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ABSTRACT

Introduction: In circumstances where the ante mortem list is unknown, gender determination would exclude one-
half of the population, aid in a more precise search of the ante mortem records. This study aims to formulate gen-
der prediction models in the Pakhtun Pakistani population using digital dental arch dimensions. Methods: Data
collection and analysis of the dental casts were conducted on 128 subjects, 64 males and 64 females from the
Pakistani population. The mean age of the subjects was 19.2 years old. Several linear dental arch dimensions were
measured and recorded for both upper and lower arches. Results: It was found that gender differences in linear arch
dimensions were statistically significant for both males and females (p<0.05); in which the arch dimensions for the
males were larger than the arch dimensions for the females. Stepwise discriminant function analysis found that the
highest discriminant power of the variables was present within the inter-second premolar width for the upper arch
and inter-molar width for the lower arch. These variables significantly contributed to gender variance. Moreover,
the prediction of 67.2% of original grouped cases for the upper arch and 66.4% of cross-validated group cases was
correct. Similarly, the correct prediction was made on 64.8% of original grouped cases for the lower arch and 64.1%
of cross-validated group cases. Conclusion: The dental arch dimensions were larger among the males compared to
the females. Prediction models obtained in this study were moderately strong predictors which may be used as an
adjunct to predict gender.
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INTRODUCTION

Teeth are resistant to putrefaction and post mortem
changes, thus allows valuable biological information to
be preserved (1). This biological information consists of
a group of specific individual characteristics would aid
in age estimation, gender, race, socio-economic status,
oral and systemic health, personal habits, occupation,
familial relations, psychological characteristics and
individual dietary status (2). Invasive and non-invasive
methods are implemented during dental autopsy to
compile dental reconstructive profile (3). In an event
when the ante mortem list is unknown, post mortem
dental profiles (e.g., gender determination) narrow down

the potential ante mortem dental records by 50% (4).
With the availability of post mortem and ante mortem
records, confirmation of the deceased identity could be
performed (3).

Many oral biological factors have been used for gender
determination in forensic investigation with varieties
accuracy. Craniometry and craniofacial morphology
have been utilized for sexing unknown skulls with
acceptable accuracy (5). Tooth sizes have shown a good
accuracy in gender prediction for many populations
including South Asians population. In addition to tooth
sizes method, Rao et al. have proposed an arch index,
which utilized lower canine mesio-distal size and inter-
canine dimension (6). They found a high accuracy of
gender determination for South Indian population.
However, other researchers Narang et al. (7) and Rocha
et al. (8) found diverse accuracy as low as 20% to as
high as 94% when this index was applied to several
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different ethnic groups.

Dental arch dimensions and shape is unique in different
human ethnic groups (9). For instance, Caucasians have
smaller inter-canine width and inter-molar width than
Japanese. Furthermore, arch dimensions are also larger
in males than in females (10). Similarly, few more studies
in other populations which measured linear absolute
dimension found that dental arch dimensions were
larger in males than in females (11-15). These outcomes
showed potential of using arch size variables for gender
prediction which require further investigations of their
applicability in forensic services. However, reports on
gender prediction models complete with error rates
were lacking (6,7,16,17).

Essentially, the establishment of population-specific
values is important because dental arch size is influenced
by the interplay between genetic and environmental
factors (18). To our knowledge, there has been no study
to determine the gender prediction models using dental
arch dimensions of the Pakistani population. Therefore,
this study aims to formulate gender prediction models
using linear dental arch dimensions for Class | Pakhtun
Pakistani population.

MATERIALS AND METHODS

Subjects

This cross-sectional study implemented the convenience
sampling method on the dental casts belong to
Pakhtun Pakistani population. Ethics approval was
obtained beforehand from the Ethics Committee of
the Universiti Sains Malaysia (USM/JEPeM/140376).
Dental impressions were taken after written consent was
obtained using alginate material (Zhermack Orthoprint
ISO 1563 — ADA 18, ltaly) and poured with dental stone
(Type Il hard plaster quick stone, China). The total
lapse was approximately less than one hour between
impression and pouring process.

Sample size calculation

The sample size was estimated based on the minimum
ratio 20:1 to ensure the generalisability of results of
discriminant function analyses (19). A total of six
predictor variables were present, namely inter-canine
width, inter-first premolar width, inter-second premolar
width, inter-molar width, arch perimeter and arch length
for upper and lower arch each thus at least 120 samples
were required.

