
*Correspondence to Author: 
Dr. Ajay Jain
Associate Professor, Faculty of 
Dentistry, AIMST Dental Institute, 
AIMST University, Kedah, Malaysia.

How to cite this article:
Ugrappa Sridevi, Ajay Jain, Woon
Suet Yen, Wong Wei Yang, Yap
Zihau, Yvonne Low. Gender and ra-
cial determination using mandibular
canine index in Malaysian popula-
tion. International Journal of Dental
Research and Reviews, 2019, 2:20

eSciPub LLC, Houston, TX USA.
Website: http://escipub.com/

Ugrappa Sridevi et al., IJDRR, 2019 2:20

 
International Journal of Dental Research and Reviews

(ISSN:2637-3750)

Research Article IJDRR (2019) 2:20

Gender and racial determination using mandibular canine index in 
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Gender discrimination is the important aspect of the human iden-
tification procedures that help in the establishment of biological 
profile from the skeletal and dental remains and also help in the 
facial reconstruction of unidentified bodies. Age, race, sex and 
stature determination along with dental evidence collection and 
facial reconstruction over the skeletal remnants are the important 
specialties of the forensic dentistry. The present study evaluates 
and compare the impact of mandibular canines in gender iden-
tification and also to determine any discrimination in the canine 
index among the different races (Malay, Chinese and Indian) of 
the Malaysian population. 
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Introduction: 

Forensic dentistry is a specialized branch of 

forensic medicine and may be described as that 

part of odontology which, in the interests of 

justice, deals with the handling and examination 

of dental evidence, from which a proper 

evaluation and presentation of dental finding 

can be made1. The theory behind forensic 

dentistry is “no two mouths are alike”. Forensic 

identification by its nature is a multidisciplinary 

team effort relying on positive identification 

methodologies as well as the presumption or 

exclusionary methodologies. In general, this 

effort involves the cooperation and coordination 

of law enforcement officials, forensic 

pathologies, forensic odontologists, forensic 

anthropologists, serologists, criminalistics, and 

other specialists deemed necessary. The major 

area of activity of forensic odontology is the 

identification of human beings, either dead or 

alive. This is more so in case of mass disaster, 

where the corpse is usually badly mutilated. 

Other areas of application include criminalistics, 

in cases involving abuse of children and 

elderly.2  

Although DNA profiling, finger prints, 

anthropometric data, dental records can be 

used as standard methods, sometimes it 

becomes obvious to employ some of the least 

and unusually used ancillary methods like 

cheiloscopy, palatoscopy, and other 

odontometric measurements that are capable 

of giving comparatively reliable results when 

performed systematically.              

Gender discrimination is the important aspect of 

the human identification procedures that help in 

the establishment of biological profile from the 

skeletal and dental remains and also help in the 

facial reconstruction of unidentified bodies. 

Age, race, sex and stature determination along 

with dental evidence collection and facial 

reconstruction over the skeletal remnants are 

the important specialties of the forensic 

dentistry.1 

Skeletal tissues have a very ancient ancestry in 

the evolutionary record. The basic chemistry of 

the calcified tissues like bone and tooth is 

fundamentally the same, although they differ in 

their mode of growth and microstructure. The 

tooth is a part of the oral cavity and it is the 

hardest calcified tissue in the human body. 

Tooth enamel is rather specialized and differs 

from the other calcified tissues of the body, as it 

is more crystalline and has a negligible organic 

content. Healthy enamel has zero porosity, 

apart from occasional growth defects. Although 

there has been little or no investigation of the 

porosity of the tooth dentine, it is clear that its 

porosity is low compared with that of the bone. 

Because of the absence of a vascular network 

in tooth dentine, its relatively lower porosity, 

and the hard shell of the impervious enamel 

that covers the exposed crown, it is generally 

accepted that teeth are less susceptible to 

changes undergone by skeletal tissues in burial 

environment than bones and therefore, they 

represent a more reliable source of ancient 

DNA. The only method that can give a totally 

accurate result for gender determination is the 

DNA technique, but in many cases it cannot be 

used. Recent evidence supports the view that 

the potential for postmortem and post-

excavation contamination of teeth is much 

lower than for bones.3  

Teeth are good material in living and non-living 

population for anthropological, genetic, 

odontologic and forensic investigations. This is 

due to the hardness and high resistance of 

dental tissues to degradation and putrefaction 

which enable the teeth to survive for longer 

periods than other human tissues. As the tooth 

is the hardest tissue in the human body, 

therefore it is most resistant to trauma, 

decomposition, water immersion, chemicals 

and fire making them an invaluable evidential 

source. To match these natural requirements, 

the foreign materials subsequently placed in the 

mouth by the dental practitioner such as fillings, 

dentures, crowns, bridges and implants must 

be equally resistant to the intense mechanical 
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demands placed upon them and therefore their

