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SUMMARY: To investigate the feasibility of application of digital images of the palatal rugae in forensic identification. One
hundred patients, consisting of 50 males and 50 females, who received treatment between January 2015 and June 201 %latzBhanxi Me
University Stomatological Hospital, China, were included in this study. High-resolution digital image of the palatal rtigleeniasm
each patient using a digital SLR camera and then processed using a digital image recognition system, including noiseaetiastion,
enhancement, image segmentation, feature extraction, edge detection and information matching. Using an MATLAB software system,
match results and the time taken by each operator for information matching were recorded. The digital image recognitgsisiedem
in information matching of the palatal rugae. Three oral physicians had a 100% correction rate in information matchingr Two oth
operators failed in formation matching in one or two cases. The time taken by oral physicians for information matchintentsshor
that taken by the other two operators. Unique palatal rugae morphology has gradually become a novel marker for foréreioidentif
Digital images of the palatal rugae morphology contribute to rapider and more accurate forensic identification.
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INTRODUCTION

Forensic identification is a challenging work that hageasibility of application of palatal rugae morphology in
been always an area of interest in the field of forensic scierfegensic identification based on an MATLAB software
all over the world (Bingt al, 2014; Gondivkaet al, 2011). system.

The morphology of human palatal rugae has a genetic genes-

mediated individual-specific feature which remains

unchanged during an individual's lifetime. Human palataSUBJECT AND METHOD

rugae are protected against trauma, high temperatures and

decomposition by lips, cheek, tongue, skeleton and artifi-

cial teeth because of their position in the oral cavity One hundred patients, consisting of 50 males and 50
(Bhagwath & Chandra, 2014; Ohtagtial, 2008; Acharya, females, who received treatment between January 2015 and
2014; Hermosilla Venegaa al, 2009). Palatal rugae haveJune 2015 at Shanxi Medical University Stomatological
increasingly become a novel marker for forensi¢iospital, China, were included in this study. Inclusion
identification owing to its stable and unique morphologyriteria: (1) Age=20 years; (2) having no history of skull
(Virdi, et al, 2008; Shettyet al, 2005; Chatterjee & Khanna, and jaw trauma; (3) having not orthodontic and orthognathic
2011). In this study, we took digital images of the palatalistory. Exclusion history: (1) having congenital anomalies/
rugae morphology under particular conditions, performedraalformations; (2) candidate for orthognathic surgery; (3)
series of image processes (including noise reduction, contrigsing allergic to impression materials; (4) bone and soft
enhancement, image segmentation, feature extraction, eéigsue protrusion, active lesions and (5) palatal deformity or
detection and information matching) and also evaluated tbears or trauma.
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Instruments and software. Digital SLR cameras (Ct L 78 ER R SIS SRR A BB
non EOS 300 D); light reflector for orthodontic surgery
MATLAB software for performing numerical calculations
(MathWorks, USA); PRCSVersion 2.0 software; SPSS13
software.

Harvesting of palatal rugae images. Under particulz
conditions, high-resolution digital image of the palatal ruge

was taken from each of 100 individuals using a digital SL = i : . e ZHAs OES
camera with the same parameters at the designated posit B -
The camera was equipped with a special instrument to ens Cmie.) [L&#F (BELE)

unified images. JPEG images were saved in a databasgit) 3. Detection of palatal rugae edge.
the computer (Fig. 1).

Matching of palatal rugae images. Images of subject LW P ERRERE RN R SR
palatal rugae were randomly selected, and image feat
extraction and magnification (Fig. 2) and edge detection (Fi
3) were performed by one surgeon who worked in departme
of common surgery, three oral physicians, and or
radiologist. The processed data of the palatal rugae we
matched with those saved in the database. A “positive m: |8
ch” is displayed by the digital image recognition systen; |
which indicates that the person in question has been fou
in the database, and identity information of the person w A (AR ] GRS
be displayed; a new match will be started when the fir (&= [B: ULHER S LhA4XXX
identical authentication is unsuccessful, and “no match” lfig 4 Matchmg of palatal rugae images.
displayed when the processed data are not identical to the
information of any identity throughout the database (Figs. 4
and 5).

th PG E R R 22 SR 7] St

Results recording. Information matching results an
the time taken by each operator for information matchir |
were recorded. ‘

*’LﬁIT_EEE
[

Fig. 5. Non-matching information of palatal rugae images.

Fig. 1. Palatal rugae images.

