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Ultrasonographic Measurement of Thickness of
the Thyrohyoid Muscle: A Pilot Study

Ji Hwan Cheon, MD, Du Hyeon Nam, MD, Howard Kim, MD, Dong Youl Lee, MD,
Youn Kyung Cho, MD, Eun Young Kang, MD, Sung Hoon Lee, MD

Department of Physical Medicine and Rehabilitation, Kwangju Christian Hospital, Gwangju, Korea

Objective To evaluate the normal thickness of the thyrohyoid muscle, which is one of the key muscles related to
swallowing, by ultrasonography.

Methods The thickness of the left and right thyrohyoid muscles was measured in normal male and female adults
ranging in age from 20 to 79 years by ultrasonography. The groups were classified according to age as follows:
subjects ranging in age from 20 to 39 years were classified into group A, subjects ranging in age from 40 to 59
years were classified into group B, and subjects ranging in age from 60 to 79 years were classified into group C.
The measurement level was the line that joins the upper tip of the superior thyroid notch and the oblique line of
the thyroid cartilage. Also, a correlation with the thyrohyoid muscle was investigated by collecting information
regarding height, weight, body mass index (BMI), age, and gender of subjects in the healthy group.

Results The number of subjects in each group was as follows: group A (n=82), group B (n=62), and group C (n=60).
Also, the thicknesses of the left and right muscles were 2.72+0.65 mm and 2.87+0.76 mm in group A, 2.83+0.61 mm
and 2.93+0.67 mm in group B, and 2.59+054 mm and 2.73+0.55 mm in group C, respectively. Thyrohyoid muscle
had a correlation with height, weight, and BMI. The thickness of the left and right thyrohyoid muscles was greater
in male subjects than in female subjects and the right side muscle was thicker than the left side muscle.
Conclusion The average thickness of the left and right thyrohyoid muscles was 3.20+0.54 mm in male subjects and
2.34+£0.37 mm in female subjects. The thickness of the thyrohyoid muscle was positively correlated with height,
weight, and BMI, and the thyrohyoid muscle was thicker in male subjects than in female subjects and the right
side muscle was thicker than the left side muscle.
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INTRODUCTION sensorimotor phenomenon which involves several mu-
scles. It occurs due to regulation of the central nervous
Oropharyngeal swallowing is a consecutive, complex system and the peripheral nervous system [1]. Dysphagia

Received December 16, 2015; Accepted February 22, 2016

Corresponding author: SungHoon Lee

Department of Physical Medicine and Rehabilitation, Kwangju Christian Hospital, 37 Yangnim-ro, Nam-gu, Gwangju 61661, Korea. Tel: +82-62-650-
5162, Fax: +82-62-671-7447, E-mail: starhoon3@hanmail.net

ORCID: Ji Hwan Cheon (http://orcid.org/0000-0001-5921-3084); Du Hyeon Nam (http://orcid.org/0000-0001-7360-8699); Howard Kim (http://orcid.
org/0000-0002-1123-9485); Dong Youl Lee (http://orcid.org/0000-0002-5740-1468); Youn Kyung Cho (http://orcid.org/0000-0003-4906-6089); Eun
Young Kang (http://orcid.org/0000-0001-6805-5727); Sung Hoon Lee (http://orcid.org/0000-0002-2071-7936).

@ This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/
licenses/by-nc/4.0) which permits unrestricted noncommercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Copyright © 2016 by Korean Academy of Rehabilitation Medicine



Ultrasonographic Measurement of Thyrohyoid Muscle

means swallowing disability. It can result from several
diseases, such as stroke, Parkinson disease and mul-
tiple sclerosis, and its prevalence rate reaches 22% in
the population aged over 55 years [2]. Several muscles
participate in the swallowing process, and these muscles
are classified as suprahyoid muscles (anterior belly of the
digastric, posterior belly of the digastric, geniohyoid, and
mylohyoid muscles) and infrahyoid muscles (thyrohyoid,
sternohyoid, sternothyroid, and omohyoid muscles).
Recently, some researches have been conducted to iden-
tify the muscles which should be targeted by electrical
stimulation and dysphagia exercise to improve the swal-
lowing function effectively [3,4]. The thyrohyoid muscle
is one of the muscles under the spotlight with respect
to hyolaryngeal elevation [5]. The thyrohyoid muscle
is a key muscle in the infrahyoid muscle group, which
transfers the power from the suprahyoid muscle group to
the cricothyroid complex so that the upper esophageal
sphincter can open [6]. The thyrohyoid muscle is a quad-
rilateral shaped skeletal muscle which originates from
the oblique line of the thyroid cartilage and is inserted
into the greater cornu of the hyoid bone. Its main action
is to depress the hyoid bone and elevate the larynx while
receiving innervation via the first cervical nerve followed
by the hypoglossal nerve [7]. In dysphagic patients, there
is no ultrasonography study to assess the thickness of the
thyrohyoid muscle, and also there is no study compar-
ing the difference in thickness of the thyrohyoid muscle
between normal people and dysphagic patients. To de-
termine the difference between the two groups, the data
on the thyrohyoid muscle in normal people without any
swallowing disorder are needed. Thus, this pilot study

aimed to evaluate the thickness of the thyrohyoid muscle
in normal people, which can be utilized as a comparative
study in dysphagic patients, and the results of the study
can be used to assess the effect of dysphagia rehabilita-
tion.

