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Comparison of Symptomatic and Asymptomatic
Temporomandibular Joints in Unilateral Temporomandibular
Joint Disorder: A Morphometric Study
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ABSTRACT Objective: To compare healthy and affected joints of
patients with the unilateral temporomandibular disorder (TMD) via
morphometric measurements of radiographic images. Material and
Methods: Forty-one patients aged 16 to 56 years were included in the
research. All individuals had chronic unilateral TMD and at least one
of the following symptoms had to be unilaterally present in patients:
joint pain, joint sound or movement limitation. In order to evaluate a
total of 82 temporomandibular joints, 3 angular and 3 linear measure-
ments on orthopantomogram (OPG) and 2 angular and 12 linear mea-
surements on lateral temporomandibular joints image (LTI) were
performed. AudaxCeph Version 5.X orthodontic software was used for
morphometric measurements. The findings were compared using Stu-
dent's t-test and Mann-Whitney U test. Results: No significant diffe-
rence was found between the healthy side and the affected side in all
parameters of both OPG and LTI assessments (p>0.05). Conclusion: In
patients with unilateral TMD, the hard tissue characteristics of healthy
and affected sides were similar.

Keywords: Temporomandibular joint disorders;
morphometric analysis; orthopantomogram;
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OZET Amagc: Radyografik goriintiilerin morfometrik 6lgiimleriyle
tek tarafli temporomandibular bozukluk (TMB) hastalarinin saglikli
ve etkilenmis eklemlerini karsilagtirmak. Gere¢ ve Yontemler:
Aragtirmaya 16-56 yas aras1 41 hasta dahil edildi. Tiim bireyler kro-
nik tek tarafli TMB’ye sahipti ve hastalarda asagidaki semptomlar-
dan en az birinin tek tarafli olmas1 gerekiyordu; eklem agrisi, eklem
sesi veya hareket kisitliligi. Toplamda 82 temporomandibular eklemi
degerlendirmek i¢in ortopantomogramda (OPG) 3 ac¢1 ve 3 uzunluk
6l¢timii ve lateral temporomandibular eklem goriintiisiinde (LTG) 2
act ve 12 uzunluk 6l¢iimii yapildi. Morfometrik 6l¢iimler i¢in Au-
daxCeph Version 5.X ortodontik yazilimi kullanildi. Bulgular Stu-
dent t-testi ve Mann-Whitney U testi kullanilarak karsilastirildi.
Bulgular: Hem OPG hem de LTG degerlendirmelerinin tiim parame-
trelerinde saglikli taraf ile etkilenen taraf arasinda anlamli bir fark
bulunmadi (p>0,05). Sonug: Tek tarafli TMB sikayeti olan hastalarin
sert doku sagittal yon degerlendirmelerinde belirtilen ozellikler
saglikli ve etkilenen taraflarda benzerdi.

Anahtar Kelimeler: Temporomandibular eklem bozukluklari;
morfometrik analiz; ortopantomogram;
lateral temporomandibular eklem goriintiisi

The temporomandibular joint (TMJ) is one of
the unique joints of the human body, both in terms
of its anatomical structure and function.! TMJs are
the most active joints in the human body because
they perform an average of more than 2,000 move-
ments per day by biting, speaking, swallowing,
chewing.?

Temporomandibular joint disorders (TMDs)
have multifactorial etiology.* It can be seen in a wide
range of prevalence in different societies.* In the lit-
erature, there is no clear consensus on the predispos-
ing and perpetuating factors associated with TMD.’
Researchers have reported that many variables, in-
cluding genetic and environmental factors (parafunc-
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tional habits, malocclusions, local infections, prema-
ture contact, trauma, unilateral chewing, etc.) play a
role in the development and progression of TMD.*

TMDs usually involve symptoms related to the
TMJ and periarticular structures (bone, ligament, chew-
ing muscle or retrodiscal tissue). Symptoms could be
seen as pain, discomfort, mandibular dysfunction, or
joint noise (clicking, snapping, or crepitus) on its own
or in combination.” These disorders have a negative im-
pact on the quality of life in all age groups, whether
adults, adolescents, or children.! However, due to the
high adaptive capacity of TMJ, TMD may develop and
progress in some patients without symptoms.?

