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ABSTRACT 
The  primary  step  in  forensic  odontological  analysis  is  sex 
determination. The present study is one of the few studies that 
evaluated the accuracy of the combination of canine tooth root 
length  and crown measurements  for  sex  determination.  The 
study  sample  comprised  196  cone -beam  computed 
tomographic scans of individuals aged 20-80 years distributed 
in five age categories: 20-29, 30-39, 40-49, 50-59, and 60+ years 
old.  Different  parameters,  such  as  width,  length,  and  ratio 
measurements for the crown and root of each maxillary and 
mandibular  canine  tooth,  were  examined  and  recorded.  The 
findings  indicated  that  maxillary  canines  had  greater  sex 
dimorphism ability (87.3%)  than mandibular canines (80.6%). 
Total tooth length and root length of maxillary canine were the 
most pronounced variables in the differentiation of sex groups. 
When  the  combination  of  the  mandibular  and  maxillary 
measurements  was  considered,  the  accuracy  for  sex 
dimorphism was 85.7%. By using ratio variables, the accuracy 
was reduced to 68.9%. According to the findings of this study, 
total tooth length and root length are the most discriminant 
variables of canine teeth. These variables are more reliable sex 
indicators than crown measurements.

INTRODUCTION 
Forensic odontology is a subspecialty of forensic medicine that 
assists  in  establishing a  post-mortem biologic  profile,1  which 
primarily  includes  verifying  age,  sex,  stature,  and  ancestry.2-4 
The  primary  step  in  this  context  is  sex  determination. 
Although sex can be most accurately assessed by DNA analysis5 
or  examination  of  skeletal  remains  such  as  the  pelvis,6 
craniofacial  bones,7  and  mandible,8  their  applicability  is 
restricted due to a variety of  factors,  including the need for 
expensive  equipment  and  time-consuming  procedures  or 
suboptimal  condition of  the  bones,  especially  those  severely 
mutilated.9 In such situations, teeth are considered a practical 
adjacent  in  sex  determination  because  of  their  structural 
durability to pre- and post-mortem insults 10, 11 and their ability 
to  predict  sex  with  an  accuracy  of  51.13%  to  100%.12-15 
Moreover,  since  the  complete  development  of  dentition 
precedes skeletal maturation, teeth play an essential role in sex 
determination for younger individuals.1 
The application of dentition in sex determination is primarily 
based on the distinctions between the dimensions or  
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morphology of the teeth in males and females.3, 16, 

17  Among  different  types  of  teeth,  the  canine 
tooth  has  been  consistently  used  for  forensic 
purposes and is regarded as a "key tooth" in sex 
determination1,  18   primarily  because  they  show 
the  most  significant  sex  dimorphism  in  their 
dimensions.  Moreover,  they  are  the  least 
frequently  extracted  teeth,3  highly  resistant  to 
dental/periodontal  diseases,  and are  more  likely 
to survive post-mortem trauma. 
Many studies on the effectiveness of canine teeth 
in  sex  determination  used  the  canine  index, 
which  considers  the  mesiodistal  width  of  the 
canine  teeth  and  inter-canine  arch  width.1-3,  15 
However,  some studies  showed that  the  canine 
index  has  poor  sex  dimorphism ability,  and  its 
application in forensic works should be confined, 
and absolute measurements of the canine tooth 
are better sex indicators.1, 3, 18 Another limitation 
of such studies is that they have not considered 
root measurements.  This factor may impair the 
accuracy of sex determination since it has been 
demonstrated that the Y chromosome has a more 
decisive influence over root length growth than 
the X chromosome.12

