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MORPHOMETRIC TRAITS OF MANDIBULAR CANINES FOR SEX ESTIMATION OF IN-
DIVIDUALS IN ROMANIAN ADULT POPULATION (Abstract): Dental identification is the 
study of forensic odontology and represents a superior method of identification due to the increased 
resistance of teeth to the action of physical, mechanical, chemical and thanatological factors. In 
recent years, forensic odontology is facing a wide recognition because of the crucial role the dis-
cipline has in many legal and criminal cases, and experts in the field are constantly in research of 
more accurate and advanced methods. The present paper objective was to create discriminant 
function regarding the sex estimation based on the morphometric traits of the mandibular canines. 
The results show important dates regarding the dental identification for Romanian legal medicine 
validate the relation between the mesio-distal measurements of the teeth and the sex of unknown 
individuals. Dental identification plays a major role in the forensic identification process and the 
paper highlight the necessity of future studies in the field. Key words: FORENSIC ODONTOL-
OGY, SEX ESTIMATION, FORENSIC IDENTIFICATION

INtROductION 
Odontology is part of the dental identifica-

tion methods and is a superior method in the 
forensic identification process. In addition to 
the potential determined by the unique charac-
teristics of particular importance in forensic 
identification, dentition is the structure with a 
special resistance to the action of physical, me-
chanical, chemical or thanatological factors. 
Thus, our identities are often best preserved 
through our own teeth, ultimately the dental 
pulp being the extraction place for genomic or 
ribosomal DNA (1,2).

The odontostomatological method is a valu-
able method in terms of postmortem identifica-
tion, sometimes proving to be the only method 
that can be used especially in cases such as 
victims of mass disasters. Dental structures and 
dental restorations may be the only parts of the 

human body that are not destroyed and can thus 
be used even if they are dispersed over a wide 
area such as in air accidents, terrorist attacks, 
cremations or severe decompositions.

Human dentistry has particularly important 
useful characteristics for developing the bio-
logical profile of an individual with unknown 
identity, in the sense of estimating its race, age 
and gender. In addition to these results, human 
teeth provide the forensic anthropologist with 
competences in odontology or the forensic od-
ontostomatologist the possibility to also deter-
mine information about the socio-economic level, 
blood group, DNA extraction, etc. This proves 
the widespread usefulness of human teeth in the 
process of forensic identification. The literature 
defines the tooth as the body’s “black box”, 
motivated by the multitude of information pro-
vided after the dental analysis (3,4).
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Dental identification plays a major role in 
forensic identification procedures. Procedures 
based on dental identification should be in-
cluded as standard procedures in protocols for 
disaster management plans. 

In the optimal conduct of processes for iden-
tifying victims of mass disasters, a set of rules 
aligned with legal standards are absolutely nec-
essary. This involves, on the one hand, the 
training of forensic experts in the field of den-
tal identification, as well as populational educa-
tion for the accumulation and existence of ante-
mortem data (dental x-rays, dental fingerprints), 
which are extremely necessary for correct, ac-
curate and rapid identification.

ObJEctIvE 
The main concern of the authors is the de-

velopment of the forensic odontological identi-
fication process for Romanian population. In 
this sense, the objective was to create a retro-
spective study for the development of some easy 
methods to estimate the sex of an unknown 
individual based on the dental material.

MAtERIAL ANd MEthOdS 
The research included a retrospective study 

of 73 cases that were represented by radio-
graphic images of the mandibular dental arch. 

As inclusion criteria we took into account 
orthopantomographic images that highlighted 
the mandibular canines of the adult population 
of Romania (over 21 years of age). Orthopan-
tomographic images showing total or partial 
edentations, those with multiple works at the 
mandibular arch level, and those that were over-
exposed or improperly centered were excluded 
from the study. 

In order to carry out this work, the only 
personal data retained where the sex and age of 
the persons behind the orthopantomography. 
No other personal data has been recorded. 

As a working methodology, the authors an-
alyzed orthopantomographic images taken on 
living people between the ages of 21 and 70 
years (M=39.48, SD=11.99), of which 33 
were women and 40 men. Orthopantomograph-
ic images were taken from a specific territory 
of Romania. 

Orthopantomographic examinations were 
performed using a Kodak digital imaging sys-
tem. For the correct surface scan, the image 
has been centered so that the incisive teeth are 

at the center of the surface, the scan being car-
ried out only in a sagittal plane with the high-
lighting of the dental arches in its entirety. 