survivability. Because of this, even dental

treatments like restoration, prosthesis etc can

also be sometimes useful for the person

identification. Moreover, teeth were found to

have greater resistance to high temperatures

more than other parts of the skeleton that

makes them of great value for forensic

identification of burned bodies.4

Sexual dimorphism represents a group of

morphologic characteristics that differentiate a

male from a female. Among these dimorphic

traits, tooth has been evaluated in carious

populations for its applicability in anthropologic

and forensic investigations. The morphologic

differences of the teeth between males and

females have been reported and can be applied

to identify the gender from dental remains.2

Of all the teeth in the human dentition, the

mandibular canines are the least frequently

extracted teeth, possibly due to the relatively

decreased incidence of caries and periodontal

disease. Also, canines are reported to

withstand extreme conditions and have been

recovered from human remains even in air

disasters and hurricanes.3 Mandibular canines

also bear the greatest degree of sexual

dimorphism and play a highly valuable role in

identification. Hence, their exclusive use in

odontometric sex assessment using the tooth

dimensions and canine index (CI) has been

advocated before.4 The present study

evaluates and compare the impact of

mandibular canines in gender identification.

The study also conducted to determine any

discrimination in the canine index among the

different races (Malay, Chinese and Indian) of

the Malaysian population.

Materials and method:

The study was conducted in AIMST Dental

Institute, AIMST University and it comprises of

a total of 90 subjects among which 30 of them

are Malay, 30 of them are Chinese and 30 of

them are Indians of Malaysian population which

are again divided equally into males and

females (15 males and 15 females in each

race), within the age group of 18-40 years are 

considered to evaluate of the mesio-distal width 

of mandibular canines and inter-canine 

distance. The rationale for selection of above 

said age group being the fact that all permanent 

canines are fully erupted. 

Subjects with the following status of teeth 

are included in the study: 

1. Complete set of fully erupted teeth. 

2. Periodontally healthy teeth. 

3. Non carious teeth. 

The significant exclusion criteria employed 

for selection of the study sample is as 

follows: 

1. Abnormal teeth alignment (such as rotation, 

crowding, occlusal disharmony) 

2. Teeth showing physiologic or pathologic 

wear and tear (such as attrition, abrasion, 

abfraction, erosion) 

3. Subjects undergoing orthodontic treatment. 

4. Any history or clinical evidence of 

crown/restoration, trauma to canine teeth. 

After selecting the subjects randomly and 

explaining the aims of the study to them, 

informed consent are obtained in written form. 

Measurements are taken intra-orally using  

digital vernier caliper (Figure 1) with a 

resolution of 0.01 mm with the provision to fix it 

in the desired position so as to avoid any errors 

in recording the exact measurements of 

canines and a divider with pointed tips. The 

following measurements are taken in the 

subjects with wide open mouths. 

Mesio-distal crown width of mandibular 

canines (Figure 2) 

With the help of a digital caliper, the greatest 

mesio-distal width of a mandibular canine tooth 

at a contact point with the adjacent teeth is 

taken and the value is measured by placing the 

two pointed ends of Vernier caliper’s jaws in the 

interdental region of the involved canine with 

the adjacent teeth. 

Inter-canine distance of mandibular arch 

(Figure 3) 
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The inter-canine distance is measured using a

digital caliper by placing the two pointed ends

of its jaws over the canine tip and values were

noted (direct method). Readings obtained are

tabulated for analysis to derive conclusions.

Further the canine index and standard canine

index are calculated for all the mandibular

canines using the formula cited by Muller et.al.5

Mnadibular canine index (MCI) =   Mesio-

distal crown width of canine/ Intercanine width

Standard mandibular canine index (SMCI) =

(mean male canine index – SD) + (mean

female canine index + SD)/2

All the data obtained are tabulated, quantified

and analyzed to determine the significance of

mandibular canines in sex determination

through Independent sample t test and

Univariate statistical analysis and comparison

of group means. All analysis are done using

SPSS version 18 with p-value <0.05 is

considered significant.

Sex can be predicted based on the observed

canine index and standard canine index. If the

observed canine index is more than the

standard canine index, then the individual is

considered to be male and if the observed

canine index is less than the standard canine

index, then the individual is considered to be

female.

