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Background: A correct understanding of the mandibular condyle morphology may help clinicians judge
the normal range of morphological variations of asymptomatic patients or the pathological conditions
correctly. Hence, the aim of the present study was to evaluate the status of condyle cortication and condyle
morphology, and to investigate the relationship between the development of the condylar cortex and the
changes of condyle morphology.

Methods: The present study was an observational study. A total of 1,010 temporomandibular joint (TM])
cone-beam computed tomography (CBCT) images were collected retrospectively. The mandibular condyle
morphology was observed in axial (concave, convex, plane and others for anterior and posterior facets), coronal
(plane, convex, angled and round for superior facet) and sagittal (round and plane for superior facet) views, and the
condylar cortication was grouped into three types (undeveloped, developing and developed). Analytical statistics
were performed to detect a relationship between the cortication status and morphology of the condyles.
Results: For males and females, the mean age was 15.11+2.71 and 14.25+2.60 years (for condylar bone
without cortication), 19.45+3.92 and 18.65+3.45 years (with developing cortical bone), 23.63+3.36 and
23.86+3.73 years (with developed cortical bone), respectively. The condyle morphology with a plane form
in the anterior aspect, a convex form in the posterior aspect, a convex form in the coronal view and a round
form in the sagittal view was the most often recorded condyle morphologies (13.2%). After the cortical
bone of condyle completely forms, the plane form was significantly increased in the superior surface in both
sagittal and coronal views.

Conclusions: The condylar shape gradually changes with growth and development of the condyle bone
cortex. The more mature the bone cortex is, the higher the probability that the condyle will have an uneven
shape, which may mean that the condyle morphology may change due to remodeling during growth and
development.
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Introduction

A correct and in-depth understanding of the mandibular
condyle morphology may help clinicians judge the normal
range of morphological variations of asymptomatic patients
or the pathological conditions correctly (1). Frequently,
some normal condyles with relatively rare morphologies are
mistaken for abnormal condyles. Many doctors with little
clinical experience in this area are at risk to misdiagnose
a temporomandibular joint (TM]J) with no pathologically
relevant condylar bone changes as temporomandibular
joint osteoarthritis (TMJOA). This misdiagnosis will
directly affect clinical decision making, which highlights
the importance to correctly understand normal condyles
of different shapes. The morphology of mandibular
condyles has been investigated for years. According to
the recent studies, the changes of condyle morphology
seem to be closely related to the age among the possible
influencing factors (2-6). However, no study has focused
yet on the changes of condyle morphology in teenagers
and young people. Based on the results of recent studies,
the development of condyle cortication is associated
with the chronological age (7), and not all of the bilateral
condyles had the same shape (4) or cortical state. In that
way, compared with the correlation of the age and condyle
morphology, the relationship between cortical bone and
morphology can better reflect the influence of growth on
condyle morphology. Hence, the aim of the present study
was (I) to evaluate the status of condyle cortication and
morphology from childhood to early adulthood, and (II)
to investigate the relationship between them, which may
indicate a potential connection between the development of
the condylar cortex and the changes of condyle morphology.
We present the following article in accordance with the
STROBE reporting checklist (available at https://qims.
amegroups.com/article/view/10.21037/qims-22-891/rc).

Methods

The present study was an observational study.

Subjects

TM]J cone-beam computed tomography (CBCT) images of
505 orthodontic patients (1,010 sides of TM]J) from January,
2014 to December, 2015 were retrospectively collected
from the radiographic database in Peking University School
and Hospital of Stomatology, and the information on age
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and gender was also verified in this process. All the included
patients had their images taken in a standing position, and
were asked to keep the maximum intercuspation to ensure
the ideal position of the condyles and to prevent motion
artifacts during exposure. The study was conducted in
accordance with the Declaration of Helsinki (as revised
in 2013). The ethical approval was obtained from the
Institutional Review Board of Peking University School and
Hospital of Stomatology (No. PKUSSIRB-201520035).
Because our study did not disclose any private patient data,
individual consent for this retrospective analysis was waived.

The inclusion criteria of the patients were (I) age from
12 to 30 years old; (II) no abnormal clinical symptoms
such as joint sounds or pain; (IIT) no history of trauma and/
or fractures; (IV) no tumors or dysplasia; (V) no osseous
defects of mandibular condyle; (VI) has bilateral condyles
shown in one CBCT image; (VII) CBCT images of the
patient has no artifacts.

