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Abstract

Palatal rugae and tongue morphology have been widely studied for their potential applications in forensic identification and
anthropology. Their uniqueness and stability make them valuable markers for gender differentiation. This study aimed to
analyse the palatal rugae and tongue morphology in a selected population and assess their applicability in gender
identification. A total of 200 participants (100 males and 100 females) were enrolled in this observational study. Palatal rugae
were recorded using maxillary casts and classified based on number, shape, length, direction, and unification. Tongue
morphology was assessed using standardized photographs, focusing on shape, border, and fissures. Statistical analysis was
conducted to determine gender-based differences. The mean number of total palatal rugae was significantly higher in males
(9.13 + 2.08) compared to females (8.47 £ 1.86, p<0.05). Males exhibited a greater number of straight rugae, while wavy and
curved patterns were prevalent in both genders. The most common tongue shape was U-shaped (55%), followed by V-shaped
(36.5%) and bifid (8.5%), with significant gender differences (p<0.05). Smooth tongue borders were more frequent in females,
whereas scalloped borders were more prevalent in males. The study highlights significant gender differences in palatal rugae
patterns and tongue morphology, supporting their utility in forensic identification. These findings reinforce the importance
of oral anatomical structures as adjunctive tools in forensic and anthropological studies. Further research incorporating digital
analysis techniques may enhance identification accuracy.
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Introduction

Forensic odontology has emerged as an
indispensable field in forensic science,
contributing significantly to the identification of
individuals based on dental and oral structures
(1). The ability to identify a person, whether living
or deceased, is fundamental for various legal,
social, and humanitarian reasons. Dental records
have long served as a reliable means of forensic
identification due to the resilience of dental
structures to adverse environmental conditions
such as fire, trauma, and decomposition (2).
While conventional forensic techniques such as
fingerprint analysis, lip prints, DNA profiling, and
dental identification remain widely utilized,
emerging methods such as palatal rugae pattern
analysis and tongue prints offer promising
avenues for personal identification, particularly in
cases where traditional methods are inadequate.
Palatal rugae, irregular transverse ridges on the
anterior third of the hard palate, have been
established as a stable and unigue anatomical
landmark useful in forensic investigations (3).
These structures develop during the early
intrauterine life, remain largely unchanged
throughout a person's lifetime, and exhibit
significant individual variability, making them a
viable parameter for personal identification (4).
The stability of palatal rugae, coupled with their
resistance to post-mortem changes, has led to

their increasing acceptance in forensic
odontology (5). Numerous studies have
demonstrated the presence of sexual

dimorphism in palatal rugae patterns, further
strengthening their applicability in gender
determination. Studies by Bhardwaj et al. (2024)
and Bhatnagar et al. (2024) have highlighted the
variations in palatal rugae patterns among
different populations, emphasizing their role in
ethnicity and gender differentiation (6,7).

Similarly, tongue prints have recently gained
attention as a novel biometric tool in forensic
science (8). The tongue is a highly protected
organ, enclosed within the oral cavity, and
remains well-preserved even under extreme
conditions. It possesses unique morphological
features, including shape, texture, and fissure
patterns, which differ from person to person,
making it a reliable method for personal
identification (9). Unlike fingerprints, which may
be altered due to wear and environmental
exposure, tongue prints remain largely unaltered,
offering a secure and tamper-resistant biometric
identifier. Studies by Kulig et al. (2024) and
Johnson et al. (2018) have demonstrated the
potential of tongue morphology in forensic
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identification, supporting its use as an emerging
biometric tool (10,11). Emerging forensic
research highlights the sexual dimorphism of
tongue characteristics, suggesting that tongue
morphology could serve as a crucial parameter
for gender determination in  forensic
investigations (12,13).

Despite the promising potential of palatal rugae
and tongue prints in forensic odontology,
research remains limited regarding their
comparative efficacy in gender identification.13
Understanding the predominant patterns of
palatal rugae and tongue morphology in different
populations can enhance their forensic
applicability and provide additional tools for law
enforcement agencies in human identification
cases. The present study aimed to assess the
number, pattern, and predominant characteristics
of palatal rugae and tongue prints in a sample
population of Mumbai while analysing their role in
gender identification.

