Female and male orbit asymmetry: Digital analysis
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Abstract

Background. Standard anthropometric methods applied to measurements of the skull differentials are
laden with mistakes stemming from the way the measuring devices are built and from a lack of experience
on the part of the researchers. To increase objectivity, digital imaging measurements via computer systems
were introduced.

Objectives. The aim of this research was to assess the asymmetry of the male and female orbit with the
application of the new graphic methods: raster graphics and vector graphics.

Material and methods. The examination was conducted on 184 well-preserved skulls. The photos were
taken by a digital camera with high definition. Orbit asymmetry was examined by determining the distance
between the centers of gravity of both orbits and the frontal median line d1 and d2. Then angles a and
B were appointed. They are defined as angles between the line that runs through craniometrical points mf
and ek on the right side (angle a) and on the left side (angle ), and the frontal median line at their crossing
point. Distances r2 and r1, which are allocated points between the frontal median lines (LPP), were also set.

Results. Angles a and B were also analyzed while comparing the skulls of both genders. Statistically sig-
nificant differences were only observed in male skulls. However, differences for both genders were noted in
parameters d1and d2. No statistically significant differences were discovered between men and women for
parameters 1 and r2. The groups of women and men were merged, being treated as a population; which
resulted in the conclusion that there are no statistically significant differences between these parameters.

Conclusions. The skull's asymmetry connected to gender and the asymmetry of the right and left sides
of examined craniums can be used in criminal examinations as well as in facial reconstructive surgeries.
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All vertebrates, including humans, are bilaterally sym-
metrical. The medial sagittal plane divides the human
body into two symmetrical halves; the right and left (anti-
meres). In the early stages of ontogenesis, along with sym-
metrical differentiation, asymmetry gradually developed.
Therefore, despite the general rules of symmetry, one may
note the typical asymmetry of the human body. Asymme-
try should be a topic of further studies because, as its in-
tensity varies, some systematic traits prevail.!

Standard anthropometric methods applied to measure-
ments of the skull differentials are laden with mistakes
stemming from the way the measuring devices are built
and the lack of experience of researchers. To increase ob-
jectivity, digital imaging measurements via computer sys-
tems have been introduced. A digital image analysis of the
upper craniofacial massif (UMC) combines several com-
puter graphic techniques, and has been acknowledged
as a more accurate and reliable measurement method.?
A decision was made to develop a software program
based on the two new methods of raster graphics and vec-
tor graphics. These methods would enable researchers to
perform more accurate and repeatable measurements of
UMC size and shape with emphasis on the quality and
quantity of the orbits.

The purpose of conducting this research was to assess
the asymmetry of the male and female orbit with the ap-
plication of the new graphic methods: raster graphics and
vector graphics.

Material and methods

The examination was conducted on 184 well-preserved
skulls from the Middle Ages (10 to 13™ cent.) found at
archeological digs in Kije and Zlota Pificzowska, Poland,
and made available by the Historical Anthropology De-
partment of the Archeology Institute at the University
of Warsaw. The above-mentioned archeological dig was
described in a monograph by M. Zoll-Adamkowa.? Only
mature and adult skulls preserved as calvaria, or whole
skulls without the mandible, were examined. The skull
age group was assessed based on their dentition and
suture consolidation, which ranged from 20 to 55, with
a 5-year margin of error. The skulls were divided by gen-
der, male (105) and female (79). A steady location of the
skull was achieved by placing it in a craniophore. This
work involves the use of the Mollison’s craniophore, with
modifications.

In comparison with regular craniophores, the modified
craniophore is built with 3 stands equipped at the top with
screwed handles which the skulls are placed into. Two of
the 3 screws hold the skull from the sides, and one screw
is located in the sub-occipital region. The handles can
be regulated to any given distance horizontally. To place
the skull in the Frankfurt line, the craniophore is also
equipped with a block containing a pointer that moves in
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the horizontal and vertical planes, allowing allocating the
bottom verge of the orbit. The Frankfurt plane is allocated
by horizontal lines running on the skull’s lateral surface,
from the bottom contour of both orbits to the upper con-
tour of the acoustic external foramen. The Frankfurt line
also runs through the bottom edge of the left orbit and
the upper edge of the external acoustic meatus. In order
to recurrently place all analyzed skulls in the frontal view
(norma frontalis) the skulls were suspended with the up-
per verge of the metal spigot lodged in the external acous-
tic meatus, which was established as the upper edge of
the orbit. On the skulls, the frontal view bregma point
(b) was marked, which is necessary for further studies.
Point b is located where the coronal suture meets the sag-
ittal suture.* Frontal photos of the skulls were taken from
a distance of 50 cm. The frontal plane was parallel to the
camera’s objective.

