Clinical Oral Investigations (2018) 22:2653-2661
https://doi.org/10.1007/s00784-018-2364-7

ORIGINAL ARTICLE

@ CrossMark

Assessment of condylar morphology and position using MSCT in an
Asian population

Qi Liu - Xiaoer Wei” - Juanjuan Guan' - Ran Wang" - Derong Zou" - Lvfeng Yu'

Received: 22 March 2017 / Accepted: 24 January 2018 /Published online: 1 February 2018
© Springer-Verlag GmbH Germany, part of Springer Nature 2018

Abstract

Objectives The purpose of the present study was to investigate the volume, surface, morphometric index (MI), and position of the
condyle in a normal population by applying Mimics 17.0 software. Then, the difference between left and right sides, sex, and age
can be explored, which will contribute to establish the reference value of condylar morphology and position in normal individ-
uals, and help us to study characteristics of condylar morphology and position in abnormal individuals.

Materials and methods Three-hundred subjects were enrolled in our study from the radiology department of Shanghai Jiao Tong
University Affiliated Sixth People’s Hospital. They were divided into three groups according to the age: group 1 (18-24 years
old), group 2 (25-34 years old), and group 3 (35—44 years old). Each group included 100 subjects (with 50 males and 50
females). They were examined using multislice computed tomography (MSCT) after that. All images of condyle were recon-
structed by Mimics 17.0 software, so as to measure the volume, surface, and MI of condyle, and to analyze the position of
condyle in the articular fossa by means of joint spaces.

Results The differences of condylar volume, surface, and MI between left and right sides were not obvious (P > 0.05). The
condylar volume and surface were greater in males than females (P < 0.05), while their condylar MI existed no difference (P >

0.05). No statistical differences were found in volume and surface among three age groups. However, the MI of group 1 was
statistically lower than that of group 3 (P < 0.05). On the other hand, no significant differences were found between left and right
condylar position (P > 0.05). Nevertheless, there were significant differences of condylar position regarding the gender and age
(P <0.05).

Conclusions This study showed no significant differences in condylar morphology and position between left and right sides, but
factors of gender and age were proven to have a certain influence on the morphology and position of the condyle. This
information can be clinically useful in establishing the diagnostic criteria for condylar morphology and position in the normal
Asian population.

Clinical relevance Examination of condylar morphology and position is important for evaluating the abnormalities and bony
changes that affect the temporomandibular joint (TMJ). So, this will be conducive to the diagnosis and the evaluation of
therapeutic effect of temporomandibular joint diseases. Also, it is important to evaluate these indexes prior to commencing
orthodontic treatment, because TMJ abnormalities play a critical role in orthodontic treatment planning.
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Introduction

The condyle is an important part of the temporomandibular
joint (TMJ), which is the primary growth center of the man-
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maxillary and mandibular bases as well. During the develop-
mental period, the condyle manifests adaptability to functional
stimulation, which plays an important role in the stability of
long-term orthodontic and orthognathic treatment [1]. While
during adulthood, the condyle is often suffered from remod-
eling process due to its adaptability, that is, flattening, sclero-
sis, erosion, osteophytes, and absorption, which could influ-
ence its volume and shape [2].

On the other side, the position of the condyle in the tempo-
romandibular joint and its clinical significance have always
been a matter of controversy. Many different researches have
attempted to explore the position of condyle in the glenoid
fossa and whether it is related to temporomandibular joint
disorder (TMD), malocclusion, and other maxillofacial dis-
eases or not. The means of evaluating condylar position was
first proposed by Ricketts; that is, joint spaces between the
mandibular condyle and the articular fossa were measured
through radiological methods, and the condyle-fossa relation-
ship was further assessed on the basis of this data [3].

As a digitized three-dimensional interactive medical image
controlling system, Mimics software was first developed by
Materialise Company in Belgium. It has the function of gen-
erating three-dimensional images, as well as editing and pro-
cessing of medical images, with highly integrated and easily
accessible features [4]. The accurate TMJ three-dimensional
digital model can be reconstructed on the personal computer
by Mimics, based on the imported two-dimensional computed
tomography (CT) images of TMJ. Afterwards, the volume and
surface of the condyle will be calculated automatically. Also,
it allows us to measure the joint space quantitatively with the
function of measuring various linear distances and angles.

While the volume, surface, and position of the condyle
have been examined previously, the information on Asian
populations is still rare, particularly on the factor of age. In
the present study, 300 adults were included for the purpose of
assessing the volume, surface, morphometric index (MI), and
position of bilateral condyles by using multislice computed
tomography (MSCT) and Mimics 17.0 software. The aim of
this study was therefore to determine the effects of left and
right sides, gender, and age on the condylar morphology and
position, and to establish the reference value of these param-
eters in normal individuals in addition, as well as to study
characteristics of condylar morphology and position in abnor-
mal individuals.

