
e INTRODUCTION
The human brain undergoes an intricate and dynamic 
ageing process, characterised by morphological chang-
es in various brain structures that can influence diverse 
functions of the nervous system. Currently, morphological 
alterations in the ageing brain can be evaluated non-in-
vasively using diagnostic neuroimaging techniques, with 
magnetic resonance imaging (MRI) usually being the 
method of choice [1]. As highlighted by M.E. MacDonald et 
al.  [1], MRI findings during healthy brain ageing encom-
pass a wide range of structural and quantitative changes, 
with the most common including loss of brain volume 
and cortical thickness, which can be discerned through 
morphometry. The significance of studying age-related  
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Abstract. Understanding the differences in brain ageing between males and females and the varying sensitivity of 
morphometric parameters to ageing are crucial for developing algorithms and protocols for objective and quantitative 
brain morphology evaluation in clinical practice. This study aimed to determine simple and applicable morphometric 
parameters for quantifying cerebral atrophic changes associated with ageing and to identify specific characteristics of 
these changes in ageing male and female brains. Two-dimensional magnetic resonance brain images from 100 participants 
without confirmed pathology of the nervous system, aged 18 to 86 years, were examined. The sample comprised 44 males 
and 56 females. Each participant underwent an assessment of five sections: four in the frontal plane (coronal sections) 
and one in the horizontal plane (axial section). The assessment involved the determination of perimeter and area values. 
Two measurement approaches were employed: one focusing solely on the visible surface of the cerebral hemispheres, 
and the other tracing the pial surface within the sulci. Derived indices, including perimeter-to-area ratios, shape factors, 
and ratios of perimeters and areas, were computed based on the acquired data. The study revealed more pronounced 
changes in absolute cross-sectional area values corresponding to overall brain tissue with ageing in males. However, no 
significant sex difference was observed in the age dynamics of relative values. The ratio of two cross-sectional brain areas, 
considering sulcal content and excluding it, has been identified as the most sensitive parameter to age-related changes in 
both male and female brains. This ratio could serve as an additional morphometric parameter for diagnostic purposes in 
examining cerebral structure

Keywords: ageing; morphometry; sex differences; tomography

Copyright © The Author(s). This is an open access article distributed under the terms of the 
Creative Commons Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/)

Journal homepage: https://bmbr.com.ua/enDOI: 10.61751/bmbr/1.2024.34

Article’s History: Received: 01.11.2023; Revised: 12.01.2024; Accepted:  27.02.2024

Bulletin of Medical  Bulletin of Medical  
and Biological Researchand Biological Research

Vol. 6, No. 1 Vol. 6, No. 1 
20242024

changes is emphasised by the resemblance of normal 
ageing changes to those observed in pathological brain 
ageing, as evident in neurodegenerative diseases like 
Alzheimer’s. The study by A. Chandra et al. [2] concludes 
that brain MRI serves as an informative biomarker for di-
agnosing Alzheimer’s disease and mild cognitive impair-
ment. However, the development of diagnostic criteria is 
still pending. The comprehensive review by D.B. Dubal [3] 
underscores the differing vulnerability of male and female 
brains to neurodegenerative changes. This is further sup-
ported by the conclusions drawn by T. Zalewska et al. [4], 
suggesting notable distinctions between male and female 
brains concerning neurodegenerative diseases and brain 
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volumetric measurements to assess global brain volume 
and grey matter volumes in specific brain regions such as 
the hippocampus, temporal, and occipital lobes. The study 
by Y. Wang et al.  [11] employed volumetry to investigate 
subcortical volumes and their asymmetry in males and 
females during ageing. Additionally, N. Sambuco [12] ap-
plied a volumetric approach to assess the hippocampus 
and the amygdala in ageing male and female brains.