The photos were taken by a digital camera with a high
definition matrix of 2272 x 1704, and were saved in BMP
format. Digital UMC images were analyzed using Digital
Image Cranio-Analyzer (DICA) 2.0, which is an original
program developed by the Department of Human Anato-
my at the Medical University of Silesia.> Orbit asymmetry
was examined by determining the distance between the
centers of gravity of both orbits and the frontal median
line d1 and d2. Then angles o and [ were appointed. They
are defined as angles between the line that runs through
craniometric points mf and ek on the right side (angle a)
and on the left side (angle B), and the frontal median line
at their crossing point. Distances r2 and r1, which are al-
located points between the frontal median lines (LPP),
were also set (Fig. 1).

Statistical analysis

1. All of the craniometric measurement values consid-
ered are given in mm, the angles in degrees and surface
area is expressed in square mm?2. At the beginning of the
statistical analysis, descriptive statistics were enumerated
such as arithmetic averages and standard deviations for
each attribute in the male and female skulls. The results
in the tables are given in the form of arithmetic averag-
es + SD.

2. To assess the differences between various groups in
arithmetic averages, a t-Student test was used.

3. The Kolmogorov-Smirnov test was used to ensure
the compatibility of empirical examined variable distri-
butions, with normal distribution separated in groups of
male and female skulls.

4. Variance’s homogeneity was estimated by Levene’s
test. If the condition of variance’s homogeneity was not
met, the Cochran-Cox test was used.® When the data did
not demonstrate a normal distribution, the Mann-Whit-
ney U test was used.

5. The association between the examined features was
checked by using the Pearson’s Quotient Significance
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Correlation Test.” Correlations were also presented by
Terentyev’s Pleiades.?

6. Descriptive statistics, parametric and non-para-
metric tests for differences in averages and correlation
analysis were performed using the SAS Learning Edition
2.0 program (SAS) and package R, and the analysis of
the main components along with a graphic result depic-
tion was performed using the CANOCO 4.5 trial version
(CANOCO). Linear regression graphs were produced us-
ing STATISTICA 6.0 PL (StatSoft, Poland).

Results

Orbit asymmetry in male
and female skulls

Angles a and [ were analyzed while comparing the
skulls of both genders. Statistically significant differences
were only observed in male skulls. Parameters d1, d2, r1,
and r2 were larger in male skulls. No differences between
angle o and [ were noted. However, differences for both
genders were noted in parameters d1 and d2. Since no sta-
tistically significant differences were discovered between
men and women for parameters rl and r2, the group of
women and men were merged, treating it as a population.
This resulted in the conclusion that there are no statis-
tically significant differences between these parameters
(p = 1.0) (Table 1)

Orbit asymmetry was examined by measuring the dis-
tance from the orbit’s center of gravity to the line running

Table 1. Comparison of parameters measurements associated with male
and female skull asymmetry: & — male skulls, @ - female skulls. Additional
parameters include: X — arithmetic average, SD - standard deviation,

p —importance level

Parameters

angle a [’ vs.angle 3 [] d 80.15 78.93 0.047
Q 80.59 80.08 0.809*

d1 [mm] vs.d2 [mm] (e} 31.63 3045 0.001
Q 30.83 29.25 0.001

r1 [mm]vs. r2 [mm] (o) 747 8.02 0.122*
Q 6.59 7.10 0.296*

r1 [mm]

7

Fig. 1. Orbit's asymmetry measurement diagram

through points n and pr, the angles contained between the
lines running through points mk, ek, n and pr, as well as
the distance between the points that are adjacent to the
skull’s frontal median line that crosses with points mf
and ek.

The analysis of male skull asymmetry demonstrated
a positive, statistically-significant correlation (r = 0.76,
p < 0.01) between parameters d2 and d1. Identical pat-
terns were demonstrated for the same parameters in the
group of female skulls (r = 0.77, p < 0.01).

The correlation between rl and angle a was negative in
both female and male skulls. Pearson’s quotient for this
analysis equaled —0.56, p < 0.01 for females and —0.57,
p < 0.01 for males (Fig. 2). While analyzing r2 parameters
with angle 3, a negative correlation was found (r = —0.55,
p < 0.01) in the group of male skulls (Table 2, 3).

