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In recent decades, fractal analysis has been increasingly used in various scientific
fields, including neuroscience; this method of mathematical analysis allows you to
quantify the space filling degree of the studied object and the degree of its spatial
configuration complexity. The aim of the study was to determine the values of the fractal
dimension of the cerebral hemispheres using fractal analysis of skeletonized magnetic
resonance brain images. The present study used magnetic resonance brain images of
100 relatively healthy individuals (who had no structural changes in the brain) of both
sexes (56 women, 44 men) aged 18-86 years (mean age 41.72+1.58 years). 5
tomographic sections of each brain were studied. The 1st coronal tomographic section
was located at the level of the most anterior points of the temporal lobes, the 2nd - at the
level of the mammillary bodies, the 3rd - at the level of the quadrigeminal plate, the 4th
- at the level of the splenium of corpus callosum. The axial tomographic section was
located at the level of the thalamus. Fractal analysis of skeletonized images was
performed using box counting method. The obtained data were processed using
generally accepted statistical methods. The average, minimum and maximum values
of the fractal dimension of different tomographic sections were the following: 1st coronal
section - 1.207+0.003 (1.147+1.277), 2nd coronal section - 1.162+0.003 (1.077+1.243),
3rd coronal section - 1.156+0.003 (1.094+1.224), 4th coronal section - 1.158+0.003
(1.109+1.218), axial section - 1.138+0.002 (1.079+1.194). The average value of the fractal
dimension of the five tomographic sections was 1.164+0.002 (1.126+1.209), and the
average value of the fractal dimension of the four coronal sections was 1.171+0.002
(1.122+1.219). Fractal analysis of skeletonized images of the cerebral hemispheres
allows to quantify the features of the topology and complexity of the spatial configuration
of the cerebral hemispheres. The value of the fractal dimension can be influenced by the
anatomical features of the studied areas of the brain, individual anatomical features, as
well as atrophic and other pathological changes that lead to changes in the shape of the
cerebral hemispheres. The values of the fractal dimension of skeletonized brain images
tend to decrease with age. Coronal tomographic sections are the most representative for
characterizing age-related atrophic changes. Fractal analysis of skeletonized images of
the cerebral hemispheres can be used to diagnose diseases of the nervous system, and
the results of the present study can be used as norm criteria.

Keywords: fractal analysis, fractal dimension, brain, cerebral hemispheres,
morphometry.

Introduction

The brain is one of the most complex structures of the
human body, and the study of its morphology is devoted to a
huge number of scientific papers: from classical anatomical
research to innovative research in modern neuroscience. In
recent decades, diagnostic methods of neuroimaging,
including magnetic resonance imaging, have become
increasingly common. These methods allow us to study the

lifelong morphology of brain structures, which is important
not only for classical morphological studies, but also for the
diagnosis of many diseases of the nervous system.
Various morphometric methods are often used in
neuromorphological research (including the use of
neuroimaging methods) to objectify them and increase
information. Most often, morphometry involves measuring
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the linear size, area, volume of different structures and
pathological foci and the calculation of various indices and
indicators based on these parameters [19]. Most methods
of morphometry are based on Euclidean geometry and are
quite informative in the study of structures with geometrically
simple shapes. However, the spatial configuration of brain
hemispheres is not geometrically correct, so it is difficult to
characterize using traditional methods of morphometry.

In recent decades, many natural sciences, including
neuroscience, are increasingly using methods of fractal
geometry, namely fractal analysis [2, 3, 14]. This method of
mathematical analysis allows you to quantify the degree of
filing of space by the object and the degree of complexity of
its spatial configuration [10, 14]. Given this, the use of fractal
analysis for morphometric study of the cerebral hemispheres
is appropriate and informative, as quantitative
characterization of the shape will assess both individual
anatomical features that affect the configuration of the
hemispheres and the presence of age or pathological
changes in the brain [2].

