
Comparative assessment of maxillary canine 
index and maxillary first molar dimensions 
for sex determination in forensic odontology

Introduction

The teeth being the most durable tissue of our body 
exhibits the least turnover rate because of its intense 

resistance to destruction. Hence, they can be considered 
for gender determination.[1]

Prediction of gender makes the task simpler since the 
missing person of only one gender is to be evaluated. 
Measurement of long bones particularly humerus and 
femur, pelvis, or skull are often used for sex determination. 
However, odontometric methods are more reliable in case 
of pediatric cases as teeth complete their development 
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Abstract

Background: Sexual identification of immature skeletal remains is still a difficult 
problem to solve in forensic anthropology. In such situations, the odontometric features 
of the teeth can be of immense help. Teeth, being the hardest and chemically the most 
stable tissue in the body, are an excellent material in living and nonliving populations 
for anthropological, genetic, odontologic, and forensic investigations. Using tooth size 
standards, whenever it is possible to predict the sex, identification is made easier 
because then only missing persons of one sex need to be considered. Aim: To 
determine sex from the odontometric data using maxillary canine index and maxillary 
first molar dimensions and to determine which index gives higher accuracy rate for sex 
determination using only maxillary cast. Materials and Methods: In a sample size of 
200 population (100 male and 100 female), alginate impression was taken of maxillary 
arch and poured with dental stone. Using Vernier caliper, the dimension of maxillary first 
molar (buccolingual [BL] and mesiodistal [MD]), canine (MD), and intercanine distance 
was measured on the cast. The obtained data were analyzed using discriminant statistical 
analysis. Result and Conclusion: This study concludes that BL dimension of maxillary 
first molar is a more reliable indicator for gender determination than other molar and 
canine dimensions in maxilla.
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before skeletal maturation.[1] Hence, today, dentist’s 
opinion is often sought to answer queries that arise during 
a postmortem investigation.[2]

Various odontometric parameters have been used for 
gender determination such as mandibular and maxillary 
canine indices, mandibular canine dimensions, maxillary 
canine dimension, maxillary first molar dimensions, and 
cumulative dimension of all teeth. Despite being reliable, the 
mandibular canine index (CI) has its limitations. Mandible 
being a single bone that is not directly attached to skull poses 
increased chances of trauma or damage. In cases where only 
part of the skull with maxilla is obtained, maxillary indices 
may have to be used for sex determination.

The purpose of this study was to evaluate the probability of 
determining gender using maxillary CI, buccolingual (BL), 
and mesiodistal (MD) dimensions of maxillary first molar 
and to compare the efficacy of these parameters with each 
other.

Materials and Methods

The study was conducted in the Department of Oral and 
Maxillofacial Pathology, after obtaining the institutional 
research committee and university ethical clearance. The 
study sample comprised population of dental students 
from the institute.

A base sample of 200 (100 male and 100 female) was 
chosen using cluster sampling. To detect percentage sexual 
dimorphism in maxillary first molars about 5.34% with 
5% absolute error and 99% confidence interval, minimum 
observations required for the proposed study was 182. To 
increase precision (power), we have taken 200 samples.

The age of study population ranged from 15 to 25 years. 
This age group was particularly selected as dimensional 
changes due to attrition and abrasion are minimal.

Other inclusion criteria were as follows:
• Complete set of fully erupted teeth excluding the third 

molars
• Periodontally healthy teeth
• Noncarious teeth
• Nonattrited and intact teeth
• Satisfactorily aligned maxillary teeth.

Following written consent from the participants, 
impression of maxillary arch was made using irreversible 
hydrocolloid – alginate (Finndent™, India) and poured 
using Type II dental stone (Neelkanth™, India) immediately 
to avoid any distortion. The maxillary arch study models 
were then used for analysis. All the measurements were 
done on the casts for easy reproducibility using digital 
calipers with a resolution of 0.01 mm by a single observer.

The mesiodistal dimension of maxillary canine (CMD) was 
measured as the distance between the mesial and distal 
contact points as shown in Figure 1.[3] The MD width of 
both left and right canine was measured, and the average 
value was taken for calculations.

The maxillary CI was calculated using the formula:

MDof maxillarycanineMaxillaryCI
Intercaninedistancein maxillaryarch

The intercanine width was measured by placing the beaks 
of digital Vernier caliper at the cusp tips, and the linear 
distance between the left and right canine was measured 
as shown in Figure 2.[3]

The mesiodistal width of maxillary first molar (MMD) 
is defined as the greatest distance between the labial 
surface and the lingual surface of the tooth crown 
as shown in Figure 3. Both left and right molars were 
measured, and the average value was taken for 
calculations.[4]

The BL width of maxillary first molar (MBL) is defined 
as the greatest distance between the contact points on 
approximate surface of tooth crown [Figure 4]. Both left 
and right molars were measured, and the average value 
was taken for calculations.[4]

These measurements were then subjected to statistical 
analyses including descriptive analysis (mean and standard 
deviation), independent t‑test (sexual dimorphism), 
and linear discriminant analysis using SPSS software 
version  11 (IBM, Chicago, SPSS Inc., 2009) [p value <0.005].

