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Abstract

Introduction:Various methods of identification such as anthropometry, stature estimation, dactylography, sex 
estimation, age estimation, DNA analysis, differentiation by blood groups and odontology are used in forensic 
medicine to create biological profile of an unknown individual. Estimation of sex is the first step towards 
identification of person. Determination of sex from skeletal remains is an essential task in medicolegal examination.
Teeth are highly indestructible and reveal minimal turnover of natural substance hence teeth can be used for sex 
estimation.Mesiodistal parameter of mandibular and maxillary canine gave evidence of sex estimation due to 
sexual dimorphism. 

Aim: The aim of our study was to evaluate the sex estimation by mesiodistal width of mandibular canine and 
mesiodistal width of maxillary canine in north Indian population.

Materials and Methods: The sample comprised of dental impression from 120 individuals (60 males and 60 females), 
all young adults between 20 and 35 years of age. Impressions of the teeth were made using irreversible hydrocolloid 
(alginate) material and casts poured in dental stone. Mesiodistal (MD) dimensions of mandibular and maxillary 
canine of both right and left side is measure by caliper.
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Results: Mean mandibular canine width of both right and left sidewere higher in male than female and were 
statistically significant whereas, mean maxillary canine width of both right and left side were slightly higher in 
male than female but were not statistically significant in young north Indian population. Left mandibular canine 
width (6%) was more sexually dimorphic than right mandibular canine width (5.1%). Whereas negligible sexual 
dimorphism shown by maxillary canine.

Conclusion: The study confirmed that among maxillary and mandibular canine, mandibular canine can be used 
for sex estimation and shows significant sexual dimorphism.

Keywords: Maxillary canine, Mandibular canine, Sexual dimorphism, Sex estimation, Mesiodistal width.

Introduction

Forensic derives utmost importance when there 
is requirement of the identification of anindividual 
either from partial or complete remains1. Personal 
identification requires in courts of law for not only 
criminal identification but also for identification 
of other living individuals, dead person and body 
remains2. Variousmethods of identification such as 
anthropometry, stature estimation, dactylography, 
sex estimation, age estimation, DNA analysis, 
differentiation by blood groups and odontology 
are used in forensic medicine to create biological 
profile of an unknown individual3,4,5. Estimation of 
sex is the first step towards identification of person6. 
Determination of sex from skeletal remains is an 
essential task in medicolegal examination specially in 
damaged, mutilated or decomposed bodies7.Among 
various methods of sex estimation like osteometry, 
odontometry, DNA analysis and cheiloscopy,only 
analysis of DNA gives definitive proof of sex 
determination, but such methods are expensive, 
exhaustive, relatively prolongedinvolving difficult 
DNA extraction technique and requires trained staff8.
Teeth are highly indestructible and reveal minimal 
turnover of natural substance hence teeth can be used 
for sex estimation in decomposed, mutilated bodies 
or from fragmentary skeletal remains9,10. Sexual 
dimorphism means difference in size and appearance 
in teeth among male and female that can be used 
for sex determination11.Mesiodistal parameter of 
mandibular and maxillary canine gave evidence 
of sex estimation due to sexual dimorphism12. The 
aim of our study was to evaluate the sex estimation 
by mesiodistal width of mandibular canine and 
mesiodistal width of maxillary canine in north Indian 
population.

Material and Methods

Material required

1.	 Alginate 

2.	 Dental stone 

3.	 Maxillary Impression Trays

4.	 Mandibular Impression Trays 

5.	 Rubber Bowl 

6.	 Spatula

The alginate dental impression forms an imprint 
(i.e., a ‘negative’ mould) of those teeth and gums, 
which can then be used to make a cast or ‘positive’ 
model of the patient’s dentition.

Sample size

Sample selection: 

sample size was calculated by formula 

N=Zα
2p(1-p)/E2

Where Zα is critical value of z-score at αlevel of 
significance (at α= 5%, Zα=1.96), p is proportion and 
E is permissible error. 5.738 % of sexual dimorphism 
observed by canine width (6.80% by rightmandibular 
canine width and 7.72% by leftmandibular canine 
width parameter. Average of sexual dimorphism 
by mandibular canine =7.26 %. 4.58 % of sexual 
dimorphism observed by right maxillary canine 
width and 3.85 % by left maxillary canine mesiodistal 
width). Average of sexual dimorphism by maxillary 
canine=4.215. So overall average is 5.738)12.
So,p=5.738%, i.e., .05738, 1-p=.9427, E=4.1% i.e., .041. 
So, n= (1.96)2×0.05738×0.9427/ (.041)2=123.6 ≈120.

