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ETHNIC AND SEX CHARACTERISTICS OF THE STRUCTURE AND
LOCATION OF THE HYOID BONE

Abstract. Anatomical, anthropological and clinical studies have increasingly
paid attention to the study of the variability of the structure and spatial location of the
hyoid bone in different populations. The hyoid bone is a key structure involved in
ensuring the functions of breathing, swallowing and speech, and its morphological
features are important for otolaryngology, dentistry, maxillofacial surgery and forensic
practice. Current data indicate the presence of significant ethnic and gender differences
in the shapes and spatial location of the hyoid bone, which can affect clinical
manifestations and complications in pathological processes. A significant array of
morphometric studies has been accumulated, but they are often limited to individual
samples, which creates the need to systematize information about the ethnic and gender
features of this bone structure. The aim of the article is to summarize current data on
anatomical and morphological differences of the hyoid bone depending on gender and
ethnicity. To achieve this goal, an analysis of publications in the international scientific
databases PubMed, Scopus, Web of Science and Google Scholar was conducted.
Works from the last 10 years were included that covered the morphometric parameters
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and spatial orientation of the hyoid bone in different population groups. The analysis
demonstrated the presence of pronounced sex differences, which were manifested by
larger body and horn sizes in men compared to women. At the same time, ethnic
characteristics determined the variability in shape, angles and relationships with
adjacent anatomical structures. It was found that in representatives of Asian
populations, the hyoid bone is characterized by a more horizontal position and shorter
large horns, while in Caucasian groups it has a relatively more massive structure and a
more pronounced angle of inclination. Some studies indicate a correlation between the
anatomical parameters of the hyoid bone and facial type, which opens up prospects for
the integration of morphological and cephalometric methods. The generalization of the
obtained results shows that ethnic and gender characteristics of the hyoid bone are
systemic in nature, manifesting themselves both in size and spatial position, and should
be taken into account when planning surgical interventions, assessing airway
patency, and conducting forensic identification.

Keywords: ethnic characteristics, sex differences, hyoid bone, anatomy.
morphology, anthropometry.
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ETHIYHI TA TEHAEPHI OCOBJIMBOCTI BY10BU TA
PO3STAIIYBAHHA NI’ A3NKOBOI KICTKHA

