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Variability of palatal rugea as indicators for
population diversity and sex differentiation:
An observational cross-sectional study

Abstract. Objectives: to ascertain whether the palatal rugae pattern of the Basra population

may be utilized to assist in determining age and sex and whether there were any connections
between the Basra and other populations. Materials and methods. Models of maxillary im-
pressions were taken from 250 individuals. The palatal rugae patterns on the dental casts were

analyzed using a qualitative grading system based on morphology (shape). We categorize rugae

based on their shape using Kapali classification. During statistical data analysis we used two main

statistical methods to evaluate possible sex differences in rugae quantity and pattern Chi-squared

test and unpaired t-test. Results. According to our results, there were 1587 rugae in total across all

samples, with (776 in males) and (810 in females). Both sexes were more likely to have curved pala-
tine rugae, but females had more curved rugaes (240) than males (227). The gender distribution

of rugae types does not differ statistically significantly (p>0.05). In both age categories, there were

more curved rugae. In this study four age group were taken, 10-20 years, 20-40 years, 40-60 years

and 60-80 years. The total number of rugae among this age groups were 1587. The age group with

largest number of rugae was 20-40 with 641 rugae, followed by 40-60 with 509, 60-80 with 363

and 10-20 with 74 rugae. The distribution of rugae by age group does not change significantly
(p>0.05). Conclusions. Compared to males, females have more rugae, and males typically have

curved rugae however, these statistically not significant. All age groups of females have similarly
curled rugae, which makes it the most common shape in the Basra population as a whole.

Key words: palatal rugae, maxillary impressions, hard palate, dental records
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BapnabenbHOCTb HEOHBIX CKIAIOK KAK MHIUKATOP
HONYJISIMOHHOTO Pa3HOOOpas3us U MOI0BOI aud-
dbepenumanuy: HabIOHATETbHOE KPOCC-CEKITMOH-
HOE VICCIIEOBaHMe

AHHOTauuA. Llenb — BbISICHUTb, MOXHO NI UCMOJIb30BaTb XapaKTep PacrnosioKeHns HEGHbIX
CKNapoK y HaceneHusa bacpbl B KauecTBe BCOMOraTeNilbHOro KpUTepma And onpegeneHnsa Bo3pacTta
1 Nona, a TakxKe YCTaHOBWTb Hanmyve cBA3en mexay HaceneHvem bacpbl 1 gpyrumu rpynnamu
HaceneHunsa. MaTtepuanbl n metopabl. bbinu cHATbI cnenky BepxHen yenocTn y 250 yenosek.
Y30pbl HEOHBIX CKNAA0K Ha crienKax 3y60B aHaNM3MpPOBay C UCNOJb30BAHNEM KaueCTBEHHON CUC-
Tembl OLieHKM, OCHOBaHHOI Ha Mopdonorun (hopme). Cknagkm KnaccuuumpoBanu no nx popme,
ucnonb3ya Knaccuduxauymio Kananw. Mpu ctaTmcTmyeckom aHanmse AaHHbIX NCMONb30Banu Aga
OCHOBHbIX CTaTUCTUYECKNX MeToAa ANA OLEHKN BO3MOMHbIX MOJIOBbIX Pa3fiNumnii B KOMYyecTe
1 y30pe CKNMafloK: KpUTepUIA XU-KBaZpaT 1 HemapHbIi t-kputepuii. PesynbraTtbl. CornacHo nony-
YEHHbIM [JaHHbIM, 06LLee KONMYeCTBO CKMNAZoK BO BCex 0bpa3uax coctaBuno 1587 (776 y My»uuH
1 810 y >KeHwwwH). Y npeacTaButeneil 060Mx NOJOB Yalle BCTPeYANCh U30THYTble HEGHbIE CKNaAKMY,
O[JHAaKO Y MEHLUMH UX KonnuyecTso (240) npeBbillano aHaNorMyHbli NoKasaTenb Y My>XUnH (227).
PacnpepeneHue TMNOB CKMNAAOK MO MOy CTaTUCTAYECKM 3HAYMMO He pa3nuyaetca (p>0,05). B obe-
UX BO3PACTHbIX KaTeropusx 6bi10 60sblie U30THYTbIX CKNafok. B faaHHOM nccnepoBaHum 6binu
BblJie/NIeHbl YeTbipe BO3pacTHble rpynnbl: 10—20, 20—40, 40—60 1 60—80 net. ObLiee KONMYeCTBO
CKNaZioK B 3TUX BO3PACTHBIX Fpynnax coctaBuio 1587. BospacTHas rpynmna ¢ Hanbonblumm Konmyec-
TBOM CKknapok — 20—40 nert (641 cknagka), 3a Heit cnepytoT rpynnbl 40—60 net (509), 60—80 net
(363) 1 10—20 ner (74 cknagku). PacnpepeneHre cknagok No BO3pacTHbIM rpynnam He U3MeHsAeT-
A 3Haummo (p>0,05). 3aknioueHue. 10 CpaBHEHUIO C MYXUMHAMK Y XKeHLLVH 60oMblue CKNafioK,
a 'y My>KUMH CKNafiku, Kak NpaBusio, U30THYTble, O4HAKO 3T Pa3nnymna CTaTUCTUYECKN He3HAUMMDbl.
Y EeHLLMH BCex BO3PACTHBIX FPYNM CKNAZKV MMEIOT OfIMHAKOBY0 GOpMy, UTo ienaeT ee Hanbonee
pacnpocTpaHeHHoI B nonynAummn bacpbl B Lesiom.