Materials and Methods:

Study Design and Data Collection

This prospective observational study was
conducted over a period of two years from
October 2019 to October 2021. The study
protocol adhered to the STROBE guidelines and
was approved by the institutional ethical review
board. A total of 200 patients, comprising 100
males and 100 females, visiting the Oral
Medicine department of the hospital were
enrolled in the study based on predefined
inclusion and exclusion criteria. The study
population included healthy individuals within the
age range of 13 to 60 years. Subjects with
preexisting palatal and tongue disorders,
congenital anomalies affecting the palate and
tongue, bony and soft tissue protuberances,
areas of active lesions and scars, as well as
systemic illnesses were excluded from the study.
A detailed case history was recorded, and a
clinical examination was performed following
thorough rinsing of the oral cavity. After obtaining
informed consent, palatal rugae casts were
made, and photographs of the dorsal surface of
the tongue were taken.

Sample Size Calculation

A convenient sampling technique was employed
for the selection of participants. The sample size
was determined using the expected proportion of
outcomes in each group, with values estimated
from existing literature. The calculation followed
the formula:

n = (Za+ZB)2 (p(1-p) + q(1-q)) / (p-0)2,
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where Za represents the z variate of alpha error
(1.96), ZB represents the constant for beta error
(0.84), and p and g denote the proportions of the
variables based on prior studies. Based on an
estimated power of 80%, a type | error rate of 5%,
and a type Il error rate of 20%, with an expected
outcome proportion of 75% and 55%, the sample
size for each group was calculated to be
approximately 85. To enhance external validity,
the sample size was rounded to a minimum of
100 subjects in each category, yielding a total of
200 participants.

Palatal Rugae Analysis

The palatal rugae pattern was recorded by taking
impressions of the maxillary arch using alginate
powder, followed by the fabrication of dental
casts with dental stone. The materials utilized
included alginate powder, perforated metal
maxillary impression trays, mixing bowls,
spatulas, dental stones, and water. The rugae,
appearing as elevated impressions on the casts,
were marked with a black permanent marker for
enhanced visualization. The classification of
rugae patterns was performed based on length,
shape, direction, and unification, following the
criteria established by Lysell, Thomas, and Kotze
similar to a previous study by Rajan et al. (2013)
(14).

The total number of rugae, number of primary
rugae, predominant shape, predominant
direction, and pattern of unification were
assessed. Rugae length was measured using a
slide caliper under magnification to an accuracy
of 0.05 mm. Rugae were categorized into primary
(>5 mm), secondary (3 to 5 mm), and
fragmentary (<3 mm), with rugae measuring less
than 2 mm disregarded. The shape of the rugae
was classified as curved, wavy, straight, or
circular based on their contour and alignment
(Figure 1). The direction of rugae was determined
by measuring the angle formed between the line
connecting its origin and termination with the line
perpendicular to the median raphe. Based on the
measured angles, rugae were classified as
forwardly directed, backwardly directed, or
perpendicular. Unification of rugae was noted
when two rugae merged at either their origin or
termination, and these were further classified as
diverging (same origin but branching laterally) or
converging (different origins merging at the
lateral portion).

All maxillary dental casts were meticulously
examined, and the recorded data were subjected
to statistical analysis to assess the prevalence
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and distribution of different rugae patterns among
the study population.

Tongue Morphology Analysis

Prior to the clinical examination, patients were
instructed to rinse their mouths with water to
remove any debris or food particles. Subjects
were asked to protrude their tongues in a relaxed
position to prevent contraction of the striated
lingual muscles, ensuring clear visibility of the
dorsal surface. Standardized photographs were
obtained using a DSLR camera (Canon 3000)
under controlled lighting conditions and from a
predetermined distance to maintain consistency
in imaging. The digital photographs were used to
analyse various parameters, including tongue
shape, border characteristics, and fissure
patterns. The frontal view of the tongue was used
to classify its shape, while the assessment of
borders and fissures was based on detailed
observation of the images.

The shape of the tongue was categorized as U-
shaped, V-shaped, or bifid (Figure 2). The border
characteristics were classified as smooth,
partially scalloped, or scalloped (Figure 3). The
tongue fissures were identified based on their
presence or absence, with further classification
into single or multiple fissures (Figure 4). The
collected data were systematically analysed to
identify trends and variations in tongue
morphology within the study population.

Statistical Analysis

The collected data from the palatal rugae casts
and tongue morphology assessment were
compiled in Microsoft Excel and subjected to
statistical analysis using SPSS software. The
association between rugae patterns and gender
was analysed using an independent t-test. The
prevalence of various tongue morphology
aspects with respect to gender was evaluated
using the chi-square test. Frequency and
percentage distributions of different
morphological characteristics were compared
across the study population, and a significance
level of p<0.05 was considered statistically
significant.

