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Ultrasonographic examination

of masticatory muscles in patients
with TMJ arthralgia and headache
attributed to temporomandibular
disorders

Yeon-Hee Lee™**, Hyungkyu Bae?, Yang-Hyun Chun?, Jung-Woo Lee3** & Hee-Jin Kim?

This study used ultrasonography to compare the thickness and cross-sectional area of the masticatory
muscles in patients with temporomandibular joint arthralgia and investigated the differences
according to sex and the co-occurrence of headache attributed to temporomandibular disorders
(HATMD). The observational study comprised 100 consecutive patients with TMJ arthralgia (71
females and 29 males; mean age, 40.01+17.67 years) divided into two groups: Group 1, including 86
patients with arthralgia alone (60 females; 41.15 +17.65 years); and Group 2, including 14 patients
with concurrent arthralgia and HATMD (11 females; 33.00 +16.72 years). The diagnosis of TMJ
arthralgia was based on the diagnostic criteria for temporomandibular disorders. The parameters of
the masticatory muscles examined by ultrasonography were subjected to statistical analysis. The
pain area (2.23+1.75 vs. 5.79 £ 2.39, p-value =0.002) and visual analog scale (VAS) score (3.41+1.82
vs. 5.57 +12.14, p-value =0.002) were significantly higher in Group 2 than in Group 1. Muscle thickness
(12.58 £ 4.24 mm) and cross-sectional area (4.46 £2.57 cm?) were larger in the masseter muscle than
in the other three masticatory muscles (p-value <0.001). When examining sex-based differences, the
thickness and area of the masseter and lower temporalis muscles were significantly larger in males
(all p-value <0.05). The area of the masseter muscle (4.67 £2.69 vs. 3.18 +0.92, p-value =0.004) and
lower temporalis muscle (3.76 £ 0.95 vs. 3.21 +1.02, p-value = 0.049) was significantly smaller in Group
2 thanin Group 1. An increase in VAS was significantly negatively correlated with the thickness of the
masseter (r= - 0.268) and lower temporalis (r= - 0.215), and the cross-sectional area of the masseter
(r=-0.329) and lower temporalis (r= -0.293). The masseter and lower temporalis muscles were
significantly thinner in females than in males, and their volumes were smaller in patients with TMJ
arthralgia and HATMD than in those with TMJ arthralgia alone. HATMD and decreased masseter and
lower temporalis muscle volume were associated with increased pain intensity.

Keywords Ultrasonography, Arthralgia, Headache attributed to temporomandibular disorders, Masseter
muscle, Temporalis muscle, Temporomandibular disorder

Temporomandibular disorders (TMDs) are common orofacial musculoskeletal disorders characterized by pain
and dysfunction of the temporomandibular joints and surrounding structures. In 2014, new evidence-based
diagnostic criteria for TMD (DC/TMD), TMD was divided into 12 common TMDs: arthralgia, myalgia, local
myalgia, myofascial pain, myofascial pain with referral, four kinds of disc displacement disorders, degenerative
joint disease, subluxation, and headache attributed to TMD (HATMD)'. In the previous version of the research
diagnostic criteria for TMD (RDC/TMD) published in 1992, arthralgia was included in group III, and HATMD
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was not included in classification?. In 2018, the International Classification of Headache Disorders, 3rd edition
(ICHD-3), defined HATMD as a headache caused by TMD involving the temporomandibular region. HATMD
is induced by jaw motion, such as chewing or bruxism, and reproduced on physical examination by stimulation
of the upper temporalis muscles and/or passive movement of the jaw®, and may be related to temporomandibular
joint (TM]) arthralgia.

TMD encompasses various etiologies and symptoms involving the TM] and is characterized by TM]J arthral-
gia. In a systematic review, the overall prevalence of TMD was approximately 31% in adults and 11% in children/
adolescents®. TMD occurs predominantly in women and is 2.3 times more likely than in men®. The prevalence of
primary headache as a TMD symptom is estimated to be 56%°. However, the prevalence of HATMD is 1-5.7%,
which is lower than that of primary headaches’. Typical signs and symptoms of TMD include TMJ sounds, TMD
pain, restriction of mouth opening, masticatory dysfunction, headache, and tinnitus, and these symptoms may
occur alone or in combination®. TM] arthralgia is characterized by spontaneous pain or pain on movements in
the TMJ and pain on palpation of the lateral pole or posterior part of the TM]J on the same side®. Persistence of
joint arthralgia can lead to pathological changes in functionally related joints and structurally adjacent muscles,
leading to changes and/or limitations in anatomical function'®'". Clinically, TM] arthralgia can co-occur with
HATMD; however, few previous studies have investigated their relationship or clinical characteristics.

