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Abstract. – OBJECTIVE: The hard palate par-
ticipates in the construction of the oral and na-
sal cavities and represents the bony barrier be-
tween them. Morphological differences of the 
hard palate are important for forensic medi-
cine, anthropology, anatomy, as well as scien-
tific branches dealing with the study of evolu-
tionary development, populations differences. 
The aim of this study was to determine sexual 
dimorphism of hard palate on three-dimension-
al (3D) models of human skulls using geometric 
morphometry.

MATERIALS AND METHODS: The research 
was conducted on 3D models of 209 human 
skulls from Bosnian population (139 male, 70 fe-
male). On the obtained 3D models, we marked 
landmarks on the palate using Landmark edi-
tor program. Using MorphoJ program we ana-
lyzed sex differences of shape and size on hard 
palate.

RESULTS: The principal component analy-
sis showed that the first two components (PC1 
and PC2) described 55.503% of the total mor-
phological variability of the hard palate. The re-
sults of the discriminant analysis showed pre-
dictive power for male with 66.91% accuracy 
and for female with 58.57% accuracy based on 
the shape and size of the hard palate. The in-
fluence of size of the hard palate on its shape 
was statistically significant (p<0.0001). The re-
sults of discriminant analysis based on shape 
of hard palate showed predictive power for 
male with 68.34% accuracy and for female with 
64.29% accuracy.

CONCLUSIONS: Sex differences of hard pal-
ate are statistically significant and can be used 
for sex determination in skeletal remains. The 
percentage of accuracy for determining sex 
based on the hard palate was higher for men in 
this study.

Key Words:
Hard palate, Sex prediction, Geometric morpho-

metric analysis, Human skull. 

Introduction

The skull as a whole or its parts are used, both 
in anthropology and forensic medicine, as one 
of the main parts of the human skeleton for sex 
determination because, due to its compactness, 
it remains mostly intact in skeletal remains com-
pared to other parts of the skeletal system1.

Skeletal characteristics differ among different 
populations, that influences the creation of popula-
tion-specific standards, taking into account the cul-
tural, demographic and migratory impact on them. 
Of all the parts of the skeletal system, it is the skull 
that shows the greatest importance in racial prolif-
eration, unlike other parts of the skeletal system. 
Numerous scholars2 show that the appearance of 
the nasal region, face (shape and size), skull sutures, 
muscle grips have the most significant impact on 
population (racial) proliferation based on the skull, 
supraorbital arches, jaws and hard palate. 

The hard palate participates in the construction 
of the oral and nasal cavities and represents the 
bony barrier between them. The right and left 
maxilla with its palatine process and the right 
and left palatine bone with its horizontal plate 
participate in the construction of the hard palate. 
Due to its position, the shape and structure of the 
palate have an important role in breathing and 
feeding and are the subject of interest of numer-
ous branches of medicine3.
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The results of the studies showed that there are 
morphological differences of the palate that can 
be significant in forensic medicine, anthropology, 
anatomy, as well as scientific branches dealing 
with the study of evolutionary development, pop-
ulation differences, as well as age and gender 
differences4.

Gender-related morphological differences in 
the hard palate are the subjects of interest of a 
number of authors. The authors in their research 
also emphasize the existence of population dif-
ferences that should be taken into account when 
determining sex based on a hard palate skeleton 
of unknown origin.

The authors used qualitative and quantitative 
analysis to determine gender based on the skel-
etal remains. In research based on qualitative 
analysis, morphological differences that can be 
observed on skeletal system including skull or 
its part of different sexes are examined4. The 
assessment of the existence of morphological 
differences is subjective. In research based on 
quantitative analysis, differences in the size 
of skeletal system or its part between different 
sexes are examined by measuring linear di-
ameters5-8. Therefore, this assessment is more 
objective.

The data obtained by measuring the linear 
diameters of the hard palate are analyzed by 
the authors using descriptive statistics or us-
ing discriminant functional analyses. Apart from 
morphological differences conditioned by gender, 
there are also population differences, which actu-
ally require research in different populations. It 
is therefore necessary to specify the population 
from which the research sample is derived2.

When determining sex based on the human 
skull, it is necessary that the anatomical-an-
thropological approach be dynamic, taking into 
account the possibility that the sexual constitu-
tion may be the opposite polarization. Numer-
ous studies try to answer the question of which 
morphological markings are most characteristic 
of male skulls and which are most characteris-
tic of female skulls. Therefore, the influence of 
certain morphognostic (osteoscopic) character-
istics on the sex of the skull has recently been 
examined using univariate and multivariate bi-
nary logistic regressions, which single out those 
characteristics that have the greatest influence 
on sex determination, without having the high-
est percentage. Only in combination with other 
characteristics, their predictive power is most 
pronounced2,4.

