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Abstract

Objectives: The hyoid bone occupies a strategic position and participates in vital functions. The aim of this study was to
examine the morphometry of the hyoid bone and define its location according to the vertebral level on 3D computed tomog-
raphy (CT) images.

Methods: This study was conducted using 3D-CT images of 216 patients (104 males, 112 females) aged between 10-98 years.
The vertebral level of the hyoid bone was determined for each decade. Furthermore, the anterior-posterior length of the hyoid
bone, the length and height of the greater horn, the height and width of the body, the distance between the posterior ends of
the greater horn, and the distance of the hyoid bone to the vertebral column and the angle between right and left greater horn
was measured.

Results: The hyoid bone was most commonly located at C3 and C2-C3 vertebral level in females (35.7%) and C3 in males
(38.5%). No statistically significant difference was found between right and left sides concerning the length and height of the
greater horn.

Conclusion: Knowing the radiological anatomy, morphometric properties and vertebral levels of the hyoid bone will con-
tribute to the surgical planning of this region and the hyoid bone. In addition, our study will provide data on the morpho-
metric properties of hyoid bone in forensic and anthropological research.
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Introduction

The neck involves vital anatomical structures such as the
respiratory tract, arteries, veins, and nerves. Even a slight
blow to the neck region may threaten one’s health and
life. Neck injuries may lead to hemorrhage in the neck
muscles to fractures in the laryngeal cartilage and hyoid
bone that can cause sudden death."

The hyoid bone is located between the thyroid carti-
lage and the mandible in the anterior region of the neck,
usually at the level of the C3 vertebra.” It does not
directly make articulation with any bone. It has a body
and two protrusions called the greater and the lesser

horns.” The hyoid bone occupies a strategic position
and participates in important vital functions. It is inti-
mately connected to the larynx and plays a part in phona-
tion, respiration, speech, and swallowing.” The hyoid
bone also serves as an insertion point for swallowing and
respiratory muscles due to its position.” During the pha-
ryngeal phase of swallowing, the suprahyoid muscles
contract, and the hyoid bone moves forward under the
base of the tongue. Dysphagia, aspiration, and swallow-
ing disorders can be seen as a side effect of the treatment
of head and neck cancer with chemoradiotherapy result-
ing in decreased movement of the hyoid bone during
swallowing. This can cause impaired closure of airway
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increasing the risk of aspiration.” Therefore, it is impor-
tant to know the morphometric characteristics and
topography of the hyoid bone to provide an ideal surgi-
cal approach and plan radiotherapy."”

The hyoid bone syndrome is characterized by sensitiv-
ity and pain around the greater horn of the hyoid bone.
The surgical removal of the greater horn is used for treat-
ment of hyoid bone syndrome.” Knowledge of the mor-
phometric characteristics and variations of the hyoid bone
is essential for the treatment of this syndrome.”

The hyoid bone fractures are regarded as the evi-
dence of drowning or hanging in forensic medicine."”
The hyoid bone fractures have been associated with
other injuries such as thyroid and cricoid cartilage frac-
tures, and cervico-spinal fractures. The hyoid bone frac-
tures are more common in males compared to females
since blunt trauma, firearm injuries, sports-related
injuries, falls, and attacks are more commonly seen in
males. However, the incidence of the hyoid bone frac-
tures is higher in females in relation to suicide attempts
by hanging. The hyoid bone fractures, which occur with
other bone fractures within head and neck fractures, are
observed at a rate of 1.15%. The ratio of isolated hyoid
bone fractures is as low as 0.002% among all head and
neck fractures. This ratio increases to 27-50% in cases
such as suicide by hanging.”

Since the topography of the hyoid bone varies in
between individuals, the location and morphometric
characteristics of the hyoid bone should be known while
evaluating this bone. Therefore, in this study, it was
aimed to determine the location of the hyoid bone
according to vertebral level, to examine its morphome-
try, to determine its distance to the vertebral column and
to make a comparison between decades on three-dimen-
sional computed tomography 3D-CT) images.

Materials and Methods

This study was conducted on 3D-CT images of 216
patients (104 males, 112 females) between 10 and 98 years
of age. The patients were admitted to the hospital for any
other reason rather than complaints or pathologies in the
neck region. The age groups were divided into decades,
including 2nd decade (10-19 years), 3rd decade (20-29
years), 4th decade (30-39 years), 5th decade (40-49 years),
6th decade (50-59 years), 7th decade (60-69 years), 8th
decade (70-79 years), 9th decade (80-89 years), and 10th
decade (90-98 years). The cases in the first decade (0-9
years) were not included in the study because the hyoid
bone ossification was not completed yet and could be mis-
leading for measurements.
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"The images were obtained from our hospital’s “Image
Picture Archiving and Communication System.”
Multislice spiral CT scans were obtained with a multide-
tector 128 slice SOMATOM Definition AS Siemens
(Siemens Healthcare, Erlangen, Germany) CT using the
following parameters: 120 kV, effective mAs=143 maAs,
slice thickness=1 mm, matrix=512x512, collimation=
128x0.6 slice increment=0.7 pitch=0.8 FOV (Field of
View) (250-300). A 3D reconstruction was created from
scanned images using RadiAnt DICOM Viewer (Version
2020.1; Swansea, UK) programme.

