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Background: Palatal rugae are asymmetric and irregular ridges on the anterior palatal region,
which have proven to be useful in the field of forensic dentistry. This study aims to use
morphological analysis of palatal rugae patterns to assess sex in a South Indian adult population.
Materials and Methods: This cross-sectional study was undertaken to evaluate a total of
300 maxillary dental casts (150 males and 150 females). The rugae patterns were marked by
one observer and classified as per Thomas and Kotze criteria by another observer. The rugae
patterns were classified based on the total number of rugae, shape, predominant direction of
rugae, and unification of rugae.

Results: The palatal rugae in female participants showed a higher incidence of circular
rugae and backward directed rugae, while male participants showed more forward-directed
rugae. The logistic regression analysis showed a significant association of with circular
(OR=1.48; 95% CI= 1.02-2.13), forward (OR=0.87; 95% CI= 0.78-0.97) and backward
(OR=1.23; 95% CI= 1.08-1.41) palatal rugae with sex.

Conclusion: Certain palatal rugae patterns can be used for the assessment of sex with
limited accuracy.
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Introduction

Forensic dentistry is a field of dentistry that deals with medico-legal identification using
dental findings.! Human identification post-death involves proper evaluation and
correlation of dental records, DNA testing, and fingerprinting. Palatal rugae (PR) are
one such dental records that are asymmetric and irregular ridges present on the palatal
mucosa’s anterior portion on either side of the median palatine raphe. The pattern and
position of these rugae have led to their study known as palatoscopy. In recent years,
palatoscopy or rugoscopy has gained importance and emerged as a suitable technique
in establishing identity post-mortem when dental records cannot be used, like in
edentulous individuals or when there is a decomposition of the body. It was first
introduced by a Spanish investigator named Troban Hermoso (1932). Lysell proposed
the first organized classification of PR.> Later the modified and most acceptable
classification was put forward by Thomas and Kotze.

Besides rugae patterns being unique to individuals, studies have shown that
extraction and orthodontic treatment show no apparent effects on rugae allowing
them to be used as stable reference points in analysis and identification.’®
Furthermore, the rugae have proven to show less pronounced changes than the

generalized body parts in charring and decomposition cases.

submit your manuscript

Dove n

http:

" in @

Clinical, Cosmetic and Investigational Dentistry 2021:13 77-81 717
© 2021 Smriti et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.

AT php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the
work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0002-5462-5677
mailto:drkalyan81@gmail.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php
http://www.dovepress.com

Smriti et al

Dove

A considerable amount of literature exists on diverse
topics like genetic predisposition,” the prevalence of var-

4 and differences in PR’s

ious morphological patterns,
morphology concerning sex.>'®'” To date, there has
been little agreement on whether sex can be predicted
with the help of PR patterns''"'®

recommended the use of PR along with other methods for

and most of the studies

the identification of sex. With this background, we aimed
to use the morphological analysis of palatal rugae patterns
to assess sex in a South Indian adult population.

Materials and Methods

We conducted a retrospective cross-sectional study on the
casts of patients who required Orthodontic treatment plan-
ning and prosthesis fabrication. Based on the findings from
the previous study,'® an effect size of 0.4 was estimated. The
sample size was estimated to be 216 (alpha 5% and 90%
power), rounded to 220. A total of 300 maxillary casts (150
males and 150 females) were sought. The institutional ethics
committee of Kasturba hospital and Kasturba medical col-
lege, Manipal, approved the study protocol (IEC 39/2019).
This study was conducted as per the declaration of Helsinki.

Criteria for selecting the casts were as follows: age
range of 18-40 years, Indian origin, and those willing to
participate. Casts with palatal pathologies, edentulous,
history of any previous trauma or palatal surgeries or
cleft palate, and those undergoing fixed orthodontic treat-
ment were excluded (n=48).

