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oriGinal article

Identification of individuals using palatal 
rugae: Computerized method

Introduction

One of the main focuses of the forensic odontologist is 
identification of an individual. Dental identification 

can be used as the sole method of identifying a deceased 
person. Dental identification is based on the comparison 
of antemortem and postmortem records. The records 
collected to identify a decedent should be accurate and 
totally inclusive of objective findings.[1] 

Palatoscopy or palatal rugoscopy, is the name given to 
the study of palatal rugae.[2] Palatal rugae are present in 
the maxillary portion of the oral cavity. Palatal rugae, also 
called plicae palatinae transversae and rugae palatina, 
refer to the ridges on the anterior part of the palatal 
mucosa, each side of the median palatal raphe and behind 
the incisive papilla, which is just behind the maxillary 
central incisor teeth. As an entity they form the rugae 
pattern. Anatomically, the rugae consist of about 3 to 7 
rigid and oblique ridges that radiate out tangentially from 
the incisive papilla.[3] 

Rugae patterns have been studied for various purposes, 
with reports being published mainly in the fields of 
anthropology, comparative anatomy,[4] genetics, forensic 
odontology,[5] prosthodontics, and orthodontics.[6-8] 

The anatomical position of the palatal rugae inside the 
oral cavity is surrounded by cheek, lips, tongue, teeth, 
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and a buccal pad of fat. All these afford some protection 
in case of fire and high impact trauma. Rugae are amongst 
the best protected, morphologically individualizing soft  
tissue structures in the body, which are preserved 
after death and also accessible during life.[9] There are 
several reports available in the literature supporting the  
use of palatal rugae in individual identification.[10-14] 

Attempts have also been made to study the lip prints 
(cheiloscopy) along with palatoscopy for the identification 
of individuals.[15,16]

The scope for the study of rugae pattern in individuals 
prompted us to conduct this study, with the aim to test the 
efficiency of computerized software in the identification 
of individuals after obtaining their digital photographic 
image of the rugae. 

Materials and Methods

One hundred healthy adult individuals formed the study 
group. For this, a written consent form and a questionnaire 
having questions regarding the orthodontic treatment, 
palatal lesions etc. was given to the medical and dental 
students of Yenepoya dental and medical college who 
volunteered to participate in the study [Table 1].

Individuals with cleft palate, below 18 years age, those 
who had undergone surgery in the anterior palatal region, 
those undergoing orthodontic treatment, those who had 
undergone extraction of upper permanent teeth, and 
individuals with palatal lesions, were excluded.

Intra oral photographs of all these 100 individuals were 
taken using a SLR digital camera (Canon EOS 300D). 
The custom made external attachment was attached 
to the camera to standardize all the photographs. The 
images were transferred to computer as a .jpeg image file  
[Figure 1a-b]. 

Identification of individuals using computer technique
For this purpose, a special software was designed called 
Palatal Rugae Comparison Software (PRCS Version 2.0). 
The initiation and termination points of rugae were 
marked on all 100 images of clinical photographs using 
MS paint version 5.1 software. A strict protocol was 
undertaken for the order in which points were plotted - tip 
and base of incisive papilla, then each ruga was plotted 
at the medial and lateral ends, working from anterior 
to posterior. Left sided rugae were plotted before right. 
These plotted points were processed by the software and 
the information sequentially stored corresponding to 
pixel position.

All the 100 photographs were stored in the software. Later 
same photographs were loaded to the software one by one. 
After marking the points in second set of photos the match 
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Table 1: QUESTIONAIRE
Name:
Age:
Sex:
Have you undergone orthodontic treatment? Yes/No
If yes, how many years ago?
Have you undergone extraction of upper permanent teeth? Yes/No
If yes, Specify the tooth number
Do you have any lesion at present in the anterior palatal 
region?

Yes/No

Have you undergone any surgery of the anterior palatal region? Yes/No

command is given in the software. The software will search 
for its match from previously loaded photographs if it is 
already loaded in the computer.

Five evaluators including three dentists, one computer 
professional, and one general surgeon were asked to match 
the rugae pattern using the software. The results were 
recorded along with time taken by each operator to match 
all the photos using software.

Step-wise use of palatal rugae comparison software 
version 2.0 
• Click PRCS icon in the computer to open the software.
• Load the photographs by pressing ANTEMORTEM 

button in the software [Figure 2a]. 
• Press OPEN button to open the selected file. [Figure 

2b] The photograph will open in a different window 
[Figure 2c].