To characterize the spatial configuration of different
biological structures using fractal analysis, three types of
images are most often used - silhouette (corresponding to
the silhouette of the structure as a whole), outlined (to
characterize the configuration of the contour, boundary or
surface of the structure) and skeletonized [10]. The last type
of images involves the procedure of skeletonization, which
allows to obtain a digital skeleton of the studied structure by
eroding the silhouette image [8, 10, 16, 17].

Skeletonization is most often used as a pre-treatment
method for quantitative analysis (including fractal analysis)
of dendritic tree neurons and other tree-like branched and
reticulate structures [8, 10, 16, 17]. In these cases,
skeletonization allows to level the thickness of the branches
of branched structures and to characterize the degree of
their branching. In our previous studies [15] and in the
studies of other authors [13], fractal analysis of skeletal
images of arbor vitae cerebelli was performed.

Other irregular structures that do not have a clear tree-
like configuration can also be skeletonized. Such structures
include brain hemispheres. In these cases, the
skeletonization procedure detects the vertices of a certain
figure (for example, the vertices of the convolutions of the
cerebral hemispheres) and builds a network that connects
all the detected vertices in the shortest segments and fills
the space inside the silhouette. Despite the fact that brain
hemispheres do not have the classical tree-like
configuration, skeletalization of brain images has been useful
for both fractal analysis and other methods of image
analysis. Skeletonization is currently used as a pre-
processing method to analyze magnetic resonance imaging
of the cerebral hemispheres using the method of "Peak
Width of Skeletonized Mean Diffusivity" [1], which in recent
years has been used to detect diffuse pathological changes
in vascular diseases of the brain, including diseases of
small vessels [1, 7]. Skeletonization is also used for fractal

analysis of the structures of the cerebral hemispheres as a
method of image pre-processing. The vast majority of such
studies used the construction of a digital skeleton of white
matter [4, 6, 20, 21, 24-26]. Skeletonization and fractal
analysis can be used not only to study white matter, but also
to study brain hemispheres as a whole. But studies of
skeletal images of brain hemispheres in general have not
yet been conducted (according to the available scientific
literature). Given the lack of such studies and the great clinical
significance of neuromorphological studies, we decided to
choose the brain hemispheres as a whole as the object of
study.

The aim of the study is to determine the value of the
fractal dimension of the cerebral hemispheres using fractal
analysis of skeletonized magnetic resonance imaging of
the brain.

Materials and methods

The study was conducted in compliance with the basic
bioethical provisions of the Council of Europe Convention
on Human Rights and Biomedicine (04.04.1997), the
Helsinki Declaration of the World Medical Association on
ethical principles of scientific medical research with human
participation (1964-2008), and the Ministry of Health of
Ukraine Ne 690 from 23.09.2009. The conclusion of the
Commission on Ethics and Bioethics of Kharkiv National
Medical University confirms that the study was conducted in
compliance with human rights, in accordance with current
legislation in Ukraine, meets international ethical
requirements and does not violate ethical norms in science
and standards of biomedical research (Minutes of the
meeting of the Commission on Ethics and Bioethics of
Kharkiv National Medical University Ne 10 dated November
7, 2018).

Magnetic resonance (MR) tomograms of 100 relatively
healthy individuals brain (who did not have structural
changes in the brain) of both sexes (women 56, men 44)
aged 18-86 years (mean age 41.72+1.58 years) were used
for the study. MR images were obtained using a Siemens
Magnetom Symphony magnetic resonance imaging scanner
with a magnetic induction value of 1.5 T. T2 and FLAIR modes
with the following parameters were used: T2 mode - TE
(echo time) 130 ms, TR (repetition time) 4440 ms, slice
thickness - 5 mm; mode FLAIR - TE (echo time) 114 ms, TR
(repetition time) 9000 ms, Tl (inversion time) - 2500 ms; the
thickness of the cut - 5 mm.