All CBCT images were acquired with one NewTom
VGi CBCT unit (Quantitative Radiology, Verona, Italy).
Exposure parameters for CBCT images were 110 kVp, 5.58-
18.07 mAs and the field of view (FOV) was 15 cm x 15 cm.
Acquired images were subsequently reconstructed with a
voxel-size of 300 pm.

Calibration of images

To standardize the observation condition, the axial, coronal
and sagittal views of the condyle were calibrated along the
long axes of the condylar heads (Figure S1). In order to
unify the consistency of the observers, 20 condyles, which
were not included in the study samples, were selected to
train and standardize the process of image calibration.

Observation

Classification of mandibular condyle morphology

The condyle morphology was assessed in the calibrated
axial, coronal and sagittal views. The process was conducted
in the maximum cross-section in axial view and the middle
sections in sagittal and coronal views (Figure S2). In the
axial view, the morphology of the condyle was classified
as concave, convex, plane and others for the anterior and
posterior aspects, respectively. In the coronal view, the
condyle morphology was classified as plane, convex, angled
and round. In the sagittal view, the condyle morphology
was classified as round and plane. The example images were
shown in Figure I, which was modified on the basis of the
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Figure 1 Classification of condylar morphology in the different CBCT views. (A) The morphology of condyle in the anterior aspect of the

axial view (a: concave; b: plane; c: convex; d: other). (B) The morphology of condyle in the posterior aspect of the axial view (a: concave;

b: convex; ¢: plane; d: other). (C) The morphology of condyle in the superior surface of the coronal view (a: plane; b: convex; c: angled;

d: round). (D) The morphology of condyle in the superior surface of the sagittal view (a: round; b: plane). CBCT, cone-beam computed

tomography.

previous studies on condyle morphology (3,8).

Assessment of mandibular condyle cortication
The superior facet of the condyle including the internal
and external poles was evaluated according to the status of
the bone cortex. The status of the cortex was classified into
three groups:
(I) Undeveloped cortex of condyle: no evidence of
a cortical bone appears in the superior facet of
condyle (Figure 24,2B);
(II) Developing cortex of condyle: a status between
developed and undeveloped cortex of condyle.
The density of the cortical bone is increased,
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but not as dense as that of mature cortical bone
(Figure 2C,2D);

(IIT) Developed cortex of condyle: continuous and

compact cortical bone appears (Figure 2E,2F).

All image data from subjects were assessed and recorded
in the middle sections (coronal and sagittal views) across
the long axes of the coronal and sagittal orientations and
the maximum sections (axial view) perpendicular to the
long axes of the coronal and sagittal orientations by two
investigators, who have at least 5-year experience in reading
CBCT images (RH Ma and JL Feng). Disagreements were
resolved by discussion or in case of prevailing disagreement
referred to a senior dentomaxillofacial radiologist.
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Figure 2 The classification of the different groups of condylar cortical bone formation. (A,B) Undeveloped cortical border of condyle. (C,D)

Developing cortical border of condyle. (E,F) Developed cortical border of condyle.

The orthodontic patients from 2014.1 to 2015.12 (n=606)

Excluded (n=101):
® Bony changes of condyle
® Both condyles not shown in one CBCT images
e Artifacts

A

Enrolled in this study (n=505)

Figure 3 Subjects selection flowchart. CBCT, cone-beam computed tomography.

Statistical analysis

Statistical analysis was performed using IBM SPSS
Statistics, Version 19 (SPSS, Inc., an IBM Company). Chi-
square test was used to determine the correlation of bone
cortex formation and condyle morphology classification.
When the expected frequency of more than 20% cells was
less than 5, or the expected frequency of any one cell was
less than 1, Fisher’s Exact test was used. A P value of 0.05 or
less was considered significant. To decrease the risk of a type
I error in pairwise comparisons, a Bonferroni correction at

o’=0/[k(k-1)/2] was used (k is the number of groups) (9).

