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Abstract

Background: The pathogenesis of traumatic TMJ ankylosis remains unclear. This study aimed to verify the role of
the lateral pterygoid muscle in the pathogenesis of traumatic temporomandibular joint (TMJ) bony ankylosis.

Methods: Eight 6-month-old male sheep were used in this study. Bilateral TMJ osteotomies were performed to
induce sagittal fractures of the mandibular condyle. The lateral one-fourth segment of the disc was removed to
establish a model of TMJ bony ankylosis. Subsequently, the function of the left and right lateral pterygoid muscles
was blocked (experimental group) or maintained (control group), respectively. At 12 weeks postoperatively, animals
were sacrificed and TMJ complex samples were evaluated by gross observation, spiral computed tomography (CT),
micro-CT, and histological examinations.

Results: Gross observation revealed bony ankylosis in the control TMJs and fibrous adhesions in the experimental
TMJs. Spiral CT and micro-CT demonstrated that, compared to the experimental group, the control group showed
calcified callus formation in the joint space and roughened articular surfaces after new bone formation, which
protruded into the joint space. Maximum mediolateral and anteroposterior condylar diameters were significantly
larger in the control group than in the experimental group. Micro-CT also showed that the primary growth
orientation of new trabeculae was consistent with the direction of lateral pterygoid traction in the control
group, but not in the experimental group. Histological examination showed fibro-osseous ankylosis in the
control group, but not in the experimental group.

Conclusions: The lateral pterygoid simulates the effects of distraction osteogenesis, which is an important
factor in the pathogenesis of TMJ bony ankylosis during the healing of sagittal condylar fractures.

Keywords: Animal model, Distraction osteogenesis, Lateral pterygoid muscle, Sagittal fracture of mandibular
condyle, Temporomandibular joint ankylosis

Background
Temporomandibular joint (TMJ) ankylosis is character-
ized by stiffening of the joint due to abnormal adhesion
and rigidity of the relevant bones after injury or disease.
This condition has significant effects on physical and
mental health and results in a poor quality of life, with

symptoms including trismus, masticatory difficulty,
speech impairment, and pain [1–5]. In clinical practice,
the most common cause of TMJ ankylosis is trauma,
with sagittal fracture of the mandibular condyle (SFMC)
being the primary etiology [2, 4, 5]. The treatment of
TMJ ankylosis is difficult, although various treatment
techniques have been reported [1, 2, 4–7]. It has been
hypothesized that traumatic TMJ ankylosis occurs after
condylar fracture [4, 5, 7], although the organization and
ossification of an intracapsular hematoma secondary to
TMJ injury has also been thought to cause this condition
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[8, 9]. Thus, the pathogenesis of traumatic TMJ anky-
losis remains unclear.
In 1982, Rowe found that TMJ ankylosis can result

from SFMC [10], while Duan et al. reported that type III
sagittal fractures were associated with disc displacement,
indicating a high risk of TMJ ankylosis [11]. He et al. re-
ported that 25 of 40 cases of TMJ ankylosis were caused
by sagittal fractures [7]. Moreover, animal studies have
revealed that sagittal fractures could result in severe sec-
ondary TMJ injury and, consequently, progressive
changes toward TMJ ankylosis [12]. Recently, many ex-
perimental and clinical studies have suggested that disc
rupture/displacement and traumatic TMJ ankylosis are
closely related [4, 9]. Yan et al. suggested that severe
damage to the glenoid fossa plays an important role in
the development of traumatic TMJ bony ankylosis [13].
However, the relationship between traction of the lateral
pterygoid muscle and traumatic TMJ ankylosis is not
well understood.
Distraction osteogenesis was first described by Ilizarov