KnioueBble cnioBa: HEOHbIE CKNAIKK, OTTUCKN BEPXHEN YentoCTu, TBepaoe HEGO, CTOMATONOr -
yeckue KapTbl
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INTRODUCTION

Located close to the roof of the mouth, the anterior (front)
third of the hard palate is referred to as the palatal rugae
region, and it is distinguished by the presence of elevated
ridges known as palatal rugae. Because these ridges are
specific to each person and vary in size, shape, and di-
rection, they are of interest to disciplines like as anthro-
pology and forensics [1]. When a person’s fingerprints
or dental records cannot be used to identify them because
of natural catastrophes, terrorist acts, or traffic accidents,
palatal rugae may be able to help [2]. In 1889, Allen made
the initial suggestion to use palatal rugae patterns as per-
sonal identification [3]. It considered a valuable alternative
source of information enabling the search field to be nar-
row because of the specific rugae characteristics, and their
patterns are extremely isolated and distinctive in every in-
dividual [4].

Rugae once it formed, it remains as a stable landmark
throughout life until the degeneration of oral mucosa
after death, except increase in length related to normal
growth [5]. According to published research, no two pal-
ates are comparable, not even those of identical twins; their
palatal prints are similar but not the same [6]. Rugae pat-
terns may be a unique character of ethnic groups facilitate
the differentiation between populations [7].

Palatal rugae also called rugae palatine or plica palati-
nate. The word “rugae”, which is derived from the Greek
word “seam”, refers to the stitching or joining of the seg-
ments of two biological structures during fetal differentia-
tion [3]. According to the Glossary of Prosthodontic Terms,
rugae are anatomical folds or creases of unequal fibrous
connective tissue seen on the anterior palate third [8].
Three to seven asymmetrical ridges are triggered trans-
versely by the median palatal suture and incisive papillae,
and they stretch from the mesial side of the first permanent
dental tooth to the front portion of the hard palate. They
never make it to the midline [9, 10].

All of these alterations are believed to be caused
by genes. Between the weeks 12th to 14th of intrauterine
life (the third month of prenatal life), rugae traits initially
emerge. Epithelial proliferation and thickening at a specific
location, followed by fibroblast and collagen fiber accumu-
lation inside the connective tissue underlying the epithe-
lium tissue, are the factors that lead to the establishment
and evolution of the palatal pattern. The palatal pattern has
a unique direction because collagen fibers migrate antero-
posteriorly across each rugae‘s basal region [11, 12]. Hy-
drophilic glycosaminoglycan, the main component of plica
palatinae, encourages tissue swelling and helps maintain
the rugae pattern [13].

With age, the rugae pattern’s length and breadth in-
crease in both males and females, but they cease to grow
after the somatic growth is finished [14].

Fatima et al. asserted that after the age of ten, the an-
terior rugae’s length does not increase, while other char-
acteristics such as direction, shape, and unification re-
main constant throughout an individual’s life. [15]. Oral
sucking, taste perception, food crushing, swallowing, pro-
nunciation — especially the “sh” and “s” sounds — and

2026: 29 (2) ANPE/Ib—UIOHD

medicolegal identification are all made easier by rugae
ridges [16, 17].

