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ABSTRACT

Objectives: A sonographic approach can be used to quantify joint movement, muscle thickness,
and available joint space. This study aimed to compare the amount of mouth opening, joint
articular distance, and both anterior and inferior translation of the mandibular condyle between
healthy participants and individuals with temporomandibular joint (TMJ) disorders.
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Available Online: 01 Dec 2022 :  Methods: A cross-sectional study design was used with 52 participants (control: 26 healthy
¢ and TMJ: 26 symptomatic individuals) recruited using convenience sampling. The joint space
distance and the anterior and inferior condylar translation on both sides were evaluated using
sonography during maximum mouth opening and closing. Mouth opening was measured with
a graduated ruler. Reliability was performed on a subgroup (n=10) with an interval of 3-7 days.

Results: The reliability was good to excellent (ICC=0.57-0.94). The highest reliability was
related to the joint space distance. The mean values for mouth opening were 43.1 and 35.3mm,
respectively for healthy and TMJ patients. The anterior condylar translation was 7.14-7.57mm,
inferior condylar translation was 2.35-2.66mm, and the joint space distance was 49.4-0.44mm.
No significant differences were found between the left and right sides in either group. The
mouth opening and joint space values were significantly higher in the healthy group while the

Keywords: o rate of anterior transition movement was higher but not significant. Furthermore, there was a
Ultrasonography, Reliability, . significant negative relationship between pain, mouth opening, and joint distance.
Temporomandibular joint :

Discussion: Sonography can be considered an accurate tool for the assessment of joint space

disorders, Translatory motions s . . .
and condylar translation in individuals with symptomatic TMJ disorders.
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Highlights

* Temporomandibular joint disorders (TMJD) are among the most common oral-facial conditions and are considered
a major concern in health and rehabilitation.

* Evaluation of joint play movements in patients with TMJD can provide practical and useful information for diagnos-
ing and evaluating treatment outcomes.

» Ultrasonography is recognized as being a safe method for assessing joint motion and soft tissue thickness, both in
the clinic and research settings.

* Healthy subjects have a significantly reduced range of motion (ROM) and translation movement relative to TMJD
subjects.

* Both Joint sides should be considered in the evaluation and screening of patients.

Plain Language Summary

Involvement of the temporomandibular joint (TMJ) structures results in pain during activity or at rest, muscular stiff-
ness, and potentially joint locking. Patients usually seek for other problems, such as dental pain or ear infection while
the pathology is in the TMJ. Appropriate diagnosis of such disturbances and involvement can reduce the treatment
costs and patient concerns. One of the valuable instruments in the diagnosis of joint dysfunction of TMJ is sonography.
Using ultrasonography, joint passive motion, normal tracking of the joint surface, and joint spaces are determined and

any abnormal movement pattern will be diagnosed immediately with high precision.

1. Introduction

he presence of temporomandibular joint

disorders (TMJD), including pain within

the region, are among the most common

oral-facial conditions and include several

diseases with different causes and patholo-
gies [1]. Involvement of the masticatory muscles and the
TMIJ structures can cause individuals to seek treatment
for pain during activity or at rest, muscular stiffness,
movement limitation, and potentially joint locking [2,
3]. Chronic joint involvement may affect the individual’s
quality of life, which can lead to psychological stress,
depression, and reduced social interaction [4]. The re-
ported prevalence of symptoms and joint involvement
has been approximately 31% for adults/elderly and 11%
for children/adolescents, and the most prevalent TMJD
was disk displacement [5].

Evaluating the outcome of TMJ-directed treatment re-
quires accurate knowledge of the changes made in the
joint and the measurement of appropriate and valid relat-
ed variables. One such traditionally used variable is the
amount of mouth opening and the joint range of motion
(ROM) with several previous studies using these two
measures to determine the effectiveness of their treat-

ment protocol and subsequent individual improvement
[6, 7]. The amount of mouth opening has been measured
using tools, such as rulers, meters, and goniometers [8].
However, the accuracy of these measures as a reflec-
tion of the condition of the joint and the effectiveness of
interventions is questioned as they cannot indicate the
condition of the joint condyles when the mouth is open.
Consequently, it is necessary to investigate more accu-
rate techniques through the use of more appropriate tools
[9]. When the mouth is opened, the condyles first roll
forward on the discs, and then the condyle-disc assembly
glides forward [10]. In patients with a TMJ disorder, the
rhythm of movement and motor coordination about the
joint is altered. In addition, motor sequence changes dur-
ing mouth opening cause movement dysfunction and a
reduced joint ROM [8].