Etiological factors may affect the distribution of
biomechanical forces in the condyle, leading to uni-
lateral or bilateral morphological changes in the ar-
ticular structure.” Condylar remodeling is an adaptive
process that occurs to effectively meet the joint loads
and maintain the function. This situation has been as-
sociated with the remodeling capacity (or ability to
modify their morphology) of the TMJ components
that are thought to continue for life.!® Dupuy-Bonafe
et al. suggested that morphological examinations play
an important role in the detection of TMJ patholo-
gies.!! Reasonable morphometric measurements of
TMIJ components therefore enable us to better ana-
lyze the structure and function of the joint. The mor-
phometric analysis has been performed using various
types of image analysis techniques due to the com-
plex TMJ anatomy. The morphological changes in
the size and shape of the joint are being analyzed
using magnetic resonance imaging (MRI), computed
tomography (CT), cone-beam computed tomography
(CBCT), orthopantomogram (OPG) or lateral tem-
poromandibular joint image (LTI). (Figure 1).!” The
images are virtually or metrically evaluated in the
sagittal plane for anatomical structures. OPG is rou-
tinely used in dentistry for diagnostic purposes. OPG
and LTI are recommended methods for assessing
major condyle changes in patients with TMD."?

The purpose of the present study was to compare
the symptomatic and asymptomatic condyle mor-
phology with morphometric measurements in patients
with chronic unilateral TMD. The study also tested
the null hypothesis that there was no morphological
difference between healthy and affected condyles.
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I MATERIAL AND METHODS

The approval of this retrospective cross-sectional
study was provided by the local ethics committee
(Afyonkarahisar Health Sciences University Clinical
Research Ethics Committee, 11.09.20-393). This re-
search has been conducted in accordance with the
Declaration of Helsinki Principles. Informed consent
forms were obtained from all patients included in the
study. G Power software was used in the calculation
of sample sizes and it was revealed that at least 41
patients (¢=0.05, and 1-f=0.80) were required.

Individuals with predominant symptoms of
chronic unilateral TMJ pain and dysfunction were se-
lected retrospectively from a pool of previously dif-
ferentiated patient groups. At least one of the
following symptoms had to be unilaterally present in
patients: joint pain, joint sound or movement limita-
tion. Only patients whose radiographic images pro-
vided well-defined contours were included in the
study. Exclusion criteria were bilateral TMD, physical
disability, neuromuscular disorders, TMJ malignan-
cies, hypermobile condyles, signs of osteoarthritis,
acute joint pain or restriction, direct trauma or bone
facial fracture, low radiographic image quality. All
patients were examined by the same maxillofacial sur-
geon in accordance with the Research Diagnostic Cri-
teria/TMD criteria.'* Findings of the examination and
detailed information on individual anamnesis were
recorded. OPG and LTI images of the patients were
used for visual and metric evaluation. The final sam-
ple size consisted of eighty-two joints.

MEASUREMENTS

Morphological features of intracapsular hard tissues
of TMJ (condyle, glenoid fossa, articular eminence
size and shape, joint space dimensions, etc) were
compared for symptomatic and asymptomatic sides.
In addition, mandibular ramus length, corpus length,
and gonial angles were evaluated on OPG. Audax-
Ceph Version 5.X orthodontic software was used for
morphometric measurements. On the OPG, 6 points
and 4 planes were defined, and then 3 angular and 3
linear measurements were performed (Figure 2)."> On
the LTI (in closed-mouth position), 22 points and 3
planes were defined, and then 2 angular and 12 linear
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FIGURE 1: Lateral temporomandibular joint image. O-R: Right temporomandibular joint in open-mouth position. C-R: Right temporomandibular joint in closed-mouth po-
sition, C-L: Left temporomandibular joint in closed-mouth position. O-L: Left temporomandibular joint in open mouth position.

parameters were measured (Figure 3).!® Both right
and left condyles were assessed in all measurements
by the same researcher.

