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Abstract

Background: Recently, rugoscopy has attracted much attention in forensic science. The purpose of the
present study was to investigate the sex differences in morphological structure and number of hard palates
rugae.

Materials and Methods: In this cross-sectional observational study, 100 female and male students were
enrolled based on inclusion criteria. To investigate the number and shape of palate rugae impressions were
provided using hydrocolloid materials. Then impressions were sharpened using a graphical pencil and were
reconstructed using Image J software. The Data was analysed with the t-test, and Mann-Whitney statistical
tests (0=0.05).

Results: The total number of the right and left straight rugae was significantly higher in males (p = 0.039).
The number of circular rugae on the right side and, primary rugae on the left side of males, was significantly
higher (p = 0.048). There was also a significant difference between males and females in the total number
of circular rugae (p = 0.003). No significant difference was observed between the two sexes in the other
variables. Based on audit analysis, this model correctly predicted 66% of females and 34% of males studied.
The ability of this function to classify cases in other samples and in the general case was estimated at 64%.
Conclusion: It can be concluded that the number and morphology of palatal rugae can be used for sex
estimation in forensic dentistry but additional studies with a larger sample size are needed to make a
definitive statement.
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Introduction

In some situations such as the explosion of chemical
and nuclear bombs, crime investigations, and natural
disasters, sex is the top priority of a forensic
investigator (1). Forensic dentistry is one of the new
branches of forensic medicine and forensic science
(2). It is the application of dentistry to the settlement
of forensic issues, or in other words the use of dental
evidence for the benefit of justice (2). Sex estimation
is one of the crucial issues in forensic sciences and
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sometimes it can be puzzling for forensic specialists
(3). Bone remnants can be used to determine a person's
sexual identity since they are the last parts that are
destroyed after death (4). Importantly, there are many
valid parameters for sex estimation, including the
anatomical differences of the skull, but it is stated as a
rule in forensic medicine that, the more complete
information about the sex differences of the various
organs, the more accurate the estimation.

The palate is an anatomical structure in the oral cavity
that exhibits a distinct feature known as the "rugae".
The rugae of the palate can be classified into two
distinct types based on their size. The first type is
referred to as "primary" and is characterized by a size
greater than 5 mm. The second type, known as
"secondary”, is relatively smaller in size, ranging
between 3 and 5 mm.(5, 6). Embryological studies
have demonstrated that the formation of palatal rugae
commences during fetal development, between 12 to
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14 weeks of gestation, and persists throughout the
individual's lifespan. Additionally, histological studies
have revealed that the connective tissue between the
submucosal adipose tissue and the reticular layer of
the palate participates in the developmental process of
palatal rugae (7). It is now widely recognized that the
pattern of palatal rugae is unique to everyone (8). In
many developed countries, the pattern of rugae, along
with other forms of identification such as chiloscopy
and fingerprints, are taken and maintained. Palatal
rugae are in areas that are resistant to many types of
injuries and can withstand very high temperatures due
to the support of structures such as lips, tongue, excess
fat, teeth, and bones (9). The present study aims to
investigate sexual dimorphisms in palatal rugae
patterns in Isfahan, Iran, with a particular focus on
epigenetic and socioeconomic factors. As palatal
rugae are considered a reliable tool for identification
in forensic dentistry, it is imperative to understand the
potential impact of sex differences on their patterning.

Material and Methods
In this cross-sectional observational study that was
conducted from September 2019 to February 2020,

fifty female students and fifty male students from two
faculties of dentistry and nursing of Islamic Azad
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Figure 1. The types of palatal rugae investigated in the present study

Obtained data were statistically analysed by
Kolmogorov-Smirnov, Mann-Whitney U
nonparametric test, T-test, Box’s M test, and Wilk’s
lambda test in SPSS 24. A P value of < 0.05 was
considered a statistically significant difference.

Then, Box’s M test was performed and based on the
results of that, test statistics was 1.35 and the
significance level was 0.129. Given that the
significance level of the Box’s M test is greater than
0.05, so the assumption of equality of variance-
covariance matrix between the two groups of males

University of Isfahan (Khorasgan)(KHUISF) were
selected based on entry criteria.

This study was approved by the ethics committee of
the KHUISF (1399.013). After obtaining conscious
consent, maxillary arch impressions were developed
in patients using hydrochloric acid.