Studywas conducted on 120 volunteer subject 
(60 male and 60 female) of both the sex having age 
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group between 20 to 35 years at Integral Institute of 
Medical Sciences & Research, Integral University, 
Lucknow.  Institutional ethical clearance was 
taken for this study with reference number IEC/
IIMSR/2023/13. Informed consent was taken from 
all participants.

Inclusion Criteria:
1.	 Age between 20 to 35 years.
2.	 Fully erupted with complete set of teeth.
3.	 No history of orthodontic treatment or any 

type of prosthesis
4.	 Non-carious, non-hypoplastic, non-

traumatic, non attrited and periodontally 
healthy teeth.

Exclusion Criteria:
1.	 Age below 20 years and above 35 years.
2.	 Misaligned, spacing teeth, diastema or 

crowded teeth
3.	 Carious teeth, restored teeth, fractured teeth, 

hypoplastic teeth, teeth with prosthesis, 
attrited teeth, mobile teeth.

Methodology and toothmeasurements

Impressions of the teeth were taken using 
irreversible hydrocolloid (alginate) material and 
poured by dental stone (Figure 1). Mesiodistal 
(MD) dimensions of mandibular canine and 
maxillary canine of both right and left side, were 
measured on the casts using a digital caliper 
calibrated to 0.01 mm. The MD dimension was 
defined as the greatest distance between contact 
points on the approximate surfaces of the tooth 
crown and was measured with the caliper beaks 
placed occlusally and aligned with the long axis 
of the tooth (Figure 2&3). If any teeth were rotated 
or misaligned, measurements were taken between 
points on the approximate surfaces of the crown 
where it was considered that contact with adjacent 
teeth would normally occur. Sexual dimorphism 
calculated by following formula13.

Sexual Dimorphism in percentage (%) = [(𝑋𝑚/
𝑋𝑓)-1] × 100, where 𝑋𝑚 is the mean value for males 
and 𝑋𝑓 is the mean value for females.

Figure 1- Image of dental cast

Figure 2: Measuring mesiodistal dimension of 
mandibular canine teeth by the digital caliper

Figure 3: Measurement of mesiodistal dimension 
of maxillary canine teeth by the digital caliper

Results 

Data obtained were quantified and analysed 
statistically using SPSS (Statistical Package for the 
Social Sciences). All description were shown in table 
1 to 4. Data were summarized as Mean and standard 
deviation (SD). Groups (in Gender Male vs female) 
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were compared by unpaired or independent Student’s 
t test.In our study mean of right and left mesiodistal 
mandibular canine width (Table 1, chart 1) was higher 
in male (for right mesiodistalmandibular canine width 
6.042167±.518561 and for left mesiodistal mandibular 
canine width 6.084±.604484) than female (for right 
mesiodistal mandibular canine width 5.74367±.45661 
and for left mesiodistal canine width 5.73783±.60016) 
and was statistically highly significant ((p 

value=.0011 for right side and p value .002083 for left 
side). Whereas as mean of right mesiodistal maxillary 
canine width (Table 2, chart 2) was slightly higher in 
male (6.66533±.69064) than female (6.56667±.58321) 
and wasstatistically not significant whereas mean 
of left mesiodistal maxillary width was almost 
equal in male and female and was statistically not 
significant(for male it was 6.678±.75049 whereas for 

female it was 6.62933±.72876 with p value .71922).

Table 1. Measurement of mean and standard deviation of mandibular canine width among male and female

Sex Right mesiodistal mandibular canine 
width (in mm)

Left mesiodistal mandibular canine width 
(in mm)

Mean Standard 
deviation

p value Mean Standard 
deviation

p value

Male 6.04217 .51856 0.0011 6.084 .604484 .0.002083

Female 5.74367 .45661 5.73783 .60016

Chart 1. Measurement of mean and standard deviation of mandibular canine width among male and female

Table 2. Measurement of mean and standard deviation of maxillary canine width among male and female

Sex Right mesiodistal maxillary canine width 
(in mm)

Left mesiodistal maxillary canine width (in 
mm)

Mean Standard 
deviation

p value Mean Standard 
deviation

p value

Male 6.66533 .69064 .3996 6.678 .75049 .71922

Female 6.56667 .58321 6.62933 .72876
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Chart 2. Measurement of mean and standard deviation of maxillary canine width among male and female

Table 3. Calculation of % Sexual dimorphism from 
right and left mandibular canine

Right mandibular canine 5.1 %

Left mandibular canine 6.0 %

Chart 3. % Sexual dimorphism shown by right and 
left mandibular canine

Table 4. Calculation of % Sexual dimorphism from 
right and left maxillary canine

Right maxillary canine 1.5 %

Left maxillary canine 0.73 %

Chart 4. % Sexual dimorphism shown by right and 
left maxillary canine

Chart 5. Comparative % sexual dimorphism shown 
by right and left mandibular and maxillary canine

Significant sexual dimorphism shows by right 
and left mesiodistal mandibular canine width 
(Table 3, chart 3). Left mesiodistal mandibular canine 
(6%) higher sexual dimorphism than right mesiodistal 
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mandibular canine width (5.1%). Negligible sexual 
dimorphism shown by maxillary canine (Table 4, chart 
4). Comparative sexual dimorphism by mandibular 
and maxillary canine was shown in chart 5.