HATMD is a type of secondary headache that is common in patients with TMD. The prevalence of HATMD
in patients with TMD ranged from 5.4 to 29.3%”'2. According to DC/TMD, HATMD is “a headache in the temple
area secondary to pain-related TMD that is affected by jaw movement, function, or parafunction, and replication
of this headache occurs with provocation testing of the masticatory system”'. The ICHD-3 classification assessed
the chronological relationship, whether headache occurred or was discovered after the onset of TMD?. Based
on the source of TMD pain, painful TMD can be broadly divided into arthrogenous and myogenous TMD!*!4,
The relationship between myogenous TMD and HATMD rather than arthrogenous TMD has been discussed
earlier in the academia'>!®. HATMD is common in TMD patients with myogenous TMD. Approximately 62%
of chronic myogenous TMD patients had HATMD of DC/TMD criteria'®. According to Costa et al., myogenous
TMD patients with HATMD showed higher pain sensitivity to pressure in the anterior temporal muscle than
those without'”. However, arthrogenous TMD may precede or co-occur with myogenous TMD, and both TMDs
can have extensive overlap with headache. A close relationship between painful TMD and headache exists and
can be explained by the shared trigeminal pain pathway and peripheral and central sensitization, together with
the neuroanatomical connectivity between the three branches of the trigeminal nerve'®. The relationship between
arthrogenous TMD and headache has been suggested indirectly and requires further investigation'. In this study,
the occurrence of HATMD in patients with arthrogenous TMD, TM]J arthralgia, and the effect of concurrent
HATMD on the masticatory muscles were investigated.

Imaging can assess TM] arthralgia and HATMD. High-frequency ultrasound is excellent for imaging nor-
mal muscles and joints, detecting muscular changes, and diagnosing joint diseases®. An examination for TM]J
arthralgia involves evaluating TM] or masticatory muscle pain, stiffness, facial asymmetry, and mouth opening
limitation. Recently, a detailed examination of the masticatory muscles by palpation has been added, as mus-
cle tenderness may reveal an active disease®!. However, the TM] is one of the most difficult joints for clinical
and imaging evaluations and has a complex configuration. TMJ bony structure evaluation is possible through
conventional radiography, cone-beam computed tomography (CBCT), and CT; however, muscle evaluation
is limited to magnetic resonance imaging (MRI) and ultrasonography??. Muscle ultrasound is a convenient
technique for noninvasive and real-time visualization of normal and pathological muscle tissues. Using the
grayscale analysis technique of ultrasonography, neuromuscular disorders could be detected with a predictive
value of 90%*. Ultrasonography is an accurate and reliable imaging technique for measuring the thickness and
cross-sectional area of masticatory muscles in vivo**?’; however, studies examining the four major masticatory
muscles in patients with TMD are limited.

We hypothesized that ultrasonography-based changes in the thickness and cross-sectional area of the major
masticatory muscles—the masseter, upper temporalis, lower temporalis, and medial pterygoid—could predict
pain in patients with TMJ arthralgia. Additionally, pain intensity would be higher in patients with arthralgia-
induced concurrent HATMD than in those with arthralgia alone, which could be related to changes in the mas-
ticatory muscles. To verify this, the clinical characteristics, HATMD status, and ultrasound masticatory muscle
parameters in patients with TM] arthralgia were compared and analyzed.

Methods

The research protocol for this study was reviewed to ensure compliance with the principles of the Declaration
of Helsinki and was approved by the Institutional Review Board of Kyung Hee University Dental Hospital in
Seoul, South Korea (KHD IRB, IRB No-KH-DT22015). Informed consent was obtained from all the participants.

Participants

This study included 100 consecutive patients with arthrogenous TMD (71 females and 29 males; mean age,
40.01+17.67 years) who visited the Kyung Hee University Dental Hospital between June 2022 and September
2022. The patients were divided into two groups: Group 1, comprising the patients with arthralgia alone and
Group 2, comprising the patients with concurrent arthralgia and HATMD. Subject selection was based on a
standardized clinical examination. The inclusion criteria were as follows: all subjects underwent a physical
examination according to the DC/TMD, had TM] arthralgia', and were aged 18 years or older. TM] arthralgia,
a representative TMD subgroup, was defined as spontaneous pain or pain on movement in the TMJ and pain on
palpation of the lateral pole or posterior attachment of the TMJ on the same side. The exclusion criteria were as
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follows: (1) systemic inflammatory connective tissue disease; (2) history of facial tumor or surgery; (3) pregnancy;
(4) occult neuralgia in the orofacial area; (5) local facial infection; and (6) psychiatric or psychological disorders.

Study design

Clinical evaluation

(1) Characteristics of TMD pain

The duration of pain due to TM]J arthralgia has been reported in days. When the symptom duration
was > 6 months (180 days), it was regarded as chronic TMD?. TMD pain was scored subjectively by the patients,
ranging from 0 (no pain at all) to 10 (the worst pain imaginable) using the visual analog scale (VAS). The pain
laterality was classified as right-sided, left-sided, and both sides (bilateral). The pain area was measured using
overlapping grids on the right and left facial parts, which was the sum of the grid cells marked by the patient

(Fig. 1).

(2) Evaluation of HATMD

HATMD, a TMD subgroup, was diagnosed according to DC/TMD, and the criteria were as follows: (1) history
taking: (a) headache in the temple area and (b) headache modified by jaw movement, function, or parafunction;
(2) physical examination: (a) confirmation of headache location in the temple area and (b) familiar headache in
the temple area with provocation test!.

