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Introduction: The purpose of this study was to evaluate the hypothesis that 3-dimensional mandibular
morphology is correlated with condylar movement in patients with mandibular asymmetry. Methods: Subjects
were classified into 2 groups (n 5 25 each): mandibular asymmetry with a menton deviation greater than
4 mm and no mandibular asymmetry with a menton deviation less than 4 mm. Linear and volumetric measure-
ments of 3-dimensional mandibular morphology were recorded using computed tomography. Mandibular
functional movement was recorded by computerized axiography (CADIAX; Gamma Dental, Klosterneuburg,
Austria), and condylar path length, sagittal condylar inclination, and transverse condylar inclination on
protrusion were measured. We calculated side-to-side asymmetry (shifted side vs nonshifted side) in
mandibular morphology and assessed condylar movement by using an asymmetry ratio (nonshifted side/
shifted side).Results:Significant differences inmandibular morphology and condylar movement were found be-
tween the 2 groups. In the group with menton deviation greater than 4 mm, significant correlations were found
between the asymmetry ratio of mandibular morphology and condylar movement: ie, condylar path length and
transverse condylar inclination. No significant correlations were found between any of these measurements in
the group with menton deviation less than 4 mm. Conclusions: In support of our hypothesis, the results sug-
gested that 3-dimensional mandibular morphologic asymmetry is associated with condylar movement in
subjects with mandibular asymmetry. (Am J Orthod Dentofacial Orthop 2017;151:324-34)

Many researchers have investigated the cranio-
facial morphology of skeletal asymmetry using
various methods involving 2-dimensional (2D)

measurements1-3 and have also noted asymmetry in the
dental arch,4 temporomandibular joint (TMJ),5,6 and
intraoral pressure.7

Skeletal asymmetry is also known to affect the symme-
try of the condylar path, and previous studies have reported
a relationship between condylar movement and facial
morphology using posteroanterior cephalograms.8-11

Pirttiniemi et al8 found that the condyle path was steeper
on the side of the crossbite in patients with unilateral
crossbite. Hashimoto et al9 reported that the condylar
path length during protrusivemovements was significantly
longer on the shifted side than on the nonshifted side, and
noted a positive correlation between mandibular deviation
and condylar path asymmetry in patients with facial asym-
metry. Ishizaki et al10 reported that the transverse condylar
inclination of the shifted side during protrusivemovements
showed negative values: ie, the condyle of the shifted side
had a tendency to move outward and was significantly
different from the nonshifted side.

However, 2D cephalometric analysis has several limi-
tations, including errors caused by head posture, magni-
fication, and distortion.12-16 To resolve these limitations,
3-dimensional (3D) computed tomographic (CT) analysis
of facial morphology has been undertaken recently.17-21

Unlike 2D analysis, 3D analysis takes into account the
surface area and volume. Takada et al22 suggested that
morphologic study using 2D image analysis had limited
accuracy and reliability, and advocated investigating se-
rial mandibular movement and the interaction of
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detailed morphologic and functional aspects using 3D
image analysis with its superior accuracy and reliability.

Few studies have investigated the correlation between
3D facial morphology and mandibular movement during
maximummouthopening and closing in subjectswith or-
ofacial deformities using the 3D computed tomography
and optical tracking camera system.23 There are also no
reports relating to simultaneous analysis of volumetric
measurement and mandibular movement. Therefore, in
this study, we sought to evaluate the hypothesis that 3D
mandibular morphology is correlated with condylar
movement in subjects with mandibular asymmetry.