In terms of the palatal rugae’s anatomical location with-
in the head’s structure inside the mouth, they are shielded
from postmortem injury by the tongue, lips, cheeks, lips,
fat, teeth, and bone, as well as by prosthetic devices [10].
The morphology of rugae patterns is unaffected by injuries,
chemicals, acids, wounds, dentition eruption and dropping,
or lifethreatening conditions; it remains intact even after
third-degree burns, though tooth extractions slightly shift
its position [18].

A number of factors, such as persistent pressure from
orthodontic treatment or dentures, and intense finger
sucking throughout development, can result in chang-
es to the palatal pattern. The third rugae pairs provide
the most stable reference, and the rugae are less susceptible
to alterations caused by tooth movement the more posterior
they are [19]. Additionally, it has been reported in the lit-
erature that once remains were preserved for at least seven
days, 77% of human cadavers and 93% of burn victims
showed no surface alterations [20].

In 1911, Gloria developed the first technique for clas-
sifying palatal rugae, and there are two ways to classify
the rugae pattern indicating the quality and length of rugae
in relation to teeth. He also made a distinction between
simple or primitive and highly sophisticated rugae.

The rugae were separated into four categories [3]
based on their form. Curved rugae were delicately curved
and had a crescent form. Wavy: If there is a slight curvature
at the start or finish of curved rugae. Straight: They travel
from their starting point to their ending point in a straight
line. Circular: Rugae were defined as those that create a dis-
tinct, continuous ring.

Analyzing of palatal rugae also known as rugoscopy,
involves various methods in forensic odontology. Here are
some common ways to analyze palatal rugae, along with
sources for further reference:

1) Photographic superimposition — Overlaying photo-

graphs of palatal rugae for comparison [21].

2) Dental casts and impressions — Creating casts or im-

pressions of palatal rugae for detailed examination [1].

3) Digital imaging and computer software — Utilizing
computer software for digital analysis and compari-

son [22].

4) Landmark analysis — Identifying specific landmarks

on palatal rugae for quantitative analysis [23].

5) Comparison with reference databases — Comparing
palatal rugae patterns with established databases for

identify [24].

MATERIALS AND METHODS

Study design and participants

At the University of Basrah‘s College of Dentistry, an ob-
servational cross-sectional study was carried out. The dura-
tion for sample collection was between November 2023 and
March 2024. A sample of 250 patients from the clinics
of the College of Dentistry in Basra. The samples equally
divided between males and females (125 males and 125 fe-
males). The samples divided into four age groups 10-20,
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20-40, 40-60 and 60—80 years. All participants met the fol-
lowing criteria:

e no dental anomalies;

» no past medical history of serious illness or trauma

« no prior experience with orthognathic surgery;

e no prior orthodontic care;

e absence of extensive restorative treatments (bridges,

crowns, etc.);
« no severe malocclusion, such as a crossbite or open bite.

Sample size

The sample size was calculated based on estimating pro-
portions of palatal rugae patterns using a confidence level
of 95% and a margin of error of 5%. As no prior prevalence
data were available for the studied population, a prevalence
(p) of 50% was assumed to obtain the maximum sample size.
The sample size was calculated using the formula:

n=Z"p-(1-p)/d*,
where n — required sample size, Z — 1.96 (for 95% confi-
dence level), p=0.5, d=0.05 (margin of error).

The calculated minimum sample size was 384. However,
due to time and resource limitations, a total of 250 subjects
(125 males and 125 females) were included in the study,
which was considered adequate for statistical analysis.

Procedures
A thorough procedure was used to get study participants’
maxillary arch impressions. Following the completion
of a medical history and the exclusion of certain cases,
the study was carried out on patients who did not have
any dental anomalies, a history of serious illness or trauma,
a history of orthognathic surgery, a history of prior ortho-
dontic treatment, or a history of extensive restorative pro-
cedures (such as crown and bridge work). Participants with
significant malocclusion, such as open bite and crossbite,
were not allowed to participate in the study.

Irreversible hydrocolloid materials and addition sil-
icone selected for capturing maxillary arch impressions.
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These materials were chosen for their ability to provide
precise impressions while ensuring patient comfort. Dispos-
able trays were carefully chosen based on the size and shape
of each subject’s maxillary arch, guaranteeing a proper fit
and minimizing discomfort during the impression-taking
process.