EXAMINATION CARDS

Specially designed examination cards for patients
with TMD are routinely used in our clinics. Symp-
toms and complaints of the patients were recorded
following a detailed clinical examination (both TMJ
and dentition) performed by the same clinician. The
cards also included parameters such as age, gender,
complaint duration, body mass index, visual analog
scale, maximum mouth opening, maximum assisted
opening and the presence of joint sounds.

STATISTICAL ANALYSIS

All analyzes were performed with a package SPSS
22.0 (SPSS Inc, Chicago, I11) program. Shapiro-Wilk
test was used to test the homogeneity of the data.
Symptomatic and asymptomatic TMJ data were com-
pared using Student t-test and Mann-Whitney U test.
All measurements were performed in 10 randomly
selected patients for the second time after 15 days and
the intra-correlation coefficient was analyzed to de-
tect the variability of intra-examiner. High coefficient
of repeatability was found for each measurement
(0>875). Results were considered statistcally signif-
icant at p<0.05 significant level.

I RESULTS

Descriptive statistical results of the demographic
data and clinical findings of the patients were shown
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in Table 1. A total of 82 TMIJs of 35 female and 6
male patients (age range: 16-56) with an average
age of 29.1 years were evaluated. The mean dura-
tion of complaints of the patients was 3.4+3.2 years
(range: 1-13). A significant correlation was ob-
served between age and duration of complaints.
There was, however, no correlation between age or
duration of complaints and other clinical findings
(Table 2). In LTI measurements, no statistically sig-
nificant difference was found between symptomatic
and asymptomatic joints in all parameters such as
joint space, condyle tract inclination, fossa width,
fossa depth, eminence height, etc. (p>0.05). Simi-
larly, there was no significant difference between
the groups in any of the parameters measured on
OPG (condyle height, condyle slope, mandibular
body length, ramus slope and length, etc.) (p>0.05).
Comparison results of parametric data were shown
in Table 3 and nonparametric data were shown in
Table 4. The results of correlation test between ra-
diographic measurements and, age and duration of
complaints were given in Table 5. According to the
results, only the condylar height (sigmoid-
condylion) was correlated with age (p=0.22) and an-
terior joint space (AJS) was correlated with the
duration of complaint (p=0.009).

I DISCUSSION

The most irritating symptom of TMD, affecting a
significant part of societies, is pain.!” Patients seek
treatment due to pain that occurs during function
and/or rest, and pain reduction is the primary goal of
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FIGURE 2: A) Posterior joint space and anterior joint space were measured as smallest distance between anterior condyle and posterior condyle and fossa. Absolute su-
perior joint space was measured as vertical distance between highest point of condyle to fossa, and maximum superior joint space was measured as vertical distance bet-
ween highest point of fossa to condyle. Condyle width was dimension between anterior and posterior condyle outline along tangent drawn between most inferior point of
eminence and postglenoid process. B) Fossa width was distance between most inferior point of eminence and postglenoid process. Fossa depth was distance between
highest point of fossa and point at which connecting line met fossa width tangent at right angle. Eminence height was distance between eminence crest and line drawn as
horizontal tangent to highest point of fossa. Similarly, postglenoid process height was distance between deepest point of postglenoid process and line drawn as horizontal
tangent to highest point of fossa. Distance between eminence crest and highest point of fossa was recorded. C) Angles between tangent connecting eminence crest with
deepest point on postglenoid process and tangent of posterior eminence as well as tangent of anterior postglenoid process were recorded. D) Eminence radius was re-
corded as radius of circle fitted to 6 to 9 o’clock position of eminence. Condyle radius was recorded as radius of circle fitted to 12 to 3 o’clock position of condyle.