To examine each brain, 5 tomographic sections were
selected, including four sections in coronal (frontal) projection
and one section in axial (horizontal) projection. We chose
tomographic sections that correspond to different parts of
the cerebral hemispheres and are easily identifiable by
anatomical landmarks, these sections correspond to areas
of the brain where pathological lesions of the brain are most
common in some neurodegenerative diseases, including
Alzheimer's disease [11]. The 1st coronal tomographic
section was located at the level of the anterior points of the
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C
Fig. 1. Pre-processing of magnetic resonance imaging of the brain:
A - original T-2 weighted MR image, B - removal of background
structures, C - image segmentation with conversion to binary format,
D - skeletalization of the image.

temporal lobes, the 2nd - at the level of corpus mamillare,
the 3rd - at the level of lamina quadrigemina, the 4th - at the
level of splenium corpori callosi. The axial tomographic
section was located at the level of the thalamus.

After selecting the images, they were pre-processed
(Fig. 1). The Adobe Photoshop CS5 graphics editor created
images with a resolution of 128 pixels per inch and the
following dimensions: 512x400 pixels for coronal sections
and 512x800 pixels for axial sections. A fragment of the digital
tomographic image corresponding to the study area was
inserted into the previously created image, and this fragment
was placed so that the tomographic section of the cerebral

hemispheres was completely placed in the created image
and did not go beyond it (see Fig. 1A).

The next stage of preliminary preparation was the
segmentation of images with their conversion into binary
format. Initially, the background structures were removed
from the image (see Figure 1B). For this purpose, pixels that
do not correspond to the studied structure (tomographic
section of the hemispheres) were colored white (for T2-
weighted images) or black (for images obtained in FLAIR
mode). Next, Adobe Photoshop CS5's "threshold" tool was
used for preliminary ("rough") segmentation. Pixel brightness
threshold processing was performed: all pixels with a
brightness value less than the specified threshold value
were colored black, the remaining pixels were colored white.
For images obtained in T2 mode, a median threshold value
of 128 was used, with the pixels corresponding to the brain
tissue stained black and the rest white. For images obtained
in FLAIR mode, an empirical brightness threshold of 65
was used, with the pixels corresponding to the brain tissue
stained white and the rest black. After the previous "rough"
segmentation with the help of manual correction, precise
segmentation was performed to improve the anatomical
accuracy of the obtained images, using the tools of the
program "Adobe Photoshop CS5". Thus, as a result of MR
image segmentation, we obtained binary silhouette images
of the cerebral hemispheres (see Fig. 1C).

For further stages of image processing and analysis,
the Image J program was used [23]. Binary silhouette
images were skeletonized using the "skeletonize" tool (see
Figure 1D). The line thickness of the digital skeleton formed
with this tool was 1 pixel. This tool was used to process
each of the five selected tomographic sections of the cerebral
hemispheres (Fig. 2).

Fig. 2. Skeletonized images of the cerebral hemispheres: A- 1st coronal section, B - 2nd coronal section, C - 3rd coronal section, D - 4th

coronal section, E - axial section.
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Table 1. Statistical parameters of the distribution of fractal dimension (FD) values of cerebral hemispheres skeletonized images.

Tomographic section M m s CV, % Min Percentile 25 [ Me (percentile 50) | Percentile 75| Max
Coronal 1 1.207 0.003 0.027 2.27 1.147 1.186 1.210 1.227 1.277
Coronal 2 1.162 0.003 0.031 2.70 1.077 1.136 1.162 1.184 1.243
Coronal 3 1.156 0.003 0.029 2.47 1.094 1.137 1.152 1.177 1.224
Coronal 4 1.158 0.003 0.026 2.26 1.109 1.139 1.155 1.176 1.218
Axial 1.138 0.002 0.023 2.04 1.079 1.122 1.139 1.152 1.194
Average (all sections) 1.164 | 0.002 0.018 1.56 1.126 1.150 1.163 1179 1.209
Average (1-4 coronal) 1.171 | 0.002 0.021 1.79 1.122 1.157 1.168 1.185 1.219

After skeletalization, fractal analysis of images was
performed using the box counting method, using the "“fractal
box count" tool of the Image J. program. Fractal dimension
(FD) values of skeletonized tomographic images of five
different locations were determined in the MR tomogram of
each brain (see Fig. 2). The mean FD values of all five sections
and the average FD values of four coronal sections were
also calculated for each brain.

