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Abstract- Anatomical and anthropological study of hyoid bones could be used in the sex prediction from
skeletal remains. The aim of this study is to examine the morphometrical parameters of the hyoid bone
individuals of the Iranian population. The study was carried out on 248 hyoid bones taken from cadavers
Referred to Kahrizak Legal Medicine Center in 2020. Four anthropometric indices of hyoid bone were studied
and have been associated with the sex and height of the individuals. The study included 179 (72.2%) males and
69 (27.8%) female cases. No significant difference was observed between the two gender groups in terms of
age (P=0.678). The indexes of hyoid bones measured were compared between male and female genders, and
the results show that the transverse distance between the tubercle of the greater horn, the Anterior/posterior
dimension of the body, the distance between the upper and lower margin of the body in the middle (height) and
the maximum depth of concavity on the posterior surface of the body, was associated with the sex determination
(P<0.001). The four hyoid bone indexes measured in this study were higher in males compared with females,
which indicates that hyoid bone morphometry can be used for sex determination in the Iranian population.
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Introduction

Anthropometric indices include a set of parameters
that are influenced by characteristics such as gender, age,
and race (1). These indexes must be measured separately
in each population. Because racial and ethnic differences
affect them and reduce the possibility of their
generalization (2-7).

Gender assessment is very important in forensic
medicine and anthropological studies. Anatomical and
radiological researches in estimating the development
and connections of skeletal bones are one of the methods
of sex determination (8).

To date, Studies have been carried out on different
bones, such as the sternum, clavicle, femur, radius, ulna,
scapula, for obtaining the sex of an individual (9).
Furthermore, many researchers have shown that the
morphometric study of hyoid bone is another helpful way

for sex estimation (10). The hyoid bone is “U” shaped and
it is not joined with other skeletal bones. It consists of a
central part called body and a pair of cornua, the greater
and the lesser cornua. The ends of the greater horns are
connected by ligaments to the thyroid cartilage of the
larynx, and the lesser horns are attached to the temporal
styloid process (11). In several studies, the morphometric
parameters of hyoid bone are analyzed and their
relationship  for sex determination have been
characterized in different populations (12). Okasi et al.,
studied on 372 hyoid bones of Iranian people using CT
images and measured nine anthropometric indices of
hyoid bone. They found a significant difference between
male and female cadavers in seven indexes including the
diameter of the hyoid body, the length of the hyoid body,
the vertical length of the greater horns of the hyoid bone,
the length of the right greater horn, the length of the left
greater horn, the angle between the right greater horn and
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the body, the angle between the left greater horn and the
body (P<0.05) (13). In the present study, the other four
hyoid indexes have been measured in some males and
females of Iranian people, and the results can illustrate the
potential of these indexes in sex prediction.

Materials and Methods

This cross-sectional study was carried out on Iranian
cadavers referred to the autopsy hall of the Forensic
Medicine Center of Kahrizak, Tehran, during 6 months
(from October 2019 to March 2020). All 248 individuals
were in the age range of 18 to 80 years old of Iranian
people with a reliable identity certificate. The hyoid bone
of the cases was carefully removed by a forensic medicine
specialist, and the cases with positive signs of trauma or
pressure on the neck, hyoid bone fracture, or dislocation
of the joint between the body and the horn were excluded
from the study. In this study, four anthropometric indices
of the hyoid bone (including the transverse distance
between the tubercle of the greater horn, the
Anterior/posterior dimension of the body (in the middle),
the distance between the upper and lower margin of the
body in the middle (height) and the maximum depth of
concavity on the posterior surface of the body (in the
middle)) were measured, and they were shown in Figure
1.

All the parameters were recorded by Vernier Calipers,
measuring scale (1-14 in mm). Furthermore, the sex,
height, and age of individuals were collected and have
been compared with the indices. After data collection, the
results of the study were presented separately in two
sections: descriptive statistics and analytical statistics. In
order to explain qualitative data, frequency and
percentage were used, and to describe guantitative data,
mean and standard deviation were used. The data analysis

was performed using SPSS statistical software version
24, and comparisons were performed using the variable
logistic regression test with the Step method, and the
diagnostic sensitivity of the four indicators was
determined, and the significance level was 0.05.
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Figure 1. The measured Hyoid parameters: A, the transverse
distance between the tubercle of the greater horn; B, the
Anterior/posterior dimension of the body (in the middle); C, the
distance between the upper and lower margin of the body in the middle
(height); D, maximum depth of concavity on the posterior surface of
the body (in the middle)

Results

In the current study, 179 (72.2%) males and 69
(27.8%) female cases were included. The average age
was 44 years in the male group and 43 years in the female
group. The description of the age and height of the cases
in relation to gender is shown in Table 1.

The average age was 42.75+13.54 years in the male
group and 43.57+£14.74 years in the female group. No
significant difference was observed between the two
groups in terms of age (P=0.678). Furthermore, the
average height of individuals was 173.24+4.64 cm in the
male group and 162.61+5.27 cm in the female group. It
shows a significant difference between the genders
(P<0.001).

