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SUMMARY

This study investigates the potential of palatal
rugae patterns as a tool for sex estimation in the
Javanese population of Surabaya, Indonesia. Pal-
atal rugae on the anterior part of the maxillary
mucosa exhibit unique characteristics that make
them valuable for forensic identification. Through
a cross-sectional study involving 60 Javanese in-
dividuals, the research examines the prevalence
of various palatal rugae patterns and their cor-
relation with sex. Results indicate significant dis-
tinctions in rugae patterns between males and
females, particularly in diverging, converging,
and circular patterns. A discriminant function
analysis is employed to establish an equation for
sex estimation using palatal rugae patterns spe-
cific to the Javanese population. Overall, the study
suggests that palatal rugae patterns hold promise
as a supplementary method for sex estimation
in forensic science, though further research with
larger sample sizes is recommended for conclu-
sive results.
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INTRODUCTION

Rugoscopy, a technique for examining pala-
tal rugae, offers a potentially fruitful approach
to secondary identification in forensic dentistry.
The palatal rugae, also known as palatine rugae,
are linear formations located on the front part of
the maxillary mucosa. They are positioned on ei-
ther side of the median raphe line and below the
papilla (Pillai et al., 2016; Shrestha et al., 2017).
This procedure is essential when traditional iden-
tification methods, such as fingerprint analysis,
are not feasible. Palatal rugae patterns possess a
distinctiveness that makes them similar to den-
tal patterns, providing a unique characteristic for
identification (Chugh, 2017; Saadeh et al., 2017).
These rugae patterns can provide valuable infor-
mation about an individual’s racial and sex traits.
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Notwithstanding its potential benefits, examining
palatal rugae remains a relatively unexplored do-
main in forensic research, necessitating addition-
al inquiry and verification (Simon et al., 2022).

Palatal rugae uniqueness stems from their abili-
ty to withstand decomposition for seven days after
death, shape, and capacity for tissue regeneration
after injury (Suresh Babu et al., 2013). Additional-
ly, palatal rugae derive advantages from the ana-
tomical support offered by adjacent tissues such
as the lips, cheeks, tongue, teeth, and buccal fat
layer, protecting them against traumatic incidents
and fire-related harm (Arthanari, 2022). Extensive
research has been conducted in several domains,
including anthropology, comparative anatomy,
forensic odontology, prosthodontics, and ortho-
dontics, due to the extraordinary features of pala-
tal rugae patterns (Yazdanian et al., 2022).

Accurate sex estimation holds pivotal impor-
tance in various forensic endeavors, including the
identification of individuals, the establishment of
biological profiles based on skeletal and dental re-
mains, and the meticulous process of facial recon-
struction for unidentified cadavers. Palatal rugae,
renowned for their distinctiveness and individu-
ality, emerge as a valuable tool in forensic identi-
fication protocols and contribute significantly to

Fig. 1.- Classification of palatal rugae patterns by Thomas and
Kotze (1983): Straight (A), Wavy (B), Diverging (C), Converging
(D), Curved (E), Circular (F).

sex estimation efforts (Mounika et al., 2022). No-
tably, variations in palatal height, which tend to be
higher in males than females, can be ascribed to
inherent anatomical disparities. In humans, the
sex chromosomes, comprising XX for females and
XY for males, alongside the 22 pairs of autosomal
chromosomes, play a fundamental role in shaping
biological characteristics (Nagare et al., 2019).

In this context, focusing on the Javanese popu-
lation, which constitutes a significant majority of
83.68% in Surabaya, this study explores the pala-
tal rugae pattern as a reference for sex estimation
within this demographic (Prakoeswa et al., 2022).
Such investigations augment existing identifica-
tion methodologies, encompassing visual assess-
ments, fingerprint analysis, and dental features,
enhancing the accuracy of forensic identification.

MATERIALS AND METHODS

Approval for this study was granted by the Eth-
ical Clearance Committee for Health Research of
the Faculty of Dental Medicine, Universitas Air-
langga (permit number: 28/KKEPK.FKG/VI2013).
This cross-sectional study enrolled 60 partici-
pants (30 males and 30 females) aged 17 and old-
er currently residing in Surabaya, Indonesia. The
inclusion criteria for this study included individ-
uals without maxillary deformities and not utiliz-
ing orthodontic or prosthodontic appliances. All
subjects received detailed information regarding
the research objectives before participation, and
informed consent was duly obtained.