The landmarks and parameters used for the measure-
ments are presented in Table 1. While the angle between
right and left greater horn was measured by the Image] pro-
gram (Public Domain, BSD-2), other parameters were
measured by RadiAnt DICOM Viewer (Version 2020.1;
Swansea, UK) program. Our measurements were per-
formed from the superior for the A, B, C, H, and o param-
eters, from the anterior for the F and G parameters, from
the right lateral for the D parameter, and from the left lat-
eral for the E and I parameters (Figures 1, 2 and 3).

While determining the vertebral level of the hyoid
bone, we draw two lines parallel to the long axis of the
hyoid bone from the top and bottom points on the left lat-
eral side of the hyoid bone to the vertebral column so that
the position of the head would not change the vertebral
level. The point where these lines corresponded to the
body of the vertebra was considered as the vertebral level
(Figure 3). While measuring the distance of the hyoid
bone to the vertebral column, we measured the shortest
distance of the hyoid bone to the left lateral side of the ver-
tebral column (Figure 3). Finally, we measured the angle

Table 1
Landmarks and parameters used for measurements.

Landmark/parameter

Anterior-posterior lenght of the hyoid bone

Lenght of the greater horn (right)

Lenght of the greater horn (left)

Height of the greater horn (right)

Height of the greater horn (left)
Width of the body of the hyoid bone
Height of the body of the hyoid bone

I oM mMoOoN|m >

The distance between the midpoints of the posterior ends of the
greater horn of the hyoid bone

The distance of the hyoid bone to the vertebral column (The distance
from the greater horn's posterior end to the vertebral column on the
line drawn parallel to its long axis)

a (°) Angle of right and left greater horn (The angle between greater horn
by connecting the lines passing through the midpoints of the anterior
and posterior ends of the greater horn)

‘o’ symbolizes angle, other measurements are in milimeters.
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Figure 1. (a, b) Superior views. (c) Right lateral view. (d) Left lateral view. A: anterior-posterior lenght of the hyoid bone; B: lenght of the greater
horn (right); C: lenght of the greater horn (left); D: height of the greater horn (right); E: height of the greater horn (left).

between right and left greater horn by connecting the lines  increase the sensitivity for the measurements, the parame-
passing through the midpoints of the anterior and posteri-  ters were measured twice by two different researchers and
or ends of the greater horn (Figure 2c¢). In order to  the average of the two values was reported.

Figure 2. (a, ¢) Superior views. (b) Anterior view. F: width of the body of the hyoid bone; G: height of the body of the hyoid bone; H: the distance
between the posterior ends of the greater horn; a:: angle between right and left greater horns.
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Figure 3. Left lateral view. I: the distance of the hyoid bone to the ver-
tebral column. The lines used to determine the vertebral level of the
hyoid bone are shown in red.

Statistical analyses were performed using the IBM
SPSS Statistics for Windows (Version 20.0, Armonk, NY,
USA). Frequency analysis was performed to determine the
frequency of the vertebra level for each decade and both
genders. The averages and standard deviations of all
parameters by decades and genders were determined. In
pairwise comparisons, the independent samples T-test
was used for normally distributed data, while the
Mann—Whitney U test was used for non-normally distrib-
uted data. Kruskal-Wallis test was used for comparison
between the decades, because more than two independent
groups were which were not normally distributed. The
significance level was taken as p<0.05.

Results

The vertebral level of the hyoid bone among genders are
presented in Table 2, and the minimum, maximum values,
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and averages of the mesurements are presented in Table
3. The most common vertebral levels were C3 and C2-C3
in females by 35.7% and C3 in males by 38.5%, respec-
tively, and the rarest vertebral levels were between C1-C2
and C4-C5 in females by 0.9% and C5 in males by 0.9%.
The average distance of the hyoid bone to the vertebral
column was higher in males compared to females,
although it was not statistically significant. No statistically
significant difference was found between genders concern-
ing the angle between right and left greater horns () and
the distance of the hyoid bone to the vertebral column (I)
(Figure 3). In other parameters, the values in males were
statistically significantly higher (p<0.05) (Table 4). The
length and height of the greater horn on the right and left

sides had no statistically significant difference.

