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Abstract gl

Palatal rugoscopy is the use of palatal rugae for identifi-
cation of unknown persons. The majority of the population in
Egypt consists of native Egyptian people. However, some Ma-
laysian people live in Alexandria city of Egypt for the purpose
of education. So, in case of mass disaster, there is a critical
need for a reliable and easy method to differentiate between
Malaysians and Egyptians. This study aimed to determine the
palatal rugae patterns in two diverse populations; Egyptians
and Malaysians and its relation to sex and population differ-
ence.

Eighty students of Alexandria Faculty of Dentistry; forty
Egyptians (20 females and 20 males) and forty Malaysians (20
males and 20 females). The age ranged 18-30 years. Impres-
sions were taken with alginate (irreversible hydrocolloid im-
pression material). Thomas and Kotze classification was used
to assess palatal rugae regarding their length, shape, direction
and unification. Data were introduced to the computer and pro-
cessed using IBM SPSS software version 20.0.

Qualitative data were defined using number and percent.
The Kolmogorov-Smirnov test was applied to attest the nor-
mality of distribution. Significance of the obtained results was
judged at the 5% level. Significant difference was noted be-
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tween Malaysian males and females according to total number
of rugae on both sides (t= 2.210 and p= 0.033). Malaysians
had significantly higher total rugae number on both sides than
Egyptians. Curved shape was the predominant shape in the
total sample in the four studied groups (42.9%, 36.3%, 46.8%
and 44.1%). Significant difference was detected between
Egyptians and Malaysians according to the predominant pal-
atal rugae direction on both left and right sides (x2 = 6.293
and p=0.043) (x2 =6.620 and p=0.037) respectively.

Egyptian females had significantly higher percentage
of absent unification than Egyptian males. Binary logistic
regression models for sex and ethnicity identification were
built up.
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1. Introduction

Identification of unidentified individuals is of ut-
most importance in forensic field. It is a requirement
for death documentation and for legal, personal and
social causes. Fingerprints, DNA comparisons and
dental records are the most common methods ap-
plied that allow rapid and protected identification [1].

However, using fingerprints in identification
may have some limitations that may occur when
the hands are burnt or damaged. Sometimes, the
use of a less known and uncommon methods of
identification, like palatoscopy, is required [2].

Palatal rugoscopy or palatoscopy can be de-
fined as the study of palatal rugae in identification
of unknown persons. They are asymmetric, irreg-
ular folds of mucosa covering the anterior third of
the palate, on the side from the incisive papilla and
the anterior portion of the median palatal raphe,
that is immediately behind the central maxillary in-
cisor teeth [2,3].

Palatal rugae are distinctive to every person and
stay unchanged throughout life. Moreover, being
protected in the oral cavity by the cheeks, tongue,
and teeth, palatal rugae are much less affected by
burns, physical trauma, and other external factors.
Thus the individuality, its resistance to postmortem
changes, general stability, as well as low utilization
charge makes palatal rugae a perfect forensic tool
to be used in identification [4,5].
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The majority of the population in Egypt consists
of Egyptian people. On the year 2006, the Su-
preme Council of Universities and the Ministry of
Higher Education approved the Bachelor of Dental
Sciences/Credit Hour System Program, which ac-
cepted international students from Malaysia main-
ly and many other countries. In 2020, about one
thousands of Malaysian student’s study at Faculty
of Dentistry and Faculty of Medicine, Alexandria
University. This mandates to propose a reliable
and easy method to differentiate between Malay-
sians and Egyptians.

Although the pattern of palatal rugae has been
studied in various populations around the world,
this study has not been performed in Alexandria.
As a result, considering the high number of Ma-
laysians living in Alexandria, there was a need to
recognize differences in rugae patterns among the
two different population groups, Egyptians and
Malaysians.

The current study aimed to study the pattern
and number of palatal rugae in two distinct popu-
lations namely, Egyptians and Malaysians and its
relation to sex and ethnicity difference.

2. Materials and Methods

2.1 Subjects
The present study was performed on eighty vol-
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unteered students of Faculty of Dentistry, Alexan-
dria University. They were divided into two groups
depending on race; forty Egyptians (20 males and
20 females) and forty Malaysians (20 males and
20 females). The age of study participants ranged
from 18-30 years.