Results

The mean age of the study participants was
34.75 £ 11.03 years, with a minimum age of 18
years and a maximum of 67 years. The gender
distribution was equal, with 100 males and 100
females, and no statistically significant difference
was observed between them (p>0.05).
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Seconda :

Figure 1. Maxillary casts showing various rugae patterns.

)

Figure 2. Shape of the tongue categorized as A) U-shaped, B) V-shaped, and C) Bifid.
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Figure 4. Fissures of the tongue categorized as A) absence of fissure, B) single fissure, and C) multiple fissures.

Palatal Rugae Analysis

The mean total number of palatal rugae was
significantly higher in males (9.13 = 2.08)
compared to females (8.47 + 1.86), with a mean
difference of 0.66 (p<0.05). Primary and
secondary rugae lengths were also higher in
males, with statistical significance noted for
secondary rugae (p<0.05). Fragmented rugae did
not show a significant difference between
genders (Table 1).

When assessing the shape of palatal rugae
(Table 2), straight rugae were significantly more
frequent in males (2.04 + 1.21) compared to
females (1.50 £ 1.26, p<0.05). Wavy and curved
rugae were comparable between genders, while
circular rugae showed no significant difference.
The directional patterns of palatal rugae,
including forward, backward, and perpendicular
orientations, did not exhibit significant gender
differences (p>0.05). The unification patterns of
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rugae, whether diverging or converging, were
also similar between males and females.

Tongue Morphology Analysis

U-shaped tongues were the most common, found
in 55% of participants, followed by V-shaped
(36.5%) and bifid tongues (8.5%). A significant
difference in tongue shape was observed
between genders (p<0.05). The prevalence of
smooth tongue borders was significantly higher in
females (47%) compared to males (37%),
whereas scalloped borders were more frequent
in males (9.5%) than females (1.0%) (p<0.05).
Tongue fissures were predominantly absent in
both genders, and no significant difference was
noted between males and females regarding
multiple or single fissures (p>0.05). The results
related to tongue morphology analysis are
collectively summarized in Table 3.
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The results indicate that gender differences in
palatal rugae and tongue morphology are
statistically significant for certain parameters,
particularly in rugae number, shape, and tongue
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border characteristics. However, directional
patterns of rugae and tongue fissure prevalence
did not exhibit significant gender differences

Table 1. Gender-based comparison of quantitative rugae analysis

Gender Mean Total Rugae Primary Rugae Secondary Rugae Fragmented Rugae P-Value
Male 9.13+2.08 4.85+1.30 2.70+1.09 1.58+1.24 <0.05*
Female 8.47 £ 1.86 4.49+1.29 2.57 +0.97 1.49+1.26
Table 2. Gender-based comparison of rugae patterns
Gender Straight Wavy Curved Circular Backward Forward Perpendicular P-Value
Male 2.04 +1.21 4.21+1.64 1.88+1.30 0.29 £ 0.49 3.47 £ 1.29 5.13+1.86 0.45+ 0.64 <0.05*
Female 1.50 + 1.26 3.93+1.29 2.07+1.20 0.42 £ 0.63 3.13+1.20 4.87 +1.85 0.47 £0.76
Table 3. Gender-based comparison of tongue morphology
Shape Border Fissures
Gender uU- V- Bifid | Smooth Partially Scalloped | Absent Multiple Single P-
Shape | Shape (%) Border Scalloped (%) Fissure | Fissures Fissure | Value
(%) (%) (%) (%) (%) (%) (%)
Male 28.5 15.5 6.0 37.0 35 9.5 42.0 3.0 5.0 <0.05*
Female 26.5 21.0 25 47.0 2.0 1.0 40.0 3.0 7.0
Discussion as the most frequent rugae pattern across

The present study aimed to assess the palatal
rugae pattern and tongue morphology for gender
identification. The findings demonstrated
significant differences in certain aspects of rugae
shape, number, and tongue morphology between
males and females. These observations align
with previous research and reinforce the potential
role of these oral structures in forensic
identification and anthropological studies.

The present study found that males had a
significantly higher mean number of total rugae
compared to females, with a notable difference in
the number of primary and secondary rugae,
particularly in the secondary rugae category. This
finding aligns with the results of Hermosilla et al.
(2009), who reported a greater number of rugae
in males than females, highlighting sexual
dimorphism in rugae patterns (15). Similarly,
Rajan et al. (2013) also found increased primary
rugae counts in females, supporting our
observation of gender-based variation (13).

