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Abstract. The relationship between chronic diseases and osteoarthritis is a common phenomenon, especially among the
elderly. Patients with osteoarthritis require an integrated approach that includes the collaboration of various medical
specialists, such as general practitioners, rheumatologists, orthopaedic surgeons, gastroenterologists and traumatologists.
The study aims to investigate the impact of diseases associated with exocrine pancreatic insufficiency on the course
of primary osteoarthritis in comorbidity. A total of 304 patients with primary osteoarthritis and exocrine pancreatic
insufficiency were analysed. All patients were divided into five groups depending on the type of concomitant pathology.
The study determined that in the group of patients with primary osteoarthritis, a statistically significant improvement in
the course of the disease according to various indicators, such as the radiological stage of osteoarthritis, functional joint
failure, Lequesne index,and NSAID index,compared with those in the groups with other comorbidities, was present (p<0.05).
This confirms the significant impact of the studied comorbidities on the course of primary osteoarthritis. The post-hoc
analysis determined the ranking of the impact of comorbidities accompanied by exocrine pancreatic insufficiency on the
clinical course of primary osteoarthritis by various indicators, such as the radiological stage of osteoarthritis, functional
joint failure, Lequesne index, and the index of non-steroidal anti-inflammatory drugs. Ranking results: type 2 diabetes
mellitus > chronic pancreatitis > hepatobiliary diseases > gastro-duodenal diseases (p<0.05). The study highlighted a
mild exocrine insufficiency of the pancreas according to faecal a-elastase in the group of patients with isolated primary
osteoarthritis. The study also established the ranking of the impact of pathologies accompanied by exocrine pancreatic
insufficiency on the course of primary osteoarthritis by the level of faecal a-elastase: chronic pancreatitis < type 2 diabetes
mellitus < hepatobiliary diseases < gastro-duodenal diseases (p<0.05). The results can be used in the clinical practice of
doctors of various specialities: general practitioners, rheumatologists, gastroenterologists

Keywords: joint syndrome; functional insufficiency of the pancreas; gastroenterological diseases; type 2 diabetes
mellitus

INTRODUCTION
The American College of Rheumatology (ACR) [1] describes L.A.Michener et al. [4], and V. Duong et al. [5] described
osteoarthritis (OA) as a disease caused by biological and  OA as a serious destructive and dystrophic disease that can
mechanical factors. These factors disrupt the normal bal-  affect any human joint, regardless of its structure and func-
ance between the processes of destruction and restoration  tion. This disease has a chronic course with a tendency to
of chondrocytes, the extracellular matrix of articular carti-  exacerbate and progression of articular cartilage, other joint
lage and subchondral bone [2, 3]. tissues and those surrounding it. A common outcome of OA
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progression is a complete loss of joint shape and function,
which leads to disability. Currently, OA treatment aims to
reduce symptoms, slowing progression and improving the
quality of life of patients. There are no drugs that would
cure this disease, which is a substantial medical problem,
especially in the context of comorbidity with other diseases.

M.N. Wanjau et al. [6], B. Conley et al. [7], C.G. Boer et
al. [8] have studied that the comorbidity of chronic dis-
eases with OA is widespread, especially in adulthood. Pa-
tients with OA require the attention of specialists from
various fields of medicine, such as general practitioners,
rheumatologists, gastroenterologists, orthopaedic trau-
matologists, and surgeons. This is determined by the high
integrative risk of developing acute conditions with the
simultaneous use of medications that can cause complica-
tions. L.S. Babinets et al. [9], B. Wang et al. [10] demonstrate
that osteoarthritis and pathology of the upper gastrointes-
tinal tract are included in several comorbidity scales, such
as FCI (Functional Comorbidity Index), Kaplan-Feinstein
index and Burden Index — an index of total pain burden,
which creates a global problem of prescribing medications,
especially if gastroenterological pathology is accompanied
by functional pancreatic insufficiency.

D.C. Whitcomb et al. [11] demonstrated that the main
causes of exocrine pancreatic insufficiency (Pancreatic Ex-
ocrine Insufficiency, exPEI) are a decrease in the volume of
pancreatic parenchyma, obstruction of the main pancreat-
ic duct, reduced stimulation of exocrine pancreatic tissue
and inactivation of pancreatic enzymes. EXPEI is divided
into primary and secondary forms, so the pathogenetic
variant of pancreatic insufficiency significantly affects the
treatment strategy. The pathogenesis of exPEI is complex
and involves many components. For successful treatment,
exPEI pathogenesis analysis should be performed in each
patient not only to prescribe enzyme replacement therapy
but also to address other necessary aspects of treatment,
such as the use of antisecretory agents, correction of in-
testinal composition, regulation of the microbiota, etc [12].

There are currently insufficient studies on the develop-
ment and progression of exPEI under the influence of pain
treatment in patients with OA and comorbidities accompa-
nied by exPEI. This problem requires further study to better
understand the relationship between the treatment of pain
syndrome, OA, and the development and progression of
exPEI in these patients. The study aims to investigate the
impact of diseases accompanied by exocrine insufficiency
on the course of primary osteoarthritis in comorbidity.

MATERIALS AND METHODS

The study analysed 304 patients with primary osteoarthri-
tis who had concomitant diseases with exocrine pancreatic
insufficiency, outside the period of exacerbation. These pa-
tients were registered at the Primary Health Care Centre in
Ternopil from 2019 to 2021. For comparison, a group of 30
healthy individuals with no clinical or anamnestic data on
joint and gastrointestinal (GI) diseases and no instrumental
signs of such diseases was used. All patients underwent a de-
tailed analysis of their complaints and anamnesis and under-
went objective, laboratory and instrumental examinations.

The criteria for inclusion of patients in the study were
both genders with a confirmed diagnosis of primary os-
teoarthritis and the presence of diseases accompanied by

pancreatogenic, gastrogenic, hepatogenic, endocrine or
enterogenic exocrine pancreatic insufficiency. Patients
were excluded from the study if the following conditions
were present: peptic ulcer of the stomach and duodenum,
gastric malignancies, condition after dumping syndrome,
cholelithiasis, liver cirrhosis, gastric resection, malignant
liver tumours, viral hepatitis, cystic fibrosis, history of pan-
creatic resection, large cysts or tumours of the pancreas,
condition after cholecystectomy, type I diabetes mellitus,
subcompensated and decompensated type II diabetes mel-
litus, use of systemic glucocorticosteroids, celiac disease,
ulcerative colitis, acute myocardial infarction, decompen-
sation of cardiopulmonary diseases, chronic renal failure
of stages III-V, rhythm disturbances, surgical intervention
within the last month, pregnancy, thyroid pathology, se-
vere exhaustion, bleeding disorders, mental and behav-
ioural disorders, diseases of the blood and hematopoietic
organs, hypertension of II-III degree, and refusal to partic-
ipate in the study.

The diagnoses of osteoarthritis, chronic pancreatitis,
non-stone cholecystitis, functional diseases of the gall-
bladder and biliary system, chronic gastritis and chronic
duodenitis, and type 2 diabetes mellitus were made fol-
lowing the standards. Patients ranged in age from 25 to 77
years, with an average age of (52.47 +5.37) years. All study
participants were divided into five groups according to the
nature of the concomitant pathology accompanied by exo-
crine pancreatic insufficiency. Groups were formed follow-
ing clinical and gender characteristics, severity of primary
osteoarthritis and treatment.

Group 1 (OA) (n=62) consisted of patients with prima-
ry osteoarthritis unaccompanied by any other pathology
with exocrine pancreatic insufficiency.

Group 2 (OA +CP) (n=59) included patients with pri-
mary osteoarthritis who also had chronic pancreatitis (CP)
as a comorbidity.

Group 3 (OA +HBD) (n=60) included patients with pri-
mary osteoarthritis who had biliary system diseases, such
as chronic non-calcific cholecystitis, functional gallbladder
disorders and others, accompanied by exocrine pancreatic
insufficiency (hepato-biliary disease (HBD)).

Group 4 (OA+GDD) (n=61) included patients with pri-
mary osteoarthritis who had chronic gastritis and chronic
duodenitis (gastro-duodenal disease (GDD)).

Group 5 (OA + T2DM) (nv=62) included patients with
primary osteoarthritis and type 2 diabetes mellitus (T2DM).

An accepted classification was used to assess the radio-
logical stage of osteoarthritis. Functional joint failure (FJF)
was also determined according to the relevant criteria.

The NSAID index was also determined for each pa-
tient with primary osteoarthritis in comorbidity with
diseases accompanied by exocrine pancreatic insufficien-
cy. This index was calculated by counting the number of
days during the year when the patient took the average
therapeutic dose of NSAIDs to reduce the symptoms of
primary osteoarthritis. The average therapeutic daily
dose of NSAIDs was the average therapeutic dose: par-
acetamol - 2000 mg, ibuprofen — 1800 mg, ketoprofen —
200 mg, indomethacin - 100 mg, piroxicam - 15 mg,
diclofenac - 100 mg, meloxicam — 10 mg, nimesulide -
150 mg, celecoxib — 300 mg. One day on which the average
therapeutic dose of NSAIDs was taken was considered as
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one point. The previous year’s NSAID index, determined
retrospectively, was compared to the current year’s NSAID
index, determined prospectively.

An enzyme-linked immunosorbent assay was used
to determine the level of faecal a-elastase using standard
branded kits. To assess the severity of primary osteoarthri-
tis in the studied patients, the Lequesne algo-functional
index was used [13]. This index is a self-reported ques-
tionnaire that includes questions divided into three main
categories: pain or discomfort, the maximum distance for
walking and performing daily activities.

The Shapiro-Wilk test was used to test whether the
data distribution conforms to the normal distribution law.
The mean value and standard error (M = m) were used to
describe the data. To test statistical significance, a signif-
icance level (p) of less than 0.05 was used. To assess dif-
ferences between the means of three or more independent
samples with a normal distribution, a one-way ANOVA was
used, followed by a Tukey’s post hoc HSD (Honestly Signif-
icant Difference) test to identify statistical differences. In
cases where the distribution of samples differed from the
normal distribution, the Kruskal-Wallis H-test One-Way
Analysis of Variance and Dunn’s criterion were used, fol-
lowed by the Holm method.

The study was an open-label retrospective cohort
comparative controlled dynamic case-control clinical trial.
All studies were carried out in compliance with the main
provisions of the Council of Europe Convention on Human
Rights and Biomedicine, performed following the World
Medical Association Code of Ethics (Declaration of Helsin-
ki) of the World Medical Association on the Ethical Prin-
ciples for Research Involving Human Subjects (as amend-
ed) [14], Order of the Ministry of Health of Ukraine No. 690
of 23.09.2009. All patients gave informed consent to partic-
ipate in the study. The study was approved by the decision
of the Bioethics Commission of the I. Horbachevsky Terno-
pil National Medical University of the Ministry of Health of
Ukraine No. 75 of 1 November 2023.

RESULTS

The characteristics of the course of primary osteoarthritis
among the study groups were analysed. The assessment
of the duration of primary osteoarthritis and the number
of affected joints in different groups did not reveal a sta-
tistically significant difference between these parameters
(p>0.05), which confirms the homogeneity and compara-
bility of the groups in terms of these characteristics.

However, the analysis of the radiological stages of
primary osteoarthritis revealed a statistically significant
difference between the study groups (p<0.05). The study
determined that the first group of patients with isolated
primary osteoarthritis had the lowest radiological stage
compared to other groups with comorbidity of primary os-
teoarthritis and diseases accompanied by exocrine pancre-
atic insufficiency (p<0.05).

This indicates the influence of comorbidities on the
course of primary OA. The radiological stage of primary OA
in the fifth group was 16.00% higher than in the second
group, 11.94% higher than in the third group, 14.20% high-
er than in the fourth group, and 16.56% higher than in the
first group. During the post hoc analysis of the radiological
stage of primary OA in the study groups, the impact rating

of comorbidity was determined and prioritised: T2DM > CP
>HBD > GDD (p<0.05) (Fig. 1).

Group 5 F=—2.61
Group 4 E1.76
Group 3 =—2.01
Group 2 E—2.25
Group 1 F-1.51

0 0.5 1 1.5 2 2.5 3

Figure 1. Radiological stage
of OA in patients of the study groups
Source: compiled by the authors

The analysis of FJF in patients with primary OA re-
vealed a statistically significant difference between these
parameters in patients in different study groups (p<0.05),
establishing that the lowest level of FJF was statistically
significantly observed in patients of the first group who
did not have concomitant pathology. This indicates a sig-
nificant impact of comorbidities accompanied by exocrine
pancreatic disease (EXPEI) on functional joint disability
in patients with primary OA. The study also analysed the
percentage difference between the groups of patients with
comorbidity compared to the group with isolated primary
OA in terms of FJF. FJF in patients of the fifth group was
22.37% higher compared to the second group, 24.59% high-
er compared to the third group, 24.49% higher compared
to the fourth group, and 27.27% higher compared to the
first group. The post hoc analysis showed that comorbidi-
ties accompanied by exPEI in primary OA had the following
impact rating: T2DM > CP > HBD > GDD (p<0.05) (Fig. 2).

Group 5 F=—1.86
Group 4 F-10.98
Group 3 F-1.22
Group 2 E—1.52
Group 1 F0.77
0 0.5 1 1.5 2 2.5

Figure 2. FJF in patients of the study groups
Source: compiled by the authors

In an analysis of the NSAID index, the study deter-
mined that in all study groups, this indicator was statis-
tically significantly higher compared to the control group
(p<0.001). In addition, the lowest statistically significant
level of the NSAID index was observed in patients in the
first group with isolated primary osteoarthritis compared
with those with comorbidity, indicating a significant im-
pact of comorbidity on the frequency of NSAID use. There
was no statistically significant difference in the level of the
NSAID index between the third and fourth groups (p>0.05).
The percentage difference between the groups of patients
with comorbidity and the group with isolated primary OA
according to the NSAID index was also analysed.

It was also found that the NSAID index in the fifth
group was 15.25% higher than in the second group, in the
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second group it was 11.31% higher than in the third group,
in the third group it was 2.35% higher than in the fourth
group, and in the fourth group it was 12.94% higher than
in the first group. As a result of the post hoc analysis, the
rating of the impact of comorbid pathology accompanied
by exocrine pancreatic insufficiency on the NSAID index
was determined, addressing the priority: T2DM > CP > HBD
>GDD (p<0.05) (Fig. 3).

55)
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Figure 3. Confidence intervals of the NSAID index
in the study groups of patients with primary OA
Source: compiled by the authors

The analysis of pancreatic exocrine insufficiency (ex-
PEI) indices in groups of patients with primary osteoar-
thritis in the presence of comorbidities was performed.
The study determined that the level of faecal a-elastase
statistically significantly decreased in all study groups
(p<0.001), indicating the presence of exocrine pancreatic
insufficiency in all patients with primary osteoarthritis.
A statistically significant decrease in faecal a-elastase
levels was also found in the first group of patients with
primary osteoarthritis without concomitant pathology
compared to the control group. This decrease was con-
sistent with a mild degree of exocrine pancreatic insuf-
ficiency, which can occur as a result of long-term use of
medications for the treatment of osteoarthritis, such as
NSAIDs, glucocorticoids, chondroprotectors and chon-
drostimulants. (Fig. 4).
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Figure 4. Confidence intervals
of faecal a-elastase in patients of the study groups
Source: compiled by the authors

In the groups of patients with primary osteoarthritis in
comorbidity with diseases accompanied by exocrine pan-
creatic insufficiency, a statistically significant difference
between the levels of faecal a-elastase was found (p<0.05).
The level of faecal a-elastase was 5.47% lower in the sec-
ond group compared to the fifth group, 4.35% lower in the
fifth group compared to the third group, 9.63% lower in the
third group compared to the fourth group, and 12.82% low-
er in the fourth group compared to the first group. The rat-
ing of the influence of pathology accompanied by exocrine
pancreatic insufficiency on the level of faecal a-elastase in
patients with osteoarthritis was determined: CP > T2DM >
HBD > GDD (p<0.05).

The results of the analysis of the Lequesne index
showed a statistically significant increase in this indi-
cator in all study groups compared to the control group
(p<0.001). There was also a statistically significant differ-
ence in the level of this indicator between the different
study groups (p<0.05). The lowest statistically significant
level of the Lequesne index was observed in patients of the
first group with isolated primary osteoarthritis compared
with those with comorbidity (p<0.05), which confirms the
effect of concomitant pathology accompanied by exocrine
pancreatic insufficiency on the course of primary osteoar-
thritis according to the Lequesne index (Fig. 5).

Group 5 F+—8.18
Group 4 = 6.48
Group 3 =715
Group 2 E=—7.75
Group 1 -5.49

0 2 4 6 8 10

Figure 5. Lequesne index in patients of the study groups
Source: compiled by the authors

The percentage difference between the groups of pa-
tients with comorbidity and the group with isolated prima-
ry osteoarthritis according to the Lequesne index was an-
alysed (Fig. 3). The individual index in Group 5 was 5.55%
higher than in Group 2, 8.39% higher than in Group 2,
10.34% higher than in Group 3, and 18.03% higher than
in Group 4. An additional post hoc analysis revealed the
following rating of the impact of comorbid pathology ac-
companied by exocrine pancreatic insufficiency on the
course of primary osteoarthritis according to the Lequesne
index, which was determined by priority: T2DM > CP > HBD
> GDD (p<0.05). Thus, the comorbidity of OA and diseas-
es accompanied by exocrine pancreatic insufficiency has a
mutually burdensome effect on the course of both OA and
gastroenterological diseases, which should be addressed in
the management of such patients and the selection of safe
drugs for the treatment of the study patients.

DISCUSSION
In the context of comparative studies, scientists investi-
gated the comorbidity of osteoarthritis and other diseases
on the course and progression of diseases in the context of
comorbidity in terms of OA stage, FJF, Lequesne index and
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ExPEI in patients with the studied comorbidities. S. Swain et
al. [15], L.K. King et al. [16] point out that comorbidity in
patients with OA is indeed a serious problem, and the iden-
tification of the main groups of comorbidities may contrib-
ute to a better understanding and management of these
conditions. The main groups are those that have prognos-
tic significance, as they represent groups of diseases that
can interact with each other and affect the course of OA
and the treatment of this disease. The first group, related
to cardiovascular and cerebrovascular diseases, can be par-
ticularly dangerous for patients with OA, as it includes con-
ditions that can worsen osteoarthritis and increase the risk
of complications. NSAIDs, which are widely used to treat
OA, may be limited in their use in this group of patients,
which raises questions about the choice of optimal thera-
py. The second group, related to digestive system disorders,
can also have a significant impact on OA, as gastrointes-
tinal problems cause additional restrictions on the use of
medications and therapies. The third group, which includes
metabolic disorders such as obesity and diabetes mellitus,
is also important because these conditions can worsen the
chronic course of OA and increase the risk of complications.
The data obtained are consistent with the literature, which
indicates the progression of osteoarthritis in patients with
comorbid and polymorbid conditions in terms of OA stage,
FJD, Lequesne and ExPEI index, as well as the NSAID index.

L.K. King [16], and L.K. King et al. [17] found that OA
may have different common risk factors for different diseas-
es. Most authors point out that the presence of comorbidity
can be explained by advanced age, a risk factor for the de-
velopment of OA and other diseases [15, 17].1t has also been
studied that comorbid gastroenterological diseases contrib-
ute to the progression of the radiological stage of OA, FJF,
and the Lequesne index stage of OA. The association of OA
with gastrointestinal diseases is usually explained by the
long-term use of analgesics, especially NSAIDs. An analy-
sis of the literature revealed many studies that highlighted
the association of OA with gastrointestinal diseases, and
this comorbidity is usually explained by the long-term use
of analgesics, especially NSAIDs. Studies have revealed un-
even reporting of symptomatic gastrointestinal disorders,
which requires proper diagnosis and reporting in patients
with OA and their impact on OA stage, FJF, Lequesne index
and ExXPEI, and especially on changes in the NSAID index.
L.K. King et al. [17] found that concomitant hyperten-
sion, gastrointestinal disease, depressed mood, and more
problematic joint pain sites were associated with higher
opioid use in Canadian patients with knee osteoarthritis.

Comorbidities that occur along with OA pose addi-
tional challenges and, according to many experts, often
complicate the process of choosing a treatment. The risk of
therapy failure increases if the patient has diabetes melli-
tus, arterial hypertension, chronic digestive tract diseases,
depression or obesity, as well as a history of gastrointesti-
nal bleeding, myocardial infarction or renal failure [18, 20,
21]. These diseases pose a risk of complications when using
NSAIDs [21]. The results of this study are consistent with
the literature, with the NSAID index. However, the develop-
ment and progression of exocrine pancreatic insufficiency
in OA is an issue that has not been sufficiently investigated
and requires further research.

L.E. Diamond et al. [18], and A. Mobasheri et al. [19]
studied the common pathogenic links between OA and co-
morbidities, which can be useful for improving the treat-
ment of patients with comorbidity of several chronic con-
ditions. This is a promising approach, as it demonstrates
the general mechanisms of development and the impact
of different diseases on each other. This integrated ap-
proach can lead to the development of more effective and
individually tailored treatment plans for patients with co-
morbidity. Such research is also economically feasible, as
improved treatment efficacy can reduce the cost of medi-
cal care and provide a more sustainable and less complex
approach to managing chronic conditions in patients [20,
21]. The results of the study also indicate the need for spe-
cial attention to patients with OA in comorbidity with dis-
eases accompanied by exPEI, especially when prescribing
therapeutic drugs.

A.L.Arruda et al. [22] investigated the common genetic
determination between the development of osteoarthritis,
type 2 diabetes mellitus and obesity and found a genetical-
ly mediated relationship between the increased likelihood
of development and progression of all diseases in the set-
ting of such comorbidity. The study of genetic determina-
tion of the development of comorbidities in OA is a prom-
ising area and is tangentially consistent with the results of
our studies, as the influence of comorbid pathology on the
stage of OA, FJF, Lequesne index and EXPEI was revealed.

The fact that the number and severity of comorbidi-
ties increase with age emphasises the need for more rap-
id and careful monitoring of patient’s health in older age
groups. In the presence of several chronic conditions, the
risk of complications increases, the quality-of-life decreas-
es, and the prognosis of the disease worsens. Interdiscipli-
nary cooperation between doctors of different specialities
is also important to ensure optimal treatment and prevent
complications [19, 22]. The study of common pathogenic
links between OA and comorbidities can be very useful for
improving the treatment of patients with comorbidity of
several chronic conditions. This is a promising approach, as
it demonstrates the general mechanisms of development
and the impact of different diseases on each other. This
integrated approach can lead to the development of more
effective and individually tailored treatment plans for pa-
tients with comorbidity. Such research is also economical-
ly feasible, as improved treatment efficacy can reduce the
cost of medical care and provide a more sustainable and
less complex approach to managing chronic conditions in
patients. There are currently insufficient studies on the
development and progression of exPEI under the influence
of pain treatment in patients with OA and comorbidities
accompanied by exPEI. This problem requires further study
to better understand the relationship between the treat-
ment of pain syndrome, OA, and the development and pro-
gression of exPEI in these patients.

CONCLUSIONS
The study determined that patients with isolated pri-
mary osteoarthritis had a statistically significant milder
course of the disease in terms of such parameters as ra-
diological stage of OA, FJF, Lequesne index and NSAID
index compared with patients with comorbidity (p<0.05).
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This indicates a significant impact of concomitant pa-
thology accompanied by exocrine pancreatic insuffi-
ciency on the development of primary osteoarthritis in
comorbidity. Additional analysis revealed a rating of the
impact of comorbid pathology accompanied by exocrine
pancreatic insufficiency on the clinical course of prima-
ry osteoarthritis according to the radiological stage of
OA, FJF, Lequesne index and NSAID index, which was de-
termined by priority: type 2 diabetes mellitus > chronic
pancreatitis > hepatobiliary diseases > gastro-duodenal
diseases (p<0.05). In addition, in the group of patients
with isolated primary osteoarthritis, a mild degree of
pancreatic exocrine insufficiency was detected by fae-
cal a-elastase, which may be a consequence of the long-
term treatment of OA with NSAIDs, glucocorticosteroids,
chondroprotective and other drugs that have potentially
toxic effects on the digestive tract and contribute to the
development of gastroenterological diseases, including
conditions accompanied by exocrine pancreatic insuffi-

ciency. The rating of the impact of pathology accompa-
nied by exocrine pancreatic insufficiency on the course
of primary osteoarthritis by the level of faecal a-elastase
was established, which was as follows: chronic pancrea-
titis < type 2 diabetes mellitus < hepatobiliary diseases
< gastro-duodenal diseases (p<0.05). The results of this
study can be implemented in the clinical practice of doc-
tors of various specialities to consider the peculiarities
of osteoarthritis in comorbidity with diseases accompa-
nied by functional pancreatic insufficiency. Further re-
search should examine the genetic determination of co-
morbidities in OA and propose a comprehensive therapy
for the studied comorbidity.
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AHoTauif. B3aeMO03B'I30K MiK XPOHIUHMMM 3aXBOPIOBAHHSIMM Ta OCTE0APTPO30OM € 3BUUHMM SIBMIIEM, OCOOIMBO
cepen Jsofeit moxwioro Biky. IlallieHTM 3 0CTE0apTPO30M MOTPeGYIOTh KOMIUIEKCHOTO MiJXOZy, IIO BKIIIOUAE
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mepebir 3aXBOPIOBAHHS 3@ PiSHUMU MOKA3HUKAMU, TAKMMU SIK PEHTTEHOJIOTiUHA CTa/isl 0CTeoapTpo3y, GYHKIIIOHATbHOI
HeZ0CTAaTHOCTI CYII06iB, iHaeKkc JIekeHa, iHAeKC HeCTepOigHMX MPOTU3aNIbHIX ITPerapaTiB, MOPiBHIHO 3 TOKa3HUKaAMMU
y Irpymax 3 iHIMMM CYITyTHiMU 3axBoproBaHHSIMU (p<0,05). Lle migTBepapKye 3HAUHU BIUIUB JOCTiIKYBAHOI CyTyTHBO1
MaTosoTii Ha mepebir mMepBUHHOTO 0CTeoapTpo3y. T yac mpoBegeHHs TOCTXOK-aHasi3y 6y/i0 BU3HAU€HO PaH)KyBaHHS
BIUIMBY KOMOpPOiJHMX 3aXBOPIOBAHb, IIO CYMPOBOIKYIOTHCSI €K30KPMHHOI0 HeNOCTAaTHICTIO MiAIITyHKOBOI 3a/i03H,
Ha KJIiHiYHMIT Tepe6ir MmepBUHHOTO OCTEOapTPO3y 3a Pi3HMMM MOKA3HMKAMM, TAKMMM SIK PEHTIeHOJIOTiuHa CTafis
ocTeoapTpo3sy, GyHKIIOHaJbHA HEJOCTATHICTb CYMIO6iB, iHAeKc JIekeHa, Ta iHAEKC HeCTepoimgHMX MPOTU3ATATbHUX
npenapariB. Pe3ysbTaTy paHKyBaHHS : IlyKPOBUIi iabeT 2-ro TUITY > XpOHIUHMIT TAaHKPeaTuT > rernato-6iiapHi XBopoou
> racTpo-AyofeHanbHi XxBopobu (p<0,05). BusiByieHo, 1110 B IPYIIi MalieHTiB 3 i30/IbOBAHUM MIEPBMHHUM OCTE0aPTPO30M
Oysia HasiBHA JierKa €K30KPMHHA HEeIOCTAaTHICTh MiAIIITYHKOBOI 3a/1031 3@ MTOKAa3HMKOM (heKalbHOI a-emacTasu. Takox
6y/I0 BCTAHOBJIEHO PAHKYBaHHSI BILTMBY MATOJIOTIIA, 1[0 CYITPOBOIKYIOTHCS €K30KPMHHOI HEJOCTATHICTIO MiIITYHKOBOT
3aJ1031, Ha Tepe6ir IepBMHHOTO 0CTe0apTPO3y 3a piBHEM (GeKalbHOI a-elacTa3y: XPOHIUHMIT TTaKpPeaTUT > IYKPOBUIi
nmiaber 2-To TUIy > rernarto-6isiapHi XBOpoOu > racTpo-ayoaeHanbHi XxBopobu (p<0,05). PesyabTaTit po6OTH MOXYTb
OyTM BUKOPMCTaHI Y KIiHIUHIl TpaKTulli JikapiB pisHUX CIeliaJbHOCTe: Jikapi 3araJbHOi MPaKTUKU, pEBMAaTOJIOTH,
racTOeHTEePOIOTU

KniouoBi cnoBa: cymio6oBuii cMHAPOM; (DyHKIIIOHAJIbHA HELOCTATHICTh IMiJIUTYHKOBOI 3aJI031; TaCTPOEHTEPOIOTiuHI
3aXBOPIOBAHHS; LIyKPOBUIi AiabeT 2-T0 TUITY
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Abstract. The purpose of this study was to identify a set of prognostic factors for the progression of gastro-oesophageal
reflux disease for use in the development of a mathematical model for predicting this disease based on the results
of oesophagogastroduodenoscopy. The study identified a range of prognostic factors for gastro-oesophageal reflux
disease and a statistical method was employed to determine the level of their correlation with the development of the
disease. The study found a link between certain clinical indicators and the occurrence of gastro-oesophageal reflux
disease, which led to the formation of a set of prognostic factors for the progression of gastro-oesophageal reflux
disease, including heartburn, frequent belching, regurgitation, damage to the mucous membrane of the oesophagus,
stomach, duodenum, the presence of chronic gastroduodenitis, gastrointestinal dysfunction, bile reflux. In creating
the mathematical prediction model, the logistic regression method was used to identify the correlation between the
patient’s clinical indicators and the occurrence of reflux disease and to determine the probability of its progression. To
bring the clinical information in line with the statistical formula, it was assigned the values of independent variables,
and the presence or absence of a particular indicator was coded using the binary number system. To test the developed
model, recommendations were given to assess the statistical significance of the independent variables to determine
its adequacy and to determine the predictive ability by testing on an independent sample of patients. The developed
prognostic model is of great practical significance for patients, the healthcare industry, and the further development
of the field, as it enables prompt detection of diseases and suitable prevention and treatment measures, increases the
diagnostic potential of the industry, optimises the allocation of medical resources, and leverages machine learning and
artificial intelligence capabilities based on the existing model

Keywords: heartburn; regurgitation; oesophageal mucosa; gastrointestinal tract; bile; logistic regression

INTRODUCTION

The need to develop a reliable model for predicting the
development of gastro-oesophageal reflux disease arose
due to problems associated with the late detection of the
disease and, as a result, the complexity of its treatment.
Gastro-oesophageal reflux disease (GORD) is an acute or
chronic inflammation of the oesophagus (oesophagitis)

Suggested Citation:

that develops as a result of the backflow of stomach con-
tents into the oesophagus (reflux). The disease is accompa-
nied by a range of symptoms, including heartburn, belching,
heaviness and/or pain in the oesophagus when swallowing
food or saliva, hiccups, a lump in the throat, and vomit-
ing. Depending on the stage of GORD, its clinical signs
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change - from erosive changes in certain areas of the oe-
sophagus at the first stage to the formation of ulcers, stric-
ture, stenosis, and metaplasia of the oesophageal mucosa
(degeneration of its epithelial cells) at the fourth stage.
Apart from having a considerable impact on the quality of
life (reduced ability to work, changes in the usual regime,
and dietary restrictions), the progression of GORD can be a
factor in many complications, the most serious of which is
the development of a malignant tumour of the oesophagus.