However, most of the surface-based and volumetric 
measurements require three-dimensional modelling, com-
plicating the implementation of these metrics into clinical 
practice. Therefore, the simple morphometric approaches 
and algorithms adopted for two-dimensional MRI images 
commonly used in clinical practice deserve further explora-
tion. This study aimed to identify straightforward and prac-
tical morphometric measures for assessing age-related cer-
ebral atrophy and to delineate distinctive features of these 
alterations in the ageing brains of both men and women.

e MATERIALS AND METHODS
This work is a continuation of the previous study  [13], 
where a comprehensive morphometric analysis was con-
ducted using parameters derived from Euclidean (“clas-
sical”) geometry. The current study expands on this by 
focusing on the sex differences in brain ageing. The mor-
phometric analysis was carried out at the Histology, Cytol-
ogy, and Embryology department of Kharkiv National Med-
ical University (KNMU) during 2022 and 2023.

This research analysed MRI brain scans from a cohort 
comprising 100 individuals, consisting of 44 males and 56 
females, aged between 18 and 86 years, with a mean age of 
41.72 ± 1.58 years. The mean age for males was 41.43 ± 1.68 
years, ranging from 18 to 86 years, and for females, it was 
41.95  ±  1.51 years, ranging from 18 to 72 years. Table 1 
shows the distribution of the study participants according 
to age and sex.

ischaemia. Therefore, a crucial aspect of studying brain 
ageing, including Alzheimer’s disease, is to ascertain the 
sex-specific characteristics of brain ageing in males and 
females, along with discerning changes in healthy ageing 
from those indicative of neurodegeneration.

Sexual dimorphism has been observed in various brain 
structures, as evidenced by morphometric studies utilizing 
diverse methodologies. For instance, a study by O. Boiagi-
na & O. Vovk [5] utilizing MRI reported larger dimensions 
(circular area) of the corpus callosum in males compared to 
females. Similarly, research conducted by O. Slobodian et 
al.  [6] on MRI brain scans revealed significant differences 
in the brain ventricular system between aged males and fe-
males with reported interhemispheric asymmetry in males.

Studies focusing on MRI-based morphometry of the 
overall cerebral hemispheres often employ either sur-
face-based or volumetric morphometric approaches. 
For instance, D.  Brennan  et al.  [7] utilised surface-based 
measurements of the cerebral cortex, including cortical 
thickness, cortical surface area, cortical volume, and sul-
cal depth, and developed a brain sex-predicting classifier 
based on these measurements.

P.  Podgórski  et al.  [8] employed both volumetric and 
surface-based cortical measurements in their comprehen-
sive morphometric investigation targeting brain ageing in 
males and females. Their study encompassed volumetric 
measurements of white matter, grey matter, and cerebro-
spinal fluid, along with the identification of surface-based 
parameters such as cortical thickness, sulcal depth, gyrifi-
cation index, and fractal dimension.

Several studies have prioritised the volumetric ap-
proach when comparing age-related atrophic changes in 
male and female brains. For instance, in the study con-
ducted by F.  Sang  et al.  [9], a volumetric approach was 
chosen to measure total grey and white matter volumes in 
males and females. Similarly, A.M. Stickel et al. [10] utilised  

Age range, years Males, N Females, N Total, N

18-30 14 17 31

31-45 14 15 29

46-60 8 16 24

61-86 8 8 16

Total 44 56 100

Table 1. The distribution of study participants according to age and sex

Source: compiled by the author

A 1.5 Tesla Siemens Magnetom Symphony magnetic 
resonance scanner (Siemens, Germany) was utilised for brain 
imaging. Two sequences were chosen for the study: T2 and 
fluid-attenuated inversion recovery (FLAIR). The MRI brain 
scans had the following specifications: a resolution of 72 dpi, 
with the absolute scale configured at 3 pixels = 1 mm. The 
distance between sections (slice thickness) was set at 5 mm.