Geometric morphometry differs from tradi-
tional morphometry and the definition of the 
shape of a morphological whole coincides with 
the mathematical definition of shape. Shape is 
defined as a set of geometric information that 
is immutable with respect to scaling, transla-
tion, and rotation. In geometric morphometry, 
the coordinates of specific points and their in-
terrelationships describe the shape of a mor-
phological whole. Shape changes in geometric 
morphometry can be quantified by the energy of 
transformations, that is, the energy required for 
the transformations of an unbounded, infinitely 
thin metal plate. These transformations can be 
mathematically expressed and graphically repre-
sented, which enables the perception of changes 
in shape. Visualization of shape changes provides 
the ability to identify factors and mechanisms 
that lead to shape changes. By applying geomet-
ric morphometry, small changes in the shape 
of morphological units can be detected, which 
cannot otherwise be determined by traditional 
morphometric methods9.

More recently, geometric morphometry has 
its application in the study of morphological 
differences of skeletons or parts of skeletons10,11. 
Geometric morphometry provides the possibility 
of analyzing both the shape and the size of the 
examined structure9. In the literature we do not 
have many papers that used geometric morphom-
etry to analyze sexual dimorphism of the hard 
palate. 

Therefore, the aim of our study was to deter-
mine with how much accuracy it is possible to 
determine sex on hard palate by using method of 
geometric morphometry. 

Materials and Methods

The research was conducted as prospective 
geometric morphometric study in the Depart-
ment of Human Anatomy, Faculty of Medicine, 
University of Sarajevo, on three dimensional 
models of 209 (139 male and 70 female) dry 
human skulls of adult individuals of known sex 
and known age from the population of Bosnia 
and Herzegovina. The human skulls included 
in this study are part of the Osteological Col-
lection of the Department of Human Anatomy, 
Faculty of Medicine, University of Sarajevo, 
and date from the mid-twentieth century, more 
precisely the period of World War II. All se-
lected skulls are anatomically preserved, with 
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no noticeable pathological changes. Skulls with 
noticeable damage were not included in the 
study. All skulls included in the study are of 
the known sex, which is a control variable and 
allows us to conduct discriminant functional 
analyses.

The skulls of the tested sample were previ-
ously scanned using a laser scanner to obtain 
their three-dimensional models. On the obtained 
3D models, we marked landmarks on the palate 
using the Landmark editor program (Figure 1)12. 
We marked 6 landmarks (1 paired, 4 unpaired) 
for palate shape analysis. These landmarks are 
marked on all 209 3D models of the examined 
skulls, where the data on their position in the 
coordinate system are exported in the form of 
NTSys file. NTSys files were the input for the 
MorphoJ program, which analyzed the shape 

and size of the hard palate. Gender was used as 
a classifier of differences in the shape and size of 
the hard palate13.

Statistical Analysis 
Geometric morphometry is based on the ob-

servation of the smallest differences in the mor-
phology of the examined structures. Statistical 
tests are contained in the MorphoJ program, and 
include Generalized Procrustes Analysis, Prin-
cipal Component Analysis, Covariant Procrust-
es superposition Analysis, Regression Analysis, 
Discriminant Analysis.

Results

In the MorphoJ program, procrustean dis-
tances were calculated, and then, a covariance 
matrix was generated. The principal component 
analysis showed that the first two components 
(PC1 and PC2) describe 55.503% of the total 
morphological variability of the hard palate, tak-
ing into account the shape and size of this part 
of the skull (Table I, Figure 2). Gender was used 
as a variable according to which the analysis of 
differences in shape and size was performed. 
Results are presented in Table II. Results of 
discriminant functional analysis are presented 
in Figure 3. 

The influence of the size of the hard palate on 
the sexual dimorphism of its shape was examined 
by regression analysis (Figure 4). A statistical-
ly significant effect was found (p<0,0001, with 
10,000 repetitions).

The effect of size was excluded, and gender 
differences in the shape of the hard palate were 
examined. Results of sex determination based on 
the shape of hard palate using geometric morpho-
metric method are presented in Table III.  

Figure 1. Landmarks marked on the palate.

Table I. Eigenvalues and percentage of palatal region shape and size variability described by eigenvalues obtained by principal 
components analysis (PCA).