Inclusion criteria

The subjects were selected from the Pakhtun Pakistani
population through interviews. The subjects who aged
between 18 to 21 years old and had all sound permanent
teeth, except the third molar,. Class | incisor relationship
according to the British Standards Institute Class | molar
and canine relationship and a straight profile were
included in the study.

Exclusion criteria

The subjects with crowding, cross bite, spacing and
craniofacial anomalies, interproximal caries, restoration,
occlusal and the proximal tooth wear, which obscured
the landmark for arch measurement and tooth anomalies
were excluded. This exclusion was also imposed on
damage casts.

Fabrication of digital models

The upper and lower arches of dental casts were
scanned using a low magnification lens of digital
stereomicroscope (HIROX KH7700, Japan). The digital
microscope was equipped with automated calibration
system (ACS), whereby the ratio of digital images size
was maintained at 1:1. In order to standardize digital
images, the dental casts were positioned with the
occlusal plane parallel to the desktop. Measurement
tools were included in the built-in software, and each
measurement was automatically saved as a .csv file,
which would later be exported into Excel.

Measurement of arch dimensions via HIROX digital
stereomicroscope technique

Arch dimension measurements were performed using
HIROX digital stereomicroscope, and the measurements
obtained for arch dimensions are as follows in Fig.
1 and Fig. 2. The definitions and landmarks of the
measurements were according to Harris (20) for arch
perimeter and length; Alam et al. (21) for arch width
i.e. intercanine, interpremolar and intermolar distances.

Study error

Inter and intra-observer errors were performed through
a random selection of 20% of dental casts. Specifically,
an inter-observer error was conducted by comparing
the measurement between the operators, while

the intra-observer error was evaluated through the
comparison between two readings, which also included
approximately two-week time interval between the
first and second readings by the same operator. The
intraclass correlation coefficient (ICC) was used to assess
the reliability of inter and intra observer.

Figure 1: Landmarks for (a) upper arch perimeter, (b) upper
arch length, and (c) upper arch width variables.

Figure 2: Landmarks for (d) lower arch perimeter, (e) lower
arch length, and (f) lower arch width variables.

15 Mal ] Med Health Sci 19(2): 14-19, March 2023



Statistical analysis

All statistical analyses of the data were performed using
IBM SPSS Statistics Version 26 with significance level set
at 5% (p<0.05). Descriptive statistics, which included
mean, standard deviation, were computed for each
variable. Furthermore, an independent sample t-test was
performed to determine the presence of any statistically
significant differences between males and females.

All predictor variables were investigated in the stepwise
discriminant function analysis, which was conducted to
formulate gender prediction models for upper and lower
arch separately. Notably, this analysis had the potential
for optimal separation of males and females, while
statistical significance was assessed using Wilk’s lambda.
The criteria included F value, with the minimum partial
for F enter amounting to 3.84 while the maximum partial
for the removal of F amounting to 2.71. The predictor
variables with higher discriminant function coefficient
were included in the following discriminant function
equation:

DF=a+ bix] + b2x2 + ... + b6x6

Where DF refers to a discriminant function score, while
a denotes the discriminant function constant. The
discriminant function coefficient is represented by b,
while x refers to the score of the predictor variable.

RESULTS

The ICC for inter and intra observer reliability were in the
range of 0.991 to 0.997 and 0.996 to 0.998 respectively.

Table I: Descriptive analysis and univariate gender dimorphism

This study involved 128 subjects, which consisted of
64 males and 64 females from the Pakhtun Pakistani
population. The mean age (standard deviation) among
the subjects was 19.2 (1.1) years old, with 18 years old
as the youngest age and 21 years old as the oldest age.

It was found that the mean arch dimensions were
higher among males compared to females (Table I).
Nevertheless, the standard deviation for each variable
presented in the Table | was relatively small.

Generally, the mean differences between both genders
were relatively small although the arches among the
males were larger than females. Specifically, the lower
arch perimeter exhibited the highest mean difference
at 2.7 mm, followed by the upper arch length at 2.6
mm and upper arch perimeter at 2.4 mm. The lowest
mean difference was observed in the lower inter-canine
width, which amounted to 0.8 mm. Additionally, highly
significant sexual dimorphism was found in the mean
arch dimensions of the upper inter-canine width, upper
inter-second premolar, upper inter-molar width, and
lower inter-molar width.