The distance of joint surfaces at rest can be considered
an indicator in the evaluation of disorders of this joint,
and reducing the distance of joint surfaces can affect
both function and movements bilaterally. Examination
of joint movements, including rotation of the condyle,
and anterior and lower displacement of the articular con-
dyles, can effectively identify joint problems. Evaluation
of arthrokinematic joint movements in patients and their
comparison with healthy individuals can provide practi-
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cal and useful information for diagnosing and evaluating
treatment outcomes. This issue has received less attention
in previous studies despite accurate and valid evaluation
methods having a known capacity to improve measure-
ment accuracy [8, 11]. Currently, accurate diagnostic
methods provided by ultrasound imaging can determine
the thickness of the muscles, the distance between joint
surfaces, and the amount of joint displacement and
movement. Ultrasonography is safe for use on joints and
tissues, both in the clinic and research settings [9, 12, 13].

In this study, we investigated the reliability of using
ultrasound to evaluate the joint position and joint space
and the anterior and inferior condyles during the open-
ing, and compare these measures between healthy par-
ticipants and those with a diagnosed TMJD.

2. Materials and Methods
Participants

A total of 52 participants were recruited from a
population of convenience with an age range of 18-
45 years, a control group of 26 healthy individuals
(age=33.38+8.03), and 26 patients with a symptomatic
TMID (34.38+6.81 years). All the patients were diag-
nosed and referred by the physician. For the healthy
controls, inclusion criteria were the absence of joint pain
and noise, complete opening of the mouth, and no pain
[13, 14], and the exclusion criterion was a history of
any orthodontic treatment. For the symptomatic TMJD
group, inclusion criteria were the presence of a TMJD
that had been diagnosed by a physician and a history of
symptoms for at least six months [14], and the exclusion
criteria were a history of radiotherapy to the head or neck
[15], the presence of Pain on a Numerical Rating Scale

Figure 1. Test condition in sitting posture
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(P-NRS)>4 when opening the mouth, inability to chew,
and bone changes on radiography examination day [16].
The informed consent form was obtained from all par-
ticipants in the study, and the ethics committee of the
University of Social Welfare and Rehabilitation Sciences
approved the study (Code: IR.-USWR.REC.1399.205).

Ultrasonography evaluation

The ultrasonography used a sampling frequency of 25
frames per second to provide a sufficiently detailed sono-
graphic evaluation. The device was an Ultrasonix ES500
machine (Ultrasonix Medical Corporation, Vancouver, BC,
Canada) with a linear bandwidth of 6-12 MHz set with a
frequency of 10Hz and a depth of 3cm. For this purpose,
a linear probe was used, which is appropriate for surface
imaging and has a lateral penetration depth [17]. To perform
the tests, participants sat upright with their heads in neutral.
An evaluation was performed from both sides by placing
the transducer transversely on the joint and the zygomatic
arch to make the outer edge of the condyle visible (Figure
1). Imaging was performed for 10 s at the maximum open
and closed mouth positions. A total of 3x10-second images
were collected from each side with the average values ob-
tained and used for statistical analysis. After determining
the condyle in both the open and closed mouth position, an
ellipse was drawn around the mandible in both frames and
two lines were drawn horizontally and vertically from the
center of the mandible to evaluate the degree of anterior and
vertical (inferior) translation of the mandibular condyle.
The intersection of the two horizontal and vertical lines was
measured and recorded as anterior and inferior displace-
ment (Figure 2) [12]. All assessments were performed by
the same ultrasound-trained person who was blinded to the
subjects. In a pilot test, the test-retest measurement was re-
peated at 3-7 intervals to evaluate the test-retest reliability.
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Figure 2. Ultrasound image indicating mandible displacement
Red line = anterior translation of the condyle

Yellow line = inferior translation of the condyle

Mouth opening amount

To assess the amount of mouth opening, participants
were asked to open their mouths to a maximum for three
separate measures. The distance between the edges of the
upper and lower teeth was measured in millimeters with
a ruler. The average of the three measures was obtained
and recorded and considered the maximum amount of
mouth opening [12].