Currently, there are several major problems associat-
ed with the prediction of GORD. Thus, the high variability
of its symptoms and the lack of reliable clinical markers
considerably complicate the prognostic process and affect
its accuracy. T. Reva et al. [1], K.M. Chue et al. [2], S. Shi-
nozaki et al. [3] investigated this issue. In these studies,
the researchers found the dependence of GORD variants
and concomitant lesions on the level of reflux acidity, es-
tablished the usefulness of the Hill classification for pre-
dicting the development of this disease after laparoscopic
sleeve gastrectomy, and assessed the significance of such
prognostic factors as smoking, functional dyspepsia, hi-
atal hernia, and severe gastric atrophy. The effect of dif-
ferent types of bile on the risk of oesophageal mucosal
damage can be considered a prognostic factor for the
progression of GORD, but focusing on only one parame-
ter, without considering other clinical characteristics of
the patient, can lead to a decrease in the accuracy of the
prognosis. The Hill classification of the gastro-oesopha-
geal junction has shown a close relationship with the de-
velopment of postoperative GORD, but it is not advisable
to use it as a universal indicator for predicting the disease
in other clinical situations. The same statement applies to
smoking, functional dyspepsia, hiatal hernia, and severe
gastric atrophy, as these risk factors have been considered
in the context of predicting the progression of GORD after
successful eradication of Helicobacter pylori, while their
significance for other clinical cases has not been fully es-
tablished. E.M. Wessels et al. [4] determined the risk of
developing GORD after oral endoscopic myotomy. Thus,
oral endoscopic myotomy as a risk factor for GORD can be
considered as a prognostic factor for the progression of the
disease, but only for the group of patients who are indicat-
ed for the treatment of achalasia.

When studying ways to predict the development of
GORD, certain questions arise about the methods of clin-
ical trials of patients. D. Armstrong et al. [5], S.P. Lee et
al. [6] investigated these issues. In the study, the research-
ers used a survey to identify the differences between cli-
nicians in their approach to initial investigations to de-
tect and predict the progression of GORD - some doctors
favoured the use of upper endoscopy, while others pre-
ferred oesophageal manometry and pH monitoring; the
researchers also noted differences in the interpretation of
endoscopic images of the gastro-oesophageal junction be-
tween observers with different levels of experience (expert
endoscopists and trainees). S. Myasoyedov & S. Andreiesh-
chev [7], B. Shevchenko et al. [8] analysed the effectiveness
of morphofunctional oesophagological monitoring and
endoscopic ultrasound examination. The obtained results
demonstrate the effectiveness of imaging methods due
to their high information content and variability accord-
ing to the individual clinical picture of the patient, but the

possibility of error in the interpretation of the results due to
the subjective perception of the observer is still a problem.

The analysis of the studies revealed the lack of univer-
sal reliable prognostic factors and a single research method
for the prognosis of GORD, and therefore the purpose of
this study was to establish clinical indicators that can be
used in combination as prognostic factors for the devel-
opment of this disease. The main objectives of this study
were to develop a mathematical model for predicting the
development of GORD based on the identified prognostic
indicators obtained by oesophagogastroduodenoscopy and
to establish reliable methods for validating this model.

MATERIALS AND METHODS

The creation of a mathematical model for predicting the
progression of GORD was based on the use of clinical in-
dicators that characterise the state of the gastrointestinal
tract and have prognostic significance for the development
of the disease, and the development of the most accurate
method for identifying statistically significant correlations
between these indicators and GORD.

The prognostically significant clinical indicators were
identified by analysing the literature on the relevant topics,
including the findings of theoretical and clinical studies on
the prognosis, diagnostics, and treatment of GORD; the in-
vestigation of the profile of informativeness and reliability
of oesophagogastroduodenoscopy as a method for collect-
ing information on the clinical characteristics of the gas-
trointestinal tract of patients with GORD was based on the
analysis of the technical characteristics of this method and
the review of literature sources, including materials from
clinical trials using it. The studies were searched for in Pu-
bMed, Web of Science, Google Scholar,and Scopus databases.

After clarifying the prognostically significant clinical
indicators and determining the method of their obtaining, a
mathematical model was developed to predict the progres-
sion of GORD. The first stage in building the model involved
collecting clinical information from the patient, while the
second involved statistical processing of the collected data.
The patient’s clinical information included a history and
complaints to determine the presence of characteristic
symptoms of GORD. Statistical processing was used to iden-
tify the correlation between the patient’s clinical parame-
ters and the development of reflux disease. The statistical
method was chosen based on its ability to accommodate
all identified clinical indicators, convert them into digital
codes while maintaining clinical significance, and calculate
the level of probability of disease occurrence or non-occur-
rence with maximum accuracy. Subsequently, the collect-
ed clinical information was coded for further analysis. The
type of coding was chosen based on the statistical method
chosen - logistic regression, regression analysis. In case
of the logistic regression method, the dependent variable
was reflux disease, while the independent variables were
clinical data from the survey and endoscopic examination.

Assignment of parameters to clinical data and their
coding according to the binary numbering system was as
follows: GORD (p) — according to the results of the calcula-
tions, it would acquire one of two values: 0 - the disease is
absent, 1 — the disease is present; the presence of risk fac-
tors for the progression of GORD (x,,...,x ) — 0 — absent, 1 -
present. Considering these parameters, the development of
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a mathematical model for predicting the development of
GORD was based on the following formula:

In (1%’) = Bo + Brxs + Baxp + o+ By, @

where p - the probability of the emergence of GORD; x,,
..., X _— defined risk factors for the development of GORD;
B, — a constant indicating the log odds of the development
of reflux disease when all independent variables are equal
to zero; 5§, — coefficients reflecting the change in the log
odds of developing reflux disease when the corresponding
independent variable (x,,..., x,) changes by one, if, condi-
tionally, all other indicators stay unchanged.

To determine the statistical adequacy of the developed
mathematical model, the following indicators were con-
sidered: coefficient of determination (R-square), Akaike’s
information criterion (AIC), Bayesian information criterion
(BIC), t-test, and Wald test. To determine the effectiveness
of this model, the study employed validation methods —
checking an independent sample of patients divided into
a training and a test group, and cross-validation, which
helped to determine the parameters of accuracy, sensitivi-
ty, specificity of the created model, and calculate the error
of the developed model using ROC analysis.

The practical significance of this study was determined
by analysing aspects of the clinical relevance of the devel-
oped model. These aspects included value for the patient,
value for the healthcare industry, and value for the further
development of the field.

RESULTS

The development of a mathematical model for predicting
the progression of GORD was based on the relationship
between real clinical data obtained during the interview
and examination of the patients’ gastrointestinal tract
and the presence of GORD. Notably, it is crucial to define
a set of indicators to create a model, as this will enable a
more accurate prediction of the probability of the disease
occurring and help to avoid false results. Therefore, when
considering the degree of prognosticity of clinical data, it
is necessary to determine the type of their connection with
GORD (direct or indirect), to determine the specificity and
to pay attention to other aspects that may affect the error
in determining the prognosis.

The classic symptoms of GORD - heartburn, frequent
belching, and regurgitation — are detected during the col-
lection of complaints and anamnesis (heartburn, frequent
belching) and endoscopic examination (regurgitation).
Heartburn is directly related to the progression of GORD,
as it can lead to an increase in acid production in the stom-
ach and provoke inflammation of the mucous membrane,
which will weaken the contraction of the muscles around
the oesophagus, causing the opening of the floodgate
through which the acidic contents of the stomach will re-
turn up into the oesophagus [9]. Regurgitation is the result
of upper reflux, i.e., in the context of GORD, it is not the
cause of its development, but a consequence [10]. Heart-
burn and regurgitation as indicators of GORD are highly
sensitive, but not specific due to their association with
other gastrointestinal problems: ulcerative colitis, intes-
tinal dysfunction. Despite the high sensitivity of these
symptoms, some patients with a confirmed diagnosis of

GORD who complain of chest pain do not have symptoms
of heartburn or regurgitation.

Apart from visual examination of the oesophageal
mucosa, the examination of the stomach and duodenum is
informative. Damage to the oesophageal mucosa (erosion,
ulceration) is a direct consequence of GORD and, at the
same time, endoscopic signs of this disease [11]. Damage
to the gastric mucosa affects the development of GORD in
several ways: by increasing the production of gastric acid;
by changes in gastric motility; by the development of ulcers
or gastritis, which disrupt its protective barrier, reducing
its effectiveness in preventing acid reflux into the oesoph-
agus [12]. There are several mechanisms of influence of
duodenal mucosa lesions on the development of GORD.
The first one is triggered by inflammation, which can lead
to relaxation of the lower oesophageal sphincter, causing
acid from the stomach to enter the oesophagus (Fig. 1),
while the second one is caused by changes in the balance
of stomach acids, which can affect the motor activity of the
stomach and disrupt the normal digestive process [13].

o\ 7
Pl @vv ’\ "y

a) b)

Figure 1. The mechanism of reflux during relaxation
of the lower oesophageal sphincter
Notes: a) — sphincter is closed (normal); b) — sphincter is
relaxed
Source: [14]

Thus, damage to the mucous membrane of the stomach
and duodenum can be considered as a factor in the progres-
sion or exacerbation of GORD. Notably, gastroduodenitis,
as an inflammatory process in the wall of the stomach and
duodenum, can trigger several of the above mechanisms of
gastric reflux, and its chronic form considerably increases
the risk of developing GORD due to the prolonged irritating
effect of bile on the oesophageal mucosa. Damage to the
oesophageal mucosa is a more specific prognostic indicator
of GORD than damage to the stomach and duodenum, but
considering the presence of other factors that can lead to
ulceration or erosion (e.g., thermal or chemical burns), the
level of specificity cannot be considered sufficient to use it
as the sole indicator of the probability of GORD progression.

Disorders of the gastrointestinal tract functioning are
not specific to the progression of GORD, but in combina-
tion with the other clinical indicators mentioned above,
they can more clearly predict the probability of progres-
sion or severity of this disease. Dysfunctions of the diges-
tive system have several ways of influencing the progres-
sion of GORD. Gastritis and peptic ulcer disease can cause
an increase in stomach acid production, which leads to
its entry into the oesophagus [15]. Oesophageal sphinc-
ter dysfunction or achalasia causes a decrease in the tone
of the sphincter, which is responsible for acid retention
in the stomach [16]. Impaired peristalsis can lead to food
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retention in the stomach, thus contributing to the devel-
opment of GORD [17]. The direct impact of bile reflux on
the progression of GORD is associated with the action of
aggressive bile components that cause irritation and, with
prolonged contact, inflammation of the oesophageal mu-
cosa. The indirect effect is exerted through the release of
bile into the stomach, which provokes an increase in the
acidity of the gastric contents and damage to the barri-
er function of the lower oesophageal sphincter [18]. The
presence of bile reflux may indicate certain problems of
the gastrointestinal tract, and therefore, despite the low
specificity of this indicator for the progression of GORD,
its use as a prognostic factor is important, especially in
combination with other clinical characteristics.

The effect of each type of bile on the development of
GORD is related to its composition. Although the main
components are bile acids, additional substances necessary
for the normal digestive process may be included at differ-
ent stages of the pathway. The principal components of bile
produced by the liver are water, bile acids, proteins, fats,
and electrolytes. When entering the biliary tract, mucus
is added to these components, which provides additional
binding of bile acids and protects the mucous membranes
from erosion. In the gallbladder, bile is stored, concentrat-
ed, and fat-soluble substances are added to its composi-
tion for effective fat digestion [19]. Thus, when bile reflux
occurs, the most aggressive irritation to the oesophageal
mucosa is caused by bile that enters it from the gallblad-
der. Therefore, it can be assumed that in case of bile reflux,
this type of bile is an additional indicator of GORD. Thus,
to create a model for predicting the progression of GORD,
indicators were selected that, in combination, allow the
most accurate prediction of the probability of the disease.
These indicators include heartburn, frequent belching, re-
gurgitation, damage to the mucous membrane of the oe-
sophagus, stomach, duodenum, chronic gastroduodenitis,
gastrointestinal tract dysfunction, bile reflux (especially if
bile enters the oesophagus from the gallbladder).

An important aspect that determines the reliabili-
ty of a prognostic model is the choice of informative and
accurate methods of patient examination. Apart from the
symptom of heartburn, which is determined by the results
of collecting complaints and patient history, other indica-
tors of GORD progression are detected using instrumental
imaging methods. The method of oesophagogastroduo-
denoscopy has shown high efficiency in the diagnosis of
lesions of the mucous membranes of the gastrointestinal
tract, which allows detecting endoscopic signs of GORD,
including the type of damage (erosion, ulcer) and its vol-
ume. The informative and reliable nature of this method
is ensured by a wide scope of its technical capabilities: the
flexible design of the endoscopic tube allows the specialist
to easily manipulate it during the passage through the in-
ternal organs; The optical system provides access to a clear
image of the throat, oesophagus, stomach, and duodenum,
which is displayed on the doctor’s screen; the presence of
channels for instruments allows for biopsies or other ma-
nipulations during the examination; the air supply function
is used when it is necessary to expand the organs to facili-
tate the examination; thanks to the built-in video camera,
images of the cavities of the examined organs in the for-
mat of photo or video materials can be saved for further

analysis of the examination data [20, 21]. When analysing
clinical trials on the factors of development, diagnosis, and
treatment of GORD, it was found that oesophagogastro-
duodenoscopy was used in many of them as a method of
detecting the key endoscopic signs of the disease [22-24].
An additional advantage of this method is to resolve the
issue of the possibility of misinterpretation of the results
of the endoscopic examination by the observer, depending
on their experience or other subjective factors, which is the
possibility of video recording the results of the procedure
and their repeated analysis with the involvement of several
specialists.

When creating a mathematical model for predicting
the progression of GORD, the principle of logistic relation-
ships between the patient’s clinical parameters and the
probability of the disease occurrence was used. The accu-
racy and validity of this model is achieved through statisti-
cal analysis methods to process real clinical data collected
from the survey and video oesophagogastroduodenoscopy.
This approach makes it possible to identify and consider
clinical characteristics and pathological changes in the di-
gestive tract that are essential for predicting the progres-
sion of GORD. The model for predicting the progression of
GORD is based on obtaining clinical information from the
patient, including the collection of complaints and patient
history, which aims to establish the presence of the char-
acteristic symptoms of GORD - heartburn and frequent
belching, and endoscopic examination results to identify
lesions of the mucous membrane of the oesophagus, stom-
ach, duodenum (erosion, ulcers), and to determine the
presence of sphincter dysfunction (regurgitation), and sta-
tistical processing of the data obtained.

To improve the understanding of the principle of de-
veloping a mathematical model for predicting GORD, it is
worth considering an example using the logistic regression
method, as its principle allows determining the correlation
between the patient’s clinical parameters and the devel-
opment of this disease. In this case, according to Equation
1, the clinical data of the survey and endoscopic examina-
tion will acquire the values of independent variables x,-x,,
while their coding according to the binary counting system
will have the following form: the presence of heartburn
complaints, frequent belching (x,, x,) - 0 — complaints ab-
sent, 1 — complaints present; lesions of the mucous mem-
brane of the oesophagus, stomach, duodenum (x,, x,, x,) -
0 - lesions absent, 1 — lesions present; sphincter disorders
(regurgitation) (x,) — 0 - disorders absent, 1 - disorders
present; chronic gastroduodenitis (x,) - 0 — disease absent,
1 - disease present; gastrointestinal tract disorders (x,) -
0 - disorders absent, 1 - disorders present; bile reflux (x,) -
0 - disorders absent, 1 — disorders present. Converting the
Equation (1) in such a way as to calculate the probability of
occurrence of the disease under study (p), the mathemati-
cal model for predicting the progression of GORD based on
logistic regression will be as follows (2):

1
p= 1+e~(Bo+B1x1+B2X2++Box9)’

@)

where p - the probability of GORD emergence; x, — the
presence of heartburn complaints; x, - the presence of fre-
quent belching complaints; x, — the presence of damage to
the oesophageal mucosa; x, — the presence of damage to
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the stomach mucosa; x, - the indicator of damage to the
oesophageal mucosa; x, — the indicator of sphincter dys-
function (regurgitation); x, — the indicator of chronic gas-
troduodenitis; x, — the indicator of gastrointestinal tract
dysfunction; x, - the indicator of bile reflux; , — a constant
indicating the log odds of developing reflux disease when
all independent variables are zero; j,-f, — coefficients re-
flecting the change in log odds of developing reflux disease
when the corresponding independent variable changes
(x,-x,) per unit, if, conditionally, all other indicators stay
unchanged; e — the Euler number, approximately equal to
2.71828.

In this case, the graphical representation of the results
of assessing the probability of GORD progression using
the proposed mathematical model will be represented by a
logistic curve (Fig. 2).

p

Figure 2. Graphical representation of the probability of
GORD progression represented by a logistic curve
Notes: p is the probability of an event occurring
(progression of GORD); c is the point after which the p
function increases most rapidly (the probability of the
disease progression increases); t is time (the study period)

Source: [25]

An increase in the value of the dependent variable
means that an increase in the value of the corresponding
independent variable is correlated with an increase in the
chances of GORD progression. If, for instance, x, acquires a
value of one, then the presence of damage to the mucous
membrane of the oesophagus increases the risk of this dis-
ease. If the dependent variable decreases in response to an
increase in the independent variable, it means that there
is no association between a certain clinical indicator and
the development of the disease. However, when developing
the proposed mathematical model, clinical indicators were
selected based on their direct or indirect association with
the risk of GORD, and therefore the dependent variable is
positively correlated with all independent variables. It is
important to assess the overall adequacy of the developed
mathematical model. For this, it is necessary to pay atten-
tion to the level of dependence of the dependent variable
variation on the independent variables variation, which
is determined based on the coefficient of determination
(R-squared), the influence of out-of-sample variables on
the model error — based on the AIC, the quality of the mod-
el — based on the balance between its accuracy and com-
plexity BIC, and the statistical significance of independent
variables — based on the t-test or Wald test.

It is vital to determine the accuracy and predictive
ability of the mathematical model for predicting the pro-
gression of GORD by means of its validation. This stage is

crucial, as the created model has a concrete practical sig-
nificance and is aimed at performing a responsible task
in clinical practice. Therefore, to determine its predictive
capability, it is necessary to conduct the necessary tests
under conditions that will help to critically assess the ad-
vantages and identify possible disadvantages. For this, it
is recommended to conduct a clinical trial with an inde-
pendent sample of patients, dividing them into training
and test groups, or through cross-validation. Based on the
test sample, one can estimate the accuracy, sensitivity, and
specificity parameters of the created model and conduct a
ROC analysis by calculating the area under the error curve.
The key criterion for the development of this model was its
suitability for use in clinical practice. By defining a set of
prognostic indicators, establishing the optimised method
for their detection and applying relevant statistical meth-
ods for processing clinical information, compliance with
the set criterion was achieved and a mathematical model
was created that allows identifying patients at high risk of
GORD progression before it occurs or before the develop-
ment of a more severe degree of severity (erosive form or
Barrett’s syndrome).

First of all, this model is useful for patients, as it can
accommodate their individual clinical characteristics and
provide results promptly and with high accuracy. This helps
to expand access to the procedure, reduce diagnostic time,
and determine the treatment strategy depending on the re-
sults. Thus, the use of a mathematical model to predict the
progression of GORD can affect the effectiveness of ther-
apy for patients in different groups as follows: patients at
risk of GORD progression will be able to avoid the effects of
the disease by following the doctor’s recommendations re-
garding the adjustment of their diet and lifestyle; patients
with a promptly diagnosed disease will be able to increase
the chance of successful medical treatment, reduce the
risk of complications, and get the opportunity to regularly
monitor its course; patients with a diagnosed severe reflux
disease will be able to receive an assessment of the risks
and, according to the treatment plan developed according
to them, undergo the necessary procedures, which may
include surgical procedures. The developed mathematical
method for predicting GORD is of medical and economic
significance for the healthcare system. Based on the prin-
ciples of evidence-based and personalised medicine, this
method can increase the diagnostic potential of gastro-
enterology and improve public health by being used dur-
ing routine or unscheduled examinations of patients with
problems or even minor complaints related to the func-
tioning of the digestive tract. At the same time, improving
the diagnostic potential of the industry will help optimise
the allocation of medical and economic resources, focusing
on patients who need them most and avoiding the cost of
unnecessary procedures for patients who are not at risk of
developing reflux disease.

It is also essential to evaluate the role of the developed
model for the further development and improvement of
diagnostic systems in various healthcare sectors. The area
of modelling systems for predicting the development or
assessing the severity of various diseases or pathological
conditions, apart from its serious prospects, poses a range
of significant challenges to the medical industry. To im-
plement and use such models correctly in the healthcare
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system, the following tasks need to be addressed: techni-
cal - to ensure high quality data, legal — to protect patient
confidentiality, organisational — to develop standards and
protocols for the use and interpretation of modelling re-
sults, educational - to ensure proper training of healthcare
professionals. At the same time, the process of mathemati-
cal processing of clinical data opens wide opportunities for
machine learning and artificial intelligence, which, apart
from predicting the risks of disease progression, will allow
for diagnosis, patient classification, determining the most
effective treatment strategy and monitoring the patient’s
condition throughout the entire therapy process. Consid-
ering the above prospects and opportunities, mathematical
modelling using the most advanced information technol-
ogy systems still cannot be considered as an alternative to
the work of doctors. These technologies primarily serve as
a tool used by a specialist to achieve results more accurate-
ly, reliably, and quickly. Therefore, the mathematical mod-
el for predicting the progression of GORD was developed
to solve the problems of untimely detection of the disease
and improve the overall epidemiological situation with
gastroenterological diseases.

DISCUSSION

Analysing the findings obtained, the key aspects can be
highlighted that were important in developing a mathe-
matical model for predicting the progression of GORD. The
medical component was critical for the result, which lied
in selecting reliable prognostic factors among all clinical
indicators that could be determined during the interview
and physical, laboratory, and instrumental examinations.
In studying the level of influence of these indicators, it was
found that the close relationship between the digestive
tract organs does not allow considering a certain clinical
sign as the only indicator of predicting the progression of
GORD due to the lack of sufficient specificity. Therefore,
to improve the prognostic ability of the developed mod-
el, a set of clinical signs of the patient was formed, which
had a direct or indirect impact on the development of re-
flux disease and included symptoms (heartburn, frequent
belching, regurgitation), damage to the internal walls of
organs (mucous membranes of the oesophagus, stom-
ach, duodenum), gastrointestinal tract dysfunction (bile
reflux and other disorders), and the presence of chronic
gastroenterological diseases (chronic gastroduodenitis).
M.E. Hossain et al. [26] described an approach to finding
possible predictors of disease prognosis based on the use
of electronic health data in a comprehensive literature
review. The researchers investigated the significance of
electronic data for use in predicting the development of
diseases and found high accuracy of some modelling ap-
proaches developed based on such sources of medical in-
formation. The researchers also emphasised the viability
and informativeness of the developed models, which were
involved in the clinical process and showed promising re-
sults during operation. Considering the researchers’ find-
ings in the context of the present study, since the search
for clinical indicators for building a model for predicting
the progression of GORD was also carried out based on an
analysis of materials on the relevant subject from previ-
ously published scientific sources, the effectiveness of the
proposed approach can be confirmed.

When developing a model that contains several inde-
pendent variables (clinical signs), attention should be paid
to ways to optimise the model so that duration and re-
source consumption do not affect the overall benefit of its
operation. It was possible to optimise the model in terms
of procedure time and use of diagnostic equipment due to
the choice of the method of instrumental examination —
oesophagogastroduodenoscopy, as this procedure allows
detecting all the listed clinical signs during one session
using one device. The detection of heartburn and frequent
burping symptoms occurs when collecting complaints
and patient history during a consultation with a doc-
tor and does not require additional equipment. H. Xu et
al. [27] considered a comparable principle of optimising
the model for diagnosing coronary heart disease. Based
on a retrospective multicentre study, researchers identi-
fied eight significant risk factors, including demographic
factors, clinical signs, and laboratory markers. The model
was optimised by using standard research methods for de-
termining cardiac disorders that do not require addition-
al time or material resources. Generally, the approach of
using standardised laboratory and instrumental research
methods is most often used for optimisation in the disease
progression prediction models [28-30].