Materials and methods
Subjects
Three-hundred Chinese patients of maxillary sinusitis who

referred to the Department of Radiology in Shanghai Jiao
Tong University Affiliated Sixth People’s Hospital for
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paranasal sinus CT scan were recruited for this study from
June 2015 to July 2016, with 150 males and 150 females.
The inclusion criteria are as follows: the subjects were aged
between 18 and 44 years old, with approximately symmetrical
maxillofacial structures, and with intact permanent dentition
(except for the third molar). The individuals who had any
evidence of TMD both in clinical and radiological examina-
tion, malocclusion, the history of surgery and trauma in TMJ,
and prior orthodontic or orthognathic treatment were excluded
from the present study. Moreover, the presence of any con-
genital abnormalities or any systemic diseases which could
affect joint morphology such as rheumatoidarthritis and max-
illary sinusitis caused by odontogenic infection were all ex-
cluded. Next, the subjects were divided into three groups ac-
cording to the age: group 1 (18-24 years old), group 2 (25—
34 years old), and group 3 (35-44 years old). Each group
included 100 persons (50 males and 50 females).

Acquisition of CT images

The CT images were obtained (Siemens Definition AS +128
MSCT) with the following technical parameters: 120 kV,
100 mA, 0.5 s/rot, and 512 x 512 matrix. The subjects were
supine and biting their teeth into maximum intercuspal posi-
tion. Their heads were positioned with the Frankfort horizon-
tal plane and the midsagittal plane of the head perpendicular to
the floor. The fixation device was used to keep the head sta-
tionary during the scanning process. The CT images covered
the whole maxilla and mandible. All the subjects were
scanned by the same radiologist using the same machine.
The acquired CT images were saved in the form of two-
dimensional digital imaging and medical communication doc-
uments (DICOM).

Condylar 3D reconstruction

The 3D reconstruction of the condyle was conducted by ref-
erence to Schlueter et al. [5] and Tecco et al. [6],and our
improved procedures are as follows: importing the saved
DICOM images into Mimics 17.0 software(Materialize NV
Technologielaan, Leuven, Belgium) and orientating the im-
ages at the same time. The images were visualized in the
recommended range of bone density (range of gray scale from
—1024 to 1650). Each condyle was segmented using an adap-
tive threshold (226-3071), which was visually checked prior
to reconstructing 3D condylar models. Then, the remaining
surrounding structures of the condyle were progressively re-
moved through the segmentation function of Mimics (Fig. 1).

The segmentation process was made on the axial views,
and the superior and inferior bound of the condyle were
standardized: On the axial view, the superior bound of the
condyle was determined where the first radiopaque point
was viewed in the image representing the synovial
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Fig. 1 The 3D reconstruction of
the condyle
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(Fig. 2a). The inferior bound was selected when the sig-
moid area disappears, while scrolling the image from the
upper to the lower region of the joint space (Fig. 2b).

Analysis of condylar position

The axial view, on which the condylar process had the
widest mediolateral diameter, was selected as the refer-
ence view for a secondary reconstruction. On this chosen
reference view, a parallel line of the long axis of the con-
dylar process was drawn, and lateral slices were recon-
structed with 0.5-mm thickness using the “reslice” func-
tion. Joint spaces were measured on the central sagittal
section after that.

The measurement method for condylar position used in
the present study was described by Cohlmia JT et al. [7].
The landmarks used for analysis are illustrated in Fig. 3
and were established in the following manner: (1) line F
which was parallel to the Frankfort horizontal plane was
regarded as the baseline and line F’ was drawn tangent to
the most superior point of the glenoid fossa (point a). (2)

Lines were then drawn from point “a” tangent to the an-
terior and posterior aspects of the condylar process at the
anterior condyle point (point b) and posterior condyle
point (point c), respectively. (3) Perpendiculars to these
tangents from points a and b intersected the articular fossa
at point d anteriorly and point e posteriorly, respectively.
(4) Anterior joint space (A) was the distance between
point b and d, and posterior joint space (P) was the dis-
tance between point ¢ and e.

Indexes for assessment

The reconstruction and measurement of the condyle were con-
ducted by the same professional observer to avoid the mea-
suring error from different persons. All images were
revaluated over 3-week interval, and the averages were taken
as the final values.