treatment. Many environmental or genetic factors
have a role in the development of TMD.!® TM]J dis-
orders are responsible for progressive internal ir-
regularities. Asymmetrical or excessive loads on the
joint surfaces lead to regressive condylar remodel-
ing in TMJ hard tissues. A macroscopic reduction
in condyle size can be seen in the TMJ radiographic
examination. Remodeling, which is an adaptation
mechanism, can also lead to thickening or resorp-
tion in certain areas and therefore to condyle asym-
metry. While the morphological change continues
without symptoms to the threshold of adaptation, the
symptoms appear when the ability to adapt is ex-
ceeded.

In previous studies, morphological variations in
condyle shape and TMJ structures have been ob-
served.' Differences in TMJ morphology exist for a
variety of reasons, such as age, gender, type of face,

functional loads, occlusal forces, type of malocclu-
sion. The most dramatic morphological variation
(bony surface erosion, concavity, spurring, flatten-
ing, etc.) is observed in the elderly due to the onset
of joint degeneration. Previously, the accuracy of the
different radiographic imaging techniques were com-
pared for the detection of changes in TMJ. Numer-
ous joint morphology studies have been conducted
using MRI, CT, CBCT, OPG, or LTL" Since TMJ
is a complex structure that includes hard and soft tis-
sues, MRI is the only imaging technique that can
evaluate both soft and hard tissues.”” MRI is there-
fore widely used to analyze internal derangement of
TMIJ. However, it is known that MRI is insufficient
for morphological evaluation of hard tissue.?! In ad-
dition, the availability of MRI is limited, and the
image acquisition time is long. Previous studies have
reported that tomograms play a valuable role in the

116



Hasan CAMCI et al.

Turkiye Klinikleri J Dental Sci. 2022;28(1):113-21

FIGURE 3: Condylion: Highest point of condyle; Go: Gonion; Me: Menton. 1. condylar height; 2. condylar anterior posterior inclination (Angle 2); 3. ramal anteriorposterior

inclination (Angle 3); 4. ramal length; 5. gonial angle; 6 mandibular body length.

assessment of existing bone changes in individuals
with TMD.?>*In the present study, all measurements
were evaluated on OPG and LTI. Since OPG and
LTI are simple, low-cost, and cause small doses of
radiation, it is one of the most widely used imaging
techniques by dentists and dental professionals to
evaluate the bone structure of TMJ. Similar to the
present study, OPG and LTI were used in previous
TMD studies for morphometric measurements.?*

Some researchers have discussed the reliability of
OPG images in morphometric measurements.” Al-
though the accuracy of OPG in horizontal measure-
ments is controversial due to the distortion of
images, angular measurements have been claimed to
be safe.’® Many researchers suggest that panoramic
radiographs are suitable for the measurement of
mandibular vertical symmetry, ramus, and condyle
vertical dimensions.?”? In the present study, high-

TABLE 1: Descriptive statistics of the patients.

Demographic values
Groups
Gender Male
Female
Age 16-26
27-36
37-46
47-56
Clinical findings
Mean values
Duration of complaint (years) 34
Body mass index (kg/m?) 245
VAS scores 6
Maximum mouth opening (mm) 339
Maximum assisted opening (mm) 37.0
TMJ sounds
Clicking
Reciprocal clicking
Crepitation

n Percentage (%)
5 12

36 88

20 50

7 17

9 22

5 11

Standard Deviations Minimum-Maximum

32 1-13
45 17.2-35.1
2.2 2-10

8.4 11-50

8.4 15-52

n Percentage (%)
25 61

8 19.5

14 34

TMJ: Temporomandibular joint; VAS: Visual analog scale for pain.

117



Hasan CAMCI et al.