in the 1950s, who suggested that bony regeneration oc-
curs in the gap between the fractured segments through
gradual distraction, based on osteotomy or corticotomy
and an appropriate distraction force [4]. The inferior head
of the lateral pterygoid muscle inserts into the pterygoid
fovea, below the condylar process of the mandible. In the
case of SFMC, the traction from the lateral pterygoid
muscle pulls the fractured segment anteriorly and medi-
ally. We have previously demonstrated that, during the
fracture healing process, this traction results in overgrowth
of new bone between the fragment and the lateral stump
of the condyle; however, it does not result in TMJ bony an-
kylosis [9]. Taken together, the findings of the abovemen-
tioned studies suggest that traumatic TMJ bony ankylosis
is the outcome of several associated factors. Therefore, we
hypothesized that TMJ ankylosis is caused by overgrowth
of new bone secondary to the distraction osteogenesis ef-
fect of the lateral pterygoid muscle during the process of
SFMC healing, in addition to damage to the articular disc
and glenoid fossa. The present study aimed to establish an
animal model in which SFMC is combined with damage
to the articular disc and glenoid fossa, to verify whether
disjunction of the lateral pterygoid muscle prevents trau-
matic TMJ bony ankylosis. Such information would aid
the development of appropriate treatment approaches for
SFMC that can prevent traumatic TMJ ankylosis.

Methods
Ethics committee approval and animals
The experimental protocol was approved by the Ethics
Committee of the State Key Laboratory of Military Sto-
matology, National Clinical Research Center for Oral
Diseases, Shaanxi Clinical Research Center for Oral

Diseases, School of Stomatology, Fourth Military Med-
ical University, Xi’an, China (SYXK 2015–001).
Eight 6-month-old (weight: 20–30 kg), healthy male

sheep were used in the present study. The animals were
cared for according to the guidelines set by the Laboratory
Animal Research Centre of Fourth Military Medical Uni-
versity. They were caged for a week prior to surgery to en-
sure the absence of abnormalities in occlusion or in their
TMJs. All right-sided TMJs were considered control speci-
mens, while the left joints were used as test specimens.

Surgical procedures
General anesthesia was induced by intramuscular injection
of xylazine hydrochloride (0.1 mL/kg; Founder Animal
Pharmaceutics, Ji Lin, China). The vertical maximum
mouth opening was measured and recorded. In the control
group, the right temporal and preauricular regions were
shaved and disinfected. The region was isolated with sterile
drapes, and lidocaine was injected as a local anesthetic. A
6-cm-long curved preauricular incision was made, the skin
flap was raised, and the TMJ complex was exposed
(Fig. 1a). To measure changes in the surgical height of the
mandibular ramus on both sides, the zygomatic arch and
mandibular ramus were exposed at the periphery of the
TMJ complex. One titanium screw was fixed on each of
the zygomatic arch and the mandibular ramus, approxi-
mately 2.0–3.0 cm away from the TMJ, and the distance
between the two screws was measured and recorded
(Fig. 1b). The capsule was exposed by blunt dissection,
and the inferior joint space was exposed by horizontal inci-
sion through the capsule at the condylar neck. The con-
dylar head was isolated using a periosteal elevator, and the
superior joint space was exposed by separation of the lat-
eral attachment of the disc through the inferior joint space.
The anterior and posterior attachments of the disc were
then cut off (Fig. 1c) and the lateral one-fourth of the ar-
ticular disc was removed (Fig. 1d). An oblique vertical
osteotomy was performed from the lateral pole of the con-
trol condyle to the medial side of the condylar neck, using
an ultrasound osteotome, to simulate an SFMC (type B
intracapsular fracture). Grid grooves measuring 2 col-
umns × 2 rows (approximately 1 mm deep) were carved,
using an ultrasound osteotome, on the surface of the glen-
oid fossa (Fig. 1e). In addition, the lateral pterygoid mus-
cles were maintained on the internal poles of the fractured
condyles in the control group. The capsule was not su-
tured, and the wound was closed in layers [9].
In the experimental group, approximately 0.5–1.0 cm

of the lateral pterygoid muscle was removed surgically
(Fig. 1f ). The other surgical procedures were the same
as for the control group. After surgery, each sheep was
administered an antibiotic (penicillin, 20 mg/kg; X-Y
Biotechnology, Shanghai, China) and an analgesic (pent-
azocine, 1 mg/kg) for 5 days.

