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Abstract
In this study, micro-CT was used to observe themicroscopic anatomy of the hyoid bone, examine the variation of the trabecular bone
inside the hyoid bone, and investigate the internal structure of the hyoid bone.
A total of 22 hyoid bones were scanned using micro-CT. The changes in the internal bone trabeculae were assessed with 3D

reconstructions, and the fine anatomical structure of the hyoid bone was further analyzed.
Micro-CT images showed the microstructure of various parts of the hyoid bone. There were significant differences in total volume,

bone volume, bone area, bone density, and volume fraction between the body and greater horns of the hyoid bone (P< .05), but no
significant differences in the ratio of bone area/volume and bone surface density were found between the body and greater horns of
the hyoid bone (P> .05). In addition, significant differences in the trabecular bone measurements, bone trabecular connectivity, and
Euler number were found between the body and greater horns of the hyoid bone (P< .05). Other parameters, including bone
trabecular thickness, number of trabecular bones, bone trabecular structure model index, and anisotropy of bone trabeculae, did not
differ between the body and greater horns of the hyoid bone (P> .05). There was noticeably ossified healing at the joint between the
body and greater horns of the hyoid bone.
Micro-CT can adequately display the internal structure of the hyoid bone. The identified bone structure may help clarify the

physiological function of the hyoid bone. The present findings provide a theoretical basis for further studies aimed at pathological
changes due to hyoid injury in clinical and forensic medicine.

Abbreviations: BD = bone density, BS = bone surface, BV = bone volume, DA = degree of anisotropy, Tb.N = trabecular
number, Tb.Th = trabecular thickness, TV = total volume.
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1. Introduction

The hyoid bone is a unique part of the skull because it does not
form joints with any other bones. The ligaments and skeletal
muscles of the bones, including the humerus, mandible, thyroid
cartilage, sternum, and scapula, form the supraspinatus muscles
and tongue. This sub-muscle group participates in important
functions, such as altering the sounds produced by the vocal
cords to facilitate speech, breathing, chewing, and swallowing,
and maintains the airway between the oropharynx and the
tracheal ring. Most previous studies primarily focused on
investigating the morphology of the hyoid bone, particularly
because it relates to fractures, development of tumors, and hyoid
syndrome.[1–3] However, few studies have examined the
trabecular characteristics of the hyoid bone and the developmen-
tal characteristics of the ossification center between the hyoid
body and the greater horns. Therefore, further studies are needed
to understand the anatomical characteristics of the trabecular
bone inside the hyoid bone and the function of each part of the
hyoid bone.
Regular medical CT cannot clearly image the trabecular

structure of the hyoid bone because of its limited resolution.
Notably, mirco-CT can clearly distinguish the distribution
characteristics and arrangement of the intraosseous trabeculae,
[4] and this high-powered image processing technology can
adequately depict the microstructure inside the sample without
destroying it. Micro-CT has been used in many fields, such as
orthopedics and stomatology;[5–7] for instance, D’Anastasio
et al[8] studied the hyoid bone of Neanderthals using micro-CT
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and found that the gross anatomy of the hyoid bone of
Neanderthals is almost no different from that of modern humans.
The mechanical properties of the whole bone are partly
controlled by the geometry of the internal trabecula and are
adjusted by the corresponding forces applied to reshape the bone.
However, no studies have used micro-CT to investigate the
trabecular characteristics and the microstructure of the hyoid
bone. The purpose of this study was to identify the characteristics
and rules of trabecular changes in the hyoid bone and provide a
theoretical basis for the development of the hyoid bone and the
diagnosis and treatment of the hyoid bone-associated diseases.
Accordingly, this study investigated the microstructures of the
trabecular bone and the complete hyoid bone using micro-CT
scans.

