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Abstract

Palatal rugae patterns can have a significant role in forensic identification when it is difficult to use the normal identification
methods. This study aimed to identify the morphological patterns of palatal rugae in a sample of Sudanese dental students
attending the University of Science and Technology — Omdurman — Sudan. Maxillary impression models obtained from 100
subjects (50 males and 50 females). The data were assessed based on the Thomas and Kotze classification (1983). Results
showed that the prevalence of the palatal rugae numbers was significantly more in females than in males. On the right side of
the palate, the straight type of rugae was significantly predominant in females than in males whilst the wavy shape was more
in males than in females. On the left side of the palate, the curved type of rugae was significantly more presented in males
than in females whilst the diverging unification type was more in females than in males. The predominant rugae shapes in both
males and females wete straight, wavy and least was the circular. This study showed individuality of palatal rugae that can be
used in forensic identification, and possibly distinction between males and females.
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the right and the left side of the palate were compared. Indera et

al showed each individual had a different rugal pattern regarding
its number or distribution [6].

Introduction

One of the most challenging processes in forensic science is fo-
rensic identification of the deceased [1]. Forensic identification
The aim of this study was to identify the different morphological
rugal patterns in a sample of adult males and females of Sudanese

has a major role socially and legally regarding the rights of the
dead persons and their families [2]. Palatal rugae, also called pli-
ace platinus transverse or rugae platinus, are ridges resulted from origin for identification purposes.
symmetrical and irregular mucosal folds of tissue made from the

Materials and Methods

lateral membrane of the incisive papilla, and located in the alveo-
lar third of the palate [3]. Palatal rugae might be regarded as an al-

ternative comparative method for identification. The importance
of palatal rugae in forensic identification had been shown due to
their morphological stability during life. Studies have showed that
palatal rugae were an alternative method of forensic identification
when the routine methods failed [3, 4|. Moreover, palatal rugae
pattern or shape remained stable and saved by the lips, the buccal
pad of fat and the teeth which protect them during the challeng-
ing situations of mass disasters and incinerations [5].

The rugae were not symmetrical in number or distribution when

*Corresponding Author:
Dr. Khalid Khalid,

Forensic Dentistry Department, University of Science and Technology, Omdurman, Sudan.

Tel: 00249 9123 88 0 72
E-mail: drkhalidonline@yahoo.com

Received: June 03, 2016
Accepted: June 23, 2016
Published: July 05, 2016

This was a cross-sectional study conducted among the students
of the faculty of dentistry, University of Science and Technology
in Sudan. A total of 100 participants, 50 males and 50 females of
age groups 21 — 23 year with mean age 21.66 + 0.61 year were
selected for the study. Participants with history of extraction, or-
thodontic treatment, congenital malformation or defects of the
palate or with previous orthoganthic surgery were excluded from
the study. Participants signed an informed consent prior to im-
pression taking. The mouth of the participant was rinsed with
chlorohexidine (0.12 %) mouth wash then an alginate impression
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of the upper jaw of the patient was taken, and then casted by
dental stone (type 1V). The rugae pattern was analyzed using the
Thomas and Kotze classification (1983). Of all the other palatine
rugae classifications, it was the easiest, most practical and stand-
ardize [13]. The Thomas and Kotze classification categorized the
rugae according to their length into primary (more than 5 mm),
secondary (3 — 5 mm) and fragmentary (2 — 3 mm). Rugae less
than 2 mm were disregarded. The prevalence of rugae was meas-
ured by counting them per palate. Thomas and Kotze classified
the rugae into six major types according to their shape which in-
cluded straight, curved, wavy, circular, diverging unification and
converging unification (Figure 1, Figure 2). The rugal shape that
did not match with the Thomas and Kotze classification were re-
corded as unspecified. The Independent-~Test was used to assess
the significant difference of the total number of each type of
palatal rugae between males and females. Descriptive statistical
analysis was applied using SPSS to obtain the means, standard
deviations, from the data of each category.