Results

A total of 505 asymptomatic patients (1,010 TM]Js), 173
males and 332 females, were included in the present
investigation (Figure 3). For the evaluation of cortical bone
of condyle, 278 condyles (27.5%) had no cortical bone at
all, 261 condyles (25.8%) had incompletely formed cortical
bone and 471 condyles (46.6%) had completely formed
cortical bone. Cortical bone was first observed at age
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12 years in both genders. The mean age for the condyle
without formation of cortical bone (15.11+2.71 years) for the
males was significantly higher than that (14.25+2.60 years)
for the females (P=0.008). The mean age for developing
cortical bone for the females and males were 18.65+3.45
and 19.45+3.92 (P=0.09), respectively. The mean age
for developed cortical bone for the females and males
were 23.86+3.73 and 23.63+3.36 (P=0.58), respectively
(1able 1). For the developing and developed groups, there
were no significant differences in the average age of the
males and the females. There were 103 patients (20.4%)
who had different types of cortication in both condyles.
The number and percentages of different kinds of
condyle morphology in relation to different types of
bone cortication of the condyles are shown in Tuble 2.
In the present study, a total of 64 variations of condyle
morphology were observed. Figure 4 exhibits the most
common condyle morphologies, which accounted for 3% of
the total samples or above. The condyle morphology with
a plane form in the anterior aspect, a convex form in the
posterior aspect, a convex form in the coronal view and a
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Table 1 The mean age found for the three groups of bony cortication for females and males (mean + SD)

Gender Undeveloped Developing Developed
Female 14.25+2.60 18.65+3.45 23.86+3.73
Male 15.11+2.71 19.45+3.92 23.63+3.36
P value 0.008* 0.09 0.58
95% CI for the -1.49to -0.23 -1.71t00.12 -0.58 t0 1.03

mean difference

*,0=0.05. SD, standard deviation; 95% CI, 95% confidence interval.

round form in the sagittal view was the most often recorded
condyle morphologies (133/1,010, 13.2%).

Table 3 shows the P values obtained from the comparisons
among different condyle bone cortication at different
view. For the anterior aspect, there was no significant
difference among the three kinds of bony cortication in the
females (P=0.11), while in the males the bony difference
between developing and developed groups was statistically
significant (P=0.007). For the posterior morphology, there
was no significant difference among the three kinds of bony
cortication in both genders (P=0.319 for female, P=0.720
for male). For the coronal view of the condyles, there were
significant differences of condyle bone conditions between
undeveloped and developed (P<0.001 for both genders),
developing and developed subgroups (P=0.01 for female,
P=0.001 for male) in both genders. Besides, the difference of
condyle bone condition between undeveloped and developing
subgroups was significant for female (P=0.008). The analysis
for sagittal view also indicated that there were significant
differences between undeveloped and developed subgroups
(P=0.004 for female, P<0.001 for male) in both genders.

Table 4 shows the percentage of condyle morphology in a
combined observation of sagittal and coronal view. For the
females, the plane form in sagittal and the angled form in
coronal views was the most often recorded condyle morphology
(31.7%) and significantly higher than the plane form in sagittal
view combined with other coronal morphologies (22.0% for
coronal plane, 13.2% for coronal convex and 12.0% for coronal
round, P=0.002). Meanwhile, no significant difference was
found for males among the associated morphologies in the
sagittal and coronal views (P=0.985).

Discussion

A full recognition of the morphology and the level of
condyle cortication of healthy condyles would provide a
baseline when the normal and the pathological conditions
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need to be distinguished. The present study mainly
evaluated the status of condyle cortication and condyle
morphology and investigated the relationship between
the development of the condylar cortex and the changes
of condyle morphology. In view of the relatively high
diagnostic accuracy for the detection of TMJ bony changes,
CBCT was used to observe the mandibular condyles (10-13).
Bayrak et al. (7) demonstrated that the cortication of the
condyle occurred between the age 13-19 years, and all
stages of the cortication in the condyle of males occurred
later than in females. Similarly, Lei ez a/. (14) reported that
the cortical bone began to form around the periphery of
the condyles during the age of 12-14 years, and completely
corticated around 21-22 years. The results of the present
investigation were partly consistent with the previous
works (7,14-16). The mean age of the undeveloped bony
cortication in females was lower than that in males (P<0.05),
which may mean that cortical bone appears in girls earlier than
in boys. However, there were no significant differences of the
mean ages in the developing and developed bony cortication
groups between both genders. Females in the present study
were twice as many as males, which may have an impact on the
present statistical results. However, when considering that the
female to male ratio is similar to the previous studies (7,14),
the results may be reasonable and acceptable.