Statistical data processing was performed using
Microsoft Excel 2016. Data were processed using variation
statistics. The following statistical parameters were
calculated for each variation series: arithmetic mean (M), its
error (mM), standard deviation (o) and coefficient of variation
(CV). To determine the peculiarities of the distribution of
fractal dimension values, the median (Me), the values of the
25th and 75th percentiles, the minimum (min) and maximum
(max) values were determined. The distribution of values for
normality was checked using the Shaporo-Wilk W test. The
significance of statistical differences between the fractal
dimensions of tomographic sections of different localization
was assessed using the Kruskal-Wallis KW test with
Bonferroni correction and the post-hoc Dunn test for multiple
comparisons. To determine the relationship between the
values obtained, the Pearson correlation coefficient (r) was
calculated, the significance of which was assessed using
the Student's t test.

Results

The distribution of fractal dimensional (FD) values of
skeletal images of tomographic sections of five
localizations, as well as average FD values of five
tomographic sections and average FD values of four coronal
sections are shown in Table 1 and Figure 3. When checking
the distribution of FD values for normality was it was found
that the distributions of FD values of the 1st coronal section
(p=0.674), 2nd coronal section (p=0.331), 3rd coronal
section (p=0.166) and axial section (p=0.823) did not differ
statistically significantly from the normal distribution. The
difference in the distribution of FD values of the 4th coronal
section from the normal distribution was questionable
(p=0.084). The distributions of the mean FD values of the
five sections and the mean FD values of the four coronal
sections also did not differ statistically significantly from
the normal distribution (p=0.451 and p=0.283, respectively).

The nonparametric Kruskal-Wallis test was chosen to
compare the FD values of five tomographic sections. The
calculated value of p was less than the specified threshold
level of significance a (a=0.050, p»0), therefore, the null
hypothesis (H, hypothesis) about the lack of differences
between the studied samples can be refuted.

To find out which samples were statistically significantly
different, we made pairwise comparisons using the Dunn
post-hoc test. We chose the level of statistical significance
a=0.050, which with the Bonferroni correction for multiple
comparisons was a=0.005. It was found that the FD values
of the 1st coronal section were statistically significantly
different from the FD values of all other tomographic
sections (p<0.001), as well as the FD values of the axial
section (p<0.001). However, no statistically significant
differences were found between the FD values of the following
pairs of coronal sections: 2nd and 3rd (p=0.202), 2nd and
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Fig. 3. Distribution of fractal dimensional (FD) values of skeletonized
images of the cerebral hemispheres.

Table 2. Correlation relationships of fractal dimension values of
skeletonized images of cerebral hemispheres.

Coronal 1| Coronal 2 | Coronal 3| Coronal 4 | Axial
Coronal 1 - 0.40# 0.25* 0.29* 0.01
Coronal 2 0.40# - 0.46# 0.43# 0.14
Coronal 3 0.25* 0.46# - 0.51# 0.25*
Coronal 4 0.29* 0.43# 0.51# - 0.10
Axial 0.01 0.14 0.25* 0.10 -

Note: the table shows the values of the Pearson correlation
coefficients (r); * - p<0.01; # - p<0.001.
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4th (p=0.477), 3rd and 4th (p=0.572).

Correlation analysis of FD values of five tomographic
sections was also performed (Table 2). It was found that the
FD values of coronal sections were associated with a
statistically significant positive correlation between medium
and low strength. A stronger correlation was found between
the FD values of adjacent coronal sections: 3rd and 4th, 2nd
and 3rd, 1st and 2nd. Axial section FD values were not
strongly correlated with coronal section FD values. A
statistically significant positive correlation of axial section
FD values was found only with FD values of the 3rd coronal
section; with FD values of the rest of the coronal sections
statistically significant correlation was not detected (p>0.05).