A major step in creating the model was to choose a
method of statistical processing of the collected data. The
logistic regression used as an example demonstrated the
possibility of quantifying the impact of each of the prog-
nostic factors on the risk of GORD progression. This is be-
cause, despite its versatility, this method makes it possi-
ble to encrypt medical information in such a way that the
correct results are obtained during the calculation. Thus,
the probability of the disease progression is determined
not only by the presence of a certain number of clinical
indicators (independent variables), but also by the level of
their prognostic significance (the coefficient reflecting the
change in the log odds of developing reflux disease when
the corresponding independent variable changes by one).
Thus, this method makes it possible to identify the signifi-
cance of prognostic indicators and assess the level of their
interaction with the occurrence of the disease. Y. Deng et
al. [31] employed a combination of machine learning and
logistic regression to create their model to predict the risk
of carotid plaques in adults with fatty liver disease. Based
on the analysis of data from a population-based cross-sec-
tional study, the researchers selected 5 independent prog-
nostic factors for the risk of carotid plaques from 27 clin-
ical parameters. The use of a combination of statistical
methods and advanced information technology systems
has revealed a higher predictive efficiency of the creat-
ed model compared to the use of logistic regression and
machine learning algorithms separately. In the context
of the objectives of the present study, the evidence-based
approach to the selection of predictors of prognosis and
statistical processing of the results provided a prominent
level of prognostic significance of the developed model,
which makes it possible to apply it in clinical practice.
However, to increase productivity, it is worth considering
the possibility of using machine learning or artificial intel-
ligence in combination with the statistical method, having
worked out in advance the legal, organisational, and tech-
nical support for this process.
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The final stage in the development of a predictive model
isto assess its adequacy through validation. Since this model
was created for further use in clinical practice, the proposed
method of validation included testing the statistical signif-
icance and predictive ability on an independent sample of
patients. E.W. Steyerberg & Y. Vergouwe [32] evidentially
confirmed this approach, having investigated the problem-
atic issues of models for clinical prognosis. The researchers
proposed steps to improve them, including the develop-
ment and validation process. The researchers also proved
the significance of testing the prognostic model according
to two criteria: adequacy assessment, which is to determine
the level of accuracy of the statistical method of processing
the results, and effectiveness, which is carried out directly
in clinical settings with an independent sample of patients.

Generally, when analysing the development of math-
ematical models for predicting the development or sever-
ity of diseases, the main criteria and vector followed by
developers are evidence and personalisation. That is why
research is currently underway in many areas of medicine
to revise established diagnostic procedures due to limit-
ed information content, difficulty of interpretation, risk
or discomfort for the patient, long waiting times, or other
characteristic signs of obsolescence. Thus, the expediency
of replacing some radiography methods with magnetic res-
onance imaging or computed tomography, liver function
tests with ultrasound diagnostics, computed tomography
and endoscopic retrograde cholangiopancreatography, and
the Mantoux test with photofluorography was covered [33-
35]. In the present study, when choosing a method for col-
lecting clinical information, attention was also paid to the
informativeness, accuracy, and speed of obtaining clinical
information. Therefore, among endoscopic methods, the
choice was between oesophagogastroduodenoscopy and
capsule endoscopy. The advantage of capsule endoscopy
was the absence of discomfort for the patient, but the dis-
advantages included:

the procedure duration from 8 to 10 hours, depend-
ing on the duration of the capsule’s natural movement
through the digestive tract;

limited use for patients with intestinal obstruction,
perforation of the digestive system, swallowing disorders,
motor disorders of the oesophagus or stomach.

The disadvantage of oesophagogastroduodenoscopy
was the relative discomfort for the patient associated with
the specific mechanics of the procedure, while the advan-
tages were informativeness, speed, and the possibility of
using it in cases where capsule endoscopy is contraindi-
cated. Despite the accuracy of the developed model, which
is ensured by the use of a set of clinical indicators that
have an established relationship with the development of
GORD, certain questions persist due to the fact that the in-
dices studied separately have a low level of specificity for
predicting this disease. Summarising the analysis of the
results, it can be concluded that mathematical modelling
of the risk of reflux disease progression is a reliable tool in
clinical gastroenterology for the prompt detection and ef-
fective implementation of measures for the prevention and
treatment of this disease.
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AHoTauif. JlocmimkeHHST Malo Ha MeTi BU3HAUUTY KOMIUIEKC MTPOTrHOCTUUHMX (PaKTOPiB PO3BUTKY peditrokc-e3odarity
IUTST BUKOPVCTAHHS iX B pO3p00IIi MaTeMaTHYHOI MOJIeNi MPOTHO3YBaHHSI JAHOTO 3aXBOPIOBAHHST HA OCHOBI Pe3y/IbTaTiB
Bimeoe3odaroracrpomyomeHockomii. Ilig yac #ioro mpoBemeHHST GyJ0 BCTAHOBJIEHO HM3KY IPOTHOCTUUHMX (AKTOPiB
peduokc-e3odarity Ta 3a7iSTHO CTaTUCTUYHMI METOZ, IJIS1 BCTAHOBJIEHHS PiBHS iX KOpessiii i3 po3BUTKOM XBOpoOu. 3a
pesynbTaTaMu JOCTiIKEHHS OY/I0 BUSIBJIEHO 3B’SI30K MiK TEBHUMM KJTiHIYHMMM ITOKa3HMKaMM Ta BUHMKHEHHSIM peITroKC-
e3odariTy, Ha OCHOBi U0r0 chOPMOBAHO KOMITJIEKC ITPOTHOCTUYHMX (haKTOPiB PO3BUTKY racTpoe3odareasbHoi pemoKcHOT
XBOPOOU, SIKMIT BKJTIOUAB: MeYilo, YacTi BiIpVOKKM, PEerypriTaiiiio, yIIKOIKeHHS CIM30B0Oi 060JOHKY CTPABOXOY, IUTYHKY,
IBaHAMLISTUIIANO! KUIIKN, HASIBHICTb XPOHIYHOTO IraCTPOAYOAEHITY, MOpYIIeHHS GYHKIiOHYBaHHS IIUTYHKOBO-KUIIIKOBOTO
TPaKTY, JKOBUHMIT peduItoKkc. B cTBOpeHHI MaTeMaTUUHOI MOJIe/Ii TPOTHO3YBaHHS OYJI0 BUKOPUCTAHO METO[I, JIOTiCTUYHOI
perpecii, sikuii 3aCTOCOBYBaBCS [/Is1 BUSBIEHHS KOPEJISIii MisK KITiHIYHMMY MTOKa3HMKaMM IMallieHTa i pakToM BUHUKHEHHS
pedioKCHOT XBOPOOM Ta BU3HAYEeHHSI IMOBipHOCTI i1 po3BUTKY. [I/is mpuBeeHHS KaiHiuHOI iHdopMalii y BigmoBigHicTh
CTAaTUCTUYHI hopMyIi i1 HagaBasoCh 3HAUEHHST He3aJIeXKHMX 3MiHHMX, @ HASBHICTh UM BiJICYTHICTb ITEBHOTO MTOKA3HMKA
KOIyBaJIOCh 3a ABiMIKOBOIO CHCTEMOIO YMC/IEeHHS. [IIsl TIepeBipKM po3po6iieHoi Mopesi MpUBOIMUINCh peKoOMeHalii i3
OIiHKM CTATUCTUYHOI 3HAUYIOCTi He3aIesKHUX 3MiHHMX 151 BUSHAUeHHS i1 afleKBaTHOCTI, Ta BU3HAYEHHS MTPeANKTUBHOL
3[ATHOCTI IUISIXOM BUITPOOYBaHHS Ha He3aJIeXXHii BUOipIli maiieHTiB. Po3po6iieHa TPOrHOCTUYHA MOJIE/Ib Ma€ BasKIMBe
MpaKTUYHEe 3HAYEHHS [IJIs1 MAalli€HTiB, Tay3i OXOPOHM 3[0POB’SI Ta MOJAJIBIIOr0 PO3BUTKY HAIPSIMKY, TaK SK TO3BOJISIE
BUACHO BUSIBUTY 3aXBOPIOBAHHS i BYKUTU BiJIITIOBiIHMX 3aX0/iB 3 TPOQiIaKTUKY Ta JIIKyBaHHS, MiJIBUIIUTY AiarHOCTUYHUIL
MOTeHLia/l raaysi, ONTUMIi3yBaTy PO3MOAIT MeAWUYHUX pecypciB Ta 3a4il0BaTM MOSKIMBOCTI MAaIIMHHOTO HaBYaHHS ¥
HITYIHOTO iHTeeKTY Ha OCHOBI iCHYIOUOi Mogeti
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Abstract. The growing number of hip replacements associated with an ageing population requires more accurate and
efficient methods of planning operations to ensure the success of interventions and minimise the risk of complications.
The study aimed to demonstrate how changes in the pelvic angle affect the accurate determination of the centre of
rotation of the hip joint. The study used dry pelvic and femoral bones with a 4 mm diameter implanted steel ball in
the femoral head for modelling. X-rays were taken using a PLX 140 X-ray machine to record the displacement of the
centre of rotation. The study confirmed the hypothesis that a change in the pelvic angle leads to a shift in the centre of
rotation of the hip joint. This displacement requires attention during preoperative planning, as it can affect the choice
and placement of the endoprosthesis. The study found that a high pelvic angle makes it difficult to fit a hip prosthesis,
increasing the risk of prosthesis wear and dislocation. This requires an individualised approach to each patient, the
use of special implants and postoperative monitoring. It is necessary to assess the anteversion and inclusion of the
prosthesis, adjust the implantation depth and select the appropriate types of prosthesis based on the patient’s anatomy.
The use of 3D modelling helps to optimise the placement of the prosthesis. Addressing anatomical features is key to
reducing the risk of complications and improving the long-term results of arthroplasty

Keywords: arthroplasty; anatomical parameters; population ageing; quality of treatment; long-term results; optimisation
of surgery; risk of complications

INTRODUCTION

The issue of optimisation of preoperative planning for
total hip arthroplasty (THA) has gained importance in
modern orthopaedic surgery. Preoperative planning plays
a critical role in determining the surgical strategy, choos-
ing a prosthesis and establishing its optimal placement to
achieve the best functional results and reduce the risk of
postoperative complications. One of the key aspects that
affect the success of THA is the accurate determination of
the centre of rotation of the hip joint. The scientific com-
munity is increasingly recognising that the patient’s ana-
tomical parameters, in particular the pelvic angle, have a

Suggested Citation:

significant impact on the determination of this centre of
rotation, which in turn affects the overall surgical outcome.

A study by L. Yao et al. [1] determined that older pa-
tients who underwent hip or knee arthroplasty in the first
six months after surgery reported functional limitations
resulting from hip or knee-related symptoms. This study
adds to the understanding of the factors that influence
perceptions of participation among older patients under-
going hip or knee arthroplasty.

Similar clinical trials have been conducted in Ukraine,
which may have an impact on the understanding of
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scientists about the importance of determining the pelvic
angle before planning hip or knee prosthetics. The study by
1. Zazirnyi [2] confirmed the safety and cost-effectiveness
of THA, demonstrating significant progress in the devel-
opment of less invasive surgical techniques, improvement
of materials and technologies, which contributes to tissue
preservation, implant durability, biocompatibility and abil-
ity to integrate with bone tissue. However, challenges such
as the risk of infections and dislocations require additional
research and improved clinical practices. The researcher
draws attention to the importance of thoroughly testing
innovations and monitoring their application, as well as
the need to address biomechanical aspects, in particular
the angle of the pelvis, to optimise the positioning of the
prosthesis after THA. These findings may be related to pel-
vic tilt angle and hip prosthetics, as optimising posture and
balance through rehabilitation can improve load distribu-
tion on the prosthetic joint, reducing the risk of complica-
tions and promoting better implant adaptation [3].

Additionally, studies have shown a close relationship
between anatomical and biomechanical characteristics,
such as pelvic tilt angle, and the occurrence of complica-
tions after arthroplasty. Optimisation of the positioning of
the endoprosthesis, considering the individual characteris-
tics of the patient, is critical to reducing the risk of instabil-
ity, dislocation and other complications, ensuring the long-
term functioning of the implant and improving the quality
of life of patients [4, 5]. Thus, the integration of advanced
surgical techniques, considering the anatomical features of
each patient, is key to successful recovery and ensuring op-
timal long-term results of arthroplasty treatment [6].

Despite the existing results, there have not been
enough studies conducted in this area. The main objective
of the study was to prove that a change in the pelvic tilt
angle affects the determination of the centre of rotation
of the hip joint, which is critical in the preoperative plan-
ning of THA. This knowledge is necessary for accurate
positioning of the prosthesis, minimising the risk of post-
operative complications and ensuring better long-term
treatment results.

MATERIALS AND METHODS

The study was conducted at the Institute of Traumatolo-
gy and Orthopedics of the National Academy of Medical
Sciences of Ukraine from January 2023 to January 2024. In
this study, the main materials were dry pelvic and femoral
bones, into which a 4 mm diameter steel ball was implant-
ed in the femoral head to simulate a change in the centre of
rotation. The bones had no pathologies or signs of chronic
diseases that could affect the results of the study.

As for the balloon implantation technique, they were
made of a special medical alloy that meets all quality
standards and has a standard diameter of 4 mm. The balls
were placed in the femoral head in a place that corresponds
exactly to the area of the centre of rotation of the joint.
This was done to accurately reproduce the physiological
movement of the joint during the experiment. The ball was
surgically fixed in the head of the femur. This process en-
sured that the ball was securely fixed in the correct position
for the subsequent experiment. This method of ball im-
plantation was used to accurately reproduce the conditions
of joint movement and obtain reliable results of the study.

To obtain X-rays of the pelvis and femur with the
implanted balloon, the patient bones were carefully po-
sitioned on the X-ray table in the desired position. The
bones must be properly aligned to obtain high-quality im-
ages. The X-ray tube, which emits X-rays, was positioned
according to the required geometry and angle to optimally
visualise the pelvic and femoral bones. The obtained X-rays
were processed using appropriate software to improve im-
age quality and clarity. The images were analysed in detail
to determine the exact centre of joint rotation. This meas-
urement was carried out using specialised length and an-
gle measurement software, which ensured high accuracy of
the results. This innovative approach made it possible to
visualise and measure the displacement of the centre of ro-
tation with high accuracy using X-rays taken with the PLX
140 apparatus (USA). The device has a high X-ray power for
high-quality images and the ability to adjust the position
and orientation of the X-ray tube for precise positioning
and obtaining the required images. The device can operate
in a wide range of energies and frequencies, which allows it
to be used for a variety of clinical applications. Built-in al-
gorithms can be used to process the images captured, pro-
viding clear and detailed images. The technique was based
on the implantation of a steel ball into the femoral head,
which was performed to create a visual marker system for
accurate tracking of the dynamics of the joint’s centre of
rotation during changes in the pelvic angle.

The PLX 140 X-ray machine played a critical role in the
research study, as it was used to accurately determine the
initial position of the centre of rotation of the hip joint and
to document the changes caused by the modification of the
pelvic angle. This stage of the study was particularly signif-
icant because it provided the ability to visualise and quan-
tify the displacement of the centre of rotation resulting
from changes in pelvic position. The use of an X-ray ma-
chine was used to obtain clear and detailed images, which
are critical for accurate analysis of the biomechanical pa-
rameters of the hip joint. This approach not only improved
the accuracy of the study but also opened new perspectives
for understanding the relationship between the anatomical
structure of the pelvis and the functional state of the hip
joint, which is crucial for optimising preoperative planning
and increasing the effectiveness of total hip replacement.

Modelling changes in the pelvic tilt angle was a key el-
ement of the study aimed at analysing the impact of pelvic
anatomical variations on the position of the centre of rota-
tion of the hip joint, which is crucial for the success of total
joint replacement. As part of this experiment, a technique
was used that allowed for precise and controlled changes in
the angle of the pelvis from its natural position to angular
deviations of 0, 10, 20, 30 and 40°. This systematic change
in angles was implemented using specially designed setups
and techniques that ensured high accuracy and reproduc-
ibility of the study conditions. To simulate changes in the
angle of the pelvis, special devices were used to reproduce
this change realistically. For fixing the bones, the machines
were equipped with special fixators or holders that ensured
stable fixation of the bones during the simulation. The
components of the plants were made of strong and reliable
materials such as plastic to ensure high stability and dura-
bility. The bones were fixed in a certain position employing
fixators. By adjusting the angle of the pelvis with the help
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of the devices, the change under study was reproduced.
During the simulation, the position of the bones was meas-
ured and monitored to ensure that the change in pelvic an-
gle was accurately reproduced.

In the context of the study, which revealed difficulties
with hip prosthesis placement due to the high pelvic an-
gle, the use of specially designed devices and techniques is
key to optimising the arthroplasty procedure and minimis-
ing risks: 3D modelling and planning, navigation systems
during operations using computer navigation or robotic
systems. This detailed modelling allowed for an in-depth
analysis of the biomechanical shifts in the position of the
centre of rotation that occur as a result of changes in the
pelvic angle. As part of the research, a comprehensive anal-
ysis was conducted of the impact of changes in the pelvic
tilt angle on the position of the centre of rotation of the hip
joint, which is essential for optimising preoperative plan-
ning for THA. For this purpose, specialised materials were
prepared, including the collection of dry pelvic and femoral
bones and the implantation of a steel ball into them. The
method of modelling changes in the pelvic angle and re-
cording the corresponding changes in the position of the
centre of rotation on X-rays made it possible to conduct a
detailed analysis of biomechanical changes in the hip joint.
The application of this technique has opened the possibil-
ity of identifying critical angular deviations at which the
displacement of the centre of rotation reaches such values
that can significantly affect the mechanics of the hip joint
and the efficiency of the endoprosthesis.

For the statistical analysis of the data in this study,
specialised software was used to analyse medical images
and measure the parameters of X-ray images. This soft-
ware was able to accurately measure the displacements of
the centre of rotation of the hip joint, which allowed for
a highly accurate analysis of the effect of changes in the
pelvic angle on the anatomical position and functionality
of the hip joint. In addition, this software was used to iden-
tify subtle biomechanical changes associated with pelvic
tilt modification and their potential impact on the choice
of location and orientation of the hip replacement. Medi-
cal image processing software such as OsiriX (France) and
Image] (USA) were used. These applications provide exten-
sive capabilities for analysing and measuring X-ray image
parameters, including a variety of statistical methods for
processing the data.

All experimental procedures were carried out follow-
ing the ethical principles established by the institution
that conducted the study. Relevant ethical documents and
standards that were addressed during the research include
the Declaration of Helsinki [7], Belmont Report [8]. Addi-
tionally, the Guideline for Good Clinical Practice E6(R1) [9],
Ethical Principles of Psychologists and Code of Conduct[10],
and Data protection in the EU [11] were also considered.

RESULTS
The angle of the pelvis has a significant impact on the po-
sitioning of the hip prosthesis and its functionality after
fitting. This is because the pelvic tilt angle determines the
position of the acetabular component, which should be
optimally oriented for normal hip biomechanics. Incorrect
positioning of this component can lead to increased pres-
sure on the prosthesis, which can cause wear, deformation

or even destruction. If the pelvic angle is too high or too
low, this can lead to an incorrect distribution of the load
on the hip joint, which in turn increases the risk of pros-
thesis dislocation, pain and limited mobility. It can also
cause changes in the patient’s gait and increase the risk of
falls and injuries. Concerning the correlation between pel-
vic angle and the fitting process, the pelvic angle must be
accurately considered when planning and fitting the ace-
tabular component to achieve optimal prosthetic results.
The angle of anteversion and lateral deviation should be
carefully measured and considered to minimise the risk
of the above complications. Modern technologies, such
as computed tomography and computer modelling, allow
surgeons to predict and plan interventions based on the
individual characteristics of each patient. This approach
optimised surgical outcomes and provided patients with a
better quality of life after surgery.

In the context of this scientific experiment, an ad-
vanced technique was used to accurately and controllably
modify the pelvic angle at intervals of 0, 10, 20, 30 and 40°
from its baseline position. These angular changes were
made using innovative devices and procedures designed
to ensure precision and repeatability of the experimental
conditions. This careful modelling approach allowed for
a comprehensive analysis of the biomechanical displace-
ments of the centre of rotation that occur in response to
changes in pelvic angle. The use of this methodology was
used to determine those critical angular parameters, upon
reaching which the shift of the centre of rotation becomes
so significant that it can affect the overall mechanics of the
hip joint and the optimal functioning of the endoprosthesis.
The image shows a pelvic model representing the natural
position with a pelvic angle of 0° (Fig. 1). This is a standard
starting position for modelling and determining the basic
parameters of preoperative planning for hip arthroplasty.

Figure 1. Simulate a 0° pelvic tilt angle
Source: compiled by the authors

X-ray markers visible on the femur are used to accu-
rately assess the position of the centre of rotation. This
image can be used to measure the pelvic tilt angle, which
is important for analysing the potential impact of pelvic
tilt on the long-term functionality and stability of the
prosthesis. In this case, the zero pelvic tilt angle allows to
definition of the “ideal” starting point from which addi-
tional measurements will be taken when the tilt is changed
to higher angles, allowing for assessment changes in the
position of the centre of rotation and deviation from the
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optimal position of the prosthesis. The image has a clear
view of the pelvis and femur, which can be used to iden-
tify anatomical features and potential areas for attention
when planning prosthetics. Such a detailed analysis of
bone structures in the context of preoperative planning is
critical for successful hip arthroplasty.

Figure 2 shows an X-ray of an anatomical model of the
pelvis simulating a horizontal orientation with a pelvic
angle of 10°. This image serves as a starting point for the
analysis of preoperative planning of hip arthroplasty and
assessment of the basic parameters for the implantation
of the prosthesis.

Figure 2. Simulate a 10° pelvic tilt angle
Source: compiled by the authors

The pelvic tilt angle of 10° creates the conditions for
further measurements to assess the effect of different tilt
angles on the centre of rotation of the joint and to identify
abnormalities in the positioning of the endoprosthesis. The
marked clarity of the visualisation of bone structures in the
image allows you to examine the anatomical characteris-
tics in detail and choose the optimal implantation strategy.
Such a thorough analysis of the bone matrix plays a key role
in preoperative planning, creating the basis for effective
hip arthroplasty and ensuring the best clinical outcomes.
In the X-ray, the pelvic angle was modified to 20° from the
horizontal position, demonstrating the effect of the change
ininclination on the positioning of the arthroplasty (Fig. 3).

Figure 3. Simulate a 20° pelvic tilt angle
Source: compiled by the authors

This image has practical implications for preoperative
planning, allowing orthopaedic surgeons to understand
how changes in pelvic angle can affect optimal implant

placement (Fig. 3). The image shows that at an angle of
inclination of 20°, changes occur that can potentially af-
fect the biomechanics of the hip joint and determine the
strategy for implant placement. The markers on the image
can be used to measure the angular deviation and assess
its impact on the position of the joint’s centre of rotation.
This data is critical for preventing complications such as
implant wear or joint instability after surgery.

The X-ray image shows the pelvic skeleton with im-
planted metal structures with the pelvis tilted by 30°
(Fig. 4). This deviation is performed to study biomechan-
ical changes in the position of the implants and their ori-
entation relative to the pelvic and femoral bones, which is
important for preoperative planning.

Figure 4. Simulate a 30° pelvic tilt anglee
Source: compiled by the authors

A 30° shift in pelvic angle shows how a change in pel-
vic position can affect the angle of inclination, which then
affects the functionality and service life of the prosthesis.
This image provides valuable information for surgeons
and engineers involved in biomechanics and implant de-
sign, allowing them to better understand the impact of
anatomical deviations on optimal prosthetic positioning.
The image can also be useful for developing personalised
surgical plans, considering individual anatomical varia-
tions in patients.

The X-ray in Figure 5 shows a pelvic model used for
scientific research with implanted markers that simulate a
40° change in pelvic angle. This image is intended to sim-
ulate physiological conditions to evaluate the effect of tilt
angle on surgical planning for hip arthroplasty.

Figure 5. Simulate a 40° pelvic tilt angle
Source: compiled by the authors
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Markers placed on the bone model are highlighted in
bright white, indicating the use of a material with a high
degree of radiopaque contrast. The image shows the an-
atomical structures of the pelvis and femur with metal
markers on them. These markers accurately determine the
position and orientation relative to the bones. The image
illustrates a carefully planned placement of markers that
can reproduce the corresponding angular changes in the
position of the pelvic bones, which is important for preop-
erative modelling. It shows not only the bones themselves
but also the spatial relationships between them, which is
critical for planning the exact location of the endopros-
thesis, its inclination and orientation, as well as for pre-
dicting changes in the load on the joint after surgery. This
approach demonstrates the importance of advanced im-
aging techniques for optimising surgical strategy and may
contribute to the development of more accurate algorithms
for preoperative planning, risk reduction and improved pa-
tient care in orthopaedic surgery.

Based on the analysis of the data obtained, the study
found that a change in the pelvic tilt angle significantly af-
fects the location of the centre of rotation of the hip joint,
which, in turn, has significant implications for the choice
of optimal placement of the endoprosthesis and preven-
tion of possible postoperative complications. The strat-
egy for hip prosthetics at zero pelvic tilt and 40° tilt will
be significantly different due to changes in anatomy and
biomechanics that require a different approach to prosthe-
sis planning and fitting. For example, at 0° of pelvic tilt,
the prosthesis can be planned based on standard anatomy
without the need for correction for significant anterior or
posterior pelvic tilt. The angle of anteversion and inclusion
of the acetabular component can be set closer to the “ide-
al” standard values, which are considered optimal for most
patients. The general orientation of the implants con-
cerning the bone structures is standard, which facilitates
placement and ensures good functional results. At 40° of
pelvic tilt, specialised planning is required to address the
increased pelvic tilt, which can affect the positioning of the
acetabular component and the need for correction to pre-
vent excessive soft tissue tension or strain. It may be nec-
essary to adjust the angle of implantation of the acetabular
component to avoid improper loading of the prosthesis and
reduce the risk of dislocation. Computer navigation and
computer modelling become even more critical for the pre-
cise positioning of the implants concerning the abnormal
pelvic position.

In general, the greater the pelvic angle, the more diffi-
cult it is to ensure the correct positioning of the acetabular
component of the prosthesis and the greater the risks asso-
ciated with improper load distribution, prosthesis wear and
dislocations. This requires a more individualised approach
to each patient and may require the use of non-standard
implants or implantation techniques, as well as more thor-
ough postoperative monitoring and rehabilitation. Fitting
a hip prosthesis is a complex process that requires consid-
ering many individual anatomical features of the patient,
including the angle of the pelvis. Depending on this angle,
the prosthesis placement strategy may need to be adjusted.
Assessment and correction of anteversion and inclusion of
the denture cup should be performed. Anteversion is the
angle at which the cup is placed in the acetabular bed. An

incorrect angle of anteversion can cause an increase or
decrease in soft tissue tension around the prosthesis and
affect the risk of dislocation. Furthermore, the depth of
implantation of the acetabular component is adjusted and
should consider changes in the anatomy that occur at dif-
ferent pelvic angles. This ensures that the load is evenly
distributed over the prosthesis. Depending on the patient’s
anatomy and pelvic angle, it may be necessary to select
specific types or models of prosthesis to optimise fit and
functionality. With the help of 3D modelling and preoper-
ative planning, it is possible to determine exactly how the
pelvic angle will affect the position of the prosthesis and
what adjustments need to be made for optimal positioning.
Post-operative rehabilitation programmes should be adapt-
ed to the changes in biomechanics resulting from pelvic tilt
to promote proper recovery and reduce the risk of complica-
tions. Taking these factors into account is important to en-
sure the long-term success of the prosthesis and reduce the
risk of complications such as pain, limitation of movement,
inappropriate loading and dislocation of the prosthesis.

The results of the study emphasise the importance
of considering the individual anatomical features of the
patient in the preoperative planning of THA. A detailed
understanding of the relationship between the pelvic tilt
angle and the position of the joint’s centre of rotation al-
lows for optimised surgical technique, maximised prosthe-
sis functionality, and improved long-term treatment out-
comes. Thus, the study makes an important contribution to
the development of preoperative planning in orthopaedic
surgery, providing a foundation for further scientific devel-
opments in this area.

DISCUSSION

The angle of the pelvis is a critical parameter that affects
the biomechanics of the hip joint and its loading. Incorrect
determination of this angle can lead to a shift in the cen-
tre of rotation of the joint, which in turn increases the risk
of dislocation of the prosthesis, worsens functional out-
comes, and may require revision surgery. The study used
modern techniques, such as X-rays with modelling of the
displacement of the centre of rotation, which allow for high
accuracy in determining the angle of pelvic tilt and its im-
pact on the position of the endoprosthesis.