• Press MARK POINT buttons, [Figure 2b] mark the 
starting and end point of rugae using cursor [Figure 2d].

• Press SAVE button to save the file. [Figure 2b] Enter the 
file name and person’s name while saving. The software 
will save the file as shown in the Figure 2e.

• Once all the photos are loaded then press POSTMORTEM 
button [Figure 2f].

• Select the file to be matched and press OPEN button 
[Figure 2f].

• Again mark the points on the photographs by pressing 
MARK POINT button [Figure 2f].

• Save the file by pressing SAVE button [Figure 2f].
• Press MATCH button to find the correct match, which 

was previously loaded in the software [Figure 2f].
• If software does not find any match the result will come 

as NO MATCH [Figure 2g].
• If it finds any match the result will come as MATCH 

SUCCESS along with the person’s name [Figure 2h].

Results

When the results were analyzed it was found that the 3 
evaluators got 100% results and 2 evaluators got 99% results 
[Figure 3]. 

The time taken to match palatal rugae by different 
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Figure 2: (a, b, f) Palatal Rugae Comparison Software (PRCS); (c) Initiation and termination points of rugae were marked on clinical  
photographs using MS paint version 5.1 software; (d) Initiation and termination points of rugae were marked on clinical photographs by using 
PRCS; (e) Showing photographs saved in the PRCS software; (g, h) PRCS showing the result
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Figure 1: (a) SLR digital camera (Canon EOS 300D) along with the custom made external attachment; (b) Taking clinical photographs using 
SLR digital camera (Canon EOS 300D) along with the custom made external attachment
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evaluators is as follows: The first dentist took 40 minutes, 
second dentist took 60 minutes and the third dentist took  
55 minutes. The computer professional took 50 minutes, 
and general surgeon took 75 minutes [Figure 4].

Discussion

Palatal rugae have been shown to be highly individualistic 
and consistent in shape throughout the life. It is well-
established fact that the palatal rugae pattern is unique to 
human being, as his fingerprints. 

Once formed, they do not undergo any change except in 
length, due to normal growth,[17] and remain in the same 
position throughout a person’s life time. Diseases, chemical 
aggression, or trauma do not seem to be able to change the 
palatal rugae form.[18]

It is also concluded that changes that occur from orthodontic 
movement, extraction, aging, and palatal expansion do not 
modify the rugae enough to hamper identification.[1] 

Palatal rugae are used in human identification not only due 
to their singularity and unchangeable nature, but also due 
to other advantages, namely their low utilization costs.[19]

In a study conducted by Limson K.S. and Julian R[20] (2004), 
the comprehensive computerized antemortem records were 
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constructed for 250 subjects and a comparison matching 
process performed using both recorded and unrecorded 
samples. The efficiency of the computer-based identification 
method was then assessed. The program proved to have 
an average sensitivity of 0.93 and specificity of 1 and had 
a success rate of 92−97% in matches with digitized rugae 
pattern samples.

Comparing the results of our study, we observed that the 
error rate observed is substantially less in our study. In our 
study, two evaluators had the error rate of 2%. This may 
be due to errors in the delineation of rugae or incorrect 
sequential plotting of characteristic points on the rugae 
pattern image while using the software. The error rate may 
be reduced by development of an intraoral scanning device 
to capture palatal rugae pattern, with image transferred 
directly to a computer, with appropriate software, as is 
presently available for fingerprints. This would eliminate 
the manual errors and time involved in the process of 
digitization of rugae pattern samples.

Limitations of the study
The computer software that is used in this method requires 
manual plotting of the points on the rugae before matching. 
This may lead to human errors in plotting the points. There 
is a scope for the development of new software, which can 
match the photographs of rugae without plotting any points 
on the image. The fully automation of the software will 
nullify the human errors, which may occur during manual 
plotting of the points.

The time required to match can be reduced by making a 
team effort while matching. Similar conclusion was drawn 
by English WR et al. in their study.[9] Further, with the use 
of interconnected computer networks it would be possible 
to store a large amount of data, facilitating quick retrieval 
of information, and fast and effective identification. The 
study can also be done by matching the photographs of the 
rugae manually. This can be done by using either clinical 
photographs or the photographs of the casts.

Conclusion

The present study supports the individuality of the rugae. 
Computerized method has given a very good result to 
support the individualization of rugae. The results can be 
improved furthermore by using advanced software.
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