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SUMMARY: To analyze the accuracy rate of a digital image recognition system in matching the palatal rugae Morphology after
orthodontic treatment, before orthodontic treatment and to provide theoretical evidence for individual identificatioreld tife fi
forensic dentistry. High-resolution digital images of the palatal rugae were taken under particular conditions from edwfpatiend
after orthodontic treatment. Features of each digital image were extracted using a digital image recognition system aral thelude
palatal rugae database. Using an MATLAB software system, information matching of the palatal rugae was performed. Froimghe matc
results, the accuracy rate of individual identification of orthodontic patients was 100 %, with a Euclidean distanceactQradyerate
in matching palatal rugae patterns before and after orthodontic treatment was 95.67 %. The results were statisticalyvgitdprifica
0.05. Palatal rugae pattern is highly individual-specific. After orthodontic treatment, palatal rugae are morphologica|\bdivitrese
changes do not greatly influence the individual identification in the field of forensic dentistry, which provides a newomaititod
pathway to forensic identification.
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INTRODUCTION

Forensic identification is a challenging work that hagvu et al Using an MATLAB software system, information
been always an area of interest in the field of forensic scien@atching of the palatal rugae was performed (Taséewab,
all over the world ( Gondivkaat al, 2011; Rath & Reginald, 2015).The morphological characteristics and stability of the
2014, Binget al, 2014;Patilet al, 2016;). The pattern of palatal rugae were evaluated to investigate the significance
human palatal rugae has a genetic gene-matched individusflpalatal rugae patterns in the individual identification using
specific feature which remains unchanged during a®rensic odontology techniques and the influences of palatal
individual's lifetime. Therefore, palatal rugae pattern hasigae pattern changes after orthodontic treatment on the
gradually become a new marker in the identification akliability of individual identification, which will provide a
forensic science Ohtamit al, 2008; Adisaet al, 2014; novel method of and pathway to forensic identification.
Bhagwath & Chandra, 2014; Wet al., 2016. After
orthodontic treatment, palatal rugae are morphologically
diverse, but these changes do not greatly influence indiWHATERIAL AND METHOD
dual identification in the field of forensic dentistry. Shukla
etal, 2011; Deepakt al, 2014. In this study, we took digital
images of the palatal rugae under particular conditions from  Seventy patients, consisting of 35 males and 35
each patient before and after orthodontic treatment and thfemales, who received treatment in the Department of
processed using a digital image recognition system, includi@ythodontics, Shanxi Medical University Stomatological
noise reduction, contrast enhancement, image segmentatigospital, China, between June and December 2015, were
feature extraction, edge detection and information collectigncluded in this study after screening against the inclusion
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and exclusion criteria. Inclusion criteria: (1) &je3 years; Individual identification through palatal rugae
(2) having no history of skull and jaw trauma; (3) havingmages. Seventy sets of palatal rugae images (1a, 2a, 3a...
permanent dentition before orthodontic treatment; (4)0a) taken before orthodontic treatment from group A were
subjected to orthodontic treatment with straight wire for 12ncluded in the database, and 70 sets of palatal rugae images
24 months. Exclusion criteria: (1) having congenita{la’, 2a’, 3a’... 70a’) taken before orthodontic treatment
anomalies/malformations; (2) bone and soft tissue protrusidrpm group A were used for the images to be identified.
active lesions; (3) palatal deformity, scars or trauma; (#Hfter 4900 matches, the most similar images included in
mouth opening limited; (5) having a history of wearing @éhe database were respectively used as the models of the
maxillary denture; (6) smoking. images to be identified and the accuracy rate of matching
palatal rugae image pattern was recorded. Seventy sets of
Instruments and software. Digital SLR cameras (Canon palatal rugae images (1b, 2b, 3b... 70b) taken after
EOS 300D); light reflector for orthodontic surgery;orthodontic treatment were subjected to the same procedure,
MATLAB software for performing numerical calculationsand after 4900 matches, the accuracy rate of matching was
(MathWorks, USA); PRCSVersion 2.0 software; SPSS131@corded.

software.