A magxillary dental study model was obtained
from each subject using alginate powder and den-
tal plaster type III. The palatal rugae of the dental
study model were shaded using a pencil to visu-
alize the rugae pattern. The visible rugae pattern
was analyzed according to Thomas and Kotze’s
classification (Fig. 1) (Thomas and Kotze, 1983).
The palatal rugae pattern of each subject was tab-
ulated based on its shape and unification.

The statistical analysis in this study was con-
ducted using IBM®SPSS®Statistics version 21. The
Independent t-test was used to analyze the sig-
nificance of differences in palatal rugae patterns
between males and females. The correlation be-
tween palatal rugae pattern and sex was analyzed



Table 1. Distribution of palatal rugae pattern and test of equality of group means.

X rugae pattern
Palatal rugae pattern

Male (n= 30) Female (n= 30)
Diverging 23 0
Converging 9 0
Wavy 96 93
Curved 57 54
Straight 48 36
Circular 7 0

Table 2. Correlation test of the palatal rugae pattern based on sexes.

X
Palatal rugae pattern Male (n= 30) Female (n= 30)
Diverging 12 0
Curved 30 24
Straight 30 21
Circular 6 0

*: patterns which have significant correlation

using Fisher’s exact test. Additionally, a stepwise
discriminant function analysis for sex estimation
was developed, which yielded a specific equation
for the Javanese population under study.

RESULTS

Our investigation unveiled prevalent patterns
of wavy, curved, and straight configurations,
which were predominant among males (100%)
and females (100% wavy, 80% curved, and 70%
straight) within the Javanese population. Notably,
diverging, converging, and circular palatal rugae
patterns were absent among female participants
(see Table 1). The highest prevalence of palatal
rugae patterns within all subjects is wavy (100%),
and the lowest is converging (5%). Diverging is the
only pattern showing a significant correlation be-
tween palatal rugae and sexes (Table 2). The cor-
relation test was done by Fisher’s exact test.

Discriminant analysis is a robust multivariate
statistical technique for categorizing variables and
developing predictive models. Table 3 outlines
the rugae patterns employed in the discriminant
function analysis. Five distinct patterns—diverg-
ing, converging, circular, curved, and wavy—were
identified through a twelve-step process. Among

¥ subject

Male (%) Female (%) Total (%)
12 (40) 0 12 (20)
3(10) 0 3(5)

30 (100) 30 (100) 60 (100)
30 (100) 24 (80) 54 (90)
30 (100) 21 (70) 51 (85)
6 (20) 0 6(10)
Continuity correction Fisher’s exact test
<0.001* <0.001

.031 .024

.004 .002

.031 .024

these, the diverging pattern demonstrated the
highest efficacy in differentiating between sexes
within the Javanese population.

Table 3 also lists the canonical discriminant
function coefficients utilized to formulate the sex
estimation equation. The five primary rugae pat-
terns (diverging, converging, wavy, curved, and
circular) were incorporated into this predictive
model. For the sex determination of an unknown

Table 3. Stepwise discriminant function evaluation of dif-
ferent rugae shapes and Canonical discriminant function
coefficients.

Wilks’ Lambda Disc. Funec.

Step Variables sig. Coef.
1 Diverging <.001 3.198

2 Converging <.001 5.043

3 Circular <.001 -.234

4 Curved <.001 -.368

5 Wavy <.001 3.327
(Constant) -.898

Function obtained based on the canonical discriminant func-
tion coefficient:

y=((3,198*Diverging) + (5,043*Converging) - (0,234*Wavy)
-(0,368*Curved) + (3,327*Circular) — 0,898)

Beshlina EW.R et al.

687



Exploring sexual dimorphism through palatal rugae analysis in the Javanese population of Surabaya, Indonesia

688

individual, the quantity of each rugae pattern is
multiplied by its corresponding unstandardized
coefficient, and these products are summed along
with a constant.

Based on the sectioning point (male = 2.285; fe-
male = -2.285), the cut-off value was established
with a threshold value of 0. Values exceeding
this threshold indicate a male classification (>0),
whereas values below it suggests a female classi-
fication (<0).