Turkiye Klinikleri J Dental Sci. 2022;28(1):113-21

TABLE 2: Correlation test results related to clinical findings.
Duration of complaint Clicking  Reciprocal clicking Crepitation ~ VAS scores Maximum mouth opening Age

Duration of complaint

Coefficient 1.000 -0.120 -0.030 0.211 0.034 0.268 0.430%

Sig. (2-tailed) 0.465 0.857 0.198 0.835 0.099 0.006
Age

Coefficient 0.430% 0.143 -0.141 0.081 0.124 0.102 1.000

Sig. (2-tailed) 0.006 0.386 0.391 0.625 0.451 0.536

VAAS: visual analog scale; **Correlation is significant at the 0.01 level (2-tailed); *Correlation is significant at the 0.05 level (2-tailed).

quality OPG and LTI images were selected to reduce
the error rate. However, in an in vitro study by Tiirp
et al., there was a low correlation between condyle
and ramus length physical measurements and OPG
measurements.” The researchers correlated this phe-
nomenon with the unavoidable distortion effect of
OPG images induced by the device’s rotational
movement.

There are a number of studies assessing degen-
erative changes that occur over time in hard and soft
tissues using various imaging techniques. In the
MRI examination of Zhuo et al., there was a 0.41
mm decrease in condyle height on the affected side
in juvenile patients and an increase of 0.75 mm on
the healthy side.?° Takayama et al. suggested that
osseous changes in patients with and without TMD

were minimal and not statistically significant.! In
the present study, symptomatic and asymptomatic
TMJ structures were compared by making a radio-
logical examination in the sagittal plane (lateral
view). However, in the study of Kurita et al., it was
emphasized that the morphological change on the
joint surface was in the mediolateral (ML) direction,
not in the anteriorposterior (AP) direction.*? Simi-
larly, in a 30-year follow-up study by Leeuw et al.,
it was reported that the condyle size in TMD pa-
tients had decreased in ML dimension, but there was
no change in AP size.** They also observed that os-
teoarthritis and internal derangement had developed
asymptomatically even on contralateral TMJ. The
reason for the lack of differences between the
groups in the present study may be related to this

TABLE 3: Student t-test results.
Groups Mean SD p value

Si-Co (mm) Stmj 1779 3.6 0.299
Htmj 16.95 3.6

Angle 3 (%) Stmj 83.33 5.0 0.619
Htmj 82.68 6.7

AJS (mm) Stmj 3.21 1.4 0.529
Htmj 342 1.5

FW (mm) Stmj 20.76 3.0 0.117
Htmj 21.77 27

CW {mm) Stj 8.77 1.6 0.726
Htmj 8.91 1.9

PWSA (%) Stmj 51.02 14.5 0.917
Htmj 50.74 9.2

ESA () Strnj 54.32 12.4 0.068
Htmj 49.08 13.5

Stmj: Symptomatic temporomandibular joint; Htmj: Healthy temporomandibular joint; Si-Co: Condylar height; Angle 3: Ramal anteriorposterior inclination; AJS: Anterior joint space;
FW: Fossa width; CW: Condyle width; PWSA: Posterior wall slope angle; ESA: Eminence slope angle; p<0.05 is statistically significant.
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TABLE 4: Mann-Whitney U test results.
Groups Mean sD p value