Based on the classification of previous works, various
condylar types in axial, coronal and sagittal CBCT views
were established for the present work. Yale er al. (3)
indicated that the four basic types of coronal superior
surface of condyles (flattened, convex, angled and rounded)
constitute 98.8% of the total sample, and convex in the
anterior, posterior and superior surface was the most
common morphology. The classification of superior surface
morphology in the coronal view was consistent with the
classification reported by Yale ez 4l., but the classification
of axial morphology was modified into concave, convex,
plane and other, because it was found that some axial
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—~
~ e~ — —~ 9| =
N~ oo X 0 @ g |8
= o I v - = )
5 T 9 Qe T o & T2
= - 1 © ~ m 9|3
®n © © 8§ o =
- - o — FQ';*
R
—_ -~ =~ 5|3
=l o T ¥ o s I T 2|3
£ 5 = £ 2 < 2 2 =|5
S| S z = T = o
T | o © 9~ 0~ ~ © © T o
0 [aV (o] - N =~ |0
<} I © © N & © o=
< | o @ T 2|2
ol ¢ N 0 LOO-,O(OD
ol 3 e © o 2 ® © L|g
5| o P s = = 5128
- -
o | o N ® O S 9 9 |2
o - - o™ — © | o
15 | 6
g=| © © © m o K Q€
= ° ) 9 N~ 2
= c o - o o © ~ Q|
=) 3 A 2 o N N = =0
S o 0 | =
£ o o o < ® v o 8|5
° ®» o ® < o« - 918
=) = 5
= o~ —~ B =
_8(68 o . © L".m,\'o?f/f
5|3 decs 22t ez
RS o < o | c
El8|< ® = o - " 2 25
S| = —_ =~ B ~ =~ —~ ©I|©°
S-S S © 2 = 8 @ 2l
slg| S o o I W o N Q| o
sl 3|5 ©c 3 = L v 3 =0
S o o o o - © o CZ|o
gico ® @ L © v ¥ 5|o
~ | 3
2l o] o288 =& @ 9|3
= e Q© o w = % o QF
- < T = o S )
© S 2
= o © o < o o ¥ o>
= q o N
= K
—_ = = P I~
= 0] S © i S © o |«
3 = S 2 <2 S 2 2 9o|c
o o o - « o o o o x>
=1 — | D
5 © © g g 8§ = 5 ®3
Sl | o ©~ o I\IDO?_)_C
[ I T T o 9 o o —a
gl x| o © ®© ® o~ - 8|0
=& SRS S o0 o 2|¢
a| 5 P — —~| =
22| x © @« ©® o < =8
ol o| Q@ 0 = N 5 N 9B
s | = X~ © ® =~ o |3
;88 = 22 e N )
n o © ~ o | O
ol |o S o = c 8 8 9|a
3 - - ™ — @ | ..
©) ) ]
v 3 o © © S © & w|X%
o [\ 4 ! : I
=] 2 T 2 e e - —© 2|7
-
S Q [V ] O +~ o oo |0O
=] O =
.8 @
8 = =|®
‘B & © o @ o ® o X9
< p= ¢ 8 = £ =& o 27
o w o X ~ o o 913
= N 0o
] _ - T —~ -~ =~ >
g © 5 & 3 o = 9 5|5
~ | € s © g o o N T|2
Ll s = = 3 O o o X
=l 5| = = < 5 vvv‘_m
=< | & <~ o ~ O c
= % © ~ © v o o =
ol & - S
o . —
llels] s e @@ 38
5151 2 t © o s o = Q1|3
5125 [SUBSISUS QLSLSELV.S_
El<| O S ) o o o 82
= ™ <~ < S A [}
3 e
Ls o v o~ o _~ =~ =~ ©| «
~ 2 5 &8 9 N § @ Q|5
X © a - 8 ~ oo NS
< o 8 o & a9 e &
b g o | c
o} Q n = o ¢ o
-g o 8 o = T a0 o JN|©
2 Rl el 8
= @ @ x
3 Qa 92 9 Q 2 9 &
s | §E€E3 £E8% I3
Sl 2 ¢ o © ¢ o o 2
S |2 @ 9 © O o O© o]
QL s« T > > 4, T > > _|=£
= € |g £ oo o =2 £ 0 0 ©|E<S
S|l & |§ D o0 o 8 5 oo B5|©
[-‘OLI. E |