	 PC	 Eigen	 Percentage of	 Percentage of
	 score	 values	 variability %	 total variability %

1.	 0.00316	 31.54	 31.54
2.	 0.00240	 23.97	 55.50
3.	 0.00143	 14.21	 69.72
4.	 0.00134	 13.35	 83.07
5.	 0.00071	 7.08	 90.14
6.	 0.00052	 5.20	 95.34
7.	 0.00046	 4.66	 100.00
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The results of discriminant functional analysis 
of sex determination based on the shape of hard 
palate are presented in Figures 5 and 6. 

Discussion

The human skull is an inexhaustible source of 
scientific research, both for research in the field of 
medical sciences and for archaeological, biolog-
ical and evolutionary research. In the literature, 
we find a wide range of research goals based on 
the human skull depending on the field in which 
the research is conducted, as well as different 
methods that are applied when conducting re-
search2. 

The main aim of our research was to determine 
the percentage of accuracy in determining sex 
by geometric morphometric analysis of the hard 
palate in the skulls of the population of Bosnia 
and Herzegovina. Six landmarks (one paired and 
four unpaired) were used to analyze sexual di-
morphism on three-dimensional models of the 
examined skulls. After conducting and a series 
of other statistical analyses (generating a covar-

iant matrix, introducing gender as a variable for 
classification), a discriminant functional analysis 
was performed that showed predictive power for 
men with 66.91% accuracy and for women with 
58.57% accuracy based on the shape and size of 
the hard palate.

The study of sexual dimorphism of the hard 
palate has been the subject of interest of a large 
number of authors from different populations, 
using different methods.

It has been shown that high accuracy of sex de-
termination is possible on the basis of geometric 
morphometry of the palatal region and by mark-
ing five specific points on the skull. Based on the 
hard palate shape alone, the accuracy was 68.9%, 
while when combining the shape and size (palate 
shape) the accuracy was higher, 74.8%, which is 
approximately equal to the percentage of gender 
determination accuracy in our study14. In our re-
search, the influence of the size of the hard palate 
on its shape was examined. It was found that the 
size of the hard palate has a statistically signifi-
cant effect on the shape of the hard palate and that 
4.7334% of the sexual variability of the shape of 
the hard palate is determined by their size. The 
results of discriminant functional analysis, after 
eliminating the influence of size on gender dif-
ferences in shape, showed predictive power for 
men with 68.34% accuracy and predictive power 
for women with 64.29% accuracy based on hard 
palate shape. 

For the purpose of determination sex differ-
ence on hard palate in our study, we used geo-
metric morphometry. One of the most important 
features of geometric morphometry is the ability 
to display differences in shape between the ex-
amined structures using graphs, presented in the 
form of a deformed network. The presentation of 
differences in shape in the form of a deformed 
network starts from the assumption that all spe-
cific points of the examined structure are located 
on an infinitely thin plate spline. Then, these 
infinitely thin plate splines for each tested struc-
ture overlap each other and the position of the 
same specific points on different structures of the 
tested sample is analyzed. Where the difference 

Figure 2. Morphospace defined by the first two principal 
components of overall shape and size variation of hard 
palate (Male skulls are presented as blue color points, 
female skulls are presented as pink color points).

Table II. Sex determination based on shape and size of the hard palate.

	 Sex determination		  Classified as male	 Classified as female	 Total 

Sex	 Male	   93	 46	 139
	 Female	   29	 41	   70
	 Tota	 122	 87	 209
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is most pronounced, the metal plate will be the 
most deformed. Where there are no differences in 
shape, the specific points coincide and there is no 
deformation of the plate in that part9.

Geometric morphometric analysis of Bigoni et 
al15 on 98 skulls from Central Europe, of known 
sex and age, showed 70% accuracy in the ability 
to determine sex based on the palatal region, 
which is consistent with our results.

By calculating the palatal index, using the 
length and width of the hard palate, morphomet-
ric analysis of the skulls of the Indian population 
showed that the palate length was significantly 
higher in male skulls, while the palatal index was 
significantly higher in female skulls16.

In 2016, Kamath et al17 used binary logistic re-
gression to analyze the sex differences of the lin-
ear diameters of the hard palate, on the dry skulls 
of adults in the Indian population. Based on the 
linear diameter between the incisional foramen 
and the posterior nasal spine and the length of the 
palatal process of maxilla, the determination of 
the sex of the maxilla was possible with an accu-
racy of 87.2% and 71.9%, respectively.