Comparing the skulls of both genders by Pleiades corre-
lation has shown an additional correlation between vari-
ables angle § and d2, as well as between parameters r1 and
r2 (Fig. 3).

2

66 68 70 72 74 76 78 80 82 84 8 8 90 92
angle a [°]
Fig. 2. Dispersion graph and regression curve for the angle Fontaine
between a line running through points mf and ek of the right orbit and
median line (angle a) and for the distance from point LTa to point LTc (r1)
in male skulls (r=-0.57,y =27.962 - 0.2556*x), p < 0.05

94



Table 3. Parameter’s correlation specifying orbit asymmetry in female skulls

T. Lepich. Orbit asymmetry: Digital analysis

Angle a [°] Angle 3 [] d1[mm] d2 [mm] r1 [mm] r2 [mm]

Angle a [7] 1.00

Angle 3 [] 037 1.00

d1 [mm] 0.10 0.07 1.00

d2 [mm] 0.14 0.09 0.77 1.00

r1 [mm] -0.53 -0.30 0.04 0.01 1.00

r2 [mm] -0.02 -0.32 0.13 0.16 0.28 1.00
Table 2. Parameter’s correlation specifying orbit asymmetry in male skulls

Angle a [°] Angle B [’] d1 [mm] d2 [mm] r1 [mm)] r2 [mm]

Angle a [°] 1.00

Angle 3 [] 047 1.00

d1 [mm] 0.04 0.15 1.00

d2 [mm] 0.06 0.21 0.76 1.00

1 [mm] -0.57 -0.23 0.31 0.20 1.00

r2 [mm] -0.16 -0.55 0.11 0.05 040 1.00

angle a angle a Fig. 3. Parameter’s correlation Pleiades specifying orbit
asymmetry in male and female skulls
2 angle B 2 angle B
d1
i d1 r
d2 d2
Discussion for both the right and left side of the face (r = 0.99). In the

The issue of asymmetry in the human body has been
a topic of interest in the field of science for a long time.
The human body is built on a bilateral symmetry plan.
Asymmetry refers to not only the external characteristics
of the human body, which is visible in the mirror and of
the structure of bones and muscles, and even the central
nervous system. In a complicated structure such as the
skull, perfect symmetry does not exist. Facial asymmetry
is a proof of the fact that the face is expressive, more so on
the left side.? In Smith’s thesis, face asymmetry was studied
in a group of men and women. To this end, photographs
of faces were digitally analyzed by the CANVAS program,
which measures the surface of the face. A perpendicular
line to halve the distance between the centers of the pupil
line was set, thus defining the right and left side of the face;
then both areas were measured. Highly significant statisti-
cal correlations between males and females were proven

group consisting of females, the area of the right side of the
face (3.16 cm?) was bigger than the left side (2.93 ¢cm?).1°
From the research we conducted, the width of the right
side of the face in females (set by the distance between
the nasion point and anthropometric zygomaxillare and
frontomalare orbital points, and between subspinale and
zygomaxillare points) was also greater. Similarly, the pa-
rameters describing the width of the right side of the face
in males were also greater, contrarily to Smith’s results.
Asymmetry of the face can be connected to asymmetry
of the brain. Those affiliations result from neurological
control of the right and left side of the face by two brain
hemispheres. The left hemisphere controls the right side
of the face, while the left side of the face is governed by
the right hemisphere. On top of that, variations in activ-
ity in brain hemispheres can influence both sides of the
face. Gender related differences are also visible from an
early age, and can last for the lifespan of the individual.'!
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Spatial process hemispheres are responsible for the basic
differences associated with gender, and are involved with
verbal and visual cues. Hence the predominance of the
right side of the face in females, which is controlled by
the left hemisphere, in turn is associated with verbal pro-
cesses. Face asymmetry also stems from the extent of how
many muscles are in the face. The active side of the face
is wider, longer and more muscular according to Smith.'
In Zaidel’s research, people had to assess the attractive-
ness of a woman’s face and researcher revealed that the
right side is more attractive than the left one.

