
Citation: Rahebi, D.;

Naghavialhosseini, A.; Pakkhesal, M.;

Rajabi, A.; Mirzaei, F.; Salim, N.A.;

Sallam, M. Palatal Rugae Patterns in

Fars, Turkmen, and Sistani Ethnicities

in the Eastern Part of the Caspian

Littoral of Iran. Diagnostics 2023, 13,

200. https://doi.org/10.3390/

diagnostics13020200

Academic Editor: Diana

Hernandez-Romero

Received: 23 November 2022

Revised: 26 December 2022

Accepted: 3 January 2023

Published: 5 January 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

diagnostics

Article

Palatal Rugae Patterns in Fars, Turkmen, and Sistani Ethnicities
in the Eastern Part of the Caspian Littoral of Iran
Donya Rahebi 1, Aliakbar Naghavialhosseini 2, Mina Pakkhesal 3,* , Abdolhalim Rajabi 4, Fatemeh Mirzaei 5,
Nesreen A. Salim 6,7 and Malik Sallam 8,9,*

1 Dental Research Center, Golestan University of Medical Sciences, Gorgan 49138-15739, Iran
2 Orthodontics Department, School of Dentistry, Golestan University of Medical Sciences,

Gorgan 49138-15739, Iran
3 Community Oral Health Department, School of Dentistry, Golestan University of Medical Sciences,

Gorgan 49138-15739, Iran
4 Department of Health Management and Social Development Research Center, Faculty of Health, Golestan

University of Medical Sciences, Gorgan 49138-15739, Iran
5 Student Research Committee, Golestan University of Medical Sciences, Gorgan 49138-15739, Iran
6 Prosthodontic Department, School of Dentistry, The University of Jordan, Amman 11942, Jordan
7 Prosthodontic Department, Jordan University Hospital, Amman 11942, Jordan
8 Department of Pathology, Microbiology and Forensic Medicine, School of Medicine, The University of Jordan,

Amman 11942, Jordan
9 Department of Clinical Laboratories and Forensic Medicine, Jordan University Hospital,

Amman 11942, Jordan
* Correspondence: m_pakkhesal@yahoo.com (M.P.); malik.sallam@ju.edu.jo (M.S.);

Tel.: +962-79-184-5186 (M.S.)

Abstract: In forensic medicine, it is important to identify whole or fragmented bodies. This aim can be
particularly challenging in mass disasters. Palatal rugae patterns can be used as a surrogate parameter
in forensic medicine. This stems from the difficulty in falsifying these patterns, their resistance to
trauma, to decomposition for several days postmortem, and to combustion under high-temperatures,
as well as being distinguishable among different races. The present study aimed to analyze the
differences in the palatal rugae patterns among three Iranian ethnicities (Fars, Turkmen, and Sistani).
This retrospective study involved the use of archived materials. The study casts were selected from
the database of patients who visited a private orthodontics clinic. A total of 309 dental casts (103 Fars,
103 Turkmen, and 103 Sistani) were assessed, which belonged to 181 females and 128 males aged
between 12 and 30 years (mean: 16.86 ± 3.18 years). The difference in the mean number of palatal
rugae in women between the three ethnicities was statistically significant. Also, the differences in the
total number of straight rugae were significant between the three ethnic groups. The most common
rugae shapes in the three ethnic groups were the straight and wavy shapes. The length of the palatal
rugae in the primary and secondary rugae among the study subjects younger than 18-years-old was
significantly different between the three ethnic groups. Thus, the present research highlighted the
differences in palatal rugae patterns among three Iranian ethnicities. Therefore, palatal rugae can be
used in forensic medicine as a complementary approach to human identification.

Keywords: forensic odontology; hard palate; forensic marker; morphology; palatine rugae analysis

1. Introduction

Human forensic identification depends on distinctive characteristics of individuals
and systematic procedures to identify these characteristics [1–4]. A branch of dentistry and
forensic medicine is forensic odontology, which involves the utility of dental evidence in
the form of antemortem and post-mortem dental records to serve human identification
purposes [5–7]. Unique individual identities can be related to dental characteristics such
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as: (1) tooth morphology; (2) variability in teeth size/shape; (3) restorations; (4) patholo-
gies; (5) missing tooth; (6) wear patterns; (7) teeth crowding; (8) variation in teeth color
and position; (9) rotations among other distinct teeth anomalies; and (10) unique palatal
rugae (plica palatine) patterns [5,8–11]. Additionally, an examination of dental features
can be a valuable tool supplementing fingerprinting and DNA profiling to determine age,
sex, and race/ethnicity, among other variables, even in the absence of antemortem dental
records [5,12]. Furthermore, prosthetic dentistry can play an important role in supplement-
ing forensic medicine to achieve more accurate, reliable, and investigatory data [13,14].
The prosthetic dentistry arsenal to aid in forensic medicine, as presented by Chugh and
Narwal [15], includes palatoscopy (palatal rugoscopy) to identify palatal rugae patterns,
cheiloscopy to identify lip prints, bite marks, fixed prostheses, and implants, as well as
denture marking [16–18].

