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ABS TRACT  
 

BACKGROUND 

Forensic odontology is a branch of dentistry which deals with appropriate handling 

and examination of dental evidences and with the proper evaluation and 

presentation of dental findings in the interest of justice. Identification of an individual 

is a prerequisite for certification of death and for personal, social and legal reasons. 

Palatal rugae are permanent and unique to each person, and can be used by clinicians 

and scientists to establish identity. It can be of special interest in edentulous cases 

and also in certain conditions, such as burned bodies or bodies that underwent severe 

decomposition. Thus the uniqueness, postmortem resistance, overall stability and 

additionally low utilization cost makes palatal rugae ideal forensic identification 

parameters. We wanted to compare the various palatal rugae patterns between 

dentate and edentulous subjects and also determine the comparison of the 

distribution of rugae number, length, shape, direction, unification between dentate 

and edentulous subjects. 

 

METHODS 

The study sample consisted of 60 subjects, 30 dentulous and 30 edentulous from JSS 

Dental College & Hospital, Mysuru. The study group was equally divided between the 

sex, and was observed for number, length, shape, direction and unification of all 

palatal rugae. 

 

RESULTS 

The total number of rugae was higher in the dentulous group than in the edentulous 

group. In edentulous group, shorter lengths, lesser complexity rugae were seen 

compared to dentulous subjects. The total number of rugae on the right side in 

dentulous casts were 4.20 ± 1.06, while the total number on right side in Edentulous 

casts were 4.16 ± 0.79. On the left side mean total number of rugae in dentulous casts 

was 4.46 ± 0.79 whereas the mean total number of rugae in edentulous casts was 3.76 

± 0.77 

 

CONCLUSIONS 

Palatal rugae pattern changed greatly after aging and loss of teeth regardless of time 

of edentulism and wearing denture. 
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BACK GRO UND  
 

 

 

Forensic odontology is a dental division that deals with the 

proper handling and analysis of dental evidences and the 

proper assessment and presentation of dental results in the 

interest of justice.1 Human identity, whether living or dead, is 

a cornerstone of humanity, and the identification of an 

unknown person has always been a matter of utmost 

importance to our culture. Human identification is based on 

scientific principles, mainly involving dental records, 

fingerprints and DNA comparisons.2 Palatal Rugoscopy i.e 

study of palatal rugae is the simple technique used by a 

forensic odontologist in human identification.3 Palatal rugae 

also called as rugae palatinae or plicae palatinae transverse 

refers to a series of transverse ridges on either side of the 

median palatal raphe and the incisive papillae, on the anterior 

portion of the palatal mucosa.4 Palatal Rugae are permanent 

and distinctive to each person and are stable, which can be 

used by clinicians and scientists to establish identity through 

discrimination.5 Characteristics of palatal rugae such as 

uniqueness and stability make them convenient for forensic 

identification of victims.6  

The special feature of palatal rugae being the soft tissue is 

their specific anatomic position within the oral cavity where 

they remain protected from high temperature or severe 

physical trauma. Therefore, known as the most protected 

morphologically individual soft tissue that remains preserved 

longer after death and is easily accessible over the entire 

lifetime.7 Palatal rugae have been equated with fingerprints 

and are unique to an individual.8 It can be of special interest in 

edentulous cases and also in certain conditions where there 

are no fingerprints to be studied, such as burned bodies or 

bodies that underwent severe decomposition.9 Rugae pattern 

may be specific to racial groups facilitating population 

identification. Thus the uniqueness, overall stability and 

additionally low utilization cost makes palatal rugae, ideal 

forensic identification parameters.10 In situations, where teeth 

is not present, for example complete edentulism, palatoscopy 

can be used. Palatal rugoscopy is relatively easy to obtain 

among the evidence taken from edentulous victims, which can 

be used for human identification.11 In this study we wanted to 

compare the various palatal rugae patterns between dentate 

and edentulous subjects and to evaluate and compare the 

distribution of rugae number, length, shape, direction, 

unification between dentate and edentulous subjects. 

