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Abstract 

 

The aim of this study is to evaluate the change of palatal rugae morphology. The dental plaster 

models of 232 (133 females and 99 males) individuals aged between 18-40 years (mean age ± 

standard deviation: 32.3 ± 5.4) were examined to evaluate palatal rugae morphology. The length, 

shape, and direction of rugae were recorded. Types for length, shape, and direction were compared 

with Friedman and Wilcoxon’s signed rank tests regarding the number of occurrences. The 

differences between genders were assessed using the Mann–Whitney non-parametric tests. Primary 

ruga type is 5 to 10 mm / 10 mm or more. The most common rugae was the primary type and no 

significant difference was found in terms of rugae length by gender. The most common rugae was 

curved rugae. No significant difference was found between genders. The results of this study 

showed that no statistically significant differences were found between genders for the length and 

direction of rugae.  
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1.  Introduction 

Forensic medicine plays a very important role in 

criminal and civil law. In this context, the science of 

dentistry is also used in human identification. This 

branch of science is known as forensic dentistry and 

forensic odontology (Gadicherla et al., 2017). 

Determining the age, gender, and ethnicity of people 

is difficult, especially in mass disasters (Sheikhi et al., 

2018).   

Ethnicity is defined as a category of people who 

identify with one another based on similarities such as 

common ancestry, language, social, cultural, or 

national experiences (Peoples & Baley, 2011). The 

most common identification methods used include 

visual identification, fingerprinting, dental record 

comparisons, and D.N.A. (deoksiribonükleik acid) 

profiling (Muthusubramanian et al., 2005; Saraf et al., 

2011). These techniques are reported to have some 

limitations (Buchner, 1985; Muthusubramanian et al., 

2005). D.N.A. profiling is an ideal method often used 

in forensic medicine. However, using it in large 

populations can be expensive and time-consuming 

(Muthusubramanian et al., 2005).  Visual 

identification and fingerprints are methods that have 

limitations for post-mortem identification due to 

variations in time, temperature, and humidity 

(Morlang, 1982). In addition, these methods are 

useless when the body is burned or rotten 

(Subramanian & Jagannathan, 2015). However, it has 

been shown that the durability of dental tissues in 

these conditions has a significant advantage in terms 

of identification (Anderson et al., 1995; Nambiar et 

al., 1977). 

 

 

Among the oral tissues, palatal rugae are permanent, 

unique to each individual, and can establish identity 

through discrimination (Muthusubramanian et al., 

2005). Palatal rugae or transverse palatine folds are 

asymmetrical irregular elevations of the mucosa, 

which are located in the anterior third of the hard 

palate (Verma et al., 2014). Palatal rugae, due to their 

internal position, are protected from trauma and high 

temperatures by lips, cheek, tongue, and buccal pad of 

fat teeth and bone and do not demonstrate age-related 

changes (Muthusubramanian et al., 2005). 

The aim of thissrudy is to evaluate the change of 

palatal rugae morphology according to gender in 

patients attending a dental school in Turkey. 

2. Material and Methods 

The human subject protocol was approved by the 

Ethics Committee of Gazi University, Faculty of 

Dentistry, Ankara, Turkey (confirmation number: 

17/09/2018-E.34993-21071282-050.99-) by the 

Helsinki Declaration of 1975, as revised in 2013. 

In this study, the palatal rugae morphology of 232 

individuals aged between 18-40 years who applied to 

Gazi University Faculty of Dentistry for several dental 

treatments was evaluated. The sample size was 

determined as 232 with the G-power 3.1 program with 

a power value of 0.95, an error level of 0.05, and an 

effect size of 0.2.  
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The participants who applied to the Oral Diagnosis 