Because the age range of the subjects was quite wide,
ranging from 18 to 86 years, we investigated whether the
values of the fractal dimension of skeletal images of the
cerebral hemispheres change with age. As can be seen
from the data in Figure 4, the FD values of different sections
had a general tendency to decrease with age. The FD values
of the coronal sections had a statistically significant negative
correlation with age, while the FD values of the 1st and 3rd
coronal sections had a weak correlation with age
(respectively r=-0.22, p<0.05 and r=-0.26, p<0.01), and the
2nd and 4th sections - correlation of medium strength
(respectively r=-0.45, p<0.001 and r=-0.39, p<0.001). In
contrast to coronal sections, the FD values of the axial section
did not have a statistically significant correlation with age
(r=0.09, p>0.05). The mean FD values of all five tomographic
sections and the mean FD values of the four coronal sections
had a statistically significant negative correlation with age of
medium strength (respectively r=-0.40, p<0.001 and r=-0.46,
p<0.001).

Discussion

Brain hemispheres are the subject of a number of
different studies using fractal analysis due to the irregularity
of their shape, as well as the clinical significance of
guantitative characterization of the complexity of the spatial
configuration of brain structures [2]. For fractal analysis of
cerebral hemispheres structures, various techniques are
used, which involve the analysis of different types of images
(silhouette, outlined and skeletonized). Different authors
studied different structures and parts of large hemispheres.
In the vast majority of works to characterize atrophic changes
of the brain fractal analysis of the cortex as a whole [5, 11, 22]
and the surface of the brain [9, 12], including - analysis of the
skeletal surface of hemispheres [12]. A number of studies
have performed fractal analysis of the white matter of the
cerebral hemispheres, including their silhouettes or tissue
as a whole [6, 18, 26], contours or surfaces (linear boundary
between the cortex and white matter) [6, 26] and skeletonized
images [4, 6, 20, 21, 24-26]. Studies using fractal analysis
of skeletal images of the white matter of the cerebral
hemispheres are closest to our study. But the skeletalization
of the white matter of the cerebral hemispheres used in
these studies involves the use of complex image

segmentation algorithms, as it requires anatomically
accurate separation of white matter and cortex. Therefore,
the use of silhouette images of the cerebral hemispheres
as a whole (including gray matter, white matter and
cerebrospinal fluid inside the ventricles) with their
subsequent skeletalization helps to simplify segmentation
algorithms, and also allows to assess the spatial
configuration of not only white matter but also the cerebral
hemispheres in general.

Fractal analysis of skeletal images of both white matter
and hemispheres of the brain as a whole provides a
guantitative assessment of the topology of brain
hemispheres. The digital skeleton repeats the configuration
of the structure as a whole and has the same topology as
the silhouette image. Therefore, the analysis of the digital
skeleton makes it possible to assess how white matter and
large hemispheres of the brain as a whole fill the space,
eliminating the influence of the area of the silhouette image.

Fractal analysis of skeletal images also provides a
guantitative characterization of the degree of spatial
complexity and anatomical features of brain hemispheres.
The number and density of convolutions visualized on
tomographic sections may differ in different individuals and
in different parts of the brain. The more vertices (convolutions)
the silhouette image has, the more complex the
configuration of its digital skeleton will be and the greater
will be the value of its fractal dimension. The values of the
fractal dimension determined by us as a result of this study
may differ significantly in different individuals with close or
the same age in the study of tomographic sections of the
same localization (see Fig. 4). It can be assumed that the
difference in FD values in these cases is significantly
influenced by the peculiarities of individual anatomical
variability. In addition, FD values may differ depending on
the location and orientation of the tomographic section
(including differences in FD values in the same person).
This may indicate that the value of FD is also influenced by
the anatomy of different parts of the brain (see Fig. 2). Thus,
the FD values of skeletal images can reflect both individual
and regional anatomical features of the cerebral
hemispheres.