To assess the gender (y) using tooth dimensions, 
“discriminant formula” was applied that is:

y = a + b (p)

Figure 1: Measurement of mesiodistal dimension of maxillary canine 
on study cast
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Where a is the canonical discriminant constant, b is the 
unstandardized coefficient, and P is the parameter. The 
constants are obtained from the data given in Table 1. After 

obtaining the constants, we have generated the formula 
given below.
Gender (y) = −0.367 + 0.391 × CMD
Gender (y) = −0.379 + 1.371 × CI
Gender (y) = −18.122 + 18.018 × MMD
Gender (y) = −16.678 + 15.835 × MBL.

The above‑mentioned formulae are in format of the 
discriminant formula y = a + b (p) as mentioned earlier.

Sexual dimorphism is defined as the percentage by 
which tooth size of males exceeds that of females. The 
percentage of dimorphism was calculated using the 
formula.

Sexual dimorphism = (Xm/Xf) − 1 × 100

Where Xm is mean male tooth dimension and Xf is mean 
female tooth dimension. Sexual dimorphism gives us the 
percentage value by which the male tooth dimension is 
greater than the female tooth dimension.

Results

The mean, standard deviation, standard error, and 
P values of various measurements are tabulated in 
Table 2. It was observed that the mean value of MD 
width of canine and CI was greater in females. On the 
contrary, the mean molar tooth dimensions are greater in 
males as compared to females (MBL‑female = 0.995 cm, 
MBL‑male = 1.11 cm; MMD‑female = 0.98 cm, and 
MMD‑male = 1.04 cm). It was observed that P value was 
highly significant for molar BL diameter (<0.001) and 
not significant for canine dimensions (CMD = 0.058, 
CI = 0.061).

The “y” value that is obtained after applying the discriminant 
formula for various parameters is compared with group 
centroids as given in Table 3. The approximate of the 
“y” value to a particular group centroid value helps us 
determine the gender of the person.

The accuracy of gender prediction of each parameter is 
given in Figure 5. The graph shows that maximum accuracy 
rate is obtained by molar BL dimension (82.5%) followed 
by molar MD dimension (69%). Whereas the accuracy rate 
of CI (51%) and MD width of canine is comparable (50.5%) 
and is least accurate.

Figure 2: Measurement of intercanine width on study cast

Figure 3: Measurement of mesiodistal width of maxillary first molar 
of study cast

Figure 4: Measurement of buccolingual width of maxillary first molar 
on study cast

Table 1: Constants used in the formulae
Parameter Constant-a Constant-b
Mesiodistal width of canine 0.367 0.391
Canine index 0.379 1.371
Mesiodistal width of molar 18.122 18.018
Buccolingual width of molar 16.678 15.835
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The result of sexual dimorphism for each parameter is 
given in Table 4. The table shows maximum positive 
dimorphism for BL width of molar and maximum negative 
dimension for CI.

Discussion

Determination of sex is of immense importance in forensic 
investigations. Although DNA analysis is the most precise 
technique to determine the sex, sometimes lack of facilities 
and the cost factor may be a hindrance.[5] In such cases, 
the teeth form an important material as they are hardest 
and chemically most stable tissues. Their availability even 
in severe disasters and decomposed bodies makes them 
invaluable for identification.[6]

Several indices are available for determination of gender 
such as maxillary incisor width, maxillary CI, maxillary 
canine width, mandibular CI mandibular canine width, 
molar width, molar cusp diameter, and cumulative 
width of all teeth.[7‑14] Although some studies[12] employed 
evaluation of indices on both study models and intraoral 
measurements, we have not recorded any value clinically to 
avoid discomfort to the patient and for easy reproducibility 
of the measurements. We have also encountered studies 
where right and left side was compared for efficiency, but 
we have taken average of both side and applied in the 
formulae.[14] In our study, we have used only maxillary 
odontometric indices to simulate crime scenes or other 
scenarios where only skull with maxilla is available, thereby 
establishing dimorphism. The reason being the possibility 
in some cases that only skull of the diseased is available. In 
such case, we recede back to using maxillary odontometric 
indices such as CI and molar dimensions.