Clinic of Gazi University Faculty of Dentistry, 

Department of Dento-maxillofacial Radiology for 

various reasons, needed to obtain a dental plaster 

model due to their treatment (prosthetic rehabilitation 

due to tooth deficiency, parafunctional habit-

preventing night plaque such as nocturnal bruxism, 

etc. Patients meeting the following criteria were 

included in the study; no systemic disease, no 

orthodontic treatment before, absence of missing teeth 

in the upper jaw, or removal of missing teeth with 

fixed prosthetic restorations. Participants who agreed 

to participate in the study were informed and written 

consent was obtained from volunteers. Then, master 

models of individuals whose upper jaws were 

measured as a requirement for treatment in Gazi 

University Faculty of Dentistry, Department of 

Prosthodontics, were obtained with hard plaster 

material. Incisive papilla and median raphe regions 

were marked with a pencil in the prepared plaster 

models and were used as anatomical landmarks. The 

borders of the palatal rugae on the model were drawn 

with a pencil to make a more precise evaluation. 

Palatal rugoscopy was performed according to the 

closed classification; in this context, the rugae on both 

sides were evaluated separately as the right and left, 

with the median raphe being the midline. 

The length, shape of the rugas, and the direction of 

rugas recorded on the prepared special forms for the 

study. Rugae longer than 5 mm were defined as 

primary rugae, rugae between 3-5 mm long were 

defined as secondary rugae, and rugae shorter than 3 

mm were defined as fragmentary rugae (Thomas & 

Kotze, 1983).  The shape of the rugas was called 

curved, wavy, straight, and circular (Kapali et al., 

1997.) (Fig. 1).  

 

Fig.1. a) curved b) wavy c) straight d) circular 

To evaluate the directions of the rugae, a line 

perpendicular to the median raphe was drawn 

according to the angle formed, those that formed a 

positive angle were defined as forward-looking rugae, 

those that created a negative angle were defined as 

backward-oriented rugae, and those that form 0° were 

defined as vertical rugae. Rugas that branch towards 

the midline were recorded as convergent and rugae 

that unite towards the midline were recorded as 

divergent. In line with the data obtained, it was 

examined whether gender and age factors affect rugae 

morphology (Kapali et al., 1997). 

3. Results 

A total of 232 people (133 females; 99 males) with a 

mean age of 32.3 (standard deviation 5.4) were 

included in the study. Test results regarding the 

comparison of rugae length types according to the 

number of occurrences are given in Table 1. 

Accordingly, there is a significant difference between 

the frequency of occurrence of ruga length types on 

the right (p<0.05) and left (p<0.05) sides. The most 

common rugae was the primary type. There is no 

significant difference was found in terms of rugae 

length by gender (Table 2) (p > 0.05). 
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Table 1. Rugae length types 

 Types of rugae length 

Right-side Left-side 

Mean Rank 

Mean 

Rank 

Primary 2,76 2,85 

Secondary 1,92 1,80 

Fragmentary 1,32 1,34 

Friedman Test 

Chi-Square 290,94 321,85 

Asymp. Sig. 0,000 0,000 

 

According to shape, the most observed rugae was 

curved (Table 3).  Only, the distribution of a number 

of left side-wavy rugae differs significantly between 

males and females (Table 4) (p < 0.05). It can be said 

that the number of left wavy rugae was higher in males 

than in females. 

 

Table 2. The relationship between rugae length and gender 

 

Variables 

 

 

Gender 
 

Mean 

 

SD 

 

Median 

 

Minimum 

 

Maximum 

 

Z 

p-value 

Right Side-

Primary 

Rugae 

Male 2,66 ,82 3,00 1,00 4,00 -0.773 0.439 

Female 
2,75 ,98 3,00 1,00 5,00 

Right Side-

Secondary 

Rugae 

Male 1,87 1,23 1,50 1,00 8,00 -0.360 0.719 

Female 
1,77 1,01 1,00 1,00 5,00 

Right Side-

Fragmentary 

Rugae 

Male 1,33 ,65 1,00 1,00 3,00 -0.428 0.669 

Female 
1,55 1,06 1,00 1,00 5,00 

Left Side-

Primary 

Rugae 

Male 3,13 ,99 3,00 1,00 5,00 -0.348 0.728 

Female 
3,22 ,99 3,00 1,00 6,00 

Left Side-

Secondary 

Rugae 

Male 1,80 1,23 1,00 1,00 6,00 -0.287 0.774 

Female 
1,68 ,80 1,00 1,00 4,00 

Left Side-

Fragmentary 

Rugae 

Male 1,33 ,49 1,00 1,00 2,00 -0.476 0.634 

Female 
1,48 ,68 1,00 1,00 3,00 

Z: Mann-Whitney U test SD: Standard deviation 

 