This research was approved by the Research and Ethics Com-
mittee of the University of the Western Cape, South Africa and
the Research and Ethics Committee of the Faculty of Dentistry
— University of Science and Technology — Sudan.

http://scidoc.org/IJDOS.php

Results

The mean of the rugae total number was 10.27 for a participant.
The total number of the primary type of palatal rugae had the
largest mean (9.15) comparing with the secondary (1.07) and frag-
mentary (0.05) ones. (Table 1)

Statistical analysis showed significant difference in the number
of palatal rugae between Sudanese males and females. The to-
tal number of the palatal rugae in females was significantly more
than in males. Similatly, the total number of the palatal rugae in
the right side of the palate was statistically significant in females
more than males. (Table 2)

The total number of primary rugae in females was significantly
more common than in males. The primary palatal rugae were the
most common in males and females, followed by secondary ru-
gae, then fragmentary rugae. (Table 3)

The total number of straight rugae on the right side of the palate
was significantly more common in females than in males whilst
the wavy shape was significantly more common in males than in

females. (Table 4)

Figure 1. The rugal patterns outlined in pencil showing different types of palatal rugae shapes (A): (1) diverging (2) curved
(3) straight (4) wavy.
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Figure 2. The rugal patterns outlined in pencil showing different types of palatal rugae shapes (B): (1) converging (2)
circular.
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Table 1. Descriptive analysis of the total number of rugae.

N Mean | SD

Prevalence 100 10.27 | 1.74
Primary 100 9.15 | 1.35
Secondary 100 1.07 [ 1.25
Fragmentary | 100 0.05 |0.22
Straight 100 3.01 | 202
Circular 100 0.16 | 0.39
Curved 100 217 | 1.66
Wavy 100 2.84 | 1.66
Diverging 100 145 | 1.22
Converging | 100 0.53 [ 0.76
Unspecified | 100 0.11 | 0.39

Table 2. Distribution of palatal rugae numbers in males and females.

Gender | N [ Rugae number | Mean | SD | P-value
] Male | 50 238 476 | 0.8 X
Prevalence (Right) 0.017
Female | 50 262 524 | 1.15
Male | 50 256 512 | 1.32
Prevalence (Left) 0.254
Female | 50 271 542 | 132
Male | 50 494 9.88 [ 1.29 .
Prevalence (Total) 0.024
Female | 50 533 10.66 | 1.81
"P-value is significant
Table 3. Distribution of rugae length in males and females.
Gender | N | Rugae number | Mean | SD | P-value
Primary Male | 50 442 8.84 | 1.23| 0.021
Female | 50 473 9.46 1.4
Secondary Male | 50 48 096 | 121 0.384
Female | 50 59 1.18 1.3
Fragmentary | Male [ 50 3 0.06 |024| 0.65
Female | 50 2 0.04 |0.19

"P-value is significant

On the left side of the palate, the curved shape of rugae showed
statistical significance between the total number and gender. It
was more prevalent in males than females. The total number of
diverging unification shape of rugae were significantly more in
females than in males on the left side of the palate. (Table 5)

The distribution of number of rugae shapes in both males and
females were seen as straight, wavy, curved, diverging unification,
converging unification, circular, and the unspecified respectively.
The total number of straight rugae was significantly more com-
mon in females than in males, as well as circular rugae and diverg-
ing rugae. Converging rugae were common in females than in
males while the curved rugae were more common in males than
in females. (Table 6)

Discussion

In this study there were 11 individuals who showed rugae did

not comply with the Thomas and Kotze classification; thus were
recorded as unspecified. They did not appear in the Thomas and
Kotze classification or any other published classification. These
kinds of rugae should be investigated and classified if possible. It
can be suggested that the Thomas and Kotze classification (1983)
is applicable to the population sample of Sudanese origin.

The mean total number of the palatal rugae in this study was
statistically significant and found to be greater in females than in
males. This was consistent with the Nigerian and Indians studies
[7-9]. In contrast, these findings were not similar to Jordanian and
Japanese studies [10, 11].

Moreover, the total number of primary rugae in females in this
study was significant greater in females than in males. These re-
sults agreed with Gondivkar et al., who found similar results in
their western Indian population sample [12]. The length of rugae
may suggested to be consider in gender differentiation in Suda-
nese samples.
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Table 4. Distribution of different rugae shapes on the right side of the palate in males and females.

Gender | N | Rugae number | Mean | SD | P-value
] Male | 50 58 1.16 | 0.95 X
Straight 0.012
Female | 50 87 1.74 | 1.29
Male |50 0.06 | 0.24
Circular 0.186
Female | 50 0.14 | 0.35
Male |50 46 0.92 | 1.05
Curved 0.774
Female | 50 49 0.98 | 1.04
Male |50 90 1.8 [ 1.14 .
Wavy 0.003
Female | 50 56 1.12 | 1.06
) ) ) ) Male |50 29 0.58 | 0.7
Diverging unification 0.068
Female | 50 43 0.86 | 0.81
. . . Male |50 12 0.24 | 048
Converging unification 0.234
Female | 50 18 0.36 | 0.52
) Male | 50 0 0
Unspecified 0.156
Female | 50 0.04 | 0.19

"P-value is significant

Table 5. Distribution of different rugae shapes on the left side of the palate in males and females.