Human identification can be particularly challenging during mass disasters (e.g.,
earthquakes, floods, terrorist attacks, etc.) [19–22]. However, disaster victim identification
(DVI) is an essential step for certification of death as well as for personal, social, and
legal purposes [23]. The most commonly used approaches for DVI include DNA profiling,
fingerprints, and dental record comparisons [24–27]. However, constraints challenge the
use of some methods (e.g., fingerprints) in situations where the hands are mutilated or
charred [5,28,29].

The palatal rugae comprise the part of the mouth roof located behind the incisive
papillae and in front of the hard palate and develop from connective tissue that covers
the maxillary bone in the twelfth to fourteenth weeks of intrauterine life [6,30,31]. The
palatal rugae length changes during palatine growth, but their position/ shape remains
unchanged for life [32–35].

The length of palatal rugae can be classified into three categories: (1) rugae more than
5 mm in length which are considered as primary rugae; (2) rugae of 3–5 mm in length, which
are classified as secondary rugae; and (3) rugae of 2–3 mm in length which are considered
as fragmentary rugae, with the rugae less than 2 mm in length being disregarded [36].
Moreover, the shape of individual rugae, as classified by Thomas and Kotze, is described
as straight, wavy, curved, circular, and angled [36].

The palatal rugae patterns’ stability changes during orthodontic treatment, tooth
extraction, and finger sucking during childhood [32,37]. Palatal rugae patterns are resistant
to diseases, chemical aggression, fires, and trauma, as well as its resistance to decomposition
after death. This is related to the protection of palatal rugae by the surrounding tissues
including the lips, tongue, bone, and teeth, besides the buccal fat pads [37–39]. The view of
palatal rugae as an equivalent to fingerprints is related to its uniqueness in an individual, as
well as its uniqueness in shape and structure [30,31]. Despite the similarities in the palatal
rugae patterns among twins, they are highly individualistic [30,32,37].

Therefore, the palatal rugae can be useful in forensic investigation due to their unique-
ness, stability, and post-mortem resistance to decomposition [30,32,37,40]. The most com-
mon forensic identification methods are the use of fingerprints, DNA profiling, and dental
records, but these techniques suffer from various limitations [6,35,38]. Thus, palatoscopy
can be useful as a complementary identification tool in cases where it is impossible or diffi-
cult to apply other medico-legal identification tools, including fingerprints, DNA profiles,
and dental records [38,39,41,42].

Palatal rugae vary in terms of shape, length, and direction among populations and
between individuals [30,31]. So, palatal rugae variability can be viewed as a specific feature
among different ethnic groups [32]. An ethnicity is a group of people who are identified
together based on similarities including the ancestral, linguistic, socio-cultural, or national
characteristics [38]. The utility of palatal rugae as a forensic tool is of particular importance
in mass forensic investigation, such as DVI, in which people from different ethnicities
are subjected to forensic identification [16,43,44]. Previous studies showed the value of
such an approach, with significant differences in palatal rugae patterns among different
ethnicities [6,30,45,46].
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In Iran, Golestan Province is located in northeastern part of the country, southeast of
the Caspian Sea. The total area of Golestan Province is 20,893 km2, which forms about 1.3%
of Iran’s total area. The neighborhood of Golestan Province, with some regions of different
cultural backgrounds, has contributed to the heterogeneous ethnic mixture observed in
the province [47]. Agriculture is the main occupation in the rural area of Golestan, which
is inhabited by different ethnic groups. The major ethnicities within Golestan Province
are estimated as follows: Fars (40%), Turkmen (32%), Sistani (also called Zaboli) (15%),
and Azeri Turks (5%) [48]. The Turkmen is the ethnic group that migrated from central
Asia more than three centuries ago and live a traditional life, with prevalent intra-familial
marriages. The Sistani group emigrated from southeastern Iran half a century ago [49,50].
Few studies have evaluated palatal rugae patterns among Iranian ethnicities, and none in
the Golestan population [6,38]. Overall, palatal rugae patterns have been utilized in various
disciplines, including: (1) comparative anatomy; (2) genetics; (3) forensic odontology;
(4) prosthodontics; and (5) orthodontics [51]. One of the most important applications of
palatal rugae patterns is personal identification in the field of forensic odontology [44,52]. In
addition, palatal rugae can be used as a landmark in the diagnosis and treatment planning
during orthodontic treatment and in prosthodontics, besides its use to aid in speech and
mastication by using palatal prostheses that incorporate the palatal rugae [42,53–55]. In
light of the need for more evidence to justify the utilization of palatal rugae patterns in
dentistry, the present study was conducted to examine the possible differences in palatal
rugae patterns among different ethnicity residents in Golestan Province, Iran. Therefore,
in this study, we evaluated the patterns of palatal rugae among the Turkmen, Fars, and
Sistani ethnicities of Golestan Province to investigate whether palatal rugae patterns can be
used to identify the ethnicity and uniqueness of individuals for potential application in
forensic medicine.