Radiographic examinations are a non-destructive 
and  ethical  approach  for  evaluating  the  whole 
tooth  if  radiographs  are  taken  due  to  clinical 
indications. Capitaneanu et al.19 used panoramic 
radiographs  to  compare  the  length  and  width 
variables and ratios to determine the applicability 
of  various  maxillary  and  mandibular  teeth  in 
sexual  determination.  They  showed  that  the 
tooth length of  the  mandibular  canine  was  the 
most sexually dimorphic measurement. However, 
panoramic radiographs have disadvantages,  such 
as  unequal  magnification  and  unpredictable 
distortion  due  to  the  patient  positioning  and 
location within the focal trough.20 These factors 
preclude accurate measurements, and the results 
cannot accurately reproduce or represent direct 
measurements.  In  recent  years,  computed 
tomography (CT) or cone-beam CT (CBCT) has 
been increasingly used in forensic investigations, 
particularly for sex and age determination.21  CT 
and CBCT provide images with a sub-millimeter 
resolution  free  from  distortion,  magnification, 
and superimposition of  the  adjacent  structures, 
[22] which are not available in projection imaging 
and  panoramic  radiography  and  can  positively 
affect  the  f indings  of  the  studies.21  The 
portability, lower cost, ease of image acquisition, 
and user-friendliness of CBCT over CT make it 

more  practical  for  forensic  applications, 
particularly in skeletal imaging and odontology.20

Therefore, the present study aimed to assess the 
accuracy of sex determination in adult individuals 
using  CBCT images  based  on  the  different 
length,  width,  and  ratio  measurements  of  the 
crown and root of canine teeth in mesiodistal and 
bucco l ingua l  d imens ions  in  both  j aws . 
Additionally,  it  attempted  to  present  a  specific 
formula  for  sex  determination  based  on  the 
canine  teeth  using  the  discriminant  function 
analysis.  The  present  study  is  the  first  to  be 
conducted  among  the  Iranian  population.  It  is 
one of the few studies evaluating the accuracy of 
canine  sex  dimorphism  considering  the  tooth 
root length and crown measurements.

MATERIALS AND METHODS 
In this  cross-sectional  study,  the  CBCT scans 
of  196  individuals  (96  men  and  100  females) 
referred  to  the  Dental  School  of  Shiraz 
University  of  Medical  Sciences  (Shiraz,  Iran) 
for purposes other than the present study were 
evaluated. The study complied with all relevant 
principles of the Declaration of Helsinki at the 
time of  imaging.  All  subjects  signed a  written 
informed consent form authorizing the use of 
their anonymous radiographic data in research 
and  publications.  The  Ethics  Committee  of 
Shiraz  University  of  Medical  Sciences,  Shiraz, 
Ir a n ,  a p p r o v e d  t h e  s t u d y 
(IR.Sums.Dental.REC.  1399.206).  The  study 
sample age ranged from 20 to 80 years and was 
divided  into  five  age  groups:  20-29,  30-39, 
40-49, 50-59, and 60+ years old. Except for the 
final group, which comprised 16 males due to a 
lack  of  individuals  matching  the  inclusion 
criteria,  all  groups  included  40  CBCT scans 
distributed evenly between the two sexes.  The 
CBCT images  were  digitally  captured  using  a 
New  Tom  VGi  Evo  CBCT unit  (QR SRL 
Company,  Verona,  Italy)  with  3  mA,  110 kVp, 
and 0.3 mm voxel size, in accordance with the 
manufacturer's instructions for positioning and 
exposure. 
The inclusion criteria of the study were CBCT 
scans with good image quality, the presence of 
fully  developed  and  erupted  maxillary  and 
mandibular  permanent  canine  teeth,  the 
absence  of  restorations,  significant  occlusal 
wear  on  the  crown  of  the  canine  teeth,  root 
r e s o r p t i o n ,  d i l a c e r a t i o n s ,  s i g n i f i c a n t 
buccolingual  inclination  in  the  canines,  any 
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pathology  or  skeletal  disorders,  and  history  of 
trauma or orthodontic treatment.
For each scan, the measurements were taken on 
the  canine  teeth of  both jaws,  i.e.,  maxilla  and 
mandible.  Since  previous  studies  showed  no 
significant  difference  in  canine  measurements 
between the left and right sides of the jaw,3, 23, 24 
all  the  measurements  were  made  on  the  left 
canine teeth. Yet, if the left canine tooth did not 
meet  the  inclusion  criteria,  the  procedure  was 
made on its right counterpart. Each canine tooth 
underwent the following measurements: 

• The  length  measurements:  The  maximum tooth 
length (TL)  (defined as the distance between 

the most incisal tooth point and the root apex) 
and the maximum root length (RL) (defined as 
the  distance  between  the  cemento-enamel 
junction (CEJ) and root apex) (Figure 1).