Gonial Angle () Stmj 112.28 9.0 0.256
Htmj 114.58 8.1

Co-Go (mm) Stmj 59.53 10.0 0.975
Htmj 59.31 10.6

Go-Me (mm) Stmj 97.27 14.6 0.691
Htmj 95.37 16.2

Angle 2 () Stmj 74.07 49 0579
Htmj 73.17 9.4

PJS (mm) Stmj 3.44 18 0.502
Htmj 3.58 19

ASJS (mm) Stmj 3.95 1.6 0.929
Htmj 3.90 18

MSJS {mm) Stmj 4.91 15 0439
Htmj 527 1.8

PGPH (mm) Stmj 8.37 26 0.239
Htmj 8.02 37

EH (mm) Stmj 10.34 29 0.632
Htmj 10.55 24

FD (mm) Stmj 9.23 21 0.558
Htmj 9.03 23

EC-FD {mm) Stmj 14.98 23 0.751
Htmj 15.23 25

CR (mm) Stmj 485 1.0 0.329
Htmj 5.02 0.8

ER {mm) Stmj 7.38 1.3 0.241
Htmj 717 15

Stmj: Symptomatic temporomandibular joint; Htmj: Healthy temporomandibular joint, Co-Go: ramal length, Go-Me: Mandibular body length; Angle 2: Condylar anterior posterior incli-
nation; PJS: Posterior joint space; ASJS: Absolute superior joint space; MSJS: Maximum superior joint space; PGPH: Postglenoid process height; EH: Eminence height; FD: Fossa
depth; EC-FD: Distance between eminence crest and highest point of fossa; CR: Condyle radius; ER: Eminence radius; p<0.05 is statistically significant.

situation. Similar to the findings of the present
study, no correlation between TMD and radi-
ographic changes in condylar morphology was ob-
served in a cross-sectional study conducted by
Mathew et al.** On the other hand, the fact that the
reduction in the size of the condyle is seen only in
the advanced stages of the internal derangement
may be another reason why healthy and affected
sides were similar in our study. Because, in this
present cross-sectional study, patients’ ages, gender
and duration of the complaints were not homoge-
neously distributed. This was a limitation of the cur-
rent study. However, the correlation test results
revealed that there was only a correlation between
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only two radiographic parameters (Si-Co and AJS)
and, duration of complaints and age. We considered
that the positive correlation between Si-Co length
and age was linked to the lifelong bone remodeling
suggested by Boskey and Coleman.*® Degenerative
changes caused by TMD could be the reason for the
positive correlation between AJS and duration of
complaint.

with more in

Further studies

specific patient groups are needed to assess

samples

the degenerative changes caused by TMD in
hard tissues. This will allow us to better analyze the
morphological effects of unilateral TMD symp-
toms.
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TABLE 5: Results of correlation test between radiographic
measurements and, age and duration of complaints.
Correlation coefficient
Age Duration of complaint
Si-Co (mm) 0.367* 0.012
Gonial Angle (°) 0.091 0.092
Co-Go (mm) 0.115 -0.135
Go-Me (mm) 0.006 -0.223
Angle 3 (0) 0.084 0.014
Angle 2 (%) 0.205 0.208
PJS (mm) 0.084 0.213
ASJS (mm) -0.128 0.034
MSJS (mm) 0.138 0.225
AJS (mm) 0.126 0.415*
FW (mm) -0.080 0.076
CW (mm) -0.121 -0.162
PWSA (%) -0.258 0.135
ESA() 0.156 0.028
PGPH (mm) -0.092 0.023
EH (mm) -0.071 -0.136
FD (mm) -0.052 0.024
EC-FD (mm) -0.302 -0.184
CR (mm) 0.057 -0.057
ER (mm) 0.058 0.195

Si-Co: Condylar height; Co-Go: Ramal length; Go-Me: Mandibular body length; Angle
3: Ramal anteriorposterior inclination; Angle 2: Condylar anterior posterior inclination;
PJS: Posterior joint space; ASJS: Absolute superior joint space; MSJS: Maximum su-
perior joint space; AJS: Anterior joint space; FW: Fossa width; CW: Condyle width;
PWSA: Posterior wall slope angle; ESA: Eminence slope angle; PGPH: Postglenoid
process height; EH: Eminence height; FD: Fossa depth; EC-FD: Distance between em-
inence crest and highest point of fossa; CR: Condyle radius; ER: Eminence radius;
**Correlation is significant at the 0.01 level; *Correlation is significant at the 0.05 level.

I CONCLUSION

In patients with unilateral TMD, the hard tissue char-
acteristics of healthy and affected sides were similar.

If the symptom is unilateral, it does not mean
that there is no degeneration of the contralateral side.
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