Table 3. Shapes of palatal rugae 

Palatal rugae 

shapes 

  

Right-side Left-side 

Mean Rank Mean Rank 

Curved  3,59 3,59 

Wavy  2,64 2,69 

Straight  2,03 1,97 

Circular 1,74 1,76 

Friedman Test   

Chi-Square 372,737 381,619 

Asymp. Sig. 0,000 0,000 

 

 

There is a statistically significant difference in terms 

of the number of occurrences of rugae direction types 

on the right side (Table 5) (p <0.05). Accordingly, 

convergent type is more common than the divergent 

type. No significant difference was found between the 

number of rugae in terms of gender for each type of 

direction and side (Table 6) (p > 0.05). 



                                                                                                                                                        GUHES 2024; 6(2); 63-72                                                          

67 
 

Table 4. The relationship between rugae shape and gender 

 
Variables 

 

 

Gender 
Mean SD Median Minimum Maximum Z p-

value 

Right Side-

Curved Rugae 

Male 2,91 1,25 3,00 1,00 7,00 -0.137 0.891 

Female 3,02 1,55 3,00 1,00 8,00 

Right Side-

Wavy Rugae 

Male 1,78 ,90 2,00 1,00 4,00 -1.049 0.294 

Female 1,59 ,73 1,00 1,00 4,00 

Right Side 

Straight Rugae 

Male 1,52 ,79 1,00 1,00 4,00 -0.084 0.933 

Female 1,44 ,58 1,00 1,00 3,00 

Right Side-

Circular 

Rugae  

Male 2,00 1,73 1,00 1,00 4,00 -0.711 0.477 

Female 1,44 1,33 1,00 1,00 5,00 

Left Side-

Curved Rugae 

Male 3,16 1,44 3,00 1,00 7,00 -1.220 0.222 

Female 3,46 1,63 3,50 1,00 8,00 

Left Side-

Wavy Rugae 

Male 2,11 1,09 2,00 1,00 5,00 -2.136 0.033* 

Female 1,74 ,97 1,00 1,00 5,00 

Left Side 

Straight Rugae 

Male 1,47 ,64 1,00 1,00 3,00 -0.335 0.738 

Female 1,43 ,73 1,00 1,00 4,00 

Left Side-

Circular 

Rugae  

Male 1,00 ,00 1,00 1,00 1,00 0.000 1.000 

Female 1,00 ,00 1,00 1,00 1,00 

 Z: Mann-Whitney U test;  SD: Standard deviation          * p<0.05 

 

 

Table 5.  Directions of rugae  

 Rugae directions 

  

Right-side Left-side 

Mean Rank Mean Rank 

Convergent 27,56 33,52 

Divergent 26,74 30,31 

Wilcoxon Signed    

Z -2,470b -1,582b 

Asymp. Sig. 0,013 0,114 

 

 

 

4. Discussion 

Palatal rugoscopy, which has been used successfully 

to identify an individual based on pattern analysis, has 

proven to be significantly unique among individuals 

in terms of shape, length, width, salience, number, and 

orientation. Therefore, postmortem rugae details can 

be compared with antemortem records (Purohit et al., 

2015). 
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Table 6. The relationship between the number of rugae direction and gender 

Vaiables Gender  
Mean SD Median Minimum Maximum Z P 

value 

Right Side-

Covergent 

(Konvex) 

Rugae 

Male 1,14 ,38 1,00 1,00 2,00 -1.195 0.232 

Female 1,00 ,00 1,00 1,00 1,00 

Right Side-

Divergent 

Rugae 

Male 1,00 ,00 1,00 1,00 1,00 -0.894 0.371 

Female 1,05 ,22 1,00 1,00 2,00 

Left Side-

Covergent 

(Konvex) 