Table 1. Comparison of demographic characteristics between sexes

Characterization  Sex (frequency) Mean SD Minimum Maximum P
Male (179) 42.75 13.54 18 80
Age (year) Female (69) 4357 14.74 25 67 0678
. Male (179) 17324 4.64 160 185
Height (cm) Female (69) 162.61 5.27 155 180 <0.001

The indexes measured in this study were compared
between males and females. The results showed a
significant difference between male and female cases in
all four indices (P<0.001). The results are illustrated in
Table 2. By the way, the mean of each parameter in males
and females was close together.

To find the independent sex predictors among
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measured variables and also adjust for height, Logistic
regression analysis was applied (Table 3). Multivariate
Logistic Regression analysis revealed that all the
parameters, in addition to height, were independent sex
predictors. Regards to regression coefficients (B), Among
all the parameters, the anterior/posterior dimension of the
body in the middle and the maximum depth of concavity



on the posterior surface of the body were the best factors
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for estimating the gender.

Table 2. Characteristics of measured dimensions of hyoid bones specified by sex

Hyoid Index Sex Mean IQR Minimum Maximum P
Transverse distance between Male 36.58 33.60 - 39.70 20.83 46.71 <0.001
Tubercle of the greater horn Female 32.76 30.41-35.35 22.16 43.12 '
Anterior/posterior dimension Male 11.98 11.29-12.79 7.60 15.52 <0.001
of the body in the middle Female 10.32 9.15-11.85 6.22 13.08 '
Distance between the upper Male 8.91 8.20-9.83 481 13.40 <0.001
and lower margin of (height) Female 8.10 7.37-8.70 5.91 10.26 '
Maximum depth of concavity Male 327 30.21-34.18 32.07 37.66

on the posterior surface of Female 29,67 28.07 - 31.25 24.70 33.49 <0001
the body

IQR=Interquartile Range

Table 3. Logistic regression analysis to select variable’s ability to estimate the sex

Univariate analysis

Multivariate analysis

Hyoid Index Crude Odd's

Adjusted Odd's

B - Cl 95% B . Cl 95%
ratio ratio

Transverse distance between g 1257 115-136  -0.104 0.901 078103
tubercle of the greater horn
Anterior/posterior
dimension of the body in the 0.802 2229 1.75-2.82 0.456 1578 1.03-2.41
middle
Distance between the upper
and lower margin of the 0.574 1.775 1.36 -2.30 -0.088 0.916 0.57-1.46
body (height)
Maximum depth of
concavity on the posterior 0.403 1.496 1.30-1.71 0.309 1.362 1.05-1.75
surface of the body
Height 0.337 1.400 129151 0.318 1.375 1.25-1.50

(R square=0.67, P <0.001, Cl= confidence interval for Odd's ratio, Mean values are representative of bilateral measures, regardless of side)

Discussion

One of the most important issues in forensic medicine
is determining the identity of individuals, especially
gender. This is especially important when the body is
burned or severely damaged. In these cases, evolutionary
changes in the bones of the body can be used to determine
age or sex. In these cases, evolutionary changes in the
bones can be used to determine age or sex. Hyoid bone
has some applications in forensic medicine; for example,
in hyoid fractures, cases of hanging or neck injuries can
be detected (14). In addition, the hyoid bone may be
helpful in sex prediction. In this study, 248 bodies sent to
Kahrizak Forensic Medicine Anatomy Hall were studied,
and the variables of age, height, sex and 4 morphometric
indices of the hyoid bone, including the transverse
distance between large tubercles, the anterior-posterior
distance of the body (in the middle), distance Between the
upper and lower margins of the body (in the middle) and
the maximum depth of concavity of the posterior surface
of the body (in the middle) were measured. The results of
the present study showed that there is a significant
difference between the measured indices of the hyoid

bone in males and females, and a statistically significant
correlation between the results of all 4 indicators and the
height factor of individuals was observed. These findings
are consistent with the results obtained in the study of
Mukhopadhyay et al., which showed that the hyoid bone
is wider and longer in men than women and this
difference is statistically significant (15). In another
study, Miller et al. reported the hyoid bone is significantly
larger in men than in women, and some of the bone sizes
were significantly different between the sexes (16). In the
study of Kim et al., morphometric factors of Hyoid bone
were examined, and the results revealed that the accuracy
of discriminant function using three measurements,
including the length of the distance from the midpoint of
the left side of the hyoid body to the midpoint of the right
side of the hyoid body, Length of the distance from the
narrowest segment of the greater horn to a point
equidistant between the distal and proximal ends of the
greater horn, and maximum width of the proximal end of
the greater horn was 88.2% (10). In another study, Okasi
et al. investigated that the best indicator of sex is the
length of the large horn of the hyoid bone, which has
81.7% accuracy for discriminant analysis (13). However,
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in another study, Reesink et al., concluded that although
some hyoid bone sizes are significantly different between
the sexes, the discriminant function of these parameters is
not sufficient for definitely sex determination, and using
additional parameters was proposed (17). In the present
study, and in consistent with the results published by
Reesink et al., (17), Although hyoid bone sizes were all
statistically significantly different between men and
women. However, due to the proximity of the average of
these sizes in both sexes, they cannot be used as a separate
criterion for determining gender. Rather, the study of
other hyoid bone indices and the combination of their
results with indices from other bones of the body is
needed to design an efficient sex determination model.
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