 

 
 

ME TH OD S  
 

 

A comparative, retrospective research study, consisting of 60 

subjects in total which included patients visiting the 

Department of Prosthodontics, JSS Dental College and hospital,   

was conducted in January 2017 for a period of one month. The 

sample size was distributed equally among 30 dentates (15 

males, 15 females) and 30 edentulous (15 males, 15 females) 

in the age group of 30 - 60 years of population of Mysuru 

district. The sample size was selected to obtain statistically 

significant data. The criteria behind this sample selection was 

to compare variations among palatal rugae patterns between 

edentulous and dentulous subjects. The sample size was 

calculated using the formula. 

N = (Zα)2 s2 / d2,  

 

the Zα values are 1.64 and 2.33 for 5 % and 1 % level of 

significance. The sample standard deviation was 5 and with a 

probability of 95 %, at an error rate of 5 %, the sample size 

estimated as N = (1.96)2 (5)2/ 22 gives the sample of 24 

subjects, if the allowance of 10 % for attrition is assumed, then 

the corrected sample will be 27 subjects. Corrected sample 

size for 20 % allowances is approximated to be 30 subjects in 

each group. 

 

 

Ethi ca l  Cl ear a n ce  

Approval from the ethical committee of JSSAHER, Mysuru, was 

obtained to make the impression. The study was conducted in 

accordance with the ethical standards. 

 

 

In clu si o n Cr i ter i a  

Healthy subjects, completely edentulous with atleast 1 year of 

edentulism and dentate subjects with complete permanent 

teeth.  

 

 

Ex clu si o n Cr i ter i a  

• Subjects who underwent surgery 

• Orthodontic treated subjects 

• Subjects with traumatic injures of palate  

• Subjects with bony or soft tissue protuberances. 

 

 

Impr e ssi o n  

After obtaining informed consent from the subjects diagnostic 

impressions of maxillary arch were made with irreversible 

hydrocolloid impression material (alginate) using sterilized 

perforated metal stock trays. 

Impressions were poured with type 4 dental stone, vibrator 

was used to get void free cast and the base was prepared with 

Plaster of Paris according to manufacturer’s instructions. 

 

 

Ca st  A na ly si s  

The casts were minutely observed with the help of a 

magnifying lens. A 0.5 mm black Graphite pencil marker was 

used to highlight the rugae patterns. 

Thomas & Kotze classification (Figs 1, 2 and 3)12 was followed 

for the interpretation of the rugae pattern in the cast. This 

classification includes number, length, shape, direction and 

unification of rugae. The entire rugae patterns were assessed 

and measured using caliper and scale 

 

 

S ta ti s ti cal  An aly si s  

The obtained data were entered into Microsoft excel sheet and 

results were obtained from recent version of the SPSS 

(Statistical package for social science) software. The 

descriptive statistic tests were performed to get frequencies, 

mean and standard deviation. For inferential statistics 

assuming the data follows the normal distribution. For 

comparing two groups, Independent sample T - test was used. 

For comparing frequencies between groups, chi-square test 

was used.
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Figure 1. Thomas & Kotze Classification of Palatal Rugae 

 

 

 

 

 

  

Figure 2. Different Types of Rugae 
 

 

 
Figure 3. Rugae Unification- Converging, Diverging 

 

 
 

 

RES ULT S  
 

 

 

This study consisted of 60 subjects, 30 Dentulous and 30 

edentulous subjects. Analysis of number, length, shape, 

direction, unification of rugae was done using Thomas & Kotze 

classification. The mean age of the dentulous group was 37.30 

+ 7.12, whereas the mean age of the edentulous group was 

52.53 + 6.69. 

 

 

Compar i son o f  Num be r  of  Rugae bet wee n 

Den tulou s a nd Ede ntu lo us P ar ti ci pa n ts  

In comparison with edentulous subjects, the total number of 

rugae was more in dentulous participants. The total number of 

rugae on the right side in dentulous casts were 4.20 ± 1.06, 

while the total number on right side in edentulous casts were 

4.16 ± 0.79. On the left side mean total number of rugae in 

dentulous casts was 4.46 ± 0.79 whereas the mean total 

number of rugae in edentulous casts was 3.76 ±  0.77 

Independent samples t test revealed non significant difference 

in the total number of rugae on the right side (t = 0.138, P = 

0.891). Significant difference in the total number of rugae on 

the left side (t = 3.60, P = 0.01). 
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 Group N Mean Std. Deviation Std. Error Mean 