For each participant, a series of tomographic sections 
(slices) from five distinct brain locations was selected. The 
frontal plane was utilised to acquire four coronal sections, 
designated as coronal 1 to 4, while the horizontal plane was 

used to obtain one axial section (consequently, designated 
as axial). These specific sections were identified using pre-
cise anatomical landmarks: the first coronal section (cor-
onal 1) corresponded to the level of the anterior poles of 
the temporal lobes, the second (coronal 2) to the level of 
the mammillary bodies, the third (coronal 3) to the level of 
the quadrigeminal plate, and the fourth (coronal 4) to the 
level of the splenium of the corpus callosum. The fifth, axi-
al, section, was positioned at the level of the upper-middle 
portion of the thalamus. The chosen sections were select-
ed based on their alignment with anatomical landmarks, 
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facilitating their easy identification and ensuring the rep-
resentation of diverse regions within the cerebral hemi-
spheres. Moreover, these sections are recognised for their 
association with common sites of pathological changes ob-
served in neurodegenerative diseases [14].

The morphometric analysis relied on two fundamen-
tal parameters derived from Euclidean geometry: perim-
eter (P) and area (A). Both the perimeter and area were  
determined twice, in two stages (Fig. 1). The first stage in-
volved measuring the perimeter and area, considering sole-
ly the superficially visible cerebral surface (Fig.  1A). The 
second stage involved measuring the perimeter and area 
encompassing the entire pial surface, including the surface 

Figure 1. Two stages (A and B) for the morphometric analysis of MRI brain scans; axial section
Notes: A – measurement of perimeter PA and area AA along the superficially visible pial surface of the cerebral cortex; B – 
measurement of perimeter PB and area AB encompassing the entire pial surface of the cerebral cortex, with the pial surface 
hidden in the sulci
Source: the image is sourced from Kharkiv Radiologic Center; labelled by the author

hidden in the sulci (Fig.  1B). Consequently, four primary 
parameters were obtained: perimeter PA, representing the 
length of the visible cerebral surface contour; perimeter PB, 
representing the length of the overall pial surface contour, 
encompassing sulci; area AA, representing the cross-sec-
tional overall brain area, including regions enclosed inside 
the sulci; and area AB, representing the cross-sectional area 
of the overall brain tissue, excluding regions enclosed in-
side the sulci. Perimeter and area measurements were con-
ducted using Adobe Photoshop CS5 Graphics Editor. Fol-
lowing scale fitting, the respective regions were outlined 
using the “select” tool, followed by measurement using the 
“analysis” tool.

Subsequently, several morphometric indices were com-
puted from the acquired perimeter and area values. These 
included the following parameters: the perimeter-to-area 
ratios (PA/AA and PB/AB), the shape factors (circularity) (SFA 
and SFB), the ratio of two perimeters, or the gyrification in-
dex (PB/PA), and the ratio of two areas (AB/AA). The shape 
factors SFA and SFB (circularity) were calculated using the 
following formula:

 

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 =  
4𝜋𝜋𝜋𝜋 × 𝐴𝐴𝐴𝐴
𝑃𝑃𝑃𝑃2  ,                                  (1)

where SF is the shape factor, A is the area, and P is the pe-
rimeter [15].

Statistical data processing involved Microsoft Ex-
cel 2016. The median values (percentile 50), interquartile 
ranges (Q1, or percentile 25, and Q3, or percentile 75), and 
minimum, and maximum values of the studied parameters 
were computed. The statistical significance of differences 
between morphometric parameters in males and females 
was evaluated using the Mann-Whitney U test. Spearman’s 
rank correlation coefficient (r) was calculated to evaluate 
relationships between the studied morphometric parame-
ters and age, with significance determined by the Student 
t-test. The F test was applied to compare linear regression 
equations characterizing the age dynamics of the studied 

parameters in males and females (where age is an inde-
pendent variable, and studied parameters are dependent 
variables). The significance level for all results was estab-
lished at α = 0.05.