2. Materials and Methods
2.1. Study Design

The present study was based on a retrospective design involving the use of archived
materials. The study casts were selected from the database of patients aged between 12 and
30 years, who visited a private orthodontics clinic in Golestan Province, Iran. The sample
size was calculated as 309 pre-treatment casts, using the formula for multiple groups, based
on the parameters presented in the Sheikhi et al. study [38], with a 0.050 level of significance
(α), and 0.80 power of the study.

A total of 309 pre-treatment orthodontic maxillary cast models were analyzed, con-
sisting of 103 casts in each group of the three different ethnic populations of Golestan
Province (Fars, Turkmen, and Sistani). All the selected casts were made of high-strength
dental plaster using maxillary alginate impressions, free of air bubbles or voids, especially
in the anterior third of the palate. The casts belonged to individuals who were born in
Golestan with recorded demographic characteristics (age, sex, and ethnicity) in their files
and without a history of orthodontics treatment.

The present study was approved by the Research Ethics Committee of Golestan
University of Medical Sciences (reference number: IR.GOUMS.REC.1398.377).

2.2. Data Gathering

The rugae shape and length measurements were performed by an individual re-
searcher (D.R.) who was trained under the supervision of a qualified orthodontist. In the
initial study, 20 casts were reassessed by the main examiner (D.R.) four weeks following the
first assessment to determine intra-observer reliability. Those 20 casts were not included in
the main study. Also, Cohen’s kappa test was used to evaluate the intra-observer reliability.
The kappa score (0.89) indicated excellent agreement.

The ruga classification (length and shape) was recorded based on the categories given
by Thomas and Kotze [36]. The rugae outlines on the casts were delineated using a sharp
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black graphite pencil under adequate light and magnification using a handheld magnifying
lens. Then, the number of rugae on either side of the midline was counted.

The patterns of the rugae on each side to their morphology were determined and
classified according to the following patterns: (1) straight, (2) curved, (3) angle, (4) wavy,
(5) circular, (6) diverging (two rugae that originate from a common point medially and
diverge away from the mid-palatal line), (7) converging (two rugae with different origins
medially, joining on a common point laterally), (8) branching with divergence (one ruga
with two or more branches directed away from the mid-palatal line), (9) branching with
convergence (one ruga with two or more branches directed toward the mid-palatal line)
and (10) non-specific (Figure 1). The rugae lengths were measured on each side using a
Vernier caliper, calibrated to 0.01 mm.
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Figure 1. Different types of palatal rugae shape delineated in maxillary casts (a) straight; (b) wavy; (c)
curved; (d) circular; (e) angle; (f) cross; (g) diverging; (h) converging; (i) branching with divergence;
(j) branching with convergence; (k) non-specific.

Based on their lengths, the rugae were divided into primary, secondary, fragmentary,
and rugae with lengths of less than 2 mm, which were disregarded. Also, the lengths of the
palatal rugae between the target ethnicities were analyzed in two groups: younger-than-18-
years and older-than or equal-to-18-years, due to the elimination of the effect of growth on
the lengths of rugae in terms of age. Each primary ruga’s direction was classified according
to the angle between the line joining its origin and termination with a line perpendicular to
the median raphe. The forward-directed rugae were associated with positive angles, the
backward-directed rugae were associated with negative angles, and the straight-directed
rugae were associated with parallel angles.