The frequency of vertebral levels by decades is pre-
sented in Table 5, and the comparison of morphometric
measurements by decades is presented in Table 6. The
vertebral level of the hyoid bone was getting lower as the
age increased. In the comparison between the decades, a
statistically significant difference was found between some
decades for other parameters except for the parameters of
the distance of the hyoid bone to the vertebral column (I)
and the angle between right and left greater horn (o)
(Table 6).

Discussion

There is a limited number of studies examining the mor-
phometry and position of the hyoid bone according to the
vertebral level. The possibility that the hyoid bone frac-
tures may damage vital anatomical structures due its posi-
tion, thus, any study on hyoid bone will be important."”
The hyoid bone fracture is a clinical condition that is dif-
ficult to diagnose and can usually be overlooked. If the
hyoid bone fracture is clinically suspected in a patient with

Table 2
Frequency and percentages of vertebral levels by gender.

Frequency Percentage (%) Frequency Percentage (%) Frequency Percentage (%)
Vertebral level (female) (female) (male) (male) (total) (total)
c1-C2 1 0.9 1 0.5
(@ 4 3.6 4 1.9
c2-C3 40 35.7 18 17.3 58 269
a 40 35.7 40 38.5 80 37.0
C3-C4 18 16.1 30 28.9 48 22.2
c4 8 7.1 10 9.6 18 8.3
C4-C5 1 0.9 5 438 6 2.8
cs5 1 0.9 1 0.5
Total 112 100 (%) 104 100 (%) 216 100 (%)
C: cervical vertebra.
Anatomy e« 15 1 2021
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Table 3
Minimum-maximum and average values of the measurements.

1st researcher

2nd researcher

Measurements n (mean) (mean) min max mean+SD

A 216 37.4 35.5 23.9 49.7 36.45+4.71

B 216 29.14 27.3 15.4 40.8 28.22+3.87

C 216 29.36 26.4 16.2 39.0 27.88+3.84

D 216 8.02 8 1.00 10.73 8.01+£2.20

E 216 822 7.8 1.02 10.77 8.01+1.84

F 216 22.61 23.03 12.3 33.8 22.82+3.77

G 216 9.96 9.9 713 10.59 9.93+0.61

H 216 40.3 39.5 22.4 58.0 39.9+5.79

| 216 4.45 4.65 .00 10.74 4.55+3.22
a(°) 216 37.31 37.45 .00 64.04 37.38+9.30

‘o’ symbolizes angle, other measurements are milimeters.
Table 4
Comparison of parameters by gender.

Gender n A B C D E F G H | a(?)
Male 104 39.01£4.54  29.64+3.93 29.34+£399 8.68+2.04 855+£1.48 25.08+£3.29 10.18+0.34 42.45+587 4.78+3.22 36.42+9.24
Female 112 34.08+3.47  26.90+3.32 26.52+3.15 7.38+2.17 7.51£2.01 20.73+2.88 9.70+0.61 37.52+4.59 4.34+3.21 38.27+9.31
p <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.315 0.143

‘a’ symbolizes angle, other measurements are milimeters.

a neck injury, the diagnosis should be confirmed by CT,
laryngoscopy, and surgical examination.""

In previous studies, it has been reported that the verte-
bral level of the hyoid bone is generally between the
C2-C3 vertebra until the age of 10 and between the
C3-C4 vertebra in adulthood. However, some studies

reported that the position of the hyoid bone did not differ
between genders."*"”

In this study, the vertebral level of the hyoid bone was
getting lower as the age increased (Table 5). The most
common vertebral levels were C3 and C2-C3 in females
by 35.7% and C3 in males by 38.5%, respectively, and the

Table 5
Vertebral level frequency according to decades.

Frequency
Decade -2 (@) 2-C3 a C3-c4 ca c4-C5 s n
2nd = 2 10 17 10 = 1 = 40
3th = = 3 7 1 = = = 11
4th - 1 9 14 6 2 - - 32
5th 1 = 7 14 9 2 1 - 34
6th - 1 5 10 8 5 1 - 30
7th - - 10 6 4 1 2 - 23
8th - - 6 6 4 3 1 - 20
9th - - 7 3 5 3 - - 18
10th - - 1 3 1 2 - 1 8
Total 1 4 58 80 48 18 6 1 216

C: cervical vertebra.
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Table 6
Comparison of measurements by decades.
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Decade N (216) A B C D E F G H | o (°)