Brain scanning was conducted at the Kharkiv Radio-
logic Center for diagnostic purposes. The MRI brain scans 
were evaluated by radiology experts, and data from indi-
viduals without confirmed brain pathology on MRI were 
included in the study. These individuals were considered 
to have relatively normal brain anatomy. The study partici-
pants provided written informed consent. Anonymised MRI 
data were obtained under the requirements of the Kharkiv 
Radiologic Center. The study received approval from the 
Commission on Ethics and Bioethics of KNMU (Minutes of 
the Commission Meetings No. 10 dated November 7, 2018, 
and No.  5 dated February 1, 2023) for research involving 
human subjects. The study was conducted in compliance 
with the fundamental bioethical principles outlined in the 
Declaration of Helsinki [16]. 

e RESULTS
Descriptive statistical data of morphometric parameter 
values are presented in Figure 2. This figure illustrates the 
comparison of median values for the studied parameters in 
males and females, along with the distribution of values.
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Figure 2. Descriptive statistics for morphometric parameters of cerebral hemispheres in males and females
Notes: M – males; F – females; PA – perimeter measured along the visible cerebral surface only; PB – perimeter measured 
along the entire cerebral pial surface; AA – area measured along the visible cerebral surface only; AB – area measured 
along the entire cerebral pial surface; SFA – shape factor (circularity) calculated from PA and AA values; SFB – shape factor 
(circularity) calculated from PB and AB values; the box plots depict the distribution of values, with median values provided 
below each box plot; * – p < 0.05 (significant sex difference); n.s. – p > 0.05 (non-significant sex difference)
Source: compiled by the author
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As can be seen from Figure c2, the absolute values 
of both perimeter measures (PA and PB) were significantly 
larger in males in all examined brain sections, except for 
perimeter PB in the axial section. Similarly, both area values 
(AA and AB) were significantly larger in males in all sections, 
except for area AB in the first coronal section. This obser-
vation was expected and can be attributed to the sexual 
dimorphism in the absolute brain and head size between 
males and females.

When comparing derived indices in males and females, 
a diverse pattern was observed, depending on the section 
and parameter. The perimeter-to-area ratio PA/AA was sta-
tistically significantly different in all sections except the 
first coronal. However, the other perimeter-to-area ratio 
PB /AB did not statistically differ between males and females 
in all sections, except for the axial section.

Both shape factors did not differ between males and 
females in most sections (except for shape factor SFB in 

the first and third coronal sections). The gyrification in-
dex (the ratio of two perimeters, PB /PA) did not statistical-
ly differ between males and females in all sections. These 
findings suggest that there are no significant differences 
in the overall brain shape and gyrification degree between 
males and females, as assessed on the two-dimensional 
cross-sectional tomographic images.

The area ratio AB /AA was slightly higher in females in 
all investigated locations; however, a statistically signifi-
cant difference was noted in the first, third, and fourth cor-
onal sections.

Despite the presence of sexual dimorphism in brain 
structure and dimensions, it’s important to note that some 
differences may arise from distinct patterns of brain age-
ing. To assess age-related changes, correlation analysis was 
conducted, as outlined in Table 2. The examined parame-
ters demonstrated varying strength and direction of corre-
lation relationships with age (Table 2).

Parameter Sex group
Brain section

Coronal 1 Coronal 2 Coronal 3 Coronal 4 Axial All sections 
(average value)