Pain assessment

The amount of pain was recorded with a pain numeri-
cal rating scale (P-NRS) with the participant in resting,
maximal mouth opening, and maximal grip positions.
The maximum score of 10 on the P-NRS was considered
the criterion. The studied sonographic parameters were
repeated by the same tester on ten healthy individuals on
two different days with an interval of 3-7 days to evalu-
ate the test-retest reliability of the data, where an average
of three repetitions of measurements per day was used to
compare the correlation.

Statistical analysis

Descriptive statistics of the variables analyzed included
the mean, median, and standard deviation of data. The
Kolmogorov-Smirnov test was used to evaluate the nor-
mal distribution of data, and according to the normality
of the data, to determine the presence or no presence of
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a Gaussian distribution and whether parametric statistics
can be used. An independent t-test was used to compare
the differences between the two groups. The intra-class
correlation (ICC, ) coefficient was used to evaluate the
test-retest reliability of the data. A Pearson’s correlation
test was used to evaluate the correlation between pain
and other variables. The significance level was defined
at 0.05, and all data analyses were performed using SPSS
software, version 16.

3. Results

The results of the test-retest reliability showed that the
data had an acceptable level of reliability (ICC=0.70).
The ICC value between the mean of the three repetitions
in the two sessions for the variables of mouth opening,
joint spacing, and anterior and lower joint translation
was 0.57, 0.94, 0.91, and 0.70, respectively. These were
determined as acceptable results. The demographic char-
acters of participants and descriptive results of measured
variables are presented in Table 1.

As can be seen in Table 1, the average age of the patient
group was 34.38 years, which is older than the healthy
group, but there was no significant difference. Also, the
rate of joint opening and joint distance in the patient
group was less than in the healthy group.
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Table 1. Descriptive values of data for healthy and symptomatic groups

Group Variables Min Max MeantSD
Age (y) 18 45 33.11+8.03
Height (cm) 154 191 172.88+9.82
Weight (kg) 49 97 75.80+13.28
Mouth opening amount 37 48 43.10+3.60
Right articular space 0.37 0.58 0.49+0.04
Healthy
Right anterior translation 5.08 8.94 7.14+0.87
Right inferior translation 131 3.19 2.35+0.50
Left articular space 0.37 0.59 0.49+0.05
Left anterior translation 5.44 9.48 7.05+0.83
Left inferior translation 1.45 3.30 2.29+0.52
Age (y) 20 45 34.38+6.81
Height (cm) 148 196 172.38+12.48
Weight (kg) 50 99 80.0+15.95
Mouth opening rate 25 49 35.346.9
T — Right articular space 0.32 0.57 0.44+0.07
subject Right anterior translation 5.14 9.50 7.57£1.09
Right inferior translation 1.64 3.81 2.66+0.53
Left articular space 0.3 0.56 0.42+0.07
Left anterior translation 5.71 9.16 7.56+0.96
Left inferior translation 2.02 3.85 2.85+0.50

The mean amount of pain in the patient group on the
left side was 2.27+1.76 and pain on the right side was
2.23+1.79. Comparison of the results of the parameters
of joint spacing, anterior displacement, and lower joint
displacement on both right and left sides showed no
significant difference between left and right in each
group. A comparison of results between the healthy
control and the participant groups was done with an
independent t-test, which showed no significant differ-
ence between the two groups in terms of age, height,
and weight; the two groups were matched. All variables
except the anterior displacement variable on the right
side showed a significant difference between the two
groups (P=0.12) (Table 2).

[ranian Rehabilitation Mournal

The Pearson correlation coefficient was used to evalu-
ate the correlation between pain and other variables
in the symptomatic TMJ group. In this study, the re-
sults showed a significant inverse correlation between
the amount of pain (right or left) and the amount of
mouth opening (r=-0.57, P=0.002). Further, there was
a negative inverse relationship between the amount of
right-side joint distance and right-side pain (r=-0.68,
P<0.001), and in the left (r=-0.80, P<0.001). There was
no significant relationship between anterior and inferior
displacement and pain.
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Table 2. Comparative results between the two groups
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95% Confidence Interval