• The  width  measurements :  The  maximum 
buccolingual  width  of  the  crown  (BL),  the 
buccolingual width of the tooth at the CEJ level 
(CEJBL),  the  maximum mesiodistal  width  of 
the crown (MD), the mesiodistal width of the 
tooth at the CEJ level (CEJMD) (Figure 2).

• The ratio and proportions:  TL/RL, TL/MD, TL/
BL, TL/ CEJMD, TL/ CEJBL, RL/MD, RL/BL, 
RL/ CEJMD, RL/ CEJBL, MD/ CEJMD, BL/ 
CEJBL, CEJBL/ CEJMD, BL/MD 

Figure 1. Shows the tooth and root length measurements (TL & RL, respectively) used in the study: 
Axial images used for reconstruction of mesiodistal cross-section; b the maximum tooth length; c the 

maximum root length

Based on the axial section at the mid-root level, 
cross-sections perpendicular to the canine tooth 
were prepared for the measurements. The length 
measurements  (TL and  RL)  were  done  on  the 
mesiodistal cross-sections. The thickness of these 
cross-sections  was  considered  around  7  mm to 
account  for  the  buccolingual  inclination  of  the 
canine tooth and to include both the incisal edge 
and the apex of the tooth in one section. MD and 
CEJMD measurements were done on 1 mm thick 
mesiodistal  cross-sections  representing  the 
maximum  crown  width.  Buccolingual  cross-
sections with 1 mm thickness were prepared to 
measure  BL  and  CEJBL  variables.  For  each 
subject,  additional  information  such  as  the 
subjects'  birth  dates,  date  of  acquisition of  the 
CBCT scans, and sex were also recorded.
 Two  examiners,  an  experienced  oral  and 
maxillofacial radiologist and a well-trained post-
graduate oral and maxillofacial radiology student, 

recorded all the measurements separately using 
NNT Viewer  software  (NNT V2.21,  Image 
works,  Verona,  Italy).  The  examiners  were 
blinded to the subject's  age and sex.  To assess 
the  intra-  and  inter-observer  reliability,  the 
examiners  randomly  selected  one-third  of  the 
images and re-evaluated them after a two-week 
interval. 

Statistical analysis
Data were analyzed using SPSS software, version 
22.0 (IBM Corp., Armonk, N.Y., USA). For each 
variable, the two sexes were compared using an 
independent t-test. P values less than 0.05 were 
considered  statistically  significant.  To  find  the 
best  variables  for  sex  determination,  the 
discriminant  analysis  and  stepwise  selection 
method were  used.  The accuracy  of  inter-  and 
the intera-examiner agreement was determined 
by Intra-class correlation coefficient test (ICC). 
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Figure 2. Shows the width measurements used in the study: an Axial image used for reconstructing mesiodistal 
cross-sections; b The maximum mesiodistal width of the crown (MD) and the mesiodistal width at the CEJ level 
(CEJMD); c Axial image used for reconstructing buccolingual cross-sections; d The maximum buccolingual 

width of the crown (BL) and the buccolingual width of the tooth at the CEJ level (CEJBL) 

 
RESULTS 
Based on the ICC values, there was a high inter 
and  int ra -obser ver  a greement  for  a l l 
odontometric  measurements  (r>0.90  and  >0.95, 
respectively).  For analyzing the data, an average 
for each value was used. 
According  to  the  independent  t-test  results,  all 
the maxillary and mandibular canine teeth length 
and  width  measurements  significantly  differed 
between the sexes (all P values <0.05). There were 
also  significant  differences  between  males  and 
females in eight ratios of the upper jaw and two 
of the lower jaw (Table 1). 
The results of the stepwise discriminant analysis 
are  shown in  Table  2.  When  all  measurements 
from  both  jaws  were  considered,  the  most 
pronounced variables in sex group differentiation 