PA

Males -0.212 -0.153 0.063 0.025 0.105 -0.019

Females -0.182 0.077 0.269 0.221 0.032 0.128

PB

Males -0.285 -0.083 0.133 -0.186 -0.008 -0.090

Females -0.209 -0.198 -0.033 -0.046 0.223 -0.045

AA

Males -0.194 -0.228 -0.166 -0.062 -0.027 -0.152

Females -0.222 -0.017 0.121 0.201 -0.017 0.037

AB

Males -0.442* -0.374* -0.428* -0.191 -0.177 -0.384*

Females -0.392* -0.268 -0.085 -0.041 -0.139 -0.189

PA /AA

Males 0.169 0.229 0.332* 0.141 0.220 0.232

Females 0.212 0.087 0.080 -0.080 0.159 0.124

PB /AB

Males 0.245 0.400* 0.492* 0.055 0.145 0.379*

Females 0.181 0.058 0.106 0.081 0.239 0.140

SFA

Males 0.000 -0.082 -0.292 -0.189 -0.192 -0.370*

Females -0.108 -0.213 -0.283* -0.166 -0.132 -0.324*

SFB

Males 0.001 -0.178 -0.362* 0.080 -0.080 -0.170

Females -0.023 0.025 -0.076 -0.013 -0.240 -0.129

PB /PA

Males -0.211 -0.031 0.098 -0.236 -0.008 -0.087

Females -0.167 -0.161 -0.177 -0.113 0.200 -0.110

AB /AA

Males -0.429* -0.561* -0.568* -0.388* -0.445* -0.549*

Females -0.521* -0.503* -0.545* -0.514* -0.379* -0.579*

Table 2. Correlation relationships between morphometric parameters  
of cerebral hemispheres and age in male and female brains

Notes: independent variable – age; PA – perimeter measured along the visible cerebral surface only; PB – perimeter meas-
ured along the entire cerebral pial surface; AA – area measured along the visible cerebral surface only; AB – area measured 
along the entire cerebral pial surface; SFA – shape factor (circularity) calculated from PA and AA values; SFB – shape factor 
(circularity) calculated from PB and AB values; * – p < 0.05
Source: compiled by the author

The values of both perimeters (PA and PB) did not show 
statistically significant correlations with age in both males 
and females. Similarly, statistically significant correlations 
between age and area AA were not observed. However, area 
AB showed a statistically significant decrease with age in 
males in the first, second, and third coronal sections, while 

in females, a statistically significant decrease in this pa-
rameter was found only in the first coronal section. There-
fore, this finding corresponds to a decrease in overall brain 
volume attributable to atrophic changes.

Both perimeter-to-area ratios did not show statistical-
ly significant correlations with age in most brain sections 
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e DISCUSSION
This study focused on determining simple and applicable 
morphometric parameters for cerebral hemispheres, easily 
measurable through conventional two-dimensional MRI 
brain scans. Specifically, parameters such as perimeter and 
area, derived from Euclidean geometry, were determined. 
Additionally, the study calculated additional morphomet-
ric indices and assessed their changes in age.

When comparing the age-related dynamics of various 
parameters, the calculated index AB  /AA emerged as the 
most responsive to age-related changes. This index signi-
fies the ratio of area AB, corresponding to brain tissue ex-
cluding sulci, to area AA, encompassing sulcal content. In 
contrast to absolute morphometric parameter values, this 
index demonstrated similar sensitivity to age-associated 
changes in both genders. The widening of sulci with age, 
attributed to brain tissue atrophy, leads to an increase in 
the volume corresponding to sulcal content, resulting in a 
reduction in the ratio AB /AA. The widening of sulci has been 
linked to the documented increase in cerebrospinal fluid 
volume as described by P. Podgórski et al. [8]. This finding 
further aligns with the MRI findings reported by O. Slobo-
dian et al. [6] regarding age-related changes in the brain’s 
ventricular system. Although those authors reported sex 
differences in brain ventricles in aged persons, the present 
study did not find sex differences in the age-associated in-
crease of cerebrospinal fluid occupying the cerebral sulci.

The parameter most closely resembling the areas’ ra-
tio AB /AA, or relative brain area, is intracranial volume [17, 
18], which serves as a three-dimensional counterpart to 
the studied parameter and intracranial area. The study by 
S. Yamada et al.  [17] affirmed the reliability of estimating 
cerebrospinal fluid volume alongside intracranial volume 
measurement for characterizing ageing changes. How-
ever, S.  Nerland  et al.  [18] reported that the methods for 
intracranial volume estimation significantly influence the 
reliability and informativeness of the obtained data. The 
main difference between approaches used in the present 
and previous studies, aside from dimensionality, lies in the 
method of measurement. The current approach involves 
measuring area AA along the external visible surface of the 
hemispheres, whereas intracranial volume is defined by the 
inner surface of the skull bones. The current approach of-
fers advantages by specifically characterizing sulcal widen-
ing without considering the influence of the space between 
the skull and brain, including the subarachnoid space, 
the volume of which can vary and impact the accuracy of 
age-related change determinations.