DISCUSSION

Indonesia, renowned for its susceptibility to
natural disasters, faces significant concerns re-
garding the potential for high casualty rates. Im-
mediate victim identification becomes imperative
in such scenarios, a task often undertaken by fo-
rensic odontology. This field, a vital component
of forensic science, leverages dental expertise to
aid in legal proceedings. Commonly employed in
mass disaster or criminal investigations, forensic
odontology utilizes various techniques, including
dental impressions, radiography, photography,
rugoscopy, and cheiloscopy (Zikir and Ménica,
2021).

The Javanese demographic of Indonesia’s di-
verse population stands out as the largest, origi-
nating from Central Java, East Java, and Yogyakar-
ta regions. Accounting for approximately 41.7%
of the nation’s population, Javanese individuals
possess distinct physical characteristics. These
typically include thick lips, dark brown eyes, oc-
casional eye folds, straight or wavy black hair, and
brown skin tones (Prakoeswa et al., 2021).

Palatal rugae, or palatine rugae, are elevations
on the anterior portion of the maxillary mucosa,
positioned bilaterally adjacent to the median ra-
phe line and below the incisor papillae. The dis-
tinctive pattern of palatal rugae remains constant
throughout an individual’s growth. Furthermore,
their utility in forensic identification is notably
advantageous due to their affordability and ease of
use (Jain and Chowdhary, 2014; Vineetha, 2021).
Studies have demonstrated that the anatomical
position of palatal rugae maintains its integrity
over an individual’s lifetime, remaining unaffect-
ed by disease, trauma, or decomposition for up to

seven days postmortem. Evaluation of post-ortho-
dontic patients has further indicated the enduring
stability of palatal rugae patterns, with no observ-
able changes even upon completion of treatment.
This underscores the rugae’s resilience and rein-
forces its reliability as a permanent anatomical
feature for forensic identification (Shailaja et al.,
2018).

Palatal rugae exceeding 5 mm in length are cat-
egorized as primary rugae, while those ranging
from 3 to 5 mm are termed secondary rugae, and
those with a length of 2 to 3 mm are considered
fragmentary rugae. These rugae patterns are
broadly classified into four main types: curved,
wavy, straight, and circular (Shailaja et al., 2018;
Saadeh and Haddad, 2017). The straight type
represents a continuous linear pattern, while the
curved type manifests as a smoothly arched cres-
cent shape or exhibits a slight bend at the end. Un-
dulating formations characterize wavy patterns,
whereas circular rugae form interconnected ring-
like structures. Occasionally, palatal rugae may
display unification, wherein two rugae converge
or diverge. Diverging unifications originate from
a common point and spread laterally, while con-
verging unifications separate medially and unite
laterally (Yazdanian et al., 2022; Prakoeswa et al.,
2021).

Identification challenges may arise when uti-
lizing palatal rugae due to factors such as finger
sucking during infancy, orthodontic interventions
causing sagittal movement of premolars and mo-
lars, and the use of dentures, which can alter the
rugae pattern (Jain and Chowdhary, 2014). How-
ever, previous research has indicated no statisti-
cally significant alterations in the shape and size
of palatal rugae following orthodontic treatment.
This underscores the potential of palatal rugae
examination as a reliable method for individual
identification, supplementing traditional dental
identification techniques. Thus, palatal rugae of-
fer promise as an adjunctive tool alongside dental
records for establishing an individual’s identity
(Gupta et al., 2022).

This study aims to explore sexual dimorphism
by analyzing palatal rugae patterns within the Ja-
vanese population of Surabaya, Indonesia. Specif-
ically focusing on residents of Surabaya, our find-



ings suggest that palatal rugae patterns may serve
as indicators of sex. Correlation analyses between
the palatal rugae pattern and sex revealed a sig-
nificant association, as depicted in Table 2, where
diverging has the highest correlation in estimat-
ing sex. Furthermore, our investigation unveiled
that diverging, converging, and circular pala-
tal rugae patterns were exclusively observed in
males. These findings align with Chopra’s (2013)
research, which identified notable distinctions in
circular palatal rugae patterns between males and
females in the Indian population. Particularly, no-
table variations were noted in diverging, converg-
ing, and circular patterns. This finding is consis-
tent with the research conducted by Saraf et al.
(2010), which reported substantial differences in
these patterns between males and females in the
Indian population.