The predominant shape of palatal rugae in our
study was the wavy pattern, followed by curved
and straight forms, while circular rugae were the
least common. These findings are consistent with
earlier studies by Chong et al. (2020) and
Bajracharya et al. (2013), which observed wavy

Bull Int Assoc Paleodont. Volume 19, Issue 1, 2025

various populations (4,16). However, the present
study also showed a significant difference in the
occurrence of straight rugae, which were more
prevalent in males, corroborating findings by
Prakoeswa et al. (2024) who find a similar pattern
in the Javanese population of Indonesia (17). In
contrast, Saxena et al. (2017) reported straight
rugae to be common in females in an Indian
population sample (18).

Regarding the directional classification of rugae,
the present study did not find significant gender
differences in the forward, backward, or
perpendicular orientation of rugae. This result is
in contrast to studies by Saxena et al. (2015) and
Gandikota et al. (2012), which reported distinct
directional preferences in different population
groups (19,20). The lack of significant variation in
our study may be attributed to sample
composition, genetic factors, or environmental
influences that affect rugae formation.

Unification patterns, including diverging and
converging rugae, showed no statistically
significant gender differences, which is in
agreement with findings by Mutalik et al. (2013)
and Oberoi et al. (2016), indicating that
unification is a less reliable marker for gender
differentiation (21,22). Our results showed that U-
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shaped tongues were the most common among
both males and females, followed by V-shaped
and bifid tongues. The findings are consistent
with those of Kulig et al. (2024) and Venkatesh et
al. (2019), who also reported U-shape as the
predominant tongue form (10,23). However, a
significant gender difference was observed in
tongue shape, with V-shaped tongues more
common in females, which aligns with previous
findings by Jeddy et al. (2017) and Sreepradha
and David (2019) (1,25).

Tongue border analysis revealed that smooth
borders were significantly more prevalent in
females, while scalloped borders were observed
more frequently in males. This finding is
supported by Johnson et al. (2018), who also
noted a higher incidence of scalloped borders in
males (11). The presence of multiple fissures was
more common in males, whereas single fissures
were slightly more frequent in females. However,
this difference was not statistically significant, in
agreement with the observations of Vijay et al.
(2019) and Panchbhai and Parida (2022), who
found similar trends but with limited significance
(26,27).

The findings of this study support the use of
palatal rugae and tongue morphology as
adjunctive tools in forensic identification. The
relatively stable nature of rugae patterns
throughout life, as observed by Rojas-Torres et
al. (2025), enhances their forensic applicability
(28). Additionally, studies by Gaikwad et al.
(2019) and Hosmani et al. (2018) emphasized
that rugae analysis can provide population-
specific  and gender-related information,
supporting our findings (29,30).

Tongue morphology has also been proposed as
a biometric identifier due to its unique patterns
and stability over time. As noted by Gehi (2021),
tongue shape, texture, and fissure patterns can
serve as distinguishing characteristics in forensic
dentistry (31). The findings of the present study
reinforce this concept by highlighting significant
gender differences in  tongue  border
characteristics, which may be useful in personal
identification.

Although our study provides valuable insights into
the gender-based variations in the lingual and
rugae morphology of the population of Mumbai,
certain limitations must be considered. The study
sample was limited to a specific population, and
genetic or environmental influences on rugae and
tongue patterns were not extensively analysed.
Future studies with larger, more diverse
populations could provide a  broader
understanding of these patterns across different
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ethnicities and geographical regions. Further
research is also needed to integrate digital
analysis techniques, such as 3D scanning and
artificial intelligence-based pattern recognition, to
enhance the accuracy and reliability of rugae and
tongue morphology analysis in forensic
applications.

Conclusion

The present study demonstrated significant
gender differences in palatal rugae number,
shape, and tongue morphology, reinforcing their
potential role in forensic and anthropological
identification. While palatal rugae exhibited
sexual dimorphism in terms of total number and
shape, tongue morphology revealed gender-

specific variations in shape and border
characteristics.  Tongue  prints, including
variations in shape, fissures, and border

morphology, have shown promise as a forensic
tool due to their uniqueness and stability over
time. These findings contribute to the growing
body of evidence supporting the use of these
anatomical structures as reliable tools in forensic
science, particularly for sex determination and
personal identification.
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