The images were analyzed using the RadiAnt 
DICOM Viewer program, through which the 
appropriate dental measurements were carried 
out. Initially, the mesio-distal diameter of the 
right canine (MDD C4.3) and of the left one 
(MDD C3.3) on the mandibular arch were iden-
tified and then measurements were taken in-
volving the calculation of the maximum dis-
tance between the medial (lingual) and the oral 
(external) face of the analysed tooth. All meas-
urements made on mesio-distal diameters of 
mandibular canine teeth were included in a 
database.  

RESuLtS 
Results on gender estimation based on anal-

ysis of orthopantomographic images provide 
statistically significant discriminating functions. 

In order to verify the normality of statistical 
distribution, the Kolmogorov-Smirnov test in-
dicated a normal distribution of: age, MDD 
C3.3 şi MDD C4.3 (p > 0.05). 

MDD C4.3 varies between 4.77 and 7.37 
(M = 5.97, SD = 0.57),  MDD C3.3 between 
4.71 and 7.14 (M = 5.87, SD = 0.53) (table 1)

Significant differences between women and 
men with respect to MDD C3.3 [t(71) = -3.863, 
p < 0.001] and MDD C4.3 (t(71) = -2.973, 
p = 0.004 < 0.05) were indicated. Thus the 
mesio-distal diameters of the right and left man-
dibular canines (MDD C3.3 and MDD C4.3) 
respectively in men are significantly higher 
than in women (fig.1).

The correlational analysis did not indicate 
significant links between the age of the par-
ticipants and MDD C4.3 [r(71) = -0.024, p = 
0.839 > 0.05], nor between the age of the 
participants and MDD C 3.3 [r(71) = -0.103, 
p = 0.388 > 0.05]. This shows that age is not 
a predictable parameter for estimating the sex 
of an unknown individual based solely on meas-
urements of the mesio-distal diameters of the 
two canines. 

In order to develop methods of estimating 
the sex of cases according to the predictors 
MDD C3.3 and MDD C4.3 respectively, the 
discriminating analysis was carried out which 
allowed the obtaining of discriminatory func-
tions. These were calculated by multiplying the 
non-standardized coefficients with the corre-
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sponding predictor to which the constant is 
added. According to the Box’s M test, the con-
dition of homogeneity of the covariance matrix 
is observed. All conditions of discriminating 
analysis are respected.

a. Discriminant function using only MDD 
C4.3

According to the results, MDD C 4.3 sig-
nificantly predicts the gender of the participants 
[F(1;71) = 8.840, p = 0.004 < 0.05] and 
explains 11.09% of the participants’ sex vari-
ance (= 0.333).

Using non-standard coefficients, the dis-
criminating function is created (table 2):

sex = 1.861*MDD C 4.3 – 11.104,
Regarding case classification, the results show 

that 60.3% of cases are classified correctly.
b. Discriminant function using only MDD 

C3.3
According to the results, MDD C 3.3 sig-

nificantly predicts the gender of the partici-
pants [F (1;71) = 14.926, p < 0.001] and 
explains 17.39% of the participants’ sex vari-
ance (= 0.417).

Using non-standard coefficients, the discrim-
inating function is created (table 2):

sex = 2.080*MDD C 3.3 – 12.217,
Regarding case classification, the results show 

that 69.9% of cases are classified correctly.

c. Discriminat function using both param-
eters MDD C3.3 and MDD C4.3

According to the results, MDD C 4.3 and 
MDD C3.3 significantly predict the sex of the 
participants (MDD C 4.3 mm F(1;71) = 8.840, 
p = 0.004 < 0.05; MDD C 3.3 F(1;71) = 
14,926, p < 0.001] and explains 18.32% of 
participants’ gender variance (= 0.428). 

Using non-standard coefficients, the discrim-
inating function is created (table 2): 

sex = 0.562* MDD C4.3 + 1.666* MDD 
C3.3 – 13.138,

Regarding the classification of cases, the 
results show that 63% of cases are correctly 
classified.

In Table 2, represented below, are found all 
the aforementioned discriminating functions. If 
the discriminating scores obtained through dis-
criminating functions are lower than the cut-
point then the case is female. 

Table 3 shows the accuracy of case classifi-
cation and cross-validation.

The classification of cases is carried out 
with greater accuracy in men than in women. 