Following manufacturer guidelines, mixed the water-
to-powder ratio for alginate materials. The alginate powder
was measured using a scoop, and the water proportion was
precisely measured using a cylindrical plastic measuring
cylinder. Distilled or demineralized water as needed to ac-
count for changes in water quality. In a clean, flexible rub-
ber bowl, the calculated amount of water is added to start
the mixing process. Next, the appropriately sized powder
is added. To create a homogenous mixture, a widebladed
spatula was used for quick mixing. When removed from
the bowl, the resultant mixture was creamy and did not leak
off the spatula. For the graduation research project, accu-
rate maxillary arch impressions were taken by following this
thorough process. This contributed significantly to dental
research by guaranteeing the validity and dependability
of the study’s conclusions about the morphology and pat-
terns of the palatal ruga.

Data analysis
Numerous techniques were used to analyze the patterns
of the palatal rugae on the casts, including:
« qualitative rating based on morphology (form);
« quantifiable metrics like ridge count and branching
patterns.
Statistical analysis was then used to compare the distri-
bution and frequency of rugae patterns in males and females.

Determination of rugae area

A method for figuring out the rugae area was created for
the graduation research project. The first step in the proce-
dure was to carefully choose premium markers that would
produce markings that were both consistent and clear. For
ease of recognition and classification, each rugae shape was

Determination of rugae area: 1 — Diverge rugae, 2 — Straight rugae, 3 —Converge rugae, 4 —Curved rugae, 5 —Wavy rugae

Human anatomz
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given a specific color, such as blue for wavy, red for curved,
etc. By making it easier to visually distinguish between ru-
gae shapes, this color-coding method expedited the sorting
process and reduced errors. We made sure that a wide variety
of marker options, such as various tip sizes and ink formulas,
were available. The selection of markers was focused on their
capacity to create durable, clear markings as well as their
compatibility with the impression material. Team members
were given particular rugae forms to mark in order to ef-
ticiently divide the work. Training sessions were held before
marking to guarantee consistency in marking methods and
compliance with color coding guidelines. Issues were re-
solved using methodical approaches to problem-solving dur-
ing the marking process. To clear up any confusion or dis-
agreements over the definition of rugae forms, professional
consultations with seasoned academics and physicians were
sought.

Following marking, each cast was given a special identi-
fication number so that the matching rugae markings could
be tracked during the analytical stage. The highlighted data
was arranged and analyzed using specialized spreadsheet
software, which made statistical analysis and data sort-
ing more effective. Rigorous quality assurance measures
were implemented to ensure the accuracy and reliability
of the marked data. To confirm the markings” consistency
and reduce any possible mistakes or inconsistencies, fre-
quent crosschecks and validations were carried out. We were
able to precisely identify the rugae area in the graduation
study project while upholding the highest standards of ac-
curacy and scientific rigor by following this thorough pro-
cedure (see the figure).

Table 1. Statistical analysis of difference
rugae shape according to gender using Chi-square test
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Statistical analysis

We used two main statistical methods to evaluate possible sex
differences in rugae quantity and pattern: Unpaired #-test:
Using this technique, the means of two separate groups
males and females were compared with respect to the quan-
tity of rugae. It enabled us to ascertain whether the two
groups differed in a way that was statistically significant.
Chi-square test: This test was employed to analyze cate-
gorical data and assess the correlation between rugae pat-
tern (i.e., Straight, Circular, Curved, Wavy, Unified) and
(male/female). Cramér’s V-test used to calculate size effects.
It allowed us to determine whether male and female rugae
patterns differed significantly.

RESULTS

1. The relation between rugae shape and gender
The total number of rugaes was 1587 divided as follows:
776 in males and 810 in females. The gender distribution
of rugae types does not differ statistically significantly
(p>0.05; table 1). The proportion of females with curved
rugae is slightly higher than that of men, the proportion
of females with straight rugae is slightly higher than that
of males, and the proportion of females with wavy rugae
is slightly higher than that of males. However, males are
more likely than females to be round and divergent.

Male and female palatine rugae were most frequent-
ly curved, followed by wavy, straight, diverging, circular,
and convergent shapes. Men had a much higher frequency
of the diverging form (102) than females (86), however,
compared to men (227), females showed a substantially
greater total number of curved rugae (240).