The fact revealed in this study is that the pelvic tilt
plays a significant role in the planning and fitting of hip
arthroplasties, as it directly affects the functional antever-
sion and tilt of the acetabular component of the prosthe-
sis. This understanding requires surgeons to take an indi-
vidual approach to each case, based on a detailed analysis
of the patient’s anatomical features. These findings are
echoed in the studies of such scholars as L. Yao et al. [1],
].D. Maratt et al. [12], Y. Kokubu et al. [13], who also studied
the effect of pelvic tilt angle on the placement and func-
tionality of hip arthroplasties. Their work emphasises the
need to adapt the surgical strategy to this anatomical fea-
ture to improve the success of arthroplasty. The differences
between studies are in the ways of assessing the effect of
pelvic tilt and the methods of correcting the position of the
acetabular component. While some researchers focus on
the use of preoperative computed tomography or magnet-
ic resonance imaging to determine the optimal position of
the prosthesis, others suggest the use of an intraoperative
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navigation system to achieve maximum accuracy in com-
ponent placement. However, both lines of research em-
phasise the critical importance of preoperative planning
and adaptation of surgical techniques to the individual
anatomical characteristics of the patient. This encourages
further scientific developments in the field of orthopaedic
surgery to improve methods of assessment and planning of
arthroplasty that consider the angle of inclination of the
pelvis. The difference in approaches between the studies
indicates the potential for future innovations in the field
of orthopaedics, including the development of universal
protocols for the assessment and planning of arthroplasty
that would provide individualised and effective treatment
of patients based on a comprehensive analysis of the ana-
tomical and functional characteristics of the hip joint.

The fact that an individualised analysis of the hip joint
anatomy, particularly the pelvic angle, is important is the
starting point for a discussion with the study by H.H. Yun et
al. [14]. Studies have highlighted the critical role of pelvic
tilt angle in hip arthroplasty, emphasising its impact on
prosthesis positioning and its potential to minimise the
risks associated with prosthesis wear and dislocation. How-
ever, the study by the researchers addressed in detail the
dynamics of pelvic tilt and rotation before and after sur-
gery using advanced imaging techniques such as computed
tomography and standing X-rays. This concludes that sig-
nificant changes in pelvic tilt and rotation, which could af-
fect the position of the prosthesis, usually do not occur [15,
16]. This study also highlights that pelvic tilt is crucial for
an accurate assessment of the anteversion of the prosthe-
sis cup, whereas pelvic rotation has less of an impact on
this parameter. It coincides with those studies recognise
the importance of anatomical planning and emphasise
the need for individualised approaches to each patient to
achieve optimal surgical outcomes. At the same time, the
study by H.H. Yun et al. [14] adds a level of analysis, demon-
strating that the stability of pelvic tilt and rotation after
surgery is an indicator of successful prosthesis positioning,
regardless of initial anatomical variations. The difference
between these studies is in the methodology for assessing
changes in the anatomical position of the pelvis and its
impact on the orientation of the prosthesis. The research-
ers focus on specific metrics measured directly before and
after surgery, which establishes a direct link between the
stability of pelvic angular parameters and the success of ar-
throplasty. Thus, although the main conclusion about the
importance of the pelvic angle in arthroplasty planning is
the same, the study by the researchers provides a more in-
depth analysis of the interaction between pelvic anatomi-
cal parameters and prosthesis positioning, using thorough
imaging techniques.

The key discovery, which emphasises the importance of
individualised analysis of the hip joint anatomy, especially
the pelvic angle, before THA, has a deep resonance with
the study conducted by T. Tateiwa et al. [17]. The research
goes beyond traditional approaches to surgical planning,
emphasising the need for a thorough understanding of the
patient’s anatomy to reduce the risk of complications and
optimise treatment outcomes. The researchers focused on
postoperative changes in global spinal sagittal alignment
after hip arthroplasty, identifying the key role of accurate
spinal positioning in preventing potential complications.

Similarly, the finding in this study highlights the impor-
tance of precise planning of the positioning of the hip
prosthesis, considering the angle of the pelvis. In both cas-
es, precision in planning surgical interventions is a key ele-
ment in improving the effectiveness of treatment and min-
imising risks for patients. However, in contrast to the study
by the researchers, which focuses on postoperative spinal
alignment and its changes, this study focuses on the effect
of pelvic angle on the planning and placement of hip pros-
theses. This difference in emphasis allows us to consider
these studies as complementary, as they highlight different
aspects of surgical planning and indicate the importance of
a comprehensive approach to hip and spine surgery.

Both studies make a significant contribution to the
development of preoperative planning in orthopaedic sur-
gery, emphasising the need for an individualised approach
based on a detailed analysis of each patient’s anatomy.
This reinforces the idea that the success of a surgical in-
tervention depends on preliminary preparation and the
ability to adapt surgical techniques to the patient’s unique
physiological characteristics. The authors’ study, as well
as that of other researchers [18-20], found that an in-
creased pelvic tilt angle complicates the implantation of a
hip prosthesis, increasing the risk of wear and dislocation,
requiring an individual approach and postoperative care.
The importance of assessing anatomical parameters such
as anteversion and inclusion of the prosthesis is empha-
sised to optimise prosthesis positioning and reduce the
risk of complications [21]. On the other hand, the study
by T. Tateiwa et al. [17] focuses on the analysis of changes
in global sagittal spinal alignment after THA, indicating
the key role of accurate spinal positioning in preventing
degenerative changes in the lumbar spine. It focuses on
the impact of changes in pelvic and spinal position on
long-term treatment outcomes, especially in cases with
certain anatomical features. Both studies acknowledge
the importance of individual anatomical characteristics in
surgical planning and treatment strategy, emphasising the
need for detailed preoperative analysis and planning. The
main difference lies in the focus of the research. The first
focuses on the implantation of a hip prosthesis and the
associated risks due to the anatomy of the pelvis, while
the second study looks at the impact of THA on the sagit-
tal alignment of the spine, paying attention to long-term
changes in the spinal column that can affect the patient’s
overall condition.

The key finding of the study is the critical role of indi-
vidualised analysis of the hip joint anatomy, especially the
pelvic angle, in preoperative planning for total hip replace-
ment. This understanding allows surgeons to plan pros-
thesis placement more accurately, which helps to reduce
the risk of complications, increase implant functionality
and improve long-term patient outcomes. This research
is leading to improvements in preoperative planning, in-
cluding the use of advanced imaging techniques such as
3D modelling and the development of new surgical in-
struments and navigation systems to optimise prosthesis
placement based on each patient’s unique anatomy. This
finding correlates with the study conducted by A. Eslam
Pour et al. [22], A. Palit et al. [23], also focused on the study
of changes in pelvic tilt and their impact on the function-
ing of hip prostheses. Their findings indicate that changes
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in pelvic tilt, even by less than 10°, can cause significant
problems, including the risk of prosthesis dislocation,
depending on the patient’s movements. Their findings
highlight the importance of adapting prosthesis design,
especially prosthesis head dimensions and stem angles,
to minimise the risk of dislocation or impingement asso-
ciated with changes in pelvic tilt. Studies demonstrate the
importance of preoperative analysis and planning based
on the patient’s anatomy to optimise the results of THA.
At the same time, this paper expands the understanding
of this issue, emphasising the need to integrate advanced
imaging techniques and develop the latest surgical tools
to individualise surgical interventions. This, in turn, high-
lights the need for further research and technology devel-
opment in this area to ensure the most effective and safe
treatments for patients in need of arthroplasty.

The fact revealed in the study, which emphasises the
critical importance of individualised analysis of the hip
joint anatomy, especially the pelvic angle, before per-
forming total hip arthroplasty, resonates with the work
of such scientists as M. Okamoto et al. [24], C. Foissey et
al. [5], also emphasise the importance of adequate mon-
itoring and adjustment of the pelvic angle to ensure op-
timal placement of the endoprosthesis cup. Both studies
emphasise that improper positioning of the prosthesis
can lead to significant postoperative complications, in-
cluding dislocation, increased wear of the prosthesis,
and, as a result, reduced functionality and the need for
repeated surgical interventions. The overlap between
these studies lies in the recognition that accurate preop-
erative planning that addresses the individual anatomy of
the patient is fundamental to achieving optimal surgical
results. Thus, changing the angle of the pelvis requires
not only accurate diagnosis before surgery but may also
require the use of specialised surgical techniques and
instruments to adapt to these unique features. Research
also points to the potential benefits of using advanced
technologies, such as 3D modelling and navigation sys-
tems, to improve the accuracy of endoprosthesis place-
ment. However, the study by M. Okamoto et al. [24] has a
specific focus on patients with low body mass index and
a large range of internal rotation, which is important for
identifying subgroups of patients at higher risk of pelvic
tilt change. This emphasises the importance of not only
universal approaches to planning and performing arthro-
plasty but also the need for a more detailed considera-
tion of individual risk factors. Taking these addresses, it
is possible to conclude that the integration of data from
different studies contributes to the improvement of or-
thopaedic surgery practice, increasing the chances of
successful intervention and minimising the risk of com-
plications, which is an important contribution to the de-
velopment of personalised medicine.

The fact that individualised analysis of the hip joint
anatomy, particularly the pelvic angle, is important for
planning THA is an important contribution to the prac-
tice of orthopaedic surgery. This insight allows surgeons
to more accurately position the prosthesis, reducing the
risk of complications, and improving implant functionality
and overall patient outcomes. The development of preop-
erative planning methods, including the use of 3D model-
ling, creates prospects for further progress in orthopaedic

surgery and the development of personalised medicine. A
study by H. Choe et al. [25], which indicates that repeated
hip surgeries cause external rotation of the hip and in-
crease the risk of collision and dislocation, especially in
two-stage operations with muscle atrophy, demonstrates
the importance of attention to anatomical details and
potential changes after surgery. This study points to the
difficulties that can arise due to anatomical changes after
surgery and highlights the need to adapt surgical planning
and postoperative care to minimise risks. Although studies
have focused on anatomical features and their impact on
surgical outcomes, the key discovery about the importance
of pelvic tilt angle in planning for arthroplasty is comple-
mented by the findings on the consequences of reopera-
tion identified in the study by the researchers. Together,
these studies highlight a comprehensive approach to hip
surgery that requires a detailed understanding of the anat-
omy and potential joint changes to ensure the best possi-
ble treatment outcomes. The difference between the two is
the emphasis on primary planning versus the complexities
associated with re-operations, but they share a common
commitment to minimising risks and improving patient
outcomes by considering unique anatomical features.

Based on the studies presented, it is possible to con-
clude that pelvic tilt is a key parameter that has a sig-
nificant impact on the success of total hip arthroplasty.
Incorrect determination of this angle can lead to a shift
in the centre of rotation of the joint, increasing the risk
of dislocation of the prosthesis and the need for revision
surgery. Modern imaging techniques, such as X-rays and
computer modelling, allow for high accuracy in measur-
ing the pelvic tilt and adapting the surgical approach to
the individual anatomical features of the patient, which
helps to optimise treatment outcomes and minimise the
risk of complications. The interaction between the hip
and the spine presents interesting challenges for the ar-
throplasty surgeon, requiring an in-depth assessment of
both the coronal and sagittal planes during the planning
of the operation. Understanding of this topic has improved
significantly in recent years, but many questions remain.
Well-designed prospective studies are needed to help
identify and define how to integrate the sagittal plane into
preoperative planning to determine optimal orientation
to improve patient outcomes and load behaviour; only
then can the benefits associated with the use of naviga-
tion/robotics reach their maximum potential, according to
A. Premkumar et al. [26], G. Grammatopoulos et al. [27]. In
comparison, the study by D. Kobayashi et al. [28] found an
association between hip rotation and overall body align-
ment in patients undergoing THA. The authors emphasise
the importance of considering hip rotation when planning
and performing hip surgery to ensure optimal recovery.
The study also noted that the interaction between the hip
and spine poses a challenge to orthopaedic surgeons, re-
quiring detailed planning of the operation, considering the
coronal and sagittal planes. Despite significant progress in
understanding this topic, there are still many unresolved
issues that highlight the need for further research.

CONCLUSIONS
When analysing the effect of changes in the pelvic tilt
angle on the planning of hip arthroplasty, it should be
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noted that this value is a key biomechanical parameter
that affects the position and orientation of the acetabular
component of the prosthesis.

As a result of the study using dry bone models with
steel balls that simulate the centre of rotation of the fem-
oral head, it became possible to measure and visualise the
displacement of the centre of rotation with changes in the
angle of inclination. During the experiment, using X-rays
from the PLX 140, the displacement of the centre of rota-
tion, which occurred when the pelvic angle was changed
from 0 to 40°, was recorded. These studies have shown that
with an increase in the pelvic tilt angle, there is a change
in the position of the acetabular component of the pros-
thesis, which can lead to a change in the direction of load-
ing on the prosthesis and the bone structures around it.
This displacement can increase the risk of prosthesis dis-
location, faster wear and other complications. Therefore,
at 0° of pelvic tilt, preoperative planning can be based on
standard anatomical landmarks and parameters, taking
the typical position of the joint and prosthesis as a basis.
However, with a significant pelvic tilt of 40°, it is neces-

sary to consider the changed geometry of the pelvic bones,
which requires adjustment of implant angles and, possibly,
the choice of specialised prosthesis types that would better
adapt to the changed biomechanics. In addition, the preop-
erative planning must also be individually adapted to the
increased tilt angle to ensure optimal recovery and reduce
the risk of complications.

The study results highlight the importance of an indi-
vidual approach to each arthroplasty case, where preoper-
ative planning should be closely linked to the patient’s pre-
cise anatomy and biomechanics. Therefore, it is possible to
conclude that the range of pelvic tilt angles that should
be considered when planning total arthroplasty should be
expanded and the methods for determining these angles
should be improved.
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AHoTauif. 3pocTaioya KiJIbKiCTh eHIOMPOoTe3yBaHb Ky/IbIIOBOTO CYII00a, TIOB’sI3aHa 3i CTapiHHSAM Hace/leHHSI, BUMAarae
GiTbII TOYHMX Ta ePeKTUBHUX METOIMK IIAaHYBAHHS OTepalliil, 106 3a6e3MeunTy YCIilllHiCTh BTPyYaHb i MiHIMi3yBaTu
PU3MK yCKJIaHeHb. JJoC/TiIKeHHSI Maio Ha MeTi MoKa3aTH, SIK 3MiHa KyTa HaXWIy Ta3a BIUIMBA€E HA TOYHE BU3HAUEHHS
IIEHTPY poTallii KyJabIIOBOTO Cyro6a. Y HAyKOBiii po6oTi 6y/ny BMKOPUCTAHI CyXi KiCTKM Tasy Ta CTETHOBOI KiCTKM 3
iMIUIAaHTOBAHOIO CTajJeBOI0 KY/IbKOIO AiaMeTpoM 4 MM Y TOJIBIIi CTErHOBOI KiCTKM [IJisI MOAeNoBaHHS. PeHTreHiBChbKi
3HIMKM BMKOHYBAJIMCh 3a OITOMOroi0 Pentren armaparty PLX 140 st dikcariii smitneHHs mieHTpy porariii. JocTiIskeHHs
MiATBEPAWIO TilOTe3y IMpOo Te, MO0 3MiHA KyTa HaXWIy Ta3a MPU3BOAUTH N0 3MillleHHS LIeHTPy poTallii KyJbIIOBOTO
cyrnoba. Take 3MillleHHS] BUMara€ yBaru rpu mnepeiornepariiiHoMy IJIaHyBaHHi, OCKUJIbKM MOKe BIUIMHYTU Ha BUOIp Ta
po3MillleHHsT eHIoIpoTe3a. JoCTiiskeHHSI BUSBUJIO, 110 BEJIMKUI KYT HaXWIy Ta3a YCKIAJHIOE BCTAHOBJIEHHS IPOTe3a
KyJIbIIOBOTO CYI/I06a, MiABUINYIOUM PU3UKY 3HOCY MPOTe3a Ta AMCIOoKalii. Ile BMMarae iHOMBimyaai30BaHOTO Mimxomy
JI0 KOKHOTO TMallieHTa, BUKOPUCTAHHS CHelliaibHUX iMIUIaHTaTiB Ta Mic/asionepaliiiiHoro criocrepeskeHHs. Heo6ximHo
OIiHIOBATM aHTEBEPCil0 Ta iHK/IiHALiI0 TpOTe3a, peryioBaTy MMMOMHY iMIUIaHTalii Ta BMOMpaTy BigIMOBimHI TUIM
MpOTe3iB, BUXOASUM 3 aHATOMii maiieHTa. BukopucranHs 3D-Mojen0BaHHS [OIOMAara€ ONTVMMi3yBaTy PO3MillleHHS
MpoTe3a. BpaxyBaHHS aHATOMIYHUX OCOGIMBOCTEN € KIIFOUOBMM ISl 3HVMKEHHSI PU3UKY YCKJIQJHEHb Ta TOKpAIIeHHS
IIOBIOCTPOKOBUX PE3Y/IbTATIB €HIOMPOTe3YBAHHS

KnioyoBi cnoBa: eH0NIpOTe3yBaHHS; aHATOMIYHI ITapaMeTpy; CTapiHHS HaceleHHs; SIKiCTh JIiIKyBaHHS; TOBTOCTPOKOBI
pesyibTaTH; ONITUMI3allis Xipyprii; pusMK yCcKIaJHeHb
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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

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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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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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. Podgorski 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

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.

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.

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

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

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

hidden in the sulci (Fig. 1B). Consequently, four primary
parameters were obtained: perimeter P,, representing the
length of the visible cerebral surface contour; perimeter P,,
representing the length of the overall pial surface contour,
encompassing sulci; area A,, representing the cross-sec-
tional overall brain area, including regions enclosed inside
the sulci; and area A, 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.

Figure 1. Two stages (A and B) for the morphometric analysis of MRI brain scans; axial section
Notes: A — measurement of perimeter P, and area A, along the superficially visible pial surface of the cerebral cortex; B -
measurement of perimeter P, and area A, 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

Subsequently, several morphometric indices were com-
puted from the acquired perimeter and area values. These
included the following parameters: the perimeter-to-area
ratios (P,/A, and P,/A,), the shape factors (circularity) (SF,
and SF,), the ratio of two perimeters, or the gyrification in-
dex (P,/P,), and the ratio of two areas (4,/A,). The shape
factors SF, and SF, (circularity) were calculated using the
following formula:

4t X A
SF = T, (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 0.=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].

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; P, — perimeter measured along the visible cerebral surface only; P, — perimeter measured
along the entire cerebral pial surface; A, — area measured along the visible cerebral surface only; A, - area measured
along the entire cerebral pial surface; SF, — shape factor (circularity) calculated from P, and AA values; SF, - shape factor
(circularity) calculated from P, and A, 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 (P, and P,) were significantly
larger in males in all examined brain sections, except for
perimeter P, in the axial section. Similarly, both area values
(A, and A)) were significantly larger in males in all sections,
except for area A, 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 P,/A, was sta-
tistically significantly different in all sections except the
first coronal. However, the other perimeter-to-area ratio
P,/A, 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 SF, in

the first and third coronal sections). The gyrification in-
dex (the ratio of two perimeters, P,/P,) 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 A, /A, 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).

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

Brain section
Parameter Sex group Coronal 1 Coronal 2 Coronal 3 Coronal 4 Axial A o
(average value)

Males -0.212 -0.153 0.063 0.025 0.105 -0.019

P Females -0.182 0.077 0.269 0.221 0.032 0.128
Males -0.285 -0.083 0.133 -0.186 -0.008 -0.090

P Females -0.209 -0.198 -0.033 -0.046 0.223 -0.045
Males -0.194 -0.228 -0.166 -0.062 -0.027 -0.152

A Females -0.222 -0.017 0.121 0.201 -0.017 0.037
Males -0.442* -0.374* -0.428* -0.191 -0.177 -0.384*

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

Males 0.169 0.229 0.332* 0.141 0.220 0.232

P/ Females 0.212 0.087 0.080 -0.080 0.159 0.124
Males 0.245 0.400* 0.492* 0.055 0.145 0.379*

Po/As Females 0.181 0.058 0.106 0.081 0.239 0.140
Males 0.000 -0.082 -0.292 -0.189 -0.192 -0.370*
S Females -0.108 -0.213 -0.283* -0.166 -0.132 -0.324*
Males 0.001 -0.178 -0.362* 0.080 -0.080 -0.170

5Fs Females -0.023 0.025 -0.076 -0.013 -0.240 -0.129
Males -0.211 -0.031 0.098 -0.236 -0.008 -0.087

P/ Females -0.167 -0.161 -0.177 -0.113 0.200 -0.110
Males -0.429* -0.561* -0.568* -0.388* -0.445* -0.549*
A/ Females -0.521* -0.503* -0.545* -0.514* -0.379* -0.579*

Notes: independent variable - age; P, - perimeter measured along the visible cerebral surface only; P, — perimeter meas-

ured along the entire cerebral pial surface; A, — area measured along the visible cerebral surface only; A

,— area measured

along the entire cerebral pial surface; SF, - shape factor (circularity) calculated from PA and AA values; SF, - shape factor

(circularity) calculated from P, and A, values; * - p<0.05
Source: compiled by the author

The values of both perimeters (P, and P,) did not show
statistically significant correlations with age in both males
and females. Similarly, statistically significant correlations
between age and area A, were not observed. However, area
A, 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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in both males and females, except for P, /A, in the third cor-
onal section and P, /A, 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 SF, in the third coronal section in females
and shape factor SF, 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 P,/P, 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 P, to perimeter
P,.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 A, /A, 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 A, 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 A, 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-
metricparameterscanbeclassifiedintothreedistinctgroups.
The first group comprises primary perimeter and area val-
ues (P, P, A, A 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 A, were observed in males.

The second group of parameters consisted of calcu-
lated relative indices (perimeter-to-area ratios P, /A, and
P, /A,, shape factors SF, and SF,, and gyrification index
P, /P,)) 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 onlyone parameter —theratio
of areas A /A . 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.

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 A, /A, emerged as the
most responsive to age-related changes. This index signi-
fies the ratio of area A,, corresponding to brain tissue ex-
cluding sulci, to area A,, 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 A/A,. The widening of sulci has been
linked to the documented increase in cerebrospinal fluid
volume as described by P. Podgoérski 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 A,/A,, 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 A, 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 A, 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

Bulletin of Medical and Biological Research. 2024. Vol.6, No. 1



Age-related changes...

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. Podgorski 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.]. Forde et
al. [21] have described greater variability in morphometric
parameters in males, consistent with the somewhat larg-
er interquartile range of area A 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 A, /A, 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.

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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BikoBi 3MiHU BeIMKUX NiBKYJ1Ib FOJIOBHOro MO3KY YOJOBIKIiB Ta XIHOK:
MopdoMeTpUUHE Aochnig)XeHHA MarHiTHo-pe3oHaHCHUX TOMorpam

HaTtania Map’eHko

KaHgounoat MeguyHmMxX HayK, OOKTOpPaHT

XapKiBCbKWMW HaLLiOHANIbHWUIA MEOUYHUI YHIBEPCUTET
61022, npocn. Hayku 4, M. XapkiB, YKpaiHa
https://orcid.org/0000-0002-7980-7039

AHoTauif. Po3ymiHHS BigMiHHOCTE! y CTapiHHI TOJTOBHOrO MO3KY YOJOBIKiB Ta JKiHOK i pi3HOI dYyTIMBOCTI
MoOphOMETPUUHMX TIapaMeTpiB [0 BiKOBMX 3MiH Ma€ BakjiIyBe 3HAUEHHS [Jig pO3pPO6KM aJIrOPUTMIB i IIPOTOKOIIIB
IJIS1 00’€KTMBHOI Ta KiJIbKiCHOT OIiHKY 6YIOBY TOJIOBHOTO MO3KY B KJIiHiUHi MpakTuIili. MeTO0 I[bOTO JOCTiIsKEeHHS
6y710 BM3HAYUTHU MPOCTi i 3acTOCOBHI MOpdOMETpUYHi IMapamMeTpy AJis KiTbKiCHOI OLIiHKM BiKOBMX 3MiH y BEJIMKUX
MiBKYJ/ISIX TOJIOBHOTO MO3KY Ta BUSBUTU crieliudidHi 0cO6IMBOCTI LIMX 3MiH IIPU CTApiHHI TOJIOBHOTO MO3KY Y YO/IOBiKiB
i >kiHOK. Bynu gocmimskeHi IBOBUMMipHi MarHiTHO-pe30HaHCHI TOMOrpamu TooBHOro Mo3Ky 100 oci6 y Biui Bix 18 1o 86
poKiB 6e3 migTBepaKeHoi maTosorii HepBoBOi cucTteMu. [Io BUGIpKYM yBiiim 44 yonoBika Ta 56 KiHOK. JJOCTiIsKeHHS
TOJIOBHOTO MO3KY KOKHOTO YYacHMKA BKJIIOYAJIO aHaMi3 M'aTy TomMorpadiuHux 3pi3iB, y TOMY YMCIi YOTUPBOX Yy
(dbpoHTaNbHIM MIOMMHI (KOPOHAIbHI 3pi3M) i OMHOTO Y rOPM30HTAbHINM TIOMMHI (akciaabHUit 3pi3). MopdomeTpist
BKJIIOYa/ia BM3HAuUeHHS 3HAaueHb IepumeTpa Ta IUIONL. Bylo BMKOpPUCTAHO [Ba MiAXOAM IO BUMIpIOBaHHS: OOUH
BKJIIOUAB BM3HAUEHHS IMepyMeTpa Ta IUIONIi BiAMOBiZHO A0 BUAMMOI MOBEPXHIi MiBKY/Ab TOJIOBHOTO MO3KY, a iHIINIA
BKJIIOUaB BUMipIOBaHHS I[MX MTOKA3HMKIB BiITIOBiAHO [0 yCi€i MOBepXHi MiBKy/b, BKIIOUHO i3 MOBEPXHEI0, MIPUXOBAHOIO
B 60po3Hax. Ha ocHOBi oTpMMaHMX 3HaUeHb MepuMeTpa Ta ILIONIi 6y po3paxoBaHi MOXigHi iHgeKCH, Y TOMY UMCITi
BiHOIIIEHHS MepuMeTpa A0 IUIoIli, hakTopyu GOpMM Ta CIIiBBiAHOLIEHHS ITepuMeTpiB i mioml. [Joc/iakeHHs IT0Ka3ao,
1[0 3 BiKOM Y YOJIOBiKiB CITOCTEPiraloThCst GibIll BUpAsKeHi 3MiHM aGCOMIOTHMUX 3HAUYEHb IO ITepepisy, 110 BimoBimae
TKaHMHi MO3KY B 11iziomy. [IpoTe BikoBa fMHaMiKa BiTHOCHUX BEeJIMUYMH Y YOJIOBIKiB i )KiHOK JJOCTOBipHO He BiJIpi3HsIacs.
BusiBiieHo, 110 CIiBBiJHOIIEHHS JBOX IIJIOL] ITepepi3y MO3KyY, 3 ypaxyBaHHIM BMiCTy 60pO3H Ta 6e3 HbOT0, BUSIBUIOCS
rapaMeTpoM, HafUyTIIMBIIIMM 10 BiKOBMX 3MiH SIK Y YOJIOBiKiB, Tak i y XiHOK. Lle criBBifHOLIEHHSI MOXe CJIIyTyBaTU
IOAATKOBMM MOPGOMETPUYHUM MTapamMeTPOM JJIsI JOCTiIKEHHSI CTPYKTYPU FOJIOBHOTO MO3KY 3 1iarHOCTUYHOIO METOI0
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Abstract. Clean and safe water is a fundamental requirement for human survival and well-being. The destruction of civilian
infrastructure during wars or natural disasters can severely limit access to clean water for the local population, military,
rescue workers and volunteers. The objective of the study was the evaluation of the efficiency of fresh water disinfection by
electrolytic ozonation. The ozone concentration was measured photometrically by the intensity of the colour change in the
reaction with N, N-diethyl-p-phenylenediamine sulfate. The water quality was assessed microbiologically by determining
the total microbial count of the samples and by analysing the colour of the bottom of the flasks in which the water samples
were stored. The efficiency of ozonation of artesian water in the field was evaluated. Electrolytic ozonation of 500 mL of
spring water for two and five minutes produced an aqueous ozone solution with a concentration of 0.74 and 1.72 mg/L,
respectively. Electrolytic ozone decomposed slowly and was detected in the samples three days after the water treatment.
Ozonation of spring water for 5 and 10 minutes effectively inactivated all natural microorganisms (2.11 log CFU/mL),
the water remained sterile and without any colour changes for a month. Water samples ozonated for 2 minutes did not
demonstrate any visible changes after a month of storage, however the natural microflora partially recovered. Planktonic
microorganisms in the amount of 2.33 log CFU/mL, as well as biofilms on the walls of the flasks, were detected in a month
in the control water samples. The colour of the bottom of the control flasks changed to dirty yellow. In the field, ozonation
of water for 10 minutes prevented its spoilage even when the recommended treatment volume was increased by 10 times.
The obtained results indicate that electrolytic ozonation is an effective method of freshwater disinfection, and portable
ozonators can play an important role in emergency water purification in areas of armed conflicts or natural disasters

Keywords: ozone; water disinfection; inactivation of microorganisms; portable ozone generator; armed conflict

INTRODUCTION

Clean water is an essential resource for both human life  residents in active conflict zones due to the destruction
and various industries. Military operations can have a  of water supply and wastewater infrastructure, including
significant and detrimental impact on water quality for = water treatment plants, distribution systems, and sewage
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Exploring water disinfection...

facilities. Russia’s war against Ukraine has significant envi-
ronmental consequences [1], especially for Ukrainian water
resources [2].