(1) Condylar volume (V) and surface (S): This can be cal-

culated automatically by Mimics.
(2) Morphometric index (MI): MI=V/S.
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Fig. 2 The segmentation process was made on the axial views, and the
superior and inferior bound of the condyle were standardized. On the
axial view, the superior bound of the condyle was determined where the
first radiopaque point was viewed in the image representing the synovial
(a). The inferior bound was selected when the sigmoid area disappears,
while scrolling the image from the upper to the lower region of the joint
space (b)

(3) Condylar position was expressed as lf;—’j\ x 100%. The
position of the condyle was considered concentric if the
ratio was within + 12. The condylar position was consid-
ered anterior if the ratio was greater than + 12. While the
ratio which was smaller than — 12 represented a posterior

position.

Reproducibility of measurements
To assess the significance of any errors during measurement, 30

samples were re-evaluated with a 3-week interval by two ob-
servers. Intra-class correlation coefficients (ICCs) were used to
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determine the intra-observer and interobserver reliabilities, and
the results were both greater than 0.9. Therefore, reproducibility
of the evaluation method was found statistically acceptable.

Statistical analysis

The measurements were processed and analyzed using SPSS
21.0. The data presented as mean + standard deviation were all
normally distributed. The paired sample ¢ test was used to
calculate the statistically significant differences of volume,
surface size, and MI between left and right sides, and the ¢ test
for independent samples was employed to calculate the statis-
tically significant differences between the males and the fe-
males. An analysis of variance (ANOVA) was performed to
do the analyses based on ages. Bonferroni method was used
for comparison of two of the three age groups. As for the con-
dylar position, McNemar test and Pearson chi-squared test were
used to compare the condylar positions between TMJ sides and
genders, respectively. Nevertheless, the comparison of different
age groups was performed using the Pearson chi-squared test or
the Kruskal-Wallis test depending on different purposes of the
research. The level for significance was set at P <0.05.

Results
Comparisons between left and right sides

No significant differences were found in condylar volume,
surface, MI, and position between right and left sides
(P >0.05) (Tables 1 and 3).

Comparisons between males and females

For the condylar volume and surface, the differences accord-
ing to genders were statistically significant (P < 0.05). Males
showed a higher condylar volume and surface when compared
with females. Although the MI of males was higher than that
of the females, the difference was not significant (P >0.05)
(Table 1). There was also a significant gender difference in
condylar position (P < 0.05). Females (62.1%) accounted for a
greater proportion in posterior condylar position than males
(37.9%), and the difference of gender distribution in posterior
position was the most obvious among three kinds of condylar
positions (Table 4).

Comparisons among different age groups
(1) Differences of condylar morphology
There were no significant differences in volume and sur-

face in accordance with ages (P> 0.05). Whereas significant
differences were found in MI among three age groups (P <
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Fig. 3 The landmarks used for
the analysis

0.05), and Bonferroni test was further used to assess the inter-
group significances. It turns out that the difference between
groups 1 and 3 was statistically significant (P <0.05)
(Tables 1 and 2).

(2) Differences of the condylar position among different age
groups

When differences of condylar position among three age
groups were studied, the age can be regarded as a disorderly
classified variable. And Pearson chi-squared test was used for
statistical analysis. The results are summarized in Table 4. The
distributions of condylar position in different age groups were
significantly different (P < 0.05); thus, condylar positions may
be affected by the factor of age.

(3) The change of condylar position with age

The age was taken as an ordered variable to study whether
there was some kind of changing tendency in condylar posi-
tion with the growth of age. Kruskal-Wallis test was applied
for this research purpose. However, no changing tendency
was found in condylar position with age (P> 0.05) (Table 4).

Discussion

As one of the most important joints in the body, bilateral
temporomandibular joints need to work together. The TMJ
takes part in the composition of maxillofacial functional sys-
tem together with the teeth, maxillofacial bones, masticatory
muscles, nerves, and blood vessels. The assessment of ana-
tomical structures of TMJ radiologically is an important way
to study the morphology and function of TMJ, which will be
conducive to the diagnosis, treatment, and evaluation of TMJ
diseases. Various radiographic methods have been used in
previous studies to analyze bony structures of TMJ quantita-
tively, such as conventional radiography [8], computed to-
mography (CT) [9], magnetic resonance imaging (MRI)
[10], and cone beam computed tomography (CBCT) [11].
Conventional radiography is limited by projection angle
and overlapped surrounding structures. And MRI is mainly
used for soft tissues, which is regarded as the gold standard
for diagnosis of temporomandibular joint disk displacement
[12]. Whereas MSCT and CBCT are superior to MRI in ob-
serving hard tissues, they represent TMJ structures with high
accuracy which produces submillimeter spatial resolution, and
are increasingly used in clinical research. Zain-Alabdeen et al.
[13] examined the differences between MSCT and CBCT in