Informed consents were obtained from all
study participants and ethical approval was ob-
tained from The Ethics Committee of Alexandria
Faculty of Medicine (IRB No: 00012098, FWA No:
00018699) before starting the research.

Subjects wearing partial dentures or braces,
those with anomalies of lips and palate, and per-
sons having history of orthodontic treatment were
excluded from the present work. Moreover, dam-
aged casts and casts with air bubbles or holes
were also excluded.

2.2 Materials

The materials used in this research were; irre-
versible hydrocolloid impression material (Cavex
Imperssional, Cavex Holland BV, The Nether-
lands), dental stone, sharp 2b pencil, magnifying
lens and a digital Vernier caliper.

2.3 Methods

Each study participant was examined clinical-
ly, to screen for exclusion criteria, and appropriate
maxillary impression tray was selected. Impres-
sions were taken with alginate (irreversible hydro-
colloid impression material) and cast was attained
by pouring with dental stone. All casts obtained
from study participants were numbered according-
ly belonging to individual states, age, and sex.

The rugae were outlined using a 2b sharp pencil
and observed using a magnifying lens. They were re-
corded on both right and left sides of the mid-palatine
raphe. Both authors of the study examined all the

casts and then the obtained results were adjusted.

For all the study models, the total number of
rugae on both sides was counted. Then the whole
number of rugae and the number on the right and
left sides was recorded separately.

Thomas and Kotze classification was used to
assess palatal rugae regarding their length, shape,
direction and unification [6]. All the parameters
were assessed by the two researchers who con-
tributed in this work independently.

Regarding the shape of the rugae, it was cir-
cular, linear, wavy or curved (Figure-1). Moreover,
the direction of the palatal rugae was assessed.
An imaginary line was drawn perpendicular to the
mid- palatine raphe. Then the angle between this
imaginary line and a line connecting the beginning
and termination of the ruga was measured. The ru-
gae were; forward (positive angle), straight (zero

O ' 4

) P
e -

circular

Figure 1- Classification of palatal rugae according to
their shape [7].

i

Figure 2- Classification of palatal rugae according to
their direction [7].

ASFSFM 2021; Volume 3 Issue (1)




Study of Palatal Rugae Patterns and their Use in Sex and Ethnicity Identification in a Sample of Adult Egyptians and Malaysians SR}

angle) or backward (negative angle) (Figure-2).

The length of every ruga was estimated by
measuring its largest length irrespective of its
shape by using a digital caliper. Palatal rugae were
classified, depending on their length, into primary
(more than 5 mm) and secondary (from 3 to 5 mm).
Those shorter than 3 mm were neglected.

Lastly, palatal rugae were classified according
to their unification into diverging (having the same
origin by the mid- palatine raphe and then they
branched) or converging (having different origins
by the mid- palatine raphe and then they united)
(Figure-3).

Figure 3- Classification of palatal rugae according to
unification [7].

2.4 Statistical Analysis of the Data [8]

Data were introduced to the computer and pro-
cessed using IBM SPSS software version 20.0.
(Armonk, NY: IBM Corp). Qualitative data were
defined using number and percent. The Kolmog-
orov-Smirnov test was applied to test the normality
of distribution. Quantitative data were designated
using, mean, standard deviation. Significance of
the obtained results was judged at the 5% level.

Chi-square test was used for categorical vari-
ables, to relate between various groups, Student
t-test was applied for quantitative variables that
were normally distributed, to relate between two
studied groups. Moreover, Receiver operating char-
acteristic curve (ROC) was made by plotting sensi-
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tivity (TP) on Y axis versus 1-specificity (FP) on X
axis at various cut-off values. The area under the
ROC curve indicates the diagnostic performance
of the test. Area more than 50% offers adequate
performance and area about 100% is the greatest
performance for the test. The ROC curve permits
also a judgment of performance between two tests.
Binary logistic regression was used to detect sex in
the studied Egyptian and Malaysian sample.

3. Results

3.1 Number of rugae (Table-1)

In the current study, non-significant difference
was noted between the mean of the total number
of palatal rugae, number of rugae on the right side
and number on the left side among Egyptian males
and females (t=0.368 and p=0.715), (t=1.00 and
p=0.324) and (1=0.658 and p=0.515) respectively.

