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Abstract 

The study of Palatal rugae to determine a person’s identification is known as palatal rugoscopy. The scientific basis of the 

Palatal rugae analysis is the distinctive and individualistic pattern as a human identifier. According to the Interpol DVI guide, 

Palatal rugae can be a secondary identifier because it provides supportive information in individual identification. Various 

studies of Palatal rugae have been conducted to explore its application in sex determination. The purpose of this research 

was to investigate whether if of the Palatal rugae pattern could be used to help with sex determination in the Tengger 

population, Indonesia. This is a cross-sectional study with a total number of 70 subjects. All subjects from the Tengger area 

have voluntarily participated in this study. Each participant had a maxillary dental cast made, and the Palatal rugae pattern 

was examined using Thomas and Kotze’s categorization. The independent sample t-test in SPSS version 20.0 was used for the 

statistical study. The present investigation found a significant difference between males and females in the circular pattern 

of Palatal rugae (p< 0.05). The circular pattern was only found and became a characteristic of males in the Tengger population. 

This study can conclude that the Palatal rugae pattern shows potential aid for sex determination in the Tengger population, 

Indonesia. 
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Introduction 
Indonesia is a vast archipelagic country, consists 
of more than 17.500 islands, and is located in the 
Ring of Fire area, prone to natural disasters. The 
Indonesian National Board of Disaster 
Management (BNPB) has reported that more 
than 1.500 disasters happened during 2020 (1). 
The effective and efficient identification method is 
primarily necessary in case of a mass disaster. 
According to the Interpol DVI Guide, 2018, there 
were two types of human identification methods, 
primary and secondary identification (1,2). The 
primary identifier involves DNA, fingerprints, and 
teeth. The secondary identifier, such as Palatal 
rugae, ID card, lip prints, and medical records, is 
considered supportive information for individual 
identification (3,4). 
Palatal rugae are the anatomical folds in the 
anterior portion of the palate that are uneven and 
irregular elevations of the mucosa. Around the 
third month of life, the maxillary bone forms such 
elevations in the intrauterine existence. Rugae 
growth and development are governed by 
epithelial and mesenchymal interactions. The 
incisal papilla is found in the mid-sagittal plane, 
and its lateral membrane creates rugae in the 
transverse direction (5,6). Palatal rugae patterns 
have been used in many studies for various 
purposes, such as comparative anatomy, 
forensic odontology, anthropology, 
prosthodontics, and orthodontics (7).  
Palatal rugae are used for the identification 
process due to their stability over time. Their 
design and structure are unaffected and not 
altered by chemicals, heat, disease, or trauma 
(8). Rugae are protected against injury by their 
internal placement in the mouth cavity, as well as 
by tongue and buccal fat pads, which protect 
them from extreme temperatures (9,10). Hence, 
they can be used consistently as a reference 
during identification. It can be of particular 
interest in certain conditions where fingerprints 
cannot be taken, such as burnt bodies or where 
bodies have undergone decomposition, and in 
edentulous cases (7,8). 
Tengger people live mostly on the steep slopes 
of massive volcanic crater in the Tengger 
Mountains, making them the second smallest 
ethnic group on the Indonesian island of Java. 
The people of the Tengger tribe, or The 
Tenggerese, have rituals and cultural traditions 
that have been going on for a long time. For the 
sake of peace and prosperity, The Tenggerese 
prefer to practice endogamous marriages ritual. 

This practice might have the potential to cause a 
unique and different pattern on their Palatal rugae 
(11,12). 
Gondivkar et al. (2011) reported a significant 
association between Palatal rugae patterns and 
ethnicity (13). A study conducted by Kolude et al. 
(2016) reported that Palatal rugae helped identify 
the tribe but not the gender of the Nigerian 
population (14). Meanwhile, Saraf et al. (2011) 
showed the differences in Palatal rugae pattern 
in males and females in the Indian population 
(15). However, Pramanik et al. (2019) reported 
that no significant sex difference in the total 
number of rugae could be found (16).  
Based on the mentioned data, differences 
between sexes have been studied with no 
definite conclusion, which indicates the need for 
more studies, and only a few studies of Palatal 
rugae patterns have been done in Indonesia. At 
present, no studies have ever been done on the 
Tengger population. Therefore, this study aimed 
to investigate the differences of Palatal rugae 
patterns as a tool for sex determination in the 
Tengger population. 
 