Deng et al. BMC Oral Health  (2016) 16:62 Page 2 of 10



Sample preparation
After surgery and before sacrifice, wound healing and
the eating behavior of the sheep were monitored. One
day before sacrifice, the maximum mouth opening was
measured and recorded under general anesthesia, after
which spiral computed tomography (CT) was performed
(120 kV, 80 mA, 0.8-s rotation time, 0.2-mm slice thick-
ness, GE Medical Systems, Milwaukee, WI, USA) using a
GE Light-speed 32-slice CT scanner. Multiplanar recon-
struction was used to generate CT images of the TMJ
complexes. Morphological features, including the shape
and erosion pattern of the temporal and condylar surfaces,
and calcification in the joint space were evaluated.
At 12 weeks after surgery, all sheep were sacrificed by

intravenous injection of a lethal dose of pentobarbital
sodium (>0.5 g/kg). The TMJ complexes were dissected
and the distance between the two positioned titanium
screws were again determined. The TMJ complexes were
immediately removed en bloc using a slow speed dia-
mond saw (Northwest Medical Equipment, Shan Xi,
China), cleaned by stripping the flesh, and fixed in 10 %
buffered formalin for 72–96 h.

Micro-CT
Micro-CT images of the TMJ complexes were obtained
using a preclinical cone-beam CT scanner (Healthcare Ex-
plore Locus SP, GE Medical Systems, Milwaukee, WI,

USA), which is a CCD-based imaging tool that acquires
data by capturing a number of planar images at a regular
angular velocity. The images were acquired using the fol-
lowing parameters: X-ray tube voltage, 80 kV; anode
current, 80 μA; exposure time, 3000 ms; binning combin-
ation, 1 × 1; rotation angle, 360°; angle increment, 0.4°; and
scanning revolution rate, 21 μm. The trabecular micro-
architecture was evaluated using the built-in software of
the micro-CT device, with direct three-dimensional (3D)
morphometry for 3D image reconstruction. The center of
the fractured area was selected as the region of interest
(ROI; 3 × 3 × 3 mm).
A model-independent method was used to quantify vari-

ous architectural parameters, including the bone volume
fraction (BV/TV), trabecular number (Tb.N), trabecular
thickness (Tb.Th), trabecular separation (Tb.Sp), and the
degree of anisotropy (DA). BS/BV was obtained using a
plate model, and DA was derived using the mean intercept
length method. DA correlates with the orientation of the
loading regime of the bone, and the trabecular bone in the
load-bearing skeletal regions adapts to transmit compres-
sive or tensile loads along its primary orientation [14–16].
These parameters are typically used to evaluate bone qual-
ity. The ROI was set at the center of the fractured area
and was automatically calculated using Micview V2.1.2
and Advanced Bone Analysis software (Healthcare Explore
Locus SP, GE Medical Systems, Milwaukee, WI, USA).

Fig. 1 Surgical procedures in the control (a–e) and experimental groups (a–f). a Exposure of the temporomandibular joint (TMJ) complex. Te: temporal
bone, Co: condylar process, yellow arrow: articular disc. b Measurement of the preoperative ramus height in both groups. Mr: mandibular ramus, Za:
zygomatic arch. c Cutting of the anterior and posterior disc attachments. Te: temporal bone, Co: condylar process, yellow arrow: articular disc. d Removal
of the lateral one-fourth of the articular disc. Te: temporal bone, Co: condylar process, yellow arrow: lateral one-fourth of the articular disc. e Placement of
grid grooves measuring 2 columns × 2 rows using an ultrasound osteotome on the surface of the glenoid fossa. White arrow: the sagittal fracture line of
the mandibular condyle from the lateral pole of the condyle to the medial side of the condylar neck. Te: temporal bone, Co: condylar process.
Black arrow: grid grooves measuring “2 × 2” in the shape of a “#”, representing “2 columns × 2 rows”. f Removal of the medial lateral pterygoid muscle
attachment on the fracture segments (red arrow: broken ends of the lateral pterygoid muscle attachment) (Te: temporal bone, Co: condylar process)
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Histological examinations
After micro-CT scanning, all TMJ complex specimens
were divided into three blocks by coronal sectioning: an-
terior, central, and posterior. The central block was em-
bedded in 5 % benzoyl peroxide (Eastern Chemical
Reagent, Chong Qing, China) and polymerized. The
hardened tissue was sliced into 25-μm-thick sections
using a hard tissue microtome (2500E, LEICA, Wetzlar,
Germany) and subjected to Van Gieson staining.