MATERIALS AND METHODS

This study was approved by the Institutional Review
Board of Kwangju Christian Hospital, and it was per-
formed in healthy adults from November 5, 2015 to Janu-
ary 23, 2016. The definition of a healthy adult was a per-
son who is not taking any medication currently, and who
does not have any previous history of neck surgery, dia-
betes mellitus, thyroid disease, myopathy, tuberculosis or
any similar disease. A total of 204 subjects were enrolled
in this study.

The healthy group was divided into groups A, B, and C
according to the age as 20 to 39 years old, 40 to 59 years
old, and 60 to 79 years old, respectively. The thyrohyoid
muscle has a specific property that its thickness changes
according to the posture in which the measurement is
performed. Its thickness is increased when the neck is
flexed because of the increase in muscle belly, and its
thickness is decreased when the neck is extended be-
cause of the decrease in muscle belly. Therefore, the neck
position was maintained consistently when the thickness
of the thyrohyoid muscle was measured. In the supine po-
sition, a vertical line which connects the lower margin of
the mandibular body tip and the hyoid bone was perpen-
dicular to the horizontal line which connects the upper
margin of the thyroid cartilage and the hyoid bone (Fig. 1).

Fig. 1. (A) Measurement of the thyrohyoid muscle thickness (A, tip of the mandibular body; B, hyoid bone; C, upper
margin of the thyroid cartilage; D, confirms location during measurement of the thyrohyoid muscle). (B) Head and
neck position during measurement of the thyrohyoid muscle. Vertical line which connects the lower margin of the
mandibular body tip and the hyoid bone must be perpendicular to the horizontal line which connects the upper mar-

gin of the thyroid cartilage and the hyoid bone.
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The physician was a medical specialist in rehabilita-
tion medicine whose ultrasonography experience was
more than 5 years and the experimenter measured the
thickness of the thyrohyoid muscle consistently. Ultraso-
nography (LOGIQ E9; GE Healthcare, Little Chalfont, UK)
was used as the measurement technique. The article by
Gervasio et al. [8] was referred for identifying the thyro-
hyoid muscle by ultrasonography. Initially, the superior
thyroid notch was identified and a line was drawn which
connects the upper margin of the oblique line of the thy-
roid cartilage. By placing the probe on this line, the thy-
rohyoid muscle, which is located under the sternohyoid
muscle, was identified, and the bulkiest point was mea-
sured in the axial direction. With respect to measuring the
thickness, it was calculated by a built-in function of length

measurement in ultrasonography equipment (Figs. 2, 3).
The thickness values were averaged after measuring
the thicknesses of the left and right thyrohyoid muscles
three times each. Simultaneously, the height and weight
in the healthy group were measured to calculate body
mass index (BMI) in an examination room. Also, infor-
mation on age and sex was collected. SPSS ver. 21.0 (IBM,
Armonk, NY, USA) was used for statistical analysis, and
independent t-test, one sample t-test and ANOVA test
were applied. Bonferroni correction was used as the post-
hoc analysis. Pearson correlation coefficient analysis was
used as the correlation coefficient analysis. Linear regres-
sion analysis was used for estimating the thickness of the
thyrohyoid muscle depending on the weight, in male and

female subjects.

Fig. 2. Axial (A) and longitudinal
(B) probe locations and correlated
ultrasonographic findings of the
right thyrohyoid muscle in a nor-
mal subject (a 42-year-old healthy
male). The subject weighed 60
kg and thyrohyoid muscle thick-
ness was 2.8 mm. A, sternohyoid
muscle; B, thyrohyoid muscle; C,
thyroid cartilage; D, superior thy-
roid notch; E, upper margin of the
thyroid cartilage; F hyoid bone.