Face asymmetry analysis is performed mainly by using
radiological imaging and CT scans which use stereopho-
togrammetric methods and 3-dimensional CTor bilateral
comparison of craniometric points in reference to the
frontal median line. Craniometric points on the skull in
norma frontalis were identified by Parzianello and co-
authors with an automatic method of their detection.'*-”
They analyzed the distances between the orbits center of
gravity and the cranium central point (centroid); which is
located in the frontal median line. They also measured the
angles formed between the face’s frontal median line and
the orbits centers’ of gravity and their distance to the line.

The authors noticed a greater angle value and a greater
distance on the left side. The techniques depicted by the
aforementioned authors are different from the way of al-
locating the face’s asymmetry performed by the author in
their research, where the smallest distance between the
center of gravity and the frontal median line was mea-
sured. The research showed that the distances from the
centers of gravity in the male and female skull population
varied, showing greater values on the right side. It has
also been revealed that the angles between a line leading
through points mf and ek of the right orbit and lines con-
necting points n and pr were similar in male and female
skulls. In male skulls, differences between the right and
left side were observed. All other parameters indicated
statistically significant differences connected to gender.

Several types of asymmetry exist. Some kinds of skull
asymmetry can be the result of trauma or a development
disorder. This kind of asymmetry is not the topic of dis-
cussion in this dissertation. Asymmetries also stem from
the laterality of the human body, mainly the skull’s later-
ality. The term laterality, also known as the dominance
of brain hemispheres, involves the preferential usage or
overriding function of one body part. In 1858, Jackson
suggested the term “dominant hemisphere”!® In terms of
functionality, both hemispheres control basic body move-
ments and sensations contralaterally. Such basic body
movements and sensation administration resulted in the
left hemisphere controlling the right side of the body, and
the right hemisphere controlling the left side.

It has been proven that lateralization is a natural effect
of the functional specialization of this organ.!*?® Func-
tional asymmetry is a manifestation of the dominance
of one of the brain hemispheres. The dominance mir-
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rors the development of the nervous system, from simply
symmetrical to more complex; then finally a coordinated
and specialized system of symmetry. One of the most im-
portant manifestations of the dominance of hemispheres
is the so-called “hand preference” (handedness). As it
is commonly known, most people use their right hand.
According to Corballis, the degree to which a hemisphere
is dominant is a functional property, and it intellectu-
ally separates humans from higher primates and other
mammals.?!

Authors Dayi et al. propounded that certain functional
features of the brain, such as handedness and cognition,
may be linked to the skull’s morphology (the skull’s width
on the right and left side).?? Some authors argue the size
of the brain is connected to tooth development, and thus
is a connection between the development of the skull and
the brain’s cognition and motor function.?® As an example
of the connections between the skull’s structure and the
brain’s functions, the authors used people with Downs
Syndrome as an example. Patients with underdeveloped
brain also have an underdeveloped skull, especially the
maxilla.

In addition, Blaschke et al. argue that the relationship
between brain and skull morphology is genetically deter-
mined, and they identified human homeobox gene, SHOT,
which is involved in the development of the skull, brain,
heart, limbs, and other additional structures.?* The au-
thors, who demonstrated the link between the width of
the skull and functional features of the brain, examined
24 men and 29 women from the ages of 19-22.

In the examined group, handedness was determined by
Oldfield’s questionnaire; which is used to assess lateral-
ity. Based on the results, men and women were classified
into groups of dextral and sinistral. Perceptive-motoric
integration was assessed using the PMT test (Peg Moving
Task). The width of the skull was measured on cephalo-
metric radiographs performed using the X-ray technique
in the norma frontalis position, which is performed by
measuring the distance between the zygion points in the
orbitomeatal line. The width of the face on both the left
and the right side, and the differences between the right
and the left (R-L) sides of the skull were measured in rela-
tion to the median frontal line. Multidimensional analysis
demonstrated that gender and handedness are important
factors influencing the widths of both right and left sides
of the face. Gender-handedness interaction was statisti-
cally irrelevant.

It has been proven that the skull’s width on both sides
was greater in men than in women, which is statistical-
ly significant. However, the width of the left side of the
face, regardless of sex, was statistically greater in dextral
than sinistral people. The face’s R-L differences were sig-
nificantly greater only in sinistral people. The face’s sym-
metry in both genders has also been studied. 57.7% of
women, in comparison to men, had bigger faces on the
right side (R-L > 0) than on the left side (38.55 (R-L < 0).
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52.2% of men had wider faces on the left side than on the
right (43.5%). Still, 3.8% of woman and 4.3% of men had
symmetrical faces (R-L = 0). It’s been noted that there is
a tendency in female skulls for the face’s right side to be
wider, whereas in men, the left side is wider.