2. Methods

2.1. Specimens

Twenty-two intact hyoid bone specimens were provided by the
Department of Anatomy of Inner Mongolia Medical University.
The sex and age of the donors were unknown. The study was
approved by the Ethics Committee of Inner Mongolia Medical
University (YKD2018031)
2.2. Scanning methods and parameters

Extraction and characterization of the linguistic ligament were
performed using micro-CT (LBF model, Hiscan XM Micro-CT;
Yeeran Technology Ltd., Beijing, China) with Hiscan Analyzer
Software. The scanning parameters to obtain DICOM images
included the following: layer thickness=0.05mm, layer spacing
=0.05mm, single exposure time=50ms, bulb voltage=60kV,
current=134 uA, matrix=2000�1600, field of view=10cm�
8cm, and pixel size=0.05�0.05 PPI. The images were acquired
and stored on a Lenovo P320 workstation (Lenovo, Quarry Bay,
Hong Kong) provided by Suzhou Haysfield Information
Technology Co., Ltd. (Suzhou, Jiangsu, China).

2.3. Measurements

The following parameters were measured: total volume (TV),
defined as the volume of the region of interest (mm3); bone volume
(BV), defined as the volumeof the region segmented asbone (mm3);
bone surface (BS), defined as the surface of the region segmented as
bone (mm2); BV fraction (BV/TV%), defined as the ratio of the
segmented BV to the TV of the region of interest (ie, the ratio of BV
toTV); BSdensity (BS/TV), defined as the ratio of the segmentedBS
to the TV of the region of interest (mm2/mm3); specific BS (BS/BV),
Figure 1. Assessment of the degree of osteoporosis in the hyoid
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defined as the ratio of the segmentedBS to the segmentedBV (mm2/
mm3); and trabecular thickness (Tb.Th), defined as the average
thickness of the trabecular bone (mm). Notably, in cases of
osteoporosis, the Tb.Th decreases. In addition, the following
parameterswere also assessed: trabecular number (Tb.N),which is
the number of intersections between the bone and the non-osseous
tissue within a given length (mm�1); trabecular separation, the
averagewidth (mm) of themedullary cavity between the trabecular
bones; connectivity density, defined as a measure of the degree of
connectivity of trabeculae normalized by TV (l/mm3), whose
decline can be indicative of bone disease; structure model index,
defined as an indicator of the structure of trabeculae (structure
model indexwill be 0 for parallel plates and 3 for cylindrical rods);
and degree of anisotropy (DA). In the early stages of osteoporosis,
theDAof the load-bearing trabecular bone typically increaseswith
bone mass, whereas the DA decreases when the joints loosen.[9–11]

Moreover, the Euler number (Eu.N) was used to measure
trabecular connectivity, with a larger number representing a
greater degree of osteoporosis, and bone density (BD) was used to
assess the degree of osteoporosis (Figs. 1 and 2).
2.4. Statistical methods

All statistical analyses were performed using SPSS 21.0 software
(version 21.0; IBM, Armonk, NY). Measured data, expressed as
mean± standard deviation (x± s), were tested for homogeneity of
variance. After confirming that the relevant assumptions were
satisfied, the paired t-test was used to compare the left and right
hyoid angles, and the independent sample t-test was used to
examine the differences between the hyoid body and the hyoid
angles. A test level of a=0.05 was established, and a P-value
of< .05 was considered statistically significant.
3. Results

Micro-CT scan images of the normal hyoid bone were obtained.
It was found that the body and greater horns of the hyoid bone
could be divided into the intact and separated types (including the
bilateral separation type and the unilateral separation type)
according to the connection mode. On the Micro-CT scan
images, the fine anatomical structure of the hyoid bone can be
clearly shown; the bone trabeculae are mainly concentrated on
both sides of the hyoid body and become thinner in the middle of
the hyoid body, and those at both ends are intertwined into a
network. In the greater horns of the hyoid bone, the bone
trabeculae are mainly concentrated at the connection between
the front end and the hyoid body. The cortex is thick, but the
medullary cavity is small; the trabecular distribution is sparse.
bone. The body (A) and greater horn (B) of the hyoid bone.