were the TL and RL of maxillary canines. Other 
variables based on the magnitude of Standardized 
Discriminant  Function  Coefficients  (SDFC) 
scores  were  CEJMD  of  maxillary  canine,  RL, 
MD,  and  CEJMD  of  mandibular  canines, 
respectively. 
The discriminant function for  all  maxillary  and 
mandibular measurements was formulated using 
the Canonical Discriminant Function Coefficient 
(CDFC) as follows:
Formula 1 (for both jaws): D = [-20.254+ 0.571 (MD 
of  mandibular  canine)  +  0.463  (TL of  maxillary 
canine)  -  0.270 (RL of maxillary canine)  + 0.168 
(RL of  mandibular  canine)  +  0.976 (CEJMD of 
maxillary canine) + 0.434 (CEJMD of mandibular 
canine)]. 
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Based on this formula, the discriminant D-score 
was  0.023  (values  greater  than  0.023  indicate 
males, while lower values indicate females).

Based  on  the  corresponding  CDFCs,  the 
following formulae were presented for obtaining 
the discriminant function separately for each jaw 
measurements:
Formula 2 (for the maxilla): D = -18.568+ 0.502 (TL) 
- 0.247 (RL) + 1.286 (CEJMD) + 0.529 (CEJBL)  
The  discriminant  D-score  was  0.022  (values 
greater  than  0.022  indicate  males,  while  lower 
values indicate females).
Formula  3  (for  the  mandible):  D  =  -18.829+  0.962 
(MD)  +  0.261  (RL)  +  0.952  (CEJMD)  +  0.542 
(CEJBL)
The  discriminant  D-score  was  0.019  (values 
greater  than  0.019  indicate  males,  while  lower 
values indicate females).
Based  on  the  stepwise  analysis,  the  best 
differentiating variables for each jaw were TL for 
the maxilla and CEJMD for the mandible. 

As presented in Table 2, the maxillary canine had 
an accuracy rate of  87.3%  (87.5%  for  males  and 
87.0%  for  females),  and  the  mandibular  canine 
had an accuracy rate of 80.6% (79.2% for males 
and  82.0%  for  females).  When  both  jaws  were 
considered, the accuracy rate was 85.7%  (86.0% 
for males and 85.4% for females).

Based on the magnitude of SDFC scores, the best 
ratio variables for sex discrimination were MD/
CEJMD  and  TL/MD  of  the  maxillary  canine. 
Based  on  the  corresponding  CDFCs,  the 
discriminant  function  for  ratio  variables  was 
formulated as follows:
Formula 4: D = -6.330 – 1.171(TL/MD of maxillary 
canine) + 7.995(MD/ CEJMD of maxillary canine) 
With the discriminant  D-score of  0.017  (values 
greater  than  0.017  indicate  males,  while  lower 
values indicate females). The overall accuracy of 
these ratio  variables  was  68.9%,  which was the 
lowest among all  the reported accuracies in the 
present study (Table3). 

Table 1. Comparisons of all the variables of the permanent canine teeth between the two sexes)

Variables Mean±SD P value

Width  

and  

   length  

measurements

Maxilla

Male Female

MD 7.12±0.47 6.63±0.51 <0.001*

BL 8.27±0.56 7.57±0.56 <0.001*

TL 26.30±1.82 23.43±1.86 <0.001*

RL 19.16±1.84 17.01±1.67 <0.001*

CEJMD 5.58±0.49 4.89±0.44 <0.001*

CEJBL 7.53±0.51 6.90±0.52 <0.001*

Mandible

MD 6.38±0.43 5.83±0.44 <0.001*

BL 7.75±0.51 7.14±0.54 <0.001*

TL 24.70±1.81 22.47±1.79 <0.001*

RL 17.43±1.75 15.85±1.67 <0.001*

CEJMD 5.47±0.53 4.84±0.56 <0.001*

CEJBL 7.10±0.51 6.52±0.54 <0.001*
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Ratios  