2. The relation between
rugae shape and age group

Type Males Females . Total number of rugae among this
Shmas T T T g otal p age groups were 1587. The age group
with largest number of rugae was

Straight 170 46.7 0.12-0.95 | 194 533 0.22-0.86 364 0.440 20-40 years with 641 rugae, followed

Curved 227 48.6 0.23-0.55 | 240 514 0.19-0.92 467 0.110 by 40-60 years with 509, 60-80 years

Wavey 202 484 0.88-1.25 | 215 51.6 0.36-0.74 @ 417 0.582 with 363, and 10-20 years with 74 ru-

Circular 49 544 181-259 | 41 456 0.59-1.41 = 90 0.520 gae. The distribution of rugae by age

Converge 28 459 0.23-0.88 = 33 541 046-093 61 0494  group does not change significantly

Diverge 102 543 043-155 @ 86 457 0.65-099 188 0510  (#>0.05:table2).

Total 76 810 1587 Qurved shapes were most preva-
lent in the 10-20 age range, followed
by straight and wavy shapes in equal

Table 2. Distribution of different rugae number according to age groups proportion. Convergence was the least

. e — common shapg. Curved shapes were

oyfpealatal Meanage, ¢, g 40-60 20-40 10-20  Total most prevalent in the 20-40 age range,

folzs years o followed by wavy and straight shapes;
abs. % abs. % |abs. %  abs. % convergent shapes were least common.

Straight 38.1+9.2 63 22.27 122 33.51 143 39.28 18 4.94 364 0.520 Curved shapes were the most popular

Curved 40.249.5 114 24.43 150 32.11 183 39.18 | 20 4.28 467 0.523 among those aged 40 to 60, followed

Wavy 35.3+11.6 100 23.98 131 31.43| 168 40.28 18 4.31 417 0.364 Dby straight and wavy forms; conver-

Gireular 393125 16 17.77 31 3444 37 4112 6 667 90 0421  gent shapes were the least popular.

Converge 3274154 7 1149 21 3442 30 4918 3 491 61 0331  Curved shapes were most prevalent

) among the 60-80 age group, followed

Diverge 35.4+11.5 43 22.87| 56 29.97| 81 43.09 8 4.25 188 0.705 by straight and wavy forms: convergent

Total rugae 36.3£10.5 363 22.87|509 32.25 641 40.39 74 4.56 1587 0.738 shapes were least common.
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3. Distribution parameters

The mean number of palatine rugae per individual was 6.35.
Females showed a slightly higher mean number of ru-
gae (6.48) compared to males (6.21). Standard deviations
could not be calculated due to the absence of individual-
level data.

4. Size effect

Cramér’s V-analysis revealed a strong association between
rugae type palatal folds and the number of folds (V=0.6).
Straight and curved fold patterns demonstrated moderate
associations (V=0.5 and 0.4 respectively), while circular
folds showed a weak association (V=0.2). Wavy, converging,
and diverging fold types exhibited very weak associations
(V=0.1; table 3).

DISCUSSION

The findings of the present study demonstrate the diversity
of palatal rugae patterns that exist within a sample obtained
from the Dental College of the University of Basra, Iraq.
Based on these findings, the establishment of a database for
recording palatal rugae patterns could be initiated to support
forensic identification purposes [25].

A total of 250 dental impressions were collected from
125 male and 125 female participants, including patients
seeking dental treatment and dental students undergoing
clinical training at the Prosthodontics Clinic of the Dental
College, University of Basra. The distribution of different
rugae patterns across various age and gender groups was
evaluated. In addition, the potential application of palatal
rugae patterns for sex determination was assessed. Although
the exact causes underlying differences in rugae patterns
between males and females remain unclear, several con-
tributing factors have been proposed, including hormonal
influences [26], genetic determinants [27], and variations
in facial growth patterns [28].

Age estimation using palatal rugae patterns requires
a detailed analysis of rugae morphology and comparison
with established age-related trends. Such comparisons
enable the inference of age groups based on character-
istic rugae distributions. For instance, a cast exhibiting
a high percentage of curved rugae and lower proportions
of straight, wavy, and convergent rugae is more likely to be-
long to the 10-20-year age group, in which curved rugae
are most prevalent. A predominance of curved rugae ac-
companied by notable proportions of wavy and straight ru-
gae suggests the 20-40-year age group. Similarly, higher
percentages of curved and wavy rugae with fewer straight
rugae are indicative of individuals aged 40-60 years. In con-
trast, casts displaying the highest proportion of curved rugae
with comparatively lower percentages of wavy and straight
patterns are more suggestive of the 60—-80-year age group.