Stepwise discriminant analysis was performed on the
upper arch dimensions, lower arch dimensions and
combined both to simulate forensic scenario. For upper
arch dimension input, the upper inter-second premolar
width was the only discriminator variable selected. The
predictive equation or discriminant function (DF) was
constructed for the upper arch dimension input as the
following (refer to Table I1);

DF = -20.524 + 0.427 (Upper inter-second premolar

Mean difference

) Males (N=64) Females (N=64) p
Variables
Mean SD Mean SD
Upper inter-canine width 36.1 1.97 343 2.35 1.8 <0.001
Upper inter-first premolar width 43.6 2.10 42.0 3.06 1.6 0.001
Upper inter-second premolar width 49.1 2.23 47.0 2.45 2.1 <0.001
Upper inter-molar width 54.0 2.52 52.2 2.34 1.8 <0.001
Upper arch length 130.2 4.58 127.6 5.20 2.6 0.003
Upper arch perimeter 97.2 4.72 94.8 4.16 2.4 0.002
Lower inter-canine width 27.0 1.92 26.2 1.82 0.8 0.026
Lower inter-first premolar width 35.9 1.98 34.6 2.16 1.3 0.001
Lower inter-second premolar width 41.9 2.56 40.4 2.57 1.5 0.002
Lower inter-molar width 46.7 2.50 45.2 2.36 1.5 <0.001
Lower arch length 111.4 4.23 109.8 4.93 1.6 0.061
Lower arch perimeter 90.6 5.15 87.9 3.73 2.7 0.001
*All units are in mm., p value - independent t-test,
*independent t-test was used
Table I1: Discriminant function analysis for upper arch dimensions
Function Variables Discriminant function Wilk’s P Group centroids
coefficients lambda
Males Females
1 Upper inter-second premolar width 0.427 0.837 <0.001 0.438 -0.438
(Constant) -20.524
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width) (1)
The cut score was zero.

The reliability of the derived discriminant function was
assessed for the upper arch dimensions; which resulted
in correct classification of 67.2% of original grouped
cases. Following that, cross-validation was performed
to determine whether the development of an accurate
gender model for upper arch dimension was possible
based on the collected data. As a result, 66.4% of cross-
validated grouped cases were correctly classified (refer
to Table Il1).

Table IV shows the lower inter-molar width was selected
as the strongest predictor. The prediction model for
lower arch input is as follows;

DF =-18.886 + 0.411 (Lower Inter-Molar Width) --------
(2)

The percentage of correctly classified cases was 64.8%
of original group. Similarly, cross-validation percentage
was also slightly lower compared to the upper arch
dimensions, as indicated from the correct classification
of 64.1% of the cross-validated grouped cases for lower
arch dimensions (refer to Table V).

For the third scenario (combined upper and lower
arches input), stepwise procedure selected the upper
inter-second premolar width as the only discriminator
variable. Based on the result, a similar prediction model
was generated as in prediction model 1.

DISCUSSION
The measurements of dental arch dimensions were

performed using digital dental models instead of the
digital calliper and plaster dental casts. Several studies

Table IlI: Percentage of correct classification in the original and
cross-validation samples for upper arch dimensions

Actual group Predicted group membership

membership

Males (count)  Females (count)  Total (count)

Original Sample

Males 67.2 (43) 32.8 (21) 100.0 (64)
Females 32.8 (21) 67.2 (43) 100.0 (64)
Cross-validation

Males 67.2 (43) 32.8 (21) 100.0 (64)
Females 34.4(22) 65.6 (42) 100.0 (64)

“Correct classification was present in 67.2% of original grouped cases.

bCross-validation was performed only on the analysis cases, in which each case was classified
by the functions derived from all other cases.

“Correct classification was present in 66.4% of the cross-validated grouped cases.

Table 1V: Discriminant function analysis for lower arch dimensions

Table V: Percentage of correct classification in the original and
cross-validation samples for lower arch dimensions

Actual group Predicted group membership

membership

Males (count)  Females (count)  Total (count)

Original sample

Males 65.6 (42) 34.4(22) 100.0 (64)
Females 35.9 (23) 64.1 (41) 100.0 (64)
Cross-validation

Males 64.1 (41) 35.9 (23) 100.0 (64)
Females 35.9(23) 64.1 (41) 100.0 (64)

*Correct classification was performed on 64.8% of the original grouped cases.
"Cross-validation was performed only on the analysis cases, in which each case was classi-
fied by the functions derived from all other cases.