Variables Mean Sig.
Lower Limit Upper Limit

Age (y) -1.26 -5.41 2.88 0.54

Height (cm) 0.50 -5.75 6.75 0.87
Weight (kg) -4.19 -12.37 3.99 0.30
Mouth opening rate 0.77 0.46 1.08 0.000
Right articular space 0.04 0.08 0.01 0.004
Right anterior translation -0.42 -0.97 0.12 0.12
Right inferior translation -0.31 -0.60 -0.01 0.03
Left articular space 0.06 0.03 0.1 0.00
Left anterior translation -0.55 -0.84 -0.26 0.00
Left inferior translation -0.51 -0.01 -0.008 0.04

4. Discussion

TMIJD can be caused by a variety of factors, including in-
adequate mouth closure, masticatory muscle involvement,
and involvement of the joint structures [18]. As a result of
these changes, the balance of joint movements is disturbed
during the opening and closing of the mouth and may
cause headaches, joint clicking, and destructive changes in
the joint and lateral displacement of the mandible.

The first aim of the present study was to determine the
test-retest reliability of using an ultrasonography device to
evaluate joint movements and the comparative evaluation
of the joint movements between healthy and patients.

Data reliability is one of the important characteristics
of evaluation where the measured values are expected to
be relatively constant. In this study, intra-rater reliability
was investigated. The value of the ICC, | of the variables
for the mouth opening amount (0.57), joint distance
(0.94), anterior joint displacement (0.91), and lower
joint displacement (0.70) were all obtained and found
as acceptable results compared to previous research. In
the study by Ho et al. , the reliability of ultrasonography
data for the rate of anterior translation of the TMJ dur-
ing mouth opening was examined in healthy individu-
als. They demonstrated that the reliability for both the
intra-rater and inter-rater was excellent (ICC=0.93-0.92)
[12]. This was consistent with the results of the present
study on anterior joint displacement (ICC=0.91). Fur-
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ther, Ho et al. stated that one reason for the high reliabil-
ity was the careful selection of the mandibular condyle
and the correct evaluation that is based on the location of
the landmarks, which were the criteria followed in this
study. In addition to anterior translation, the reliability
of lower joint translation was also considered, which
was not investigated in the study by Ho et al. [12]. Chen
et al. also reported the reliability of anterior translation
during the movement of mouth opening and closing to
be at an acceptable and excellent level (ICC=0.98-0.97)
[8]. In the study by Landes et al., the recurrence of man-
dibular condyle transmission during full mouth opening,
protrusion forward, and lateral movements were both
evaluated. They demonstrated that there was an optimal
absolute error of condyle displacement (0.4-0.8) and a
relative error for condyle translation (5-9%) [9].

In the current study, the mean mouth opening, the
amount of anterior translation, the amount of lower
translation, and the amount of joint distance were re-
spectively 43.1, 7.14, 2.35, and 0.49mm. Ho et al. re-
ported the amount of mouth opening to be 40-62mm and
the average amount of anterior translation as 12.55mm
[12]. Travers et al. reported a mouth opening of 46.6
mm and an anterior transfer of 11.6 mm; however, the
evaluation method was different and was done through a
three-dimensional evaluation system [19]. Salaorni et al.
reported a mean mouth opening of 55mm and an anterior
condyle translation of 14mm in healthy individuals [20].
In some other studies, including Landes et al., Chen et
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al., and Yao et al. [8, 9, 21], the amount of translation
motion during mouth opening was reported respectively
10.943.6 to 12.9+3.3, 10.3£3.7, and 13.7£2.5mm in
healthy subjects. The normal value of mouth opening is
40-54mm [15], which is similar to our findings. Further,
the amount of anterior translation found in this study
was in the reported range of previous studies [8, 21, 22].
However, the average value obtained in the present study
was lower than in other studies [9, 23], which is most
likely due to the evaluation method and the differences
between the available samples.

In the TMJ group, the amount of mouth opening
was 35.3 mm, the amount of anterior translation was
7.57mm, the amount of inferior translation was 2.66mm,
and the amount of joint space was 0.44mm. Similar to
this study, Chen et al. reported the amount of anterior
condyle translation to be 9mm; however, this was one
of the very few symptomatic TMJ studies providing
this measure that can be used for comparison [§]. In the
current study, no significant difference was observed
between the measured parameters on the left and right
sides of each group. Limited studies have examined both
sides concurrently. Consistent with the present study,
Sojka et al. did not observe a significant difference be-
tween the variables of right and left ROM or condyle
ROM when opening the mouth, or ROM of the condyle
during retrograde movement in healthy individuals [15].