Figure 2. Reconstruction of the hyoid bone (A, C). Distribution characteristics and regularity of the internal trabecular bone (B, D).

Figure 3. Schematic diagram of the internal ossification center of the hyoid bone at the corner joint (A). Enlarged view of the area indicated by an arrow (B).
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Notably, there are obvious signs of ossification and healing at the
junction between the body and greater horns of the hyoid bone
(Figures 2 and 3).
There were no significant differences in the parameters between

the left and right greater horns of the hyoid bone (P> .05);
therefore, these parameters were combined. TV, BV, BS, BD, and
BV/TV significantly differed between the body and greater horns
of the hyoid bone (P< .05); however, no significant differences in
the bone area/BV ratio and BS density were found between the
body and greater horns of the hyoid bone (P> .05; Figs. 4 and 5).
Regarding trabecula-related parameters, there were no
significant differences in Tb.Th, Tb.N, structural model index,
and trabecular anisotropy (P> .05), but significant differences in
Conn and Eu.N were detected between the body and greater
horns of the hyoid bone (P< .05; Table 1; Figs. 4 and 5).

4. Discussion

Generally, the trabecular bone in the cancellous bone of the
human body is important in supporting the hematopoietic tissue,
and the direction of the trabecular bone is consistent with the
3

direction of the stress that the bone is subjected to. Moreover, the
trabecular bone supports, cushions, and accommodates the bone
marrow, as well as adapts to deformation and other functions.[12]

The hyoid bone is a unique and independent “special functional
bone” located in the mid-axis of the neck between the lower jaw
and the small horseshoe bone between the shoulder straps. It is
isolated from other joints and bone formations in the ligaments.
Muscle suspension in the temporal bone styloid and mandible
bone support between the throat and tongue depend primarily on
the hyoid bone. In addition, these groups of muscles participate in
speech, breathing, chewing, and swallowing and maintain the
airway between the oropharynx and trachea ring. The hyoid
bone has implications in maintaining the head posture and has a
complex relationship with the mandible and cervical vertebra
(Fig. 6).[13]

The hyoid bone is a whole piece of fused bone containing the
main hyoid body, the large angle of the hyoid bone (greater
horns), and the small “trinity” angle (lesser horns).[21] Previous
morphological studies examined the hyoid bone only using naked
eyes.[14,15] More recently, with the popularization of imaging
technology, researchers have used radiography and CT to
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Table 1

Measurements of hyoid bone related indicators.

Measurement indicators Body of the hyoid bone (22 cases) Large angle of the hyoid bone (44 cases) t P

Total volume (TV; mm3) 5083.97±2214.69 2923.75±1404.32
∗ �4.70 .00

Bone volume (BV; mm3) 420.10±171.56 192.33±51.09
∗ �7.83 .00

Bone surface (BS; mm2) 2236.89±893.38 1089.64±305.85
∗ �7.41 .00

Bone density (BD; g/cm3) 1.62±0.06 1.70±0.76
∗

4.08 .00
BV/TV (%) 0.09±0.02 0.07±0.02

∗ �2.24 .03
BS/TV (mm2/mm3) 0.46±0.13 0.41±0.12 �1.71 .09
BS/BV (mm2/mm3) 5.52±1.35 5.76±1.27 0.71 .48
Trabecular thickness (Tb.Th; mm) 0.14±0.01 0.15±0.02 0.47 .64
Trabecular separation (Tb.Sp; mm) 0.62±0.14 0.56±0.13 �1.58 .12
Trabecular number (Tb.N; mm�1) 1.36±0.26 1.46±0.27 1.49 .14
Connectivity density (Conn.D; l/mm3) 1250.65±762.05 453.03±258.71

∗ �6.05 .00
Structure model index(SMI) 1.42±0.74 1.60±0.40 1.29 .20
Degree of anisotropy (DA) 0.36±0.09 0.79±0.07 14.32 .00
Euler number (Eu.N) �1249.64±761.63 �451.58±258.18