Among the various palatal rugae patterns, the total num-
ber of rugae demonstrated the strongest correlation with ru-
gae morphology. Straight and curved patterns showed mod-
erate correlations, whereas circular, wavy, convergent, and
divergent patterns exhibited weak to very weak associations.

Age-related bone remodeling is a continuous physi-
ological process that affects the entire skeleton, including
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Table 3. Size effect analysis of palatal folds according Cramér’s V-test

Type of palatal folds ~ No.offolds V'  Strength of association
Straight 364 0.5  Relatively strong
Curved 467 0.4  Relatively strong
Wavy 417 0.1 Weak
Circular 90 0.2 Moderate
Converge 61 0.1 Weak
Diverge 188 0.1 Weak

Rugae 1587 0.6 Strong

the craniofacial bones. Changes in the shape and structure
of the hard palate due to bone remodeling may influence
the morphology and arrangement of palatal rugae [29].
Additionally, age-related factors such as tooth loss, dental
restorations, and alterations in occlusion may indirectly af-
fect rugae patterns [30]. Changes in collagen content, tis-
sue elasticity, and vascularization associated with aging can
also alter the oral soft tissues, including the palatal mu-
cosa, thereby influencing rugae appearance [31]. Functional
changes related to mastication, swallowing, and oral hy-
giene practices may further contribute to these variations,
although their full impact remains unclear [23]. Degenera-
tive conditions associated with aging, such as periodontal
disease and oral mucosal atrophy, may also compromise
the integrity of palatal rugae and surrounding tissues [32].

The results of the present study revealed that curved
rugae were the most prevalent pattern in both males (29.2%)
and females (29.6%). These findings are consistent with
those reported by A.M. Abdellatif et al. (2011), who exam-
ined palatal rugae patterns in children from Saudi Arabia and
Egypt and found curved rugae to be most common among
Egyptian children, followed by wavy and straight patterns,
while wavy rugae predominated among Saudi children [33].
Similarly, S. Choudhari and T.N.U. Maheswari et al. (2020)
reported curved rugae as the most prevalent pattern (34%)
in both sexes in an Indian population [34]. A. Indira et al.
(2012) also observed curved rugae as the most frequent pat-
tern in males (33.2%) and females (29.5%) in Bengaluru,
India [35]. Comparable findings were reported by A. Kumar
et al. (2021), who identified curved rugae as the predomi-
nant pattern (27%) in both genders [36].

In contrast, M. Sheikhi et al. (2018) reported straight
rugae as the most common pattern in an Iranian population,
followed by wavy and curved forms [26]. M. Selvamani et al.
(2015) found wavy rugae to be predominant in both males
and females in Kerala, South India, followed by curved and
straight patterns [37]. S. Kallianpur et al. (2011) reported
wavy rugae as the most prevalent pattern among Indian and
Nepalese populations, consistent with findings in Cauca-
sian and Australian populations, with curved rugae ranking
second [38].

These variations suggest that palatal rugae patterns
exhibit geographic and population-specific characteristics.
Unlike several previous studies in which wavy rugae pre-
dominated, the present study demonstrated a higher preva-
lence of curved rugae in the Basrah population. Therefore,
when comparing dental casts from different populations,
the dominant rugae pattern should be carefully considered.

Human anatomz
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A higher proportion of curved rugae may indicate a greater
likelihood that a cast originated from the Basrah region.
Further research in diverse populations may enhance
the forensic utility of palatal rugae patterns for human
identification.

Clinical implication and recommendations
Age-related changes in palatal rugae morphology appear
to be associated with physiological processes such as bone
remodeling, dental status, and alterations in oral soft tis-
sues. The distribution of rugae patterns across different age
groups suggests that palatal rugae may provide supportive
information for age estimation when combined with other
forensic indicators. Overall, the findings support the poten-
tial forensic value of palatal rugae as a supplementary tool
for personal identification, particularly in population-specif-
ic contexts. The establishment of a standardized database for
palatal rugae patterns in the Iraqi population may enhance
their application in forensic investigations. However, further
studies involving larger sample sizes and diverse popula-
tions are recommended to improve reliability and strengthen
the role of palatal rugae analysis in forensic science.

Study limitations

The sample size of 250 participants, drawn from a single in-
stitution — the University of Basra — may limit the generaliz-
ability of the findings to other populations or regions in Iraq.
Although multiple age groups were included, the relatively
small number of participants within each group may reduce
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ally, the study population consisted mainly of dental students
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