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			Abstract

			Aims and Objectives: Human body has various morphological variations among males and females thus, inthe cases of forensic relevance; sexual dimorphisms play an important role in gender determination of an individual. Teeth are the hardest and chemically most inert part of the human body and it resists putrefaction and decay and thus making it forensically relevant as evidence. The study is aimed at determining if there is any canine dimorphism in both the genders and also determining the percentage of dimorphism along with the quadrant that shows maximum dimorphism among males and females.

			Materials and methods: This study was conducted on 101 respondents (50 females and 51 males) in the age group of 18-35 years. Canine measurements including mesio-distal, buco- lingual and inter canine distances were measured on each respondent. Statistical tests were conducted to study the gender dimorphism. 

			Results and Conclusion: Sexual dimorphism was reported in the canine measurements with males having greater canine dimensions as compared to the females.

			Keywords : Forensic science; Canines; Gender dimorphism; Evidence; Identification

		

		
			Introduction

			Gender estimation is an important aspect of personal identification and thus, has an immense forensic relevance. When an unidentified human body is encountered at a crime scene, it becomes important to establish its identity, for further legal procedures and also to hand over the body to its authorized family. The personal identification is established by determining the gender, age, stature and race of an individual followed by individual features identification. The gender estimation being an important part of personal identification needs to be determined first. This is a crucial step in establishing the personal identity of an individual, because the age and stature determination is dependent on the gender of the individual. The process of personal identification begins by narrowing down a cluster of individuals step by step till the individual we are looking for is finally identified. Thus, the role of sexual dimorphism comes into play. Secondary sexual characteristics are one of the most easy and frequently used methods. However, it should[1-6].Canines and sex determinationbe kept in mind that in certain cases, the body encountered may be decomposed beyond recognition or may be mutilated, where secondary sexual characteristics may play no role. Hence, with forensic aspect, the dimorphism in the teeth can be of immense significance. It may be a great forensic tool for the determination of sex from the human remains, 

because it is highly resistant to decay. In 1973, a study established certain differences in the canine teeth of both the human genders. [1] Subsequently, two more studies conducted in the year 1967 and 1989 respectively, further established the canine dimorphism among both the human genders.

			Canine is one of the most strongest and stable teeth among all other teeth, due to its shape, structure and the length of the root. Also, its position in the mandible and maxilla, and the presence of a single cusp makes it less prone to damage, or cavity formation. Thus, makes the canine teeth even more forensically relevant. The teeth being resistant to decay can be used as a forensic tool for the purpose of identification of individuals by narrowing down the search. Canines are the least extracted teeth and hence, are recovered from almost every mandible and maxilla. Canine teeth rarely contain any cavity, hence, does not interfere with the measurements. In cases of mass disaster, explosions etc. where the body is damaged beyond recognition, gender estimation from canine teeth may help narrow down the vast list. Bodies that are putrefied or completely skeletonized body may lack evidences for identification. Hence, teeth can be effectively used asevidence.Studies conducted in last one decade, used the mandibular canine dimensions for sex determination.	

			research conducted in the year 2009 to study and determine the dimorphism in human maxillary and mandibular canines in establishment of gender concluded statistically insignificant dimorphism. [7] Sexual dimorphism using canine measurement was reported in Gujarat population. This study concluded that sexual dimorphism was observed in mesio-distal width, canine arch width and canine index of permanent maxillary canine teeth and that sexual dimorphism in mesio-distal width and canine index is highly significant in right maxillary canine. [8] The mandibular anthropometric measurements were assessed to predict the gender in Iranians over the age of 20 years. The results of this study showed that the gender can be predicted with high rate of accuracy from mandibular measurements. [9] In another study, the mandibular canine and the canine index were used for the gender estimation. [10] Further, a research conducted in the year 2016, on sexual dimorphism in tooth morphometric using all teeth (i.e., incisors, canine, pre-molars and molars) concluded that the permanent maxillary canine showed significant dimorphism and could be effectively used for gender identification. [11] In (2017) a study conducted to assess the accuracy of mandibular canine index (MCI) and mandibular mesio-distal econometrics for sex estimation which concluded that canine dimorphism is population specific and among the Indian population, canine dimorphism can aid in sex determination. [12]Another study concluded that using the standard MCI, the gender estimation was found to be 73.33% in males and 80% in females. Canines and sex determination[13].

