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A b s t r ac t
Introduction: Sex estimation in forensic science is an essential step for medicolegal purposes. Teeth are an excellent material for anthropological,
odontological, genetic, and forensic investigations as they are known to resist a variety of ante-mortem and post-mortem insults. Sexual
dimorphism is an indicator of gender differences that can be observed in several aspects of the human skeleton such as the pelvis, cranium,
femur, humerus, canines, and other structures. Maxillary first molars are the first permanent teeth to erupt into the oral cavity at the mean age
of 6–7 years and are less commonly impacted as compared to canines. The purpose of this study was to indicate whether sexual dimorphism
also exists in the first maxillary molar of humans.
Aim: To determine the sexual dimorphism in the permanent maxillary first molar teeth using the mesiodistal and buccolingual crown width.
Materials and methods: The present study was performed on 80 patients from the National Institute of Medical Sciences and Research, Jaipur.
Mesiodistal and buccolingual width were measured on the basis of intraoral examination and plaster modal with the help of Vernier caliper.
Sexual dimorphism (in percentage) was calculated from these measured parameters.
Results: The mean values of right and left mesiodistal width and buccolingual width were less for females than for males and the differences
were statistically significant for buccolingual width but nonsignificant for mesiodistal width. The sexual dimorphism was slightly greater on the
right side than the left side. Buccolingual width of right maxillary molar teeth shows maximum sexual dimorphism among all measurements
(both intraoral 5.13% and cast 5.18%).
Conclusion: This study signifies the possible role of morphometric study of canine teeth in estimation of gender and it can be used in forensic
investigations where gender determination of skeletal remains is difficult.
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I n t r o d u c t i o n
Every human being is born with an identity and has the right
to die with an identity. Identity means the determination of the
individuality of a person.1 Human identification is based on scientific
principles mainly involving DNA analysis, fingerprints, and dental
records.2,3 The DNA profile will provide accurate results but the
measurements in anthropometric or odontometric studies used
for sex determination are simple, reliable, inexpensive, and easy
to measure.
Anatomical structures including pelvic girdle, skull, and
dentition have been implicated time and again by the forensic
anthropologists to conclude the gender and age of skeletal remains.
Teeth measurements are effectively genuine tool in determination
of gender and age particularly in cases where secondary sexual
characteristics have either not developed or where certain body
parts otherwise useful to make sure the gender and age were
missing.4,5
Dentition being the hardest and chemically most stable
tissue in the body is an excellent material in living and nonliving
populations for anthropological, odontologic, genetic, and forensic
investigations.6 These exhibit the least turnover of natural structure
and are easily accessible for examination. Their durability in the face
of fire and bacterial decomposition makes them of great importance
for identification. Different features of teeth, including their detailed
morphology, crown size, root lengths, etc., tend to vary between
males and females. These variations can help a forensic scientist to
identify the gender and age of the victims of mass disasters, since
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the teeth are generally preserved even when the soft tissue and
bones have been destroyed.7,8
The purpose of this study was to evaluate the existence of sexual
dimorphism using both mesiodistal and buccolingual dimensions
of maxillary first molars, as they are the first permanent teeth to
erupt into the oral cavity at the mean age of 6–7 years and are less
commonly impacted as compared to canines.

Aims

and

O b j e c t i v e s

The aim of the present study is to determine the sexual dimorphism
in the permanent maxillary first molar teeth using the mesiodistal
and buccolingual crown width.

© The Author(s). 2020 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0 International License (https://
creativecommons.org/licenses/by-nc/4.0/), which permits unrestricted use, distribution, and non-commercial reproduction in any medium, provided you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made. The Creative Commons
Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Sexual Dimorphism in the Permanent Maxillary First Molar Teeth in the Rajasthan Population

M at e r ia l s

and

M e t h o d s

This study was conducted in the Department of Anatomy, National
Institute of Medical Sciences and Research, Jaipur (Raj), India, on 80
subjects (40 male and 40 female), aged 20–40 years. The subjects
were selected based on the inclusion and exclusion criteria set
forth for the study.