Fig. 3. Axial (A) and longitudinal (B) ultrasonographic findings of the right thyrohyoid muscle in a 45-year-old male
patient with dysphagia after 3 months from the left middle cerebral artery infarction. The patient weighed 59 kg and
muscle thickness was 1.7 mm. Thickness was decreased compared with that in a healthy male. A, sternohyoid muscle;
B, thyrohyoid muscle; C, thyroid cartilage; D, superior thyroid notch; E, upper margin of the thyroid cartilage; F, hyoid

bone.
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Table 1. Characteristics and the thickness of the left/right thyrohyoid muscles

Group A (n=82) Group B (n=62) Group C (n=60) p-value

Sex (male:female) 44:38 30:32 30:30
Height (cm) 168.9+9.0 165.2+8.2 161.7+£8.0 <0.001**
Weight (kg) 63.6£14.3 63.9t11.2 61.4+£7.74 0.421
BMI (kg/m?) 22.1%3.5 23.242.6 23.1%3.5 0.067
Muscle depth (mm)

Left 2.72+0.65 2.83+£0.61 2.59+0.54 0.108

Right 2.87+0.76 2.93+0.67 2.73+£0.55 0.234

Values are presented as meantstandard deviation.
BMI, body mass index.
**p<0.005.

Table 2. Thickness of the left/right thyrohyoid muscles in
male and female subjects

Muscle depth of Male Female
thyrohyoid (n=102) (n=100) Pvalue
Left side (mm)
Group A 3.09£0.59 2.29+0.43 <0.001**
Group B 3.35£0.38 2.33+0.31 <0.001**
Group C 2.89+0.49 2.29+0.41 <0.001**
Total 3.11£0.53 2.31+0.39  <0.001**
Right side (mm)
Group A 3.3320.70 2.34+£0.39  <0.001**
Group B 3.46+£0.49 2.43+0.36 <0.001**
Group C 3.07£0.45 2.38+0.40 <0.001**
Total 3.2940.59 2.38+0.38 <0.001**

Values are presented as mean or meantstandard devia-
tion.
*#<0.005.

RESULTS

The number of subjects and the gender of subjects
in the subgroups were as follows: group A (n=82; male
44, female 38), group B (n=62; male 30, female 32), and
group C (n=60; male 30, Female 30).

There was a statistically significant difference among
subgroups in terms of height (p<0.001). The height of
subjects in group A was statistically significantly greater
than that of subjects in group C (p<0.001).

There was no statistically significant difference among
groups in terms of weight and BMI.

The thicknesses of the left and right thyrohyoid muscles
in each group were as follows: group A, 2.72+0.65 mm
and 2.87+0.76 mm; group B, 2.83+0.61 mm and 2.93+0.67

Table 3. Thickness of the left/right thyrohyoid muscles

Leftside  Rightside  p-value
Group A (n=82) 2.72+0.65  2.87+0.76 <0.001**
Group B (n=62) 2.83+0.61 2.93+0.67 <0.001**
Group C (n=60) 2.59+0.54  2.73#0.55 <0.001**
Total (n=204) 2.71+0.61 2.85+0.68 <0.001**

Values are presented as mean or meantstandard devia-
tion.
**p<0.005.

mm; group C, 2.59+0.54 mm and 2.73+0.55 mm (Table 1).

There was no statistically significant difference in the
thickness of the thyrohyoid muscle among groups.

The thicknesses of left and right side muscles in groups
were statistically significantly greater in male subjects
than in female subjects of groups A, B, and C—Ileft side
muscle (group A, p<0.001; group B, p<0.001; group C,
p<0.001) and right side muscle (group A, p<0.001; group
B, p<0.001; group C, p<0.001) (Table 2).

Also, the thickness of the right side muscle was statisti-
cally significantly greater than that of the left side muscle
(group A, p<0.001; group B, p<0.001; group C, p<0.001)
(Table 3).

In all groups, the thickness of the thyrohyoid muscle
was positively correlated with height (correlation coeffi-
cient=0.67, p<0.001), weight (correlation coefficient=0.80,
p<0.001), and BMI (correlation coefficient=0.52, p<0.001),
and the correlation coefficient of weight was the highest.
There was no significant correlation with age (p=0.41)
(Fig. 4).

Using linear regression analysis, the graph which esti-
mated the average thickness of the left and right thyro-
hyoid muscles based on the weight of male and female
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Fig. 4. Correlations (A) between height and thyrohyoid muscle depth, (B) between weight and thyrohyoid muscle

depth.

®

4.50 - 2.80 -
4.00 -
2.60 -
€ i €
E 3s0 £
P = 240
§ 3.00 - §
2.20 -
2.50 -
200 T T T T T 1 200 T T T T T 1
40 50 60 70 80 90 100 40 45 50 55 60 65 70

Weight (kg)

Weight (kg)

Fig. 5. (A) Expected average thickness (mm) of the left and right thyrohyoid muscles based on weight (kg) of male sub-
jects using linear regression analysis. The muscle thickness was increased in proportion to the weight increase. (B) Ex-
pected average thickness (mm) of the left and right thyrohyoid muscles based on weight (kg) of female subjects using

linear regression analysis. The muscle thickness increased in proportion to the weight increase.

subjects is presented in Fig. 5. The muscle thickness was
increased in proportion to the weight increase.

