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ABSTRACT

Background & Objectives: The current study was conducted to
identify and determine the association between gender and characteristics
of palatal rugae in Nepalese population. Materals & Methods:
Characteristics of palatal rugae including number, length, shape,
direction and unification were analyzed in 100 maxillary dental plaster
casts. Association between palatal rugae and gender were tested using
chi square analysis and statistical descriptors were identified using SPSS
10.0 keeping the level of statistical significance at p<0.05. Results: A
total of 997 rugae were traced. Females were found to have more rugae
than males though statistically not significant. In the present study
significant difference in secondary (p=0.012), fragmentary (p=0.005),
straight (p=0.001) and perpendicular directed (p<0.0001) palatal rugae
were observed, which were higher among females. Forward directed
followed by backward were predominantly observed and more among
females. Wavy followed by curved, straight and circular rugae was the
most prevalent shape. Conclusion: No two individual had similar rugae
pattern. They can be used to identify people and differentiate between
males and females in addition to other tools of identification and has
great application in forensic science.
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INTRODUCTION

Palatal rugae are asymmetrical

possible especially in edentulous individuals. The

and irregular  study of palatal rugae; palatoscopy can be used as an

elevations of the mucosa. Palatal rugae also called
as transverse palatine folds are located in the
anterior third of the hard palate. It is made from the
lateral membrane of incisive papilla and arranged in
transverse direction from palatine raphe located in
mid-sagittal plane." It is formed in the third month
in-utero from the hard connective tissue covering
the bone. The orientation of it is formed around
12th to 14th week of prenatal life and remains
stable until the oral mucosa degenerates after
death.>” Physiologically palatal rugae helps in
swallowing of food, taste perception, speech and
suction in children; and also in the medico-legal
identification process.*

Teeth have been used as an important tool in both
the ante-mortem and post-mortem identification.
Post-mortem dental identification at times is not

alternate method of identification which was first
proposed in 1932 by Trobo Hermosa.” The
significance of palatal rugae in identification lies
with its individuality.® As well stated by Sassouni’
that no two palates are identical in their
configuration and not alter during growth. Palatal
rugae pattern are also found to differentiate racial
groups, facilitating in the population identification.*
' Although debated, rugae are considered to be
stable throughout the life and have ability of
regeneration to the previous size and shape.'""'?

Palatal rugae have been well established as a
reference landmark during forensic identification.
They are well protected by the lips, cheek, tongue,
buccal pad of fat and teeth during incidents of fire
and high impact trauma.'? After mass disaster or
road traffic accidents when there is difficulty in
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identifying a person according to fingerprints or
%ﬂllfr dental records, rugae pattern may be helpful.
Most of the studies have wused various
morphological parameters of rugae for personal
identification. In Nepalese population few studies
are on sexual dimorphism. The present study has
been conducted to identify the characteristics of
rugae pattern and analyze its association between
genders.

MATERIALS AND METHODS

The study was carried out in Department of Oral
Pathology, BP Koirala Institute of Health Sciences,
Nepal. A total of 100 maxillary casts (50 males &
50 females) belonging to 18 to 23 years were
considered. Maxillary casts were retrieved from
archives of the department, which were obtained
from students of the institution after taking consent.
The maxillary casts selected were fully dentate, free
of voids and air bubbles and those exhibiting severe
malocclusion, history of previous orthodontic
treatment and/or palatal asymmetries, trauma were
excluded. Ethical clearance was obtained from
Institute Ethics Review Board, BP Koirala Institute
of Health Sciences.

Method of identification of rugae

The palatal rugae of the casts were traced using a
sharp graphite pencil under adequate light and
magnification (Figure 1). Number, length, shape,
direction and unification of the palatal rugae were
recorded based on the classification by Thomas and
Kotze'® and Kapali et al (Figure 2)."