On the other hand, significant difference was
noted between Malasyian males and females ac-
cording to total number of rugae on both sides
where t= 2.210 and p= 0.033. However, non-signif-
icant difference was observed between Malasyian
males and females according to number of rugae
on the right and left side (t=1.675 and p=0.102) and
(t=1.674 and p=0.104).

At the same time, Malasyian males had sig-
nificantly higher total number, number on the right
side and number on the left side of palatal rugae
than Egyptian males, where (t=2.717 and p=0.010),
(t=2.719 and p=0.010) and (i=2.082 and p=0.044)
respectively. On the contrary, non-significant differ-
ence was noticed between Egyptian and Malasy-
ian females according to the total number of rugae,
number on the right side and number on the left side
(t=0.248 and p=0.806), (t=0.000 and p=1.000) and
(t=0.325 and p=0.747) respectively.

Regarding the relation between the two racial
groups, Malaysians had significantly higher total




W +ssenetal |

Table 1- Comparison between Egyptian and Malasyian males and females according to number of rugae (n=80).

Number of rugae Egyptian Malaysian
Male Female Total Male Female Total
Total number 14+73 1.2+7.5 1.3+74 1.6 £8.6 14+7.6 1.6 £8.1
t(p,) (0.715) 0.368 ("0.033) 2.210
t(p,) ("0.010) "2.717 (0.806) 0.248 2.185
(70.032)
Right side 0.8+3.7 1.1+4.0 09+39 1.1+£4.6 0.9+4.0 1.1+43
t(p,) (0.324) 1.000 (0.102) 1.675
t(p,) ("0.010)2.719 (1.000) 0.000 1.888
(0.063)
Left side 0.7+3.6 0.8+3.5 0.7+3.5 0.7+4.1 1.1+3.6 1.0+3.8
t(p,) (0.515) 0.658 (0.104) 1.674
t(p,) ("0.044)2.082 (0.747) 0.325 1.447
(0.152)

t: Student t-test; p,: p value for comparing between Male and Female in each country; p,: p value for comparing between
Egyptian and Malaysia in each sex; *: Statistically significant at p < 0.05

Figure 4- Example of the casts used in the study; a: Egyptian, b: Malaysian.

number of palatal rugae on both sides than Egyp-
tians, where t=2.185 and p=0.032.
3.2 Predominant shape (Table-2)

Curved shape was the predominant shape in
the total sample (among the four studied groups
on both right and left sides) (42.9%, 36.3%, 46.8%

ASFSFM 2021; Volume 3 Issue (1)
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Figure 4- Example of the casts used in the study, a: Egyptian, b: Malaysian.

and 44.1%). The linear shape and the wavy shape
were the second predominant shapes in the total
Egyptian sample, on the right and the left sides,
respectively.

Regarding the Malaysian sample, the second
predominant shape was the wavy shape on both
right and left sides (33.9% and 33.6%) respectively.
Non-significant difference was observed between
all the studied groups regarding the predominant
shapes of palatal rugae.

3.3 Predominant direction (Table-3)

The present study demonstrated that the pre-
dominant direction in the total sample was the for-
ward direction, followed by straight then backward
direction. Egyptians had more forwardly directed
rugae than Malaysians. Significant difference was
detected between Egyptians and Malaysians ac-
cording to the predominant direction of palatal ru-
gae on both right and left sides, where (x?= 6.293

ASFSFM 2021; Volume 3 Issue (1)

and p=0.043) (x?=6.620 and p=0.037) respectively.
On the other hand, non- significant difference was
noted between males and females in both popula-
tions according to direction of palatal rugae.

3.4 Length of palatal rugae (Table-4)

The present study revealed that the majority
of palatal rugae were primary (more than 5mm in
length) in the total sample (in both Egyptian and
Malaysian males and females and on both sides)
with percentages of 95.5% and 94.2% in Egyp-
tian and Malaysian samples on the right side re-
spectively. At the same time, primary rugae were
predominant on the left side with percentages of
96.5% and 96.7% in Egyptian and Malaysian sam-
ples respectively.