“Correct classification was performed on 64.1% of the cross-validated grouped cases.
(22,23) have confirmed the validity and reliability
through the measurements performed on the digital
dental models. Furthermore, the error study showed
excellent reliability for all the tested variables, which
prevented any bias in results. The dental casts were
collected from the population aged 18 to 21 years old as
the arch dimension growth has stabilized and minimal
teeth attrition that may obscure the anatomical landmark
in this age group (24). This study was standardized by
including only the Class | occlusion sample because
dental arch dimensions varied across different types of
malocclusions (25,26).

Gender prediction does not represent a problem when
a complete skeleton is found. However, decomposition
would lead to the deterioration of soft tissues and the
detachment of the mandible from the cranium. As
a result, the cranium is disassociated from the rest of
the body parts, and this phenomenon was reported to
occur early in the disarticulation sequence of humans
(27). Provided that only the cranium or mandible was
found instead of a complete skull, this study formulated
separate upper and lower arches gender prediction
models. The standard deviation for each variable was
found to be relatively small in this study contributed to
higher confidence and validity in the recorded input
data. Two prediction models were finally constructed
by the stepwise discriminant analysis to simulate the
forensic scenarios. It was based on the input from the
upper arch dimensions, lower arch dimensions, and
both upper and lower arch dimensions.

Upper inter-second premolar width and lower inter-
molar width exhibited the most significant effect or
ability to predict whether a randomly selected case
was male or female. Thus, these variables made up the
predictors in the model. Even though univariate analyses

Function Variables Discriminant function Wilk’s lambda P Group centroids
coefficients
Males Females
2 Lower inter-molar width 0.411 0.902 <0.001 0.327 -0.327
(Constant) -18.886
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indicated arch length and perimeter were also statistically
significant between gender, there were not selected by
stepwise procedure in the prediction models. Similar
scenarios could be observed in gender prediction model
using tooth sizes where stepwise method may select only
few variables from a list of many variables that showed
statistically significant different between gender (28,29).

Other researchers utilised intercanine width and
ratio in formulating gender prediction models. Their
study used mandibular canine index (MCI) with some
modifications (6,7,17) while others (26,30,31) only
reported univariate analyses findings. All these studies
showed that dental arch dimensions are larger in males
than in females. However, findings from univariate
analyses of arch dimensions may have been overquoted
for the accuracy of gender prediction and suitability for
forensic application. So far, only few literatures reported
prediction accuracy rates using dental arch dimension
variables. Accuracy of MCI may varies from as high as
87.5% (6) to approximately moderate accuracy 66%-
75% (17) and poor accuracy (32) while using arch width,
Daniel et al. (16) reported 92% specificity and Okori et
al. (10) only reported prediction models. At least to our
knowledge, our study was the only one who reported
both prediction accuracy rates and models. Accuracy
rate is one of the attributes for any testimony related to
technique/ scientific data to be admissible in court of
law (33).

The percentage of grouped cases ranged from 64.1%
to 67.2%. To be specific, the percentage of the original
grouped cases, which was correctly classified with
discriminant function (1), was slightly higher compared
to that of the discriminant function (2). Similarly, the
percentage of cross-validated grouped cases, which was
correctly classified with discriminant function (1), was
slightly higher than that of the discriminant function (2).
Therefore, it could be concluded that the formula of
the discriminant functions (1) and (2) were moderately
strong and represented the simplified model for the
gender determination of the upper and lower arches,
respectively.

The findings of this study would enlighten forensic
odontology work in identification process and facilitate
reconstructive identification process. In the event where
limited information available for gender estimation,
this simple method may provide information act as an
adjunct to the estimation process. The 2D method used
will be practical because not all laboratory has a 3D
scanner.

This study has its limitation due to only moderate
accuracy prediction rates was obtained and the narrow
age sample preclude the variation among subjects in
their adulthood and late adulthood. Further studies
may be designed to quantify the accuracy of gender
estimation with wider age range samples.

CONCLUSION

A significant difference was found between genders in
terms of the upper and lower arch dimensions, in which
the dental arch dimensions were larger among the males
compared to the females. Prediction models obtained in
this study were moderately strong predictors which may
be used as an adjunct to predict gender.
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