Ensuring access to clean water is of utmost impor-
tance for civilians, the military, rescuers, and volunteers
in areas with destroyed civilian infrastructure. In emer-
gency water disinfection, the military may resort to chlo-
rine-containing tablet disinfectants. However, as it has
been stated by L.B. Cahoon [3] despite their low cost, these
disinfectants may not be readily available to the civilian
population and could pose risks due to the formation of
toxic or carcinogenic chlorination by-products. The for-
mation of disinfection by-products associated with a po-
tential heightened risk of bladder cancer, along with other
adverse reproductive health effects, have been reported by
M. Lindmark et al. [4]. An alternative for emergency wa-
ter disinfection is the use of ozonation. Ozone is a pow-
erful oxidant with strong antimicrobial properties [5].
D. Zheng et al. [6] reported that by its properties, ozone
is a stronger oxidizing agent than molecular oxygen or
hydrogen peroxide and reacts with most substances at
room temperature. C. Chuwa et al. [7] documented that
ozone can effectively inactivate bacteria, viruses and oth-
er pathogens present in water, in fruits, vegetables, meat,
grains, and their products. Traditionally, water ozonation
involved bubbling ozone gas through water, necessitat-
ing the use of costly high-performance industrial ozona-
tors [8] and adherence to safety regulations. As reported
by E. Grignani et al. [9] gaseous ozone, upon contact, can
irritate the eyes, skin, and mucous membranes. Residual
gaseous ozone must be neutralised by thermal or catalyt-
ic destructors [10]. In addition, the traditional method of
creating ozone involved the use of concentrated oxygen,
which poses explosive risks. E.I. Epelle et al. [11] reported
the utilization of electrolysis to saturate water with ozone,
bypassing the dangerous gaseous phase. Consequently,
there is an urgent need for the development of portable,
energy-saving, and, most importantly, safe devices for

water disinfection. These devices are crucial for deploy-
ment in wartime, natural disasters, daily life, and within
medical and veterinary institutions.

This study focuses on evaluating the effectiveness of
such portable devices, utilizing an electrolytic method to
saturate water with ozone. Powered by low-voltage (5 V)
sources, these devices are designed for emergencies, pro-
viding a swift and efficient means of water disinfection.
The purpose of this study was to further investigate the ef-
fectiveness of electrolytic ozonation for disinfecting fresh
water, with a focus on assessing the long-term impact of
ozonation on the quality of drinking water.

MATERIALS AND METHODS
This study is a continuation of previous research [12]
focused on the disinfection of fresh water by electrolytic
ozonation.

Water samples and duration of the experiment. To
test the effectiveness of long-term water disinfection with
electrolytic ozone, samples of spring water were collected
(Hai-Hrechynski village, Ternopil district). Water samples
taken on the day of the experiment were collected directly
from the stream into sterile 300 mL flasks and then deliv-
ered to the laboratory. Some samples were used for short-
term experiments (ozone concentration measurements).
The other part was left after treatment to study the long-
term effect of ozonation (bacteriological and colour anal-
ysis). To maximise natural light, the treated and untreated
water samples were stored at room temperature (20+2°C)
on the windowsill of an east-facing window for one month
(from mid-November to mid-December 2023).

Water treatment conditions. Water ozonation was
performed with a commercial portable ozoniser (the
manufacturer is not specified at the request of the
equipment owner to avoid advertising) by saturating wa-
ter with ozone obtained by electrolysis [13]. The produc-
tion scheme and the equation for ozone formation are
depicted in Figure 1.

—P—

o

p

Reactions at the anode

2H;0 — O, + 4H" + 4e-
3H,0— O3 + 6H* + 6e°
0; + Hy;O — O3 + 2H" + 2e”

Reaction at the cathode

2H* +2e-— H,

Figure 1. Principle of operation of the ozonator, illustrating chemical transformations
Source: scheme - compiled by the authors. Chemical equations adapted from F. Okada & K. Nay [13]

The manufacturer specifies an initial ozone concentra-
tion ranging from 0.8 to 1.3 mg/l, depending on the du-
ration of ozonation. Two modes of electrolytic ozonation
of water, lasting 2 and 5 minutes (referred to as Mode 1
and Mode 2), were installed by the manufacturer. In the

experiments measuring ozone concentration dynamics,
both o zonation modes were tested. For experiments in-
volving the long-term preservation of water, two modes
were applied as well as an ozonation extended to 10 min-
utes, achieved by repeating the second mode twice. Before
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each experiment, the working part of the ozonator was
rinsed with sterile distilled water. Disinfectant solutions
were avoided to prevent any impact of residual disinfect-
ants on the results. Throughout ozonation, water stirring
was employed to ensure uniform ozone saturation.

Measurement of ozone concentration in aqueous
solution. The concentration of ozone in water was meas-
ured photometrically using a PoolLab 1.0 photometer
(Water-i.d., Eggenstein, Germany) by the intensity of the
colour change in the reaction with N,N-diethyl-p-phe-
nylenediamine sulfate [11]. The ozone concentration was
determined by the absorption of coloured light (wave-
lengths of 530 and 620 nm) by the sample compared to the
untreated sample using the calibration data programmed
into the instrument. The photometer used in this study
has an ozone measuring range of 0-4 mg/L and uses three
wavelengths (530/570/620 nm) to measure the concentra-
tion of ozone and other substances in water. Tablet-based
reagents were used for measuring ozone concentration,
with each measurement taking approximately 3 minutes
per sample. To determine ozone concentration, 500 mL of
spring water samples were ozonised in individual sterile
measuring cups. Measurements were conducted at room
temperature (20°C) every 20 minutes for the initial hour,
followed by daily measurements until the ozone concen-
tration reached 0 mg/L.

Microbiological study. To assess the efficacy of water
disinfection, both treated and untreated (control) water
samples were subjected to decimal serial dilutions in sterile
0.9% NaCl solution. Subsequently, aliquots were combined
with nutrient agar (Sanimed-M LLC, Kharkiv, Ukraine) that
had been melted and cooled to 50°C. For this process, 1 mL
of dilutions and undiluted samples were plated in sterile
Petri dishes (Sarstedt, Inc., Numbrecht, Germany). Ten to
twelve millilitres of nutrient agar, melted using a water
bath (Biosan WB-4MS, BioSan SIA, Riga, Latvia), were add-
ed to each plate and mixed by gently shaking. Following
agar solidification, the plates were incubated at 30°C for 72
hours, after which colony-forming units (CFU) were count-
ed. The study was conducted both at the beginning and the
end (1 month) of the experiment.

Colour change analysis. Colour change analysis was
employed to evaluate visible signs of water spoilage. For
this purpose, water samples in bottles were photographed
using a Nikon D3200 camera (Nikon Corporation, Tokyo,
Japan) with a Nikon DX 18-55 mm 1:3.5-5.6 lens. The pho-
tographic process occurred at the onset and conclusion
(after 1 month) of the experiment indoors under artifi-
cial lighting from an arc mercury gas-discharge fluores-
cent lamp. Accurate colour reproduction was ensured by
calibrating to the X-Rite ColourChecker Passport palette
using the ColourChecker Passport software (X-Rite Inc.,
Grand Rapids, Michigan, USA). Colour changes in the
samples were analysed on a selected 10 x 10-pixel squares
using the free online software Image Colour Extract [14]
and the obtained values of the dominant colour were ex-
pressed in the CIELAB colour space. Here, the parameter
“L*” denotes lightness, while “a*” and “b*” denote colours.
In this context, “a*” indicates the ratio of the green and

red components of the colour [(-) — green, (+) — red], and
“b*” represents the ratio of the blue and yellow compo-
nents [(-) — blue, (+) — yellow].

The application of water ozonation in “field condi-
tions” by volunteers in southern Ukraine aimed to address
the demand for drinking water. In June-July 2023, groups
of volunteers in the Kherson region utilised the same port-
able ozonisers, totalling 20 units, as part of an operation
to assist flood victims after occupation forces detonated
the Kakhovka hydroelectric power station dam. The water,
sourced from artesian wells in the Buchak aquifer, under-
went treatment directly in water containers (5-litre PET
bottles). Ozonators were powered by portable solar panels
or portable chargers (output voltage: 5V, current: 3 A).

Statistical analysis. All experiments, except for the
colour change assay, were conducted in triplicates. The
number of CFU was expressed in logarithmic values. The
mean values and the standard deviations were calculated
(M+sd) and utilised for statistical purposes. The equality of
mean values in two samples was assessed using Student’s
t-test. For comparisons among multiple groups, one-way
analysis of variance (ANOVA) was employed, using Sta-
tistica 8.0 software (StatSoft Inc., Tulsa, Oklahoma, USA).
Subsequently, Tukey’s post hoc analysis was conducted to
discern differences in mean values. Significance was deter-
mined at p<0.05.

Ethics statement. The research protocol for this study
was conducted under the principles outlined in the UNE-
SCO [15]. The study design and procedures were approved
by the Committee on Bioethics of I. Horbachevsky Ternopil
National Medical University (Protocol No. 76, January 15,
2024), and all participants provided informed consent prior
to their involvement in the study. Before participation, all
volunteers were briefed on the nature and purpose of the
study, as well as any potential risks or benefits involved.
Measures were taken to ensure the safety and well-being
of participants throughout the study, including appropri-
ate training on the use of portable ozonators and access to
necessary medical care in the event of any adverse events.
Additionally, efforts were made to respect the autonomy
and privacy of participants, and their personal information
was handled confidentially following ethical guidelines.

RESULTS

Measurement of ozone concentration in aqueous solu-
tion. The studies revealed variations in the initial ozone
concentration compared to the manufacturer’s spec-
ifications. Specifically, the utilization of Mode 1 re-
sulted in a solution with an ozone concentration of
0.74+0.04 mg/L, while Mode 2 generated a concentration
of 1.72+0.18 mg/L (Fig. 2).

Measurements of ozone concentration every 20 min-
utes showed a decrease in each subsequent sample. After
an hour, the ozone concentration in the water treated for
2 minutes was 0.55%0.05 mg/L (p<0.05), and in the water
treated for 5 minutes — 1.53+0.10 mg/L (p >0.05). Subse-
quent measurements of ozone concentration revealed that
it became undetectable in samples treated with Mode 1 by
day 2-3, and with Mode 2 by day 4 (Fig. 3).
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Figure 2. Changes in ozone concentration in aqueous solution after ozonation for 2 and 5 minutes over one hour
Notes: error bars indicate the standard deviation of the mean, and letters above the bars denote a significant difference

(p<0.05)
Source: compiled by the authors
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Figure 3. Long-term changes in ozone concentration
in aqueous solutions following ozonation for 2 and 5 minutes over a period of several days
Notes: error bars indicate the standard deviation of the mean, and letters above the bars denote a significant difference

(p<0.05)
Source: compiled by the authors

After storing the solution at room temperature for a
day, the ozone concentration in water treated with Mode 1
was 0.37%0.04 mg/L, while in samples treated with Mode 2,
0.98+0.08 mg/L of ozone remained (p < 0.05). Within a day,
the ozone concentration decreased to 0.10+0.10 mg/L and
0.40 £0.08 mg/L (p < 0.05) for samples treated with Mode
1 and Mode 2, respectively. After 3 days, ozone at a con-
centration of 0.03+0.01 mg/L (p < 0.05) was detected only
in samples treated with Mode 2. In addition to photomet-
ric analysis, the samples were evaluated organoleptically,

revealing that even at low ozone concentrations in water,
the samples retained a specific 0zone odour.

Microbiological study. Microbiological studies have
demonstrated that ozonation significantly diminish-
es the number of microorganisms in spring water. The
total microbial count (TMC) of control samples was
128.7£14.5 (2.11 £0.05 log CFU/mL). Following ozona-
tion treatment, only single microorganisms were detect-
ed, and this was observed exclusively in samples treated
by Mode 1 (Table 1).

Table 1. Microbial counts in water at the start and end of the experiment (log CFU/mL)

. ) Microbial counts in spring water
Ozonation time - -
start of the experiment (day 1) end of the experiment (day 30)
2 minutes 0.61+0.21 1.92+0.26*
5 minutes 0
10 minutes 0
Control 2.11%0.05 2.33+0.11*

Notes: * - p <0.01
Source: compiled by the authors
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Storage of water samples for one month revealed a
significant (p < 0.01) increase in the number of microor-
ganisms in both control samples and those treated with
Mode 1. However, visible signs of water spoilage were ob-
served exclusively in control samples.

Assessment of visible signs of water spoilage. At the
beginning of the experiment, the colour analysis revealed
that the bottom of all flasks appeared grey. This was attrib-
uted to the absence of sediment, the transparency of the

water and glass, and the shadow cast by the flask itself on a
white background (Fig. 4).

Storage of water samples for one month revealed vis-
ible changes only in the control sample. Colour analysis
indicated a shift of the “b*” parameter toward the yellow
spectrum, resulting in a noticeable, dirty yellow colour of
the sediment at the bottom. In contrast, the colour of the
bottom in treated samples retained shades of grey similar
to the initial conditions (Fig. 5).
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Figure 4. Colour analysis of the bottom of the flasks on the first day of the experiment
Notes: A — untreated sample (control); B — water treated with ozone for 2 minutes; C — water treated with ozone for 5
minutes; D — water treated with ozone for 10 minutes; L - lightness, a — ratio of the green and red components of the
colour [(-) — green, (+) — red], b — ratio of the blue and yellow components [(-) - blue, (+) — yellow]
Source: compiled by the authors
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Figure 5. Colour analysis of the bottom of the flasks on the last day of the experiment
Notes: A - untreated sample (control); B — water treated with ozone for 2 minutes; C — water treated with ozone for 5
minutes; D — water treated with ozone for 10 minutes; L - lightness, a — ratio of the green and red components of the
colour [(-) — green, (+) — red], b — ratio of the blue and yellow components [(-) — blue, (+) — yellow]
Source: compiled by the authors
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Furthermore, after emptying the flasks, biofilms were
observed on the walls of the control flask (Fig. 6). Inocu-
lation of material from these formations on nutrient agar
revealed bacterial growth. No biofilms were found in the
treated water samples.

Figure 6. Biofilms on the walls of the flask
Notes: A - after emptying the flask; B - after staining with
methylene blue
Source: compiled by the authors

These observations, combined with microbiological
studies, affirmed the spoilage of water in the control sam-
ple and the preservation of water suitable for consumption
in the ozone-treated samples.

The results of the application of water ozonation
in “field conditions” by volunteers in southern Ukraine
aimed to address the demand for drinking water. In the
summer of 2023 (June-July), a group of volunteers in the
Kherson region employed portable ozonators for water
pretreatment. At times, the ozonators were powered by
connecting them to residential electricity lines, but more
frequently, the volunteers utilised either solar panels or
portable chargers. The utilization of both solar panels and
portable chargers afforded the volunteers flexibility, ena-
bling them to operate the ozonators independently of res-
idential electricity grids. The temperature in the Kherson
region during these months exceeded 35°C. Water sourced
from the Kyiv region (Buchak aquifer) rapidly deteriorated
when stored in plastic bottles under warm, sunny condi-
tions. Volunteers observed changes in colour (yellowing,
greening) and an unpleasant smell. These alterations were
attributed to the proliferation of cyanobacteria (resulting
in greening and the development of an odour) [16] and the
naturally elevated iron content in the waters of the Bu-
chak aquifer (leading to yellowing) [17]. Upon applying
ozonation for 10 minutes with portable ozonators (Mode 2
twice), the water remained potable for 2-4 weeks without
visible signs of deterioration before complete use. Accord-
ing to volunteer observations, water that had turned yel-
low during storage regained its transparency after ozona-
tion, and the unpleasant smell dissipated. The volunteers
utilised the ozone-treated water for drinking, cooking,
and personal hygiene. It’s noteworthy that the volunteers,
contrary to manufacturer instructions (which recommend
a maximum ozonation volume of 500 mL), used portable
ozonators in 5-litre PET bottles, exceeding the recom-
mended volume by ten times.

DISCUSSION

The relatively slow decomposition of ozone was surpris-
ing, given that other authors have reported rapid decom-
position in aqueous solutions, leading to the formation
of molecular oxygen, hydroxyl radicals, and short-lived
reactive oxygen species [18, 19]. E.I. Epelle et al. [11] re-
ported a half-life of 10 minutes at 18°C for electrolytically
produced ozone in drinking water. Similarly, Y. Hirahara et
al. [18] observed a half-life of 39 minutes for electrolytic
ozone in distilled water at 20°C. K. Varol [20] reported a
half-life of 20 minutes for ozone in various water types, in-
cluding ozonated drinking water, distilled water, and water
for injection, in studies involving ozonation by bubbling.
It’s worth noting that M. Seki et al. [21] demonstrated a
longer storage of ozone in an aqueous solution produced
by nanobubble technology. In their research, commercially
prepared ozonated water lost 90% of its ozone after a week
at 25°C, while at 4°C, it retained 90% of its original con-
centration over the same time. The findings of the authors
mentioned above are consistent with the results described
in this manuscript, despite the technical differences in the
types of ozonated water studied.

The ozone inactivation of microorganisms in spring
water aligns with the findings of L. Meunier et al. [22], who
demonstrated the inactivation of more than 5 log CFU of
vegetative bacterial cells by bubbling an ozone-containing
gas mixture through cooled drinking water. In the experi-
ments conducted by the authors of this manuscript, water
treated with ozonation for over 5 minutes remained bac-
teria-free for one month. This is similar to the findings of
A.M. Gorito et al. [23] who explored the potential of pre-
venting bacterial recovery in water through ozonation,
albeit with more contaminated (6 log CFU/100 mL) (Note:
units as per the original paper) river water. According to
their results, 1.5 mg/L for 10 minutes neutralised all micro-
organisms, but after storing samples for 3 days at 37°C, live
microorganisms were detected. However, increasing the
ozone concentration to 3 mg/L prevented the recovery of
microorganisms after treatment and storage.

The volunteers’ observations regarding the restora-
tion of the transparency of yellowed water align with the
findings of T. Zhang et al. [24], who described the effective
decolourization of water during ozonation by bubbling
gaseous ozone (1.5-3 mg/L). The ozonation of municipal
wastewater, in conjunction with flocculation, filtration,
and ultraviolet treatment, was explored in their study.
However, the results indicated limited effectiveness in
removing odour-causing substances, prompting the ad-
ditional recommendation of nanofiltration. X. Ren et
al. [25] demonstrated a reduction of odour-forming sub-
stances (geosmin and 2-methylisoborneol) in open water
by over 92% using ozonation by bubbling (2 mg/L) com-
bined with filtration through granular activated carbon.
The restoration of the transparency of yellowed water, as
described by the volunteers, is consistent with the work of
S. Tripathi & T. Hussain [26], who reported the oxidation
of iron and manganese in water using ozone. Additional-
ly, both laboratory findings and volunteers’ observations
are in line with the conclusions of T. Manasfi [27] who
stated that while disinfection is frequently the primary
objective of using ozone in drinking water treatment, ad-
ditional applications encompass the removal of colour,
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odour, and taste compounds, as well as the elimination of
iron and manganese.

The prevention of biofilm formation on surfaces using
ozonated water was also observed by M. Marino et al. [28].
They reported the inactivation of strains of microorgan-
isms such as Pseudomonas fluorescens, Staphylococcus au-
reus, and Listeria monocytogenes in biofilms on the surface
of stainless steel under both static and dynamic applica-
tion of ozonised water, produced by the electrolytic meth-
od, with an ozone concentration of 0.5 mg/L. Additionally,
J.C. Oliver et al. [29] observed the effective inactivation of
Pseudomonas aeruginosa in biofilms on contact lens con-
tainers using distilled water saturated with ozone. In con-
trast, L. Zhang et al. [30] reported that stress induced by
excessive ozonation resulted in more intensive biofilm ac-
cumulation of Legionella compared to lower doses of ozone.

The decentralised use of ozonation for water treat-
ment in Western Kenya was detailed by C. Hendrickson et
al. [31]. In their study, the authors employed solar panels
to power ozonators, which sterilised contaminated ground-
water stored in a 1000-litre tank. Their system incorporat-
ed flocculation and filtration methods prior to ozonation.
Similarly to the portability of ozonators described in this
manuscript, A. Hafeez et al. [32] described the utilization
of lightweight (750 gm approximately) portable solar-pow-
ered non-thermal air plasma devices which could be fully
charged and taken to remote areas or where a power source
is not available. The conducted studies, in general, demon-
strate the potential of electrolytic ozonation for extending
the shelf life of water, both indoors and in the field.

CONCLUSIONS
This study aimed to evaluate the efficiency of freshwater
disinfection through electrolytic ozonation, particularly
in the context of emergency water purification in areas
affected by armed conflicts or natural disasters. The re-
sults indicate that electrolytic ozonation effectively pro-
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AHoTauif. Yncra Ta 6e3mevHa Boga € GyHIaMeHTATbHOK BUMOTOIO JIJIST BUDKMBAHHS Ta TOOPOOYTY TIOAMHN. PyiitHYBaHHS
UMBiNbHOI iHGPACTPYKTYpU MiJ Yyac BOEH UM MPUPOSHUX KATACTPO(D MOXKe CMIBHO OOMEKUTM MOPYIIUTU HOCTYII J0
YMCTOI BOAY IJISI MiCLIeBOTO HaceleHHSI, BiliCbKOBUX, PSITYBAIbHMKIB Ta BOJIOHTEPiB. MeTOI0 1OC/TiAsKeHHSI 6Y/I0 BUBUEHHS
edeKTMBHOCTI 3He3apaskeHHSI IPiCHOI BOM METOLOM eJIeKTPONTiTUUHOT0 030HyBaHHSI. KoHIIeHTpallis 030HYy BUMipIoBaIn
dboToMeTpUUHUM CITOCO60OM 3@ IHTEHCUBHICTIO 3MiHM KOMbOPY Y peakiiii 3 N,N-gietun-n-deninenaiaminy cyiabhaTom.
AKicTh BOAM OLIiHIOBAIM MiKpO6iolIOriuHO, BU3HAYAIOUM 3arajibHe MiKpOOHe YMCIo 3pasKiB, Ta 3a AOIMOMOIOI0 aHasi3y
KOJIbOPY HA (GIaKOHIB, y AKUX 36epiraamcst 3pasku Boau. OuiHoBam eGeKTUBHICTb 030HYBAHHS apTe3iaHCbKOi BOAY Y
MObOBUX yMOBaX. EylekTpostiTuyHe 030HyBaHHS 500 MJI AsKepesbHOI BOAYM MPOTSITOM ABOX Ta IT'SITU XBWIMH CTBOPIOBAJIO
BOJHMII pO3UMH 030HY y KoHIleHTpalii 0,74 Ta 1,72 mr/a BignmoBigHo. O30H YTBOpPeHUIi €eKTPONiTUUHO PO3IafaBcs
MOBI/IbHO 1 BUSIBJISIBCS Y 3pa3Kax uepes Tpu 106U miciast 06po6Ku Bonu. O6po6Ka 030HOM sKepelbHOI BOIM IIPOTSITOM 5 Ta
10 xBmnyH eeKTMBHO 3HEITKO/IKYBasIa BCi mpupoaHi mikpoopranizmu (2,11 log KYO/mu), Boma 3aymiianacst CTepuiabHOK
Ta 6e3 3MiH KOJIbOPY IMPOTATOM Micsitis. [Ipy 030HYBaHHI MPOTATOM 2 XBUJIMH, Yepe3 MicsIb BUAMMMX 3MiH Yy 3pa3Kkax He
HACTYIAJI0 ajie YacTKOBO BiJHOBJTIOBAMACS MPUPOAHA Mikpodiiopa. Y KOHTPOJbHMX 3pa3Kax yepe3 MiCsIlb BUSBIISIIACS
TJIAHKTOHHI MiKpoopraHi3mu y KigbKocTi 2,33 log KYO/mut Ta 6iotutiBKM Ha cTiHKax (GIakoHiB, a Komip THA 3MiHIOBaBCS
Ha GPYIHO-)KOBTHUIL. B TIOBOBMX YMOBAaX 030HYBaHHS BOAM MPOTSroM 10 XBUJIMH TIOMepeIKyBasIo il IICyBaHHS HaBiTh
mpu 36i/blIIeHHI PEKOMEHZ0BaHOTo 06’eMy [yist 06po6ku y 10 pasiB. OTpumMaHi pe3ynbTaT CBiAUaTh, [0 030HYBAHHS
€JIEKTPOIITUYHNUM CIIOCO60M € e(heKTUBHMM METOIOM 3He3apakeHHS MpicHOI BOAM, a MOPTAaTUBHI 030HATOPU MOXKYTh
BiZlirpaBaTy BaXK/IMBY POJIb B €KCTPEHOMY OUMIIIEHHI BOJM B 30HAX BilfiCbKOBUX KOHQUIIKTiB UM IPUPOAHMUX KaTacTpod
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Abstract. The relevance of determining the anthropometric dimensions of the limbs, which determine the external
structure of the human body and have close relationships with the technical and tactical activities of volleyball players,
is that morphological characteristics can be the basis for qualified sports selection. The purpose of this study was to
determine the differences in the value of anthropometric limb dimensions between volleyball players and girls who did
not play sports within the general group and a separate constitutional type. A study was conducted of 108 volleyball
players with an average sports experience of 6.361 +2.866 years of youthful age (mean age — 18.05 % 1.39 years). 130
practically healthy girls who did not play sports, of adolescent age (mean age — 17.91 £ 1.49 years) made up the control
group. Anthropometry was carried out with certified equipment according to the recommendations of P.P. Shaparenko,
somatotyping — by the Carter-Heath method. After determining the constitutional affiliation, volleyball players and
non-athletes were divided into four groups: ectomorphic, mesomorphic, ecto-mesomorphic and middle intermediate
somatotypes. It was found that all the girth dimensions of the upper and lower extremities and the width of the distal
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epiphyses of the thigh, lower leg, shoulder, and forearm were significantly larger in female athletes than in girls of
the control group. The somatotypological approach modified the nature of the previous results: in volleyball players
of all somatotypes compared to girls of control groups of the corresponding type of constitution only the widths of
epiphyses of the shoulder and forearm were statistically significantly larger; the width of the distal epiphysis of the
lower leg was bigger only in sportswomen of the average intermediate somatotype, and the width of the distal epiphysis
of the thigh was bigger in sportswomen of the ecto-mesomorphic and average intermediate types; most of the girth
dimensions of the limbs were bigger only in sportswomen of the ectomorphic and average intermediate somatotypes.
Thus, volleyball players of each constitutional type have their peculiarities of the structure of limbs, which should
be taken into account when creating a morphometric profile of volleyball players and taken into account in sports

orientation and prognostication

Keywords: anthropometry; upper and lower limbs; constitutional types; volleyball

INTRODUCTION

The level of sports performance in modern volleyball is so
high that to achieve it, athletes must have a whole range of
different data that must be at the highest level. In particular,
B. Kazakhov & D. Allayarov [1] emphasise the importance
of individual indicators of technical and tactical activity of
volleyball players for the effectiveness of the competitive
activity of the whole team. M.F.K. Hammoodi et al. [2] note
that in addition to technical and tactical training of volley-
ball players, special physical fitness plays a leading role in
their success, as Y. Yakusheva et al. [3] note in their work.
The team of authors of Lviv State University of Physical
Culture [4] do not deny the importance of the functional
state of the athlete’s body for the full implementation of
his/her technical and tactical skills but emphasise that an-
thropometric parameters can be the basis for characteriz-
ing morphological and functional changes in the body of
an athlete engaged in game sports. A comprehensive anal-
ysis and consideration of the anatomical and physiological
features of the body ensures the training of highly qualified
athletes because the peculiarities of the external structure
of the athlete’s body are a prerequisite for the realization
of his/her physical capabilities [5]. And the results of the
assessment of anthropometric characteristics will allow
compiling profiles of elite athletes in certain sports, which
can be used as a training bar for beginners. An analysis of
the anthropometric profile and constitutional characteris-
tics of female athletes of the Mexican Olympic team en-
gaged in classical and beach volleyball was carried out [6].
To assess the anthropometric profile of volleyball players,
a comprehensive study was conducted, which included the
determination of total dimensions and individual partial
dimensions, in particular the thickness of skin folds, longi-
tudinal, girth and transverse body dimensions [4], and the
authors propose to use the results obtained to monitor the
level of training of volleyball players.