Total_rugae_right 
D 30 4 . 2000 1 . 06350 . 19417 

ED 30 4 . 1667 . 79148 . 14450 

Total_rugae_left 
D 30 4 . 4667 . 73030 . 13333 

ED 30 3 . 7667 . 77385 . 14129 

Table1. Comparison of Rugae between  

Dentulous and Edentulous Subjects 

 

 

Compar i son of  R ug ae P at ter n bet wee n 

Den tulou s a nd Eden tu lous C a st s  B as ed on  

Len gt h  

Primary rugae was the most predominant rugae followed by 

secondary and fragmentary rugae. The mean length of right 

primary rugae in dentulous cast was 3.26 ± 0.63 whereas in 

edentulous, it was 3.76 ± 0.77. In Independent samples t test, 

length of primary rugae in dentulous and edentulous group 

revealed a significant difference (t = 2.728, P = 0.008), The 

length of secondary rugae on right side of dentulous and 

edentulous casts revealed a significant difference (t = 2.55, P = 

0.013). In-relation to the length of fragmentary rugae on right 

side in dentulous and edentulous groups, a non-significant 

difference was observed (t = 1.439, P = 0.155 ). In Independent 

t-test, the length of primary rugae on left side in dentulous and 

edentulous groups revealed a non-significant difference (t =- 

0.394, P = 0.695). Length of secondary rugae in dentulous and 

edentulous groups revealed a significant difference (t = 3.89, P 

= 0.001). Length of left fragmentary rugae in dentulous and 

edentulous groups revealed significant difference (t = 2.80, P = 

0.007). 

 

 

Compar i son of  R ug ae P at ter n bet wee n 

Den tulou s a nd Eden tu lous C a st s  B as e d on  

Sha pe  

In total sample, wavy rugae pattern was the most predominant 

shape followed by curve, straight and circular. In dentulous 

and edentulous casts in relation to the shapes, on the right side 

- curve, wavy, straight and circular shapes showed non-

significant difference whereas on the left side, a non-

significant difference was observed in relation to curve and 

wavy shape, but straight shape had significant difference. (t = 

2.99, P = 0.004) 

 

 

Compar i son of  R ug ae P at ter n bet wee n  

Den tulou s a nd Eden tu lous C a st s  B as e d on  

Di r ecti o n  

• On the right side in relation to direction of rugae –

forward, backward and perpendicular in dentulous and 

edentulous casts were non-significant. 

• On left side forward and backward direction in dentulous 

and edentulous casts were non-significant but 

perpendicular direction revealed significant difference. (t 

= 3.261, P = 0.002) 

 

 

Compar i son  o f  R ug ae P at ter n bet wee n 

Den tulou s an d Eden tu l ous  Su bjec t s  B a sed o n 

Uni fi ca ti o n  

• In both dentulous and edentulous casts on right side 

unification of rugae diverging and converging patterns 

were non-significant. On the left side, diverging pattern 

was noticed in both dentulous and edentulous casts which 

was significant with independent t test (t = 2.494, P = 

0.016). 

• The total number of rugae in Dentulous subjects was 

more than in edentulous on both the sides. Whereas total 

number of rugae in dentulous subjects on left side was 

more than the right side. Total number of rugae in 

edentulous subjects on right side was more than the left 

side. 

 

 
Graph 1. Distribution of Rugae in Study Subjects in Based on Rugae Length on Right and Left Side 
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Graphs 2. Distribution of Rugae in Study Subjects Based on Shape in Right and Left Side 

 

 

 
Graphs 3. Distribution of Rugae in Study Subjects Based on the Direction on Right and Left Side 

 

 

In the total sample, primary rugae was the most 

predominant rugae followed by secondary rugae and 

fragmentary rugae. Primary rugae was predominant on right 

side and left side in both dentulous and edentulous casts. 

