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Abstract 

Introduction: Identification of an individual is one of 

the important medical and legal aspects of forensic 

medicine. Personal identification become a necessity in 

mass disaster like flood, earthquake, landslides, 

tsunamis, terrorist attack, bomb blast, air plane crash, 

road side accident, railways accident, mass murder or in 

case of advanced decomposed body or mutilated body. 

Being most indestructible, teeth reveal least change of 

natural structure, they can be used for sex determination. 

Mandibular canine shows maximum sexual dimorphism 

among all teeth Mandibular canine index (MCI) is 

simple and practical method of sex determination based 
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on ratio between mesiodistal measurement of 

mandibular canine tooth and lower intercanine distance. 

Aim: The aim of the study was to estimate the sex from 

mandibular canine index. 

Materials and Methods: The sample comprised of 

dental impression from 100 individuals (50 males and 50 

females), all young adults between 20 and 30 years of 

age. Impressions of the teeth were made using 

irreversible hydrocolloid (alginate) material and casts 

poured in dental stone. Mesiodistal dimensions of 

mandibular canine of both right and left side is measure 

by caliper. 

Results: Data were summarized as Mean and SD. 

Groups (in Gender Male vs female) were compared by 

unpaired or independent Student‟s t test. Mean MCI is 

greater in male than female in young north Indian 

population. Standard MCI value may consider as cut off 

value for determining gender i.e., value above standard 

MCI will be male and below it will be female. Overall 

sex prediction in our study using MCI is higher in 

female (67%) than male (59%). Our study showed that 

left mandibular canine (4.7%) has higher sexual 

dimorphism than right mandibular canine (4.5%).    

Conclusion: mandibular canine index can be used for 

sex estimation in North Indian population. 

Keywords: Sexual dimorphism, Sex estimation, 

Mesiodistal width, Intercanine distance, Mandibular 

canine index, Measurement, Accuracy. 

Abbreviations: MCI: Mandibular canine index, SD: 

Standard deviation, mm: millimetre, IC: Intercanine 

distance. 

Introduction 

Identification of an individual is one of the important 

medical and legal aspect of forensic medicine
1
.Personal 

identification become a necessity in mass disaster like 

flood, earthquake, landslides, tsunamis, terrorist attack, 

bomb blast, air plane crash, road side accident,railways 

accident, mass murder or in case of advanced 

decomposed body or mutilated body
2
.Questions for 

identification of criminals, other person and dead bodies 

always arises in court of law
3
.Dactylography and DNA 

fingerprinting are most reliable, preferred, fast and 

secure techniquefor identification. However, these 

techniques are not always available in certain situation 

like crime scene, so there is increase demand for 

alternate and reliable method for personal identification
4
. 

Determination of age, sex, ethnicity and stature are „big 

four‟ of personal identification
5
.Sexdetermination can be 

done from bones or skeleton remains. Accuracy of sex 

determination from whole skeleton is 90-100 %
6,7

. Being 

most indestructible, teeth reveal least change of natural 

structure
8
.That‟s why teeth can be used for identification 

from fragmentary skeleton remains
9
. Teeth are hardest, 

chemically most stable tissue of body made of enamel 

and dentine and having high concentration of calcium, 

magnesium and phosphorus, resist putrefaction and other 

post-mortem changes, mechanical, physical and 

chemical changes
9,10,11,12

.Sexual dimorphism refers to 

group of morphological traits between male and female 

such as stature, appearance and size that can be applied 

to dental identification
9
.Since teeth are unique, readily 

available and no two teeth have similar morphology they 

can be used as forensic tool. It has been established in 

various research studies that mandibular canine has 

greatest sexual dimorphism among all 

teeth
13

.Mandibular canine has mean age of eruption 

10.87 years and less affected than other teeth by 

periodontal diseases
14

. They are also exposed to less 

calculus, plaque, attrition or heavy occlusal loading than 

other teeth. These characteristics enable mandibular 

canine as key teeth for identification
15,16

. Mandibular 

canine index (MCI) is simple and practical method of 
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sex determination based on ratio between mesiodistal 

measurements of mandibular canine tooth and lower 

intercanine distance
17

.In this study we attempted to find 

correlation between sex and mandibular canine index 

among young north Indian population. 