The observed differences in brain ageing between males 
and females can be elucidated by several factors. A notable 
finding is the more pronounced age-related decline in the 
absolute cross-sectional area AB in males. This discrepancy 
suggests a greater volume loss in the male brain over time. 
Given that males typically possess larger absolute brain di-
mensions, they may exhibit a more substantial reduction 
in absolute size with ageing. However, it is noteworthy that 
the age dynamics of the relative area, indicated by the ra-
tio of the two areas, did not exhibit significant differences 
between males and females. This implies that, when con-
sidering relative area values, which account for variations 
in head and brain size, the age-related changes are com-
parable between the sexes. Furthermore, other derived  

in both males and females, except for PA /AA in the third cor-
onal section and PB /AB in the second and third coronal sec-
tions in males. A similar pattern was found for both shape 
factor values: no significant changes in this parameter 
were observed with age in both males and females, except 
for shape factor SFA in the third coronal section in females 
and shape factor SFB in the third coronal section in males. 
Therefore, these findings suggest that there are no signif-
icant age-associated changes in the overall brain shape in 
both males and females.

The two-dimensional gyrification index PB /PA was not 
statistically significantly changed with age in both sex 
groups. The gyrification index allows for characterizing the 
convolutedness degree of the cerebral cortex surface – the 
more gyri the brain has on a particular tomographic section, 
the larger the area of the cortex surface hidden within the 
sulci, and the higher the ratio of perimeter PB to perimeter 
PA. It could be assumed that the gyrification index decreases 
with age, which may result from the smoothing of the sur-
face of the cerebral cortex. However, concurrently with this, 
there is a deepening and widening of the sulci. Therefore, the 
relative portion of the perimeter corresponding to the corti-
cal pial surface hidden within the sulci remains unchanged.

The area ratio AB  /AA showed statistically significant 
negative correlations with age in both males and females 
in all examined brain sections. Compared to the related pa-
rameter, absolute area AB, the ratio of the two areas showed 
higher correlations with age. The ratio of two areas can be 
considered a relative area value. The absolute area value 
can be influenced by variations in head and brain size, but 
the relative area offers advantages as it reduces the impact 
of absolute sizes and individual variability.

When comparing linear regression equations charac-
terizing the age dynamics of the investigated parameters in 
two sex groups, most parameters were not significantly dif-
ferent in most sections. However, a statistically significant 
difference was observed between males and females in the 
linear regression equations characterizing the age dynam-
ics of area AB in the second and third coronal sections and 
the average area across all five sections (p < 0.05).

To summarise the findings, the investigated morpho-
metric parameters can be classified into three distinct groups. 
The first group comprises primary perimeter and area val-
ues (PA, PB, AA, AB) that characterise the absolute dimensions 
of the brain. It is noteworthy that these parameters exhib-
ited higher values in males, and more pronounced age-re-
lated changes in absolute area AB were observed in males.

The second group of parameters consisted of calcu-
lated relative indices (perimeter-to-area ratios PA /AA and  
PB  /AB, shape factors SFA and SFB, and gyrification index  
PB  /PA) characterizing the features of brain shape. These 
parameters showed nearly identical or closely matched 
values in both males and females across most tomograph-
ic sections. Additionally, this group of parameters did not 
demonstrate age-related changes in either sex group.

