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Abstract

Objective: The aim of the study was to investigate differences in the palatal rugae
patterns in males and females of a cross-sectional hospital-based coastal Andhra
population and application of discriminant function analysis in sex identification.
Materials and Methods: One hundred pre-orthodontic plaster casts, equally distributed
between males and females belonging to an age range of 15-30 years, were examined
for different rugae patterns. Thomas classification was adopted for analysis. Association
between rugae patterns and sexual dimorphism were tested using Unpaired t test,
Chi square test and discriminant function analysis developed using SAS package.
Results: Difference in unification pattern among males and females was found to be
statistically significant. The total number of the rugae was not statistically significant
between the sexes. Association between rugae length and shape with sex determination
was computed using discriminant analysis which enabled sex differentiation in this
population with an accuracy of 78%. Conclusion: Palatal rugae revealed a specific
pattern in unification among males and females of the coastal Andhra population.
Discriminant function analysis enabled sex determination of individuals. However, these
interpretations were precluded by the small sample size and further research work on
larger samples and use of different classification systems is required to validate its
use in forensic science.
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Introduction

he identification of sex is of significance in case of
major disasters where bodies are often damaged
beyond recognition. On predicting the sex it builds the
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biological profile of the unidentified human remains
thereby excluding about half the population in search
operations.

Palatal rugae (rugae palatinae or plicae palatinae
transversae) refer to a series of transverse ridges on the
anterior part of the palatal mucosa on each side of the
median palatal raphe and behind the incisive papillae.
According to a histological study of the development
in mice, palatal rugae develop in the third month
of intrauterine life as localized regions of epithelial
proliferation and thickening even before the elevation
of the palatal shelves.!!! Later, fibroblasts and collagen
fibers accumulate in the connective tissue beneath the
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thickened epithelium and attain a distinctive orientation.®
Physiologically the palatal rugae aid in oral swallowing,
taste perception, participate in speech, suction in children
and in the medico-legal identification process.”!

Palatoscopy or palatal rugoscopy is the study of palatal
rugae in order to establish a person’s identity. This palatal
rugoscopy was first proposed in 1932 by a Spanish
investigator, Trobo Hermosa.!* Palatal rugae is selected
in forensics as it is relevant for human identification due
to its internal position, stability, perennity® i.e., it persists
throughout life. Also, its design and structure are invariably
unchanged and not altered by routine chemicals like nicotine,
ethanol, acetyl salicylate etc., consumed heat, disease or
trauma. There are reports published that the number of
rugae remains unchanged throughout life but the size and
pattern of arrangement changes with palatal development.
In addition, the rugae pattern appears to be specific to racial
groups facilitating population identification.”!

The basic theory of discriminant analysis was developed by
Fisher.®1% This technique is designed to generate rules for
classifying individuals into a defined group on the basis of
a set of measurements of the individual."" In our study this
technique was used for sex determination.

The objective of the present study is to investigate the palatal
rugae patterns in males and females of a cross-sectional
hospital-based coastal Andhra population and apply
discriminant analysis in sex identification.

Materials and Methods

The study sample consisted of 100 pre- orthodontic dental
casts which included 50 males and 50 females in the age
group of 15-30 years from the Department of Orthodontics,
Vishnu Dental College, Bhimavaram, West Godavari
District, Andhra Pradesh. All individuals of the study
belonged to the same geographical population and were
healthy, free of any diagnosed congenital abnormalities,
inflammation, trauma or orthodontic treatment. All selected
casts from the individuals were free of air bubbles or voids,
especially at the anterior third of the palate. Initially rugae
patterns on the study models were delineated using 0.1 HB
graphite pencil under adequate light and magnification
using hand lens. Delineation enhanced the visualization of
the palatal rugae on these casts. Measurements were made
directly from the cast using digital slide calipers with an
accuracy of 0.05 mm from the origin near the mid- palatine
raphe to the terminal end transversely.

The method of identification of the palatal rugae pattern
was based on the classification of Thomas et al.,['1(1983).
This classification includes number, length, shape, and
unification patterns of rugae.

Having determined the length of all rugae, three categories
were formed:

1) Primary rugae (5-10 mm)

2) Secondary rugae (3-5 mm)

3) Fragmentary rugae (less than 3 mm)

All rugae were considered for the study irrespective of
their length.