			Methodology

			The present study was conducted to estimate the gender dimorphism in canine measurements in the healthy Indian adult subjects, belonging to the age group of 20-35 years. The data and measurements was collected from the respondents with a sample size of 101 individuals, including 51 males and 50 females. The sample pool belonged to mixed population belonging to different ethnic groups. The work was done in accordance with the appropriate institutional review body and carried out with the ethical standards.

			Tools and Techniques

			[image: ]

			A pilot survey was conducted among 20 respondents prior to the main research data collection. This was done to standardize tools and techniques to be used for the final data collection. A purposive sampling was done on 51 males and 50 females aged between 20 years to 35 years. The individuals of this age group were chosen, since the teeth of such individuals show minimum attrition and thus will provide accurate results. An ethical approval was taken to conduct the study. A consent form was duly signed by the respondents prior to start the study, to take their consent to volunteer for the study after explaining the objectives of the study to them. The measurements of the canine teeth were taken by the instrument- sliding caliper. Dimensions studied were mesio-distal width, buco- lingual width and inter-canine distance of mandibular and maxillary canine (Figures 1&2). The Mesio-distal width was measured between the mesial surface and the distal surface of the canine teeth. Buco- lingual width was measured as the distance between buccal surface and lingual surfaces of a tooth.Inter-canine distance of mandibular and maxillary canine was measured as the distance between the two canines in the maxilla (upper jaw) and the mandible (lower jaw). The reading was noted down for each dimension(Figures 1&2). Respondents with canine teeth free of any decay, or any medical deformity/treatment were taken. Adequate precautions were followed for these measurements. Before initiating the process of measurement in the oral cavity, the extensions (bars) of the sliding caliper was carefully cleaned with Savlon to sterilize it from any kind of harmful germs and bacteria from the previous respondent. 
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			The same cleaning procedure for the instrument was followed after measurements were taken. This was done for each respondent before and after the measurement.After the collection of data, it was entered in MS Excel sheet. It was then analyzed using Statistical Package for Social Sciences (SPSS, 17.0). Student t-test and logistic regression was used for the analysis of the data. Garn and Levis Formula were used to calculate the percentage of dimorphism[14]. Thus, this formula helps isCanines and sex determinationestimating whether the canine measurements, among the males and females, are significantly dimorphic or not and also to determine the percentage of dimorphism. Garn and Lewis Formula for gender dimorphism is as follows-(-)

			Where,

			                      =	Mean value of measurement for males,

			                      =	Mean value of measurement for females

			This formula was applied individually to each set of dimensions i.e. Mesio Distal width, and Buco Lingual width (of each quadrant), and the Inter- Canine distance of the Mandible and the Maxilla. The limitation of this study is that the Vernier caliper was the preferred instrument in terms of accuracy. However, sliding caliper was used to measure the dimensions. The sample distribution has been displayed as Table 1.

			Table 1: Sample population frequency distribution.

			
				
					
					
					
				
				
					
							
							Respondent

						
							
							Frequency (n)

						
							
							Percentage (%)

						
					

					
							
							Male

						
							
							51

						
							
							50.5

						
					

					
							
							Female

						
							
							50

						
							
							49.5

						
					

					
							
							Total

						
							
							101

						
							
							100

						
					

				
			

			Result and Discussion

			Table 2: t- Test result of the canine measurements.

			
				
					
					
					
					
					
				
				
					
							
							S.No.

						
							
							Dimensions

						
							
							Mean ± SD

						
							
							t- Test

						
					

					
							
							Male

						
							
							Female

						
					

					
							
							1

						
							
							(R) Ma. Mesio-Distal Width

						
							
							0.68±0.09

						
							
							0.62±0.08

						
							
							3.31***

						
					

					
							
							2

						
							
							(R) Ma. Buco-Lingual Width

						
							
							0.42±0.07

						
							
							0.41±0.07

						
							
							0.74 NS

						
					

					
							
							3

						
							
							(L) Ma. Mesio- Distal Width

						
							
							0.69±0.07

						
							
							0.63±0.06

						
							
							3.85***

						
					

					
							
							4

						
							
							(L) Ma. Buco- Lingual Width

						
							
							0.41±0.08

						
							
							0.39±0.09

						
							
							0.97 NS

						
					

					
							
							5

						
							
							(R) Mx. Mesio- Distal Width

						
							
							0.70±0.09

						
							
							0.69±0.08

						
							
							0.48 NS

						
					

					
							
							6

						
							