Table 1 Comparisons of condylar morphology
V (mm?) P, S (mm?) P, MI P;
Side Left 1903.680 £401.426 0.316 926.983 £133.454 0.337 2.036+0.175 0.469
Right 1923.804 +£419.112 933.457+139.914 2.042+0.186
Gender Male 1976.135 £356.940 0.026* 963.084 +117.374 0.005* 2.039+0.168 0.967
Female 1867.607 +389.225 911.552+155.171 2.038 +0.181
Age Groupl 1848.830+£396.482 0.086 909.419 +£133.772 0.160 2.004 £0.201 0.022*
Group2 1916.905+371.303 935.731+£129.294 2.035+0.150
Group3 1977.301 £360.389 945272 £113.780 2.078£0.163
*=P <0.05
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Table 2  Bonferroni test of MI among different age groups

(DAge (J)Age d{d-J) SE P

1 2 —0.30894 0.027240 0.774
3 —0.073779* 0.026634 0.018*

2 1 0.030894 0.027240 0.774
3 —0.042885 0.027392 0.356

3 1 0.073779* 0.026634 0.018%*
2 0.042885 0.027392 0.356

*=P <0.05

detecting bone changes of condylar surface, and they conclud-
ed that no significant differences existed in the accuracy.
Moreover, relatively speaking, MSCT displays more soft tis-
sues than CBCT [14]. Although articular disk displacement
and perforation can be diagnosed by CBCT using
arthrography, arthrocentesis is certainly traumatic and the di-
rect images of the articular disk and other soft tissues cannot
be shown clearly [15]. In addition, Hintze et al. [16] argued
that no significant differences in diagnostic accuracy for the
detection of bone changes in the condyle and articular tubercle
were found between CBCT images and CT images, with the
exception of bone defects in the articular tubercle examined
on frontal views alone where the specificity with CT was
significantly higher than that with CBCT. Consequently, in
spite of the lower radiation dose, shorter scanning time, and
lower cost of CBCT compared with CT [17], MSCT was
selected for the present study in consideration of the sample
source and previous studies simultaneously, so that the re-
quirements of medical ethics and the reliability of research
could be met at the same time.

The validation of condylar 3D reconstruction was mainly
affected by the segmentation process and the observer. During
the segmentation process, it was critical to identify the inferior
bound of the condyle. The sigmoid notch, which is easy to be
recognized and not affected by growth or surgical interven-
tions, was taken as the landmark for the inferior bound of the
condyle. So, the reconstructed condylar models would theo-
retically be highly reproducible. As for the measurement dif-
ferences, the reconstruction and measurement of the condyle
were conducted by the same professional observer to avoid
the measuring error from different persons. Thirty samples

were re-evaluated and intra-class correlation coefficients were
calculated to assess the within observer difference. The results
were all greater than 0.9. So, the reproducibility of the evalu-
ation method was found statistically acceptable.

Differences in condylar morphology

The subjects enrolled in this study were approximately sym-
metrical in maxillofacial structures, with no symptoms of
TMD. And no significant differences were found in condylar
volume, surface, and M1 between right and left sides, suggest-
ing that the morphology of bilateral condyles was basically
symmetrical, which was similar to previous studies [18]. But
this finding contradicts that of Tecco et al. [6]. They found that
the condylar volume in the right TMJ was significantly higher
than in the left, as was the condylar surface. This contradiction
perhaps results from the different inclusion criteria, since in-
dividuals with malocclusion were also included in their re-
search. So, bilateral condylar morphology is generally sym-
metrical in the normal population.

In the light of our study, the condylar volume (1976.135 +
356.940 mm”) and surface (963.084 + 117.374 mm®) of males
are significantly higher than those of females (1867.607 +
389.225 mm’, 911.552  155.171 mm®). The difference of con-
dylar morphology in genders should be consistent with the
difference of their skeletal characteristics, which was confirmed
by Song et al. [19], who examined the female-to-male propor-
tions of the head and face in Koreans; that is, both the frontal
and lateral facial dimensions of males were larger than females.