Materials and Methods 

Sample selection: sample size was calculated by 

formula 

N=Zα
2
p(1-p)/E

2 

Where Zα is critical value of z-score atαlevel of 

significance (at α= 5%, Zα=1.96), p is proportion and E is 

permissible error. It was observed that 78.8 % of the 

subject were correctly estimated for sex
18

. p=78.8%, i.e., 

.788, 1-p=.212, E=8% i.e., .08.  

So, n= (1.96)
2
×0.788×0.212/ (.08)

2
=100.27 ≈100. 

Study was conducted on 100volunteer subject (50 male 

and 50 female) of both the sex have age group between 

age group 20 to 30 years. Informed consent was taken 

from all subjects 

Inclusion and exclusion criteria: 

Inclusion criteria 

 Presence of the mandibular canines 

 Teeth having healthy periodontium 

 Absence of carious lesions  

 Absence of fillings in the interproximal aspects of 

the mandibular canines 

 Normal occlusion with normal overbite & over jet  

Exclusion criteria 

 Attrition  

 Cariousteeth 

 Erosion    

 Developmental anomalies 

 Spacing/ Crowding 

 Ectopically erupted 

 Partially erupted 

 Any periodontal disease 

Material required  

1. Alginate  

2. Dental stone  

3. Mandibular Impression Trays  

4. Rubber Bowl  

5. Spatula  

6. Vernier Calliper 

Methodology 

Institutional ethical clearance was taken for this study 

with reference number IEC/IIMS&R/2023/73 

(Institutional  Ethics Committee, IIMS&R Integral 

University, Lucknow). Impressions of the teeth were 

taken using irreversible hydrocolloid (alginate) material 

and poured by dental stone (Fig 1).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. 

Mesiodistal dimension of mandibular canine of both 

right and left side of jaw was measured by 

verniercalliper (Fig 2). The intercanine distance is 

measured by calliper as linear distance between tips of 

both side mandibular canine (Fig 3).Sexual dimorphism 

calculated by following formula
18

. 

Sexual Dimorphism in percentage (%) = [(𝑋𝑚/𝑋𝑓)-1] × 

100, where 𝑋𝑚 is the mean value for males and 𝑋𝑓 is 

the mean value for females. 

Mandibular canine index is calculated by following 

formula
17

. 

Mandibular Canine index (MCI) =  

Mesiodistal crown width of mandibular canine 

Mandibular canine arch width 

The mean values for both male MCI and female MCI 

were obtained. After that, the standard MCI value was 

calculated by using given below formula:  
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Standard mandibular canine index (MCI) 

= (mean male MCI − standard deviation [SD]) + (mean 

female MCI + SD)/2. 

In this study gender determination was based on 

observed canine index and standard canine index. We 

used standard canine index value as cut off value to 

differentiate the gender. All observed MCI value above 

the standard MCI values were consider as male and all 

observed MCI value below or up to standard MCI value 

were consider as female. 

 

Fig 1: Dental Cast 

 

Fig 2: Measurement of mesiodistal width of mandibular 

canine 

 

 

Fig. 3: Measurement of mandibular intercanine distance 

Results 

Data obtained were quantified and analysed statistically 

using SPSS (Statistical Package for the Social Sciences). 

All description shown in table 1 to 7.Data were 

summarized as Mean and SD. Groups (in Gender Male 

vs female) were compared by unpaired or independent 

Student‟s t test. 