Considering that the rugae originate from the mid- palatine
raphe and terminates Transversly, the shapes of individual
rugae were classified into four major types [Figure 1]:
1. STRAIGHT- runs directly from the origin to termination
2. CURVY- a simple crescent shape which was curved
gently 3. CIRCULAR- a definite continuous ring formation
4. WAVY- serpentine form. In case of circular shape the
diameter from the origin to termination was considered.
Additionally, a specific pattern called unification occurs when
rugae have two arms which are joined either at their origin
or termination. The unification pattern is further subdivided
into diverging and converging type. A diverging pattern
occurs when two rugae begin from the same origin but
immediately diverge transversely. Similarly, a converging
pattern occurs when two rugae arise with different origins
and converge transversely.

Every identification and measurement was done by one
examiner and the readings were repeated three times for
each cast.

Statistical analysis

Unpaired t test and Chi square test were used in assessing
sex differences in the number and unification pattern of
rugae respectively. Association of palatal rugae length and
shape in sex determination were tested using univariate
discriminatory analysis developed using the SAS (Statistical
Analysis Software) 9.0 version.

3.
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Figure 1: Patterns of palatal rugae based on shape and unification
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Results

Theaveragenumber of rugaein females wasslightly more when
compared tomales, butit was statistically insignificant [ Table 1].
[Table 2] showed gender-wise distribution of mode of
unification of the rugae showing a P value of 0.04 which
shows that the difference is statistically significant. [Table 3]
shows that variables of length and shape of the palatal rugae
are statistically significant and on further discriminant
analysis these variables can classify the sex of an individual.
From the details obtained from [Table 4] an equation was
constructed which can be executed for sex determination
when both length and shape of the palatal rugae are
considered.

GENDER =-0.2620 (PR)-0.5133 (SR) — 0.6614 (FR) +
0.3366 (STRAIGHT) + 0.4582 (WAVY) + 0.4353
(CURVED) + 0.5096 (CIRCULAR)

After executing the above equation with the new data, sex
determination could be made with the help of the adjusted
canonical centroids of —0.3088 to 0.3088 i.e. if the product
obtained is close to —0.3088 then the proposed gender of

Table 1: Unpaired t test analysis for assessing the difference in
the total number of rugae in males and females

Gender  Total no. of  Total no. Mean Standard P value
samples N of rugae deviation

Male 50 606 12.12 2.84

Female 50 653 12.86 3.36 0.237

the individual is female and if the other centroid is close to
0.3088 then the proposed gender of the individual is male.
This model when tested with the present data as well as
new data it derived a ‘F’ likelihood ratio test with model
accuracy of 73.08%. From the details obtained from Table 5
an equation was constructed which can determine sex when
only the length of the palatal rugae is considered.

GENDER = - 0.9878 (PR) — 0.2713 (SR)-0.2933 (FR)

After executing the above equation with the new data, sex
determination could be made with the help of the adjusted
canonical centroids of —0.2144 to 0.2144 i.e. if the product
obtained is close to —0.2144 then the classified sex of the
individual is male and if the obtained product is close to
0.2144 then the classified sex of the individual is female. This
model when tested with the present data as well as new data it
derived a ‘F’ likelihood ratio test with model accuracy of 78%.

Table 2: Chi square test analysis for assessing the difference in
the unification pattern of rugae in males and females

Total no. of Total number Percentage P value
samples N of unification  unification
pattern pattern (%)
Converging
Male 50 29 58.0 0.04
Female 50 19 38.0
Diverging
Male 50 21 42.0
Female 50 31 62.0

Significance: P<0.05

Significance: P<0.05

Table 3: Univariate discriminant analysis of the variables involved in the length and shape of rugae

Variables Moments Tests for location
N Mean SD Coefficient variation Student's t (t)? Sign (M)® Signed Rank (S)°

Primary rugae 100 1.2 2.238 31.087 32.169 49.5 2475
Secondary rugae 100 3.07 1.870 60.939 16.409 475 2280
Fragmentary rugae 100 2.21 1.970 89.184 11.212 38 1463
Straight 100 3.83 2.132 55.672 17.962 48.5 2376.5
Wavy 100 478 1.936 40.507 24.686 49 24255
Curved 100 1.52 1.452 95.58 10.462 35.5 1278
Circular 100 2.01 2.157 107.35 9.314 35.5 1278

P value - ®Pr > |t| <0.0001; ®Pr > = |M| <0.0001; °Pr > = |S| <0.0001

Table 4: Discriminant function coefficients for sex determination considering both length and shape of the rugae

Variable Total Pooled within Total-sample Pooled within- Raw Class means on
canonical canonical standardized class standardized canonical canonical variables
structure structure canonical coefficients canonical coefficients coefficients M F