Statistical analysis
SPSS 17.0 software (SPSS Inc., Chicago, IL, USA) was
used for statistical analysis. Paired-sample t-tests were
used to compare the maximum mouth opening, change in
the mandibular ramus height, and microarchitectural
parameters between the control and experimental
TMJ groups. 8 parameters (8 p-values) were designed
for the Tables 1, 2, 3 in the present study, a signifi-
cance test was performed for each one, so all in all 8
test. Multiple significance testing was corrected by
Bonferroni, a P-value of < 0.00625 (0.05/8) was consid-
ered statistically significant.

Results
Gross observation findings
All sheep tolerated surgery and exhibited spontaneous
recovery. No wound infection was observed, and the cut
lateral pterygoid muscle in the experimental group did
not reconnect. At 12 weeks after surgery, the mean max-
imum mouth opening was significantly smaller than that
before surgery (P < 0.00625; Table 1). There was no stat-
istical significance in the mandibular ramus height in the
control and experimental groups (P > 0.00625; Table 2).
In the control group, TMJ bony ankylosis at the lateral

articular surface and Y-shaped bifid condyles could be
observed by the naked eye during dissection (Fig. 2a).
On isolation of the TMJ complexes, we observed new
bone formation, with an irregular pattern, on the articu-
lar surfaces in both groups. The maximum mediolateral
and anteroposterior condylar diameters were larger in
the control group than in the experimental group
(Figs. 2b, c). In the medial region with an existing disc,
the articular cartilage and glenoid fossa did not exhibit
fusion.
In the experimental group, fibrous adhesions were ob-

served in the joint space, although TMJ bony ankylosis
was absent.

Spiral CT findings
Spiral CT revealed more new bone formation in the
control group than in the experimental group (Fig. 3a).
The maximum mediolateral and anterioposterior diame-
ters were larger in the control group than in the experi-
mental group at 12 weeks after surgery (Fig. 3b).
In the control group, the joints showed irregular upper

and lower articular surfaces, Y-shaped bifid condyles,
calcified callus formation in the joint space, a narrowed
joint space (with nearly complete disappearance of the
lateral joint space). Articular surfaces were roughened
after the formation of new bone, which protruded into
the joint space (Fig. 3c, d). TMJ bony ankylosis occurred
at 12 weeks after surgery.
In the experimental group, the joint space was almost

normal and clear, with no intra-articular calcification, al-
though irregular erosion was observed on the upper and
lower articular surfaces. No TMJ bony ankylosis had oc-
curred at 12 weeks after surgery.

Micro-CT findings
The microarchitectural data are shown in Table 3. All
parameters were significantly different between the two
groups at 12 weeks after surgery (P < 0.00625).
DA, which represents the main direction of new tra-

becular bone in the fractured segment, was consistent
with the direction of traction of the lateral pterygoid
muscle in the control group (Fig. 4a), but not in the ex-
perimental group (Fig. 4b).
Moreover, as compared with that in the experimental

group, the lateral joint space was filled with new cartil-
age and bone at the lateral articular surface in the con-
trol group. TMJ bony ankylosis and Y-shaped bifid
condyles were observed, consistent with spiral CT
findings.

Histological examination findings
The histological features of the normal TMJ complex
are illustrated in Fig. 5a. The surface of the glenoid fossa
was composed of dense fibrous tissue in the coronal sec-
tions, and the top surface of the normal condyle could
be differentiated into five layers (Fig. 5b).
In the control group, fibro-osseous ankylosis was ob-

served, and the joint space was filled with abundant new
cartilaginous matrix, cartilage cells, and a small amount
of fibrous tissue, with endochondral ossification present
at 12 weeks after surgery (Fig. 5c–e).
In the experimental group, the joint space was filled

with a considerable amount of fibrous tissue, but no
neoformative cartilage cells and matrix were present. Re-
generation and remodeling were observed in the frac-
tured region. The fibrous layer adjacent to the fracture
site appeared thicker, and new cartilage cell clusters were

Table 1 Maximal mouth opening (MMO) of the eight sheep
before and after surgical induction of sagittal fracture of the
mandibular condyle (mean±SD)

Before surgery After surgery P

MMO [cm] 4.78 ± 0.42 2.33 ± 0.28 <0.001
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observed in the hypertrophic layer at 12 weeks after sur-
gery (Fig. 5f–h).