Materials and Methods 
This study has been approved by the ethical 
committee (No.2303/UN3.1.2.1/PPd/2016). This 
study was conducted with the understanding and 
informed consent was obtained from all individual 
participants.  
The applicants were chosen from Kayukebek 
Village, Pasuruan, East Java, in a cross-sectional 
study with 70 samples, 36 males and 34 females. 
The chosen candidates were ten years old and 
above with normal upper arch, free from 
congenital abnormalities, orthodontic treatment, 
and prosthetics. To create a negative form, 
alginate was utilized as an impression material on 
a perforated metal tray for the maxillary arch. To 
make diagnostic castings, the impressions were 
placed into dental stone (type III). After ensuring 
that there were no cavities or air bubbles, the 
casts were maintained for interpretation. 
Under suitable light and magnification, the rugae 
were outlined with a pointed graphite pencil to 
make them visible (Figure 1). A digital caliper was 
used to count the number of Palatal rugae on 
either side of the midline and measure their 
length according to classification Palatal rugae by 
Thomas and Kotze as Primary rugae (more than 
5 mm), secondary rugae (3-5 mm), and 
fragmented rugae (under 2 mm) (17).  
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Furthermore, the pattern of individual rugae was 
classified into four types: curve, circular, wavy, 
and straight pattern (Figure 2). Unification 
happened when two rugae were linked at their 
origin or end, according to this classification. 
Diverging unifications were those in which two 
rugae started from the same precise origin but 
immediately diverged, whereas converging 
unifications were those in which distinct origins 
merged on the lateral parts (18). 
In this study, only the Primary rugae needed to 
be observed and counted. The Palatal rugae 
were observed twice by the same observer. The 
data was then gathered, decrypted, and 
statistically evaluated using IBM SPSS Statistics 
20.0 software. An Independent t-test was applied 
to analyze the palatal rugae. 
 
Results 
A total of 70 casts were evaluated, out of which 
36 were male and 34 were females. Males have 
a higher number of primary Palatal rugae 
patterns (287) than females (256) (Figure 3). 

Based on the total number, the most common 
pattern was the wavy pattern, followed by 
diverging, straight, curved, converging, and 
circular pattern the least. In terms of gender, 
males had more diverging and straight patterns 
than females. Females are more likely to have 
the curve and converging patterns. In males, the 
round pattern was the least common (Figure 3). 
The six different Palatal rugae patterns were 
examined using an independent t-test with a 95% 
significant level (α = 0.05). The result showed 
various significant levels to both sexes. Table 1 
showed a statistically significant difference in a 
circular pattern, while there was no statistically 
significant difference in diverging, converging, 
wavy, curve, and straight patterns. 
 
Discussion 
Identification of a person is required for death 
certification, as well as for personal, social, and 
legal reasons. The most prevalent forensic 
identification procedures are fingerprints, dental 
records, and DNA. Fingerprints are limited in their 
effectiveness in cases when the hands have 
been mangled or burnt, and while teeth are more 
durable, dental records may also be inconclusive. 
As a result, various methods must be used (19). 
Palatoscopy, the study of Palatal rugae pattern, 
are comparable to fingerprint, dental record, and 
DNA. Palatal rugae are highly individualistic and 
consistent throughout life. The quality and 
amount of Palatal rugae do not change 
throughout life, save in length due to ordinary 
growth, and they remain in the same place. The 
rugae are highly protected because of their 
internal position and largely remain insulated by 
tongue and buccal pads in the oral cavity. Hence, 
the rugae are well protected from trauma, 
diseases, or chemical aggression. However, 
changes in rugae can occur in some events, such 
as physical injuries, orthodontic treatment, finger 
sucking from infancy, and dentures (20,21). 
Palatal rugae can survive for up to seven days 
after death and can endure heat, such as third 
degree burns. Therefore, it is possible that it can 
be used for forensic identification. It is a potential 
anatomical landmark because of its 
distinctiveness, stability, and resistance to 
degradation. Identification takes into account 
race, ethnicity, and regional differences (22). 
The overall number of rugae was slightly lower in 
females than in males in this study, but not 
statistically significant. It was discovered that an 
individual did not have a single distinct pattern, 
but rather a blend of several patterns (23). When  