Both right and left mesiodistal mandibular canine width 

(table 1) is higher in male (for right mesiodistal canine 

width 6.032±.5267 and for left mesiodistal canine width 

6.0386±.6376) than female (for right mesiodistal canine 

width 5.7692±.4810 and for left mesiodistal canine 

width 5.767±.6075) and is statistically significant ((p 

value <0.05). Right mandibular canine index shows 

4.5% sexual dimorphism (table 2)) which is moreless 

than sexual dimorphism shown by left mandibular 

canine index (4.7%).In our study mean mandibular 

intercanine distance is slightly higher for female than 

male(table 3). 

Table 1: Measurement of mean and standard deviation of 

mandibular canine width among male and female  

Sex  Right mesiodistal canine width 

(in mm) 

Left mesiodistal canine 

width(in mm) 

Mean  Standard 

deviation 

p value Mean  Standard 

deviation 

p value 

Male  6.032 .526773 0.01063 6.0386 .637694 .031871 

Female 5.7692 .481014 5.7674 .607571 
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Table 2: Calculation of % Sexual dimorphism  

Right mandibular canine 4.5 % 

Left mandibular canine 4.7% 

Table 3: Measurement of mean mandibular inter canine 

distance among male and female 

Observed right mandibular canine index is higher in 

male (.2513±.02413)than female(.2323±.02378) and is 

statistically highly significant (p value <0.001) whereas 

observed left mandibular canine index is also higher in 

male(.2513±.02576) than female(.2335±.02693) is 

statistically significant (p value <0.05) (table 4).Standard 

MCI value (table 5) of right side is calculated as .2415 

while of left side is .2430. This standard MCI value is 

consider as cut off for predicting sex. For right 

mandibular canine, standard MCI value above than 

.2415 will be male and value below than .2415 will be 

female. For left mandibular canine, standard MCI value 

above than .2430 will be male and value below than 

.2430 will be female. Using right MCI, sex is correctly 

predicted higher in female (70%) than male (56%) while 

using left MCI the correctly predicted sex is also higher 

in female (64%) than in male (62%) (table 6, chart 1). 

Overall sex prediction (table 7, chart 2) in our study 

using MCI is higher in female (67%) than male (59%). 

Table 4: Observed mandibular canine index among male 

and female  

Sex  Right mandibular canine index 

(MCI) 

Left mandibular canine index 

(MCI) 

Mean  Standard 

deviation 

p Value Mean  Standard 

deviation 

P 

Value 

Male  .251308 .024137 .000148 .251376 .025765 .00103 

Female .232384 .02378 .233512 .026935 

 

 

 

Table 5: Calculation of standard mandibular canine 

index among male and female  

                 Standard mandibular canine index (MCI) 

Right  Left  

.241532 .243058 

Table 6: Prediction of sex using Mandibular Canine 

Index 

Sex  Prediction of sex 

using right MCI 

Prediction of sex  

using left MCI 

Male  28/50=56% 31/50=62% 

Female  35/50=70% 32/50=64% 

 

 

Chart 1: Prediction of sex using Mandibular Canine 

Index 

Table 7: Overall accuracy of sex prediction using 

mandibular canine index 

Sex  Mandibular canine 

index (MCI) 

% Of sex 

prediction 

Overall, correctly 

predicted sex (%) 

Male  Right MCI  56%  

59% 
Left MCI  62% 

Female  Right MCI 70%  

67% Left MCI  64% 

0%

20%

40%

60%

80%

Prediction of sex using right MCI

Prediction of sex using left MCI

Sex Mean Inter canine 

distance (IC) (in mm) 

Standard deviation 

Male  24.0616 1.996 

Female  24.816 2.355 
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Chart 2: Percentage of sex prediction and overall 

accuracy of sex prediction using mandibular canine 

index 

Discussion 

Sex identification of an individual from skeletal remains 

is very reliable but its reliability is only when whole 

skeleton is available
19

. Sex estimation in decompose, 

skeleton remains or in mutilated bodies is important step 

of identification in forensic medicine
17

. In these 

situations, teeth can be used as an important forensic tool 

as they are decay resistant and can readily 

accessible
20

.Mandibular canines are key teeth for 

estimation of sex since they are the last teeth to be 

erupted with respect to age, and less affected to dental 

caries or dental disease than other teeth and are 

comparatively better to sustain severe trauma
21

.In our 

study sex estimation is perform by using mandibular 

canine index (MCI) among north Indian population. 