Discussion

Sex determination from mutilated or damaged 
or from skeleton remains is most important steps in 
forensic medicolegal examination of identification. 
Identification of missing person become simplified 
and easy because missing person of that sex will 
be considered14. Canine play as key teeth for 
identification of a person since it is decay resistance, 
least affected by dental caries or oral disease, 
comparatively better to withstand severe trauma 
and last tooth to be extracted with respect to age15.
Sexual dimorphism is difference in the physical 
appearance between male and female that is vital in 
dental identification16. Identification of an individual 
by means of teeth and gender determination is 
consider as top priority because tooth is very decisive 
in identification when other evidence is lacking12. 
Present study revealed comparative analysis of the 
mesiodistal dimension of maxillary and mandibular 
canine in sex estimation among male and female 
subjects in north Indian population. Our study 
revealed that mean value for right and left mesiodistal 
mandibular and mesiodistal maxillary canine width 
were less for female than male which was similar to 
the study of Gustafss on and Lindenfors17, studies of 
Frayer and Wolpoff18 and study done by Syed MA 
et al19and in many other studies20,21. In their study, 
Otuga et al12 found that mean of left mesiodistal 
maxillary canine width is higher in female than 
male. Though mean value of right and left maxillary 
mesiodistal canine width was slightly higher in male 
(6.66533± .69064 for right and 6.678±.75049 for left) 
than female(6.56667±.58321 for right and 6.62933± 
.72876 for left) but difference in male and female was 
not significant(p value was .3996 and .71922 for right 
and left side respectively) in our study which was 
similar to the study of Mohammed et al11 on Saudi 
Arabian population who found that the mean value of 
mesiodistal width of maxillary canines was 7.54 ± 0.68 
mm (right) and 7.54 ± 0.67 mm (left) in males, while 
in females mean value was 6.8 ± 0.925 mm (right) and 
6.83 ± 0.934 mm(left), but the differences in males and 
females were not statisticallysignificant.So, it is clear 

out from our study and study of Mohammed et al11 
that mesiodistal width of maxillary canine was not 
suitable for sex estimation.

In our study left mesiodistal mandibular canine 
(6%) showed higher sexual dimorphism than right 
mesiodistal mandibular canine width (5.1%) which is 
similar to study done by Kaushal et al9 on 60 north 
Indian subject who found left mandibular canine 
(9.796% in cast and 8.891% intraoral) to be more 
dimorphic than right mandibular canine (7.954% in 
cast and 7.594% intraoral),study of Nair et22 al who 
found higher sexual dimorphism by left mandibular 
canine than right mandibular canine (6.2%) and 
observation of Kapila et al23 in their study where 
greater sexual dimorphism (9.7%) was exhibited 
in the left mandibular canine than in the right 
mandibular canine (7.4%). Reason for such finding 
may be due the fact sexual dimorphism for tooth 
is population dependent and vary accordingly in 
different ethnic group13.Similar results also observed 
by Knak Priya et al24.Maneel et al25 observed higher 
sexual dimorphism in right mandibular canine 
(10.11%) than left mandibular canine (4.44%) which 
was contradictory to our study. Negligible sexual 
dimorphism shown by maxillary canine in our 
study (for right maxillary mesiodistal canine teeth 
sexual dimorphism was 1.5% while for left maxillary 
mesiodistal canine it was 0.73%) which is contrary to 
study of Otuga et al 12 who found sexual dimorphism 
for right maxillary canine was 4.58 and for left 
maxillary canine was 3.85% and study of Yuvenva 
et al26who observed sexual dimorphism for right 
maxillary canine was 8.85% and for left maxillary 
canine it was 6.85.

Conclusion

The right and left mandibular mesiodistal canine 
width dimension have comparatively higher mean 
in male than female and are statistically significant 
whereas right and left mesiodistal maxillary canine 
width is slightly higher in male than female but are 
not statistically significant. Henceamong maxillary 
and mandibular canine, mandibular canine can be 
used for sex estimation and shows significant sexual 
dimorphism whereas, maxillary canine is not suitable 
for sex estimation.
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