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Abstract

Introduction: Palatal rugae are anatomical structures located within the oral cavity. The teeth, buccal mucosa, and lips
protect these structures from trauma. Palatal rugae have a unique individually characteristics. Therefore, palatal
rugoscopy could determine sex differention in forensic odontology. The aim of this study was to identify the
characteristics of palatal rugae patterns based on sex differention.

Materials and Methods: This study involved 200 maxillary cast samples consisting of 100 male and 100 female
samples. We observed the palatal rugae patterns based on shape, unification, and length on the maxillary casts according
to the Thomas and Kotze classification (1983). Then subsequently analyzed the differences in palatal rugae patterns
between males and females using the Chi-square test with SPSS version 29.2, with level of significance p < 0.05.

Results and Discussion: Palatal rugae shape in males were predominantly wavy (41.92%), respectively followed by
curved (30.45%), straight (25.85%), and circular patterns (1.79%) whereas in females were predominantly curved
(33.52%), respectively followed by wavy (32.64%), straight (31.69%), and circular patterns (2.15%). Diverging
represented the most common unification pattern in both sex (69.6%), followed by converging (30.4%). Primary rugae
represented the dominant palatal rugae length category in male and female (74.3%), followed by secondary rugae
(18.1%) and fragmented rugae (7.6%).

Conclusion: Palatal rugae patterns possess unique characteristics in every individual. However, there were no
significance differences in male and female
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1. Introduction

Disaster victim identification represents an essential process for determining victim identity, including sex, age, and
race.! Investigators can determine the sex of a victim through the examination of structures within the oral cavity,
including the anatomical structure of palatal rugae.2 Palatal rugae are anatomical ridges or folds located in the anterior
third of the palatal mucosa. These structures are generally located on the right and left sides of the palatine raphe and
posterior to the incisive papilla.3

Palatal rugae are considered one of the oral anatomical structures that can assist forensic identification because the
teeth, lips, and tongue surround these structures and protect them from trauma. In cases involving decomposed bodies
or third-degree burns, investigators may use palatal rugae as an alternative identification method when fingerprints
are unavailable investigators can perform this identification process by analyzing palatal rugae patterns through palatal
rugoscopy.* Palatal rugae develop during the 12th to 14th week of prenatal life. The size and shape of palatal rugae
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remain stable after the age of 10 years until approximately 24 years of age, after which the size gradually decreases.
However, qualitative characteristics such as pattern, shape, and direction remain stable throughout life without
significant changes.5 The uniqueness of palatal rugae resembles fingerprints because each individual possesses distinct
characteristics.3

Palatal rugae analysis, also known as palatal rugoscopy, can be performed using maxillary casts of victims through a
method commonly referred to as calcorrugoscopy, this method is simple, accurate, and cost-effective.® In addition to
using maxillary casts or study models, rugoscopy can also be performed through direct intraoral examination, oral
photography, and more advanced methods such as stereoscopy and stereophotogrammetry.

Several studies have investigated palatal rugae patterns. However, further studies remain necessary to expand scientific
knowledge regarding palatal rugae patterns in sex determination.

2. Material and methods

This study was conducted after obtaining ethical approval from Ethics Committee of Faculty of Dentistry, University of
Jember, and informed consent from all participants. The study was carried out at Dental Technology Laboratory, Faculty
of Dentistry, University of Jember, and involved 200 maxillary cast samples obtained from residents in Jember Regency.
The samples consisted of 100 male maxillary casts and 100 female maxillary casts. This study used primary data
obtained through direct maxillary impressions from subjects. The impression procedure used alginate material,
followed by casting the negative impressions with type IV gypsum in the rugae area and type 11l gypsum in the remaining
areas. Palatal rugae on maxillary casts were outlined using a 2B pencil, as shown in Figure 1. This study used Thomas
and Kotze classification (1983). Shape and unification patterns were observed using a magnifying glass, whereas rugae
length was measured using a 0.1 mm diameter copper wire and a ruler. According to Thomas and Kotze classification
(1983), palatal rugae length was categorized into three groups: primary rugae (=5 mm), secondary rugae (3 - <5 mm),
and fragmented rugae (<3 mm). In addition, palatal rugae shape was classified into four types: straight, wavy, curved,
and circular. Unification patterns were classified into two types: converging and diverging. Data analysis was performed
using SPSS version 29.2 and Chi-square test with a 95% confidence level and a significance value of p < 0.05.