Discussion
Traumatic TMJ ankylosis has been associated with several
risk factors, including some types of condylar fractures,
disc rupture/displacement, severe TMJ damage, and pro-
longed immobilization of the mandible [7, 17, 18]. Animal
experiments and clinical observations have shown that
SFMC or type B intracapsular fractures are more serious
risk factors for TMJ ankylosis than are other types of con-
dylar fractures [4, 7, 17, 19, 20]. Therefore, we here estab-
lished an animal model in which SFMC was combined
with articular disc and glenoid fossa damage. We found
that blockade of the function of the lateral pterygoid
muscle prevented the development of traumatic TMJ
bony ankylosis, while maintaining the function of this
muscle successfully established an animal model of trau-
matic TMJ bony ankylosis.
Yan et al. [17] reported that, in all animal models, de-

velopment of traumatic TMJ bony ankylosis required
several conditions, including condylar damage, articular
disc rupture/displacement, and glenoid fossa damage or
bone grafting in the joint space. Our previous experi-
ment verified the presence of considerable overgrowth
of new bone in the group in whom the lateral pterygoid
muscle function was maintained, but we found that no
TMJ bony ankylosis occurred [9]. Therefore, we modi-
fied our previous protocol in the present study to in-
clude the simulation of SFMC in the control TMJ (in
which the right lateral pterygoid muscle function was
maintained) and experimental TMJ groups (in which the

Table 3 Microarchitectural parameters in the fractured condylar
segment in the control and experimental groups (mean ± SD)

Parameters 12 weeks

Control group Experimental group P

DA [%] 1.61 ± 0.05 1.16 ± 0.02 <0.001

BV/TV [%] 0.41 ± 0.04 0.49 ± 0.05 0.001

Tb. Th [mm] 0.59 ± 0.10 0.47 ± 0.05 0.005

Tb.N [1/mm] 3.23 ± 0.27 2.59 ± 0.10 <0.001

DA: degree of anisotropy, BV/TV: bone volume fraction, Tb Th: trabecular
thickness, Tb.N: trabecular, BS/BV: bone surface to volume ratio, Tb.Sp:
trabecular separation
Control group: lateral pterygoid muscle function maintain on the rifgt side

Fig. 2 Gross observation of the temporomandibular joint (TMJ)
complexes at 12 weeks after surgery. a TMJ bony ankylosis in
the control group. Te: temporal bone, Co: condylar process. Dotted
yellow line: bony fusion in the TMJ bony ankylosis. Black arrow: Y-shaped
bifid condyle. b Maximum mediolateral diameter of the control condyle.
c Maximum mediolateral diameter of the experimental condyle

Table 2 Distance between the titanium screws on the zygomatic arch and mandibular ramus, indicating the ramus height, during
and after surgery for induction of sagittal fracture of the mandibular condyle, in the control and experimental groups (mean ± SD)

Control group Experimental group P

During surgery After surgery During surgery After surgery
aDistance [cm] 2.99 ± 0.52 2.47 ± 0.43 3.14 ± 0.23 3.13 ±0.23 0.046
adistance between titanium screws positioned on the zygomatic arch and mandibular ramus
Control group: lateral pterygoid muscle function maintained on the right side
Experimental group: lateral pterygoid muscle function blocked on the side

Deng et al. BMC Oral Health  (2016) 16:62 Page 5 of 10



function of the left lateral pterygoid muscle was
blocked), as well as minor damage to the glenoid fossa,
and removal of the lateral one-fourth of the disc to in-
duce TMJ bony ankylosis. We observed that only the
TMJ complexes in which the lateral pterygoid muscle
function was maintained developed TMJ bony ankylosis.
Thus, our findings demonstrated that traumatic TMJ

bony ankylosis was associated with several factors. Be-
cause TMJ bony ankylosis was not observed in the ab-
sence of damage to the glenoid fossa in our previous
study, we believe that glenoid fossa damage is an import-
ant factor in the development of TMJ bony ankylosis, con-
sistent with the findings of Yan et al. [13]. However, in the
present study, despite similar glenoid fossa damage on
both sides, only the TMJ complexes in which lateral ptery-
goid muscle function was maintained developed bony an-
kylosis, while those in which the lateral pterygoid muscle