For function 1 (predictor MDD C 4.3) 67.7% 
of men and 52.8% of women are correctly clas-
sified. For function 2 (predictor MDD C 3.3 ) 
70.5% of men and 69.4% of women are cor-
rectly classified. For function 3 (predictors MDD 

TABLE I
Descriptive statistics for MDD C4.3 and MDD C 3.3

N Min Max Mean SD

MDD C 4.3 mm 73 4.77 7.37 5.97 0.57

MDD C 3.3 mm 73 4.71 7.14 5.87 0.53

Fig. 1. Descriptive analysis for the difference between 
MDD C4.3 and MDD C3.3 differentiated for sex
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C 4.3 and MDD C3.3) 64.9% of men and 
61.1% of women are correctly classified.

dIScuSSIONS 
Forensic identification is a group activity 

involving close collaboration between the coro-
ner and doctors with expertise in forensic an-
thropology, odontology, genetics and craniofa-
cial reconstruction. This activity has as its 
ultimate objective a positive identification of 
the person with unknown identity, whether alive 
or deceased (intact body, human remains, whole 
or disparate skeleton, skulls, separated teeth or 
dental arches, etc.). Thus, depending on the 
material provided by the investigating officers, 
identification involves anthropological, odon-
tological examinations, complementary exami-
nations represented by genetic, histological and 
radiological examination, as well as working 
methods for craniofacial reconstruction.

Dental identification is the study of forensic 

TABLE II
Discriminant function, F and statistical significance

Predictors Exact F df Discriminant function The cut-point

1. MDD C 4.3 mm 8.840** 1;71 1.861* MDD C 4.3 mm - 11.104 -0.017

2. MDD C 3.3 mm 14.926** 1;71 2.080* MDD C 3.3 mm - 12.217 -0.014

3. MDD C 4.3 mm (a) 
4. MDD C 3.3 mm (b)

8.840**(a)
14.926** (b)

1;71
0.562* MDD C 4.3 mm + 
1.666* MDD C 3.3 mm - 13.138

-0.007

* indicates significance at 0.05 level; **indicates significance at 0.01 level

TABLE III
Participants classification accuracy

Dental discriminant function

Prediction group

Male Female Total

N % N % %

1. MDD C 4.3 mm
Original 25/37 67.6% 19/36 52.8% 60.3%

Cross-validated 25/37 67.6% 19/36 52.8% 60.3%

2. MDD C 3.3 mm
Original 26/37 70.3% 25/36 69.4% 69.9%

Cross-validated 26/37 70.3% 25/36 69.4% 69.9%

3. MDD C 4.3 mm 
and MDD C 3.3 mm

Original 24/37 64.9% 22/36 61.1% 63%

Cross-validated 23.37 62.2% 22/36 61.1% 61.6%

odontological anthropology and is one of the 
superior identification methods due to the in-
creased resistance of the material used (teeth) 
to the actions of the environment (5). Forensic 
odontology, therefore implies the application of 
dentistry in forensic issues, constituting in some 
countries a discipline in its own right included 
in the identification protocols (6,7)

The method of dental identification is ranked 
in the top three essential methods in identifying 
victims of disasters with unknown identity, af-
ter fingerprints and genetic fingerprint. This 
position conferred to dental identification is 
closely objectified by the idea that similar to 
fingerprints and genetic fingerprints which are 
unique, at the dental level there is a variability 
in dental morphology, as well as growth pat-
terns that make teeth a unique element in the 
identification of corpses. As arguments in favor 
of dental identification in relation to other 
methods, we specify: it is cheap, fast and the 



134

Mădălina Maria Diac et al.

dental material is not subjected to the destruc-
tive action of the environment (physical factors, 
tanatological-putrefaction chemicals) (6-8).

The major objective of the forensic odonto-
logical identification is to succeed in shaping a 
biological profile of an individual with unknown 
identity in order to establish the sex, age, race, 
determination of the blood group, etc. 

The literature mentions two working meth-
ods in odontostomatological forensic identifica-
tion: a reconstructive method and a compara-
tive one. The comparative method is based on 
the existence of ante-mortem data and docu-
ments, which are subsequently compared with 
the data resulting from the analysis of the ana-
lysed material (7-11).

The reconstructive method is applied in cases 
where the experts have only dental and bone 
materials, without having any ante-mortem in-
formation, thus assuming the application of 
multiple methods for shaping an individual’s 
biological profile. It follows that the reconstruc-
tive method in dental identification requires 
multiple population-specific researches specific 
in the field from tooth examinations.

The literature notes that determining the sex 
centerd on dental material is difficult and is 
generally based on dental measurements and 
canine dysmorphism. It is noted that a mesio-
distal diameter of teeth (canines, incisors) be-
low 6.7 mm would be characteristic of females, 
and one over 7 mm would belong to males. It 
is also stated that the canine tooth would be 3 
mm longer in males than in females. All these 
situations require multiple researches to vali-
date claims as well as to develop formulas that 
are easily applicable. Last but not least, it should 
be noted that sex can be determined, currently 
by the genetic method (DNA extraction from 
the dental pulp), which remains the most reli-
able and safe, but is also the most expensive 
method. Thus, we want to develop new methods 
that are fast, less expensive and with reliability 
as close to the genetic one as possible (12 -16).