Figure 1 Maxillary cast with outlined palatal rugae

3. Results and discussion

The collected data were analyzed using the Chi-square test to identify differences in palatal rugae patterns between
males and females according to Thomas and Kotze classification (1983), which categorizes palatal rugae patterns based
on shape, unification, and length. Figure 2 illustrates the classification of palatal rugae shapes according to Thomas and
Kotze (1983).
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Figure 2 Thomas Kotze Classification (1983)7

Table 1 Analysis of palatal rugae shape patterns in males and females

Shape | Gender | Number | % Mean | SD | Chi-square Value | P-value

Straight | Male 275 25.85% | 2.75 | 1.87 | 21.993 0.005
Female | 398 31.69% | 3.98 | 1.95

Curved | Male 324 30.45% | 3.24 | 1.92 | 24.637 0.01"
Female | 421 33.52% | 4.21 | 2.24

Wavy Male 446 4192% | 446 | 2.09 | 15.114 0.128
Female | 410 32.64% | 4.1 1.71

Circular | Male 19 1.79% | 0.19 | 0.42 | 1.649 0.438
Female | 27 2.15% | 0.27 | 0.51

*) Statistically significant at p < 0.05

Based on the Table 1, straight and curved rugae shapes demonstrated significant differences between males and females
because both categories showed p-values below 0.05. Male subjects showed 275 straight rugae patterns (25.85%),
whereas female subjects showed 398 straight rugae patterns (31.69%) with a p-value of 0.005. Curved rugae patterns
were identified in 324 males (30.45%) and 421 females (33.52%) with a p-value of 0.01.

In contrast, wavy and circular rugae patterns did not demonstrate statistically significant differences between males
and females because both categories showed p-values above 0.05. Wavy rugae patterns were identified in 446 males
(41.92%) and 410 females (32.64%) with a p-value of 0.128, whereas circular rugae patterns were identified in 19
males (1.79%) and 27 females (2.15%) with a p-value of 0.438. Based on these findings, wavy represented the

predominant palatal rugae pattern in males, whereas curved represented the predominant pattern in females.

Table 2 Analysis of palatal rugae unification patterns in males and females

Unification | Gender | Number | % Mean | SD | Chi-square Value | P-value

Diverging Male 99 69.23% | 0.99 0.93 | 3.667 0.453
Female | 80 70.18% | 0.8 0.87

Converging | Male 44 30.77% | 0.44 0.69 | 2.37 0.499
Female | 34 29.82% | 0.34 | 0.55
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Diverging and converging unification patterns did not demonstrate statistically significant differences between males
and females (p > 0.05). Table 2 shows that the diverging unification pattern was more predominant than the converging
unification pattern in both sexes.

Table 3 Analysis of palatal rugae length in males and females

Length Gender | Number | % Mean | SD | Chi-square Value | P-value

Primary Rugae Male 945 78.29% | 9.45 1.91 | 9.741 0.464
Female | 969 70.73% | 9.69 | 2.11

Secondary Rugae Male 190 15.74% | 1.9 1.81 | 30.553 0.001"
Female | 276 20.15% | 2.76 | 1.69

Fragmented Rugae | Male 72 597% | 0.72 1.17 | 18.789 0.002*
Female | 125 9.12% | 1.25 1.22

*) Statistically significant at p < 0.05

Chi-square analysis of palatal rugae length demonstrated that primary rugae did not show statistically significant
differences between males and females because the p-value was 0.464 (p > 0.05). However, secondary and fragmented
rugae demonstrated statistically significant differences between both sexes (p < 0.05). Secondary rugae showed a p-
value of 0.001, whereas fragmented rugae showed a p-value of 0.002. Based on Table 3, both males and females
predominantly exhibited primary rugae.

Based on the overall Chi-square analysis, palatal rugae characteristics, including shape, unification, and length, did not
demonstrate statistically significant differences between males and females. These findings may be influenced by
multiple factors, one of which was the absence of racial or ethnic differentiation criteria during sample selection.

The findings of this study are consistent with those reported by Dahal et al. (2021), who stated that primary rugae
represented the most predominant rugae length category in both sexes, and with the findings of Smriti et al. (2021) in
the South Indian adult population, which demonstrated that the wavy pattern represented the most prevalent rugae
shape, followed by curved and straight patterns.8?