(3) Ultrasonography measurements

Ultrasonography was performed with a General Electric Versana Active ultrasound system (General Electric,
Milwaukee, Wisconsin, USA), using an M12L linear transducer with a pulse frequency of 0-14 MHz. A fixed
B-mode setting for grayscale was selected for the musculoskeletal examination. The gain, focus, and depth were
individually adjusted per patient. Doppler sensitivity was optimized for low flow with fixed settings (7.5 MHz
Doppler frequency, pulse repetition frequency of 0.9 kHz, wall filter of 114 Hz). The ultrasound images of major
masticatory muscles were frozen at the following locations (Fig. 2), and the muscle thickness and cross-sectional
area of each masticatory muscle on both the right and left sides were measured. Measurements were made using
a program built into the Versana Active device. All ultrasound examinations were performed by a young physi-
cian investigator (YHL) with relevant training.

(4) Thickness and cross-sectional area of the masticatory muscle

The patients’ masticatory muscles were examined in a relaxed supine position. In the echogenicity of
major anatomical structures, normal bone interfaces are hyperechoic, fascia is hyperechoic, and muscles are
hypoechoic??. The masseter muscle’s thickness and cross-sectional area were measured near its middle portion
in the inferior zygomatic region. The transducer was placed at the most abundant part of the masseter muscle,
parallel to the long axis of the zygomatic arch, between the lower mandibular notch and the inferior border of
the mandible. For assessing the lower temporalis muscle, the patient’s mouth was opened by 2 cm. The lower
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Figure 1. Pain area using overlapping grids on the right and left side of the face. The pain area was calculated by
summing the number of grids marked with the area where the patient self-marked their pain.
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Figure 2. Diagram and actual ultrasound image of each masticatory muscle. (a) Masseter, (b) lower temporalis,
(c) upper temporalis, and (d) medial pterygoid muscles.

temporalis muscle was measured in the optimal position, where a muscle with a clear boundary was found by
moving the linear probe from the zygomatic arch toward the mandibular notch. For the upper temporalis mus-
cle, a linear probe was placed parallel to the outer edge of the eyebrow. For the medial pterygoid muscle, after
placing the probe parallel to the inferior border of the mandible at the position of the posterior digastric muscle,
a slight force was applied from the inside to the outside to measure. All masticatory muscles were investigated
extra-orally on both the right and left sides. Muscle thickness was defined as the maximal distance between the
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outer and inner fasciae and was measured in millimeters. The cross-sectional area of each muscle was measured
directly in cm? using the area-measuring tool of the device in the image of the estimated muscle thickness.

(5) Reliability and measurement error

The inter-and intra-observer reliability assessed the degree of agreement between multiple repetitions of a
clinical test performed. All parameters on the ultrasound scan were measured twice by two investigators (YHL
& YHC), and images were presented randomly to assess the inter- and intra-observer reliability. Inter-class
correlation coefficients (ICCs) were calculated, and it was prespecified that correlations between assessments
should be >0.80 for all items. ICCs of 0.83 and 0.90 were estimated in intra-examiner reproducibility measure-
ments. If the ICC did not reach this standard value, it was classified as an additional investigation target and was
measured again. When there was a disagreement, a unified conclusion was made through several discussions
until a consensus was reached. The ICC ranged from 0 (no reliability) to 1 (perfect reliability)*. With repeated
testing, the ICC met the criterion (>0.80) in all the cases.

Statistical methods

Data were analyzed using SPSS Statistics version 26.0 for Windows (IBM Corp., Armonk, NY, USA). Continu-
ous variables are presented as mean and standard deviation (SD), and categorical variables are presented as
frequency and percentage. The intra-rater reliability in muscle thickness and cross-sectional area measurements
was assessed using the ICC coefficient, with a mean value of 0.83. Differences according to sex and group between
Group 1 (TM] arthralgia alone) and Group 2 (TM] arthralgia with concurrent HATMD) were investigated using
chi-square tests for categorical variables. One-way analysis of variance (ANOVA) with Tukey’s post-hoc test and
Student’s t-tests were used for numeric variables. Chi-squared tests with Bonferroni-adjusted post hoc analyses
were used to determine equality of proportions. Spearman’s correlation coefficients (r) were calculated for VAS,
demographics, and ultrasonographic parameters. The range is — 1 to + 1, with — 1 representing a perfect linear
negative correlation and + 1 representing a perfect linear positive correlation. For all analyses, a two-tailed p-value
of less than 0.05 was considered statistically significant.

Institutional Review Board

The research protocol for this study was reviewed in compliance with the Helsinki Declaration and approved
by the Institutional Review Board of Kyung Hee University Dental Hospital in Seoul, South Korea (KHD IRB,
IRB No-KH-1709-4).

Informed consent
Informed consent was obtained from all the subjects involved in the study.

Results

Demographics

Among 100 consecutive patients with TM] arthralgia during the study period, Group 1 consisted of 86 patients
with arthralgia alone (60 females and 26 males; mean age 41.15+ 17.65 years), while Group 2 comprised 14
patients with concurrent arthralgia and HATMD (11 females and 3 males; mean age 33.00+ 16.72 years). The
difference in mean age between the groups was not significant (p-value=0.111). The ratio of TM] arthralgia alone
versus co-occurrence of arthralgia and HATMD was 6.14:1. Analysis of the results revealed the TMD predomi-
nantly affected the females with a female-to-male ratio of 2.45:1. By group, the female-to-male ratio in Group
2 (2.31:1) was higher than Group 1 (3.67:1), but the difference was not statistically significant (p-value =0.752).
The ratio of patients in the acute phase to in the chronic phase was 1:3, and the mean symptom duration was
547.05+955.64 days (18.23 +31.83 months). There were no significant differences in the distribution of sex, age,
pain duration, and chronicity between the two groups. The pain area value was significantly higher in Group 2
than in Group 1 (2.23 +1.75 vs. 5.79 £2.39, p-value <0.001). In addition, the mean VAS score was significantly
higher in Group 2 than in Group 1 (3.41+1.82 vs. 5.57 +12.14, p-value =0.002). There was a significant differ-
ence in the frequency of pain between groups. In Group 1, pain was lateralized to the left side (52.3% vs. 28.6%)
more frequently, and in Group 2, bilateral pain (11.6% vs. 50%) was observed more frequently (p-value=0002)
(Table 1).