A correlation was found between the differences in the
width of the left and right side of the face, and the face’s
width in dextral and sinistral. No differences have been
noted between the width of the face on the right and the
R-L difference. However, a correlation has been noted
between the R-L width’s differences. In dextral women,
a difference in R-L width was noticed which correlated
significantly only with the width of the left side. In dex-
tral men, a correlation between the face’s R-L difference
and the width of the face’s right side was established. Vi-
sual-motoric abilities were evaluated using the PMT test.
The link between the left and right side of the face, and
the R—L width was examined.

In sinistral men, the left hand’s abilities have been prov-
en to increase with decreasing advantage of the left side
of the face and increasing advantage of the right side. Ad-
ditionally, it has been proven that a wider face on the right
side correlates with L-R PMT in sinistral. In dextral, the
right hand’s abilities increased with the decreasing advan-
tage of the left side of the face and with the increasing
advantage of the right side. Greater facial width on the
right side and usage of the right brain hemisphere in visu-
al-motoric abilities are very important for both the faces
asymmetry and handedness.

One of the asymmetry types is morphologic asymme-
try. Morphologic asymmetry usually presents itself in
domination of the left side of the cranium. Asymmetry
in the cranial region can have a quantitative and qualita-
tive aspect. In fetuses and newborns, cranial asymmetry
is not prominent. Craniostenosis is a deformation in the
symmetry of a child’s skull. Craniostenosis occurs when
the cranial sutures ossify before birth or during the first
months of life. Accretion of even one of the sutures causes
the brain to grow in a direction free of oppression, which
in turn causes cranial and facial deformations. Some cases
of craniostenosis are a result of genetic abnormalities.

The etiology of most craniostenosis remains unknown.
However, the influence of earth’s gravity on cranial form
is known. The deformation in a skull can be caused by
prolonged exposure to a gravitational acceleration vector.
The results of gravity’s effect can cause brachycephaly,
or flattening of the postern part of the skull. The pos-
tern plagiocephaly proposed by Lee, et al. examined the
skulls of children with plagiocephaly. Cranial asymmetry
measurements were performed immediately after cranio-
plastic surgery.?® Five years after surgery, the asymmetry
was evaluated through measurements of the fornix of the
skull. The depth between the orbital and tragus points of
the skull, as well as the base of the cranium, was evalu-
ated. What was noted were the parameters describing the
base of the skull and the progression of asymmetry.
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The progression of plagiocephaly can be evaluated by
examining cranial asymmetry, which is performed by cal-
culating the cranial indicator as width divided by length of
the skull expressed in percentage.?6?’

Usually the measurement of cranial width is performed
by measuring the distance between the euryon points.
The width of the cranium is the distance between the gla-
bella point and the opisthocranion point. Euryon points
are located most laterally on the cranium, mostly in the
bottom occipital bone region in median plane. The au-
thor’s research included hanging the craniums on the
craniostat. Measuring the cranial width between zygion
points was impossible, however the distance between
zma points (zma-zma) was measured.

The manifestations of cranial morphological asym-
metry escalate with age due to cranial development.?®?°
Some authors argue that age has no influence on asym-
metry of the cranium.*® During the ontogenetic develop-
ment of the skull, it is noted upon birth that the height
of the viscerocranium equals 60% of the cranial height in
a newborn and 40% in an adult. It can be concluded that
in an adult, the viscerocranium has a capacity greater by
8 times. Morphological asymmetry in the cranial region
can cover, among others, maxillary sinuses, frontal sinus-
es and asymmetric nasal septum.’!-3® Authors Wysocki
et al. came to the conclusion that, in humans, the ratio of
the venous foramen’s surface to the capacity of the cranial
cavity is significantly lower than in animals.?* It has been
noted that asymmetry characterizes the size of the venous
foramen for the cardiac veins, and it occurs more often in
humans than in animals.

The size of this asymmetry in the case of the venous
foramen in humans amounts to roughly 1.6. In about
8% of people, the disproportion between the surface of
the right and left jugular foramen exceeds 200%, and it
constitutes a contraindication to the procedure of ligat-
ing the jugular vein on this side. In the case of the right
side’s dominance, there is a connection between the size
of the cranial cavity and the size of the venous foramen.
The larger the cranium size, the smaller the asymmetric
value is. When the left side is dominant, the correlation
is positive — the bigger the capacity of the cranium, the
greater the size of the venous foramen. The research
performed constitutes proof for systematic asymmetry
in humans. The differences in dimensions from the left
and right sides of the viscerocranium are intensified pro-
portionally to the increase in dominance of the left brain
hemisphere.