2.3. Statistical Analysis

All the statistical analysis was performed using STATA version 16 (Stata Corp LP,
College Station, TX, USA). The descriptive statistical analysis was performed using STATA
to obtain the means, standard deviation (SD), and frequency from each set of category data.
The Mann–Whitney U test was used to assess the significant difference in the total number
of each type of palatal rugae between males and females. The chi-squared test was used to
determine the distributions of morphology and direction of the palatal rugae in the ethnic
groups. A one-way ANOVA was used to compare the lengths of the palatal rugae among
the ethnic groups, followed by Tukey’s post hoc test. The level of statistical significance
was set at p < 0.050.

3. Results

In this study, 309 dental casts were examined (103 Fars, 103 Turkmen, and 103 Sistani)
belonging to 181 (58.57%) females and 128 (41.43%) males, aged between 12 and 31 years
(mean ± SD: 16.86 ± 3.18) (Table 1).
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Table 1. Distribution of age and sex of the samples in ethnicities.

Variable

Ethnicity

p ValueFars Turkmen Sistani

N (%) N (%) N (%)

Sex

0.500 *Female 44 (42.72) 38 (36.89) 46 (44.66)

Male 59 (57.28) 65 (63.11) 57 (55.34)

Age (mean ± SD) 16.71 ± 3.25 16.56 ± 3.30 17.29 ± 2.97 0.230 **
* Calculated by chi-squared test; ** Calculated by one-way ANOVA test.

As shown in (Table 2), only the difference in the mean number of palatal rugae in
females among the three ethnicities population was statistically significant (p = 0.010).

Table 2. Distribution of palatal rugae numbers on both sides of the palate in ethnicities by sex.

Side of
Palate

Sex
Ethnicity p Value * p Value **

T vs. F
p Value **

T vs. S
p Value **

S vs. F

Fars
Mean ± SD

Turkmen
Mean ± SD

Sistani
Mean ± SD

Right
Female 6.05 ± 1.33 6.2 ± 1.41 5.71 ± 1.38 0.152 - - -

Male 5.52 ± 1.21 5.84 ± 1.26 5.65 ± 1.46 0.551 - - -

Total 5.85 ± 1.30 6.08 ± 1.38 5.68 ± 1.41 0.113 - - -

Left
Female 6.50 ± 1.40 6.15 ± 1.24 5.70 ± 1.54 0.008 0.414 0.315 0.008

Male 6.06 ± 1.31 6.18 ± 1.64 5.36 ± 1.48 0.023 0.990 0.034 0.139

Total 6.26 ± 1.44 6.12 ± 1.43 5.52 ± 1.46 <0.001 0.990 0.010 0.001

Total
Female 12.55 ± 2.01 12.35 ± 2.16 11.42 ± 2.32 0.011 0.990 0.017 0.017

Male 11.59 ± 2.03 12.02 ± 2.43 11.02 ± 2.30 0.126 - - -

Total 12.11 ± 2.08 12.21 ± 2.27 11.16 ± 2.29 0.001 0.990 0.002 0.007

(F) Fars; (T) Turkmen; (S) Sistani. * Calculated by one-way analysis of variance (ANOVA) test; ** calculated by
Tukey’s test; significant p values are shown in bold style.

According to the post hoc test, the mean number of palatal rugae in the Sistani women
was significantly lower than in the Turkmen women (p = 0.017) and the Fars women
(p = 0.017), but there was no significant difference between the Fars and Turkmen women
(p = 0.990). However, the mean number of palatal rugae on the left side of the women’s
palates between the Fars (6.5 ± 1.40), Sistani (5.7 ± 1.54), and Turkmen (6.15 ± 1.24)
ethnicities did show significant differences (p = 0.008). Additionally, and based on the post
hoc test, the mean number of palatal rugae on the left side for women of Turkmen ethnicity
compared to Sistani (p = 0.315) and Fars (p = 0.414) was not significant, but there was a
significant difference between the Fars and Sistani females (p = 0.008). However, the left
side of the palate of the males showed significant differences between the ethnicity of the
Fars (6.06 ± 1.31), Sistani (5.36 ± 1.48) and Turkmen (6.15 ± 1.64), (p = 0.008). According to
the post hoc test, the mean number of palatal rugae on the left side for the Fars males was
not significant compared to the Sistani (p = 0.139) and Turkmen (p = 0.990), but there was a
significant difference between the Turkmen and Sistani males (p = 0.034) (Table 2).

In addition, as presented in (Table 3), the differences in the total number of straight
rugae were significant between the three ethnicity groups.
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Table 3. Distribution of different rugae shapes in ethnicities by sex.