Based on length

Primary: =/> Smm

Secondary: 3-5mm

Fragmentary: (2-3mm)

Rugae less than 2 mm were not considered for
any categorization

Based on shape

¢ Straight: rugae ran directly from origin to
termination

Curved: simple crescent shape that curved
gently

Wavy: serpentine or slightest bend at the
termination or origin of curved rugae

Circular: rugae with definite continuous ring
formation

Based on direction (For primary rugae; based on
angle between line joining origin and termination
and line perpendicular to mid palatine raphae)

¢ Forward: positive angle

* & o o

¢ Backward: negative angle

¢ Perpendicular: with zero degree angle

Based on unification (Rugae joined at origin or

termination)'’

¢ Divergent: two rugae began from same origin
but immediately diverge

¢ Convergent: rugae with different origin join on
lateral portions

The data were recorded in Microsoft Excel 2007
and association between number and shape of rugae
with gender was tested applying chi square and
statistical analysis were done using SPSS 10.0 for
each parameters keeping level of significance at
p<0.05.

RESULTS

A total of 997 rugae were traced from 100 study
models. Among the study population, the mean age
of males was 22.34+0.82 years and 21.5+ 1.26 years
of females. No correlation of rugae patterns to age
was elicited. Though not significant more number
of palatal rugae was found in females. (Table 1) A
significant difference in secondary (p=0.012),
fragmentary (p=0.005), straight (p=0.001) and
perpendicular directed (p<0.0001) palatal rugae
were observed, which were higher among females.
The predominant direction of primary rugae was
forward directed followed by backward. The most
prevalent shape was wavy followed by curved,
straight and circular; among which wavy and
circular was more in males (Table 2).

DISCUSSION

Palatal rugae refers to the ridges on anterior part of
palatal mucosa on each side of median palatal
raphe.'® The study of rugae is one of the important
tools in identification especially of edentulous
individuals when ante- mortem and post-mortem
dental records are present.'*The number of rugae
has been found to be unchanged up to the age of

L

Figure 1: Tracing of palatal rugae
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Figure 2: Classification of rugae

twenty three years and then decreases.'” The length
of the rugae changes with age which has been
correlated with the underlying growth of the
palate.'”'® However, the anterior rugae has not
found to increase in length after ten years of age,
hence highlighting its stability and importance in
identification.'” Limited studies have highlighted
the sexual dimorphism in palatal rugae.”® The
present study reported differences in secondary,
fragmentary, straight and perpendicular directed
palatal rugae, which were significantly higher
among females.

The numbers of rugae were more in females
compared to males, which is in consistency with the
study by Gondivkar et al' and Kotrashetti et al.*’
The observations from our study is not in consistent
with other wherein females had fewer rugae and
more rugae on right.”?*** In our study primary
rugae was most commonly observed however did

not show any significant differences between the
genders which is in consistent to the conclusion
drawn by Bajracharya et al'® in Nepalese
population, Kapali et al* in Austalian Aborigines
and Mahabalesh et al** in Indian population.
Furthermore Acharya et al®® from a statistical
perspective has showed up to 99.2% in identifying
gender on analyzing the shape of the palatal rugae.
Wavy pattern was the predominant rugae observed
in our study which were similar in Australian
aborigines, Nepalese and Egyptian
population. However the least observed
pattern is circular type which is in contrast to the
study in Australian aborigines, wherein straight
pattern was least observed.'® Similar observations
were also reported in the study on Nepalese and
Indian population.***” The second most common
pattern was curved which was in consistent to study
by Bajracharya et al** but in contrast to the findings
by Kallianpur et al*® who reported straight type as
second predominant pattern in Nepalese population.
The predominant direction of the palatal rugae was
forward directed compared to backward which were
more in females as consistent with the study by
Gondivkar et al.' Similarly the backward directed
pattern were more among females though
statistically not significant. Another finding in our
study wherein converging pattern was more in
females is in concordance with the study by Fahmi
et al’’ in Saudi population, but contrary to the study
in Indian population.”