function was blocked did not. These findings suggest that
the lateral pterygoid muscle is an important factor in the
development of traumatic TMJ bony ankylosis.
Passive maximum mouth opening has been accepted

as an important indicator of TMJ ankylosis in animal
models [13]. In the present study, the maximum mouth
opening of all animals had decreased significantly by
12 weeks after surgery. Radiographic and histological ex-
aminations also demonstrated new cartilage and bone
formation in the joint space in the control group. All
these findings suggested the successful induction of TMJ
bony ankylosis in this model.
We analyzed the trabecular bone microarchitecture in

the fractured segment. The DA parameter in micro-CT
analysis is essential for the detection of alterations in the
trabecular structure [21, 22]. According to Wolff ’s law,
trabecular cancellous bone is arranged in the direction

Fig. 3 Spiral computed tomography (CT) analysis of the temporomandibular joint (TMJ) complexes at 12 weeks after surgery. a Three-dimensional
reconstruction of a spiral CT image shows more newly formed bone in the control group (white arrow) than in the experimental group. b A horizontal
CT section shows that the maximum mediolateral and anteroposterior condylar diameters are larger in the control group than in the experimental
group. c and d Coronal and sagittal CT sections show irregular upper and lower articular surfaces, calcified bone callus formation in the joint space
(black arrow), a narrowed joint space, and roughened articular surfaces after new bone formation, which protrudes into the joint space in the control
group (black arrow). The experimental group shows irregular erosion on the upper and lower articular surfaces (yellow arrow), and the joint space is
clear with no intra-articular calcification
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of the dominant stress, and when the loading stress
changes, the trabecular bone is rearranged according to
the new stress trajectory. Anisotropic trabeculae result
from application of load in one or a few orientations,
while isotropic trabeculae result from application of load
in several directions [22–24]. Increased trabecular an-
isotropy in the fractured segment reflects preferential
preservation of the trabeculae that are oriented in the
direction of the dominant stress, while decreased tra-
becular anisotropy reflects recessive preservation of the
trabeculae that are oriented in the direction of the dom-
inant stress [16, 24–26].
In the present study, DA was significantly higher in

the control group than in the experimental group. The
longest axis of the ellipsoid of DA was consistent with
the direction of the traction vector of the lateral ptery-
goid muscle in the control group, which underlies the
parallel direction of the primary trabeculae and the dir-
ection of the traction vector of the lateral pterygoid
muscle. This has also been observed in other studies on
trabecular bone in the superolateral femoral neck [25,
26]. In addition, histological examinations in our previ-
ous study showed that new trabeculae in the fractured
segment were regularly arranged in a particular direc-
tion, i.e., the direction of the traction vector of the lat-
eral pterygoid muscle, in the group in which this muscle
function was retained [27]. Furthermore, gross observa-
tion and radiographic and histological examinations re-
vealed greater overgrowth of new bone in the control
group of the present study. These findings verified that
new bone overgrowth is caused by the distraction osteo-
genesis effect of the lateral pterygoid muscle during the
process of SFMC healing, in addition to disc and glenoid

fossa damage, which together eventually led to traumatic
TMJ bony ankylosis.
In the present study, we observed typical Y-shaped

bifid condyles in the area of the TMJ complexes, which
are associated with traumatic TMJ ankylosis [5, 28, 29].
Clinical observations and other animal experiments have
also reported similar results in the past [5, 29]. We also
attributed this Y-shaped bifid condyle formation to the
distraction osteogenesis effect of the lateral pterygoid
muscle during the SFMC healing process. When SFMC
occurs, the medial head and lateral ramus stump of the
fractured condyle separate. Then, the medial fractured
head is displaced anteromedially by traction of the lat-
eral pterygoid muscle, which results in the formation of
a typical Y-shaped bifid condyle [28].
Consistent with other clinical observations and animal