Shape of
Rugae

Sex
Ethnicity

p Value * p Value **
T vs. F

p Value **
T vs. S

p Value **
S vs. FFars

Mean ± SD
Turkmen

Mean ± SD
Sistani

Mean ± SD

Straight

Female 3.5 ± 1.54 4.16 ± 1.79 3.51 ± 1.87 0.056 - - -

Male 3.06 ± 1.57 3.94 ± 1.73 3.17 ± 1.52 0.033 0.040 0.100 0.900

Total 3.31 ± 1.56 4.08 ± 1.76 3.36 ± 1.72 0.001 0.004 0.009 0.900

Wavy

Female 3.72 ± 1.69 3.73 ± 1.54 3.28 ± 1.48 0.210 - - -

Male 3.63 ± 1.43 3.59 ± 1.49 2.85 ± 1.40 0.024 0.900 0.010 0.010

Total 3.68 ± 1.57 3.68 ± 1.52 3.10 ± 1.46 0.008 0.900 0.003 0.008

Curved

Female 2.29 ± 1.20 1.85 ± 0.95 2.46 ± 1.09 0.020 0.080 0.007 0.510

Male 1.80 ± 1.01 1.71 ± 0.89 2.76 ± 1.44 <0.001 0.900 0.001 0.002

Total 2.10 ± 1.15 1.80 ± 0.92 2.59 ± 1.25 <0.001 0.150 <0.001 0.009

Circular

Female 1.15 ± 0.37 1 ± 0 1.30 ± 0.48 0.231 - - -

Male 1 ± 0 1.11 ± 0.33 1 ± 0 0.405 - - -

Total 1.10 ± 0.31 1.06 ± 0.25 1.19 ± 0.40 0.486 - - -

Angle

Female 1.46 ± 0.70 1.25 ± 0.52 1.12 ± 0.35 0.280 - - -

Male 1.12 ± 0.33 1.57 ± 0.81 1.12 ± 0.35 0.024 0.010 0.120 0.900

Total 1.29 ± 0.57 1.39 ± 0.67 1.12 ± 0.34 0.280 - - -

Cross

Female 1.29 ± 0.46 1 ± 0 1 ± 0 0.063 - - -

Male 1.2 ± 0.42 1.22 ± 0.44 1 ± 0 0.792 - - -

Total 1.25 ± 0.44 1.1 ± 0.30 1 ± 0 0.163 - - -

Diverging

Female 1 ± 0 1.1 ± 0.31 1.10 ± 0.31 0.620 - - -

Male 1.2 ± 0.44 1 ± 0 1 ± 0 0.320 - - -

Total 1.07 ± 0.26 1.07 ± 0.26 1.07 ± 0.26 0.997 - - -

Converging

Female 1.13 ± 0.35 1 ± 0 1.07 ± 0.26 0.695 - - -

Male 1 ± 0 1 ± 0 1.22 ± 0.44 0.289 - - -

Total 1.08 ± 0.28 1 ± 0 1.13 ± 0.34 0.618 - - -

Branching
with

divergence

Female 1.69 ± 0.98 1.71 ± 0.88 1.64 ± 0.75 0.939 - - -

Male 1.76 ± 0.80 1.80 ± 0.86 1.86 ± 0.91 0.892 - - -

Total 1.73 ± 0.90 1.76 ± 0.87 1.71 ± 0.38 0.934 - - -

Branching
with

convergence

Female 1.31 ± 0.47 1.4 ± 0.64 1.15 ± 1.37 0.413 - - -

Male 1.25 ± 0.68 1.27 ± 0.46 1.36 ± 0.49 0.807 - - -

Total 1.28 ± 0.56 1.36 ± 0.59 1.28 ± 0.45 0.795 - - -

Nonspecific

Female 1 ± 0 6.02 ± 5.66 5.76 ± 5.96 0.389 - - -

Male 1 ± 0 1 ± 0 9.56 ± 0.42 <0.001 - - -

Total 1 ± 0 1 ± 0 1 ± 0 NR - - -

(F) Fars; (T) Turkmen; (S) Sistani. * Calculated by one-way analysis of variance (ANOVA) test; ** calculated by
Tukey’s test; significant p values are shown in bold style.

Consequently, according to the post hoc test, the mean number of straight rugae
in the Turkmen was significantly higher than in the Fars and Sistani, but there was no
significant difference between the Fars and Sistani. In addition, the mean number of wavy
and curved-shape rugae was significantly different between the three ethnic groups. As
shown in (Figure 2), the most common rugae shapes in the three ethnic groups were straight
and wavy.
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Moreover, as shown in (Table 4), there was no significant difference between the mean
length of palatal rugae by ethnicity for the primary, secondary, and fragmented rugae in
patients over 18 years old. However, in the study subjects younger than 18 years old, the
lengths of the palatal rugae in the primary and secondary rugae were significantly different
between the three ethnicity groups (Table 4).