In addition to characterizing the anatomical features,
fractal analysis of the digital skeleton of the white matter of
brain hemispheres can detect changes in some diseases
and pathological conditions. This method of research
revealed changes after acute cerebrovascular disorders [24],
after traumatic brain injury [20], multiple sclerosis [4] and
amyotrophic lateral sclerosis [21]. This indicates the
possibility of using this method of research to diagnose
some diseases of the nervous system.

Age-related changes in the brain are of great importance
for the development of normative criteria, which, in turn, can
affect the value of the fractal dimension of skeletal images.
Traditional morphometric methods based on Euclidean
geometry have revealed a decrease in the gray and white
matter of the brain; these features reflect the dynamics of
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atrophic changes in the brain as a whole [19]. Using fractal
methods, a statistically significant decrease in the values
of the fractal dimension of the digital skeleton of white matter
during normal aging was found [6, 25, 26], which is
consistent with our data. Atrophic changes in the cortex
and white matter of the cerebral hemispheres can change
their spatial configuration, which in turn can affect the
configuration of the digital skeleton - reducing the number
and shortening of branches, reducing the number of
connections, and so on. This simplification of the spatial
configuration is reflected in the reduction of the fractal
dimension of skeletal images.

According to our data, the FD values of coronal
tomographic sections were more representative for
characterizing age-related changes than the FD values of
the axial section. In the work of King R. D. et al. [11] to study
pathological atrophic changes in Alzheimer's disease, a
fractal analysis of the cerebral cortex was performed;
coronal sections of the same localization as in our study
were studied; axial sections of three different localizations
were also investigated. It was found that the difference
between the FD values of the cerebral cortex of the control
group and patients with Alzheimer's disease was greater
in the study of coronal sections than in the study of axial
sections. This data is consistent with the data we have
received.

Given that the average FD value of the four coronal
sections has a stronger correlation with age than the
average FD value of all five tomographic sections, and given
the lack of a statistically significant correlation between the
FD values of the axial section and age, it is possible to
consider that the most representative indicator for
characterization of age changes is the average value of FD
of four coronal sections. This value has the strength of the
correlation with age, comparable to the greatest strength
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®PAKTANIbHA PO3MIPHICTb CKENETOHOBAHUX MAIMHITHO-PE3OHAHCHUX 30BPAXXEHb K MIPA NMPOCTOPOBOI

CKNAOQHOCTI BENUKUX NIBKYJNb rOIOBHONO MO3KY
Map‘eHko H. I., CmenaHeHko O. 1O.