In this study, a significant positive correlation was seen
between the ROM of the right and left condyles dur-
ing mouth opening (r=0.81), which indicates that both
joints move in the same direction and in unison with
each other [15]. In the study by Loi et al., no significant
difference was found between the sides [16]. The con-
dyle movement in the right and left sides of normal indi-
viduals indicates the same movement pattern during jaw
movements. In healthy subjects, Piehslinger et al. used
axiography to show smooth, uniform, and symmetrical
movement of the jaw during mouth opening and closing.
Consequently, there was no expectation of differences
between the two-side movement patterns [24].

Another aim of this study was to compare the param-
eters in the two groups of healthy and symptomatic TMJ
participants. Most parameters showed significant differ-
ences between the two groups. This supports findings by
Landes et al. that showed that the rate of mouth open-
ing was significantly higher in healthy individuals [9].
In contrast, the rate of anterior transition movement in
symptomatic participants was significantly higher than
in healthy controls. This was also found in other stud-
ies that have examined joint movements with ultraso-
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nography. One reason is the creation of compensatory
movement in the joint that occurs due to the amount of
mouth opening being higher in healthy subjects as well
as in patients with more forward translation. Compensa-
tory movement at the TMJ occurs to compensate for the
amount of mouth opening in patients. Symptomatic indi-
viduals are likely to compensate for less mouth opening
by increasing forward movement translation. This may
be used as a diagnostic factor in subsequent evaluations,
which has been emphasized in other studies [9]. The
present study results confirm that TMJ dysfunction can
be assessed using the amount of anterior movement.

The inferior movement of the condyles and the amount
of joint distance have not been studied elsewhere. These
two variables showed a significant difference between
the two groups so that the joint distance was greater in
the healthy controls, which shows that their TMJ is at
its normal distance, whereas with pathology, this dis-
tance is reduced. Increased spasms of the masticatory
muscles around the jaw joint may occur in symptomatic
individuals with a subsequent reduction in joint space,
which may also explain the increase in compensatory
translation movement in these individuals. In contrast,
the rate of inferior translation is higher in the symptom-
atic TMJ group and maybe a reason to compensate for
the reduction of joint space. Further, there was a signifi-
cant negative relationship between the amount of pain
and the amount of mouth opening and joint distance.
This is most likely a protective mechanism to avoid pain
through a temporary compensatory reduction in ROM.
In contrast, destructive joint changes, such as displace-
ment of the inter-articular disc, entrapment of intra-artic-
ular elements, and increased spasm and muscle stiffness
secondary to joint involvement, can further reduce the
joint ROM. This study showed no correlation between
pain and translation movement as increased pain was
usually accompanied by a decrease in the amount of
movement. Even in asymptomatic healthy individuals,
minor destructive changes in the joint can cause limita-
tion of movement [22]. Most patients with changes in
the articular discs are associated with decreased trans-
lation movement. However, because the transfer of the
disc and condyle has not been investigated in this study,
no comment can be made in this regard [25]. Nonethe-
less, due to the low intensity of pain in these individuals,
the rate of translation movement with pain intensity did
not show a significant correlation.

Yaghoubi et al. Sonography of TMJ Range of Motions. IRJ. 2022; 20(4):491-500
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5. Conclusion

This study showed that sonography can be considered
an accurate tool for the assessment of joint space and
condylar translation in individuals with symptomatic
TMID. Also, the results of this study showed that the
differences in the TMJ ROM clearly separated asymp-
tomatic subjects and patients with TMJD.

Limitations and advantages

One of the main limitations of this study was the coinci-
dence with the paired period of COVID-19, which limited
the access to participant recruitment, and it was not possible
to measure the strength of the masticatory muscles due to
the lack of cooperation by the participants. Further, the abil-
ity to gain a review of the same patient to test reliability was
particularly difficult for participants due to the pandemic
conditions. It is suggested that in future studies, the strength
of the masticatory muscles should be measured with the
help of a dynamometer or the use of electromyography. In
addition, classifying the evaluated samples into different
groups of conflict and the subsequent use of comparative
investigation may provide improved and more accurate re-
sults. This is the first study in Iranian subjects with TMID,
which evaluated the movement ROM with sonography.
Such studies will improve the direction of research in the
field of physiotherapy in the future in Iran.
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