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

(sagittal): superior morphology in sagittal view; *, number with percentage in the brackets. CBCT, cone-beam computed tomography.
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morphologies encountered could not be classified into
the first three morphologies. Besides, the superior facet
morphology in the sagittal view were classified into round
and plane, so these two types of morphology in sagittal
view was also assessed in the present research. A total of
1,010 CBCT images of TMJ were observed, the largest
proportion of each view was plane (anterior edge of
axial view), convex (posterior edge of axial view), convex
(superior edge of coronal view) and round (superior
edge of sagittal view). It could be demonstrated that the
morphologies mentioned above were relatively stable for
TMJ in an asymptomatic population. Furthermore, from
the present study, the investigators found that there was no
certain relationship between the morphologies in sagittal and
coronal views, except the number of angled-shape in sagittal
and plane form in coronal view was relatively high in female.
It is worth to be noted that the heart-shaped superior facet in
coronal view was mentioned in the reference (17) which was
not observed in the present research. This may be due to the
relatively small sample size. Therefore, it is crucial to use a
large sample size to estimate the morphologies of condyle with
no bone changes integrally and systematically in the future.
Yalcin et 4l. (2) demonstrated that angled shape condyle
is significantly common between the ages of 30 to 59
compared to the ages of 18 to 29 and over 60 years.
Nevertheless, no research has focused on the relationship
between condylar development and morphology up to
date. The formation of condylar cortical bone was actually
correlated with the chronologic age (7,18). Besides, not all
of the bilateral condyles had the same shape (4) or cortical
state, which was corroborated in the present study, so it
was more rational to use the status of bony cortication to
investigate the relationship between the development of
the condylar cortex and morphology. According to the
results, the morphology has undergone subtle changes
with the progress of development. For dental clinicians,
especially for young doctors, these findings are very helpful
in differentiating normal condyle morphology without bone
changes from condyles with bone changes. For instance, the
flattening or erosion of the condyle should be differentiated
from the flat and angled shape of normal condyle. Based
on the present results it seems that the morphology of
the mandibular condyle is associated with different stages
of bony cortication, and the plane morphology of the
superior facet may be related with the bone remodeling.
The reasons for this phenomenon need to be further
explored and verified. As for the influencing factors for
condyle morphology, it may also include malocclusion (2,19),
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Anterior

Morphology

Plane

Posterior Superior (cor)

Round

Superior (sag)

Figure 4 Percentages of most frequently found types of morphology of the condyle.

Convex Round Round
Plane Convex Round
Convex Plane Round
Convex Convex Round
Plane Round Round
-
0.00% 2.00% 4.00% 6.00% 8.00% 10.00% 12.00% 14.00% (Frequency)

Table 3 The comparisons among the condyle morphological proportions of the three types of bone cortication in different view

Axial view (anterior)' Axial view (posterior) Coronal view Sagittal view

P value Undeveloped Developing Undeveloped Developing Undeveloped Developing Undeveloped Developing
Female

Developed 0.11* 0.319 (0.309, 0.328) <0.001%* 0.01% 0.004%* 0.606°

Developing 0.008%* - 0.02% -
Male

Developed 0.27¢ 0.007%+ 0.720 (0.711, 0.729) <0.001%* 0.001%* <0.001%* 0.076°

(0.005, 0.008)
Developing 0.09° - 0.79° - 0.09° -

T, anterior morphology in axial view; posterior morphology in axial view; superior morphology in coronal view; superior morphology in
sagittal view; ¥, if the expected frequency of more than 20% cells is less than 5, or the expected frequency of any one cells is less than 1,
Fisher's Exact test-Monte Carlo method was used, which has a 95% confidence interval; *, a=0.050; ¢, a Bonferroni correction at o’=0.017

was used; **, P value <0.017.

temporomandibular disordors (TMD) or TMJOA (20-23),

which were not assessed in the current investigation and
should be specifically investigated in the future studies.

Conclusions

The condyle shape gradually changes with growth and
development of the condyle bone cortex. The more mature

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

the bone cortex is, the higher the probability that the
condyle will have an uneven shape, which may mean that
the condyle morphology may change due to remodeling
during growth and development.

Acknowledgments

Funding: This work was supported by the National Natural

Quant Imaging Med Surg 2023 | https://dx.doi.org/10.21037/qims-22-891



Ma et al. Relationship between condylar cortex and morphology

Table 4 Percentages of different superior morphology in both sagittal and coronal CBCT views for both genders

Coronal view (superior)
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Supplementary

Figure S1 The calibration of images before the observation of condylar morphology and bony cortication. (A-C) The left condyle was
corrected along the long axes of the condylar heads in coronal, sagittal and axial views. A, anterior; P, posterior; R, right; L, left; T, top; B,
bottom.

Figure S2 The observation of mandibular condylar morphology. (A) The estimation of the anterior morphology on the maximum cross-
section (yellow box) on the axial view. (B) The estimation of the posterior morphology on the maximum cross-section (yellow box) on the
axial view. (C) The estimation of the superior morphology on the middle section (yellow box) on the coronal view. (D) The estimation of the

superior morphology on the middle section (yellow box) on the sagittal view.
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