The markers of sports selection should include con-
stitutional features of an athlete, which are formed un-
der genetic influence and modified by exogenous factors,
among which the specificity of sports activity can be the
most significant because it polishes the physique of an in-
dividual athlete to its needs [7]. The majority of the ana-
lysed studies define the features of the somatotypic profile
of volleyball players, in particular, S.K. Noutsos et al. [8]
determined the value of the components of the somato-
type according to the Hit-Carter in the adolescent elite of
female volleyball players and noted that it is the specific-
ity of the training activity of female athletes that leads to

changes in their body, which are provided by adaptation
processes to specific physical activities. Using somatotyp-
ing by Heath-Carter C. Poveda-Loor et al. confirm [9] that
in athletes, the value of somatotype components, espe-
cially muscle and fat, clearly demonstrate sexual dimor-
phism, therefore, to develop model anthropometric char-
acteristics of athletes of a particular sport is necessary to
take into account the factor of gender.

Thus, the work of many scientists has proven the fact
that indicators of the external structure of the body affect
sports performance and must be taken into account when
conducting qualified both prognostic selection to select
beginners who have the greatest chance of achieving
outstanding results, and confirmatory selection - for in-
tra-team specialization or team recruitment. In addition,
the study of anthropometric features of female athletes is
of theoretical importance for understanding the general
human morphology. However, few studies examine this
issue with regard to the ethno-territorial factor. In addi-
tion, there is no data on the peculiarities of the structure
of the limbs in female athletes who play volleyball pro-
fessionally but differ in somatotypic characteristics. The
aim of the study was to identify the peculiarities of the
girth and transverse dimensions of the upper and lower
limbs in high-skilled youth volleyball players of different
constitutional types.

MATERIALS AND METHODS

From 2018 to 2023, a study was conducted of 147 youth
volleyball players (16 to 20 years old) who had been play-
ing the sport for at least 3 years and had achieved high
sportsmanship. The athletes played in the following teams:
“Bilozgar — Medical University”, “Dobrodiy — Medical Uni-
versity — School of Higher Sportsmanship (SHS)”, student
volleyball teams of higher education institutions of Vin-
nytsia and children’s and youth sports schools of Vinnytsia
and Kalynivka. All the athletes underwent ultrasound ex-
amination of the heart and parenchymal organs, spirog-
raphy, electrocardiography and tetrapolar rheography of
the chest and extremities. If hypertension, arrhythmias,
regurgitation of II-III degrees, myocardial hypertrophy or
pathology of parenchymal organs were detected, practical-
ly healthy volleyball players were excluded from the group.
Thus, the total group of volleyball players who had no devi-
ations in their health status was 108 athletes. The distribu-
tion of volleyball players by the level of sportsmanship in
percentage terms is shown in Figure 1.
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Figure 1. Distribution (%) of volleyball players by level of sportsmanship

Source: developed by the authors

The control group consisted of 130 practically healthy
girls of the same age who did not go in for sports. The con-
clusion about the health status of the girls in this group
was made after a comprehensive clinical and laboratory
examination (ultrasound examination of the heart, thyroid
gland, spleen, kidneys, liver, urinary and gallbladder, X-ray
examination; spirography, electrocardiography, tetrapolar

rheography). In cases of pathology detection, girls were ex-
cluded from further research and were not included in the
main group of practically healthy. The age distribution of
volleyball players and girls of the control group is shown
in Table 1, it should be noted that the average age of vol-
leyball players was 18.05+ 1.39 years, and that of non-ath-
letes — 17.91 % 1.49 years.

Table 1. Age distribution in the observation groups

Volleyball players (n=108) Control group (n=130)
Age (years) Number (n) % Age (years) Number (n) %
16 20 18.52 16 30 23.08
17 18 16.67 17 30 23.08
18 28 25.92 18 22 16.98
19 20 18.52 19 17 13.08
20 22 20.37 20 31 23.84

Source: developed by the authors

Anthropometry was performed with certified equip-
ment: a caliper was used to determine the width of the
distal epiphyses of the tubular bones, a Martin anthro-
pometer — body length, a centimetre tape - girth of the
torso and limbs, a caliper — thickness of skin and fat folds,
and a medical scale — body weight. The anthropometric
study was performed according to the recommendations
of P.P. Shaparenko [10]. The somatotypic affiliation was
determined by the calculated modification of the Cart-
er-Heath method [11]. After somatotyping, it was found
that 28 volleyball players and 33 girls of the control group
belonged to the mesomorphic type of constitution. Ec-
tomorphs included 27 volleyball players and 36 control
group members; ecto-mesomorphs — 27 volleyball players
and 24 control group members, and middle intermediate
type — 26 volleyball players and 37 control group members.
The results were analysed and graphs were drawn using
the licensed software package “Statistica 5.5”. The sta-
tistical significance of the difference between the studied
groups in the value of anthropometric sizes of extremities
was determined by the non-parametric method using the
Mann-Whitney U test (the level of statistical significance
was estimated by 3 gradations: p<0.05, p<0.01, p<0.001).

The work is a fragment of the planned research work of
the Department of Sports Medicine, Physical Education and
Rehabilitation of Vinnytsia National Medical University
named after M.I. Pirogov “Somato-viscerometric features
of the human body in different periods of ontogeny”, state
registration number 0121U113772 (applied). The work was
approved at the meeting of the Bioethics Committee of the
Pirogov National Medical University (Minutes No. 2) on 31
January 2024. The approval process took into account the
basic bioethical principles established, in particular, in the
Declaration of Helsinki [12].

RESULTS

It was established that volleyball players had the widths
of distal epiphyses of segments of the upper and lower ex-
tremities significantly larger (in all cases p < 0.001) than
girls of the control group. In particular, the width of a dis-
tal epiphysis of a shoulder in volleyball players of meso-
morphs is bigger, than in ectomorphs (p<0.01) who had the
value of the given size the smallest among all sportswom-
en, the significant differences (p < 0.05) were found at the
comparison of volleyball players of ecto-mesomorphic and
ectomorphic types (Fig. 2).
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Figure 2. Features of the width of the distal epiphyses
of the shoulder (1) and forearm (2) (cm) in volleyball players of different somatotypes
Notes: Mean — sample mean; Mean  SE — # error of the mean; Mean+SD - * standard deviation; 1 — non-athletes (control
group); 2 — general group of volleyball players; 3 — mesomorphic athletes; 4 — ectomorphic athletes; 5 — ecto-mesomor-

phic athletes; 6 — athletes of intermediate somatotype
Source: developed by the authors

In order to find out the constitutional conditionali-
ty of anthropometric sizes of the upper and lower limb,
their size between sportswomen and non-athletes within
a separate somatotype was compared. It was found that in
volleyball players of all somatotypes (Table 2) the width
of the distal epiphysis of the shoulder was greater than
in girls of control groups of corresponding constitutional
types (in all cases p<0.001). The width of a distal epiphysis

of a forearm had the smallest values in volleyball players
of an ectomorphic somatotype, but significant differenc-
es between sportswomen of different constitutional types
were not revealed (Fig. 2). In volleyball players of meso-
morphic (p<0.01), ectomorphic (p<0.01), ecto-mesomor-
phic (p <0.001) and average intermediate (p < 0.01) so-
matotypes the forearm epiphysis is wider than in control
groups (Table 2).

Table 2. Width of the distal epiphyses of limb segments in individuals with different somatotypes (M *c)

Control Volleyball players Control Volleyball players
Indicators.
Mesomorphic somatotype Ectomorphic somatotype
EPPL 5.765+0.388 6.430+0.565%** 5.715+0.437 6.100+0.330%**
EPPR 4.922+0.324 5.227+0.409** 4.775+0.379 5.049+0.317**
EPB 8.515+0.375 8.590+0.806 7.939+0.407 8.090%0.744
EPG 6.381%0.410 6.662+0.592 6.419+0.378 6.420+0.530
Ecto-mesomorphic somatotype Middle intermediate somatotype
EPPL 5.778+0.254 6.333+0.304*** 5.895+0.384 6.234+(.293%**
EPPR 4.800+0.248 5.133%0.276%** 4.899+0.285 5.206%0.336**
EPB 8.115+0.549 8.767%0.848** 8.102+0.449 9.136%0.913***
EPG 6.485+0.422 6.627+0.386 6.457+0.386 6.815+0.462**

Notes: EPPL — width of the distal epiphysis of the upper arm (cm); EPPR - width of the distal epiphysis of the forearm
(cm); EPB - width of the distal epiphysis of the thigh (cm); EPG - width of the distal epiphysis of the lower leg (cm); * —

p<0.05; **-p<0.01; ***-p<0.001
Source: developed by the authors

In volleyball players of ectomorphic somatotype the
width of the distal femoral epiphysis was less than in
sportswomen of mesomorphic (p < 0.05), ecto-mesomor-
phic (p<0.01) and average intermediate (p < 0.001) types
(Fig. 3). It was found that in non-athletes and volleyball
players of mesomorphic and ectomorphic types, there was

no significant difference (p >0.05) in the width of the dis-
tal femur epiphysis; and in volleyball players of ecto-mes-
omorphic (p <0.01) and average intermediate (p < 0.001)
types of constitution this anthropometric size was larger
compared to girls who did not engage in sports of the same
constitution (Table. 2).
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Figure 3. Features of the width of the distal epiphyses
of the thigh (1) and tibia (2) (cm) in volleyball players of different somatotypes
Notes: Mean — sample mean; Mean +SE — # error of the mean; Mean+SD — * standard deviation; 1 — non-athletes (control
group); 2 — general group of volleyball players; 3 - mesomorphic athletes; 4 — ectomorphic athletes; 5 — ecto-mesomorphic

athletes; 6 — athletes of intermediate somatotype
Source: developed by the authors

It was established that the width of a distal epiphysis
of a tibia had the greatest values in volleyball players of
the average intermediate somatotype, and the smallest —
in ectomorphs, only between these groups the significant
difference (p <0.01) was revealed by the value of this in-
dex (Fig. 3). In girls of mesomorphic, ectomorphic and
ecto-mesomorphic somatotypes the width of the distal
epiphysis of the tibia did not have significant differences
depending on the level of motor activity, only in volley-
ball players of the average intermediate type it was great-
er (p<0.01) compared to non-athletes of the same type of
body constitution (Table 2).

Comparing the value of all girth sizes of segments
of the lower and upper extremities between volleyball

players of the general group and non-athletes, we found
significantly higher (p <0.01) values in sportswomen. In
particular, it concerns the value of shoulder girth in the
relaxed and tense states. In addition, volleyball players
of mesomorphic somatotype had girths of the tense and
relaxed shoulder statistically significantly larger in com-
parison with ectomorphic volleyball players (in both cas-
es p<0.001) and ecto-mesomorphs (p<0.01 and p<0.05),
volleyball players of the average intermediate somatotype
had larger shoulder perimeters than ectomorphs (in both
cases p <0.001). It was found that volleyball players of
ecto-mesomorphs in comparison with ectomorphs had
bigger girths of the tense (p<0.01) and relaxed shoulder
(p<0.05) (Fig. 4).
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Figure 4. Features of the girth dimensions of the tense (1)
and relaxed (2) shoulder (cm) in volleyball players of different somatotypes
Notes: Mean — sample mean; Mean SE — # error of the mean; Mean+SD — * standard deviation; 1 — non-athletes (control
group); 2 — general group of volleyball players; 3 - mesomorphic athletes; 4 — ectomorphic athletes; 5 — ecto-mesomorphic

athletes; 6 — athletes of intermediate somatotype
Source: developed by the authors

It has been established that in girls with good devel-
opment of the mesomorphic component of somatotype

(mesomorphs and ecto-mesomorphs) the differences in
the size of the girths of the tense and relaxed shoulder
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between the groups of sportswomen and non-athletes
are levelled. Only volleyball players of ectomorphic and
average intermediate types of a body constitution had

bigger shoulder circumferences (in all cases p < 0.001)
than girls of the control group of the same somatotype
(Table 3).

Table 3. Limb circumferences in individuals with different somatotypes (cm, M )

Showcasing. Control Volleyball players Control Volleyball players
ki Mesomorphic somatotype Ectomorphic somatotype
OBPL 28.20%£2.14 29.44+2.30 23.70+1.73 26.08+1.63***
OBPL1 26.97%2.32 27.77+2.41 22.42+1.62 24.70%1.64%**
OBPR1 24.04+1.93 24.65+1.28 21.41+1.17 22.86%1.42%**
OBPR2 15.88+0.73 15.89+0.93 14.79+0.90 15.38+0.71**
OBB 53.63+4.01 56.02+2.69* 47.84+3.06 50.88+3.19**
OBG1 35.82+2.09 37.85+2.7%%* 32.00+1.83 34.04£1.65%**
OBG2 23.29+1.52 23.39+1.49 21.45+1.08 21.84*1.99
OBK 18.56%1.29 19.14£0.87** 17.85%£1.13 18.48+0.80*
OBS 22.64%1.21 23.23%+1.13 21.76*1.21 22.73%0.92%**
Ecto-mesomorphic somatotype Middle intermediate somatotype
OBPL 26.55+2.12 27.77+1.42 26.04+1.51 28.23+2.05%**
OBPL1 25.02+1.95 26.15+1.84 24.50+1.20 26.93+1.83%**
OBPR1 23.02+1.28 23.87%1.07 22.82+0.98 24.46%1.38%**
OBPR2 15.44+0.99 15.87+0.79 15.68+1.42 16.30+1.05*
OBB 52.29+3.65 54.70+3.19* 51.83%2.59 55.46+3.45%**
OBG1 34.47+2.23 36.09+1.65%* 34.13+1.72 36.34%1.84%**
OBG2 22.66*1.87 22.52+1.39 22.17+1.29 22.68+1.94
OBK 18.42+1.24 18.85%0.69 18.31+0.82 19.23+1.48%*
OBS 22.73%+1.13 23.25+0.88 22.32+1.12 22.96+1.27

Notes: OBPL: upper arm circumference at rest; OBPL1: upper arm circumference at rest; OBPR1: upper arm circumference
at rest; OBPR2: lower arm circumference at rest; OBB — hip circumference; OBG1 — upper leg circumference; OBG2 - lower
leg circumference; OBK - hand circumference; OBS - foot circumference; * — p<0.05; ** - p<0.01; *** - p<0.001

Source: developed by the authors

The forearm girth in the upper third (Fig. 5) of sports-
women of the general group and mesomorphic, ecto-mes-
omorphic and average intermediate somatotypes is sig-
nificantly bigger in comparison with girls of the control
group, besides, in volleyball players of mesomorphic
and average intermediate somatotype this size is signif-
icantly bigger (p < 0.001), than in volleyball players of
ectomorphs, in whom it is smaller in comparison with
ecto-mesomorphs (p < 0.01). It was found that mesomor-
phic volleyball players had a larger (p < 0.05) forearm cir-
cumference in the upper third than sportswomen of ec-
to-mesomorphic somatotype. The forearm circumference
in the lower third had the highest average values in vol-
leyball players with an average intermediate somatotype,
the lowest — in ectomorphs. Significant differences were
found when comparing sportswomen of ectomorphs with
volleyball players of average intermediate (p < 0.01) and

ecto-mesomorphic (p<0.05) somatotypes (Fig. 5). It was es-
tablished that between volleyball players and non-athletes
of mesomorphic and ecto-mesomorphic somatotypes there
is no significant difference in the size of the forearm cir-
cumference in the upper and lower thirds. Sportswomen of
the ectomorphic somatotype had bigger values of forearm
circumferences in the upper (p<0.001) and lower (p<0.01)
parts than girls of control groups. In volleyball players with
an average intermediate somatotype these anthropometric
sizes were also significantly larger (Table 3).

It was found that in volleyball players of ectomorphs
the hip circumference was significantly smaller (in all
cases p<0.001) compared to sportswomen of mesomor-
phic, ecto-mesomorphic and middle intermediate soma-
totypes; representatives of other somatotypes practically
did not differ among themselves by the value of this indi-
cator (Fig. 6).
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Figure 5. Features of forearm girth dimensions in the upper (1)
and lower (2) thirds (cm) in volleyball players of different somatotypes
Notes: Mean — sample mean; Mean +SE — # error of the mean; Mean+SD — * standard deviation; 1 — non-athletes (control
group); 2 — general group of volleyball players; 3 - mesomorphic athletes; 4 — ectomorphic athletes; 5 — ecto-mesomorphic

athletes; 6 — athletes of intermediate somatotype
Source: developed by the authors
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Figure 6. Features of the girth dimensions of the thigh (1)
and lower leg in the upper (2) and lower (3) parts (cm) in volleyball players of different somatotypes
Notes: Mean — sample mean; Mean +SE — # error of the mean; Mean+SD - * standard deviation; 1 — non-athletes (control
group); 2 — general group of volleyball players; 3 - mesomorphic athletes; 4 — ectomorphic athletes; 5 — ecto-mesomorphic

athletes; 6 — athletes of intermediate somatotype
Source: developed by the authors

The tibia girth in the upper third of volleyball play-
ers of mesomorphic somatotype was statistically signifi-
cantly larger compared to representatives of ectomorphic
(p<0.001) and ecto-mesomorphic (p<0.05) somatotypes. In
volleyball players of ectomorphs this size was the smallest,
therefore significant differences were found when compar-
ing with sportswomen of ecto-mesomorphic and average
intermediate somatotypes (in both cases p<0.001) (Fig. 6).
It was established that the girths of a thigh and a lower
leg in the upper part of sportswomen of the general group
(Fig. 6) and all constitutional types were statistically sig-
nificantly bigger than in girls of control groups (Table 3).

The lower third tibia girth was the smallest in the
group of sportswomen of ectomorphic type of a body struc-
ture, the significant difference (p < 0.01) was established
between them and volleyball players of mesomorphic

somatotype in which the average value of this size was
the largest among all comparison groups. In volleyball
players of mesomorphic somatotype this index was bigger
(p <0.05) than in sportswomen of ecto-mesomorphic so-
matotype (Fig. 7); volleyball players of all constitutional
types had this anthropometric size statistically signifi-
cantly bigger in comparison with non-athletes of control
groups of corresponding somatotypes (Table 3).

The girth dimensions of the hand and foot in gener-
al groups of volleyball players were significantly larger
compared to girls who did not engage in sports (Fig. 8). In
volleyball players of ectomorphic somatotype, the hand
girth was smaller than in mesomorphic and average inter-
mediate types (in both cases p < 0.05). The foot girth did
not significantly differ between sportswomen of different
constitutional types (Fig. 8).
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Figure 7. Peculiarities of lower leg girth in the lower part (cm) in volleyball players of different somatotypes
Notes: Mean - sample mean; Mean # SE — £ error of the mean; Mean *SD — * standard deviation; 1 — non-athletes (control
group); 2 — general group of volleyball players; 3 — mesomorphic athletes; 4 — ectomorphic athletes; 5 — ecto-mesomorphic

athletes; 6 — athletes of intermediate somatotype
Source: developed by the authors
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Figure 8. Features of the girth dimensions of the hand (1)
and foot (2) (cm) in volleyball players of different somatotypes
Notes: Mean — sample mean; Mean*SE - # error of the mean; Mean*SD - * standard deviation; 1 — non-athletes (control
group); 2 — general group of volleyball players; 3 - mesomorphic athletes; 4 — ectomorphic athletes; 5 — ecto-mesomorphic

athletes; 6 — athletes of intermediate somatotype
Source: developed by the authors

The hand girths of volleyball players of mesomorphic
(p<0.01), ectomorphic (p<0.05) and average intermediate
(p <0.01) somatotypes are bigger than those of non-ath-
letes of the same somatotype, only representatives of ec-
to-mesomorphic type did not have significant differences.
The average values of a foot girth in volleyball players of all
somatotypes were bigger than in non-athletes, but only be-
tween sportswomen and girls of the control group of an ec-
tomorphic somatotype the significant differences were re-
vealed (p<0.001) (Table 3). In general, volleyball increases
the width of the limb epiphyses and arm and leg circumfer-
ences in women, and the effect depends on their body type.

DISCUSSION
In order to achieve a high result, athletes must have an
appropriate level of motor skills’ development, techni-
cal, tactical, game, functional, psychological, and integral

training, which must be at the highest level [1-3]. The com-
bination of these qualities, even with the best planning of
the training process in its various cycles at all stages of
long-term training, compliance with all the principles of
management and control is extremely rare. T. Kutseryb et
al. [13] note that sports selection should be based on the
correspondence of anatomical and physiological features
of people to the professional demands of their sports activ-
ity. But P.D. Fabricant et al. [14] emphasize that early sports
specialisation in children and adolescents trying to achieve
elite status may be accompanied by an increased risk of in-
jury. According to some scientists, when conducting sports
selection, preference should be given to those athletes who
have a set of morphological and functional characteristics
that significantly affect performance and at the same time
have a high degree of genetic determination [15]. Among
such morphogenetic traits that affect sports abilities,
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anthropometric indicators play an important role [16]. In
particular, R. Pavlovi¢ [5] notes that such anthropometric
parameters as length and body weight can be predictors
of sports results in short-distance running, especially at
100 m and 200 m, because it is at these distances that the
running performance will depend on the motor-functional
ability of the sprinter. Scientists argue that even in team
sports, performance may depend on the anthropomet-
ric dimensions of the players’ bodies [17, 18]. M. Gusic et
al. [19] argue that representatives of individual game sports
differ significantly from each other, have specific anthro-
pometric characteristics, and that football and handball
players, in particular, differ significantly in length, body
weight, shoulder, forearm and lower leg circumferences.
There are few data on anthropometric features of volley-
ball players of high skill level of a separate period of on-
togenesis. In particular, M. Joksimovic et al. [20] studied
the morphological characteristics of elite volleyball players
from 4 different national teams that competed in the Eu-
ropean Championship qualifiers, and R. Pavlovi¢ et al. [21]
emphasise the lack of information on the population of
volleyball players who compete in top-level competitions.
As aresult of the present study, it was found that volleyball
players had distal epiphysis widths of all segments of the
upper and lower extremities significantly larger than girls
of the control group. This corresponds to the data obtained
by T. Kutseryb et al. [4] and S.K. Noutsos et al. [8].

The analysis of the literature data did not reveal any
works that would study the issue of peculiarities of anthro-
pometric parameters of the lower and upper limbs in volley-
ball players of different somatotypes. Some scientists [13]
also note that there are very few modern works that study
the structure of the body of athletes from the point of view
of constitutional morphology, comparing somatotypes in
athletes of different sports. The use of various methods of
somatotyping complicates the analysis and comparison of
the obtained somatotypic data in athletes. From our point
of view, the use of the method of determination of consti-
tutional types by Hit-Carter is the most objective, because
it is based on a number of anthropometric measurements;
it gives the chance of individual determination of compo-
nents of a somatotype in points (digital expression) and
due to the presence of intermediate types it is possible to
assign each person to a specific constitutional type [11].
In addition, the analysis of modern literature shows that
this method is the most common [4, 8, 9]. The use of the
Heath-Carter methodology allowed the team of authors
Z. Grgantov et al. [22] to recommend the use of somatotyp-
ing as a selection criterion for young volleyball players of
different sports roles (connectors, attackers, libero), noting
that most often a balanced ectomorphic somatotype was
found in all positions of players.

In conformity with the results of this study, it was
found that the somatotypic approach in comparing the
transverse dimensions of the limbs confirmed the previ-
ously identified (between general groups of comparisons)
tendency of a greater width of the distal epiphyses in
volleyball players compared to non-athletes of the cor-
responding constitutional types. But reliable differenc-
es were established only for the width of the epiphyses
of the shoulder and forearm - in volleyball players of all
somatotypes they were statistically significantly larger.

The transverse dimensions of the thigh were significantly
larger only in volleyball players of ecto-mesomorphic and
middle intermediate somatotypes; in representatives of
extreme somatotypes (mesomorphic and ectomorphic) the
differences were insignificant. And the width of the distal
tibia epiphysis only in volleyball players of the middle in-
termediate type was significantly larger, between the ath-
letes and the control group of mesomorphic, ectomorphic
and ecto-mesomorphic somatotypes the width of the tibia
did not differ. Based on this, it can be assumed that belong-
ing to one constitutional type reduces the difference in the
size of the transverse dimensions of the lower limb and is
a more significant determinant than the peculiarities of
sports activity. In addition, the significance of constitution-
ality is indicated by the fact that significant differences in
the size of the transverse dimensions of the limbs between
volleyball players belonging to different somatotypes were
found. Thus, in sportswomen of mesomorphic somatotype
the width of distal epiphyses of a shoulder and forearm was
the largest, in ectomorphs — the smallest. Volleyball play-
ers of the ectomorphic somatotype had the smallest sizes
of diaphyses on the lower limb, and the greatest width of
the thigh and tibia was in sportswomen of the middle in-
termediate somatotype. Earlier it was established [23] that
volleyball players of all somatotypes in comparison with
non-athletes of corresponding types of constitution had
significantly larger almost all transverse sizes of a chest,
only width of shoulders statistically did not differ between
volleyball players and control groups.

S.S. Karatieieva et al. [24], studying the hip circum-
ferences of students involved in sports, faced the problem
of the lack of a methodology that would allow the use of
circumferential partial parameters as criteria for sports
selection in a particular sport. The analysis of scientif-
ic research revealed a number of studies that determined
the girth dimensions of volleyball players. In particular,
A. Pastuszak et al. [25] found that volleyball players had
larger arm and lower leg circumferences, and J.B. Fields et
al. [26] reiterate that successful volleyball, like other sports,
requires a combination of anthropometric characteristics
and technical and tactical indicators.

According to the results of this study, it was found that
volleyball players of the general group compared to girls of
the control group had larger girth sizes of the upper and
lower limbs, which is confirmed by scientific observations
on the importance of the development of the muscular sys-
tem for the sports achievements of volleyball players, so
the girth size of the body can be an indicator of a number of
elements of motor fitness, as stated by A. Sieron et al. [27].

The somatotypological approach in comparing the
size of the circumferences of segments of the upper and
lower limbs made it possible to assert that the belonging
of adolescent girls to types of constitutions with good de-
velopment of the mesomorphic component levelled the
difference in the size of most of the girth dimensions of
the limbs. The only exception was volleyball players of ec-
tomorphic and average intermediate somatotypes, whose
sizes were larger compared to girls who did not play sports
of the corresponding constitutional types. Regarding so-
matotypic differences between volleyball players them-
selves, the prevalence of most girth dimensions, except
for the hand and foot circumference, was determined in
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sportswomen with mesomorphic somatotype. Volleyball
players of ectomorphic somatotype had the smallest aver-
age values of these indicators.

Thus, the specificity of training and competitive ac-
tivity in volleyball is reflected in changes in the external
structure of the body, in particular in the anthropomet-
ric dimensions of the limbs. It is the transverse and girth
parameters of the upper and lower limbs that should be
included in the model characteristics of volleyball play-
ers, which is necessary for sports selection. Belonging to a
certain constitutional type influences the features of girth
and transverse dimensions of limbs in volleyball players of
high level of sports skill, which also needs to be taken into
account in sports specialization.