Using right MCI, sex is correctly predicted higher in 

female (70%) than male(56%) while using left MCI the 

correctly predicted sex is also higher in female (64%) 

than in male (62%). Overall sex prediction in our study 

using MCI is higher in female (67%) than male (59%) 

which is similar to study done by Rao et al
18

, (85.7% 

female which is higher than male 84.3%),study of Yadav 

et al
22

(72% in female which is higher than in male in 

their subject), Sonia et al (88.57% in female as compared 

to male 82.86%)
23

and study of Reddy et al
24

. Whereas 

study done by Al-Rifaiya et al
25

and Sunil et al
26

predicted 

the sex higher in male than female. Prediction of male 

sex was lower than present study,(59%) in the study of 

Hoshmani et al
27

, Acharya et Al
28

 in Indian population, 

Ahmad et al
29

in Iraqi population and Sunil et al in Nepali 

population
26

.Similarly, the prediction of percentage of 

female in the study of Ahmad et al
28

, Rao et al
18

 and 

Hoshmani et al
27

 was higher than our study (67%). In 

our study mesiodistal mandibular canine width both in 

right and left canine is found to higher in male than 

female and in both it foundto be statistically significant 

(p value <0.05) which is similar to the study done by 

Yadav et al
22

. The mean intercanine distance is found to 

be slightly higher in female than malein our study which 

is similar with finding of Kaddah
30

 in adult Egyptians 

andVishwakarma and Guha
15

 in the Indian population 

but it is opposite to many studies where value is higher 

in male than female.
25,26,27,28,29

These differences are 

proof of the fact that sexual dimorphism represented by 

canine tooth differ in different ethnicity socanine tooth 

sexual dimorphism varied among differentethnic 

groups
18

.The finding of right MCI in present study is 

higher in male than female and is highly significant (p 

value <0.001) while left MCI, in present study is also 

higher in male than female and is significant (p value 

<0.05). Overall, in the present study MCI is higher in 

male than female which is similar to study done by 

Vishwakarma et al
14

 and Rakhee R. Modak et al.
31

Our 

study showed that left mandibular canine (4.7%) has 

higher sexual dimorphism than right mandibular canine 

(4.5%) which is similar to study done by Maneel Grover 

et al.
32

 

Conclusion 

Present study reveals that mesiodistal width of 

mandibular canine of both right and left side higher in 

0%
10%
20%
30%
40%
50%
60%
70%
80%

% Of sex prediction Overall, correctly predicted 
sex (%)

Male Male Female Female 



 Dr. Manisha Verma, et al. International Journal of Dental Science and Innovative Research (IJDSIR) 

 

 
©2023 IJDSIR, All Rights Reserved 

 
 

P
ag

e1
8

4
 

P
ag

e1
8

4
 

P
ag

e1
8

4
 

P
ag

e1
8

4
 

P
ag

e1
8

4
 

P
ag

e1
8

4
 

P
ag

e1
8

4
 

P
ag

e1
8

4
 

P
ag

e1
8

4
 

P
ag

e1
8

4
 

P
ag

e1
8

4
 

P
ag

e1
8

4
 

P
ag

e1
8

4
 

P
ag

e1
8

4
 

P
ag

e1
8

4
 

P
ag

e1
8

4
 

P
ag

e1
8

4
 

P
ag

e1
8

4
 

P
ag

e1
8

4
 

  

male than female and is statistically significant. Mean 

MCI is greater in male than female in young north 

Indian population. Standard MCI value may consider as 

cut off value for determining gender i.e., value above 

standard MCI will be male and below it will be 

female.Overall sex prediction in our study using MCI is 

higher in female (67%) than male (59%).Our study 

showed that left mandibular canine (4.7%) has higher 

sexual dimorphism than right mandibular canine 

(4.5%).So, from study it can be concluded that 

mandibular canine index measurement is quick, reliable 

and easy method of gender identification.  