Thickness and cross-sectional area of masticatory muscle and gender-based differences

On analysis, the thickest muscle was the masseter (12.58 £4.24 mm), followed by the upper temporalis
(10.84 +£5.04 mm) and lower temporalis muscles (11.19+3.50 mm), and the thinnest muscle was the medial
pterygoid (6.95+2.24 mm) (p-value=0.001). In terms of the cross-sectional area, the masseter muscle (4.46+2.57
cm?) was the largest, followed by the upper temporalis (3.74 + 1.93 cm?), lower temporalis (3.68 +0.98 cm?), and
medial pterygoid muscles (2.33+0.79 cm?) (p-value <0.001) (Table 2). Muscles with differences between men
and women were the masseter and lower temporalis muscles. Both thickness and cross-sectional area were more
significant in males than in females (all p-value <0.05) (Fig. 3).

Comparison of masticatory muscle thickness and area between TMD groups
The differences between the TMD groups according to the absence or presence of HATMD were examined
(Table 3).

For muscle thickness, the right masseter muscle (13.42+3.33 mm vs. 9.96 +4.14 mm, p-value=0.001) and
left lower temporalis muscle (11.25+4.43 mm vs. 9.06 + 3.41 mm, p-value =0.045) were significantly thinner in
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Group 1 (Arthralgia) Group 2 (Arthralgia with HATMD)
Total (n=100) Mean = SD or n (%) (n=286) Mean+SD or n (%) (n=14) p-value

Demographics
Age* 40.01+£17.67 41.15£17.65 33.00+£16.72 0.111
Female sex” 71 (71.0) 60 (69.8) 11 (78.6) 0.752
Pain characteristics
Pain duration (days)* 547.05+955.64 513.78 +£965.86 751.43 +£895.98 0.375
Chronicity*

(1) Acute phase (<6 months) 25(25.0) 24 (27.9) 1(7.1) 0.179

(2) Chronic phase (> 6 months) 75 (75.0) 62 (72.1) 13 (92.9)
Pain area® 2.73+2.22 223+1.75 5.79+2.39 <0.001%**
VAS* 3.71+2.01 3.41+1.82 5.57+12.14 0.002**
Pain laterality®
Right side 34 (34.0) 31 (36.0) 3(21.4) 0.002**
Left side 49 (49.0) 45 (52.3) 4(28.6)
Both sides 17 (17.0) 10 (11.6) 7 (50.0)

Table 1. Demographics and pain characteristics of TMD patients. HATMD headache attributed to
temporomandibular disorder, SD standard deviation. *Results were obtained via t- test. bThe results were
obtained via a chi-square test (two-sided). “Fisher’s exact test. A p-value <0.05 was considered significant. **:
p-value<0.01, ***: p-value <0.001. Significant results are in bold text.

p-value® (comparison

according to masticatory p-value® (comparison
Total (n=100) | muscles) Post-hoc Male (n=29) | Female (n=71) | according to sex)
Thickness (mm)
Masseter m. 12.58+4.24 <0.001%%* Masseter m. > upper temporalis | 17 16,533 | 11514247 <0.001%%*

and medial pterygoid m

Upper temporalis m.>medial

Upper temporalis m. 10.84 +5.04 . 11.58+3.42 10.69+2.29 0.135
pterygoid m

Lower temporalism. | 11.19+3.50 Lower temporalis m.>medial | 13311498 | 10694315 0.001%*
pterygoid m
Medial pterygoid m < masseter,

Medial pterygoid m. 6.95+2.24 upper temporalis, and lower 6.47+3.53 7.46+2.33 0.102

temporalis m

Cross-sectional area (cm?)

Masseter m. > upper temporalis,

Masseter m. 4.46+2.57 <0.001** lower temporalis, and medial 6.66+1.24 3.73+0.85 0.001**
pterygoid m

Upper temporalism. | 3.74+1.93 Upper temporal m. >lower 4.04+0.98 3.68+0.84 0.069
temporalis m

Lower temporalism. | 3.68+0.98 Lower temporalis m.>medial | 3, | 35 3.49+0.89 0.025*
pterygoid m
Medial pterygoid m < masseter,

Medial pterygoid m. 2.33+0.79 upper temporalis, and lower 2.17+1.12 2.41+0.71 0.202

temporalis m

Table 2. Comparison of thickness and cross-sectional area of the masticatory muscles and investigation of
gender differences. The results are shown as mean + SD. SD standard deviation. “the results were obtained via
ANOVA and Tukey’s post-hoc test. *Results were obtained via the Student’s t-test. Statistical significance was
set at p-value <0.05. *: p-value <0.05, **: p-value <0.01, ***: p-value <0.001. The significant results are shown in
bold.