2nd 40  33.34+4.83 2473419  24.02+365 6.92+150 6.87+1.39 19.69+3.01  9.45+0.85 38.01+5.64 520+2.96 38.19+8.78
3th 11 3541+4.05  27.75+2.93 27.82+3.15  7.70+£1.49 7324182 2194+3.20 9.38+0.78 38.89+5.56  3.86+3.47 34.75+8.67
4th 32 36.69+4.03  2854+334  2843+3.10 7.66+2.83 825140 22.82+3.51 9.93x0.53 38.74+5.44  4.18+3.12 34.07+10.67
5th 34  37.25+#478  29.33+#3.84  28.62+3.39 891£1.36  859+£153 2357+3.85 10.05+046 41.30+£548 3.76+2.84 38.78+7.62
6th 30 3859+4.18  29.57+2.62 29.62+3.25 838+249  823+198 2463+3.78 10.08£0.37 41864561 4.85+£3.33 36.92+10.84
7th 23 36.52+527  28.71£3.25  2851+3.75 8.13+2.33 7.77+2.73  24.08+3.74 10.09£0.54  39.95+4.95 4.12+2.97 38.08+8.75
8th 20 39.01+3.91 30.52+2.65  30.68+2.99 8.47+2.77  9.11£1.58 24.62+3.28 10.23+0.18 41.57+7.64 5.46+3.81 38.27+8.60
9th 18  35.05+3.38  27.81+3.25  27.30+£3.10 7.72+¢2.07 841+1.64 21.70£1.92 10.19£0.09 38.24+457 5.14+3.69 39.96+8.00
10th 8 37.72+3.70  28.96+2.16  27.85+2.51 9.12+0.93 7.49+£1.18  2420+3.50 10.23£0.17 41424683 3.66+3.53 35.90+12.63
p <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.028 0.472 0.313

‘o’ symbolizes angle, other measurements are milimeters. A: difference between groups (2.-5., 2.-6., 2.-8. decades); B: difference between groups (2.-4., 2.-5., 2.-6.,
2.-7.,2.-8. decades); C: difference between groups (2.-4., 2.-5., 2.-6., 2.-7., 2.-8. decades); D: difference between groups (2.-5., 2.-6., 2.-8. decades); E: difference
between groups (2.-4., 2.-5., 2.-6., 2.-8. decades); F: difference between groups (2.-4., 2.-5., 2.-6., 2.-7., 2.-8. decades); G: difference between groups (2.-5., 2.-6.,

2.-7.,2.-8.,2.-9., 3-8, decades); H: difference between groups (2.-6. decades).

rarest vertebral levels were between C1-C2 and C4-CS in
females by 0.9% and C5 in males by 0.9% (Table 2).

The respiratory pattern and orthodontic treatments
change the normal position of the head and the position of
the hyoid bone. These changes in the position of the
hyoid bone bring swallowing and respiratory problems.
The hyoid bone is said to be more distant from the verte-
bral column in individuals with swallowing disorders."*"
It was indicated that the distance of the hyoid bone to the
cervical vertebra remained constant until puberty and that
the hyoid bone moved away from the vertebra with age."”
Sahin Saglam and Uydas," found a significant difference
between genders in the distance of the hyoid bone to the
vertebral column. In this study, we did not find a signifi-
cant difference between the decades and genders in the
distance of the hyoid bone to the vertebral column.

As a result of our measurements, the average distance
of the hyoid bone to the vertebral column was higher in
males compared to females, although it was not statistical-
ly significant. We consider that the reason for this may be
the fact that the laryngeal prominenceis more prominent
in males and slightly brings the hyoid bone forward
through the thyrohyoid ligament. Studies have shown that
the size of the hyoid bone is statistically significantly
smaller in women than in men."™"" The differentiation of
the hyoid bone morphometry between genders con-
tributes to the determination of gender in forensic medi-
cine.”"” The present study revealed that the size of the
hyoid in females is significantly smaller, except for the dis-
tance of the hyoid bone to the vertebral column and the
angle between right and left greater horns (Table 4). We
observed that there were statistically significant differ-

ences in some parameters when compared between the
decades (Table 6). We consider that the reason why 3rd
and 4th decades were the decades when the angle between
right and left greater horn was the narrowest was the con-
sequent ossification of the laryngeal cartilage with age
resulting in narrowing of the thyroid angle (Table 6).

The studies on the morphometric characteristics of the
hyoid bone and comparisons of the studies between gen-
ders are presented in Table 7. The fact that we obtained
very close results with the studies using cadaver as a mate-
rial also indicates that the measurements performed on
3D-CT images are very close to reality. We suggest that
3D-CT can make a significant and detailed contribution
to morphological and morphometric analysis in the evalu-
ation of the hyoid bone, especially in forensic medicine.

"This study had several limitations. First, the nature of
the study was retrospective. Second, because the study was
retrospective, the movement of the hyoid bone in situa-
tions such as breathing, speech, and swallowing could not
be defined and the parameters could not be measured in
these positions. Thirdly, the study had a relatively small
sample size.

Conclusion

Although the importance of the hyoid bone has been
understood over the years, the studies examining its radio-
logical anatomy and vertebral level are limited. CT is a
useful imaging method to evaluate the normal anatomy of
the bone and to recognize complications that may occur
after the hyoid bone fracture and radiotheraphy, both in
forensic medicine and in clinical practice.
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