and  

proportions

Maxilla

TL/RL 1.37±0.07 1.38±0.06 0.601

BL/MD 1.16±0.08 1.14±0.08 0.150

RL/BL 2.32±0.23 2.26±0.24 0.038*

RL/MD 2.70±0.28 2.58±0.28 0.002*

TL/BL 3.19±0.25 3.10±0.28 0.026*

TL/MD 3.70±0.31 3.55±0.35 0.001*

TL/CEJBL 3.50±0.28 3.41±0.30 0.026*

BL/CEJBL 1.09±0.03 1.09±0.03 0.349

RL/CEJBL 2.56±0.26 2.48±0.27 0.040*

MD/CEJMD 1.28±0.09 1.36±0.12 <0.001*

CEJBL/
CEJMD

1.36±1.35 1.42±0.15 0.003*

TL/CEJMD 4.74±0.47 4.82±0.53 0.0727

RL/CEJMD 3.45±0.38 3.49±0.41 0.0572

Mandible

TL/RL 1.42±0.10 1.42±0.10 0.940

BL/MD 1.21±0.09 1.22±0.98 0.384

RL/BL 2.25±0.26 2.22±0.27 0.440

RL/MD 2.74±0.34 2.73±0.33 0.788

TL/BL 3.19±0.26 3.15±0.29 0.331

TL/MD 3.70±0.31 3.54±0.34 0.839

TL/CEJBL 3.50±0.28 3.40±0.30 0.577

BL/CEJBL 1.09±0.03 1.09.0.04 0.903

RL/CEJBL 2.46±0.29 2.44±0.30 0.042

MD/CEJMD 1.18±0.12 1.21±0.13 0.041*

CEJBL/
CEJMD

1.30±0.14 1.36±0.15 0.024*

TL/CEJMD 4.54±0.49 4.67±0.55 0.0751

RL/CEJMD 3.21±0.41 3.29±0.46 0.0660

The results of the independent T-test are shown in the table
* P value less than 0.05 was considered statistically significant 
MD: the maximum mesiodistal width of the crown; BL: the maximum buccolingual width of the crown; TL: the maximum 
tooth length;  RL:  the maximum root length;  CEJMD:  the mesiodistal  width of  the tooth at  the CEJ level;  CEJBL:  the 
buccolingual width of the tooth at the CEJ level
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Table 2. The length and width measurements of canine teeth with significant differentiating function 
based on discriminant analysis

Table 3. The ratio variables of canine teeth with significant differentiating function based on 
discriminant analysis

DISCUSSION 
Exact sex estimation is the foremost step in the 
identification process.  Teeth and skeleton-based 
methods  have  a  prominent  application  in  sex 
determination  as  they  are  usually  the  best-
preserved  remains.9  Among  different  types  of 

teeth,  the  canine  tooth  has  consistently  been 
considered  the  most  sexually  dimorphic  and 
critical tooth across various populations.12, 18, 25, 26 

Most studies on the applicability and accuracy of 
the canine teeth in sex dimorphism are based on 

Jaw Variable C.D.F.C * S.D.F.C**
Overall 

Accuracy (%)

Both Jaws

TL2 0.463 0.857

85.7

RL2 -0.270 -0.475

CEJMD2 0.976 0.458

RL1 0.168 0.288

MD1 0.571 0.253

CEJMD1 0.434 0.217

Maxillary  
canine

TL 0.502 0.928

87.3
CEJMD 1.286 0.603

RL -0.247 -0.435

CEJBL 0.529 0.277

Mandibular 
canine

CEJMD 0.952 0.477

80.6
MD 0.962 0.428

RL 0.261 0.448

CEJBL 0.542 0.286

* Canonical Discriminant Function Coefficient
** Standardized Discriminant Function Coefficient
TL: the maximum tooth length; RL: the maximum root length; CEJBL: the buccolingual width of 
the  tooth  at  the  CEJ  level;  MD:  the  maximum mesiodistal  width  of  the  crown;  CEJMD:  the 
mesiodistal width of the tooth at the CEJ level 
1 and 2 indicate mandibular and maxillary measurements, respectively.