Significant differences were noted between
Egyptian males and females and between Malay-
sian males and females according to length where
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(x3=7.598 p=0.011) and (x2=4.707 and p=0.031)
respectively. At the same time, significant differ-

ence was observed between Egyptian and Malay-
sian females according to the length of rugae (x?=
9.817 and p=0.005).

3.5 Unification of rugae (Table-5)

The present study demonstrated that 87.7%
and 88.3% of palatal rugae, in the Egyptian and
Malaysian samples, lacked unification on the right
side, whether divergent or convergent. Moreover,
85.1% and 89.5% of palatal rugae on the left side
of the Egyptian and Malaysian samples had no
unifications.

Furthermore, 11.0% and 12.1%, on the right and
left sides respectively, of the Egyptian sample was
divergent and only 1.3% and 2.8% of them were
convergent, on right and left sides, respectively.
While in the Malaysian sample, 9.4% and 9.2% of
the rugae were divergent on the right and left sides
and 2.3% and 1.3% of them were convergent on
the right and left sides, respectively.

Regarding sexual difference, Egyptian females had
significantly higher percentage of absent unification
than Egyptian males with (x?= 5.878 and p=0.040).

3.6 Regression equations for the prediction of
sex and ethnicity

Table-6 shows sex determination using binary
logistic regression equations, from palatal rugae
pattern, using the total number of rugae and the
unification of the right rugae in both Egyptian and
Malaysian samples. For the Egyptian group, the
equation accuracy was 67.5%. While in the sam-
ple of Malaysian population, the equation accuracy
was of 65%.

On the other hand, binary logistic regression
equations were applied for identification of ethnici-

ASFSFM 2021; Volume 3 Issue (1)

ty to each sex separately, using the total number of
rugae in males and the length of the right rugae in
females. The accuracy of the equation was found
to be 65.0% for the sample of males. Regarding
the female group, the equation accuracy for identi-
fication of ethnicity was 54.4% (Table-7).

4. Discussion

Identification of unknown individuals could be
a challenging task in forensic field. Dental identifi-
cation, fingerprints and DNA are the most common
techniques used for rapid and confident identifica-
tion. However, when these methods cannot be used
either due to financial or methodological limitations;
casesof mass disasters with complete body dam-
age, no dental records for comparison, fire with
charred bodies or severe decomposition, applica-
tion of simple technique as palatal rugoscopy is ef-
fective and can be applied [3].

Palatal rugae are the folds found on the anterior
one third of the palatal mucosa behind the incisive
papilla on both sides of the median palatal raphae.
They are unique, and not the same even in cas-
es of twins. They are also consistent in shape all
through life following ending of growth in childhood
period [9,10].

The site of palatal rugae in the mouth, makes
them protected by lips, cheeks, tongue, teeth, and
bone from trauma and burn when the fingerprints
are lost. They can also resist putrefaction for a pe-
riod of up to 7 days [11,12].

Moreover, palatal rugae remain unchanged in
morphology and number except in cases of damage
of a tooth, continuous sucking of finger, persistent
pressure, orthodontic movement of a tooth that may
alter teeth orientation. At the same time, palatal ru-
gae can resist postmortem changes, they are unique
for every individual, generally stable. In addition,
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Study of Palatal Rugae Patterns and their Use in Sex and Ethnicity Identification in a Sample of Adult Egyptians and Malaysians [l

Table 6- Binary logistic regression equations predicting sex in the Egyptian and Malaysian sample.

67.5%

Cl of OR 95% Accuracy

0.68-1.94
0.063-0.80

OR
1.153

Cut - off
value
0.58<
0.225

p
"0.021

AUC
0.713

Equation
+ (X=-0.378 + (Total no. of rugae x 0.143
(Unification of right rugae x -1.490)

Sample
Egyptian
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0.35-1.003

0.594

4.128 + (Total no. of rugae x -0.521

+ (X=

65.0%

0.058 0.491<

0.675

Malaysian

0.39-3.132

1.117

(Unification of right rugae x 0.111)

=female

> cut-off

AUC: Area Under the Curve; OR: Odds ratio; SEE: Standard Error Estimates; *: Statistically significant at p < 0.05

their forensic application has low charges making it
an ideal means for forensic identification [13,14].