To enhance the clarity of the existing rugae a graphic
pencil was utilized. Following this process, the images
were reconstructed using ImageJ software (Version
1.410, Java 1.6.0_10, Wayen Rasband, U.S. National
Institutes of Health, Bethesda, MD, USA; website:
http://rsh.info.nih.gov/ij/download.html) and
subsequently analysed in terms of their respective
number and shape. This methodological approach
provides a comprehensive understanding of the rugae’s
characteristics and enables a detailed analysis of the
various features associated with them.

In the present study palatal rugae were examined in
four distinct types namely straight, wavy, curved, and
circular (as shown schematically in Figure.l), in
individuals whose parents and grandparents were born
in Isfahan and were over the age of 18. Participants
with congenital anomalies, a positive history of palate
disorders, hypersensitivity to hydrochloric materials,
and a history of orthodontic treatment were excluded
from the study.
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and females was confirmed. The model significance
test was performed through Wilk’s lambda test.

Results

In this study, 100 students, including 50 male and 50
female, were examined in terms of the shape and size
of the palatal rugae. Based on the information
summarized in Table 1, the wavy rugae were the most
numerous rugae in total and the straight rugae were
second in number. Also, in terms of size, the number
of secondary rugae was higher than the primary.
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Table 1. Descriptive analysis of the total number of palatal rugae

Palatal rugae Number of subjects Number of rugae Mean+SD
primary 100 408 4.08+1.56
secondary 100 527 527+1.92
straight 100 295 2.95+1.06
circular 100 72 0.72+0.72
curved 100 251 251+1.38
wavy 100 317 3.17+1.12

The Kolmogorov-Smirnov test showed that the
distribution of all the studied variables was abnormal.
For this purpose, nonparametric tests were used to
investigate the differences. (Mann Whitney U test for
comparison between two groups). The sum of the right
and left straight rugae in males was significantly
higher than in females (p = 0.039). The number of
circular vestibules on the right side of the male's palate

was significantly higher than that of females (p =
0.048). The number of circular rugae on the right and
left was significantly different between males and
females (p = 0.003). The number of primary rugae on
the left side of males was significantly higher than that
of females (p = 0.048), but no significant difference
was found between the two sexes in the other variables
(Table 2).

Table 2. Mann Whitney test to compare research variables in both males and females

Female Male
Rugae Variable P value
Mean+SD Mean+SD
Right side 1.24+0.68 1.56+0.81 0.053
. Left side 1.50+0.73 1.60+0.63 0.369
Straight
Total 2.74+1.15 3.16+0.93 0.039
Right side 0.26+0.44 0.48+0.56 0.048
. Left side 0.24+0.43 0.46+0.61 0.065
Circular
Total 0.50+0.61 0.94+0.76 0.003
Right side 1.34+0.84 1.26+0.82 0.643
Left side 1.26+0.78 1.16+0.79 0.583
Curved
Total 2.6+1.44 2.42+1.34 0.551
Right side 1.68+0.74 1.50+0.61 0.131
Left side 1.50+0.81 1.66+0.82 0.366
Wavy
Total 3.18+1.20 3.16+1.03 0.948
Right side 1.04+0.90 2.10+0.88 0.816
. Left side 1.78+0.93 2.24+1.2 0.048
Primary
Total 3.82+1.39 4.34+1.68 0.135
Right side 2.48+1.09 2.66+1.25 0.417
Left side 2.72+0.99 2.68+1.18 0.877
Secondary
Total 5.2+1.75 5.34+2.09 0.828

Then, Box’s M test was performed and based on the
results of that, test statistics was 1.35 and the significance
level was 0.129. Given that the significance level of the
Box’s M test is greater than 0.05, so the assumption of

equality of variance-covariance matrix between the two
groups of males and females was confirmed. The model
significance test was performed through Wilk’s lambda
test and the results are given in Table 3.
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Table 3. Model significance test was performed through Wilk’s lambda test

) Degrees of
Wilk’s lambda ba P value
freedom
Final model — total of left and right sides 0.86 13.80 6 0.032

Given that the significance level of the Wilk’s lambda
test is less than 0.05 (p=0.032), we conclude that the
linear discriminant analysis model is a suitable model

for the data. The coefficients of each of the variables
related to the shape and size of palatal rugae used in
the discriminant function are given in Table 4.