Jaw Variables C.D.F.C * S.D.F.C**
Overall 

accuracy (%)

Maxillary 
canine

MD/CEJMD 7.995 0.841
68.9

TL/MD -1.171 -0.386

* Canonical Discriminant Function Coefficient
** Standardized Discriminant Function Coefficient
TL: the maximum tooth length; MD: the maximum mesiodistal width of the crown; CEJMD: 
the mesiodistal width of the tooth at the CEJ level 
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the crown measurements and canine index, and 
root  measures  have rarely  been utilized for  sex 
dimorphism analysis.  This  is  mainly  due to  the 
inaccessibility  of  the  tooth  root.27  The  root, 
preserved  in  the  bony  socket,  is  considered  a 
more  resilient  structure  than  the  tooth  crown 
and, unlike the crown, is not affected by wear.28 
According to Lähdesmäki and Alvesalo,29  the Y 
chromosome may play a more significant role in 
root  l ength  de ve lopment  than  the  X 
chromosome, which may be responsible for the 
sexual  dimorphic  characteristics  of  the  root. 
Zorba  e t  a l . 28  showed  that  root  l ength 
measurements  of  single-rooted  teeth  were  a 
reliable indicator of sex dimorphism. Moreover, 
other  studies  reported  that  the  root  length  of 
permanent  teeth  had a  higher  degree  of  sexual 
dimorphism than  the  crown measurements.9,  30 
According  to  Garn  et  al.,9  root  length  alone 
shows comparable or greater sexual dimorphism 
as  the  crown measurements.  They  also  showed 
that  combining  root  and  crown  measurements 
enhances the sexual discriminant power of each 
set  of  measurements  on its  own.  However,  few 
studies9,  13,  19,  28,  31  considered  canine  tooth  root 
measurements for sex determination. 
Moreover,  since  different  populations  exhibited 
distinct  patterns  of  sexual  dimorphism,  the 
findings  of  such  studies  were  considered 
population-specific13,  32  and  should  not  be 
generalized. Only one study has examined tooth 
root  dimensions  for  sex  determination  in  the 
archaeological  Iranian  population.13  This  study 
was  a  CT volumetr ic  examinat ion  of  52 
archaeological  skeletal  remains  dating  from 
around 1400 to 800 BCE, which may not reliably 
represent the present population.
CBCT has been widely used for forensic purposes 
in  recent  years.21,  33  Besides  sub-millimeter 
resolution,  CBCT offers  other  advantages  over 
conventional  two-dimensional  radiographs, 
including  distortion-free  images,  magnification, 
superimposition of  the  adjacent  structures,  and 
the capacity to adjust the structure orientation.21 
These features enhance the ability to locate the 
anatomic structures better, which leads to more 
accurate results. Sherrard et al.34 investigated the 
reliability of the tooth measurements on CBCT 
scans. They found that the total tooth and root 
length  measurements  were  not  significantly 
different  from the  direct  measurements  on the 
extracted  teeth.  Similarly,  Stratemann  et  al.35 
reported  that  the  difference  between  CBCT-