MATERIAL AND METHODS

Fifty adult subjects excluding those with skeletal
Class II malocclusion participated in this study, after giv-
ing fully informed consent as stipulated in the protocol
approved by the institutional ethics committee (approval
731) of Tokyo Medical and Dental University in Japan.
The subjects were divided into 2 groups: mandibular
asymmetry with a menton deviation greater than
4 mm (MA; n 5 25; 14 women, 11 men; age,
25.7 6 6.3 years) and no mandibular asymmetry with
a menton deviation less than 4 mm (NA; n 5 25; 14
women, 11 men; age, 21.7 6 4.6 years). All subjects
had a full permanent dentition except for the third mo-
lars. Subjects with congenital malformations including
clefting, fracture, rheumatoid arthritis, trismus, and
TMJ pain and those who were taking any medication
known to affect muscle activity or who had undergone
orthodontic treatment were excluded from the study.
Patient characteristics in the NA and MA groups are
listed in Table I. Additionally, the incidence of TMJ dis-
order symptoms is given in Table II.

Three-dimensional facial morphology was measured
using 3D CT scans taken using a multisliced CT unit (SO-
MATOM PLUS-S; Siemens Japan, Tokyo, Japan) at
120 kV and 200 mA. The thickness of the axial image
was 3.0 mm, and the table speed was 4 mm per second.
The spiral CT images that we used were not taken for
research purposes. Although orthodontists use lateral

and posteroanterior cephalometric radiographs as
routine diagnostic records for orthognathic treatment,
oral surgeons took the CT images of some patients
with jaw deformities; this was necessary for planning
their surgeries. Therefore, from the patients with these
spiral CT images, we selected those who fulfilled the
criteria for this study, and their scans were used second-
arily for this research.

Digital imaging and communication in medicine (DI-
COM) data were reconstructed into 3D images using Sim-
plant OMS (Materialise Dental Japan, Tokyo, Japan).
Mandibular asymmetry was defined by the distance of
menton deviation from the midsagittal reference plane.
The midsagittal reference plane was defined with the
method recommended by Suzuki-Okamura et al.24 The
mandibles were separated from the whole images, and
the teeth above the alveolar bone in the mandibles were
removed. Landmarks and measurements were defined us-
ing themethodofYou et al.18 Condyle volumewasdefined
as the structure superior to the plane that is perpendicu-
larly intersected with the line connecting the apex of the
condyle and the most inferior point of the mandibular fo-
ramen and that goes through the most depressed point of
the neck of the mandible (Table III; Fig 1).

Mandibular functional movement was recorded by
computerized axiography (CADIAX; Gamma Dental,
Klosterneuburg, Austria) to measure condylar path
length, sagittal condylar inclination on the sagittal plane,
and transverse condylar inclination on the horizontal
plane during protrusion. Each patient carried out volun-
tary protrusive movements with the teeth in contact. The
condylar path length was measured as the shortest dis-
tance between the reference point and the most trans-
lated position of the condyle in the sagittal plane. Both
sagittal condylar inclination on the sagittal plane and
transverse condylar inclination on the horizontal plane
were measured 5 mm from a reference point25 (Fig 2).

The side toward which the chin was shifted was called
the shifted side, and the other side was called the non-
shifted side. We calculated side-to-side asymmetry
(shifted side vs nonshifted side) in mandibular
morphology and condylar movement in the NA and
MA groups. Based on the results from a previous analysis
to detect morphologic differences between groups, we
also compared both the shifted side and the nonshifted
side in the MA group (n5 25 each) with the mean values

Table I. Patient characteristics

Variable Mean SD Minimum Maximum
NA group
Age (y) 21.7 4.6 16.5 34
ANB (�) �4.1 2 �8.5 0
MD (mm) 1.3 1.1 0.1 3.5

MA group
Age (y) 25.7 6.3 17.6 42.1
ANB (�) �1.3 2.8 �7.5 2
MD (mm) 9.7 4.1 4.1 16.4

MD, Degree of menton deviation.

Table II. Temporomandibular disorder symptoms

NA group MA group
Only on the shifted side 2 (8.0%) 5 (25.0%)
Only on the nonshifted side 5 (25.0%) 9 (36.0%)
On the bilateral side 2 (8.0%) 7 (28.0%)
Total 9 (36.0%) 21 (84.0%)
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