Table 4. Distribution of different rugae lengths in ethnicities by age.

Length Age (Year)
Ethnicity

p Value * p Value **
T vs. F

p Value **
T vs. S

p Value **
S vs. FFars

Mean ± SD
Turkmen

Mean ± SD
Sistani

Mean ± SD

Primary <18 9.44 ± 1.83 8.98 ± 1.59 8.67 ± 1.65 0.020 0.272 0.760 0.017

≥18 9 ± 1.31 9.09 ± 1.64 8.79 ± 1.47 0.757 - - -

Secondary <18 1.74 ± 1.18 2.17 ± 1.54 1.63 ± 1.35 0.036 0.153 0.047 0.990

≥18 2.66 ± 1.52 2.19 ± 1.40 2 ± 1.73 0.304 - - -

Fragmented <18 0.46 ± 0.65 0.67 ± 0.98 0.55 ± 0.87 0.319 - - -

≥18 0.66 ± 0.70 0.61 ± 0.66 0.48 ± 0.82 0.647 - - -

(F) Fars; (T) Turkmen; (S) Sistani; (<) less than; (≥) more than or equal. * Calculated by one-way analysis of
variance (ANOVA) test; ** calculated by Tukey’s test; significant p values are shown in bold style.

In addition, the mean number in all three groups of primary, secondary and frag-
mented palatal rugae between the ethnicities in people older than 18 years, in both sexes
and on both sides of the palate, was not significantly different. The distribution of the total
number of rugae direction by sex and side is shown in (Table 5).
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Table 5. Distribution of different rugae directions in ethnicities by sex.

Direction Sex
Ethnicity

p Value * p Value **
T vs. F

p Value **
T vs. S

p Value **
S vs. FFars

Mean ± SD
Turkmen

Mean ± SD
Sistani

Mean ± SD

Backward
Female 6.37 ± 2.35 6.50 ± 2.58 6.26 ± 2.62 0.866 - - -

Male 6.84 ± 2.72 7 ± 2.71 6.08 ± 2.69 0.247 - - -

Total 6.57 ± 2.51 6.68 ± 2.62 6.18 ± 2.64 0.345 - - -

Forward
Female 3.32 ± 2.19 3.64 ± 2.36 2.49 ± 2.01 0.014 0.990 0.013 0.131

Male 2.61 ± 1.93 3.34 ± 1.89 2.73 ± 1.70 0.171 - - -

Total 3.01 ± 2.10 3.53 ± 2.19 2.60 ± 1.88 0.005 0.224 0.004 0.443

Straight
Female 3.08 ± 1.79 2.30 ± 1.51 2.75 ± 1.66 0.034 0.030 0.418 0.854

Male 2.27 ± 1.93 2 ± 1.48 2.17 ± 1.58 0.763 - - -

Total 2.73 ± 1.88 2.19 ± 1.50 2.49 ± 1.64 0.070 - - -

(F) Fars; (T) Turkmen; (S) Sistani. * Calculated by one-way analysis of variance (ANOVA) test; ** calculated by
Tukey’s test; significant p values are shown in bold style.

4. Discussion

Human identification, particularly in disasters or mass settings, is one of the most
challenging tasks from a forensic point of view [27]. Various scientific methods have been
used for human identification, including those pertinent to forensic odontology [12,56,57].
The palatal rugae exhibit properties such as individuality, stability, and postmortem re-
silience, making them a suitable instrument for forensic personal identification [1,40,52]. A
recent meta-analysis found that combining dimensional and morphological evaluations of
the palatal rugae could potentially improve personal identification accuracy [42].

The present study showed that the total number of palatal rugae in the Sistani ethnicity
is significantly less than their number among the Turkmen and Fars ethnicities, but the
results showed no significant differences between the ethnicities of the Fars and Turkmen.
According to the Sheikhi et al. study, the population of Tehran has significantly fewer
palatal rugae than the populations of Hamedan and Kermanshah [38]. The total number
of palatal rugae in the Indian population was likewise much larger than in the Tibetan
population [33]. Furthermore, Arora et al. discovered that the total number of palatal rugae
in the Manipur population is higher than in Karnataka [58]. Kashima et al. discovered
that the total number of rugae in Japanese children was larger than the number in Indian
children [59]. It was also discovered that Indigenous Australians have a larger number of
palatal rugae than the Caucasian population [60]. Thus, the earlier research demonstrated
the usability of rugae numbers as a tool for distinguishing ethnic differences, which was
validated by the current study’s findings.