Table 4. The coefficients of each of the variables related to the shape and size of palatal rugae

Type of rugae Function
circular 0.639
straight -0.111

wavy -0.658
curved -0.724
primary 0.666
secondary 0.516
Fixed coefficient -1.696

The method for calculating an unidentified sex (Z*)
among the subjects was derived according to the
following formula:

Z*= -1.696+0.66(primary) + 0.51 (secondary)-0.724
(curved) + 0.639 (circular)-0.658 (wavy)-0.11 (straight)
After performing the calculations with the above
formula, if the number is close to -0.391, it indicates
that the sample is female, and if it is close to 0.391, it
indicates that the sample is male. The discriminant
function obtained from this model correctly predicted
66% of females and 34% of males studied. The ability
of this function to classify cases in other samples and
in the general case was estimated at 64%.

Discussion

Over the years, the use of palatal rugae pattern in
forensic science and forensic medicine has been a
topic of interest for researchers. Many studies have
focused on the use of the rugae pattern in sex
determination and personality identification (10). It is
important to note that the pattern of rugae is influenced
by genetic and geographical factors, making it crucial
to determine the pattern in various regions and races.
The study found that wavy rugae were the most
common type, followed by straight rugae.
Additionally, secondary rugae were found to be more
numerous than primary rugae in terms of size. It
should be noted that comparing the results of this study
with previous studies could be biased due to
differences in the populations that were studied.
However, some similarities and differences in the

patterns of palatal rugae across different societies were
mentioned.

In 2019, Pakshir and colleagues (11) conducted a
study in Shiraz that identified the wavy pattern as the
most prevalent type of rugae. Likewise, a study by
Kommalapati et al (12) and Jaisingh et al (13)
conducted in India in 2017 and 2016, respectively,
found wavy rugae to be the most common type. The
results of a study by Thabitha et al (14) revealed that
wavy rugae were the most prevalent type of palatal
rugae. Similarly, Buyuk et al (15) conducted a study
in Turkey in 2019, which identified wavy rugae as the
most frequent type in their study population. While
definitive statements regarding the differences
between these studies are challenging, Central Asian
and West Asian races may share similar patterns of
palatal rugae. However, this issue remains open to
discussion.

It has been mentioned that the primary rugae are more
than 5 mm and the secondary rugae are between 3 and
5 mm in size (13). In our study, the number of
secondary rugae was more than the primary. The
results of our study were inconsistent with the results
of studies performed by Pakshir in Shiraz (11), and
Jaisingh et al.(13). In the present study, the sum of the
right and left straight rugae in males was significantly
higher than in females. The number of circular
vestibules on the right side of the males’ palate was
significantly higher than that of females.

The number of circular rugae on the right and left was
significantly different between males and females.
The number of primary rugae on the left side of males
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was significantly higher than that of females, but no
significant difference was found between the two
sexes in the other variables. The results of similar
studies in different populations indicate a different
distribution pattern on the right and left, as well as in
both sexes (16-19). However, in most studies, the
number of rugae in males was higher than in females
and our study is in agreement with them.

In such studies, researchers use discriminant analysis
to obtain a mathematical relationship for estimating
sex based on the number of rugae and their type. Based
on the discriminant function obtained in our study, sex
estimation was predictable in 66% of females and 34%
of males. Also, the ability of this function to classify
cases in other samples and in the general case was
estimated at 64%. This rate was estimated at 60.8% in
Pakshir's study (11) and 70% in a study conducted by
Malekzadeh in Shiraz (20). It is important to note that
the use of the obtained formula in any study cannot be
generalized to other societies.

One of the limitations of the present study was the
small sample size. To validate the findings, further
studies are recommended to be conducted in Iran,
particularly in the city of Isfahan. In our study, we set
the minimum age requirement as 18 years. However,
since the participants were all students, their ages were
mostly limited to the third decade of life. Therefore, it
was difficult for the researchers to investigate any
possible changes that may occur with age.

Conclusion

The number and morphology of palatal rugae differ
significantly between both sexes, making it useful for
estimating sex in forensic medicine. However, to
make a definitive statement about the differences in
palatal rugae patterns, further studies with a larger
sample size are necessary.
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