Rugae 

Male 1,70 1,34 1,00 1,00 5,00 -1.679 0.093 

Female 1,06 ,25 1,00 1,00 2,00 

Left Side-

Divergent 

Rugae 

Male 1,11 ,32 1,00 1,00 2,00 -0.765 0.445 

Female 1,04 ,21 1,00 1,00 2,00 

Z: Mann-Whitney U test SD: Standard deviation 

 

Palatal rugae are transverse, irregular, and 

asymmetrical projections of the mucous membrane 

behind the papillae in the anterior part of the palate 

(Gondivkar et al., 2011). They appear as localized 

epithelial thickening near the incisive papillae during 

the 3rd month of intrauterine life and are fully formed 

by 12 to 14 of prenatal life (Nayak et al., 2007). They 

may then experience changes in size due to growth, 

but their shape remains constant (Gandikota et al., 

2012; Gondivkar et al., 2011).  

Muthusubramanian et al. (2005) performed a rugae 

analysis in burn victims and cadavers in 2005 to 

simulate rugae identification in cases of burning and 

decomposition. When examining subjects with third-

degree pan facial burns after storing them for 72 hours 

in a mortuary at 5 degrees and 30 to 40 percent relative 

humidity, they reported that 93 percent of the palatine 

rugae were normal and 77 percent of the palatine rugae 

showed no color change (Muthusubramanian et al., 

2005).  

Our study analyzed the rugae patterns on dental casts 

made from the subjects' impressions. Stone castings 

offer the advantage of simulating the oral cavity in the 

forensic laboratory: they are easy to use, 

straightforward to analyze, low cost, and easy to 

fabricate. Sognnaes argued that using casts made from 

jaws rather than dentures gives a more reliable result 

(Sognnaes, 1977, as cited in Rajan et al., 2013). 

Observing rugae shapes using stone molds, which is a 

subjective study, is relatively easy and less time-

consuming (Gadicherla et al., 2017), and does not 

require complex instruments (Bharath et al., 2011). 

Being unique to each person makes the palatal rugae 

ideal for forensic personal identification.  
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There is a consensus in the literature that the palatal 

rugae pattern is personal, similar to fingerprints 

(Palliwal et al., 2010; Santos & Serra, 2011). Another 

advantage of the palatal rugae is that it is protected by 

the cheeks, lips, and tongue in the mouth.  

Therefore, the probability of their morphology 

changing is very low in the event of trauma, chemical 

attack, and fire (Nayak et al., 2007). It has been shown 

that the palatal rugae remain unchanged after various 

treatments such as tooth movement, palate 

enlargement, and tooth extraction (Barbieri et al., 

2013; Muthusubramanian et al., 2005).  

In the present study, the most common rugae were the 

primary type, which was matched with the findings of 

other studies. (Bharath et al., 2011; Gondivkar et al., 

2011; Kapali et al., 1997; Palliwal et al., 2010; 

Surekha et al., 2012). Surekha et al. (2012) have 

shown that no difference was found in the total 

number of rugae for sexes and between the two sides 

of the palate, in females in general, had slightly more 

rugae than males, and the left side of the palate showed 

comparatively more number of rugae than on the right 

side. Regarding the length of rugae, primary rugae 

were predominant compared to secondary rugae in 

both females and males, but this difference is not 

statistically significant. The predominant rugae shape 

in males and females was a wavy pattern followed by 

curved, straight, and circular in that study. Palliwal et 

al. (2010) have reported that Keralite females showed 

slightly more secondary rugae than Madhya Pradesh 

(M.P.)  females (two groups of geographically 

different regions of India, namely, M.P. and Kerala). 

Also, Gondivkar et al. (2011) have reported that a 

statistically significant difference in primary type was 

noticed which was higher in females than in males. 

Kapali et al. (1997) showed that analysis of the 

number of aboriginal primary rugae failed to reveal 

any significant differences between sides or sexes. 