Furthermore, in the current study, the Fars women had a higher overall number
of palatal rugae than the men. Similarly, Selvamani et al. discovered that women have
more palatal rugae on both sides of the palate than men [61]. In addition, Kalyani et al.
discovered that the average number of rugae in females was higher than in males [62].
However, Ibeachu et al.’s study found no significant difference between the sexes [63]. The
rugae pattern variety and their possible use for sex discrimination in different populations
produced disparate results, due to individual differences and the complex influence of
genetic, growth, and environmental factors on their morphology [64].

The current investigation found that the total number of palatal rugae in the Fars
ethnicity was higher on the left side of the palate than on the right [63,65–67]. Furthermore,
the total number of palatal rugae on the left side of the palate was smaller in the Sistani
ethnicity compared to the Turkmen and Fars ethnicities, although there was no significant
difference between these ethnicities on the right side. According to a study conducted
by Saini et al. [68], the overall number of right-side rugae in the Northeastern Indian
population was larger than in the Northern Indian population, but there was no significant
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difference on the left side. Silva-Sousa et al. discovered genetic variations linked to left–
right asymmetry in the number of palatal rugae [69].

The present study exhibited that the number of straight rugae in the Turkmen ethnicity
was higher than in the Fars and Sistani ethnicities. The number of wavy rugae in the Sistani
ethnicity was lower than those among the Fars and Turkmen ethnicities. Additionally, the
number of curved rugae in the Sistani ethnicity was higher compared to those among the
Fars and Turkmen ethnicities. Other investigations confirm the differences in the number of
palatal rugae forms between populations. Sheikhi et al. found that the number of straight
rugae in Iran was lower than in Kurdistan and Kermanshah [38]. According to the same
study, the population of Hamedan has more wavy rugae than the populations of Tehran
and Kermanshah [38]. It was also discovered that the number of straight rugae in the
Arab population was smaller than in India, while the number of wavy rugae in the Arab
population was larger [70]. Another study discovered that the number of straight rugae in
the Ikwerre population in Nigeria was higher than the Igbo population, and the number
of wavy rugae in the Igbo population was lower [63]. According to a study conducted
by Nayak et al., the number of straight rugae in the southern population of India was
larger than in the west, but the number of curved rugae in the southern population was
lower [71].

The present study showed that the average number of straight, wavy, and angular
rugae in the males in three ethnic groups was significantly different. The straight and
angular-shaped rugae in the Fars males were fewer than in the Turkmen males, and the
wavy-shapes in the Sistani males less than in the Turkmen and Fars males. In addition, the
number of curved rugae in both sexes showed a significant difference between ethnicities,
so that in the Sistani men, it was more than those among the Turkmen and Fars men,
and the same figure in the Turkmen women was less than in the Fars and Sistani women.
According to another study [63], the number of wavy-shaped rugae in the Igbo was much
higher than the Ikwerre in both genders. However, the number of curved-shape rugae
in the Ikwerre was much larger in both genders than in the Igbo. The number of circular
shapes was larger in the Igbo men than in the Ikwerre men, while the number of straight
forms was higher in the Ikwerre women than in the Igbo women. Malaysian men had
more curved, angular, and complicated rugae than Egyptian men, according to another
study. Egyptian women showed fewer wavy rugae and more straight rugae than Malaysian
women [46]. In India’s two populations, however, there was no variation in the number of
rugae forms between men and women [71].

In the current study, the most common palatal rugae shapes were wavy, straight,
curved, and divergent in the Fars, straight, wavy, and divergent in the Turkmen, and
straight, wavy and curved in the Sistani, respectively. The wavy pattern was the most
prevalent among the Igbo population [63]. In contrast, the rugae of the Ikwerre population
are typically curved and straight. Sherif et al. also demonstrated that the maximum
type of rugae in Egyptians was straight, curved, and wavy, but it was curved, wavy, and
straight in Malaysians. In both populations, the circular form had the lowest number [46].
According to Chandra et al., the most common type of rugae in the Ranchi population was
wavy, curved, and straight. Curved, wavy, and straight shapes were common in the Patna
population [72]. The most prevalent shape in Arabs is wavy, curved, straight, and branching,
while it was wavy, straight, curved, and branched in Indians, respectively [70]. The rugae
form differences between ethnicities may be attributable to hereditary or environmental
causes [64]. According to previous research, environmental factors have the least influence
on rugae formation, with genetic background being the key predictor [73].