The third group comprises only one parameter – the ratio 
of areas AB /AA. This parameter exhibited significant correla-
tion relationships with age, which were the strongest among 
all studied parameters. This parameter exhibited a similar 
association with age in both males and females, making it 
the most sensitive and informative measure when charac-
terizing age-related changes in the brains of both sex groups.
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parameters characterizing brain shape, including shape 
factor, perimeter-to-area ratio, and gyrification index, did 
not demonstrate significant age-related changes and did 
not show significant differences in terms of sex. These find-
ings suggest that while there may be differences in absolute 
brain volume changes with age between males and females, 
overall brain shape and structural complexity remain rela-
tively stable across genders throughout the ageing process.

A prior investigation, conducted on the identical sam-
ple as the current study, employed fractal analysis to assess 
cerebral atrophy in terms of ageing [19]. The fractal dimen-
sion of the cerebral hemispheres’ pial surface was identified 
as a sensitive indicator of age-related changes. However, 
this parameter did not show differences in cerebral hem-
ispheres’ complexity and ageing dynamics between males 
and females. Several prior studies have reported more no-
ticeable age-associated alterations in males compared to 
females, while others demonstrated no age-gender inter-
actions, or earlier and stronger declines in cortical param-
eters in females. Thus, the study by O. Podgórski et al. [8] 
reported that while both male and female brains exhibit-
ed signs of ageing starting at approximately 45 years old, 
females exhibited more pronounced age-related changes 
in morphometric parameters of the cerebral cortex: the 
thickness of the cerebral cortex, depth of sulci, gyrification 
index, and fractal dimension). This conclusion is bolstered 
by the findings of the study conducted by F. Sang et al. [9], 
which described the more pronounced age-associated de-
cline in brain grey matter volumes in females. Simultane-
ously, the authors have reported no sex-related differences 
in white matter ageing. 

Conversely, A.M. Stickel et al. [10] reported contrasting 
results, concluding that global brain volumes, as well as the 
volume of grey matter in several brain regions, exhibited 
less decline with age in males compared to females. Addi-
tionally, the study by Y. Wang et al. [11] corroborates these 
findings, reporting a faster decline in the volumes of subcor-
tical structures in males. The volumetric study by N. Sam-
buco [12] reported a larger amygdala in males, but after the 
volume normalization, no sex differences were evident in 
the ageing patterns of the hippocampus and the amygdala.

The diverse array of results in this study and previous 
research by other authors may be linked to the specific 
morphometric parameters chosen, with varying sensitivity 
to age-related changes and heterogeneity in the samples. 
The studies of L.M. Wierenga et al.  [20] and N.J. Forde et 
al. [21] have described greater variability in morphometric 
parameters in males, consistent with the somewhat larg-
er interquartile range of area AB in males observed in the 
present study. The substantial variability of morphometric 
parameters in the male brain may influence results in sam-
ple formation and account for differing degrees of age-re-
lated changes. Given the variability in absolute values, us-
ing relative calculated indices, such as the AB /AA ratio or 
intracranial volume, is more appropriate and informative.

The gender and sex-related differences in morpho-
logical changes in the ageing brain, as assessed by mor-
phometric studies, may influence the functional state of 
the brain. Thus, F. Cieri et al.  [22] and Z. Yang et al.  [23] 
in their studies have shown the impact of sex on brain 
functional topology and connectivity during normal age-
ing, mild cognitive impairment, and Alzheimer’s disease. 

Consequently, morphological and functional changes may 
contribute to sex differences in cognitive decline during 
ageing. It has been reported by B.H.  Lee  et al.  [24] and 
K. Wolfova et al. [25] that behavioural symptoms may vary 
between males and females in normal ageing, as well as in 
cognitive and behavioural impairment. Among the poten-
tial factors influencing the diverse patterns of brain ageing 
in males and females are the effects of sex hormones, as 
reported by C. Gurvich et al. [26], variations in blood plas-
ma lipid profiles, as concluded by Q. Tian et al.  [27], and 
congenital features of brain microstructure, as considered 
by E.T. Reas et al. [28]. However, the exact nature of these 
sex differences is still under investigation. Understanding 
these differences is essential for developing diagnostic 
protocols and targeted interventions for age-related cog-
nitive impairments. 