DISCUSSION

In recent studies, a decrease in the reciprocating mo-
tion of the hyoid bone and a decrease in epiglottic rota-
tion were considered as the causes of swallowing func-
tion in dysphagic patients, especially stroke patients [9].
Therefore, studies assessing the muscles related to the
reciprocating motion of the hyoid bone and epiglottis
were performed. In some of the articles, cadaveric or
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functional MRI was used [10,11]. But, the articles which
are related to ultrasonography are very rare. During nor-
mal swallowing, the important function in the pharyn-
geal stage is successful airway protection during passage
of food. This function is possible because of the upward
and forward contraction of the hyolaryngeal complex.
At this time, the most important muscles are suprahyoid
muscles which raise the hyoid bone, and the thyrohyoid
muscle which causes laryngeal elevation [12].
Considering the procedure for transmission of power,
the thyrohyoid muscle has the largest relative contribu-
tion in laryngeal elevation and upper esophageal sphinc-
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ter opening [6].

The study which showed that the degree of contraction
of the thyrohyoid muscle was increased during swallow-
ing after the shaker exercise compared to that before the
exercise also proves the importance of the thyrohyoid
muscle [13].

Therefore, this study focused on the ultrasonographic
characteristics of the thyrohyoid muscle in the healthy
group. The thyrohyoid muscle was easily measured by
ultrasonography compared with the suprahyoid muscle
group and it had high consistency. The length and width
parameters of the thyrohyoid muscle, which were mea-
sured by using ultrasonography in a prestudy, were
excluded from measurement due to the issue of consis-
tency. Moreover, the origin and insertion sites of the thy-
rohyoid muscle were defined according to the shape of
the thyroid cartilage and the hyoid bone in each subject.
Thus, we concluded that the length and width were not
appropriate for the parameters related to muscle activity.
A previous study showed that the muscle power was di-
rectly correlated with the cross-sectional area of the mus-
cle and the parallel muscle power was proportional to the
bulkiest point of the cross-sectional area [14]. Therefore,
the cross-sectional thickness at the bulkiest point of the
thyrohyoid muscle was supposed to be measured in this
study. Also, to improve the statistical quality, the number
of subjects in the experimental group was considered to
ensure adequate data for a parametric test.

Weight had the highest correlation with the thyrohy-
oid muscle. As a result, the thickness of the thyrohyoid
muscle was greatest in group B (40 to 59 years old). This
result was consistent with epidemiologic statistics which
shows that the 30 to 49 years old population has the high-
est proportion of obese people [15]. Since the weight was
proportional to the intake and activity level of the muscle
related to swallowing, it was supposed that the muscle
became hypertrophied.

Although this study was performed by hypothesizing
that muscle thickness was highly correlated with age, the
result was not the same as our hypothesis because the
most important factor for muscle thickness was weight.
In addition, it can be inferred that there was no statisti-
cally significant difference in muscle thickness according
to age because there was no statistically significant differ-
ence in weight according to the age group. Thus, it can be
considered that the thickness of the thyrohyoid muscle is

a useful parameter related to swallowing since it was not
highly affected by age.

The thickness of the thyrohyoid muscle in male subjects
was greater than that in female subjects, like most skel-
etal muscles. This may be due to the difference in weight
between male and female subjects in the healthy group
(average weight of male subjects, 71.19+10.05 kg; average
weight of female subjects, 54.54+6.08 kg) (p<0.001).

Moreover, the fact that male subjects have more andro-
gen hormones involved in the generation of muscle can
also be one of the reasons.

Unexpectedly, there was a difference between the left
and right side thickness of the thyrohyoid muscle, and
the right side muscle thickness was statistically and sig-
nificantly greater. The mastication habit may be consid-
ered as one of the reasons. A previous study supposed
that there was a chewing side preference in each person
[16]. In our study, the fact that right side prevalence is
higher than left side prevalence is supposed to be the rea-
son. Later, a quantified study on both the habitual side of
mastication and the difference between the right and left
side thickness of the thyrohyoid muscle is required.

Subjects who were below 20 years of age and above 80
years of age were excluded, which is a limitation of this
study. Thus, further study should be performed among
various age groups.

In conclusion, the average thickness of the left and
right thyrohyoid muscles in male and female subjects
was 3.20+0.54 mm and 2.34+0.37 mm, respectively. This
thickness was positively correlated with height, weight,
and BMI. Furthermore, the average thickness was signifi-
cantly greater in male subjects than in female subjects,
and the right side muscle was significantly thicker than
the left side muscle.

Later, this pilot study can become the foundation of the
study assessing the thickness of the thyrohyoid muscle in
patients with a swallowing disorder.
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