experiments, we observed that TMJ bony ankylosis usu-
ally occurred at the lateral articular surface [5, 6, 13, 17].
In the present study, we simulated B-type intracapsular
fractures, and we found that the vertical height of the
mandibular ramus decreased after surgery, as indicated
by the change in the distance between the two titanium
screws, although there was no statistical significance in
the mandibular ramus height between the control and
experimental groups, maybe the power of test was not
enough. Furthermore, clinical observations showed the
decrease in the stump height of the mandibular ramus
in most patients of TMJ bony ankylosis [7]. We deduced
that the stump height of the mandible ramus decreased
during the SFMC healing process, because displacement
of the condyle allowed the lateral surface of the ramus
stump to approach the temporal surface more closely, me-
diated by the function of the jaw elevator muscle, and thus

Fig. 4 Micro-computed tomography (CT) analysis of the temporomandibular joint (TMJ) complexes at 12 weeks after surgery (coronal section
analysis). a Evaluation of the direction of the trabeculae in the control group. The trabecular direction (red Y-axis) is consistent with the direction
of traction of the lateral pterygoid muscle. b Evaluation of the trabecular direction in the experimental group. The trabecular direction (red Y-axis)
is inconsistent with the direction of traction of the lateral pterygoid muscle
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increasing the likelihood of transarticular bony fusion,
which was similar to that in other studies [4, 7, 8, 30]. In
addition, medial dislocation of the fractured condylar head
through traction from the lateral pterygoid muscle created
a cavity that was rapidly filled with blood, creating a large
hematoma that subsequently ossified [8, 9]. This is an im-
portant factor for bony bridge formation in TMJ ankylosis
at the lateral articular surface.
The present study showed that the distraction osteo-

genesis effect of the lateral pterygoid muscle may be an
important factor in the pathogenesis of traumatic TMJ
bony ankylosis during the healing of SFMCs. These find-
ings will further guide the clinical treatment of man-
dibular condylar fractures (e.g., by wearing open-mouth

plates/occlusal pads) and will help to prevent TMJ anky-
losis. Yang et al. [9] used an open-mouth plate to treat
four children with SFMC and found an almost normal
radiological morphology after treatment. Our previous
study [2] also showed satisfactory outcomes of SFMC
treatment by means of occlusal pads, which caused re-
laxation of the lateral pterygoid muscle and blockade of
its function, thus decreasing the incidence of TMJ
ankylosis.

Conclusions
In conclusion, the results of the present study sug-
gest that the lateral pterygoid muscle simulates the

Fig. 5 a and b Histological sections of the normal temporomandibular TMJ complexes (coronal section analysis). a The normal histological
features of the TMJ complexes are illustrated (Van Gieson staining). Te: temporal bone, Ad: articular disc, Co: condylar process. b The fibrocartilage
layer on the top surface of the condyle can be differentiated into five layers: fibrous, proliferative, hypertrophic, calcified, and trabecular layers,
marked as f, p, h, c, and b (Van Gieson staining). c–e Histological section of the control TMJ complexes at 12 weeks afyer surgery (coronal
section analysis). c Fibro-osseous ankylosis in the control group (Van Gieson staining). Te: temporal bone, Ad: articular disc, Co: condylar process.
d The joint space is composed of abundant neoformative cartilaginous matrix, cartilage cells (red arrow) and a small amount of fibrous tissue
(Van Gieson staining). e Neoformative endochondral ossification (black arrow) can be seen (Van Gieson staining). f–h Histological section of the
experimental TMJ complexes at 12 weeks after surgery (coronal section analysis). f The joint space is filled with abundant fibrous tissue (Van Gieson
staining). Te: temporal bone, Ad: articular disc, Co: condylar process. g There are very few cartilaginous cells and little matrix in the joint space. The joint
space is filled with considerable fibrous tissue, with partial fibrous adhesion between the glenoid fossa and articular disc (white arrow;
Van Gieson staining). h Regeneration and remodeling are shown in the fractured segment. The fibrous layer adjacent to the fracture site
is thicker, and new cartilage cell clusters are seen in the hypertrophic layer (yellow arrow; Van Gieson staining)
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effects of distraction osteogenesis during the process
of SFMC healing, and that this distraction osteogen-
esis effect is an important factor in the pathogenesis
of traumatic TMJ bony ankylosis during this healing
process.
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