							(R) Mx. Buco- Lingual Width

						
							
							0.49±0.09

						
							
							0.49±0.12

						
							
							0.33 NS

						
					

					
							
							7

						
							
							(L) Mx. Mesio- Distal Width

						
							
							0.64±0.09

						
							
							0.62±0.09

						
							
							1.06 NS

						
					

					
							
							8

						
							
							(L) Mx. Buco- Lingual Width

						
							
							0.50±0.09

						
							
							0.47±0.11

						
							
							1.37 NS

						
					

					
							
							9

						
							
							Ma. Inter Canine Distance

						
							
							3.24±0.23

						
							
							3.09±0.20

						
							
							3.33***

						
					

					
							
							10

						
							
							Mx. Inter Canine Distance

						
							
							3.99±0.30

						
							
							3.75±0.28

						
							
							4.11***

						
					

				
			

			***P<0.001; NS- Non Significant; Note: (R) and (L) is the right and left quadrant respectively of the jaw. Ma: mandible/lower jaw; Mx: maxilla/upper jaw.

			The present study used the canine measurements to establish the gender dimorphism among human population. The test for significance was applied on all the measurements taken, i.e., the buco-lingual and mesio-distal width of the canine teeth of all the four quadrants and the inter-canine distance of the mandible and the maxilla. According to Table 2, the present study shows significant dimorphism in the mesio distal width of the right and left mandibular canines and the mandibular inter canine distance. This table suggests significant dimorphism at p<0.001, for all the studied measurements (Table 2). Thus, according to the results of the t-test, it can be concluded that the mandibular canines are significantly sexually dimorphic with respect to the mesio-distal width and the Inter-canine distance. This finding is in accordance with the previous finding which suggests that male and female canines are significantly dimorphic and also concluded that the greatest dimorphism is exhibited by the left canine. [10] Another study on canine dimorphism also suggests significant difference in the mesio distal width measurement of mandibular canine [5](Table 3). 

			Table 3: Calculated percentage dimorphism in the mandibular and maxillary canine (in percentage).

			
				
					
					
					
					
					
					
				
				
					
							
							
							Right Mesio-Distal Width

						
							
							Right Buco- Lingual Width

						
							
							Left Mesio- Distal Width

						
							
							Left Buco- Lingual Width

						
							
							Inter-Canine Distance

						
					

					
							
							Mandibular Canine

						
							
							8.87

						
							
							2.54

						
							
							8.091

						
							
							4.2

						
							
							4.72

						
					

					
							
							Maxillary Canine

						
							
							1.13

						
							
							1.45

						
							
							3.22

						
							
							6.38

						
							
							6.32

						
					

				
			

			Canines and sex determinationAccording to Garn and Lewis [2], the percentage of dimorphism (among males and females) in the canine teeth was calculated. (Table 3) suggests that males have broader individual teeth dimensions and also wider distance between both the canine teeth of the mandibular jaw, as compared to the females. The table shows that the mesio-distal width of the right and left mandibular canine shows maximum dimorphic percentage at 8.87% and 8.09% respectively, as compared to the percentage dimorphism for other mandibular canine dimensions. Similarly, the percentage of dimorphism in mesio distal width of the right mandibular canine was found to be 10.11% and 4.44% in the left mesio distal canine width[15] The present study was found to be similar in terms of percentage dimorphism in mesio-distal measurement of the right mandibular canine width, with percentage dimorphism at 8.87≈10.11. However, percentage dimorphism for the mandibular left mesio distal width was found to vary in the present study.Left buco-lingual width of the canine and inter canine distances of the two canines in the upper jaw shows maximum dimorphism. The percentage dimorphism of Buco-Lingual Width of the Left canine teeth and Inter Canine distance shows a value greater than 5%, i.e., 6.38% and 6.32%, respectively (Table 3).

			The other canine dimensions of the maxilla do not show significant percentage of dimorphism among males and females, with the percentage dimorphism for Mesio-Distal Width, Buco-Lingual width of the right canine and Mesio Distal Width of the left canine being 1.131%, 1.45%, and 3.22%, respectively. The mandibular canines show greater dimorphism as compared to the canines of the maxilla (Table 3). Further, it suggests that the canine of the right mandible shows greater percentage of dimorphism with respect to mesio-distal width measurement among males and females. However, it was established that the left mandibular canine shows maximum sexual dimorphism with percentage dimorphism of 7.7%, followed by right mandibular canine with percentage dimorphism of 6.2%. [16] Similarly, another study also suggested that the left mandibular canine was more dimorphic with a percentage of 8.89% followed by the right mandibular canine with a percentage dimorphism of 7.44%. [17] A study similar to the present study reported that the percentage dimorphism for the left mandibular canine is 9.79% followed by the right mandibular canine with a dimorphism percentage of 7.96%. [10]The logistic regression analysis revealed that the likelihood of being males is about 3 times more with respect to Buco-Lingual Width of the right maxilla and about twice more for the Buco-Lingual width of the right mandible and Mesio-Distal width of the left maxilla.