Lh 7 BERR IS SR A R ST
RESULTS

Digital image recognition system assisted in
information matching of the palatal rugae. Three oral
physicians had a 100 % correction rate in information
matching. Two other operators failed in one or two cases

R (Fig. 6). The time taken by oral physicians for information
[ mE ] match was shorter than that taken by the other two operators
Fig. 2. Image feature extraction and magnification. (Fig. 7).
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100 100 100 99 98 forensic stomatologia, individual identification is a changeling

100 - task. Palatal rugae morphology for forensic individual
identification can be considered when individual identification
by fingerprints or teeth is hardly performed (Englshal,

. 1988; Rath & Reginald, 2014; Misheaal, 2014).
The local (detailed) features of the palatal rugae are
applicable to safety authentication system, for example, in-
dividual identity. In this study, we extracted the features of

the palatal rugae from the perspectives of dot, circle and
line. In the preliminary experiments, we created moulage

systems made of silicone rubber and then prepared into
anhydrite models of the palatal rugae. But most of anhydrite

models of the palatal rugae have problems such as gas
bubbles and line breakage because of different human
organism environments, pressures, moulage material

Fig. 6. Matching achievement ratio of palatal rugae |magecsateg0ries, and gypsum power/water proportions. Thus, the
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Matching achievement

operators

information. . . . . .
acquired thinning binary images always contain a large
85 number of feature artifacts, which greatly influence the
80 - 75 matching speed and accuracy rate of the palatal rugae in
70 . . T : .
e identical authentication. Therefore, we took high-resolution
g 60 - 55 60 images of the palatal rugae using a high-resolution camera
9 under special conditions using the same parameters at the
E 40 - designated position to better extract features. According to
s matching results, the digital image recognition system can
E help to acquire good identification, three oral physicians
9 20 7 . 0 .
< acquired a 100 % correction rate, and the other two operators
= 0 - failed in match in one or two cases. This occurs possibly
v Q e B § because of limited data of palatal rugae morphology either
& s S % @ in database or processed.
& > & So
O o S S N
& 2l & N >
§ $ $ ,5? In the present study, we performed a series of processes
°§ ée? é‘? on the digital images of the palatal rugae, including

information acquisition, feature extraction and edge detection.
The processed information was recorded in a database and
matched with the original data in the database. Edge detection
is performed to locate the edge accurately and reduce noise.
The quality of palatal rugae images influences forensic
DISCUSSION identification. The local (detailed) features of the palatal rugae
are labeled by feature extraction and edge detection and
matched with the information from the database, and a
Palatal rugae, also called plicae palatinae transversaggcessful match would be displayed if identical information
can be protected from trauma and high temperatures by lipthe palatal rugae exists in the database. The digital image
cheek, tongue, buccal pad, teeth and bone, and exhibitreeognition system had a faster speed in information matching
age-related changes (Rajral, 2013; Pretty, 2007; Verma of the palatal rugae and oral physicians took less time. Oral
et al, 2014; Sharmat al, 2009. The morphology of the physicians took less time taken for information matching
palatal rugae is a genetic gene-mediated individual-specifiecause of their professional knowledge and collaboration
feature that is unchanged throughout a lifetime. The palaggross different professional teams.
rugae are unique and stable landmarks that contribute to
forensic identification (Shettgt al, 2013; Acharyaet al, Unique palatal rugae morphology has become a no-
2011; Byatnakt al, 2014). Palatal rugae morphology-basedatel marker for forensic identification. Digital images of the
forensic identification is performed according to the amounpalatal rugae morphology contribute to more rapid and
position and distribution of the palatal rugae. In the field ciccurate forensic identical authentication.
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Fig. 7. Matching time of palatal rugae images information.



WU, X. P.; HAN, J. N.; FEN, P.; WANG, Y. J. & BING, L. Application of palatal rugae morphology in forensic identification.J. Morphol., 34(2510-513, 2016.

WU, X. P.; HAN, J. N.; FEN, P.; WANG, Y. J. & BING, L. Aplicacién de la morfologia de las rugas palatinas en la identificacion fohetnge.
Morphol., 34(2)510-513, 2016.

RESUMEN: El objetivo fue investigar la viabilidad de la aplicaciéon de imagenes digitales de rugas palatinas para la identificesg6n fore

Se incluyeron 100 pacientes, 50 hombres y 50 mujeres, que recibieron tratamiento entre enero de 2015 y junio de 201akDddhtokmico
de la Universidad Médica de Shanxi, China. Se tomaron imagenes digitales de alta resolucion de las rugas palatinaset¢ecaiilzpado una
camara réflex digital y luego se procesaron mediante un sistema de reconocimiento de imagen digital, incluyendo rednaadmagosa del
contraste, segmentacion de imagenes, extraccion de caracteristicas, deteccion de margenes y coincidencia de la infolanéeiéipidgama
MATLAB se registraron los resultados y el tiempo de cada operador para obtener informacion coincidente, ademas sestatitiacdel @cono-
cimiento de imagenes digitales para hacer coincidirlas con la informacion de las rugas palatinas. Tres odontdlogos infotasarde aorreccion
del 100 % al realizar cruces de informacion. Otros dos operadores fracasaron en uno o dos casos. El tiempo asignadudlogtsspada la
coincidencia de la informacion fue menor al de los otros operadores. La morfologia especializada de las rugas palatimesrsdchgradual-
mente en un nuevo marcador para la identificacion forense. Las imagenes digitales de la morfologia de las rugas pakatysasacant rapida
y precisa identificacion forense.

PALABRAS CLAVE: Antropologia forense; Estomatologia forense; Rugas palatinas; Identificacion.
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