Inclusion Criteria
•
•
•

Fully formed permanent maxillary first molar
Caries, attrition, abrasion, and erosion free
Intact contact area

Exclusion Criteria
•
•
•
•

Missing first molar
Any pathology or developmental anomaly
Restorations and capping
Malaligned teeth

Following informed consent, impressions of maxillary arch were
made with irreversible hydrocolloid (alginate) material and casts
poured immediately in type II dental stone to minimize dimensional
change. Buccolingual (BL) and mesiodistal (MD) crown diameters of
maxillary first molars were measured using digital Vernier calipers
(resolution 0.01 mm) both intraoral and on study casts.
•

•

Buccolingual diameter of the crown: This measurement is the
greatest distance between buccal and lingual surfaces of crown,
taken at right angles to the plane in which mesiodistal diameter
is taken.
Mesiodistal diameter of the crown: This measurement is the
greatest mesiodistal dimension between the contact points of
teeth on either side of the jaw.

Table 1: Mean ± SD of right and left buccolingual width of intraoral
and cast in females
Mean ± SD
Parameters Right
Intraoral
10.33 ± 0.90
Cast
10.43 ± 0.92

Left
10.15 ± 0.91
10.25 ± 0.89

The mean values of buccolingual and mesiodistal dimensions
of males and females were calculated. The data obtained were
subjected to the statistical analysis with the Microsoft Excel, using
descriptive statistics. The unpaired t-test was applied to compare
the dimensions measured for males and females. p ≤ 0.05 was
considered statistically significant.
The mean values of buccolingual and mesiodistal dimensions
of males and females were subjected to the formula to calculate
sexual dimorphism.
Sexual dimorphism (in percentage) = Xm/Xf − 1 × 100
Xm = mean value for males; Xf = mean value for females

R e s u lts

and

O b s e r vat i o n s

When comparison between right and left buccolingual width of
intraoral and cast in female, right buccolingual width intraoral (10.33
± 0.90), cast (10.43 ± 0.92) and left buccolingual width intraoral
(10.15 ± 0.91), cast ( 10.25 ± 0.89). p value > 0.05, so there was no
significance as shown in Table 1 and Figure 1.
When comparison between right and left mesiodistal width of
intraoral and cast in female, right mesiodistal width intraoral (9.61 ±
0.73), cast (9.70 ± 0.77) and left mesiodistal width intraoral (9.65 ±
0.79), cast ( 9.75 ± 0.80). p value > 0.05, so there was no significance
as shown in Table 2 and Figure 2.
When comparison between right and left buccolingual width of
intraoral and cast in male, right buccolingual width intraoral (10.86
± 0.46), cast (10.97 ± 0.58) and left buccolingual width intraoral
(10.63 ± 0.49), cast (10.73 ± 0.52). Intraoral p value < 0.05, so there
was significance intraoral as shown in Table 3 and Figure 3.
When comparison between right and left mesiodistal width of
intraoral and cast in female, right mesiodistal width intraoral (9.87 ±
0.63), cast (9.97 ± 0.63) and left mesiodistal width intraoral (9.73 ±
0.51), cast (9.80 ± 0.55). p value > 0.05, so there was no significance
as shown in Table 4 and Figure 4.
Table 2: Mean ± SD of right and left mesiodistal width of intraoral and
cast in female
Mean ± SD

p value Significance
0.3765 Nonsignificant
0.3765 Nonsignificant

Fig. 1: Mean ± SD of right and left buccolingual width of intraoral and
cast in females