Results:

Based on the result analysis, table 1 shows the

mean and standard deviation (SD) of mesio-

distal crown width of teeth 43 and 33 and inter-

canine width for both male and female subjects.

Table 2 shows the mean and standard

deviation of mandibular canine index of teeth

43 and 33 for three ethnic groups for both male

and female subjects which is statistically

significant for Chinese population for both the

teeth 33 and 43, non-significant for Indian

population for both the teeth 33 and 43and

statistically significant for tooth 33 and non-

significant for tooth 43 for Malay population. .

Table 3 shows the measurement of standard

mandibular canine index (SMCI) for both male

and female subjects and table 4 describes the 

percentage (%) agreement of predicted and 

actual sex based on SMCI cut-offs for both 

male and female subjects.  Table 5 shows the 

percentage (%) agreement of predicted and 

actual sex among different ethnic groups. 

Discussion: 

Various odontometric dimensions have been 

used for the purpose of sex estimation such as 

mandibular canine index. In this study an 

attempt has been made to establish the sex of 

a person by using mesio-distal width of 

mandibular canine teeth and the respective 

inter-canine distances in the Malaysian 

population. Here, all the required dental 

measurements were taken directly on the 

subjects.  

In our study, measurements of the left 

mandibular canine width was greater compared 

to the right mandibular canine width in males 

but in females, the right mandibular canine 

width was greater compared to the left 

mandibular canine width. This difference was 

not in agreement with studies conducted by 

Karen Boaz et al,5 Krishnamurthy Anuthama et 

al.7 which reported that the left mandibular 

canine width was greater compared to the right 

mandibular canine width in both males and 

females. 

In our study, prediction of sex accurately using 

the right mandibular canine index was 65.97% 

for males and 65.97% for females with an 

overall accuracy of 65.97% as depicted in table 

4. This value was comparable with the study 

conducted by Shankar et al.4 on a South Indian 

population with an accuracy of 74.2%.  

Using the left mandibular canine index, the 

accuracy of prediction of sex was 73.2% for 

males and 75.6% for females with an overall 

accuracy of 74.2%. Similar sex prediction has 

been reported for North Indians (75%), South 

Indians (82.2%–85.9%), Punjabi–Pakistani 

population (76%), and Egyptians.8-10 But 

studies conducted by Muller et al. on the 
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French population showed a lower sex

predictability value (59.57%).5

In our study, measurements of the inter-canine

width were greater in females than males. The

mean inter-canine width in females was

31.11mm and 30.86mm in males as depicted in

table 1 which is not in consistent with study

conducted by Vental Rao et al.11

Univariate analysis of the study showed that

Mesio-Distal dimensions of male dentition are

greater than those of females which is in

accordance with previous studies.8-11

Richardson et al.12 found that teeth of males

tend to be larger than those of females for each

type of tooth in both the arches whereas

Howe et al.13 in their study found combined

mesiodistal width for males to be more

compared to females.

In our study, table 2 the right mandibular canine

index in Chinese Males has a mean value of

0.22 with a standard deviation of 0.02. On the

other hand, the right mandibular canine index in

Chinese females shows a value of 0.20 with a

standard deviation of 0.01. This is statistically

significant ( 0.014 ). The left mandibular canine

index is 0.22 with a standard deviation of 0.01

and 0.21 with a standard deviation of 0.02 in

the Chinese males and females respectively.

This is statistically significant (0.038).

The right mandibular canine index in Indian

Males has a mean value of 0.22 with a

standard deviation of 0.02 whereas a mean

value of 0.21 with a standard deviation of 0.02

in Indian females is registered. This is

statistically insignificant ( 0.135 ). For the left

mandibular canine index in Indian males, the

mean value is 0.22 with a standard deviation of

0.02. In the Indian females, the mean value is

0.21 with a standard deviation of 0.02. This is

statistically insignificant (0.105).

In the Malay population, the right mandibular

canine index among the males is 0.23 with a

standard deviation of 0.03 and an index of 0.21

with a standard deviation of 0.023 among the

females. This is also statistically insignificant

(0.013). The left mandibular canine index in 

Malay males is 0.23 with a standard deviation 

of 0.03 and 0.21 with a standard deviation of 

0.02 in the Malay females. This is statistically 

significant (0.006). 

The overall right standard mandibular canine 

index among the males in Malaysia is 0.22 with 

a standard deviation of 0.02 and 0.21 with 

standard deviation of 0.02 among the females. 