Figure 1. Palatal rugae patterns as marked and analyzed 
on the casts. (A) Complete cast view of male’s maxilla. (B) 
Complete cast view of female's maxilla. 
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a total number of primary rugae was analyzed, 
the most common was the wavy pattern and the 
least was the circular pattern (Figure 4). Only the 
circular design demonstrated a significant 
difference in the overall number of Palatal rugae 
between the sexes (Table 1). Only males had the 
circular pattern, whereas both sexes had the 
other patterns. As a result, it can be deduced that 
some rugae patterns are unique to a specific 
population and sex. This finding was consistent 
with Khalid’s (2016) earlier research on other 
population, which revealed the uniqueness of 
Palatal rugae that can be employed in forensic 
(24).  
This research echoed Chopra’s (2013) findings 
on the Indian population, which revealed a 
substantial variation in the circular pattern 
between males and females (25). On the 
contrary, Basman (2020) reported that no 
statistically significant variations in the 
morphologies of Palatal rugae among the 

Indonesian subpopulation, with the curve shape 
being the most dominant in both males and 
females (26). 
Palatal rugae growth and development in both 
sexes may be influenced by a genetic component 
(27). Humans have 23 pairs of chromosomes: 22 
pairs of autosomes (numbered chromosomes) 
and one pair of sex chromosomes (X and Y) (28). 
The generation of morphological indications is 
influenced by genetics, which prohibits the rugae 
patterns from becoming conventional. Every 
parent’s gene will be passed on to their child, 
according to Mendel’s idea, and they will have the 
same personality (27,29). Kasuma et al. (2018) 
proved the idea in their studies, which found that 
the shape of Palatal rugae was more comparable 
between father and son than mother and son, 
and that the circular rugae pattern of the male kid 
was inherited on Minangkabau population (29). 
Another study conducted by Gaurav (2013) 
reported that environmental factors were unlikely 
to affect the formation of rugae and its patterns 
since it was genetically controlled (30). Thus, 
these studies showed that the circular pattern 
was only found in males, which was in line with 
this study.  
Various studies on Palatal rugae have been 
conducted in several populations, but no studies 
have reported similar results. This could be due 
to the differences in genetic factors in each 
population since genetic factors determine the 
rugae pattern. The difference in the distribution of 
rugae patterns in various populations indicated 
that the rugae pattern is specific to certain 
populations due to various factors such as race 
and ethnicity (26). The results of this study 
conducted on 70 study models of maxillary jaw 
revealed that the Palatal rugae are unique and 
different between individuals, even the patterns 
of the rugae. The wavy pattern was found to be 
the most frequently in both males and females, 
while the circular pattern was found to be the 
least frequently. However, the circular was only 
found in males, which marked the character of 
males on the Tengger population.  
In addition, the Tengger population is known for 
their endogamous marriage term. It is an ideal 
marriage that takes into account the search for a 
match in a horizontal line relative's environment, 
such as a cousin marriage (19). Researchers 
believe that the circular pattern identified only in 
males correlates with the exsistence of such a 
ritual and tradition. However, further studies are 
still needed with a larger scale population. 
 
 

Figure 2. Thomas and Kotze classification of Palatal rugae 
pattern (18). 
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Figure 3. The total amount of all primary Palatal rugae 
patterns among males and females on Tengger 
population. 



    P r a k o e s w a  e t  a l .                                         O R I G I N A L  S C I E N T I F I C  P A P E R  

 

 

 
    Bull Int Assoc Paleodont. Volume 15, Issue 2, 2021 

    www.paleodontology.com  
81 

 
 Bulletin of the International Association for Paleodontology 

NO-FEE OPEN ACCESS JOURNAL indexed in Scopus 

Conclusion 
The wavy pattern was the most common Palatal 
rugae pattern among the Tengger population. 
However, it did not show a significant difference 
between both sexes. The least typical Palatal 
rugae pattern was the circular pattern, but the 
result showed a statistically significant difference 
on both sexes since it was only found in males. It 
became a characteristic of males in the Tengger 
population. As a result, this study on the 
difference in Palatal rugae pattern between 
males and females in the Tengger people 
demonstrated the rugae pattern’s potential as a 
sex determination tool. Still, this study was 
conducted on 70 samples only. Further studies 
are needed with more samples for better 
conclusions. 
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Table 1. Analytical result of Palatal rugae patterns between males and females. 
 

Palatal rugae patterns Gender N SD p-value 

Diverging 
Male 
Female 

36 
34 

1.052 
1.109 

0.222 

Converging 
Male 
Female 

36 
34 

0.654 
0.913 

0.125 

Wavy 
Male 
Female 

36 
34 

1.662 
1.326 

0.579 

Curve 
Male 
Female 

36 
34 

1.282 
0.965 

0.467 

Straight 
Male 
Female 

36 
34 

1.169 
1.206 

0.845 

Circular 
Male 
Female 

12 
0 

0.632 
0.000 

0.003* 

*significancy with α < 0.05 

 

 


