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INTRODUCTION

Identification of  an individual is one of  the most 
ordinarily confronted challenges in the field of  forensic 
investigations. Forensic and anthropological research is 
focused on a set of  physical characteristics that are unique 
to each individual.[1] Sex determination is one of  the initial 

characteristics examined by forensic specialist, the aim 
of  which is to create a biologic profile that enables the 
person to be identified.[2] The skull is one of  the parts of  
the skeleton most widely used for sex determination and 
analyses give varying degrees of  accuracy by morphological 
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features.[3,4] Studies have likewise demonstrated that 
determination of  sex of  an individual utilizing skull 
radiograph claims to have an accuracy of  80%–100%.[5‑7]

Lateral cephalogram is an effectively accessible, cost‑effective 
radiograph for measuring linear and angular dimensions 
that could offer detailed information on the morphological 
features of  the skull in a single radiograph.[5,6] However, 
the conventional approach that involves only landmarks 
and straight lines, fails to capture proper changes in form, 
curvature and misinterprets actual growth and shows a vector 
displacement rather than a general distortion. To add to this, 
it may also create an error in the characterization of  shape 
and size and could challenge the reliability of  the interpreted 
result.[8‑10] Therefore, in order to address these obstacles, our 
study focuses on geometric morphometric analysis.

Geometric morphometrics (GMM) is a mathematical 
shape study focused on Cartesian landmark coordinates for 
particular areas of  structural, functional and development 
relevance.[11] The research paper focuses on the assessment 
of  sexual dimorphism in skeletal Class I patients using 
GMM and the creation of  a rigorous framework for the 
identification of  sexual dimorphism.

MATERIALS AND METHODS

The present study is a retrospective quantitative analytical 
study wherein 105 lateral cephalograms were collected 
from the archive of  Radiology Centre, Gujarat, India. 
The study was approved by the ethical committee of  the 
institute. The samples were derived from a clinical Indian 
population (54 males–51 females; age range 18–50 years). 
Inclusion criteria embraced complete permanent dentitions 
without consideration of  third molars. Exclusion criteria 
were dental agenesis except third molars, cleft palate, 
craniofacial syndrome, former orthodontic treatment and 
prosthetic therapy.

Nine anatomical landmarks were digitized using the TPSUtil 
and TPSdig 2.0 software (James Rohlf, State University of  
New York, Stony Brook, NY, USA), respectively [Table 1 and 
Figure 1]. The analysis of  the 2D coordinates of  landmarks 
was done in MorphJ (version 1.07a) software : (University 
of  Manchester, Manchester M13 9PT, UK ‑ http://www.
flywings.org.uk/MorphoJ_page.htm). Partial Procustus 
Superimposition was performed to achieve a concensus 
configuration that provided a reference for the quantification 
of  changes in shape, centroid size, and shape independent 
size measurement. Eventually, classifier for sex was added 
to the dataset to generate co‑variance matrix which was 
then projected into the principal component (PC) analysis. 

PC analysis was performed to investigate patterns of  shape 
variation between two classes. Procustus ANOVA was used 
to test the difference between individuals and also to calculate 
the error in the samples. Discriminant function analysis, 
along with cross‑validation, was conducted to determine the 
consistency of  the classification (morphological differences 
consistent with sex).

RESULTS

Generalized procrustes analysis was performed to 
generate a matrix of  coordinates of  Procrustes, which 
superimposed landmarks accompanied by rescaling and 
rotating to the centroid size. Figure 2 shows scatterplot 
of  the superimposed landmark configurations from  
Generalized procrustes analysis (GPA) that represented 
the morphological shapes of  nine landmarks on all 105 
lateral cephalogram radiographs.

PC analysis displayed multivariate analysis and major 
features of  shape variation in a data set. The initial ten PCs 
accounted for over 96% of  shape variation [Table 2]. The 
first three PCs were statistically meaningful and portrayed 
as 58.37% of  total shape variability, with PC1 account 
for the most significant variance 28.48%, PC2 described 
18.83% and PC3 11.06% [Figure 3]. The lollipop graph 
with shape changes and percent variance of  the first‑three 
PC accounts for the most variance in the entire sample 
generated by MorphoJ. The lollipop graph represents the 
changes of  its mean shape and its variation attributed to 
PC1 to PC3. All nine landmarks exhibited some level of  
variation with B‑point, menton, gonion and porion, being 
the most prominent. Sella and posterior nasal spine showed 
little or no variance in the population, while the remaining 
landmarks exhibited moderate variance.

Figure 1: Lateral radiograph with digitizing of the landmarks
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The outputs of  Procustus ANNOVA analysis were 
presented in separate ANOVA tables for centroid size 
and shape [Table 3]. In this study, there was significant 
differences in terms of  centroid size (P = 0.5920), while 
the Goodall’s F statistic (F) showed a difference in centroid 
size (F = 0.29). Significant differences in shape (P < 0.001) 
with a high F value of  (F = 11.84) were also obtained. 
Discriminant analysis offered a correctly classified 
84%value. The results showed that genetically modified 
can correctly classify male and female with an accuracy of  
83.3%–86% respectively [Table 4]. It has been observed 
that maximum difference was seen in the nasion, posterior 
nasal spine, menton, gonion and the ramus region of  the 
mandible.