∗
6.06 .00

Tb.Sp = trabecular separation, Tb.Th = trabecular thickness.
∗
denotes statistically significant relationship (P< .05).
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observe and analyze the ossification of the hyoid bone, which is
part of the endochondral bone.[16–18] Our present findings
further indicate that micro-CT scanning technology can depict
the shape of the hyoid bone and its internal structure. There are
six ossification centers, including two in the hyoid body, two in
the greater horns, and two in the lesser horns. At the end of
embryonic development, the greater horns of the hyoid bone are
first ossified. After birth, the hyoid body is ossified, and the
ossification of the lesser horns does not happen until puberty. The
hyoid bone from birth to pre-puberty is connected by a small
segment of the hyoid bone and two large hyoid bones by
cartilage. A pair of small horns in puberty are connected by the
lingual body or the large horn. The immature hyoid bone consists
of five small bones, each of which is in an ossified joint state.[19,20]

Our micro-CT scans clearly showed this internal structure of the
hyoid bone. The complete ossification and incomplete ossifica-
tion were found between the body and the greater horns of the
hyoid bone.Wang et al[22] analyzed 68 hyoid bone specimens and
found that the hyoid bone was connected to the bilateral lingual
bones with the large angle of the hyoid bone, and they
demonstrated substantial sex differences in this region. Dong
et al[23] analyzed 561 normally displayed hyoid bone CT images
and divided the hyoid bone into intact and separated types
Figure 4. Comparison of the bone structure measurements between the body
and greater horns of the hyoid bone.
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according to the image morphology (including bilateral separa-
tion and single-sided separation).[23] Using micro-CT scans, the
present study observed the lingual trabecular bone in adults in
the northern region in China, and our finding supports the
observations by Dong et al.[23] Even within the intact hyoid bone,
there was a connected ossification center at the junction of the
body and the greater horns. Some of the ossification centers
were completely ossified and integrated, but prolonged healing
might be required despite observed healing inside the hyoid bone
(Fig. 3). Some of the growth was unilateral or bilaterally
separated, but not integrated. The analyses of the trabecular bone
and the structure inside the hyoid bone found significant
differences in the TV, BV, bone area, BD, and BV/TV between
the body and the greater horns of the hyoid bone. The body of the
hyoid bone was larger than the greater horns of the hyoid bone,
and a part of the hyoid bone fracture was concentrated at the
greater horn of the hyoid bone. In the trabecular bone, there was
no significant difference in related structural parameters, such as
Tb.Th, gap, and Tb.N, between the hyoid body and the greater
horns of the hyoid bone, indicating that the distribution and
characteristics of the trabecular bone are not obvious. The Eu.N
of the trabecular bone was greater than that of the hyoid bone,
and there were fewer trabecular bones at the greater horns of the
Figure 5. Comparison of trabecular bone-related parameters between the
body and greater horns of the hyoid bone.



Figure 6. Schematic diagram of the connection between the hyoid bone and its superior and inferior muscles.
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hyoid bone. Notably, in patients with head and neck cancer after
radiotherapy and chemotherapy, there are changes in the
trabecular bone of the hyoid bone, suggesting that radiotherapy
and chemotherapy might lead to issues such as hyoid bone
complications.[24]

In this study, the trabecular distribution and characteristics of the
hyoid bone can be clearly observed by micro-CT, and our findings
provide a certain theoretical basis for future clinical diagnosis and
forensic identification. However, this study has several limitations.
The sample size of the hyoid was relatively small, and the age
and sex of the specimens were not clear. Therefore, further studies
with a larger sample size are needed to confirm our findings
and investigate age and sex-associated differences.
In conclusion, Micro-CT can adequately display the internal

structure of the hyoid bone. The obtained bone structure data
may help clarify the physiological function of the hyoid bone and
provide a theoretical basis for further analyses aimed at
pathological changes due to hyoid injury in clinical and forensic
medicine.
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