Observation of palatal rugae shapes between males and females without considering the right and left palatal regions
demonstrated that straight rugae were more common identified in females (398) and showed statistically significant
differences between both sexes (p = 0.05). These findings are consistent with the studies conducted by Gupta and Kaur
(2021) and Selvamani et al. (2015), which reported statistically significant differences in straight rugae patterns
between males and females.1%11 [n addition to the straight pattern, the curved pattern also demonstrated statistically
significant differences between both sexes and was more frequently identified in females (421). These findings are
supported by the study conducted by Azab et al. (2016) in the Egyptian population. However, the findings contradict
those reported by Pakshir et al. (2019), who stated that curved patterns were more frequently identified in males.1213

In the present study, the total number of wavy and circular palatal rugae patterns without differentiating the right and
left palatal regions did not demonstrate statistically significant differences. Similar findings were reported by Pramanik
etal. (2019), who stated that wavy and circular palatal rugae patterns did not show statistically significant differences.14
The observations demonstrated that the wavy pattern was more frequently identified in males, whereas the circular
pattern was more frequently identified in females. These findings are simmilar to the studies conducted by Dwivedi and
Nagarajappa (2016) in the Central Indian population and Singh Oberoi et al. (2017) in students from the Jammu and
Kashmir population.1516

When categorized according to sex, males predominantly exhibited wavy patterns, whereas females predominantly
exhibited curved palatal rugae patterns. These findings are consistent with those reported by Gadicherla et al. (2017).17

This study used Thomas and Kotze classification (1983), which categorizes palatal rugae based on shape, unification,
and length. Overall, both diverging and converging unification patterns did not demonstrate statistically significant
differences between males and females. Diverging unification patterns were more frequently identified than converging
unification patterns in both sexes. These findings are supported by the studies conducted by Thabitha et al. (2015) in
children from Nalgonda City, India, and Sherif et al. (2018) in Egyptian and Malaysian populations.17.18
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Malekzadeh et al. (2018), Gezer et al. (2019), and Pratiwi et al. (2016) reported that the overall length of palatal rugae
without differentiating the right and left palatal regions did not demonstrate statistically significant differences between
males and females. These studies also reported that primary rugae represented the predominant category, followed by
secondary rugae and fragmented rugae.192021 These findings are similar to the findings of the present study, which
demonstrated that both males and females predominantly exhibited primary rugae. Based on length classification,
substantial frequency differences were identified between males and females in secondary rugae patterns, indicating
that males exhibited fewer secondary rugae than females. Similar findings were also observed in fragmented rugae
patterns. Based on the presented data, differences in rugae length appeared more prominent than differences in shape
and unification patterns.

Palatal rugae begin to develop during the 12th week of intrauterine and continue developing until the 14th week. During
the initiation stage, palatal rugae appear as epithelial thickening, which gradually becomes more prominent and
undergoes dimensional changes throughout fetal growth while maintaining a stable shape. This stability is associated
with the hydrophilic glycosaminoglycans, which are abundantly present in palatal rugae connective tissue and
contribute to the maintenance of rugae morphology throughout life. In addition to their stable morphology, palatal
rugae are located within the oral cavity and are protected by the teeth, lips, and buccal mucosa, thereby reducing the
likelihood of morphological changes caused by trauma, chemical exposure, or fire.2!

Based on the findings of the present study, males and females demonstrated different predominant shapes, whereas the
predominant unification and length patterns were similar in both sexes. Therefore, palatal rugae patterns cannot be
used as an independent method for sex determination. Sheikhi et al. (2018) reported that genetic factors have a major
role in determining palatal rugae patterns.22 A similar study conducted by Ilma et al. (2017) in Minangkabau and Batak
students demonstrated that palatal rugae patterns did not show substantial differences between different subraces
within the same race.3 These findings support the hypothesis that genetic factors influence differences in palatal rugae
patterns among racial groups. During embryogenesis and postnatal growth, several genes regulate the orientation of
collagen fibers within palatal rugae connective tissue, thereby influencing rugae patterns among different racial groups.

4., Conclusion

Palatal rugae patterns in males were predominantly wavy, respectively followed by curved, straight, and circular
patterns, whereas the predominant unification pattern was diverging. Based on rugae length, primary rugae were the
most frequently identified in males, followed by secondary and fragmented rugae.

Palatal rugae patterns in females were predominantly curved, respectively followed by straight, wavy, and circular
patterns, whereas the predominant unification pattern was diverging. Based on rugae length, primary rugae were the
most frequently identified in females, followed by secondary and fragmented rugae. Statistically, no significant
differences were identified in the overall shape, unification, and length of palatal rugae patterns between males and
females. However, palatal rugae patterns are unique characteristics because no two individuals show identical rugae
patterns.
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