Secondary rugae was predominant in dentulous. Secondary 

rugae was more on right side than left side. Rugae distribution 

was nearly equal on both the sides. Fragmentary rugae in 

dentulous was more than edentulous casts. Fragmentary 

rugae was predominant on left side in dentulous. In total 

sample, wavy rugae were more prominent in dentulous and 

edentulous casts followed by curved rugae, straight rugae and 

circular rugae. Wavy rugae were predominant on right side in 

dentulous and edentulous casts. Straight shape was 

predominant on left side in dentulous cast and on right side in 

edentulous cast. 
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Graph 4: Distribution of Rugae in Study Subjects Based on the Unification on Right and Left Side 

In the total sample, forward rugae were more prominent 

in both the dentulous and edentulous casts followed by 

backward rugae, and perpendicular rugae. Forward was 

predominant on right side in dentulous and  left side in 

edentulous. Backward rugae and perpendicular rugae were 

predominant on left side in dentulous and on right side in 

edentulous. Of the total sample, diverging rugae were 

prominent in both the dentulous and edentulous casts 

followed by converging rugae. Diverging rugae were 

predominant on left side in edentulous and on right side in 

dentulous. Convergence was predominant on right side in both 

the dentulous and edentulous. 

 

 
 

 

DI SCU S SI ON  
 

 

Rugae pattern have been studied for various purposes, 

including anthropology, genetics, forensic odontology, 

prosthodontics, and orthodontics.13 The uniqueness of rugae 

pattern in each individual and their unchanged nature during 

an individual’s life makes them reliable parameters in forensic 

odontology.14 

Despite the ongoing problem of quantitatively and 

qualitatively defining palatal scaffold patterns, they are unique 

to people and have a possible accurate identifying source.15 

The current research showed that the total number of 

rugae and the number of main rugae in the edentulous group 

were substantially reduced and similar results were found by 

Lysell et al.16 

In a study conducted in Iraq, 40 participants of whom 20 

were dentate subjects and 20 were edentulous. Based on the 

effect of ageing on rugae, they observed significant reductions 

in the total number of rugae and primary rugae, while the 

number of secondary rugae remained approximately stable. 

The most common rugae shapes observed were wavy and 

curved forms as compared to straight and circular types.17 It is 

in agreement with our study. Curved, straight and circular 

were more frequent in dentate group, whereas wavy shapes 

were most prominent in edentulous group. 

In a study done in Punjab, India, it was found that the most 

common shapes were wavy and curved, whereas straight and 

circular types were least common regardless of age. The 

edentulous group showed the highest means of curved pattern 

and total absence of circular pattern suggesting the presence 

of simpler form of rugae pattern.18 The results are in contrast 

with our study. 

In the present study the total number of rugae in dentulous 

was more than in edentulous. Primary rugae were more in 

edentulous and secondary rugae in dentulous based on the 

length of the rugae. Our study is in agreement with Kapali et al, 

wherein they concluded that the length of rugae changes till 10 

years of age thereafter remaining stable throughout life.18 

On comparison of direction of rugae patterns, forward 

directed rugae were commonly observed both on the right and 

left side in dentulous groups, backward directed rugae pattern 

were more on the right side of edentulous and on left side of 

dentulous which was similar to a study done in Rajasthan 

state.19 Perpendicular rugae were more in dentulous in the 

present study in comparison with the study done by Bhatt G et 
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al.19 where perpendicular rugae were more in edentulous 

group.17 

Unification diverging rugae were more on the left side of 

edentulous group followed by right side of dentulous and 

converging rugae were more on right side of dentulous group. 

Ohtani et al. reported that features such as poorly demarcated 

rugae eminence and non-complex rugae patterns in 

edentulous patients were mainly due to the form of the 

edentulous palate itself and rarely due to dentures and could 

lead to difficulties in identifying specific points for personal 

identification. Continuous mechanical stimulation could lead 

to a great deal of morphological degeneration in the palatal 

mucosa involving rugae.20 

 

 
 

 

CONC LU S ION S  
 

 

 

Palatal rugae pattern changes were observed with aging 

regardless of time of edentulism and wearing of denture. The 

changes were reduced in number & length. Less complex 

features were noted in edentulous subjects than young 

dentulous subjects. 

Palatal rugae have been demonstrated during life to be 

strongly individualistic and consistent in form. It is well known 

that the palatal rugae pattern is specific to a human being, such 

as his fingerprint, so that palatal rugae could be used to 

identify an individual. 

 
Data sharing statement provided by the authors is available with the 

full text of this article at jemds.com. 

Financial or other competing interests: None. 

Disclosure forms provided by the authors are available with the full 

text of this article at jemds.com. 
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