Even though according to Ohtani et al.,’® three
situations complicate identification based on the
palatal rugae viz. changes in rugae height, the
presence of flat or poorly accentuated ridges, and

10,24,26

Table 1: Frequency distribution of morphological characteristics of rugae

Characteristics ]"l\“]c;tla (1) 0 i\\ldsles
Total number of rugae 997 483
Primary 806 413
Secondary 155 61
Fragmentary 36 9
Straight 243 96
Wavy 427 225
Curved 278 129
Circular 49 34
Forward 475 230
Backward 286 140
Perpendicular 45 8
Converging 21 7
Diverging 17 10

Females

% No. %
48.45% 514 51.55%
51.2% 393 48.8%
39.3% 94 60.7%
25.0% 27 75.0%
39.25% 147 60.75%
52.69% 202 47.21%
46.4% 149 53.6%
69.38% 15 30.62%
48.4% 245 51.6%
48.9% 146 51.1%
17.7% 37 82.3%
33.33% 14 66.67%
58.83% 7 41.17%
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Table 2: Correlation of palatal rugae with gender
Males Females
SN Characteristics Mean SD Mean SD p value
1 Total number of rugae 9.66 1.8 10.2 2.4 0.20
2 Primary 8.26 1.61 7.86 2.06 0.28
3 Secondary 1.22 1.58 1.88 1.63 0.012
4 Fragmentary 0.18 0.62 0.54 0.97 0.005
5 Straight 1.88 1.68 2.94 1.57 0.001
6 Curved 4.44 2.2 4.04 2.28 0.213
7 Wavy 2.64 1.84 2.98 1.70 0.366
8 Circular 0.70 1.18 0.3 0.67 0.06
9 Forward 4.6 1.49 4.9 1.77 0.36
10 Backward 2.80 1.87 2.92 1.4 0.72
11 Perpendicular 0.16 0.37 0.74 0.85 0.0001
12 Convergent 0.14 0.40 0.28 0.49 0.06
13 Divergent 0.20 0.49 0.14 0.40 0.74
the absence of uncomplicated patterns, the genetically controlled. This was supported by

percentage accuracy of identification based on the
palatal rugae was found to be around 94%.

Palatal rugae are used in identification not only
because of their singularity and unchangeable
nature, but also due to low utilization costs.’’*
Hence if the records are kept properly palatal
rugoscopy could be conveniently used, in situation
where proper facility for forensic sciences is still
evolving and inadequate.

There has been a significant development in the
field of rugoscopy and forensic sciences. Digital
techniques to compare ante and post-mortem
records of rugae have been utilized. Not only
limited to two dimensional but also three
dimensional evaluations of palatal rugae using
digital study models are found to be more useful
and specific.”> Advanced digital technique using
Palatal Rugae Comparison Software to match the
clinical photographs is used where the accuracy rate
of identification is 99%, with a minimal error rate
of 2%.%

Many features of palatal rugae in our study were
comparable to the studies done in different
population but none of it matched accurately, which
could be attributed to the variation in genetic
factors. Population differences of rugae patterns
have been reported by several comparative studies;
which highlights the role of genes and environment
in the variation. Previous studies reported that,
environmental factors are unlikely to affect
formation of rugae. The share of rugae is said to be
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studies which have revealed that rugae pattern has
an underlying genetic basis.”* Even though some of
the morphological character matched; there was
variation in one or the other pattern of palatal rugae.
Hence rugoscopy can be considered as one of the
important tools for identification provided the ante-
mortem dental record exists.

CONCLUSION

Palatal rugae are complex and non-identical
between any two individuals and are useful only
when the dental records are available. Hence, we
should encourage keeping a proper dental record in
the form of a dental cast or photographing such that
it can be used for future reference. Though the
study has highlighted the importance of palatal
rugac in forensic sciences, the results and
interpretation are limited by the sample size and
encourages extensive study of palatal rugae among
Nepalese population.
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