®pakmanbHull aHani3 8 ocmaHHi decsimunimms dedari wupwe 8UKOPUCMOBYEMbLCS Y PI3BHUX HayKosux cghepax, y momy 4uchni
HelipoHaykax. Llel crioci6 mamemamu4yHo20 aHarisy 00380/I5IE€ KiflbKICHO 8u3HadYamu CmyniHb 3aro8HEHHS1 npocmopy ob6'ekmom ma
cmyniHb ckradHocmi (1020 npocmopoeoi KoHgieypauii. Mema AocridxeHHs1 - 8U3HaYUMU 3HaYeHHsT hpakmaribHOI PO3MIPHOCMI 8eTUKUX
rigKy b 20/108HO20 MO3KY 3a OOMOMO_20K hpakmarnbHO20 aHalidy CKesiemoHO8aHUX MazHimHO-pPe30HaHCHUX 306paxeHb 207108HO20
mo3sky. [na docnidxeHHss 6yno suKopucmaHo MagHImHO-Pe3oHaHCHI momozpamu 20/108H020 Mo3Ky 100 ymosHo 30oposux ocib (siki He
Manu cmpyKkmypHUX 3MiH 20/108H020 MO3Ky) 060x cmamel (xiHok 56, yonosikie 44) eikom 18-86 pokie (cepedHil ik 41,72+1,58
poKig). Y KoXHOMY MO3Ky Oynu docnidxeHi 5 momoepadhidHux 3pisig. 1-U KopoHasnbHUl momoepadhidHull 3pi3 bye po3mawosaHul Ha
pigHi Halbinbw nepedHix MOYOK CKPOHEe8UX Yacmok, 2-U - Ha pigHi cOCOYKO8UX min, 3-U - Ha pigHi YomupuaopbKoeoi nnacmuHku, 4-
U - Ha pigHi 8arika mMo3osucmoeao mina. AkcianbHuli momozpacghidHuUl 3pi3 6ye posmawosaHull Ha pigHi manamyca. llposoduscs
ppakmarnbHUll aHai3 cKernemoHo8aHux 30b6paxeHb 3a 00rMomMoeoto crnocoby nidpaxyHKy keadpamis. OmpumaHi 0aHi 0bpobnsinucs 3a
doromoeot0 3az2aibHOMNPUUHAMUX cmamucmuyHux memodige. CepeldHi, MiHiManbHe ma MakcumalsbHe 3Ha4eHHs pakmarnbHOI
PO3MipHOCMI Pi3HUX MomozpaghidHux 3pisie 6ynu HacmynHumu: 1-U kopoHasbHUU 3pi3 - 1,207+0,003 (1,147+1,277), 2-U KOpoHanbHUl
3pi3 - 1,162+0,003 (1,077+1,243), 3-U kopoHanbHuti 3pi3 - 1,156+0,003 (1,094+1,224), 4-0 kopoHanbHull 3pi3 - 1,158+0,003 (1,109+1,218),
akcianbHul 3pi3 - 1,138+0,002 (1,079+1,194). CepedHe 3Ha4yeHHs ¢hpakmarnbHOi po3mipHocmi n'smu 3pi3ie cknadano 1,164+0,002
(1,126+1,209), cepedHe 3Ha4YeHHs1 hpakmasrbHOi pO3MIPHOCMI YOMUPbLOX KOPOHasnbHUX 3pidie cknadano 1,171+0,002 (1,122+1,219).
®pakmanbHuli aHani3 ckenemoHo8aHUX 306paxeHb 8e/TUKUX MiBKY/b 20/7108HO20 MO3KYy 00380J18€ KiflbKiICHO Xapakmepusysamu
ocobiugocmi mononoaii ma cknadHocmi MPOCMopPo.oi KOHigypauii 8ernuKkux MnieKysib 20/108H020 MO3KY. Ha 3HadyeHHs1 ¢hpakmarnbHol
pO3MipHOCMIi MOXymb ernueamu aHamomidHi ocobnugocmi 0ocnidxyeaHux OiNSTHOK 20/108HO20 MO3KY, iHOUGIOyarnbHi aHamoMidHi
ocobnueocmi, a makox ampogiyHi ma iHwi namonoaiyHi 3miHU, wo fnpu3eodsime A0 3MiH ¢hOpMU BEMIUKUX iKY b 20/T08HO20 MO3KY.
3HayeHHs1 ppakmarsnibHOI PO3MIPHOCMI CKenemoHo8aHUX 306paxeHb 20/108HO20 MO3KY Maromb MEHOeHUito 00 3HUXEHHSI 3 8iKOM.
Halbinbw pernpe3eHmamugHUMU 0151 Xxapakmepu3yeaHHs1 8ikosux ampoghidHUX 3MiH € KOpOHarbHi momoepaiyHi 3pi3u. ®pakmanbHul
aHarli3 cKkenemoHo8aHuUx 300paxeHb 8erIUKUX Mi8KY b 20/108HO20 MO3KYy Moxe bymu eukopucmaHuli 0n1a diazHOCMUKU 3ax80pr8aHb
Hepeosoi cucmemu, a pedynbmamu daHo20 OOCIIOXKEHHS MOXymb 6ymu eukopucmaHi 'y ssKocmi Kpumepiie HopMu.

KntovoBi cnoBa: ¢ghpakmarnbHuli aHani3, opakmarnbHa po3MIpHICMb, 20/108HUU MO3OK, 8€/UKI Mi8KYyi 20/108HO20 MO3KY, MOPGOMempisi.
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