Group 2 than in Group 1. The cross-sectional area of the masseter (4.67 +2.69 cm? vs. 3.18 £0.92 cm?, p=0.04)
and the lower temporalis muscles (3.76 +0.95 cm? vs. 3.21+1.02 cm?, p=0.049) was significantly smaller in
Group 2 than in Group 1 (Fig. 4).

Implications of pain laterality

In the analysis between the TMD groups, additional analysis was performed according to the pain laterality
(Table 4). In Group 1, the upper temporalis muscle thickness was significantly less in patients with pain on the
right side than in patients with bilateral pain (3.53+0.83 cm? vs. 4.30+0.91 cm?, p-value =0.040). However,
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Figure 3. Sex-based differences in muscle thickness and cross-sectional area. (a) Thickness and (b) cross-
sectional area.

except for this case, there was no significant difference in the thickness and cross-sectional area of the masticatory
muscle according to the pain laterality (right or left) and the factors that occurred on one or both sides. That is,
the existence of TMD pain in either the right, left, or both sides did not cause a statistically significant difference
in both the cross-sectional area and muscle thickness of the masseter, lower temporalis, and medial pterygoid
muscles among the masticatory muscles.

Correlation coefficient (r) between VAS and masticatory muscle changes

The increase in VAS score was significantly negatively correlated with the thickness of the masseter (r=-0.268,
p-value <0.01) and lower temporalis muscles (r=—-0.215, p-value < 0.05). Furthermore, the increase in VAS was
correlated with the cross-sectional area of the masseter (r=—0.329, p-value <0.01) and lower temporalis muscles
(r=-0.293, p-value <0.05) (Table 5).

In other words, the results indicate that pain intensity significantly increases as the thickness of the masseter
and lateral muscles decreases in patients with TM]J arthralgia.

The thickness and cross-sectional areas of the masseter (r=0.826), upper temporalis (r=0.617), and lower
temporalis muscles (r=0.701) were strongly correlated (all p-value <0.01). However, this correlation was not
observed for the medial pterygoid muscle. When examining the correlation between the muscles, masseter
muscle thickness showed a significant positive correlation with that of the lower temporalis muscle (r=0.421,
p-value <0.05). The thickness of the upper and lower temporalis muscles also showed a significant positive cor-
relation (r=0.213, p-value <0.05).

Discussion

In the present study, the thickness and cross-sectional area of the four major masticatory muscles were inves-
tigated using ultrasonography in patients with TM] arthralgia. Thickness and cross-sectional area were higher
in the masseter muscle than in the upper temporalis, external pterygoid, and medial pterygoid muscles. The
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Group 1 (Arthralgia) | Group 2 (Arthralgia with HATMD)

Mean = SD (n=86) Mean =SD (n=14) p-value
Thickness (mm)
Masseter m.
Rt. 13.42+3.33 9.96+4.14 0.001**
Lt. 12.05+3.54 13.23+16.01 0.545
Average 12.74£3.05 11.59+8.64 0.352
Upper temporalis m.
Rt. 11.13+£2.63 9.88+2.79 0.137
Lt. 9.78+£2.92 10.24+3.01 0.601
Average 10.96 £5.34 10.06 £2.58 0.537
Lower temporalis m.
Rt. 11.61+3.64 10.48+3.99 0.293
Lt. 11.25+4.43 9.06+3.41 0.045*
Average 11.43+3.46 9.77 +£3.56 0.101
Medial pterygoid m.
Rt. 7.21+£2.83 6.99+2.30 0.759
Lt. 6.56+2.21 7.74+2.93 0.081
Average 6.89+£2.27 7.37£2.09 0.460
Cross-sectional area (cm?)
Masseter m.
Rt. 4.81+4.41 3.16+0.98 0.003**
Lt. 4.53+3.02 3.20+1.00 0.002**
Average 4.67+£2.69 3.18+£0.92 0.004**
Upper temporalis m.
Rt. 3.82+0.91 3.57+0.73 0.254
Lt. 3.75+£3.82 3.32+0.86 0.362
Average 3.79+2.06 3.45+0.76 0.539
Lower temporalis m.
Rt. 3.70£1.06 331+1.17 0.250
Lt. 3.81+1.16 3.11+0.97 0.025*
Average 3.76£0.95 3.21+£1.02 0.049*
Medial pterygoid m.
Rt. 2.35+0.88 2.27+0.71 0.727
Lt. 2.28+0.99 2.60+0.92 0.243
Average 2.31+0.81 2.44+0.71 0.593

Table 3. Comparison of the masticatory muscle thickness and cross-sectional area between the TMD groups.
Group 1: arthralgia alone group, Group 2: arthralgia with headache attributed to temporomandibular disorder
group, SD, standard deviation; The results were obtained via Student’s t-test. Statistical significance was set at
p-value <0.05. *: p-value <0.05, **: p-value < 0.01. The significant results are shown in bold.