References 

1. Sopher IM. Forensic dentistry. USA: Charles C. 

Thomas Publisher; 1976. 

2. Burns KR (2007) Forensic Anthropology Training 

Manual. New Jersey: Prentice Hall Publishing. 

3. Rentoul Edgar, Smith Hamilton, editors. Glaister‟s 

medical jurisprudence and toxicology,identification. 

London: Churchill Livingstone; 1973. p. 59–100.  

4. EL-Domiaty MA,AL-Gaidi SA, EL-Ayyat AA et 

al.,(2010): Morphological patterns of lip print in 

Saudi Arabia at AlmadinahAlmonawarah province. 

Forensic Science International. Sited in: 

http://dx.doi.org/10.10161.forsciint.2010.03.042. 

5. Vij K (2008) Text book of forensic medicine and 

toxicology-principles andpractice (4th ed). New 

Delhi: Reed Elsevier India Private Limited-A 

Divisionof Elsevier. 

6. Krishan K (2007) Anthropometry in forensic 

medicine and forensic. Science eforensic 

anthropometry. Internet J Forensic Sci 2: 1. 

7. Kanchan T, Krishan K (2011) Anthropometry of 

hand in sex determination ofdismembered remains-

A review of literature. J Forensic Leg Med 18: 14-

17. 

8. Whittaker DA. An introduction to forensic dentistry. 

Quintessence international 1994; 25: 723-30. 

9. KaushalS, Patnaik VVG, Agnihotri G. Mandibular 

canines in sex determination. J Anat Soc India 2003; 

52: 119-124. 

10. Standring S (ed). Gray‟s anatomy: the anatomical 

basis of clinicalpractice. 40th ed. London: Churchill 

Livingstone Elsevier; 2013. p.1–1551. 

11. ZenóbioMadelon AF, Nogueira Maria S, Zenobio 

Elton G.Chemical composition of human enamel 

and dentin. Preliminaryresults to determination of 

the effective atomic number. Proceedingsof the 12nd 

International Congress of the International 

RadiationProtection Association (IRPA12), 

2008;42:1–6. 

12. Nelson SJ. Wheeler‟s dental anatomy, physiology, 

and occlusion.10th ed. St. Louis, MO: Elsevier, 

Saunders, 2014. p. 1–350. 

13. Mughal IA, Saqib AS, Manzur F. Mandibular canine 

index (mci); its role in determining gender. 

Professional Med J. 2010;17:459-63. 

14. Vishwakarma N. and R Guha. A study of sexual 

dimorphism in permanent mandibular canines and 

its implications in forensic investigations, Nepal 

Med Coll J 2011; 13(2): 96-99. 

15. Anderson DL, Thompson GW. Interrelationships 

and sex differences of dental and skeletal 

measurements. J Dent Res. 1973;52:431-8. 

16. Dahlberg AA. Dental traits as identification tools. 

Dent Prog.1963;3:155-60. 

17. Rao NG, Rao NN, Pai ML, Kotian MS (1989) 

Mandibular canine index--a clue forestablishing sex 

identity. Forensic Sci Int 42:249–254. https:// doi. 

org/ 10.1016/ 0379- 0738(89) 90092-3. 