The objective of the current work was to study
the pattern of palatal rugae among a sample of
Egyptians and Malaysians and its ability to identify
sex and ethnicity.

Simple materials were used in the present re-
search in order to analyze the rugae, this is to be
easily applicable in any laboratory with low cost
and less time frame. This was in accordance to
Shetty et al., (2013) [15].

At the same time, subjects wearing partial den-
tures or braces, those with palate and lips anoma-
lies, and those having history of orthodontic treat-
ment were excluded from the present work. This
was done to avoid possible changes that may hap-
pen in the pattern of palatal rugae. In their study,
Shetty et al., (2013) [15] concluded that the palatal
rugae may be altered because of many reasons,
like using complete dentures, trauma resulting
from dental procedures, cleft palate, fibrous tissue
and calluses.

Furthermore, the present study used Thomas
and Kotze classification [6], to analyze palatal ru-
gae regarding their length, number, shape, unifica-
tion and direction. This classification was chosen
as it is less time consuming and easily applied. It
was in accordance with Saxena et al., (2015) [16],
Mushannavar et al., (2015) [17]. In their study, Pra-
manik et al., (2019) [18] stated that it is the most
easy, practical and consistent technique.

In the current research, all the parameters were
assessed by the two researchers contributed in
this work independently to avoid intrapersonal and
interpersonal bias.

Regarding the age of study participants, in the
current study, it was not less than 18 years. This
was to avoid the changes that occur in the length
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and number of palatal rugae during childhood pe-
riod. This coincided with Selvamani et al., (2015),
Hemanth et al., (2010) [19,20].

In the current study, non-significant difference
was noted between Egyptian males and females
according to the total number, number on the right
side and number on the left side of palatal rugae.
On the other hand, Malaysian males showed signif-
icant increase in the total number of rugae on both
sides than Malaysian females. However, non-signif-
icant difference was observed between Malaysian
males and females according to number of rugae
on the right and left side. This was in contrary to
Shetty et al., (2013) [15] who found that females
had slightly higher number of rugae compared with
that in males. This may be attributed to different
populations studied. In their study, Pramanik et al.,
(2019) [18] found that the number of rugae on the
right side was significantly greater in females than
in males, while the difference in the number of ru-
gae on the left side was not significant. Regarding
the total number of rugae, there was no statistical-
ly significant difference between male and female
samples.
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Malaysian

Concerning the relation between the two racial
groups in the present work regarding number of
palatal rugae, Malaysians had significantly higher
total number, number on the right side and num-
ber on the left side of palatal rugae on both sides
than Egyptians. This was contrary to Paliwal et
al., (2010) [21] and Shetty et al., (2005) [22], who
showed no significant difference between the stud-
ied populations, according to number of palatal
rugae, in their studies. However, in a study con-
ducted in India, Hosmanii et al., (2018) [23] noted
greater total number of rugae in Indian population
compared to Tibetan population.

Moreover, in the present work, curved rugae
shape was the predominant shape in the total
sample. The linear and the wavy shapes were the
second predominant shape in the total Egyptian
sample, on the right side and the left side respec-
tively. Regarding the Malaysian sample, the sec-
ond predominant shape was the wavy shape on
both sides. Non-significant difference was noted
between all the studied groups regarding the pre-
dominant shapes of palatal rugae. This result may
be attributed to small sample size.
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Table 7- Binary logistic regression equations predicting ethnicity in male and female.
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Malaysian

AUC: Area Under the Curve; OR: Odds ratio; SEE: Standard Error Estimates; *: Statistically significant at p < 0.05 > cut-off

This result coincided with Sivakumar et al.,
(2015) [7] and Pramanik et al., (2019) [18]. How-
ever, it was in contrast to Paliwal et al. (2010) [21],
Swetha et al., (2015) [24] where the wavy shape
was the predominant one, and while the straight
pattern was the most commonly observed among
Madhya Pradesh population. At the same time,
Hosmanii et al., (2018) [23] found that the predom-
inant rugae were straight and wavy in Indians and
curved in Tibetans. On the other hand, Srikala et
al., [25] found that wavy rugae shape was the pre-
dominant one in both male group and female group
followed by straight, curved and circular rugae.