The rugae patterns were marked with a black color
marker'® under adequate illumination by one observer.
The variables included for the assessment were the total
number of rugae, shape, predominant direction of rugae,
and rugae’s unification. The full length of the rugae was
classified as primary rugae (more than Smm) or secondary
rugae (3 to Smm). According to each rugae’s shape, it can
be classified as straight, curved, wavy, and circular.? The

straight rugae run continuously from origin to the insertion
point in undeviated fashion. The crescent-shaped rugae
with a gentle bend are classified as a curved type. The
serpentine-shaped rugae were categorized as wavy, and
the rugae, which formed a ring by joining one end to the
other, are termed circular rugae. If the rugae split to form
two arms, it is termed as ‘“unification” or “branches.”
Unification is the term given according to Thomas and
Kotze classification to the rugae, which are either joined
at their origin or the termination.'” If the rugae have
a common origin, branches later are called diverging,
whereas two different rugae join at termination is named
converging. The rugae’s direction is determined by the
angle formed by the origin and terminal end of rugae con-
cerning mid palatine raphae. The rugae with positive angles
or acute are termed forward rugae. The rugae with
a negative or obtuse angle are called backward rugae, and
the rugae with zero angle are termed perpendicular rugae
(Figure 1). One observer made the identification, classifica-
tion and recording the number of the rugae. Intra-observer
reliability was assessed using intra-class correlation coeffi-
cient which ranged from (0.87 to 0.93).

Statistical Analysis

All analyses were performed using SPSS 20 (IBM Corp.
Released in 2011. IBM SPSS Statistics for Windows,
Version 20.0. Armonk, NY: IBM Corp). Normality was
assessed using the Kolmogorov Smirnov test. The data
was found non-normal and non-parametric tests were con-
ducted. Mann—Whitney U ¢-test was performed to evaluate
the sex differences with various PR patterns. Binary logistic
regression analysis was performed to assess the sex with
different PR patterns. Hosmer Lemeshow goodness of fit
was used to evaluate the model fit. A P-value of <0.05 was

considered statistically significant.

Diverging Forwardly
directed

Perpendicular

Qirected

Types of rugae based on shapes

Types of rugae based on unification

Types of rugae based on direction

Figure | Schematic description of various palatal rugae patterns used for assessment in this study.
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Results

A total of 252 casts were evaluated, out of which 132 were
male. Table 1 shows the distribution of PR patterns concerning
sex. There was a significant difference in the distribution of
circular and backward PR patterns between males and females
(P=0.05 and 0.01), respectively (Table 1). The results, as
shown in Table 2, indicated that females had a higher inci-
dence of circular rugae (p=0.049) and backward directed rugae
(p=0.001), while males showed more forward-directed rugae
(p=0.006) (Table 2). No other significant difference in the
patterns was evident between males and females.

We performed three independent binary logistic regression
analyses to assess the sex using the variables that were sig-
nificant in bivariate analysis. There was significant association
of sex with circular (OR=1.48; 95% CI= 1.02-2.13), forward
(OR=0.87; 95% CI= 0.78-0.97) and backward (OR=1.23;
95% CI= 1.08-1.41) palatal rugae patterns (Table 3).

Discussion

PR are permanent, stable, and unique characteristics that
can establish identity in the absence of antemortem
records.? Literature has shown diverse applications and
facts about the PR in forensic dentistry. This individuality
and accuracy of patterns even extend to monozygous>’
and dizygous twins. Also, forensic identification with the
help of PR seems promising in the absence of finger-
prints. Previous studies evaluating the stability of PR
along the entire growth period of an individual were
inconsistent. Hauser et al observed that the number of
PR differs in different ethnic races and between sex and
increases slightly during adolescence and distinctly above
the age of 35 years.?' Lysell et al proposed that the
number of PR decreases in an individual from 23 years
onwards, but PR’s characteristic pattern does not change

Table | Distribution of Palatal Rugae in Males and Females

Male Female P-value
Curved 118 107 0.95
Wavy 125 108 0.16
Straight 98 89 0.99
Circular 25 35 0.05*
Forward 129 118 >0.99
Backward 108 11 0.01*
Perpendicular 47 41 0.81
Converging 131 117 0.35
Diverging 130 17 0.67

Note: *Indicates P<0.05.