18. Garn SM, Lewis AB, Kerensky RS. The relationship 

between sexual dimorphism in tooth size and body 



 Dr. Manisha Verma, et al. International Journal of Dental Science and Innovative Research (IJDSIR) 

 

 
©2023 IJDSIR, All Rights Reserved 

 
 

P
ag

e1
8

5
 

P
ag

e1
8

5
 

P
ag

e1
8

5
 

P
ag

e1
8

5
 

P
ag

e1
8

5
 

P
ag

e1
8

5
 

P
ag

e1
8

5
 

P
ag

e1
8

5
 

P
ag

e1
8

5
 

P
ag

e1
8

5
 

P
ag

e1
8

5
 

P
ag

e1
8

5
 

P
ag

e1
8

5
 

P
ag

e1
8

5
 

P
ag

e1
8

5
 

P
ag

e1
8

5
 

P
ag

e1
8

5
 

P
ag

e1
8

5
 

P
ag

e1
8

5
 

  

size as studied within families. Arch Oral Biol 1967; 

12: 299-301.  

19. Marin V, Zeljko D, Vera N, Jadranka K, Hrvoje B. 

Odontometrics:A useful method for sex 

determination in an archaeological 

skeletalpopulation. J Archeol Sci 2007;37:905-13. 

20. Chandra A, Singh A, Badni M, Jaiswal R, Agnihotri 

A. Determination of sex by radiographic analysis of 

mental foramen in North Indian population. J 

Forensic Dent Sci 2013;5:52‑5. 

21. Gustafson G. (1950). Age determination on teeth. J. 

Am. Dent. Assoc., 1950; 41: 45-54.  

22. Yadav S, Nagabhushana D, Rao B, Mamatha G. 

Mandibular canine index in establishing sex identity 

in establishing sex identity. Indian Journal of Dental 

Research 2002;13:143–6. 

23. Gupta S, Latoo S H, Dar MS. Mandibular canine 

index in gender determination: A viewpoint of a 

forensic odontologist. IAIM, 2020; 7(8): 9-13. 

24. Reddy VM, Saxena S, Bansal P. Mandibular canine 

index as a sex determinant? A study on the 

population of western Uttar Pradesh.Journal of Oral 

and Maxillofacial Pathology 2008;12:56–9. 

25. Al-Rifaiy MQ, Abdullah MA, Ashraf I, Khan N. 

Dimorphism of mandibular and maxillary canine 

teeth in establishing identity. The Saudi Dental 

Journal 1997;9:17–20. 

26. Shrestha S, Shakya R , Mansoor DI , Mehta DK and 

Shrestha S. www.anatomy.org.tr Received: August 

24, 2019; Accepted: December 8, 2019 

doi:10.2399/ana.19.086 

27. Hosmani JV, Nayak RS, Kotrashetti VS, S P, Babji 

D. Reliability of mandibular canines as indicators for 

sexual dichotomy. J Int OralHealth 2013;5:1–7. 

28. Acharya AB, Angadi PV, Prabhu S, Nagnur S. 

Validity of the mandibular canine index (MCI) in 

sex prediction? Reassessment in an Indian sample. 

Forensic Sci Int 2011;204:207.e1–4. 

29. Ahmed HMA. Genders identification using 

mandibular canines (Iraqi study). Journal of 

Baghdad College of Dentistry 2014;26:150–3. 

30. Kaddah M. A cluster of analysis of a group of 

Egyptian adultshaving normal occlusion. Cairo Dent 

J 1998;14:283‑92. 

31. Modak RR, Mhapuskar AA, Hiremutt D, Jadhav S, 

Hebbale M, Varpe H. Gender determination using 

mandibular canine index in general population. J 

Indian Acad Oral Med Radiol 2019;31:246-51. 

32. Grover M, Bai RG, Ram T, Puri PM, Ghodke KR. 

An Odontologist‟s Key to Sex Determination: Study 

Analysis of Mandibular Canine Teeth in South 

Indian Population. J Orofac Res 2013;3(3):157-160. 

 

 

 

 

 

 

 