The objective pursued in this paper, to de-
velop discriminatory formulas helping to esti-
mate sex with the highest accuracy, has been 
achieved. 

The results of the analysis of the second 
study group indicated a normal distribution of 
the variables included in the study, namely: 
the age of the participants, the mesio-distal 

diameter of the right mandibular canine (MDD 
C4.3) and the mesio-distal diameter of the left 
jaw canine (MDD C3.3), which concluded that 
the study group is statistically significant.

Regarding the claim in the literature that the 
mesio-distal diameters of the teeth are higher 
in males compared to females, the results of 
the study validated this (11-13). In this respect, 
statistical analysis showed that even for the 
adult population of Romania, the mesio-distal 
diameters of the mandibular canines included 
in the study are significantly higher in men than 
in women (fig. 1).

In order to develop an easy method to be 
applied to estimate sex from tooth measure-
ments, discriminating analysis of cases was car-
ried out according to the predictors MDD C4.3 
and MDD C3.3, respectively, which allowed to 
obtain discriminatory functions. Thus, after 
analysing the results obtained for the study 
group in this paper, it is mentioned that:
• both measurements made of mesio-distal 

diameters of the left and right jaw canine 
statistically significant predict the sex of the 
participants; 

• mesio-distal diameter of the right canine 
predicts in a percentage of 11.09% the sex 
of the participants, a relatively small per-
centage;

• following the application of the discriminat-
ing equation involving the mesio-distal di-
ameter of the right canine, there is 60.3% 
chance to correctly identify the sex of the 
subject;

• mesio-distal diameter of the left canine pre-
dicts in a percentage of 17.39% the sex of 
the participants;

• following the application of the second dis-
criminating equation involving the mesio-
distal diameter of the left canine, there is 
69.9% chance to distinguish the sex of a 
subject correctly;

• mesiodistal diameters of both canines in-
cluded in the study correctly predict the sex 
of participants in 18.32% of cases;

• the discriminating equation developed with 
the involvement of both variables (MDD 
C4.3, MDD C3.3) leads to a 63% chance 
of finding the correct sex in a particular 
studied lot;

• classification of cases is carried out with 
greater accuracy in the case of men than in 
women.
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The accuracy of case classification as well 
as cross-validation was also achieved (table 3). 
In this respect, the following statements can be 
made:
• function 1 which includes as predictor MDD 

C4.3 (mesio-distal diameter of the right ca-
nine) correctly classified 67.7% of men and 
52.8% of women respectively;

• function 2 which includes as predictor MDD 
C3.3 (mesio-distal diameter of the left ca-
nine) correctly determines 70.5% of men 
and 69.4% of women;

• function 3 involving both metrics as predic-
tors (MDD C4.3 and MDD C3.3) correctly 
determines 64.9% of men and 61.1% of 
women.
Following the above, it can be concluded 

that the mesio-distal diameter of the left canine 
(MDD C3.3) provides the best predictability, 
being the closest to the reality of the number 
of female and male cases in a given study group 
that would be subjected to anthropological 
analysis. 

A comparison of the current study with the 
studies mentioned in the literature highlights 
similar results in terms of the results of the 
discriminating analysis. Compared to other 
studies analyzed, in which the buco-lingual di-
mensions of the teeth were analyzed, in the 
current paper we only focused on the mesio-
distal diameters of the two teeth involved in the 
study (16,17). 

The study group involved a relatively small 
number of participants, so errors can be con-
sidered acceptable. Importantly, the use of a 
small number of participants with the results 
presented, underlines the need to continue stud-
ies on the estimation of sex from tooth measure-
ments; thus, we believe that the results from 
the analysis of more cases could be promising.  

cONcLuSIONS 

Predicting sex from tooth measurements is 
an important element in forensic anthropology 
for Romanian population. The mesio-distal di-
ameters of the right and left mandibular canines 
are important predictable factors in the estima-
tion of sex. Based on the analyses carried out, 
it is objectified that the best predictability is 
provided by the mesio-distal diameter of the left 
mandibular canine. The results of the present 
study also validated for the Romanian popula-
tion the fact that the mesio-distal diameters of 
the teeth are greater in males than in females. 

Forensic identification is one of the essential 
elements of forensic practice as well as forensic 
investigation. Identification of a person from a 
forensic point of view requires a multidiscipli-
nary approach and, in order to increase the 
success rate, an overview of the case is impor-
tant by corroborating all available data and car-
rying out as many complementary examinations 
as possible.
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