The results are statistically significant. The 

overall left mandibular canine index in male 

Malaysians is 0.22 with a standard deviation of 

0.22 whereas for the female Malaysian, the 

index shows a value of 0.21 with a standard 

deviation of 0.02.This is statistically significant. 

The standard mandibular canine index for right 

and left mandibular canine teeth is 0.215 as 

depicted in Table 3. 

In this study an attempt has been made to 

establish the sex of a person by using mesio-

distal width of canine teeth and the respective 

inter-canine distances in the Malaysian 

population aiming at the three main racial 

groups namely Malay, Chinese and Indian. 

Prediction of sex accurately using the 

mandibular canine index was highest in the 

Malay groups follow by Chinese and then 

Indian, for which we obtained the highest 

predictability, 71 % among the Malay group 

using the mandibular right canine, with a lesser 

percentage using the left mandibular canine for 

gender determination which is 68.57% as 

shown in Table 5. 

In contrast to the Malay population, the result 

from our study shown that Chinese population 

has a higher predictability using the mandibular 

left canine with the percentage of 70 % which is 

higher than by using the mandibular right 

canine, 66.67%. The gender predictability using 

mandibular canines obtained through our study 

is the lowest among the Indian population with 

only 59.38% for both right and left mandibular 

canine. The overall gender predictability using 

standard mandibular canine index for male and 

female stands a percentage of 65.97% which 
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Figure 1: Digital vernier calliper 

 

 

Figure 2: Measurement of mesio-distal width of canines (teeth 43 and 33) 

 

 

Figure 3: Measurement of Inter-canine width 

 

Table 1: Mean and standard deviation (SD) of mesio-distal crown width of teeth 43 and 33 and 

inter-canine width for both male and female subjects  

 

Sex 

Male Female 

Mean SD N Mean SD N 

Mesio-distal Diameter of tooth 43 6.83 .70 46 6.36 .51 51 

Mesio-distal Diameter of tooth 33 6.81 .64 46 6.42 .50 51 

Inter-canine width 30.86 3.07 46 31.11 2.45 51 
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Table 2: Mean and standard deviation of mandibular canine index of teeth 43 and 33 for three

ethnic groups for both male and female subjects

 

Sex 

 
 
P-value 

Male Female 

Mean SD Mean SD 

 
 
 
Ethnic 
groups 

Chinese MCI 43 .22 .02 .20 .01 0.014; Sig 

MCI 33 .22 .01 .21 .02 0.038; Sig 

Indian MCI 43 .22 .02 .21 .02 0.135; NS 

MCI 33 .22 .02 .21 .02 0.105; NS 

Malays MCI 43 .23 .03 .21 .03 0.013; NS 

MCI 33 .23 .03 .21 .02 0.006; Sig 

 

Table 3: Standard mandibular canine index (SMCI) for both male and female subjects 

 

Male Female 

SMCI Mean SD Mean SD 

Mandibular canine index of 
tooth 43 

0.22 0.02 0.21 0.02 
0.215 

Mandibular canine index of 
tooth 33 

0.22 0.02 0.21 0.02 
0.215 

 

Table 4: Percentage (%) agreement of predicted and actual sex for both male and female subjects 

based on SMCI cut-offs 

 
Based on SMCI cut-offs  

Actual Sex % agreement 

Male Female 

Predicted Sex MCI43 Male 28 15 65.97 

Female 18 36 

MCI33 Male 26 13 65.97 

Female 20 38 

 

Table 5: Percentage (%) agreement of predicted and actual sex among different ethnic groups 

 

Race  Predicted sex 
Actual Sex % agreement 

Male Female 

Chinese MCI 43 Male 9 4 66.67 

Female 6 11 

MCI 33 Male 8 2 70 

Female 7 13 

Indian MCI 43 Male 9 6 59.38 

Female 7 10 

MCI 33 Male 9 6 59.38 

Female 7 10 

Malays MCI 43 Male 10 5 71.43 

Female 5 15 

MCI 33 Male 9 5 68.57 

Female 6 15 
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was in accordance with various previous

studies.14

Conclusion

In conclusion, author considers that the

standard Mandibular Canine Index is a quick

and easy method for determining sex in

identification. It is evident from our study that

the mandibular canine index is a good tool for

determining sex and race. It is particularly

significant when more advanced methods for

sex determination are not readily available. But

one must be prudent in interpreting the results

which must be confirmed using other methods

of determining sex, since the accuracy of

prediction using this method has never

exceeded 75 % in any of the studies.
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