CONCLUSIONS

The results of the study, which was conducted in volleyball
players of different constitutional types and was based on
the use of anthropometric and statistical research meth-
ods, ensured the fulfilment of the goal in full. Systemat-
ic volleyball training has a significant impact on the so-
matometric features of the upper and lower extremities,
as evidenced by the presence of significant differences in
the value of these indicators between groups of volleyball
players and non-athletes. In addition, genetically deter-
mined constitutional features determine the size of the
girth and transverse dimensions of the limbs in volley-
ball players of a high level of sportsmanship. It has been
established that volleyball players of the general group
in comparison with girls of the control group had larger
(p<0.01-0.001) all transverse and girth dimensions of the
upper and lower limbs.

Analysing the features of anthropometric sizes within
a separate somatotype between sportswomen and non-ath-
letes, it was found that the width of distal epiphyses of the
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AHoTauifl. AKTyalbHICTh BM3HAUEHHS AHTPOIOMETPUUYHMX PO3MipiB KiHIIiBOK, SIKi BM3HAUalOTh 30BHIIIHIO OyZOBY
TiJla JIIOOMHY Ta MalTh TiCHI B3a€MO3B’SI3KM 3 TEXHiKO-TAKTUYHOIO [isUIbHICTIO BOJIEOOICTIB, MOsrae y TOMY, IO
MopGosoTiuHi 03HaKM MOXYTb OyTH 6a3ucoM [js1 TPOBeeHHsT KBaxihikoBaHOTO CIOPTUMBHOrO Bimb6opy. MeTa maHoi
po6oTH TossiTaa y BUSHAUEHHi BiIMiHHOCTET BeIMUMHM aHTPOITOMETPUYHMX PO3MipiB KiHIIIBOK MiX BOIei160/TicTKaMu
Ta JiBYaTaMu, SIKi He 3aiiMasnaucsl CIIOpTOM, B MeKax 3arajbHOi TPYNM i OKpeMOro KOHCTUTYILIOHAIbHOTO TUITY. Byrno
MpOBeeHO mocutimkeHHs 108 BoieitbOMICTOK i3 cepemHiM CIIOPTMBHUM CTaxkeM 6,361 * 2,866 pOKiB IOHAI[bKOTO
BiKky (cepenHiit Bik — 18,05+ 1,39 pokiB). 130 mIpakTUYHO 340POBMX [iBUaT, SIKi He 3aiiMaancs CIIOPTOM, IOHALIbKOTO
BiKy (cepefHiit Bik — 17,91 * 1,49 pokiB) cK/any KOHTPOJAbHY TPyIy. AHTPOMOMETPil0 MPOBOAMIN cepTudikoBaHUM
obramHaHHAM 3a pekoMmeHpaaiismu I1.I1. [llarmapeHKo, COMaTOTUITYBaHHS — 3a MeTomoM Carter-Heath. ITicsist BU3HaAUeHHS
KOHCTUTYI[IOHAbHOI TMPUHANEKHOCTI BOJMIEOOMICTKM Ta HECTIOPTCMEHKM OyaM pOo3MifeHi Ha YOTUPU TPYIU:
€KTOMOPGhHOTO, Me30MOPGHOTO, EKTO-Me30MOPGHOTO Ta CEPeTHHOTO MTPOMIKHOTO COMATOTUITiB. By/l0 BCTaHOBJIEHO, 1T0
Y CIIOPTCMEHOK yCi 00XBaTHi po3Mipy BEpPXHbOI Ta HMKHBOI KiHIIIBOK i IIMpPMHA AUCTANIbHUX enidi3iB cTerHa, romiaku,
Jieya Ta MepeAruiivyys JOCTOBiIpHO 6ibli, HIX y AiBYAT KOHTPOABHOI rpymny. COMaTOTUIIONOTTUHMIA MiAXi BULO3MIiHMB
XapakTep IMOoTepeaHixX pe3yabTaTiB: Y BOMe60iCTOK BCiX COMATOTUINIB MOPIiBHSIHO 3 AiBUaTaMM KOHTPOIbHUX TPYI
BiJIMTOBiHOTO TUITY KOHCTUTYIIi1 6Y/IM CTATUCTUYHO 3HAUYIIe GiTbIIMMM JIUIIIe IMUPUHM emtidisiB rieva Ta nmepeivus;
MIMPUHA OVCTATBHOTO emidi3y rominky 6yna GilbIIor0 Jniie y CIOPTCMEHOK CepeqHbOTO MPOMIKHOTO COMATOTUITY, a
MIMPUHA AUCTATBHOTO emnidiszy crerHa 6yna GibIIOI0 Y CTOPTCMEHOK €KTO-Me30MOPGHOTO Ta CEPeHbOTO MOMisKHOTO
TUIIIB; GiJbIIICTh 06XBATHUX PO3MipiB KiHIIBOK Oy/M GiIbIIMMU JIUIIE Y CIOPTCMEHOK €KTOMOP(GHOIO Ta CePeaHbOTO
MPOMDKHOTO COMATOTHUITIB. TakMM UMHOM, BOJIEIOOMICTKM KOXXHOTO KOHCTUTYLIOHAAbHOTO TUITy MalOTh CBOIi
oco6muBocCTi 6ymOBM KiHIIIBOK, sIKi HEO6XiJHO BPaXOBYyBaTy MPU CTBOPEHHI MOPHOMETPUUHOTO IPodiso Boaeii6omicTok
i BpaxoByBaTHU MpU CIOPTUBHIN OpieHTallil Ta TPOrHO3YBaHHi

Knio4yoBi cnoBa: aHTPOTIOMETDisl; BEPXHSI Ta HVSKHS KiHIiBKM; KOHCTUTYIIOHAIbHI TUITI; BOJIEI OO
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Abstract. Professional burnout among inpatient nurses who provide medical care to wounded military personnel is a
significant problem for healthcare facilities, as it negatively affects the quality of care and requires further study to develop
preventive measures at the individual and group levels to prevent it. The study aimed to conduct a comparative assessment
of professional burnout among inpatient nurses providing medical care to military and civilian populations. A survey of
292 inpatient nurses was conducted. The level of professional burnout was determined according to the questionnaire
by K. Maslach and S. Jackson. Correlation and regression analysis were used to determine the leading factors influencing
the development of professional burnout in nurses. The study determined that the high level of emotional exhaustion
in nurses who constantly worked with the military was 1.6 times (p=0.038) higher than in nurses who were engaged in
providing medical care to civilians and rarely worked with the military, depersonalisation was 1.8 times (p =0.007), and
the reduction of personal achievements was 1.9 times (p =0.022). Using multivariate linear regression analysis, it was
found that the presence of chronic diseases, age, length of service, the number of night shifts worked during the month,
as well as the presence of children with a high level of statistical significance affect the development of professional
burnout in nurses during the war. Conducting activities with nurses in the form of courses or lectures aimed at improving
communication competencies helps to reduce the level of professional burnout

Keywords: healthcare professionals; health factors; medical care for the military; emotional exhaustion; regression
analysis

INTRODUCTION

The level of professional burnout in nurses is more pro- L. Buckley et al. [3] point out that by performing a large

nounced compared to other healthcare professions [1].
This is due to the heavy workload of nurses in the per-
formance of their professional duties, and their high re-
sponsibility not only for the health of patients but also
for their lives. N. Terenda et al. [2] emphasise that nurses
often face extreme conditions at their workplaces that
require immediate decision-making, patients in termi-
nal conditions, and conditions of severe psycho-emo-
tional stress, which leads to emotional exhaustion and
depersonalisation. However, researchers do not distin-
guish separately the relationship between socio-demo-
graphic and professional factors and the level of burnout.

Suggested Citation:

amount of work related to the medical and diagnostic
process, nurses experience serious physical and psycho-
logical stress, which can lead to exhaustion, and then to a
decrease in productivity, errors in clinical conditions and
a decrease in care in the treatment of patients, which are
signs of professional burnout.

M.K. Shah et al. [4] proved through numerous ques-
tionnaires that nurses working in inpatient departments
have a higher chance of developing burnout than nurses
working in outpatient departments. The authors also note
the impact of the duration of work hours during the week
on the development of professional burnout of nurses.
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Currently, there is a need to identify the leading factors
that determine the development of professional burnout of
nurses in different departments to develop measures aimed
at reducing and preventing burnout. The stressful nature of
nurses’ work often leads to the development of the highest
levels of burnout and, in some cases, disability. A. Larysz et
al. [5] stated that the level of emotional exhaustion of nurs-
es correlates with the severity of depression symptoms.
Furthermore, A.D. Guastello et al. [6] demonstrated that
among all the predictors of increased burnout, symptoms
of depression and anxiety are identified, which comple-
ment the influence of other factors. However, the authors
conducted a general comparative assessment and did not
consider socio-demographic, and professional factors, as
well as the conditions of social life and crisis events. Crisis
events have a significant impact on the mental health of
nurses, acting as additional stressors for the development
of professional burnout. War is considered one of the most
pronounced crises [7].

To date, few studies highlight the impact of the Rus-
sian-Ukrainian war, as well as the specifics of medical care
and military care, on the state of professional burnout of
nurses. Only a few reports indicate that depression, com-
bined with emotional exhaustion, is on the rise among
Ukrainians in both frontline and rear regions [8]. In this
regard, to ensure the quality performance of professional
duties by nurses, it is advisable to establish the level of pro-
fessional burnout of nurses working in war conditions in
hospitals with military and civilian populations.

The study aimed to identify the main socio-demo-
graphic and professional factors that influence the devel-
opment of professional burnout among inpatient nurs-
es who provide medical care to the military and civilian
populations. The objectives of the study were to conduct a
comparative assessment of the level of professional burn-
out depending on socio-demographic and professional
characteristics, to establish correlations between the char-
acteristics of professional burnout and these factors, and
to identify the leading factors that influence the level of
professional burnout.

MATERIALS AND METHODS

This study was cross-sectional and included the study
of professional burnout of nurses in the departments of

cluster and supercluster healthcare facilities that provide
medical care to the military and civilian population of Ter-
nopil, Ivano-Frankivsk and Zaporizhzhia regions and its re-
lationship with socio-demographic, professional and per-
sonal factors. The survey was conducted over three months
(from 30.10.2023 to 01.02.2024) by filling out a printed
questionnaire by nurses of the therapeutic and surgical de-
partments. Based on the results of the survey, a database
table was formed and subjected to statistical processing.

The reliability and validity of the instruments used to
measure professional burnout were assessed by calculat-
ing Cronbach’s alpha reliability coefficient. Questionnaires
with a Cronbach’s alpha greater than 0.75 are considered
reliable. The questionnaire used was characterised by a
high level of reliability (Cronbach’s alpha was o.=0.95) ac-
cording to a preliminary test [9]. The criterion for inclusion
in the study group was the presence of informed consent
from the participants.

The statistical population included 292 inpatient nurs-
es who answered the questionnaire, which included ques-
tions of a socio-demographic, professional and organisa-
tional nature, as well as 22 questions of the questionnaire
by K. Maslach and S. Jackson [9], which is the most adapted
to characterise the professional burnout of social workers.
Questions of a socio-demographic, professional and organ-
isational nature were added: age; gender; length of service;
marital status; presence of children; number of children;
position title; departments where nurses work; work of a
nurse in a department with military (civilian population);
work with wounded (sick) servicemen (permanently, peri-
odically, not working); number of night shifts per month;
presence of chronic diseases; completion of courses (lec-
tures) on the peculiarities of communication with the
military; completion of advanced training courses in the
last 3 years. 22 items grouped into 3 subscales: emotion-
al exhaustion (EE, nine items), depersonalisation (DP, five
items) and reduction of personal achievement (PA, eight
items). Each item was answered on a 7-point Likert scale
ranging from: “never” — 0 points; “several times a year or
less” — 1 point; “once a month” — 2 points; “several times a
month” - 3 points; “once a week” — 4 points; “several times
a week” - 5 points; “daily” - 6 points. The level of burnout
for each subscale was set according to the sum of the scores
obtained (Table 1).

Table 1. Levels of burnout following K. Maslach and S. Jackson

Subscale Low level (number of points) | Average level (number of points) | High level (number of points)
Emotional exhaustion 0-16 17-26 27 and more
Depersonalisation 0-6 7-12 13 and more
Reduction of personal 39 and more 38-32 0-31
achievements

Source: Source: [9]

Statistical analysis of the results was carried out on
a personal computer using SPSS version 21 software.
Descriptive statistics methods were used to determine
the prevalence of the components of professional burn-
out. Frequency characteristics of the studied traits were
described as absolute value (n) and percentage (%). A
comparison of frequency indices between groups was
performed using Pearson’s chi-square (x2) test. Compar-
ison of quantitative indicators of the observation groups
was carried out by determining the Student’s t-test for

independent samples, and in the case of three or more
groups, a one-factor analysis of variance with Bonferro-
ni correction was used. Differences between groups were
considered significant at p<0.05.

Pearson’s correlation analysis was conducted to es-
tablish the relationship between the level of burnout and
socio-demographic, organisational and professional fac-
tors. Multiple regression analysis was used to determine
the leading factors that influence the development of pro-
fessional burnout in nurses.

Bulletin of Medical and Biological Research. 2024. Vol.6, No. 1



Peculiarities of professional burnout...

The study was conducted following the principles of
good clinical practice and the World Medical Association’s
Declaration of Helsinki on the Ethical Principles for Sci-
entific Medical Research Involving Human Subjects [10].
All survey participants were informed about how their
anonymity is ensured, they know why the survey is being
conducted, how the data they provide will be used, and the
risks involved. The Bioethics Commission of the Ternopil
Gorbachevsky National Medical University of the Ministry
of Health of Ukraine certified the compliance of the re-
search with moral and ethical standards (Protocol No. 27
of 29 January 2024).

RESULTS
The study surveyed 292 nurses working in various depart-
ments of cluster and supercluster healthcare facilities pro-
viding medical care to the military and civilian population.

Among the respondents, there were 283 women (96.92%)
and 9 men (3.08%) (Table 2). The majority (41.43%) of them
belonged to the age group under 35. According to mari-
tal status, 173 (59.24%) of the respondents were married,
and 205 (70.21%) had 1 to 3 children. All the respondents
worked in inpatient departments as nurses, with most of
them on duty 215 people (73.63%), i.e. they provided direct
nursing care to patients. Most of the survey participants
were nurses with more than 20 years of work experience —
116 (39.73%). Regarding the patients with whom the study
participants worked, 117 (40.06%) were engaged in provid-
ing medical care to the military regularly, and 65 (22.26%)
worked only with the civilian population. Among the par-
ticipants, 210 (71.92%) had attended lectures or courses
on communication with wounded or sick soldiers, and 183
(62.67%) had taken some kind of advanced training course
in the last 3 years.

Table 2. Socio-demographic and professional characteristics of nurses (n=292)

Variable Variable categories n (%) Significance of differences in groups, p
Male 9 (3.08)
Gend <0.001
ender Female 283 (96.92)
<35 121 (41.43)
Age (years) 35-49 101 (34.59) <0.001
>50 70 (23.97)
. Married (married) 173 (59.24)
Marital status Single (unmarried) 81 (27.74) <0.001
Divorced (divorced) 38 (13.01)
. Yes 205 (70.21)
<0.
Presence of children No 87 (20.79) 0.001
Nurse on duty 215 (73.63)
.. Manipulative nurse 37 (12.67)
P <0.001
osition Dressing nurse 11 (3.77) 0.00
Operating room nurse 29 (9.93)
>5 52 (17.80)
. 5-10 62 (21.23)
<0.001
Service term 11-20 62 (21.23) 0.00
20< 116 (39.73)
Always 117 (40.06)
Work with wounded (sick) Periodically 96 (32.87) <0.001
servicemen Rarely 14 (4.79) )
Only with civilians 65 (22.26)
Attendance of courses Yes 210(71.92)
(lectures) on the specifics <0.001
of communication with the No 82 (28.08) ’
military
Attendance of advanced Yes 183 (62.67)
training courses in the last 3 <0.001
vears No 109 (37.33)

Notes: p-values are obtained using the chi-square test for categorical variables; n, absolute number of observations

Source: compiled by the authors

A comparative assessment of the average indicators of
the components of professional burnout depending on var-
ious socio-demographic and professional characteristics of
the group of surveyed nurses was carried out (Table 3). The
study determined that females who work as nurses, com-
pared to males, have a 24.1% (p=0.213) higher level of EE,
36.3% (p=0.190) higher level of DP and 9.2% (p=0.164)
lower level of RA. As such, the level of EE among nurses
under 35 years of age is 30.1% higher compared to nurses
aged 50 and older, and 13.2% higher compared to the age

group 35-49 years. In general, a significant difference in EE
(p=0.017) and RA (p=0.035) was found between the age
groups. The average values of DP in the group of respond-
ents under 35 and in the group of 35-49 years old are of
medium DP level, and in people aged 50 and older — low DP
level, although there was no significant intergroup differ-
ence in DP levels by age (p=0.238). Marital status also in-
fluenced the level of manifestation of EE, DP, and RA. Mar-
ried nurses had the highest EE score, which corresponded
to the average level of burnout, and unmarried nurses had
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the lowest (p=0.032). The highest level of DP was found in
unmarried nurses, which, like divorced nurses, was related
to the average level of DP by its numerical values. The DP
rate for married people was low. Among the characteristics
of marital status, RA was most pronounced in unmarried

nurses, whose values, like those of divorced nurses, were
related to the average level of RA. In married people, RA
was low (p =0.046). Nurses who had children had 11.4%
higher EE (p=0.098), lower DP (p=0.419) and significantly
lower RA (p=0.046).

Table 3. Comparative assessment of the average indicators of emotional exhaustion, depersonalisation and reduction
of personal achievements depending on the sociodemographic and professional characteristics of nurses (n=292)

) Emotional exhaustion Depersonalisation Reduct19n iDL
. Variable achievements
Variable .
categories Level of Level of Level of
M£SD M=SD M=SD
confidence, p confidence, p confidence, p
Male 14.66+9.02 5.56+4.36 36.33+8.29
Gender Female 18.20£12.37 0.213 7.58+5.29 0.190 39.67+7.46 0-164
<35 18.13+13.43 7.19+4.75 36.60£8.13
Age (years) 35-49 16.01+12.82 0.017 6.85+4.93 0.238 38.24+7.03 0.035
>50 13.94+11.37 5.50%4.68 39.08%6.78
Married 18.37+11.04 5.89+5.02 39.07+7.20
(married)
. Single
Marital status - 14.65+13.24 0.032 7.63+5.90 0.263 35.65+8.42 0.046
(unmarried)
Divorced 16.32+13.32 6.70+5.22 38.83+6.41
(divorced)
Presence of Yes 17.82+13.25 6.88%5.17 39.29+7.03
. .09 419 .04
children No 15.96+13.49 0.098 7.02+5.54 0 37.48+8.42 0.046
Nurse on duty | 14.05+12.65 6.49+4.91 38.28%7.90
Ma”&ﬁ‘rlslgt“’e 22.78+16.26 9.35%6.74 38.73%6.65
Positi 0.012 0.001 0.278
osttion Dressing nurse | 17.39 13.04 3.63£3.72 39.27%6.13
Operating | ¢ 254 19 74 5.64%4.96 40.92+5.36
room nurse
>5 18.68+14.71 7.82%6.29 37.73+8.61
5-10 16.09+12.56 6.06%5.37 37.83+£7.97
Service term 11-20 15.58+12.86 0.027 5.79+4.68 0.122 39.22+7.06 0.267
20 < 13.91+13.36 5.52+5.06 39.70%£6.92
Always 18.91+14.17 7.56+5.41 35.34+6.37
Work with Periodically 14.21+11.58 6.57+4.17 38.97+6.77
wounded (sick) Rarely 11.07+12.82 0.035 4.35+4.19 0.214 39.76+12.71 0.001
servicemen ;
Onlywith 16 1941417 6.54%6.61 39.43+8.22
civilians
Attendance of Yes 15.18+13.06 5.71%5.24 39.29+7.34
courses (lectures)
on the specifics of 0.041 0.275 0.050
communication No 17.92+13.88 7.48+5.39 36.38%7.76
with the military
Attendance of Yes 15.35+13.41 5.86%5.74 39.91+7.62
advanced training
. 0.101 0.316 0.670
courses in the last No 17.68+13.20 7.97+5.38 38.52%7.12
3 years

Notes: p-values for comparison of two groups were obtained by determining the Student’s t-test; p-values for comparison
of three or more groups were obtained by using one-factor analysis of variance with Bonferroni correction; n, absolute
number of observation units; M + SD, mean value and its standard deviation

Source: compiled by the authors

Significant differences in professional burnout
among nurses who worked in different positions and per-
formed different tasks were noted. The highest level of EE
was observed in manipulation nurses, lower in dressing
and operating room nurses, and the lowest in those on
duty at the nursing post (p=0.012). The level of DP was
also the highest in manipulation nurses and the lowest
in dressing nurses (p =0.001). Moreover, the average DP
values of manipulation and post nurses were of medium

burnout level, and operating and dressing nurses had a
low level. There was no significant difference in the RA
of nurses depending on their positions, but it was deter-
mined that the average value of RA of post and manipu-
lation nurses belongs to the average level of burnout and
operating and dressing nurses to the low level of burnout.
The results of the questionnaire revealed that EE, DP and
RA have the greatest manifestations in nurses with less
than 5 years of experience. The level of EE among nurses
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with less than 5 years of work experience is 34.3% high-
er than the level of EE among nurses with more than 20
years of work experience.

The results of the study on the state of professional
burnout of nurses who work with the military permanent-
ly, periodically or only with the civilian population are im-
portant. As determined, the highest values of EE, DP, and
RA were determined in nurses who constantly work with
wounded or sick military personnel. The numerical values
of EE in nurses who constantly work with wounded or sick
military personnel are 70.8% higher than those of nurses
who rarely work with this patient population, DP by 73.7%,
and RA by 12.5%.

The impact of professional development activities, as
well as taking a course or listening to lectures on the pecu-
liarities of communication with the military on the state of
EE, DP, and RA was analysed. Nurses who attended a course
on the peculiarities of communication with the military
had significantly lower EE (p=0.041) and RA (p =0.050).
Professional development in the form of advanced train-
ing courses over the past 3 years has had a significant
impact on the components of professional burnout.

A comparative assessment of the prevalence of profes-
sional burnout among nurses engaged in regular medical
care for the military and those who provide medical care
to the military rarely or only to the civilian population has
revealed that it has significant differences in terms of se-
verity (Table 4). The high level of EE in nurses who con-
stantly worked with the military was 1.6 times (p=0.038)
higher than in nurses who were engaged in providing med-
ical care to civilians and rarely worked with the military,
DP by 1.8 times (p=0.007), and RA by 1.9 times (p=0.022).
The prevalence of low EE in nurses who constantly worked
with the military compared to nurses who provided medi-
cal care only to the civilian population was 2.2 times low-
er (p=0.003), DP 2.2 times lower (p =0.005), and RA 1.7
times lower (p=0.021). There was no significant difference
in the prevalence of medium level of professional burnout
among these categories of nurses. However, the frequen-
cy of medium-level manifestations in nurses who worked
with military EE was 1.1 times higher and DP 1.2 times
higher. Thus, nurses who worked in the military had high
levels of emotional exhaustion, depersonalisation and re-
duction of personal achievements.

Table 4. Burnout rates of inpatient nurses
in healthcare facilities providing medical care to military and civilian populations, n (%)

Subscale burnout Working with military personnel Low level, p (%) | Averagelevel,p (%)| High level, p (%)

Constantly, n=117 18 (15.4) 51 (43.5) 48 (41.1)

Emotional exhaustion | Rarely or only work with civilians, n=79 27 (34.3) 31(39.2) 21 (26.5)
Level of confidence, p 0.003 0.545 0.038

Constantly,n=117 16 (13.7) 56 (47.8) 45 (38.5)

Depersonalisation Rarely or only work with civilians, n=79 24 (30.4) 39 (40.3) 16 (20.3)
Level of confidence, p 0.005 0.837 0.007

Reducti ¢ 1 Constantly,n=117 24 (20.5) 56 (47.9) 37 (31.6)

€ uctlgn ot persona Rarely or only work with civilians, n=79 28 (35.4) 38 (48.1) 13 (16.5)

achievements

Level of confidence, p 0.021 0.911 0.022

Notes: p-value for comparison of two groups was obtained by determining the Student’s t-test; n-absolute number of

observation units
Source: compiled by the authors

The correlation analysis revealed the main categor-
ical and continuous variables of socio-demographic, pro-
fessional, organisational and personal characteristics that
have interrelations with the development of professional
burnout in nurses during martial law (Table 5). Emotional
exhaustion is characterised by significant correlations with
age, nurse’s position, length of service, the contingent of
patients in whose care the nurse is involved, the number
of night shifts for one month, the number of children, the
length of time the nurse has worked in the military unit,

the presence of chronic diseases, and courses (lectures) on
the specifics of communication with the military. Deper-
sonalisation is determined by reliable correlations with
length of service, number of night shifts for one month,
and the presence of chronic diseases. The reduction of per-
sonal achievements is characterised by significant correla-
tions with age, nurse position, length of service, presence
of children, length of service in the military unit, and com-
pletion of courses (lectures) on the specifics of communi-
cation with the military.

Table 5. Correlations between indicators of professional burnout
and socio-demographic, organisational and professional characteristics of nurses

. .. Emotional . Reduction of personal
Characteristics . Depersonalisation X
exhaustion achievements
Age The correlation coefficient, r 5151 5,071 ,135
p ,005 ,114 ,011
Correlation coefficient, r ,020 ,013 ,082
Gender
P ,366 415 ,082
Position Correlation coefficient, r ,157 ,036 111
P ,006 271 ,030
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Table 5. Continued

Characteristics Emotlor_lal Depersonalisation Reductu_)n Tl
exhaustion achievements

Service term Correlation coefficient, r -,147 -,103 ,099

p ,008 ,010 ,046

The contingent of patients The correlation coefficient, r 5,129 -,070 -,062

P ,014 ,116 ,147

Number of night shifts per | The correlation coefficient, r ,181 ,183 -,061

month p ,001 ,001 ,149

Marital status The correlation coefficient, r ,012 ,003 -,009

p ,419 ,483 ,438

Presence of children The correlation coefficient, r -,039 -,012 ,110

p ,253 ,421 ,030

. The correlation coefficient, r ,122 ,036 ,041

Number of children P 041 303 282

Duration of work in the The correlation coefficient, r ,123 ,023 ,215

bram;e”r"s‘g;;:ll'tary p 015 347 ,000

Presence of chronic diseases The correlation coefficient, r ,293 ,244 ,049

p ,000 ,000 ,204

Attendance of The correlation coefficient, r ,112 ,065 5,114
courses (lectures) on

commaniention with the P 038 154 026

military
Attendance of advanced The correlation coefficient, r ,030 ,006 -,025
training cgu;esee‘rssm the last p 304 456 335

Notes: r-value of the correlation coefficient; p-level of reliability of correlations between indicators
Source: compiled by the authors

Multivariate linear regression analysis using a gener-
alised indicator of nurses’ burnout as a dependent variable
(Table 6) the main characteristics that affect the level of

burnout are identified. The regression model covers most
of the factors that influence the level of professional burn-
out (R?=0.767).

Table 6. Results of multiple regression analysis of medical students’ performance
with indicators of trauma, depression, anxiety and stress

. Non-standard coefficients )
Predictor Standard coefficients, p p-value
B Standard error, B
Constant 35.392 7.076 0.000
Presence of chronic diseases -11.883 1.794 -,440 0.000
Presence of children 7.844 3.526 ,238 0.027
Age -3.880 1.761 5,216 0.029
Number of night shifts per month -721 ,256 5191 0.005
Service term -2.925 1.725 -,187 0.042

Notes: B — unstandardised regression coefficient; p — standardised regression coefficient; R=0.876;R?=0.767; F=6.959

Source: compiled by the authors

The obtained model showed that the presence of
chronic diseases, age, length of service, the number of night
shifts worked during the month, as well as the presence of
children have a high level of reliability in influencing the
development of professional burnout among nurses during
the war. Thus, when planning and implementing measures
to prevent professional burnout among nurses during war-
time who provide medical care to the military and civil-
ian population, the intervention groups should primarily
include young nurses under 35 years of age, with up to 5
years of work experience, children, chronic diseases, and
those who often work night shifts. Among the measures to
prevent professional burnout, it is imperative to conduct

classes on the specifics of communication with wounded
soldiers undergoing treatment in hospital departments.