measures of the masseter and lower temporalis muscles were significantly greater in males than in females. As
hypothesized, patients with TM]J arthralgia and HATMD had a more significant reduction in the cross-sectional
area of the masseter and lower temporalis muscles than in those with TM] arthralgia alone. HATMD is a relatively
newly recognized type of headache!®*, and its characterization is somewhat ambiguous. HATMD can co-occur
with primary headaches such as tension-type headaches or migraines®'. Indeed, there are numerous overlapping
symptoms between primary headaches and TMD?>*. However, clearly elucidating their connection still poses a
challenge. Moreover, these muscle thickness and area reductions were associated with increased pain intensity.
In patients with arthralgia and HATMD, the VAS score, a scale of subjective pain intensity, was significantly
higher than those with arthralgia alone. The TM] arthralgia with HATMD group had a higher proportion of
females compared to the TMJ arthralgia alone group (78.6% vs. 69.8%, p-value =0.752). In previous pain stud-
ies, it has been observed that women tend to experience longer durations, wider-ranging symptoms, and more
severe and diverse manifestations compared to men®**. Although studies examining the female-to-male ratio
of HATMD are very limited, it’s noteworthy that headaches, such as tension-type headaches and migraines, are
more prevalent in women than in men®®*’. Therefore, the female-to-male ratio becomes a point of caution when
interpreting the results of our study. Spearman’s correlation analysis revealed that the increase in VAS correlated
negatively with the thickness and cross-sectional area of the masseter and lower temporalis muscles. This study is
the first to examine the major masticatory muscles of patients with TMD using ultrasonography. It is noteworthy
that the study revealed the clinical and imaging characteristics according to the presence or absence of HATMD.
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Figure 4. Differences in muscle thickness and cross-sectional area among the TMD groups. (a) Thickness and

(b) cross-sectional area.

Interestingly, sex-based differences in thickness and cross-sectional area were observed only in the masseter
and lower temporalis muscles but not in the upper temporalis and medial pterygoid muscles. In a previous study
examining sex-based differences in skeletal muscle, there were differences in the number of muscle fibers and
the distribution of type I and II fibers in some, but not all, muscles®®. In this study, the masseter thickness in
the relaxed state was 17.16 +2.33 mm in males and 11.21 +2.47 mm in females. The masseter muscle exerts the
greatest masticatory force among the four major masticatory muscles and is also the muscle with which TMD
pain occurs most commonly*>*. Satiroglu et al. reported similar values for thickness in the relaxed state, and
the thickness of the masseter in males was 15.5+2.0 mm, and in females was 12.1+ 1.9 mm, respectively*. In
healthy Korean adults, the masseter muscle thickness measured by ultrasonography was 9.8 + 1.3 mm in females
and 11.3+1.2 mm in males*. These differences were probably because the reference points for measurement,
age, and TMD disease status differed. Although this value is lower than those found in our study; it is consistent
with the fact that the masseter muscle thickness of males is greater than that of females. Because the masseter
muscle is located in the superficial layer, it is relatively easier to measure with ultrasound than other mastica-
tory muscles. However, in this context, ultrasonography is not widely used to measure masticatory muscles®. In
particular, reliable ultrasonographic measurements are difficult because the lower temporalis, lateral pterygoid,
and medial pterygoid muscles are located deep to the masseter muscle.

Decreased masseter muscle volume is associated with increased pain intensity and pain area. Skeletal mus-
cle atrophy causes pain, weakness, and discomfort owing to muscle fiber thinning**. Muscle loss indicates the
onset of many local conditions, such as muscular dystrophy, cancer, and nerve damage®. Puthucheary et al.
reported that muscle layer thickness and cross-sectional area were comparative markers of muscle wasting and
weakness in the rectus femoris muscle*®. Conversely, if bruxism persists, masseter hypertrophy may occur?’,
and masseter muscle volume can increase. Bruxism is characterized by episodes of heightened muscle activity
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Group 1 (Arthralgia) (n=86) Group 2 (Arthralgia with HATMD) (n=14)
Rt. pain Lt. pain Pain on both Pain on both
(n=31) (n=45) sides (n=10) F-value of Rt. pain (n=3) | Lt. pain (n=4) | sides (n=7) F-value of
Side | mean+SD mean = SD mean +SD p-value | group 1 mean +SD mean +SD mean +SD p-value | group 2
Muscle thickness (mm)
Rt. 13.54+3.33 13.07+3.18 14.65+3.94 0.389 0.955 7.28+1.49 11.60+7.16 10.17+£2.32 0.419 0.943
Masseter m Lt. 12.09+3.50 12.25+3.35 11.06 £4.64 0.632 0.461 8.15+£1.43 11.30£3.63 16.50+22.81 0.753 0.291
Upper tempo- Rt. 10.45+2.17 11.32+2.78 12.35+2.93 0.107 2.295 9.15+1.84 9.28+3.88 10.55+2.68 0.707 0.357
ralis m. Lt. 9.49+1.93 10.28+3.19 17.22+28.29 0.084 1.965 9.14+0.56 11.98+3.35 9.72+3.32 0.412 0.963
Lower tempo- | Rt- | 11.67£3.69 | 1148+3.76 | 11984320 |0.922 | 0.081 9.23+1.12 1193+555 |10.20£4.04 | 0.687 | 0.388
ralis m. Lt. 11.14+3.65 11.11+4.30 12.16+7.03 0.789 0.238 7.94+1.28 9.58+3.88 9.24+4.04 0.830 0.190
Medial ptery- | Rt 7.36+2.98 6.86+2.69 831291 [0318 | 1.162 7.47+3.29 7.53+2.71 6.48+1.89 |0.742 | 0307
goid m. Lt. 6.53+2.23 6.47+£2.30 7.11+1.79 0.711 0.342 7.57+3.25 6.60+£1.43 8.47+3.54 0.630 0.482

Cross-sectional area (cm?)