e CONCLUSIONS
Firstly, this study sought to identify simple and applicable 
morphometric parameters to measure cerebral atrophy 
changes linked with ageing. Among the studied Euclidean 
geometry-derived parameters, the most sensitive parame-
ter to age-related changes, identified across both genders, 
was the ratio of two cross-sectional brain areas, consider-
ing sulcal content and excluding it. It has shown significant 
negative correlation relationships with age: r  = -0.549 in 
males, and r = -0.579 in females for the average value of all 
brain sections. This finding suggests its potential utility as 
an additional morphometric parameter for quantitatively 
assessing age-related atrophic brain changes within clini-
cal practice. The morphometric approach used in the pres-
ent study offers advantages such as simplicity, applicability, 
and compatibility with a wide range of software. This metric 
approach can serve as a standalone morphometric method 
as well as a supportive preliminary measurement to assess 
the necessity of more complicated morphometric studies.

Secondly, the study aimed to identify the specific char-
acteristics of changes in the studied parameters in the age-
ing male and female brains. The present study revealed that 
as individuals age, males exhibit more pronounced altera-
tions in the absolute size of the cross-sectional area cor-
responding to overall brain tissue compared to females. In 
contrast, the age-related trends of relative values showed 
no notable differences between male and female brains. 
The derivative indices characterizing brain shape did not 
show significant sex differences, nor did they show age-re-
lated changes. Since the values of several assessed param-
eters differed in males and females, it is highly advisable to 
take into account the values calculated for both genders. 
Further research in this area requires an assessment of the 
sensitivity and informativeness of morphometric parame-
ters in diagnosing neurodegenerative diseases and distin-
guishing between normal brain ageing and neurodegener-
ative diseases.
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Вікові зміни великих півкуль головного мозку чоловіків та жінок: 
морфометричне дослідження магнітно-резонансних томограм
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Анотація. Розуміння відмінностей у старінні головного мозку чоловіків та жінок і різної чутливості 
морфометричних параметрів до вікових змін має важливе значення для розробки алгоритмів і протоколів 
для об’єктивної та кількісної оцінки будови головного мозку в клінічній практиці. Метою цього дослідження 
було визначити прості і застосовні морфометричні параметри для кількісної оцінки вікових змін у великих 
півкулях головного мозку та виявити специфічні особливості цих змін при старінні головного мозку у чоловіків 
і жінок. Були досліджені двовимірні магнітно-резонансні томограми головного мозку 100 осіб у віці від 18 до 86 
років без підтвердженої патології нервової системи. До вибірки увійшли 44 чоловіка та 56 жінок. Дослідження 
головного мозку кожного учасника включало аналіз п'яти томографічних зрізів, у тому числі чотирьох у 
фронтальній площині (корональні зрізи) і одного у горизонтальній площині (аксіальний зріз). Морфометрія 
включала визначення значень периметра та площі. Було використано два підходи до вимірювання: один 
включав визначення периметра та площі відповідно до видимої поверхні півкуль головного мозку, а інший 
включав вимірювання цих показників відповідно до усієї поверхні півкуль, включно із поверхнею, прихованою 
в борознах. На основі отриманих значень периметра та площі були розраховані похідні індекси, у тому числі 
відношення периметра до площі, фактори форми та співвідношення периметрів і площ. Дослідження показало, 
що з віком у чоловіків спостерігаються більш виражені зміни абсолютних значень площі перерізу, що відповідає 
тканині мозку в цілому. Проте вікова динаміка відносних величин у чоловіків і жінок достовірно не відрізнялася. 
Виявлено, що співвідношення двох площ перерізу мозку, з урахуванням вмісту борозн та без нього, виявилося 
параметром, найчутливішим до вікових змін як у чоловіків, так і у жінок. Це співвідношення може слугувати 
додатковим морфометричним параметром для дослідження структури головного мозку з діагностичною метою
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