lateral pterygoid muscle. Similarly, new
bone around the neocondyle was ob-
served, but no TMJ ankylosis developed.
The average volume of bone growth in the
DLPT was 0.183 � 0.167 cm3. The dis-
tance between bone growth in the DLPT
and pterygoid process was too great to
form a bony bridge.
Neocondyle bone growth was found

to be significantly associated with age
in this study. The average volumes of
new neocondyle bone growth, bone
growth in the DLPT, and bone growth
in the DGF were significantly greater in
patients aged <18 years compared with
patients aged >18 years. For patients
aged <18 years, the growth potential of
the lateral pterygoid muscle and neo-
condyle was greater, which led to more
precise placement of the neocondyle
and better neocondyle architecture
and function.
The average time at which the con-

dyle was stable following neocondyle
bone growth was 5.6 months postopera-
tively. Neocondyle bone growth in the
DLPT and DGF was separated from the
glenoid fossa by the TMJ disc, which
resulted in no persistent postoperative
trismus or postoperative temporofibular
ankylosis. Bone growth in the DGF
remodelled the neocondyle as the nor-
mal contour of the condyle, which
helped to facilitate the architecture
and function of the TMJ.
In conclusion, with preservation of the

articular disc, neocondyle bone growth
after FFF reconstruction does not devel-
op into temporofibular ankylosis. This
bone growth was found to occur in two
different directions: in the direction of
lateral pterygoid traction and in the di-
rection towards the glenoid fossa. Oste-
ogenesis of the lateral pterygoid muscle
affects neocondyle growth in the direc-
tion of lateral pterygoid traction. Neo-
condyle bone growth is more marked in
paediatric patients compared with
adults.
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