Parameters Right
Intraoral
9.61 ± 0.73
Cast
9.70 ± 0.77

Left
9.65 ± 0.79
9.75 ± 0.80

p value Significance
0.8147 Nonsignificant
0.7766 Nonsignificant

Fig. 2: Mean ± SD of right and left mesiodistal width of intraoral and
cast in female
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Table 3: Mean ± SD of right and left buccolingual width of intraoral
and cast in male
Mean ± SD
Parameters Right
Intraoral
10.86 ± 0.46
Cast
10.97 ± 0.58

Left
10.63 ± 0.49
10.73 ± 0.52

Table 4: Mean ± SD of right and left mesiodistal width of intraoral and
cast in male
Mean ± SD

p value Significance
0.0335 Significant
0.0549 Nonsignificant

Parameters Right
Intraoral
9.87 ± 0.63
Cast
9.97 ± 0.63

Left
9.73 ± 0.51
9.80 ± 0.55

p value Significance
0.2780 Nonsignificant
0.2024 Nonsignificant

Fig. 3: Mean ± SD of right and left buccolingual width of intraoral and
cast in male

Fig. 4: Mean ± SD of right and left mesiodistal width of intraoral and
cast in male

Table 5: Mean ± SD of right buccolingual width of intraoral and cast
according to sex

Table 6: Mean ± SD of left buccolingual width of intraoral and cast
according to sex

Mean ± SD
Parameters Male
Intraoral
10.86 ± 0.46
Cast
10.97 ± 0.58

Female
10.33 ± 0.90
10.43 ± 0.92

Mean ± SD
p value Significance
0.0014 Very significant
0.0024 Very significant

Parameters Male
Intraoral
10.63 ± 0.49
Cast
10.73 ± 0.52

Female
10.15 ± 0.91
10.25 ± 0.89

p value Significance
0.0044 Very significant
0.0043 Very significant

Fig. 5: Mean ± SD of right buccolingual width of intraoral and cast
according to sex

Fig. 6: Mean ± SD of left buccolingual width of intraoral and cast
according to sex

When comparison between male and female right buccolingual
width intraoral and cast, in male right buccolingual width intraoral
(10.86 ± 0.46), cast (10.97 ± 0.58) and in female intraoral (10.33
± 0.90), cast (10.43 ± 0.92). p value < 0.005, so there was very
significance as shown in Table 5 and Figure 5.

When comparison between male and female left buccolingual
width intraoral and cast, in male left buccolingual width intraoral
(10.63 ± 0.49), cast (10.73 ± 0.52) and in female intraoral (10.15 ± 0.91),
cast (10.25 ± 0.89). p value < 0.005, so there was very significance
as shown in Table 6 and Figure 6.
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Table 7: Mean ± SD of right mesiodistal width of intraoral and cast
according to sex
Mean ± SD
Parameters Male
Intraoral
9.87 ± 0.63
Cast
9.97 ± 0.63

Female
9.61 ± 0.73
9.70 ± 0.77

Table 8: Mean ± SD of left mesiodistal width of intraoral and cast
according to sex
Mean ± SD

p value Significance
0.0921 Nonsignificant
0.0901 Nonsignificant

Parameters Male
Intraoral
9.73 ± 0.51
Cast
9.80 ± 0.55

Female
9.65 ± 0.79
9.75 ± 0.80

p value Significance
0.5921 Nonsignificant
0.7455 Nonsignificant

Fig. 7: Mean ± SD of right mesiodistal width of intraoral and cast
according to sex

Fig. 8: Mean ± SD of left mesiodistal width of intraoral and cast according
to sex

When comparison between male and female right mesiodistal
width intraoral and cast, in male right mesiodistal width intraoral
(9.87 ± 0.63), cast (9.97 ± 0.63) and in female intraoral (9.61 ± 0.73),
cast (9.70 ± 0.77). p value > 0.05, so there was nonsignificance as
shown in Table 7 and Figure 7.
When comparison between male and female left mesiodistal
width intraoral and cast, in male left mesiodistal width intraoral
(9.73 ± 0.51), cast (9.80 ± 0.55) and in female intraoral (9.65 ± 0.79),
cast ( 9.75 ± 0.80). p value > 0.05, so there was nonsignificance as
shown in Table 8 and Figure 8.
The sexual dimorphism was slightly greater on the right side
than the left side. Buccolingual width of right maxillary molar teeth
shows maximum sexual dimorphism (intraoral 5.13%, cast 5.18%)
among all measurements as shown in Table 9.