Table. I. Palatal rugae morphology feature.
Harvesting of palatal rugae imagesHigh-resolution digital Morphology Features Images
images of the palatal rugae were taken from each individual
using a digital SLR camera with the same parameters atthe gl albds.
designated position. For each individual, two sets of digital Anomaly

images of the palatal rugae were separately taken before
(groups A and A) and after orthodontic treatment (groups B~ Bifurcated
and B’). Four sets of digital images taken from each indivi-
dual were numbered 1a, 1a’, 1b, 1b’; 2a, 2a’, 2b, 2b’; 3a, Curve
3a’,3b, 3b’... 70a, 70a’, 70b, 70b’. All palatal rugae images Interrupt
were saved as JPEG files in a designated database.

Line
Feature extraction of palatal rugae imagesTaking the
center of the palatal rugae images as a reference point, palatal ~ Circle
rugae images were sectored and then segmented ixdo 16
= 64 segments for image segmentation. Digital palatal rugae
images were processed using non linear Gabor filter Sinuous
technique for feature extraction and subsequent selective
inclusion (Fig.1, Table 1). Trifur cated
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Information reading > Judgment for indusion > Center determination
Gabor filter processing | Normalization < Image sectoring
Imageintensification > Feature extraction > Coding and indusion

Fig. 1. Inclusion process of palatal rugae images..
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Matching of palatal rugae images taken before and after g -=ixi
orthodontic treatment. Palatal rugae images from group A "%
were randomly selected to match with those in the group T
A“successful match” is displayed on the screen of the digit ’S:m
recognition system, which indicates that these two imag W‘
are from the same individual. A new match will be starte —__~
when the first identical authentication is unsuccessful, ai

el e
“no match” is displayed when the processed data are '~ ..
identical to the information of any identify throughout the — «zass=

database. The procedure of image processing by the dig =

recognition system is shown (Figs. 2 and 6)
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Fig. 3. Markers on the palatal rugae region.
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Fig. 6. Identification of palatal rugae information.
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RESULTS DISCUSSION

Identification of individuals using the palatal rugae Palatal rugae, also called plicae palatinae transversae,
images. Palatal rugae pattern is highly individual specificefer to the ridges on the anterior part of the palatal mucosa,
The accuracy rate of matching palatal rugae pattern for ieach side of the median palatal raphe and behind the incisive
dividual identification using the digital recognition imagepapilla. Palatal rugae pattern is a genetic gene-mediated indi-
system was 100 %. vidual-specific feature that differs among individuals and

remains unchanged throughout a lifetime. During the process
Matching palatal rugae patterns before and after of human development, the palatal rugae possibly change in
orthodontic treatment. The accuracy rate of matchinglength and width because of normal growth and development,
palatal rugae patterns before and after orthodontic treatmént its arrangement and position will not change. The
was 95.67 % with a significance level of P < 0.05 (Tables thorphology and position of the palatal rugae hardly change
and lll, Fig.7). after diseases, trauma or chemical corrosion. Genetic, unique
and stable human palatal rugae patterns contribute to forensic
identification (Shettyet al, 2015; Thabithat al, 2015).

] e Many scholars consider that orthodontic treatment

possibly affects the changes in palatal rugae pattern and
therefore application of palatal rugae pattern in the forensic
identification becomes more complex (Bailey al, 1996;

= Hoggan & Sadowsky, 200; Mustadaal., 2015 ). Whether the
_L changes in palatal rugae pattern after orthodontic treatment
war] influence the accuracy of palatal rugae pattern used as a
@ reference in forensic identification remains disputed. It is
Fig. 7. Abox diagram regarding the ave- difficult to measure palatal rugae patterns and there has no well

rage accuracy rate of matching palatal
rugae patterns before and after
orthodontic treatment.

accepted measurement method. Pattern measurement is the first
used method, followed by image overlapping method and use
of image analysis system. With increasing application of digital
computer technology in the academic field, a digital image
recognition system comes into being because of demand. The
digital image recognition system used in this study for
identification of the palatal rugaeasco-developed by Professor

Table. Il. The average accuracy rate of matching palatal
rugae patterns before and after orthodontic treatment.