Primary rugae 0.422 0.406 —0.586 —-0.584 —-0.262 0.3088 -0.3088

Secondary rugae —-0.559 —-0.541 —-0.960 —-0.951 —-0.513

Fragmentary rugae —-0.599 —-0.581 -1.303 -1.289 —0.661

Straight 0.110 0.105 0.717 0.721 0.336

Wavy 0.069 0.066 0.887 0.891 0.458

Curved 0.139 0.133 0.632 0.635 0.435

Circular -0.234 —-0.224 1.099 1.102 0.509
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Table 5: Discriminant function co-efficients for sex determination considering only length of the rugae

Variable Total Pooled within Total-sample Pooled within- Raw Class means on
canonical canonical standardized class standardized canonical canonical variables
structure structure canonical coefficients canonical coefficients coefficients M F

Primary rugae —-0.593 —0.585 -0.221 -0.220 -0.098 -0.2144 0.2144

Secondary rugae 0.786 0.779 0.507 0.503 0.271

Fragmentary rugae 0.843 0.837 0.578 0.571 0.293

Discussion

Determination of sex is the key analysis that forensic
investigators perform in order to construct the biological
profile of human remains.™ In this context, the assessment
of sex can substantially narrow the biological profile for
unidentified remains. Indeed, in most cases, clarification of
the events and later judicial decisions will depend on the
precision and the reliability of the identification procedures.™!
Routinely, teeth and bones are used for sex determination
in forensics but in cases of their absence in identification,
mucosal tissues are important since these structures
provide interesting data for identification. Application of
palatal rugae patterns to personal identification was first
suggested by Allen in 1889.1Since then various studies were
done in association of palatal rugae and its use in forensic
identification. The key factors which make palatal rugae one
of the investigative tools in forensics are its internal position,
stability, perennity etc.

In our study dental casts were used as an antemortem
record as these present the advantages of simple analysis,
reduced cost and easy fabrication when compared
to digital photographs® which are highly viable and
require the development of a specific software for image
superimposition and location of landmarks to allow
identification. Also, photography is a skill which needs a
specific angulation and position to attain a good photograph.

Researchers had found difficulty in the task of classification of
the rugae patterns due to the subjective nature of observation
and interpretation within and between observers. Since the
study of Lysell™ (1955) specific anatomical investigations
on palatal rugae patterns have been reported by many
researchers. Numerous classifications have been devised
by several authors to record the palatal rugae patterns;
among all, the Silva,"® Carrea,!'”! Lysell,"® Thomas and
Kotzel'®*¥l classifications are often used in recording the
patterns. Thomas and Kotze in their literature highlighted
the difficulties in observing, classifying and interpreting
the limitless and minute variations in palatal rugae and
emphasized the necessity for standardizing the procedures
in recording. After a thorough review on all classifications
from the literature, the method of identification used in this
study (Thomas et al., 1983) was the most practical and easy
to apply compared with other methods.

Various studies reported the regional variation in the palatal
rugae patterns by comparing the patterns in males and females.
Dohke and Osato!"! reported that among the Japanese, the
females had fewer rugae than males. In a comparative study
between Indians and the Tibetan population by Shetty et al,*
it was reported that Indian males had more primary rugae
on the left side as compared to females and vice versa for the
Tibetan population. Also, Indian males had more number of
curved rugae on both the right and left sides than Tibetan
males, and Tibetan females had more wavy rugae on the
right and left sides than Indian females. Due to this variation
of patterns in males and females, we hypothesized and
conducted this study to know the degree of sexual dimorphism
of the palatal rugae and its role in sex determination. Results
showed that there exists a significant difference in the total
number and unification pattern of rugae among males and
females. On discriminant analysis of the length and shape of
the rugae, an equation for sex discrimination was obtained
which was 73.08% accurate, this could be due to the increased
involvement of variables in the analysis. When an equation
was made by discriminant analysis considering only the
length of the rugae, the accuracy was 78%. Reduced accuracy
may be due to the reduced sample number. Further research
is indicated with a larger sample size in order to validate our
findings and application of advanced statistical methods in
attaining better accuracy levels for the use of palatal rugae
patterns in sex determination.

Conclusion

Palatal rugae revealed a specific pattern in unification
among males and females of coastal Andhra population.
Discriminant function analysis enabled sex determination
of individuals. However, these interpretations are precluded
by the small sample size and further research work on larger
samples and application of advanced statistical methods is
required to validate its use in forensic application.
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