Table 9: Sexual dimorphism (in percentage) of maxillary molar teeth

D i s c u s s i o n
The present study established the morphometric difference of
maxillary first molars in both males and females and its role in
gender estimation. Mesiodistal and buccolingual diameters of right
and left maxillary first molars in males and females were measured
both intraorally and on study casts.
The present study showed bilateral symmetry of the maxillary
permanent first molar as no significant difference was found in the
dimensions of the maxillary right and left permanent first molar in
both males and females, indicating almost symmetric dimensions.
This finding is in agreement with most of the studies done by Preeti
et al.,9 Rai et al.,10 and Garn et al.,11 which showed no tendency for
the mesiodistal as well as buccolingual crown dimensions on one
side to be consistently larger than on the other side.
The present study established the sexual dimorphism on
the morphometry of maxillary first molars. Buccolingual and
mesiodistal diameters of right and left maxillary first molars in

Parameters
Right mesiodistal width
Left mesiodistal width
Right buccolingual width
Left buccolingual width

Intraoral (%)
2.71
0.83
5.13
4.73

Cast (%)
2.78
0.51
5.18
4.68

males and females were measured both intraorally and on study
casts. The comparison of mean values of parameters measured
between males and females showed highly statistically significant
differences with p < 0.001 and these results were in agreement
with the studies done by Perzigian et al.,12 Ghose et al.,13 Stroud
et al.,14 Hattab et al.,15 Rai et al.,16 and Ghodosi et al.17 in which they
have observed that the males had larger teeth than females in all
the dimensions. Such differences in dimensions of the teeth can be
due to greater dentine thickness in males as compared to females,
as the Y chromosome increases the mitotic potential of the tooth
germ and induces dentinogenesis; while the X chromosome induces
amelogenesis.18
In the intraoral group, the right maxillary first molar was
found to exhibit the greatest sexual dimorphism (5.13%) in terms
of buccolingual dimension. The results of the present study were
in agreement with the study done by Rai et al.,16 who found a
similar result with the right maxillary first molar exhibiting the
greatest sexual dimorphism (8.9%). In the study cast group, the
right maxillary first molar was found to exhibit the greatest sexual
dimorphism (5.18%) in terms of buccolingual dimension while the
least dimorphic value was that for the left maxillary first molar
(0.51%) in terms of mesiodistal dimensions.
Comparing the properties of mesiodistal dimension with
buccolingual dimension, it was observed in this study that the mean
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buccolingual dimension on the right and left sides in both genders
were larger than the mesiodistal dimension on the corresponding
sides. The buccolingual dimensions of maxillary first molars in the
present study were found to exhibit greater sexual dimorphism
than mesiodistal dimensions of the same teeth. The results of this
study are in agreement with the study done by Garn et al.11 who
found that among 117 adolescents, sexual dimorphism amounted
to 5.6% for the buccolingual diameter as compared to 4.2% for the
mesiodistal diameter of the same teeth.
Iscan and Kedici19 stated that an advantage of buccolingual
dimension is that it is more reliably measured than others, while this
is true for posterior teeth. The major disadvantage of mesiodistal
measurements is that they are more difficult to obtain than
buccolingual measurements considering the proximal contact that
exists between teeth.

C o n c lu s i o n
The buccolingual dimensions in the present study were found to
exhibit greater sexual dimorphism than mesiodistal dimensions
of permanent maxillary first molars. Thus, this study indicates that
maxillary first molar shows significant sexual dimorphism and can
be used as an adjunct along with other accepted procedures for
sex estimation.
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