— 5 .
Indwlldual Acmag;gte (%) lefe;ﬁ'g;e @ Bing Li from Shanxi Medical University Stomatological Hos-
) 95.71 429 pital, China and scholars from School of Information and
3 97.14 286 Communication Engineering, North Central University, China.
4 97.14 2.86
5 93.33 6.67 Identification of palatal rugae images is performed
6 96.67 3.33 though image processing, feature extraction and METLAB soft-
7 93.33 6.67 ware analysis. In this study, the accuracy rate of matching the
8 95.71 4.29 palatal rugae patterns for individual identification was 100 %.
9 97.14 2.86 Martins Filho also reported a 100 % accuracy rate of the digital
10 98.10 1.90 image recognition system in matching the palatal rugae patterns.

Limson & Julian (2004) used computer software to compare
some palatal rugae markers and acquired the accuracy rate of
92-97 %. dos Santat al (2011) evaluated and confirmed the
efficacy of GNU image method in the forensic
_ 95%C identification in a study involving palatal rugae
d Sd_ Lower Upper ¢ P detection. Hemantlet al (2010) reported that the
Accuracy rate of accuracy rate of palatal rugae comparison software
matching palatal mugae . .
patterns before and after 434 198 292 575 6.935 000 (PRCS version 20) WaS 99 %. In thlS. Study, the
orthodontic treatment accuracy rate of the digital image recognition system
(%) used for matching palatal rugae pattern before and
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Table lll. Paired t-test result.
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after orthodontic treatment was 95.67 %, with a significance The digital image recognition system developed based
level of P < 0.05. In this study, the resolution of the palatal ruga® digital image, computer technology and special digital
images directly influences the accuracy rate of identification dfhage authoring software is beneficial to individual
the palatal rugae. Therefore, as for the same palatal rugae pattietentification among large-sized samples and it also simplifies
several images should be taken to reduce errors and increasalysis and comparisons of the palatal rugae patterns by
accuracy rate in identification. It is very necessary to take highuman labor, providing important significance for a simple
resolution images, maintain and update dental data, in parti@rd rapid individual identification.

lar after orthodontic treatment, for individual identification.
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RESUMEN: El objetivo de este trabajo consistité en analizar la tasa de exactitud de un sistema de reconocimiento de imagenes digitales
en la adaptacion de la morfologia de la rugosidad palatina después del tratamiento ortodoncico, antes del tratamiecmopxaggorcionar
evidencia tedrica para la identificacion individual en el campo de la odontologia forense. Las imagenes digitales deitadedas rugas
palatinas fueron tomadas bajo condiciones particulares de cada paciente antes y después del tratamiento ortodénciedstieascdeacada
imagen digital se extrajeron utilizando un sistema de reconocimiento de imagen digital y se incluyeron en la base degdatpsldénas.
Utilizando el software MATLAB, se realiz6 la comparacion de informacion de las rugas palatinas. A partir de los resultidisistesjna tasa
de exactitud de la identificacién individual de los pacientes ortoddncicos fue del 100 %, con una distancia euclideasded@. fr@tision en
los patrones de rugas palatinas coincidentes antes y después del tratamiento ortodéncico fue del 95,67 %. Los resutistaistieaomente
significativos con P < 0,05. El patron palatino de las rugas es altamente individual-especifico. Después del tratamiecitmotésddigas
palatinas son morfolégicamente diversas, pero estos cambios no influyen mucho en la identificacion individual en el cachpuaedéa
forense, lo que proporciona un nuevo método y via para la identificacion forense.

PALABRAS CLAVE: Antropologia forense; Estomatologia forense; Rugas palatinas; Identificacion; Tratamiento de ortodoncia.
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