M Rt. 572+7.17 4.22+1.07 4.62+1.32 0.347 1.072 2.53+£0.42 3.33+1.68 3.34+0.60 0.485 0.772
asseter m.
Lt. 4.05+1.15 4.85+4.02 4.57+1.18 0.527 0.646 2.98+0.46 3.83+1.44 2.93+0.83 0.360 1.122
Upper tempo- | Rt | 3.53+0.83 3924093 | 4304091 | 0.040¢ |3.351 3142032 339+0.78 385+0.78  |0.338 | 1201
ralis m. Lt. 3.25+0.63 4.13+£5.23 3.63+0.96 0.611 0.496 3.17+0.39 3.34+0.70 3.38+1.14 0.949 0.053
Lower tempo- | Rt | 3.63%119 368+1.00 | 403+096 | 0587 |0.536 3.34+0.56 3.58+1.55 314125 | 0854 | 0.160
ralis m. Lt. 3.56+1.03 3.98+1.20 3.82+1.39 0.321 1.151 2.87+0.11 3.11+0.86 321+£128  [0.895 |0.112
Medial ptery- | Rt | 245112 224+070 | 2514075 | 0499 | 0.702 2.64+1.06 210£029 | 221+077 |0620 | 0.500
goid m. Lt. 2.15+0.73 2.36+1.21 2.31+0.49 0.674 0.396 2.57+1.14 2.36+0.28 2.76+1.13 0.813 0.211
Table 4. Comparison of muscle thickness and cross-sectional area values according to the pain laterality.
Group 1: arthralgia alone; Group 2: arthralgia with headache attributed to temporomandibular disorder. The
results were obtained using ANOVA and Tukey’s post-hoc tests. Statistical significance was set at p-value <0.05.
*: p-value < 0.05. The significant results are shown in bold.
Upper Lower Medial Upper Lower Medial
Correlation Headache Masseter | temporalis | temporalis | pterygoid | Masset temporalis | t alis | pterygoid
coefficient attributed Pain m. m. m. m. m m m m
(r) (n=100) | Female sex | Age to TMD Pain area | duration | thickness | thickness | thickness | thickness | area area area area
VAS 0.140 0.093 0.362** 0.462** | —0.043 -0.268** | -0.155 -0.215* 0.057 -0.329** | -0.109 —0.293** 0.066
Female sex 0.204* 0.067 0.144 0.015 -0.684** | —0.091 —0.266** | 0.333** -0.606** | —0.166 -0.246* 0.317**
Age -0.166 -0.034 -0.293** | -0.134 0.088 0.028 -0.087 —-0.062 -0.035 -0.074 -0.135
Headache
attributed to 0.489** | 0.198* -0.277** | -0.101 -0.224* 0.088 -0.370** | -0.093 —-0.168 0.083
TMD
Pain area 0.123 -0.184 -0.081 —-0.303** | 0.017 —-0.202* 0.001 -0.196 0.012
ﬁz‘r': dura- -0.066 | -0.001 -0.024 | 0015 -0059 | -0.017 0.015 0.028
Masseter m. 0.193 0.421% | -0.247* | 0.826* | 0.229* 0.522% | -0.206*
thickness
Upper tem-
poralis m. 0.213* 0.020 0.157 0.617** 0.093 0.006
thickness
Lower tem-
poralis m. 0.164 0.439** 0.038 0.701** 0.113
thickness
Medial
pterygoid m. -0.271** | -0.107 0.083 0.904**
thickness
Masseter m. 0.204* 0.557% | -0.227*
area
Upper
temporalis 0.080 -0.035
m. area
Lower
temporalis 0.161
m. area

Table 5. Evaluation of correlation coefficient (r) between VAS and masticatory muscle changes. The results
were obtained using Spearman’s correlation analysis. Statistical significance was set at p-value <0.05. *:
p-value <0.05, **: p-value <0.01. The significant results are shown in bold.
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involving clenching or rhythmic contractions of the masticatory muscles*:. However, repetitive clenching and
grinding movements, along with functional hyperactivity due to bruxism, tend to induce traumatic injuries to
the masticatory system”. In addition, sleep bruxism, often associated with microarousals during sleep, can cause
issues in the masticatory muscles. Further ultrasound-based studies will be necessary to elucidate the relationship
between bruxism, orofacial pain, and muscle weakness or hypertrophy.

Additional studies with long-term follow-up on 2D and 3D anatomical changes and muscle pain intensity in
patients with TMD are required. In this study, the thickness of each masticatory muscle and its cross-sectional
area showed a very strong positive correlation. Muscle thickness measured using ultrasonography correlates
with the cross-sectional area measured using CT and MRI at one-time point>. Patients with a spectrum of neu-
romuscular disorders have muscle thickness that correlates strongly with disability score and muscle strength®'.
Conversely, when vastus lateralis muscle thickness was increased through physical training in patients with
chronic low back pain, pain intensity decreased. These findings suggest that the decrease in volume of the
masseter and lower temporalis muscles in patients with TMD is related to the increase in pain, but care should
be taken in interpreting the limited data.