In the three primary, secondary, and fragmented groups, there was no difference in
the length of palatal rugae between the Fars, Sistani, and Turkmen ethnicities. However,
it was discovered that the quantity of secondary rugae was different between the Igbo
and Yoruba; additionally, there was no difference between them in terms of primary and
fragmented rugae groups [43].



Diagnostics 2023, 13, 200 10 of 14

The present study showed no difference between the number of palatal rugae, based
on the three groups of primary, secondary, and fragmented, on the left and right and
between men and women. However, Ibeachu et al. discovered that men have more primary
rugae than women in the two populations tested [63]. Kalia et al. discovered that Mysorean
males have more primary rugae than women [74]. Dohke et al. found that the quantity of
secondary rugae results in substantial changes in rugae morphologies between sexes [75].
In the study of Selvamani et al., there was no significant difference between the genders of
primary and secondary rugae [61] As a result, discrete factors such as rugae shapes can
produce superior findings when comparing ethnicities [63]. Furthermore, the current study
found that the maximum length of rugae is of the original type, which is consistent with
the findings of most studies [38,60,65,67,70].

The current study revealed more of the forward-directed rugae in the Turkmen ethnic-
ity than in the Sistani ethnicity. While Saini et al. found that the number of backward rugae
in the Northeastern India population was greater than the population of North India [68].

The present study showed that the number of forward rugae in women of the Sistani
ethnicity was less than in the Turkmen ethnicity. Also, the number of straight-directed
rugae for women in the Turkmen ethnicity was less than in the Fars ethnicity. Similarly, it
was shown that the rugae direction of Egyptian and Malaysian men differed significantly.
This difference, however, was not detected in women between the two populations [46].
According to the findings of this study, the most prevalent rugae direction in all three
ethnicities was backward-directed, followed by forward-directed, and straight-directed
rugae. According to Mattoo et al., forward-directed rugae are the most common, followed
by backward-directed rugae, and then straight-directed rugae [76].

The use of palatal rugae as an individual identification tool can be limited by the lack
of availability of antemortem data [5,57]. Therefore, palatal rugae pattern data need to
be supplemented by other individual identification characteristics, such as fingerprints,
that have easily accessible and highly valid antemortem data [42]. Better availability
of antemortem palatal rugae pattern data might be achieved by the use of optical 3D
oral/dental scans that are utilized in modern dental practice [31]. Nevertheless, this
approach should be complemented by methods for the proper recognition of patterns to
take into account potential geometric changes in patterns that happen post-mortem [31]. As
a result, digital data must be created, kept, and updated in order to describe the dental/oral
geometry, and obtaining the data could be a standard dental service. The current constraints
include a lack of adequate 3D scanners, corresponding design/fabrication tools, and staff
qualified to operate them. Furthermore, for forensic purposes, the scanned data must be
accessible afterwards, and hence must be saved in a suitable media, format, and access
site [1,31].

The main limitation of the present study was the relatively small sample size. In
addition, direct comparison with previously conducted research was difficult and limited,
as a result of variations in the methodological approach and classification of palatal rugae.
Moreover, dental casts were used to examine two-dimensional morphological patterns in
this study; nevertheless, it is useful to assess palatal rugae using other techniques, such
as stereoscopy and stereophotogrammetry, to explore the rugae in both three dimensions
and the position of each ruga. Despite these limitations, this study is among the first in
the literature to report on the palatal rugae pattern in three different ethnic populations in
Iran, considering both the dimensions and the morphology of palatal rugae, and providing
valuable baseline data and a preliminary reference for more extensive, larger-scale future
studies. On the other hand, because complicated shapes of rugae can cause intra-observer
differences in identification, the casts were evaluated by a single investigator in this study
to improve the identification and the reliability.

5. Conclusions

The palatal rugae pattern has various traits that can be used to differentiate between
ethnicities. According to the current study, the overall number of palatal rugae in the
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Sistani ethnicity is much lower than in the Turkmen and Fars ethnicities. In addition, the
total number of palatal rugae in the Fars ethnicity was more on the left side of the palate
than the right, and it was greater in women than men. Furthermore, in the Fars, the most
prevalent palatal rugae shapes were wavy, straight, curved, and divergent; in the Turkmen,
straight, wavy, and divergent; and in the Sistani, straight, wavy, and curved. As a result, the
current study found significant disparities in the palatal rugae patterns among three Iranian
ethnicities. Therefore, the palatal rugae can be employed as a complementary technique to
human identification in forensic medicine. However, larger sample size investigations are
needed to corroborate the findings of the current study.
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