Various theories of teeth dimorphism have been proposed.[14] 
According to Moss, it is because of the greater thickness 
of enamel in males due to long period of amelogenesis 
compared to females and the Y chromosome producing 
slower male maturation.[14]

The name “canine” is derived from the Latin word for dog 
canis, as the corresponding teeth are very prominent members 
of the dentition in these animals. The canine teeth are 
prominent in other carnivores and also in primates (gorilla, 
chimpanzee, etc.). It has been postulated that during the 
evolution of primates, the canines were functionally not 

Figure 5: Graphical representation of accuracy of all the parameters 
of this study

Table 3: Centroid value for male and female
Parameter Centroid value

Male Female
CMD 0.058 −0.058
CI 0.065 −0.065
MMD 0.535 −0.535
MBL 0.919 −0.919
CMD: Mesiodistal dimension of maxillary canine, CI: Canine index, 
MMD: Mesiodistal width of maxillary first molar, MBL: Buccolingual width of 
maxillary first molar

Table 4: Dimorphism of various parameters obtained using 
independent t-test
Parameter Dimorphism (%)
CMD −26.85
CI −28.13
MMD 6.45
MBL 11.66
CMD: Mesiodistal dimension of maxillary canine, CI: Canine index, 
MMD: Mesiodistal width of maxillary first molar, MBL: Buccolingual width of 
maxillary first molar

Table 2: Mean, standard deviation, standard error, and 
P value of all observations were calculated using descriptive 
analysis

Gender n Mean SD SEM P
C MD W right Male 100 0.7863 0.05285 0.0053 0.070

Female 100 0.7226 0.04958 0.0049
C MD W left Male 100 0.7920 0.04913 0.0049 0.051

Female 100 1.4474 7.23 0.723
CMD (average of left and 
right)

Male 100 0.79 0.049 0.005 0.058
Female 100 1.08 3.614 0.361

ICW Male 100 3.463 0.23 0.023 0.824
Female 100 3.302 0.26 0.026

CI Male 100 0.23 0.018 0.002 0.061
Female 100 0.32 1.031 0.103

M MD right Male 100 1.032 0.063 0.0063 0.047
Female 100 0.975 0.052 0.0052

M MD left Male 100 1.04 0.064 0.0065 0.089
Female 100 0.977 0.051 0.005

MMD (average of left 
and right)

Male 100 1.04 0.060 0.006 0.098
Female 100 0.98 0.050 0.005

M BL right Male 100 1.11 0.070 0.007 0.002
Female 100 0.99 0.051 0.005

M BL left Male 100 1.115 0.095 0.0095 0.000
Female 100 0.997 0.046 0.005

MBL (average of left and 
right)

Male 100 1.111 0.0762 0.0076 0
Female 100 0.995 0.0467 0.0047

CMD: Mesiodistal dimension of maxillary canine, CI: Canine index, 
MMD: Mesiodistal width of maxillary first molar, MBL: Buccolingual width of 
maxillary first molar, BL: Buccolingual, MD: Mesiodistal, SD: Standard deviation, 
SEM: Standard error of mean
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masticatory but served the purpose of conveying threat of 
violence and for prehension of the pray.[15]

A gradual relocation of this aggressive function from the 
teeth to the fingers took place, but until this transfer was 
complete, survival was dependent on canines, especially 
in males. Thus, in humans, sexual dimorphism in the 
mandibular CI is not merely a coincidence but is the 
remnant of the past functional activity.[15]

In our present study, we predicted gender using MD width 
of canine and maxillary CI. It was observed that only 50.5% 
of cases gave accurate results when MD width of canine 
was used as a parameter and 51% accuracy was obtained 
when maxillary CI was used. This proves that no significant 
difference exists between the dimension of canine teeth for 
males and females.

Several studies have been done to establish dimorphism of 
canine teeth.[8,11,16‑21] It is already established that mandibular 
canine exhibits the highest dimorphism among all teeth. 
A study by Kaushal et al.[16] found a statistically significant 
dimorphism in mandibular canines in sixty participants in 
North Indian population where the mandibular left canine 
was seen to exhibit greater sexual dimorphism. According to 
Kaushal et al., if the width of canine is >7 mm, the probability 
of the sex of person under consideration being male was 
100%. Although knowing this fact, we have confined our 
study only to the use of maxillary arch to solve the problem 
encountered in real life‑like situation.[16]

Gupta et al. examined 180 participants by taking maxillary 
arch impression. Significant sexual dimorphism was noticed 
in MD diameter and intercanine distance of maxillary canine 
teeth.[17] The sexual dimorphism was 4.2% and 3.6% for right 
and left, respectively. Studies conducted by Khangura et al. 
also exhibited a significant sexual dimorphism for maxillary 
canines. These results are in contrast with our study where 
we obtained a dimorphism 26.85%.[6]

Mohd. Abdulla et al. conducted a study, in which 513 
school students with age ranging from 15 to 18 years 
were examined.[21] They observed a low degree of sexual 
dimorphism (not statistically significant) for maxillary 
canine with correct classification of only 55.07% cases. The 
results of this study are comparable with the present study 
where we could classify 51% cases correctly.