In proportion to the dominance of the left hemisphere
of the brain, there are differences in the dimensions of
the left and right hemispheres. Proportionally to this, the
left side of the face has also enlarged its width on to the
right side, which is usually narrower but slightly longer.
Some authors provide examples to prove the dominance
of the right side; and some favor the left side.3*~%” Also, the
results of this research show that a part of the examined
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skulls showed the dominance of the right side and some
of the left side. The values of the distance between sub-
spinal and frontomalar orbital points were the key factors
in this. The distance between nasion and zygomaxillare
points were congruous with the data from references and
they attest to the difficulties in completely unequivocal
assessment of the dominance of one of the sides. This is
also confirmed by Woo's research.®®

Functional asymmetry is connected to the dominance
of one of the brain hemispheres (the dominance of the
left hemisphere is preponderant). It manifests in func-
tional attributes. A conjugation between morphological
and functional asymmetry exists. It could be thought that
from brain lateralization, facial lateralization should stem.
Functional brain development influences physiological
functions of the face. The face takes part in inter-human
communication. Additionally, the viscerocranium takes
part in the process of articulating sounds, and in humans
it constitutes the basis of communication, such as speech.
A lateralized brain is handled by the eyes. In the optic
tract, asymmetry is also present. The optic nerve, which is
regarded as the brain’s inset, transmits impulses through
the optic chiasm to the occipital lobe of the brain. In this
case, sensory asymmetry can be observed as it relies on
the differences in sensitivity between the right and left
eye. Usually an advantage of the right eye (RVF — right
visual field) and the right ear (REA — right ear advantage)
is found.

A hypothesis has been stated that the advantage of one
of the sides regarding the eyes arises during the develop-
ment of the viscerocranium during the fetal stage, during
which the advantage of the auricular organ is connected
to the fetus’s position in the final trimester of the preg-
nancy. The advantage of the right ear can cause the ad-
vantage of the left brain hemisphere in as far as speech
and functions of language.

Hemisphere domination techniques are so-called later-
alization techniques, used before functional magnetic res-
onance imaging or PET (positron emission tomography).
These were constructed relying on neuropsychological
examinations. The patient identified words heard in the
right and left ear. In 1963, Kimura noticed that patients
with damage to the left temporal lobe achieved worse re-
sults in comparison to patients with damage in the right
lobe.* Using an instrument called a tachistoscope, visual
impulses in spaces of milliseconds were presented to the
patient. Because the optic tract is crossed, the informa-
tion is transmitted to the opposite brain hemisphere than
the eye which received the information. By using this
technique it has been discovered that the words which
were presented for a short period of time in the right vi-
sual field and were processed by the left hemisphere are
better identified than the words presented to the left vi-
sual field and processed by the right hemisphere.*! This
technique is often used in examining patients with split-
brain. There is, however, no easy way to divide people into
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groups of ambidextrous, dextral and sinistral. Classifying
handedness to this day causes a lot of problems. The pref-
erence of one hand influences brain hemisphere asym-
metry, most likely because in dextral and sinistral brains
the speech centers are organized differently. Aside from
handedness, preferences in other structures, such as the
eyes, can be distinguished. Sometimes heterogeneous
dominance, which presents with, for example, dominance
of the left eye and the right hand, or a different combina-
tion, occurs. According to Luria, the higher the activity is
organized, the more asymmetrical it becomes.*!

Because humans are thinking beings, they have the
ability to communicate through speech, and a clear domi-
nance of brain hemispheres can be observed. In conse-
quence, the morphological asymmetry of the face can be
quantified and observed.

Conclusion

Based on the research performed, it can be said that
cranial asymmetry is present in both genders, however it
is more prominent in males. Lateralization is also pres-
ent. In addition, asymmetry has been proven in both fe-
male and male skulls, stemming from higher values of the
examined parameters of the right orbit in absolute num-
bers as well as normalized numbers. The skull’'s asymme-
try connected to gender and the asymmetry of the right
and left side of the examined craniums can be used in
criminal examinations as well as in facial reconstructive
surgeries.
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