Table 2 Comparison of the Mean Number of PR Between Males
and Females

PR Patterns Sex P-value
Male Female
Meant SD Meant SD
Shape
Curved 3.17£2.32 3.47+2.25 0.221
Wavy 3.98+2.46 3.56%2.15 0.232
Straight 1.5+1.46 1.39+1.36 0.752
Circular 0.26+0.59 0.45+0.83 0.049*
Total 8.91+1.95 8.87+1.83 0.979
Direction
Forward 5.77+2.28 5.06+2.2 0.006*
Backward 2.28+2.02 3.05+1.8 <0.001*
Perpendicular 0.82£1.53 0.72£1.22 0.847
Unification
Converging 4.531.71 4.52x1.97 0.970
Diverging 2.17x1.11 2.15+1.30 0.408

Note: *Indicates P<0.05.
Abbreviations: PR, palatal rugae; SD, standard deviation.

Table 3 Assessment of Sex Using Different Palatal Rugae Patterns

Palatal Rugae P-value | OR | 95% CI Percentage
Pattern Correct
Circular 0.038* 1.48 | 1.02-2.13 | 56.3%
Forward 0.013* 0.87 | 0.78-0.97 | 55.2%
Backward 0.002%* 1.23 | 1.08-1.41 | 60.3%

Note: *Indicates P<0.05.
Abbreviations: OR, odds ratio; Cl, confidence interval.

with time.” Few researchers stated that PR remains
unchanged since the 12th week of intrauterine life.*
Given the potential applications of palatoscopy in the field
of forensic dentistry, our study evaluated the possibility of
predicting sex using the PR patterns. Wavy and curved PR
were the most frequently reported in our study. This finding
broadly supports the results of earlier reports 67~ 11:13-15.18.22
The current study found that only the number of circular
rugae was significantly higher in females than males, similar to
an earlier report.” However, the findings of our study do not
support the results of previous studies.?* Studies have reported

9,24,25 and

that males’ most common pattern was a wavy pattern
in females was a curved pattern.”'* The wavy pattern followed
by a straight pattern was predominantly seen in females, while
the curved pattern was seen most commonly in males.'*>*¢

We observed no significant differences in convergence

and divergence patterns in males and females, which
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accords with earlier studies.”'* However, a previous study
showed that males had more converging rugae, while
females had more diverging rugae.''® It was also seen
that males had more forwardly directed rugae than
females, similar to an earlier report.'? Pereira et al''
reported that both forward and backward were common
in males, while perpendicular patterns were common in
females, while Dwivedi and Nagarajappa reported that
backwardly directed rugae were common in males.”*

In agreement with our study’s findings, previous stu-
dies have demonstrated no significant difference between
males and females.*> This finding was contrary to an
earlier study that reported a higher number of rugae in
males than females.®

Along with the evaluation of PR patterns and sex
differences in PR’s distribution, we aimed to evaluate the
role of PR in the assessment of sex using the logistic
regression analysis. Direct comparison of our study with
the existing studies may not be feasible as only a limited
number of studies exist. Only a few significant PR patterns
could be used to predict sex. Similar accuracy (61%) was
reported among Iranian school children,'® and but higher
values (90% and 99.2%) were also reported.''** However,
studies have reported no significant difference in the PR

427 while a significant difference in

patterns concerning sex
the number of rugae between transgender and males or
females.'”

PR’s are stable, reliable, easy to visualize, and simple
to record with minimal cost. Due to the numerous advan-
tages, it has applications in forensic identification. Few
limitations exist in this study. Participants were only

south Indians and were selected from the patient pool.

Conclusion

Within this study’s limits, we can conclude that PR has
a possible role in identifying the sex but with limited
accuracy. It may be considered along with other reliable
forensic tools as a supplementary aid in identifying sex.
Further work is needed in diverse populations and ethnic
groups to explore PR’s potential in forensic dentistry. In
future investigations, a combination of other dental para-
meters with PR can identify sex with a high level of

accuracy.

Abbreviations
PR, palatal rugae; OR, odds ratio; CI, confidence interval.
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