Paramkusam et al. in their study observed that standard 
mandibular CI was found to be more reliable in gender 
estimation than the MD width of canine and CI values. They 
found percentage accuracy using both standard maxillary 
and mandibular canine indices was >70%.[22]

This is in contrast with our study where both MD width of 
canine and maxillary CI did not yield statistically significant 

difference (P > 0.005) with accuracy of only 50.5% and 51%, 
respectively.

In the current study, reverse dimorphism was observed 
for both CMD (male = 0.79, female = 1.08), and maxillary 
CI (male = 0.23, female = 0.32) with greater mean values 
observed in females than males. Hence, negative values 
were observed while calculating dimorphism of canine. This 
finding is in concurrence with Boaz and Gupta,[8] Acharya 
and Mainali,[9] and Yuen et al.[23] who also found negative 
canine dimorphism in their studies.

Maxillary molars are the largest and strongest teeth owing 
to their greater crown bulk and excellent anchorage of their 
multiple roots. The maxillary first molars begin to calcify 
at birth and erupt around 6 years of age. As it completes 
development before skeletal maturity, it is a more reliable 
indicator in gender determination. Agnihotri and Sikri,[14] 
Rai et al.,[16] Prathibha Rani et al.,[24] Narang et al.,[25] and 
Sonika et al.[26] have done studies earlier for establishing 
molar dimorphism. Although some studies have compared 
efficiency if both right and left molars, in our study, we 
have taken the average and calculated the results. The 
above‑mentioned studies included either or both BL 
dimensions and MD dimensions.

Rai et al. measured maxillary first molar dimensions in 
102 samples with age ranging from 17 to 25 years. The 
results showed a statistically significant sexual dimorphism 
for maxillary first molar with a higher percentage for BL 
dimension. The probability of gender being male was 100% 
when the dimension was >10.7 mm.[16]

Prathibha Rani et al. observed that sexual dimorphism 
could be estimated using BL dimension of permanent 
teeth, which is population specific. The study identified 
the sex of an individual based on BL dimension of 
permanent teeth except third molar which showed that 
males exhibit greater BL dimensions when compared to 
females. They found moderate magnitude of dimorphism 
with accuracy rate of 78% in maxillary teeth which is 
comparable to our results where we observed that BL 
dimension of molar is a reliable indicator giving an 
accuracy rate of 82%.[24]

In a similar study conducted by Narang et al.[25] on a total 
of 150 individuals (75 males and 75 females), BL dimension 
of first maxillary and mandibular molars was found to be 
more significant. They observed that the mean value of 
maxillary cast exhibited significant dimorphism compared 
to mandibular cast with an accuracy rate of 74% and 63% 
for right and left BL dimension of maxillary first molar.[25] In 
our study, we obtained an accuracy of 82% for maxillary first 
molar BL dimension, whereas mandibular first molar was 
not considered since none of the mandibular parameters 
were included in the study so as to simulate instances where 
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only skull with attached maxilla is available for forensic 
examination.

Sonika et al. studied population in Haryana with an age 
group of 17–25 years. Maxillary first molars were measured 
for both BL and MD dimensions using digital Vernier 
caliper. Sonika et al. observed that the mean values of 
left‑side parameter were greater than the right‑side and 
BL dimension exhibited greater dimorphism than MD 
dimension.[26] In the present study, we also obtained similar 
findings that BL dimension is more reliable indicator than 
MD dimension.

Conclusion

Identification is a confronting subject in forensic science, 
especially is case of mutilated body.[27] In such situations, 
gender determination is a primary step whereby one can 
reach toward human individual identity, as it increases the 
chances of identification by 50%. Odontometric analysis can 
take a step ahead in gender prediction.

In the present study, BL dimension of maxillary first molar 
showed a higher gender prediction accuracy of 82%, whereas 
maxillary canine gave a reverse dimorphism of − 26.8%.  We 
conclude that BL dimension of maxillary first molar  could 
be used to predict the gender when only maxillary teeth are 
available for forensic examination. Future studies on varied 
population groups with higher sample size might further 
establish the usefulness of maxillary first molar dimensions 
in gender determination.
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