			Table 4: Multinomial logistic regression for gender differentiation.

			
				
					
					
					
					
					
					
				
				
					
							
							Male

						
							
							Std. Error

						
							
							Sig

						
							
							Exp (B)

						
							
							95% Confidence Interval for Exp (B)

						
					

					
							
							Lower Bound

						
							
							Upper Bound

						
					

					
							
							Intercept

						
							
							1.199

						
							
							0.064

						
							
							
							
					

					
							
							Ma. (R) Mesio Distal Width

						
							
							0.57

						
							
							0.766

						
							
							0.844

						
							
							0.276

						
							
							2.577

						
					

					
							
							Ma. (R) Buco- Lingual Width

						
							
							0.636

						
							
							0.459

						
							
							1.602

						
							
							0.461

						
							
							5.571

						
					

					
							
							Ma (L) Mesio Distal Width

						
							
							0.603

						
							
							0.003

						
							
							0.166

						
							
							0.051

						
							
							0.54

						
					

					
							
							Ma. (L) Buco- Lingual Width

						
							
							0.672

						
							
							0.152

						
							
							0.382

						
							
							0.102

						
							
							1.424

						
					

					
							
							Mx.(R) Mesio Distal Width

						
							
							0.565

						
							
							0.688

						
							
							0.797

						
							
							0.263

						
							
							2.411

						
					

					
							
							Mx. (R) Buco- Lingual Width

						
							
							1.007

						
							
							0.313

						
							
							2.76

						
							
							0.383

						
							
							19.875

						
					

					
							
							Mx. (L) Mesio Distal Width

						
							
							0.566

						
							
							0.316

						
							
							1.763

						
							
							0.582

						
							
							5.341

						
					

					
							
							Mx. (L) Buco-Lingual Width

						
							
							0.798

						
							
							0.302

						
							
							0.439

						
							
							0.092

						
							
							2.096

						
					

					
							
							Ma. Inter Canine Distance

						
							
							0.671

						
							
							0.58

						
							
							0.69

						
							
							0.185

						
							
							2.571

						
					

					
							
							Mx. Inter Canine Distance

						
							
							0.583

						
							
							0

						
							
							0.103

						
							
							0.033

						
							
							0.323

						
					

				
			

			 Therefore, these three measurements were found to be important with respect to gender identification (Table 4), (Figure 3)[18,19]The Mandible shows highest percentage of dimorphism in the Mesio distal width of the right and left canine, the buco-lingual width of both the mandible and the maxilla show insignificant level of dimorphism. The inter-canine distance of both the mandible and the maxilla show some percentage dimorphism, with the maxillary inter-canine dimorphism being greater than the mandibular inter canine dimorphism (Figure3). Forensic anthropological techniques are usually applied as supporting and supplementary methods, with final identification ultimately being based on forensic odonatological analyses, fingerprinting, and DNA-techniques.In a few instances, forensic anthropological methods may also by themselves achieveidentification and therefore continued testing of anthropological methods for evaluating sex is of paramount importance [20].

			[image: ]

			Conclusion

			The Mesio distal width of the right and left mandibular canine, inter-canine distance in the mandible and the maxilla showed statistically significant dimorphism among males and females. However, the greatest percentage of gender dimorphism was found in the medio distal width of the right mandibular canine followed by the Mesio distal width of the left mandibular canine .The inter canine distance showed higher significant percentage dimorphism in the maxilla as compared to the mandible. It can be concluded that the ozonometric parameters being simple, inexpensive and easy to measure can be used for determining gender in relevant cases of forensic investigations.
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Figure 3: Percentage dimorphism of the mandible and the maxilla.
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Figure 2: Mesial and Distal sides of a tooth Source: Adopted
from Pocket Dentistry.
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Figure 1: Buccal and Lingual sides of a tooth Adopted from
Pocket Dentistry
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