AHoTauiss. B aHaTOMIYHUX, aHTPOIMOJIOTIYHUX Ta KIIHIYHUX JOCTIIKEHHSIX
aedani OulblIe yBaru NMpUAUISETHCS BUBUEHHIO BapiabenbHOCTI OyAOBH Ta MPOCTO-
POBOr0 po3TalllyBaHHs i/’ I3UKOBOI KICTKU Y pi3HUX nomynauisx. [1ia’s3ukoBa KicTka
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€ KITIOUOBOIO CTPYKTYyporo, dka Oepe ywacTb y 3abe3nedyeHH! (QYHKUIA IUXaHHA,
KOBTaHHS Ta MOBJICHHSA, a 1i MOPQOJIOTIYHI OCOONMBOCTI MAarOTh 3HAYCHHS IS
OTOJAPHUHTOJIOTIT, CTOMATOJIOTii, MIEJeNHO-TMUEBOl Xipyprii Ta CyI0BO-MeIUYHOT
npakTtuky. CydacHi JaHi CBig4aTh MPO HAasABHICTh ICTOTHMX €THIYHUX 1 CTaTE€BHX
BiIMiHHOCTEH y opMax Ta NpOCTOPOBOMY MOJIOXKEHHI M1/ A3UKOBOT KICTKH, 110 MOXeE
BIUIMBAaTH Ha KJIiHIYHI NpOsBM Ta YCKJIaJHEHHA IIPH IIaTOJOTIYHUX IIpollecax.
Hakonuyeno 3HauHuii MacuB MOpP(OMETPUYHUX AOCTIIKEHb, OJAHAK BOHH 4YacTo
0OMEXYIOThCS OKpeMHMMM BHOIpKaMu, IO CTBOPIOE HEOOXIMHICTH cHUCTEMaTH3arlil
BIJOMOCTEH MpO €THIYHI Ta TeHAepHI 0COOIUBOCTI Lii€l KiCTKOBOT CTPYKTYypU. MeToro
CTaTTl € Yy3araJbHEHHS CyY4YacHMX JaHMX IIOJAO0 aHAaTOMO-MOpGOJIOTiYHUX
BIIMIHHOCTEH IMiJ’ sI3MKOBOI KICTKH 3JI€KHO BiJl CTATi Ta €THIYHOI HajIeKHOCTI. s
JOCSTHEeHHS L€l MeTU MPOBEAESHO aHali3 myOJiKaliid y MiKHapOJHUX HayKOBHX 0azax
nannx PubMed, Scopus, Web of Science ta Google Scholar. Bxnrowanucs po6otu
octanHiX 10 pokiB, 110 BUCBITIIOBaIH MOPHOMETPUYHI MapaMeTpu Ta MPOCTOPOBY
OpI€HTALI0 IiA SI3UKOBOT KICTKM Y PI3HUX TONMYJAMIMHHX TIpynax. AHami3
MPOJEMOHCTPYBaB HAasBHICTH BUPAXEHUX CTATEBUX BIAMIHHOCTEH, sSKi MPOSBIISIIMCS
OUTBIIMMHU PO3MipaMM Tifla Ta POTIB KICTKM Yy YOJIOBIKiB MOPIBHAHO 3 JKIHKaMH.
BongHouyac eTHIYHI OCOONMBOCTI BHU3HAYalu BaplaTUBHICTE Yy ¢opMi, KyTaX Ta
B3a€MOBIJIHOWIEHHAX 13 CyMDKHUMH aHAaTOMIYHHMH CTPYyKTypamu. Bussieno, mo y
MpeJACTaBHUKIB a31MChbKUX TOMYJALIIMA Mia’ S3MKOBa KiCTKa XapaKTePH3YEThCS OLIBII
TOPU30HTATBHUM TMIOJIOKEHHSM Ta KOPOTIIUMHU BEIUKHUMH pOTaMM, TOAI SK Yy
€BPOIEOIIHUX Irpyrnax BOHA Ma€ BIJHOCHO MacHBHIIWY OyHOBY Ta OUIbII BUpaKeHUH
KyT Haxuiy. OKpeMi JIOCHIJKEHHS BKa3ylOTb Ha KOPEJSILII0 MK aHAaTOMIYHUMU
napaMeTpamy i’ sI3UKOBOT KICTKM Ta TUIIOM OOJIWYYS, IO BIAKPHUBAE MEPCIEKTUBH
1HTerpauii MopQoaoriyHux i edaasoMeTpUYHNX METOIB. ¥Y3aralbHeHHS OTPUMaHUX
pe3yabTaTiB CBIAYUTh, IO €THIYHI Ta FeHAEPHi OCOOJMBOCTI i S3MKOBOI KiCTKH
MAlOTh CUCTEMHUHN XapakTep, NPOSABIAIOTHCS K Y po3Mipax, Tak i y MpOCTOPOBOMY
NI0JIO’KEHHI, 1 TOBUHHI BpaXxOBYBaTUCA NPU IJIAHYBaHH1 XipypriyHUX BTpY4aHb, OLIHIII
IPOXIAHOCTI AMXATBHUX LIUISIXIB Ta MPOBEIEHH] Cy10BO-MEIUIHOI iIeHTH(IKALIiT.
Karo4uoBi ciaoBa: eTHiIYHI 0COONMMBOCTI, MeHAEpHI BiAMIHHOCTI, Hia’sI3UKOBa
KiCTKa, aHaToMisi, MOp(OJIOTis, aHTPOTIOMETPisl.

Statement of the problem. The hyoid bone is a unique anatomical structure that
is not directly connected to other bones, but is fixed by muscles and ligaments, which
provides it with a key role in the processes of swallowing, articulation and maintaining
the patency of the upper respiratory tract. It consists of a body, large and small horns,
which form a complex three-dimensional configuration that is different from other
bone structures of the human skeleton [1].

The development of the hyoid bone occurs from derivatives of the second and
third branchial arches, and this process is well visualized thanks to modern methods of
CT and three-dimensional reconstruction. Optimal scanning parameters allow to
reproduce the details of the formation of the body and horns of the bone with high
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accuracy, which creates the basis for the study of age, gender and ethnic characteristics.
According to the data obtained, even at the stages of early bone development, variability in
spatial position is observed, which may have further clinical consequences [2].

It has been established that the displacement of the hyoid bone is an important
marker of obstructive sleep apnea, in which its lower position is associated with the
severity of the pathology. In patients with severe forms of apnea, the mean coordinates
of the hyoid bone had stafistically significant differences (p<0.05) compared with the
control group [3]. Such observations emphasize the importance of the morphology and
position of this structure for the functioning of the respiratory tract.

In patients who have undergone treatment for head and neck tumors, the degree
of displacement of the hyoid bone is considered a predictor of dysphagia. According
to prospective observations, a decrease in its mobility correlates with the severity of
swallowing disorders (r=0.62, p<0.01), which indicates the clinical significance of the
functional assessment of this structure [4].