Furthermore, the present work presented
non-significant difference between all the partici-
pated groups regarding the predominant shapes of
palatal rugae. This result was in contrary to Shetty
et al., (2013) [15] who found that diverging pattern
was more common in females than males. More-
over, Dineshshankar et al., (2017) [26] showed that
females had more of the wavy type of rugae, while
the predominant shape in males was the curved.

Regarding direction of palatal rugae, the pres-
ent study demonstrated that the predominant di-
rection in the total sample was the forward direc-
tion. This was in accordance with Sivakumar et
al., (2015) [7]. Significant difference was detected
between Egyptians and Malaysians according to
the predominant direction of palatal rugae on both
right and left sides. On the other hand, non- sig-
nificant difference was noted between males and
females in both populations according to direction
of palatal rugae. This result disagreed Pramanik
et al., (2019) [18] who found that the backward di-
rection of rugae was significantly predominant in
females but the straight rugae was significantly
predominant in males.

The present study revealed that the majority of
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palatal rugae were primary, in the total sample, (in
both Egyptian and Malaysian males and females
and on both sides). Regarding the sex difference,
primary rugae were more common in Egyptian fe-
males than in males with significant difference be-
tween them. While in the Malaysian sample, prima-
ry rugae were significantly more common in males
than females. This was in contrast to Saxena et
al., (2015) [16]. On the other hand, Swetha et al.
(2015) [24] highlighted, in their study, that primary
rugae were found more in males while secondary
and tertiary rugae were more common in females.

In the present study, the majority of study sam-
ple lacked unification. At the same time, divergent
pattern was the predominant in the remaining sam-
ple. Regarding sexual difference, Egyptian females
had higher percentage of absent unification than
Egyptian males. This observation was contrary to
Shetty et al., (2013) [15] who found that diverging
rugae were more common in females compared
with males. Moreover, this was different from a
study carried out by Kamala et al., (2011) [1], who
indicated that females had significantly greater
number of converging rugae compared to males.
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Also, Fahmi et al., (2001) [27] showed that females
had a greater significance of converging type.

Using regression analysis of different analytic pa-
rameters of palatal rugae patterns, the current work
built up two equation models for sex identification
using the total number of rugae and the unification of
the right rugae in both Egyptian and Malaysian sam-
ples with different accuracies. For Egyptian group,
the equation accuracy was 67.5%. On the contrary,
the accuracy of the equation, for the Malaysian
population, was 65%. These models confirmed the
ability of palatal rugae patterns to identify sex. This
result was in agreement with Elbanna et al., (2019)
[28].

Furthermore, ethnicity determination was con-
firmed in the present work by building up two re-
gression models that were applied to each sex
separately, using the whole number of rugae
in males and the length of the right rugae in fe-
males. The accuracy of the equation was found to
be 65.0% for the sample of males. Regarding the
female group, the equation accuracy for ethnicity
determination was 54.4 %. This result reflected the

ASFSFM 2021; Volume 3 Issue (1)




Study of Palatal Rugae Patterns and their Use in Sex and Ethnicity Identification in a Sample of Adult Egyptians and Malaysians (%}

importance of palatal rugae in ethnicity prediction.

Depending on the obtained results of the pres-
ent research, we can recommend building up of a
database, in every region, of ante mortem casts
in order to be a reference in cases of civil law-
suits, mass disasters and crimes. Moreover, future
research should entail the individuality of palatal
rugae patterns on both sexes and on different pop-
ulation groups on larger samples to confirm the ob-
tained results of the present study.

5. Conclusion

The data attained from the current study indi-
cated the individuality of palatal rugae patterns.
It showed that palatal rugae patterns are unique
from one individual to another, between males and
females and between Egyptians and Malaysians.
Furthermore, regression equations can define sex
and population with different levels of accuracies.
So, beside the traditional methods and with provi-
sion of ante mortem casts, palatal rugoscopy can
also help in personal identification.

Limitations

The small sample size of the study, which may
affect generalization of the obtained findings and
needed to be confirmed in further researches us-
ing larger number of samples.
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