DISCUSSION

Sex estimation within human identification process is 
supported by the most dimorphic characteristics of  
certain osseous zones. On given occasions, however, 
morphological traits serve to support subjective 
determinations by the investigator when applying 
qualitative method. Craniofacial difference is contributed 
by variation in shape, size and inclination of  the 
maxilla.[12] Geometric morphometric analysis is more 
reliable than conventional cephalometry as it provides 
visual morphology differences at the actual sites and does 
not require conventional reference lines.[13]

This current research found that the occlusion is a region 
of  sexual determination when viewed using GMM. In this 
study, geometric morphometric method was used to assess 
the relative skeletal and dental shape components in the 
morphometric space using lateral cephalograms in skeletal 
Class I in adult Indian population. Determination of  sex 
is significant in our study, suggesting a close correlation 
between craniofacial morphology and its occlusion. The 
present study classifies males and females 85% accurately. 
Discriminant function analysis is useful in identifying if  the 
plot of  landmarks is effective in category prediction.[14] A 
study conducted by Rajkumar et al. using same functions 
attained overall accuracy to be 70.83%, whereas for 
determining male and female, the accuracy was 75%–66.7%.

A similar study by Binnal and Devi in Indian population 
used cephalofacial parameters for identification of  sex in 

Table 1: Definition of landmarks
Landmark number Landmark Definition

1 Nasion The most anterior point which midway in between the frontal and nasal bones on the fronto‑nasal suture
2 ANS The most anterior point on the maxilla at the level of the palate
3 A‑point The most posterior point on the curve between ANS and superior prosthion
4 B‑point The most posterior point of the bony curvature of the mandible below infradentale and above pogonion
5 Menton The lowest point on the symphyseal outline of the chin
6 Gonion The most posteroinferior point at the angle of the mandible
7 Porion The highest bony point on the upper margin of the external auditory meatus
8 Sella The point representing the midpoint of sella tursica or pituitary fossa
9 Posterior nasal spine The most posterior point on the bony hard palate in the sagittal plane

ANS: Anterior nasal spine

Figure 2: Generalized procrustes analysis of nine defined landmarks 
consisting of scatterplot of the superimposed landmark configurations

Figure 3: Graph showing first three principal components PC1 (a), PC2 (b) and PC3 (c) and the corresponding shape changes

a b c



Johnson, et al.: Geometric morphometric analysis for sex determination using lateral cephalograms

Journal of Oral and Maxillofacial Pathology | Volume 25 | Issue 2 | May-August 2021 367

lateral cephalogram that classified 88% as males and 84% 
as females using discriminant analysis.[15] Missier et al. in a 
study done on south Indian population on facial indices 
in lateral cephalogram obtained statistical significance with 
highest sex determining dependability of  78%.[16]

Although the abovementioned studies show large correlation 
to the present study, geometric morphometric analysis is 
more reliable than conventional cephalometric analysis. 
The limitations of  our study include gender determination 
limited to one type of  occlusion and the use of  2D data; 
despite this limitation, the study provides highly valuable 
result with gender dimorphism of  overall 85% accuracy. 
The higher classification success of  the concept can further 
be applied in other type of  malocclusion (Class 2, Class 3) 
to determine gender dimorphism in larger population size. 
The same can be extended to perform population‑based 
study as well. A suggestive study on computed tomography 
images can be preferred to examine the further accuracy 
on the defined data set.

CONCLUSION

Craniofacial shape can be correlated with occlusion of  teeth 
for sexual dimorphism. The present results indicate the 
importance of  using landmarks and multivariate analysis 
through the GMM on morphoscopic traits and traditional 
craniometry. Besides, it reaffirms that, using few landmarks, 
with correct anatomic location in the skull, permit detecting 
differences as predictors of  sexual dimorphism even when 

only relatively small portions of  the skeleton are available 
for study.
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Table 2: Eigenvalue and cumulative variance contribution of 
first 10 PCs

Eigenvalue Percentage variance Percentage cumulative

PC1 0.00248221 28.482 28.482
PC2 0.00164153 18.835 47.317
PC3 0.00096392 11.060 58.377
PC4 0.00089329 10.250 68.627
PC5 0.00068952 7.912 76.539
PC6 0.00043450 4.986 81.524
PC7 0.00040626 4.662 86.186
PC8 0.00033301 3.821 90.007
PC9 0.00030878 3.543 93.550
PC10 0.00024020 2.756 96.306

Table 4: Cross classification result for gender assessment for 
total 105 lateral cephalogram with 9 landmarks

Predicted as male Predicted as female Total

Known male 45 9 54
Known female 7 44 51

Table 3: Centroid size and shape
Effect Mean 

squares
Degree of 
freedom

Goodall’s 
F statistic

P

Centroid size 5533.134809 1 0.29 0.5920
Shape 0.0066742508 14 11.84 0.0001*