It is reported that the most remarkable morphologic alter-
ations and positioning asymmetries of TMJ structures are re-
lated to varieties of factors, such as the absence of teeth, dental
abrasion, premature occlusal contact points, unilateral poste-
rior crossbites, and functional mandibular deviations. The ar-
ticular cartilage has been proven to respond to the degenera-
tive changes and nonphysiological strain in the joint areas, by
means of changing the thicknesses of single-cartilage layers
and total layer thickness. And this will lead to a change in
vertical dimensions and width [20]. What is more, the shape
and linear dimensions of the mandibular condyle have been
demonstrated to have high variability [21]. Instead of the vol-
ume and surface, MI could be a preferable indicator, because
no significant differences are found according to TMJ sides

Table 3 The difference between

right and left condylar position Left Total X P
Posterior Central Anterior
Right Posterior 27 (9%) 23 (7.7%) 14 (4.7%) 64 6.621 0.085
Central 23 (7.7%) 71 (23.7%) 34 (11.3%) 128
Anterior 11 (3.7%) 58 (19.3%) 39 (13%) 108
Total 61 152 87 300
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Table 4 Comparisons of — 2
condylar position based on Condylar position Total  x P
gender and age
Posterior Central Anterior
Gender  Males 22 (14.7%)  88(58.7%) 40 (26.7%) 150 6.362 0.042
Females 36 (24%) 68 (45.3%) 46 (30.7%) 150
Total 58 156 86 300
Age Group I 16 (16%) 56 (56%) 28 (28%) 100 13.646 0.009
Group2 15 (15%) 56 (56%) 29 (29%) 100
Group3 31 (31%) 36 (36%) 33 (33%) 100 1.291 (K-W)  0.524 (K-W)
Total 62 148 90 300

and genders in the present study. This will serve to the judg-
ment of the presence or absence of an abnormal condylar
shape in clinic.

With regard to the condylar morphology among different
age groups, no significant differences were found in condylar
volume and surface. And there were no previous studies in-
vestigating the effect of age on condylar volume and surface.
It is noteworthy that the maximum age of'this study is 44 years
old, so the condylar morphology in older individuals is likely
to vary from younger individuals for the tendency of suffering
from degenerative changes in the former. Thus, the reference
value of condylar volume and surface could be established in a
certain age range, which will surely help us to study charac-
teristics of condylar morphology and position in abnormal
individuals. Besides, group 1 (1824 years old) and group 3
(35—44 years old) vary obviously in MI value, which was
never reported before. Consequently, future studies with larger
sample size and more age groups are required to confirm this.

The position of the condyle in the temporomandibular joint
and its clinical significance have always been controversial.
Some studies have suggested a relation between condylar po-
sition and TMD [22, 23]. While others failed to demonstrate
the correlation between them [24]. Also, there have been
many studies reporting nonconcentric condylar position in
association with disk displacement [25], remodeling of the
articular eminence and condyle [26], and osteoarthritic chang-
es [27]. And this nonconcentric condylar position accounts for
one third to one half of asymptomatic volunteers [28].

Differences in condylar position

The position of condyle in the articular fossa was investigated
in 300 subjects, and differences based on TMJ sides, genders,
and ages were compared. Similar to the condylar morphology,
there is no difference in condylar position between left and
right side (Table 3).

Unlikely, the distributions of condylar position in males
and females are different. Females (62.1%) accounted for a
greater proportion in posterior condylar position than males

(37.9%), and the difference of gender distribution in pos-
terior position was the most obvious among three kinds of
condylar positions. Comparing mandibular condylar posi-
tion patients with TMD and in healthy subjects, Paknahad
et al. [29] stated that posterior condylar position was more
frequently observed in females and anterior condylar posi-
tion was more prevalent in males in the symptomatic
group. Other authors have also reported an association be-
tween posterior condylar position and internal derange-
ment [10, 25]. Accordingly, it can be speculated that pre-
ponderance of TMD and disk instability in women may
result from the higher incidence of posterior condylar po-
sition in women.

When it comes to the comparison of condylar position
according to ages, the age was first regarded as a disorderly
classified variable to study differences of condylar position
among three age groups. Pearson chi-squared test was used
for statistical analysis. The results in Table 4 show that the
distributions of condylar position in different age groups
are significantly different (P <0.05); thus, condylar posi-
tions may be affected by the age. Among them, posterior
condyle in group 3 (35-44 years old) increases visibly.
And according to an epidemiological analysis on patients
with TMD, the majority of them are in the age group rang-
ing from 26 to 40, with an average age of 35.6 [30].
Considering the association between posterior condylar
position and internal derangement mentioned above, it
may be assumed that the high incidence of posterior con-
dylar in the age group ranging from 35 to 44 can be related
to the susceptible age of TMD. However, when the age was
taken as an ordered variable to study whether there was
some kind of changing tendency in condylar position with
the growth of age using Kruskal-Wallis test, no changing
tendency was found in condylar position with age
(P>0.05). This may be related to the range of each age
group, so it is necessary to narrow the age range for in the
future study. Generally speaking, the relationship between
condylar position and age should be further examined for
the lack of related reports previously.
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