Gender | N | Rugae number | Mean | SD | P-value
. Male 50 68 1.36 | 1.19
Straight 0.146
Female | 50 88 1.76 1.52
Male 50 1 0.02 | 0.14
Circular 0.095
Female | 50 5 0.1 0.3
Male 50 77 1.54 | 1.18
Curved 0.004"
Female | 50 45 0.9 0.99
Male 50 69 1.38 | 1.12
Wavy 1
Female | 50 69 1.38 0.9
. . . . Male 50 27 0.54 | 0.58 .
Diverging unification 0.008
Female | 50 46 0.92 0.8
. . . Male 50 0.16 | 0.37
Converging unification 0.136
Female | 50 15 0.3 0.54
. Male 50 0.12 | 0.48
Unspecified 0.432
Female | 50 0.06 | 0.24

"P-value is significant

This study revealed that the most common types of rugae in both
males and females were the straight pattern followed by the wavy
and then the curved pattern. These results comparing to other
studies based on the Thomas and Kotze classification showed
some variations. It differed from Australian Aborigines and Cau-
casians, Rwandan, Saudi and Jordanian in all of whom the wavy
shape was the most prevalent in males and females [11, 14-106].

A review of articles based on the Thomas and Kotze classifica-
tion that were undertaken in the Indian subcontinent in the pe-
riod between 2007 — 2013 showed that the wavy shape was the
more common type of rugae in both males and females [5, 7, 9,
13, 17-24]. Considering these results, if we compare a group of
dental casts of people from India with others from Sudan, we
should regard the predominant rugal shapes in each cast. Further

studies on this issue could help in improving forensic identifica-
tion based on rugae shapes.

On the right side of the palate, the total number of straight rugae
was more common in females than in males, whilst the wavy shape
was significantly more common in males than females. These ob-
servations did not agree with the Rwandan sample that showed
that the right side of the palate had a greater number of straight
rugae in males than in females [16]. While on the left side of the
palate, the curved shape of rugae were more prevalent in males
than in females which conflicted with the Rwandan study in which
the straight shape was more common in males than females [10].
Although the anatomy of the human body is always regarded to
be symmetrical, the human palate is not. The right and the left
side of the palate may have the same size but the rugae preva-
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Table 6. Distribution of different rugae shapes in males and females.

Gender | N | Rugae number | Mean | SD | P-value
Male 50 126 2.52 1.7 N
Straight 0.014
Female | 50 175 3.5 2.19
Male 50 4 0.27 0.27
Circular 0.043"
Female | 50 12 0.48 0.48
Male 50 123 2.46 1.68
Curved 0.08
Female | 50 94 1.88 1.59
Male 50 159 3.18 1.77 .
Wavy 0.04
Female | 50 125 2.5 1.49
. . . . Male 50 56 1.12 1.06 N
Diverging unification 0.006
Female | 50 89 1.78 1.29
Male 50 20 0.4 0.7
Converging unification 0.086
Female | 50 33 0.66 0.79
. Male 50 6 0.12 0.48
Unspecified 0.804
Female | 50 5 0.1 0.3

"P-value is significant

lence, rugae length and rugae shapes are different. This may be
an assisted tool for identification by using the sides of the pal-
ate to distinguish between males and females from the same area
or nationality. Showing a significant difference in the males and
females with regard to the number, shape and length of palatal
rugae might follow some studies which reported sex dimorphism
[12, 14, 18, 22, 24]. This study showed individuality and unique-
ness of the palatal rugae which were similar to some previous
studies [3, 14, 25|. There were no identical patterns or even bi-
lateral symmetry between the two sides of the palate noticed in
any of the plaster casts. This valuable characteristic of the palatal
rugae can be used as an aid in forensic identification.

Conclusion

This Sudanese study had shown statistically significant differences
between males and females in the number of rugae, length of ru-
gae and shapes of rugae. Hence, the individuality and uniqueness
of palatal rugae can be used as a tool for forensic dental identifi-
cation, and possibly distinction between males and females. The
Thomas and Kotze classification was suggested to be applicable
for Sudanese population.
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