The significant correlation between palatal ru-
gae pattern and sexes was shown in diverging
patterns (Table 2). The unique characteristics and
individuality of palatal rugae render them valu-
able for forensic dental identification and sexual
dimorphism (Shetty et al., 2013). The observed
disparity in palatal rugae patterns between males
and females supports Khalid’s (2016) proposition
that palatal rugae patterns can aid in sex estima-
tion (Khalid and Phillips, 2016). The differences
in palatal rugae patterns between sexes are likely
attributed to variations in palate anatomy (Saxena
et al., 2015). Previous studies have demonstrated
that males typically exhibit greater palate height
than females, suggesting that disparities may in-
fluence the significant differences in palatal rugae
patterns observed in the Javanese population in
palate anatomy. It is conceivable that the Y chro-
mosome, which contributes to anatomical differ-
ences between males and females, may play a role
in forming diverging, converging, and circular
palatal rugae patterns (Pasaribu, 2017).

The study also identified significant differences
in the distribution of each pattern within a single
maxilla, with males exhibiting diverging, con-
verging, and circular patterns. These findings un-
derscore the disparities in palatal rugae patterns
between males and females, potentially reflecting
unique traits of the Javanese population. These
notable variations emphasize differences in pal-

atal rugae patterns between males and females
within the Javanese population, which variations
may influence jaw size and shape.

The collected data were analyzed using dis-
criminant function analysis, a statistical method
designed to identify variables that differentiate
between two distinct groups and to classify in-
stances into these groups with accuracy surpass-
ing random chance (see Tables 3 and 4). Among
the variables, the “diverging” pattern emerged as
the most significant in distinguishing between
sexes within the Javanese population (refer to Ta-
ble 3). Subsequently, an equation was developed
based on the prevalence of five common rugae
patterns:

Sex=((3,198*diverging)+(5,043*converging)-
(0,234*wavy)—(0,368*curved)+(3,327*circu-
lar)-0,898) *Specific for Javanese populations.

The frequency of each rugae pattern is multi-
plied by its respective unstandardized coefficient
and summed with a constant to estimate the sex
of an unidentified individual. If the resulting val-
ue exceeds the designated threshold (>0), the in-
dividual is classified as male; if it falls below the
threshold (<0), the individual is classified as fe-
male.

Variations in genetic factors play a pivotal role
in shaping individual growth and development.
Human beings possess 23 pairs of chromosomes,
comprising 22 pairs of autosomes and a single
pair of sex chromosomes. Females typically in-
herit two X chromosomes (XX), whereas males
inherit one X and one Y chromosome (XY) (Czer-
winski et al., 2007). The Y chromosome may influ-
ence the anatomical differences observed in the
palate between males and females (Arnold, 2017).
This chromosomal disparity is likely to contribute
to anatomical variations in the palate between the
sexes, potentially explaining the exclusive pres-
ence of a bifurcated circular pattern in the male
palate of Javanese populations.

The palatal rugae pattern has emerged as a de-
pendable technique for estimating sex (Gadicher-
la et al., 2017). The results of this study indicate
that the palatal rugae pattern is highly accurate for
sex estimation, achieving a correct classification
rate of 98.3% in both the original and cross-val-
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idated groups. While all female subjects were
accurately identified, twenty-nine male subjects
were correctly classified as male. The original
and cross-validated groups yielded similar out-
comes, with 98.3% of cases correctly classified.
Previous research has emphasized the precision
and uniqueness of palatal folds, rendering them
indispensable for forensic dental identification
and sex estimation (Shetty et al., 2013). Notably,
the occurrence of divergent, convergent, and cir-
cular palatal fold patterns exclusively in males
represents a distinguishing characteristic of the
Javanese population. These variations in palatal
fold patterns, discernible on one side of the max-
illa, may serve as markers of sexual estimation
within the Javanese community.

CONCLUSION

Our study reveals a correlation between palatal
rugae patterns and sex. The notable differences
observed in divergent, convergent, and circular
palatal rugae patterns exclusively among males
highlight distinctive characteristics within the
Javanese population. Within the confines of this
investigation, we can assert that the rugae pattern
holds promise as a method of sexual estimation in
Javanese populations. Nevertheless, it is crucial to
acknowledge that this study was conducted with a
limited sample size of 60 individuals. Therefore,
further research involving larger sample sizes is
warranted to establish more conclusive findings.
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