Bharath et al. (2011) also reported significant 

differences in the total number and junctional pattern 

of rugae between men and women. A study of the 

Japanese population showed that women have fewer 

rugae than men (Dohke & Osato, 1994). It has been 

reported that Indian men have more primary rugae on 

their left side than women, and vice versa in the 

Tibetan population (Shetty et al., 2005). In our study, 

the dominant rugae type was curved and primary 

rugae. Our results differed from who showed that the 

dominant rugae type was wavy in their studies 

(Kallianpur et al., 2011; Saraf et al., 2011). Also, 

Kallianpur et al. (2011) have found secondary and 

fragmentary palatal rugae forms more common in 

Nepalese than in Indians. 

A study by Saraf et al. (2011) showed that convergent 

rugae types are more common in males and circular 

types in females. Also, the number of left wavy rugae 

was significantly higher in males than females and 

other rugae shapes were not significantly different 

between males and females in the present study. 

Similarly, Sheikhi et al. (2018) have reported that the 

rugae shape was not significantly different between 

males and females. Gautam et al. (2017) showed that 

the average straight pattern was higher in men and the 

average circular pattern was the least in women.  

When the rugae shapes were compared between the 

sexes, it was revealed that the left-sided wavy rugae 

were more common in males, which was statistically 

significant. Chatterjee and Khanna (2011) and Saraf et 

al. (2011) drew attention to the excess of convergent 

type rugae in women and circular type rugae in men. 
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Our study found the convergent type more than the 

divergent type on the right side.The results did not 

show a considerable difference in the rugae lengths 

between sexes. This correlates with the results of 

studies conducted by Malekzadeh et al., (2018) and 

Nayak et al. (2007) confirmed the studies conducted 

by Kapali et al. (1997) and Saraf et al. (2011). In 

contrast, Dohke and Osato (1994) showed increased 

rugae lengths in females. The number of primary 

rugae increased in both sexes, followed by the 

secondary rugae (Malekzadeh et al, 2018). 

Fragmented rugae were the least rugae pattern. 

Malekzadeh et al. (2018) has reported that the primary 

rugae were more common in males. In contrast, the 

fragmentary rugae were more common in females on 

both sides (Chatterjee & Khanna, 2011; Malekzadeh 

et al., 2018). This result does not agree with the 

findings of Abdulmajid et al. (2015), observed no 

difference in rugae length of more than 10 mm among 

males and females. In addition, Fahmi et al. (2001) 

showed no significant difference in fragmented rugae 

within 5 to 10 mm length among males and females. 

Bajracharya et al. (2014) conducted a study on the 

Nepalese population to determine an association 

between sex and the pattern and number of palatal 

rugae. They found no statistically significant 

difference in the palatal rugae number and pattern 

among sex groups. The distribution of different palatal 

rugae shapes in males and females showed that, in 

terms of the overall sample, the most prevalent palatal 

rugae patterns in descending order were primary, 

secondary, fragmentary, curved, wavy, straight, and 

circular. There is a general agreement among studies 

on various populations that wavy and curved 

configurations are the most prevalent patterns of 

palatal rugae (Abdellatif et al., 2011; Nayak et al., 

2007; Rath & Reginald, 2014).   

5. Conclusions 

This study examined the length, shape, and direction 

of the rugae to evaluate the palatal rugae morphology 

used to determine gender.  

The following results were obtained: 

 No statistically significant differences were found 

between genders for the length and direction of 

rugae.  

 There was a statistically significant difference 

between genders for the wavy shape of the rugae 

only on the left side.  

 The most common rugae was the primary type 

with a length of more than 5 mm, the most 

common rugae was curved rugae and the most 

common rugae direction was convergent type on 

the right side. 

Data Analysis 

Data analysis was done using S.P.S.S. software 

version 28 (IBM SPSS Statistics, Armonk, NY). The 

normality of the data was examined by the Shapiro-

Wilk test. Overall differences between gender groups 

were assessed using the Mann–Whitney Types for 

length, shape, and direction and were compared with 

Friedman and Wilcoxon signed rank tests in terms of 

the number of occurrences. Data analysis was 

performed using the IBM SPSS V.22 program, and the 

results were interpreted at 0.05 significance levels.  
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