Morphometric parameters of the hyoid bone, in particular its volume and shape,
are closely related to the dimensions of the pharyngeal space and cephalometric
indicators. It has been established that a larger volume of the bone is associated with
an increase in the volume of the upper respiratory tract, while its low position can
contribute to their narrowing [5]. This demonstrates that the structure and position of
the bone directly affect the anatomical conditions for breathing.

A study of patients with osteoarthritis of the temporomandibular joint showed
the presence of statistically significant differences in the position of the hyoid bone
compared to healthy individuals (p<0.01). Such an association indicates its
participation in the complex mechanism of interaction between the maxillofacial
apparatus and the cervical region [6].

When comparing individuals with nasal and oral breathing, significant
differences were found in the spatial position of the hyoid bone. In the oral breathing
group, the body of the bone was located lower by 3.2+0.4 mm, which correlated with
the class of skeletal anomalies [7], which proves the functional role of anatomical
featares in the formation of pathological conditions.

A close relationship has also been established between the position of the hyoid
bone and postural changes in the cervical spine in patients with temporomandibular
joint dysfunction. According to clinical and radiological studies, the low position of
the bone is associated with compensatory changes in the cervical lordosis angle, which
is important for both diagnosis and rehabilitation [§].

Morphometry of the hyoid bone plays a key role in forensic practice, in particular
in determining the sex of a person. According to the results of the studies, the average
dimensions of the bone body in men were significantly larger (p<0.001), and the
accuracy of determining sex by this criterion reached 80-85%. This indicates that the
ethnic and gender characteristics of the hyoid bone are important not only in the clinic,
but also in forensic anthropological examination [9].

Thus, the hyoid bone is a multifunctional structure, the variability of its structure
and spatial position determines its participation in the development of a number of
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diseases of the respiratory, digestive and musculoskeletal systems. Its morphometric
characteristics are of significant practical importance both in clinical medicine and in
forensic anthropology.

The purpose of the article is to identify and systematize ethnic and sex
characteristics of morphometric parameters and spatial location of the hyoid bone in
order to determine their significance for clinical practice, anthropology, and forensic
examination. :

Research objects and methods. During the preparation of this review, a
systematic search for scientific publications was carried out in the international
databases PubMed, Scopus, Web of Science, and Google Scholar. To ensure the
relevance of the data, the analysis was restricted to works published within the last 10
years. Search keywords were defined according to the subject of the article, including
“hyoid bone”, “morphology”, “anthropology”, “sexual dimorphism”, “ethnic
differences”, “craniofacial anatomy”. Articles were selected based on their compliance
with the stated topic and the availability of morphometric or spatial data on the hyoid
bone across different populations. Of the 42 publications, 22 were selected for review.
The PRISMA guidelines were applied to structure the review process, and a PRISMA
flow diagram was used to illustrate the stages of publication selection in accordance
with international standards for systematic reviews [10].

ilentfeaton of new studes wa dalspsees and mgsters

c Racords removed before screening:
.r—'% Feoords identified fram: Duplicste records (=)
2 Distebases (0 45 Recards marked as ineligible by sutomeation
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k.
s Records screened Records excluded
{11 425 e (s 410
& ¥
= Feports sought for retriewsl Fapors not retrieved
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5]
7))
h
Reports assessed tor eligbility =2 Reparts sacluded:
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2 Feparts of new included studies
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Fig. 1. The PRISMA flow diagram of literary sources search results.
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Presentation of the main material.

Research results and their discussion. Analysis of the morphological
characteristics of the hyoid bone using three-dimensional geometric morphometry has
demonstrated significant interindividual and group variability, which has both
anatomical and clinical significance. It has been shown that the shape and proportions
of the bone affect swallowing functions and may play a role in the development of
dysphagia. The differencé in the spatial position of its individual parts, in particular the
greater horns, is associated with changes in the work of the suprahyoid group muscles.
It is also important that the geometric approach allows you to take into account not
only the size, but also the shape, which makes it useful for comparing different ethnic
groups. The authors emphasize that the interpretation of clinical data without taking
into account morphological variability can lead to erroneous conclusions [11].

A study of the Anatolian population revealed specific morphological and
morphometric features that distinguish it from other groups. The average length of the
hyoid bone body in men was 31.4£2.1 mm and in women 28.7£1.9 mm, with a
significant difference (p<0.01). At the same time, the width and thickness of the horns
were greater in men, which confirms sexual dimorphism. The authors note that such
indicators can be used as reference for this region. The ethnic differences found in this
study coincide with the results of work carried out in neighboring populations, but have
their own regional accents [12].