In the examination of the temporalis muscle, there was no difference between the sexes or TMD groups in
the upper part of the temporal fascia; however, the lower part attached to the coronoid process differed. The
temporalis muscle functions as the main retractor of the mandible during mastication®?. Contraction of the
posterior fibers of the temporalis muscle results in retrusion of the mandible, and contraction of the anterior
fibers moves the mandible in a dorso-cranial direction, elevating the mandible®. Measuring muscle thickness
using ultrasonography is a good surrogate for measuring muscle mass and has excellent intra- and inter-observer
reliability****. Decreased muscle thickness reflects muscle weakness®®. In this study, the temporalis muscle was
divided into upper and lower parts that were clearly distinguished in ultrasonographic examination. As previous
studies examining changes in the upper and lower parts of the temporalis muscles are limited, further investiga-
tion is needed to understand why muscle changes or specific relationships were only present in the lower tempo-
ralis muscles. The increase in pain intensity was negatively correlated with the thickness and cross-sectional area
of the lower temporalis muscles. In addition, the decrease in the cross-sectional area of the masseter and lower
temporalis muscles in patients with TM] arthralgia and HATMD was more pronounced than that in patients
with TM]J arthralgia alone.

Hypotrophy and masticatory muscle contracture may be associated with TMJ sounds, TMD pain, and head-
aches in patients with TMD*’. In previous electromyogram results, the muscle fatigue of the masseter and tem-
poralis muscles correlated with the increased intensity of the temporomandibular dysfunction index in TMD
patients®. Thus, decreased anatomical and weakened pathological masseter and lower temporalis musculature
can reflect pain and HATMD in patients with arthralgia. The temporalis muscle is anatomically divided into
anterior, middle, and posterior parts®. However, these three regions are not clearly distinguished in ultrasonog-
raphy examination. This study found out which HATMD is associated with either the upper or lower part of
the temporalis muscle. The upper temporalis muscle, similar to the masseter muscle, is a superficial masticatory
muscle; therefore, it can be easily and reliably measured using ultrasonography. The upper temporalis muscle
thickness has been measured previously, and decreased upper temporalis muscle thickness has been reported to
be associated with disease progression and reduced survival rates®*®. The thickness of the upper temporalis mus-
cle was 11.58 +3.42 mm in males and 10.69 + 2.29 mm in females, respectively. There was no significant difference
in upper temporalis muscle thickness and cross-sectional area according to sex or TMD group. According to the
DC/TMD for HATMD, pain in the upper temporalis area related to the function and parafunction of the TM]
and pain in the provocation test should be present in the upper temporalis muscle®. Electromyography showed
that the activity of the masseter and upper temporalis muscles increased in patients with TMD compared to the
controls®. Chronic stress increases the electrical activity of the upper temporalis muscles in TMD®. Therefore,
it was hypothesized that thickness and cross-sectional area changes in the upper temporalis muscle would be
more prominent in patients with HATMD than in those with TMJ arthralgia alone, but this hypothesis has not
been proven. Further investigations are needed to clarify the relationship between anatomical changes in the
upper temporalis muscle and TM] arthralgia or comorbid HATMD.

This study had several limitations. Since this was a cross-sectional study without a regular control group, only
comparisons of masticatory muscles between sexes and TMD groups were performed. In addition, we inves-
tigated the effect of HATMD comorbidity on TM] arthralgia in 100 patients; however, the number of patients
with HATMD was limited to 14. Although not statistically significant, the female-to-male ratio was higher in
the TM] arthralgia with HATMD group than in the TM] arthralgia alone group. This sex ratio discrepancy may
cause bias in measurements of muscle thickness and cross-sectional area. Conversely, it can be interpreted that
HATMD is more likely to co-occur with arthralgia in women compared to men. This study is significant in that
it investigated all four major masticatory muscles using ultrasonography for the first time; however, there are
clear limitations in fundamental ultrasonographic evaluation. Among the four main masticatory muscles, the
lateral pterygoid muscle is located deep to the masseter and lower temporalis muscles and was not investigated
because of the difficulty in obtaining accurate measurements using the ultrasound device. Because the waves used
in ultrasonography show continuously changing patterns, it takes considerable experience to perform ultrasonic
measurements. A single observer with more than 10 years of experience in the field of orofacial pain evaluated the
muscles, but there is a possibility of observer bias. In addition, the force applied to the tissue and each patient’s
unique anatomy can result in different images. Therefore, ultrasound evaluation can be more subjective than
CBCT, CT, and MRI, which can produce clearer images. Consequently, ultrasonography is not commonly used.
Therefore, efforts to accumulate experience and research with imaging modalities such as CT and MRI that have
precise results will be continuously needed.
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Conclusions

This study is the first to examine the major masticatory muscles of patients with TMD using ultrasonography.
The clinical and imaging characteristics according to the presence or absence of HATMD were also clarified.
Patients with TM] arthralgia and HATMD had a more significant reduction in the cross-sectional area of the
masseter and lower temporalis muscles than those with TM] arthralgia alone. Our findings can be used with
high value for the evaluation and treatment of masticatory muscles in patients with TM] arthralgia. To clarify
our findings, further longitudinal studies tracking changes in the cross-sectional area and thickness of the mas-
ticatory muscles over time are needed.

Data availability
The datasets used and/or analyzed during the current study are available from the corresponding author upon
reasonable request.
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