Previous studies on the skulls of the Peruvian 
population have shown statistically significant 
differences between the sexes in the length and 

width of the hard palate, based upon the mor-
phological and morphometric differences of the 
hard palate between the sexes. Based on the 
formula obtained in this study, sex determination 
was possible with 83.72% accuracy. The authors 
showed that narrow hard palate was present in 
100% of male and 73.7% of female skulls, while 
21% of female skulls had a medium shape and 
5.3% a wide shape18.

The results of Alves et al19 showed that sex 
determination via the hard palate of the skull is 
possible with 51.5% accuracy, using metric and 
non-metric analysis.

In a study conducted on the skulls of the South 
Indian population, the authors assessed the sex 
differences of the hard palate by measuring the 
maximum length and width of the hard palate, 
after which they calculated the palatal index. The 
results of the study showed that the mean values of 
the length and width of the hard palate are higher 
in male skulls than in women, which is consistent 
with our results. The palatal index did not show 
statistically significant gender differences. The 
results showed that according to the shape of the 
hard palate, 54.17% of male skulls were of the 
brachystaphyline type, while 40.48% of female 
skulls were of the leptostaphyline type20.

Figure 3. Discriminant functional analysis of the influence 
of the shape and size of the hard palate on sex determination 
(M-male; Ž-female).

Figure 4. Influence of size of hard palate on its sexual di-
morphism of the shape.

Table III. Sex determination based on shape of the hard palate.

	 Sex determination		  Classified as male	 Classified as female	 Total 

Sex	 Male	   95	 44	 139
	 Female	   25	 45	   70
	 Total	 120	 89	 209
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Contrary with our results, some scholars21 
showed no statistically significant difference in 
depth of palatal region between sexes. Since 
these studies were done on the skulls of young 
adult (17-25 years), it is possible that the depth of 
the palate has not developed enough in contrast 
to the depth of the palate in adults. In our study 
the average age of the examined skulls was 53.75 
years (54 for female and 53.62 for male).

Logistic regression on skulls from Jordanian 
population confirmed that the length, width and 
depth of the palate were significantly associated 
with gender differences in the adult group. Statis-
tical analysis of the data showed that all measured 
diameters were significantly higher in men than 
in women. In children, significant differences be-
tween the sexes existed in the length and width of 
the palate. The results of the analysis of the size, 
shape and position of the incisive papilla showed 
statistically significant differences between the 
sexes in both groups, adults and children3.

Veleminska et al22 confirmed these findings by 
analyzing the development of the palatal region 
in patients who underwent surgery for congenital 
malformation of the cleft lip and palate. Consid-
ering that, the patients were up to 8.5 months and 
up to 4.5 years old, no statistically significant 

gender difference was found within or between 
the groups. These results are in agreement with 
Hoffmann et al23, who found no statistically sig-
nificant difference between gender in postop-
erative development of the palatal region, after 
surgery for unilateral complete and unilateral 
incomplete cleft palate.

In some cases, gender differences in the palate 
can be determined regardless of age. A study24 of 
210 Egyptian children in the population aged 6 to 
12 showed that the mean values of the width and 
height of the palate were significantly higher in 
boys than in girls.

Using three-dimensional models obtained from 
CT scans of patients after surgery in the upper 
jaw it was showed that diameters of the incisive 
foramen of hard palate did not have a statistically 
significant effect on sex determination, but it also 
showed a statistically significant effect in deter-
mining the age of the subjects in this study25.

Sumati et al26 emphasize the importance of the 
existence of population differences, as well as the 
creation of models for gender determination of 
the population. Based on the measured length and 
width of the palate using discriminant functional 
analysis, they determined gender with 70% accu-
racy, which is in line with the results of our study.

Conclusions

Determination of sex based on the size and 
shape of the hard palate was possible with an ac-
curacy of 66.91% for men and 58.57% for women 
in the sample from the population of Bosnia and 
Herzegovina.

Although the size of the hard palate has a sta-
tistically significant effect on sexual dimorphism 
of its shape, determining sex based solely on the 
shape of the hard palate increases the percentage 
of accuracy for both sexes in this study. Predic-
tive power for men based on the shape of the hard 
palate was 68.34% accuracy for men and 64.29% 
accuracy for women.

The percentage of accuracy for sex determina-
tion based on the hard palate was higher for male 
in this study.

We conclude that sex differences in the shape 
of the hard palate are statistically significant and 
can be used to determine sex in skeletal remains.
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Figure 5. Discriminant functional analysis of the influ-
ence of the shape of the hard palate on sex determination 
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Figure 6. Interval of changes in the shape of the hard pal-
ate.
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