based  measurements  using  NewTom  scanning 
and direct measurements by caliper was just 0.07 
±  0.41mm.  In  addition,  Kim  et  al.36  found  no 
statistically  significant  differences  in  the  crown 
and  root  length  in  CBCT scans  and  direct 
measurements  of  the  premolar  teeth  using  a 
d ig i ta l  ca l iper.  Howe ver,  CBCT-ba sed 
measurements demonstrated that the total tooth 
length  of  the  premolars  was  0.18  ±  0.44  mm 
shorter than the direct measurements. This study 
also  found a  weak positive  correlation between 
the  crown  and  root  length  in  the  canine  and 
premolar teeth, indicating that the crown length 
cannot  accurately  estimate  root  length  in  most 
tooth types. 
To lessen the impact of dental wear, the studies 
using  tooth  crown  measurements  for  sex 
estimation12, 19, 37, 38 had to restrict the age range of 
their study samples to young adults. According to 
Lambrechts  et  al.,39  the  annual  enamel  vertical 
lo s s  i n  v i v o  r anged  between  20  and  38 
micrometers.  Consequently,  the  teeth  with 
significant  attrition  were  excluded  from  the 
present investigation.  On the other hand,  since 
the  present  s tudy  inc luded  tooth  root 
measurements, which were not affected by wear, 
the  age  range  of  the  study  sample  was  set  at 
20-80 years old. This age range was comparable 
to  studies  by  Zorba  et  al.28  and  Kazzazi  and 
Kranioti,13  which similarly used root length and 
root  vo lume  mea surements  for  sex 
determination. 
The current study’s findings indicated that all the 
length and width measurements of the maxillary 
and  mandibular  canine  teeth  were  significantly 
higher in men than in women. However, only 8 
ratio variables of the maxillary canines and 2 ratio 
variables of the mandibular canines demonstrated 
a  significant  difference  between  the  sexes. 
Similarly,  Capitaneanu  et  al.19  assessed  all  the 
maxillary and mandibular teeth in the panoramic 
image and reported that males had higher mean 
tooth  length  and  mean  width  measures.  Other 
studies1,  12,  24,  37  that  evaluated  the  crown  or 
cervical tooth measurements also found that men 
had higher values than women. 
It is estimated that for the dental measurements 
to be used as the sole sex predictor, the accuracy 
should  be  at  least  80%.19  In  the  current  study, 
discriminant  analysis  results  indicated  that 
maxillary canines had a higher sexual dimorphic 
ability  with  an  accuracy  of  87.3%,  whereas 
mandibular  canines  had  an  accuracy  of  80.6%. 
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When  the  measurements  of  both  jaws  were 
considered, the discriminant ability was found 
to  be  85.7%.  Dumančić  et  al.,40  who explored 
sex  dimorphism  in  canine  teeth,  reported  an 
accuracy of 73.5% for mandibular canine crown 
dimension  and  morphology.  Zorba  et  al.28 
evaluated the root length of single-rooted teeth 
and  discovered  that  the  maxil lary  lateral 
incisors  and  canine  were  the  most  dimorphic 
teeth.  Similar  to  the  present  study,  they 
reported  that  maxillary  canine  had  higher 
sexual  discriminant  accuracy  than  mandibular 
can ine .  They  repor ted  80%  and  76 .9% 
discriminant  accuracy  for  r ight  and  left 
maxillary canine and 74.4% and 77.6% for right 
and  left  mandibular  canine,  which  was  lower 
than  the  present  study.  While  Zorba  et  al.28 
only  measured  the  root  length,  the  current 
study  considered  the  length  measurements  of 
the  tooth  and  root  and  the  mesio-distal  and 
buccolingual width measurements of the canine 
tooth crown. 
In the present study, the tooth length and root 
length  of  maxillary  canines  showed  the  most 
prominent  sex  dimorphism  among  all  the 
variables.  This  finding  indicated  that  root 
dimension and tooth length measurements are 
more sex dimorphic than crown measurement 
a n d  s h o u l d  b e  c o n s i d e r e d  i n  f o r e n s i c 
i n v e s t i g a t i o n s .  T h e s e  f i n d i n g s  we r e  i n 
agreement with the findings of Capitaneanu et 
a l . , 1 9  w h o  r e p o r t e d  t h a t  t h e  l e n g t h 
measurements  of  mandibular  and  maxillary 
canines had a higher discriminant ability than 
the  width  measures.  They  also  reported  that 
mandibular  canine  tooth length  was  the  most 
discriminative  variable  among  al l  teeth. 
According to the present study’s findings, when 
the  ratio  variables  were  considered,  the 
accuracy  for  sex  dimorphism  decreased  to 
68.9%.  Similarly,  Capitaneanu  et  al.19  showed 

that combining tooth variables using ratios did 
not  increase  the  discriminant  ability.  They 
introduced  ratio  variables  to  reduce  the 
undesirable  effect  of  unequal  magnification  of 
panoramic radiography. However, employing ratio 
variables, which likewise have less accuracy in sex 
dimorphism, seems unnecessary for this purpose, 
as  using  CBCT makes  it  possible  to  have  real-
sized images.  

CONCLUSION 
Based  on  the  discriminant  analysis  results,  the 
maxillary  canine  tooth  was  more  sexually 
dimorphic  than  the  mandibular  canine  tooth 
(87.3%  vs.  80.6%).  However,  based  on  the 
accuracy,  both  had  reliable  sex  dimorphism 
abilities.  The use of  ratio variables  reduced the 
accuracy  of  sex  dimorphism to  68.9%.  The TL 
and  RL  of  maxillary  canine  were  the  most 
discriminant variables of canine teeth. Root and 
total tooth measurements were more reliable sex 
indicators than crown measurements. Thus, it is 
recommended  that  root  and  total  tooth 
measurements  be  considered  in  forensic 
investigations for sex determination.
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