Cephalometric assessment of the position of the hyoid bone was performed in a
Lebanese sample of young adults. The average coordinates showed that in men the
body of the bone is located lower relative to the skull base by 2.5 mm compared to
women (p<0.05). This indicates the significance of sex differences in spatial
orientation. In addition, the position of the bone showed variability depending on the
type of facial skeleton. In most cases, it was more stable in mesofacial types, while in
dolichofacial individuals a lower location was recorded [13].

African studies also showed a pronounced ethnic specificity of the morphology
of the hyoid bone. In representatives of the black South African population, the average
body length was 30.9+2.5 mm, which exceeds similar data given in Caucasian groups.
At the same time, significant differences in the ratio of the length and width of the bone
depending on gender were found (p<0.001). This confirms that the ethnic factor plays
a key role in determining both absolute and relative morphometric parameters. The authors
emphasize that these features must be taken into account in forensic practice [14].

An important aspect of studying the hyoid bone is its growth and sexual
dimorphism at different age periods. In a study conducted on the basis of three-
dimensional CT, it was shown that in boys from 10 to 19 years of age, more intensive
growth of both the body and horns of the bone is observed compared to girls. In
particular, the average length of the greater horns in men at 19 years of age reached
28.1+1.7 mm, while in women it was 24.3+1.6 mm (p<0.01). At the same time, the
development of spatial characteristics occurred in parallel with the formation of the
lower jaw, which indicates a close morphogenetic connection of these structures [15].
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In the white population of North America, the possibility of reliable sex
determination by morphometric parameters of the hyoid bone was confirmed. Using
discriminant analysis, the accuracy of sex identification reached 81.7%. The most
informative parameters were body length and width between horns. However, the
authors note that the use of such models may be limited outside the studied population.
This once again confirms the need to create regional databases [16].

A study of the Japanese population based on multidetector CT "also showed a
high level of sex differences in the morphometry of the hyoid bone. In males, the
average body length was 31.2+2.3 mm, while in females — 27.8+2.1 mm (p<0.001).
The accuracy of sex determination reached 85.4%. The authors indicate that even
minor differences in anatomical parameters can have practical significance in expert
studies. Interestingly, Japanese men were recorded to have a more massive bone shape
than in Western samples [17].

Egyptian researchers went even further by combining classical discriminant
analysis with artificial intelligence methods. In a study covering over 400 cases, the
accuracy of automated sex identification exceeded 90%. This is significantly higher
than traditional approaches. It was found that the parameters of the bone body are the
most significant for modeling. In addition, a meta-analysis confirmed that sexual
dimorphism of the hyoid bone is preserved regardless of ethnicity, but the degree of its
severity varies [18].

A study was conducted in an Iranian population to determine the potential for
sex diagnosis based on hyoid bone morphometry. The mean length in males was
30.5+2.2 mm and in females 27.4+2.0 mm, with a significant difference (p<0.001).
The overall identification accuracy was 83.2%. However, the authors noted that
individual parameters, such as horn thickness, had lower discriminatory power. This
again demonstrates the need for a comprehensive approach using multiple indicators
simultaneously [19].

Tunisian data confirm both sex and age differences in hyoid bone morphometry
[20]. The mean length in males was 32.1+2.8 mm, while in females it was 28.6+2.3
mm (p<0.001). Additionally, it was shown that with age there is a gradual increase in
the thickness of the bone body, which can be useful for determining biological age.
The overall accuracy of determining sex in this sample exceeded 84%. This indicates
the universality of the approach, although the specific parameters vary depending on
the ethnic group [20].

Thus, the analysis of scientific data demonstrates that ethnicity and gender are
key factors in the variability of the structure and location of the hyoid bone. All the
studies presented confirm the presence of significant sexual dimorphism, which
manifests itself in larger sizes and a more massive shape in men, regardless of the
population. At the same time, ethnic characteristics determine the absolute values of
the parameters and proportions of the bone. This is of great importance for clinical
medicine, anthropology and forensic practice. Therefore, the use of morphometric
characteristics of the hyoid bone allows for highly accurate identification studies, but
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the effectiveness of this method increases only if regionally specific regulatory bases
are used.

Conclusions. 1. The hyoid bone exhibits pronounced sexual dimorphism in most
studied populations, manifested by larger body and horn sizes in males.

2. Ethnicity determines the variability of absolute morphometric parameters and
spatial position of the bone, which is confirmed by studies on European, Asian, African
and Middle Eastern samples. -

3. The obtained results confirm the need to create regionally specific normative
bases of hyoid bone morphometry to increase the accuracy of clinical and forensic
studies.
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