DISCUSSION

The study found that nurses who are constantly involved in
the provision of medical care to the military were diagnosed
with high and 43.5% of cases of EE, 38.5% of cases of high
and 47.8% of cases of DP, 31.6% of cases of high and 47.9% of
cases of RA. Among inpatient nurses who rarely work with
military personnel or work only with civilians, a high level
of EE was found in 26.5%, DP in 20.3%, and RA in 16.5%.

Depending on the complexity and level of healthcare
provision in different countries, researchers note different
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levels of professional burnout among nurses. For instance,
in private clinics in Ethiopia, where 56.8% and 56.3% had
high levels of EE and DP, respectively, and 56.3% had low
levels of PA. The prevalence of EE, DP, and RA among nurs-
es in palliative care facilities was 19.5%, 9.3%, and 8.2%,
respectively [11]. Nurses who worked during the COV-
ID-19 pandemic had higher levels of EE but lower DP and
RA compared to psychiatric nurses, primary care nurses,
oncology nurses, paediatric nurses, and emergency nurs-
es [12]. S. Yang et al. [13] determined that the denotative
indicator of the level of professional burnout is the EE sub-
scale. The results of the study by G. Hur et al. [12] point out
the correlation between the level of professional burnout
of nurses and the complexity of the work performed in the
department and job responsibilities.

The comparative analysis revealed that the highest
level of EE and DP among nurses of healthcare facilities
providing medical care to the military and civilian popula-
tion was determined by nurses responsible for performing
medical manipulations, and the highest level of RA in post
and manipulation nurses. The level of professional burn-
out depends on the departments in which nurses work.
Thus, according to the research of M. Al Magbali et al. [14],
conducted in the United States, 61% of intensive care unit
workers experienced EE, 44% had symptoms of DP, and 50%
experienced RA. Researchers also link the development of
professional burnout to various types of stress. This is es-
pecially relevant during the war, when most employees,
like the entire population of Ukraine, are under constant
stress. Researchers [15] believe that 58.43% of respondents
had a high level of stress in the development of profession-
al burnout among intensive care unit nurses.

An important component of the study of profession-
al burnout is the establishment of relationships between
the level of professional burnout or its components and
socio-demographic, professional or organisational factors.
The correlation analysis revealed no significant relation-
ship between gender and the level of professional burnout.
The same data was obtained by other researchers in Portu-
gal, Brazil, the USA and Greece [16].

Professional burnout in nurses has a close relationship
with age. The correlation analysis of the conducted studies
revealed that the age of nurses has a significant inverse cor-
relation with EE (p=0.005) and a direct correlation with RA
(p=0.011). This may be since young people are more pro-
fessionally active, overusing their energy and commitment.

Studies have shown that professional burnout depends
on the length of service of employees [17]. According to the
data obtained, EE and DP have an inverse significant corre-
lation with seniority, and RA has a significant direct corre-
lation. This is supported by other researchers who explain
the higher incidence of burnout among younger workers by
the fact that they are more likely to take on more profes-
sional responsibilities, focus on maintaining high-quality
services and seek solutions to nursing problems without
having the relevant experience. On the other hand, it is
believed that the longer the length of service in the pro-
fession, the lower the level of impartiality in professional
relationships [4].

Many researchers have shown that nurses with fam-
ilies have a significantly higher tendency to experience
professional burnout than single nurses, which the authors

explain by the additional burden of household responsibil-
ities and emotional involvement in their family’s affairs.
These findings are also confirmed by a meta-analysis of 78
studies on the impact of socio-demographic factors on the
occurrence of professional burnout syndrome [18].

The research also confirms a higher level of EE in
married nurses (p=0.032) compared to unmarried nurses.
However, no significant correlations between the mari-
tal status of nurses and the level of professional burnout
were found. However, there are significant correlations
between the level of RA and the presence of children in
nurses (p =0.030), and it was found that the number of
children in nurses is characterised by a significant cor-
relation with the level of EE (p =0.041) Many literature
sources indicate the influence of psychological factors on
nurses’ burnout [12, 19], because nurses are more likely to
face psychological problems than other healthcare work-
ers, and this situation is more difficult for them [20, 21].
The analysis of the studies showed that insomnia and per-
ception of one’s health as poor were positively correlated
with burnout, while psychological resilience was nega-
tively correlated with EE.

According to the data, both emotional exhaustion and
depersonalisation have a significant direct correlation with
the frequency of night shifts during the month. Among the
causes of professional burnout associated with night work,
researchers point out that working the night shift disrupts
a person’s circadian cycle, rest and sleep. Those who work
night shifts must sleep during the day when there is no way
to get a deep and quality sleep. This affects the physiolog-
ical balance of a person [22]. Among the existing studies,
insufficient attention has been devoted to the relationship
between professional burnout and nurses’ chronic dis-
eases and health status in general. The correlation anal-
ysis confirmed direct correlations of EE (p=0.000) and DP
(p=0.000) with existing chronic diseases with a high level
of confidence. As a result of the conducted research, a mul-
tiple regression analysis model was obtained, according
to which it was determined that the main group of factors
influencing the development of professional burnout in-
cludes age, length of service, presence of children, number
of night shifts worked during the month, and the presence
of chronic diseases in nurses. In this regard, these factors
should be addressed when planning and developing meas-
ures to prevent professional burnout of nurses.

CONCLUSIONS
Nurses who are constantly involved in providing medical
care to the military in inpatient departments have a high
level of emotional exhaustion at 41.1%, depersonalisa-
tion at 38.5%, and a reduction in personal achievements
at 31.6%, which is significantly higher than the data on
the components of burnout of nurses who are involved
in providing medical care only to the civilian population.
The professional burnout of inpatient nurses who are con-
stantly engaged in the provision of medical care and work
in healthcare facilities that provide medical care to the
military and civilian population is associated with many
socio-demographic, professional and organisational fac-
tors. Among these factors, nurses’ professional burnout is
significantly correlated with nurses’ age, length of service,
duration of work with wounded (sick) military personnel,
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work experience, presence of chronic diseases, and married
nurses with children. According to the results of multiple
regression analysis, it was found that the main factors that
have a decisive influence on the development of profes-
sional burnout in nurses during the war include age, length
of service, presence of children, the number of night shifts
worked during the month, and the presence of chronic dis-
eases in nurses. These factors determine the level of pro-
fessional burnout in 76.7% of cases. Providing additional
courses for nurses on the specifics of communication with
wounded soldiers helps to reduce the level of emotional ex-
haustion and reduce personal achievements, which reduces
the impact of various factors on the development of pro-
fessional burnout. The results of the research can be used
to develop methods for preventing professional burnout in

nurses involved in providing medical care to the military,
as well as to develop a strategy for managing a healthcare
facility to improve the provision of healthcare services.
Prospects for further research in this area are to develop
and scientifically substantiate effective intervention meas-
ures aimed at reducing and preventing professional burn-
out among nurses providing medical care to the military
and civilian population during the war.
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AHoTauis. TlpodeciiiHe BUTOpaHHSI cepel, MeACeCTep CTallioHApiB, SIKi HANAIOTh MeIUUYHY JOIOMOTY ITOpPaHEHUM
BifiCbKOBUM € 3HAUHOIO TTPO6IEMOIO [IJIsT 3aK/Ia/IiB OXOPOHM 3[J0POB 'S, OCKiIbKM HETaTMBHO BIUIMBAE Ha SIKiCTb HaJaHHS
MeAVNYHOI TOMOMOTY Ta MOoTpebye J0IaTKOBOTO BMBUEHHS i1 PO3pO6KM MPodilakTMUHUX 3aX0/[iB HA 0COOUCTICHOMY
Ta TPYINOBOMY piBHi IIOJO JOTO TMOMepeaskeHHs. MeTOW [IOCTiMKeHHs Oyl0 TMPOBECTU TMOPIBHSIbHY OIiHKY
rpodeciitHOro BUTOpaHHSI MeIUUYHMX CecTep CTallioHapiB, SIKi HAAAIOTh MeAUUYHY JOTIOMOTY BiliChKOBUM Ta IUBITbHOMY
HaceslleHHI0. [IpoBeleHO aHKeTYBaHHS 292 MeIUUYHUX CecTep BifiseHb cTanioHapiB. PiBeHb rpodeciiiHoro BUTOpaHHS
BCTaHOBJIIOBaAM 3rifHo onuTyBasbHMKa K. Macimau i C. [IskekcoHa. 3 METOI0 BU3HAueHHS MPOBIJHUX UMHHUKIB, SIKi
BIUIMBAIOTh Ha PO3BUTOK IMPOQECiifTHOro BUTOPaHHSI y MeICecTep, 3aCTOCOBYBaIM KOPEJISIIiiiHO-perpeciiiHmii aHamis.
BcTraHOB/IEHO, 1[0 BUCOKUIT piBeHb €MOIIiIHOTO BMCHAKEHHS Y MeJICecTep, sIKi MOCTifiHO IpaloBaau 3 BiliCbKOBUMU
y 1,6 pasy (p=0,038) mepeBaskaB Takuii y MefcecTep, siki 6y/iu 3aifHATI HAZAHHSIM MeJUYHOI JOTIOMOTY IIUBITbHUM Ta
pizKo mpaifoBanu 3 BilichKOBUMM, AernepcoHamisanii B 1,8 pasy (p=0,007), a pegykiii ocobuctux mocsarueHs B 1,9 pasy
(p=0,022). 3acTocyBaHHSIM 6araTodakTOpHOTrO JIIHIiTHOTO perpeciiiHOro aHasi3y BCTAHOBJIEHO, 1[0 HASIBHICTh XPOHIUHUX
3aXBOPIOBaHb, BiK, CTask pOGOTH, KiIbKiCTh BiTIpalibOBaHMX HiYHMX 3MiH ITPOTSTOM MiCSIIs, @ TAKOX HasIBHICTh [iTei 3
BMCOKMM PiBHEM CTATMCTMYHOI 3HAUYIIOCTi BINIMBAIOTh HA PO3BUTOK Y MEIMUHMX CeCcTep B epiox BiliHu podeciitHoro
BUTOpaHHS. [IpOBeIeHHS 3 MeIVMYHMMM CeCcTpaMu 3axofiB y popmi KypciB abo yiexiiiit, HarmpaBaeHUX Ha MOKpaIleHHS
KOMYHiKaTMBHMX KOMITETEHTHOCTE CITpUsI€ 3HMKEeHHIO PiBHS TpodeciiiHOro BUTOPaHHS
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Abstract. The heart valve design is optimally adapted to their physiological function, i.e., the uniform distribution of
blood flow in the heart chambers, so even small changes in the structural components of the valves, which are initially
functionally compensated, play a significant role in the development of heart disease in the later stages of a patient's
life. The study aimed to determine the effect of chronic haemodynamic trauma on the structural reorganisation of
human heart valves. A total of 1377 human heart valves were evaluated, which were obtained during valve prosthetics at
the Amosov National Institute of Cardiovascular Surgery from 2010 to 2022. The study identified a full range of macro-
and microscopic changes in morphological structures that are characteristic of rheumatic heart disease, infective
endocarditis, dysplastic and destructive changes in heart valves. The set of all morphological features was combined
into the algorithm “Morphological manifestations of acquired heart disease of different genesis”. It has been established
that changes in the mitral valve architecture can cause the transformation of its structural components, which causes
a violation of the valve's functional capabilities. The study demonstrated that persistent changes associated with
chronic haemodynamic injury reduce the mechanical strength of the valve, despite the compensatory mechanism of
subendothelial smooth muscle fibre hyperplasia in the heart valve leaflets. Subsequently, these damages can, on the one
hand, be complicated by fibrosis, fatty degeneration and calcification, and on the other hand, compensatory mechanisms
are involved in the process, namely hyperplasia of subendothelial muscle cells, which often form continuous layers
that should strengthen and strengthen the mechanical strength and thus the functional competence of the valves.
Mitral valve dysplasia can develop secondary infective endocarditis, rheumatism, and degenerative valve disease. The
algorithm for determining the patterns of morphological changes in the valvular apparatus of the heart in various
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variants of acquired defects of inflammatory and non-inflammatory genesis can be used to improve the etiopathogenetic
drug treatment of patients with acquired heart disease, as well as a theoretical basis for the development of new types

of valve-preserving operations

Keywords: morphological changes; cardiac valve system; haemodynamic trauma; light microscopy

INTRODUCTION

The heart valves are in constant motion, performing the
function of a gate valve, which is associated with changes
in internal cardiac blood pressure. Therefore, they must be
sufficiently elastic and at the same time have a significant
margin of safety [1, 2]. The architectonics of heart valves is
optimally adapted to their physiological function — the dis-
tribution of intracardiac blood flow. This is ensured by the
peculiarities of the structural organisation of the valves,
namely, the outer dense layers of the valve leaflets separat-
ed by a thin loose spongiosis layer are complementary to
the directions of intracardiac blood flow, as confirmed by
S.D. Chen et al. [3]. Violation of this complementarity can
cause damage to the structural components of the valves,
and then secondary changes in the systolic and diastolic
function of the heart [4], causing the development of both
congenital and acquired heart disease (AHD). B. Zebhi et
al. [5], S. Kraler et al. [6], and M. Chernykh et al. [7] have
shown that in case of changes in the structure of valve
structures, their complementarity concerning the hydro-
dynamic effect of blood on them may be disturbed with a
change in the mechanical load on the entire valve or its
parts and, possibly, with damage to some structures of the
heart valves. Therefore, even small congenital changes in
the structure of the valves, which are initially functionally
compensated, can significantly contribute to the develop-
ment of heart disease at later stages of a patient’s life [8].
Modern literature reviews indicate that in the case of se-
vere congenital pathology, the initial dysfunction leads to
early clinical manifestation of heart disease and, in favour-
able cases, to its surgical resolution [9, 10].

According to Ukrainian researchers, the proportion of
rheumatic endomyocarditis as a cause of AHD requiring
surgical treatment decreased from 56% to 31.4% between
2009 and 2021 [11], which is attributed to improved pre-
vention of rheumatic diseases, and on the other hand, a de-
crease in the immunological status of the Ukrainian popu-
lation. At the same time, a decline in immunity contributes
to an increase in the number of cases of acute infective en-
docarditis (IE), which causes valve destruction and the for-
mation of valve failure. According to I. Karavanska [12], the
incidence of IE in different regions of Ukraine ranges from
20 to 70 per 1,000,000 population per year. However, even
in the treatment of patients with NSTEMI of known aeti-
ology, questions sometimes arise that cardiologists cannot
provide a convincing answer to. For example, it remains
unclear why a valvular heart disease acquired as a result
of an active rheumatic process, after a certain period of re-
mission, begins to show signs of increasing haemodynam-
ic disorders without signs of rheumatic activation. Local
changes in the valves that contribute to the development
of the so-called primary infective endocarditis are unclear.

These problems cannot be solved only by clinical
methods, so they need to be studied using morphologi-
cal techniques that will allow to assessment of the nature

and degree of pathological transformation of various valve
structures, in particular the endothelium and connective
tissue structures of valve leaflets and chords in AHD of
various etiologies, which is important due to the fibrous
framework of the valve ensuring its mechanical strength
and elasticity, and, accordingly, the performance of the
main functions of the valve. In the vast majority of scien-
tific studies, there is no comprehensive approach to the
study of the peculiarities of the organisation of structur-
al components of heart valves in acquired pathology, and
this aspect of the development of cardiac pathology is still
poorly understood and insufficiently described. Therefore,
the purpose of the study was to investigate the features of
morphological changes in heart valves that occurred as a
result of hemodynamic trauma.

MATERIALS AND METHODS

The study examined 1,377 human heart valves received
during valve replacement surgery at the Amosov Nation-
al Institute of Cardiovascular Surgery from 2010 to 2022.
Among them were 556 mitral valves (MV), 478 aortic valves
(AV), and 343 tricuspid valves (TV) Among the patients
were 925 men and 452 women, aged 8 to 76 years (mean
age — 43.2%11.6 years). The material for the study was col-
lected in compliance with ethical and legal standards and
requirements for scientific morphological studies [13].

The surgical material was examined macroscopically
and microscopically. From the most and least damaged ar-
eas of the heart valves, pieces of leaflets or flaps were cut
from the right or left fibrous ring to the edge, and the af-
fected tendon strings were removed. Frozen sections were
made from part of the material, which was stained with
haematoxylin-eosin and Giemsa III-IV to identify fat-con-
taining structures.

The rest of the material from similar valve areas was
dehydrated in an alcohol bank of ascending concentration
and paraffin-embedded at 640°C. Serial histological sec-
tions of 5-8 ym thickness were made on a sled microtome,
after which the deparaffinised preparations were stained
with haematoxylin-eosin. The conditions of collagen fi-
bres were assessed by staining the sections with Van Gie-
son’s picrofuchsin. Elastic fibres were selectively detected
with fuchsin by Weigert. Fibrin of various degrees of ma-
turity and blood cells were detected using the MSB (Mar-
cius-Scarlet-Blue) technique in the Zerbino-Lukasevich
modification [14, 15].

Light microscopy of histological sections, digital image
processing and photographic documentation of the mate-
rial was performed using a video image analysis unit CX-41
(OLYMPUS, Japan). The macroscopic examination of the
heart valves assessed the thickness, density, and types of
deformation of the leaflets (L), crescentic valves (CV), the
overall degree of fibrosis, as well as fibrosis of adhesions
and lines of closure of the leaflets, attention was paid to
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the presence or absence of calcifications, warts, erosions,
ulcers, abscesses, perforations, aneurysms, vegetations,
haematomas, lipid stains, as well as signs of oedema and
hyperaemia in various valve structures. Furthermore, the
condition of the papillary-trabecular apparatus was stud-
ied in the MV: the length of tendon strings, the presence of
tears, the degree of fibrosis, and the presence or absence of
signs of dysplasia.

Microscopy of histological preparations of heart
valves was performed consistently to assess morpholog-
ical changes in structural components. In describing the
surface of the heart valve leaflets/CV, the presence or ab-
sence of the endothelial layer, the condition of endotheli-
al cells, and signs of their dystrophy, desquamation, and
proliferation were noted. In the dense layers of the L/CV
valves, the presence or absence of fibrosis, calcification
or necrosis was assessed, including the presence of scars,
collagen and elastic fibre bundles, and their fragmenta-
tion. The condition of the infiltrate cells was assessed: the
presence or absence of morphological signs of dystrophy
and the degree of their severity. The presence or absence
of cholesterol crystals and proliferating smooth muscle
cells was of particular importance. When describing the
spongiosal layer of the L/CV of heart valves, its thickness,
presence or absence of hematomas, cholesterol crystals,
morphological signs of oedema, as well as the state of con-
nective tissue fibres (their fragmentation, collagen cords
from dense layers, fibroblast proliferation, fatty transfor-
mation, fibrosis and calcification of varying degrees) were
determined. Similarly to the dense layers, signs of cellular
infiltration were recorded by the presence of neutrophils,
histiocytes, lymphocytes, macrophages and lipophages.

The condition of blood vessels was determined by their
wall thickness, lumen size, presence or absence of fibri-
noid necrosis, leukocyte infiltration, destruction, fibrosis
and hyperaemia in their membranes.

At the initial stage of the study, a complete set of var-
iants of macro- and microscopic changes in morphological
structures characteristic of rheumatic heart disease, infec-
tive endocarditis (IE), dysplastic and destructive changes in
heart valves was determined. The set of all morphological
features was combined into the algorithm “Morphological
manifestations of AHD of different genesis”.

The statistical processing of digital data was carried
out in the environment of a licensed copy of the Excel
computer program (version XP, Microsoft® Corp.) by pro-
gramming the appropriate calculation algorithms with
their subsequent processing. For the analysis of the re-
sults, one of the MS Office applications, the spreadsheet
processor MS Excel 2003, was chosen for statistical anal-
ysis necessary for further discussion of the results, find-
ing the minimum and maximum values, the mean and
standard error of measurements, and determining the
level of reliability.

RESULTS

The creation of the algorithm “Morphological manifesta-
tions of AHD of different genesis” determined a complete
list of structural changes in heart valves of different aeti-
ologies. In particular, when assessing the physical parame-
ters of morphological changes in the L MV and CV AV of the
heart, it was found that in 94.8% of cases of dysplasia, their
area increased, which was not observed in any observation
in IE-T and AHD (Table 1).

Table 1. Frequency of L. and MV physical changes in various forms of AHD

) AHD forms, % Total
N Morphological
o changes AR HA-PM IE-1 IE-I1 VD RC -1.377
n=209 n=375 n=190 n=105 n=207 n=291 o
1. Expanded surface 11.5 23.7 19.2 94.8 0 28.5
2. Reduced surface 0 0 79.6 72.3 7.4 0 174
3. Thickened L or CV 100 100 42.8 61.7 90.2 68.5 85.1
4. Thinned L or CV 0 0 58.1 38.3 9.8 8.3 14.7

Notes: CV - crescentic valves; AR — active rheumatism; NAR — non-active rheumatism; IE-I - initial infective endocarditis;
IE-II — secondary infective endocarditis; VD — structural valve dysplasia; RC - regression changes

Source: compiled by the authors

In rheumovalvulitis, the L/CV surface was increased by
23.7% maximum of observations and was never reduced.
Reduction of their leaflet area was a characteristic morpho-
logical sign of IE. For AHD of noninflammatory genesis, re-
duction of the area of the L/CVwas also not typical, although
it was found in 7.4% of cases of heart valve dysplasia. The
thickness of the leaflets increased due to fibrosis and calci-
fication in 100% of observations in patients with rheumov-
alvulitis, and in the active stage of the disease — also due to
oedema. In IE-I, they were both thickened due to the pres-
ence of oedema and vegetation of the L or CV (41.9%) and
thinned due to the dominance of lytic processes (58.1%).

In AHD that developed due to subclinical forms of
valve dysplasia, in 90.2% of observations, the L/MV was

thickened due to either calcification or oedema of the spon-
giosal layer. In 68.5% of AHD cases, the leaflets or MV were
also thickened as a result of coarse calcifications; 8.3% of
leaflets or CV had atony and thinning due to widespread
fatty regression of their connective tissue structures; in
the remaining 23% of valves in this group, the thickness
of the leaflets or CV was slightly changed, although foci
of slight yellow-orange thickening were observed under
the endothelial layer. In IE-II, L or CV in the area of adhe-
sions and marginal sections were thickened only in those
patients with a history of rheumatic heart disease (17.0%).

In valves with dysplasia due to calcifications sur-
rounded by fibrous capsules (44.4%), L or CV were usual-
ly thickened and dense, in other cases — soft, sometimes
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swollen. Calcification also determined the high density
of 56.1% of valves in RC AHD. Of this group, 7.7% of the
L or CV valves appeared soft, atonic, thinned, sometimes
with a finely ribbed surface relief. In general, among 1377
observations, valves with dense (59.7%) and thickened L or
CV were the most common. Moreover, if the density was de-
termined mainly by fibrosis and calcification, the increase
in thickness could also be caused by significant oedema
and overlapping vegetation. Features of morphological

macroscopic signs in the removed valves were also deter-
mined by the presence of erosions, ulcers, oedema, foci of
hyperaemia and perforations (Table 2). Erosions of vari-
ous sizes and shapes appeared as loose areas without the
typical lustre of surfaces, and sometimes their edges were
exfoliated. Erosions were detected in the majority of obser-
vations of inflammatory AHDs, as well as in 28.3% of cases
of valve dysplasia and 28.9% of valves removed for RC heart
disease. In total, erosion was detected in 71.4% of cases.

Table 2. Frequency of macroscopic erosions, ulcers, oedema, hyperaemia,
vegetations, lipid stains, haematomas, abscesses, warts and aneurysms of valve structures in different AHD forms

) AHD forms, % Total
No. Morphological
feature AR NAR IE-I IE-II VD RC n=1.377
n=2,097 n=375 n=190 n=105 n=07 n=291 ’

1. Erosions 88.8 91.1 100 100 28.3 289 71.4
2. Ulcers 77.8 86.5 100 100 23.5 13.1 70.2
3. Oedema 84.0 0 100 100 89.6 34.5 54.3
4. Hyperaemia 31.8 0 82.6 90.3 0 0 22.2
5. Vegetations 0 0 100 100 0 0 21.7
6. Lipid spots 60.8 92.6 0 72.8 73.1 88.9 73.1
VA Warts 100 95.7 174 83.6 88.4 15.5 72.6
8. Haematomas 6.4 2.3 0 22.5 0 0 4.3
9. Abscesses 0 0 26.8 33.8 0 0 5.0

Notes: AR - active rheumatism; NAR - non-active rheumatism; IE-I — initial infective endocarditis; IE-II — secondary
infective endocarditis; VD - valve dysplasia; RC — regression changes

Source: compiled by the authors

In 70.2%, ulcers were detected, which most often
formed over large calcifications, forming tissue defects up
to 2 cm in diameter. Such ulcers usually had a calcified bot-
tom, which was imbibed with blood and covered with fibrin
clots. Ulcers were observed in the area of fibrous adhesions
and the absence of calcifications. In these cases, the tissue
defect had a linear shape in the direction from the fibrous
ring of the valve to its lumen. In IE, deep damage to the L
structures was caused by tissue lysis, which was present in
100% of observations.

A sign of L/CV oedema was recorded in 54.3% of cases.
In AR, oedema of the surface layers of the structural com-
ponents of the valves was manifested by their swelling and
translucent appearance. The fibrous tissue of the deeper
layers also swelled and became less dense and compact. No
signs of oedema were present in NAR. In IE, as in other in-
flammation, oedema occurred in 100% of cases. The valve
leaflets with signs of dysplasia often (85.6%) had a myxo-
matous appearance: diffuse throughout or in some areas.
Their middle layer increased in volume and became almost
transparent and slippery to the touch. Hyperaemia of the
L/CV occurred only in the active inflammatory process: in
31.8% of cases of active rheumovalvulitis, as well as in EI-I
and EI-II (82.6% and 90.3%, respectively). As it turned out,
vegetations are a pathognomonic sign of EI. They were de-
tected in all cases of both EI-I and EI-II and were not re-
corded in other pathological processes.

A yellow-orange lipid stain located under the en-
dothelium in the areas subjected to the greatest haemo-

dynamic load was a frequent finding (72.2% of all obser-
vations) in the macroscopic examination of heart valves.
They were present in 60.8% of valves with AR, 92.6% of in-
active valves, 73.1% of IE-II observations, 73.1% of valves
with dysplasia, and 88.9% of cases of RC AHD. This was
absent only in IE-I.

The growth of loose fibrous connective tissue in the
form of warts along the edges of the L and CV, as well as
in areas of relief altered by fibrosis and calcification, was
found in all groups: most often in rheumovalvulitis (100%
of observations of active rheumatic process and 95.7% of
inactive rheumatic process), EI-II (83.6%) and heart valve
dysplasia (88.4%). In the case of dysplasia and RC of their
structures, warts were detected much less frequently
(17.4% and 15.5%, respectively).

In only 4.1% of cases, haematomas were observed in
the damaged L and CV. They were most often recorded in
EI-II (22.5%), less often in active rheumovalvulitis (6.4%),
and even less often (2.3%) in inactive rheumocarditis. In
the other groups, haematomas were not observed. Simi-
larly to vegetation, macroabscesses were a pathognomonic
feature of IE. They were not formed in every case of IE. In
particular, macroabscesses were detected in 26.8% of IE-I,
and 33.8% of IE-II. Macroabscesses were not observed in
other forms of IE. Therefore, the detection of vegetation
and abscesses in the heart valves can reliably testify in fa-
vour of [E. In the study of MV, special attention was paid to
the condition of the tendon strings of the papillary-trabec-
ular apparatus of the heart (Table 3).
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Table 3. Frequency of detection of macroscopic changes in tendon strings of the MV in various forms of AHD

1. Normal length TS 27.1 22.1 100 71.6 8.1 92.8 43.6
2. Long TS 15.6 16.0 0 7.8 78.6 5.7 23.1
3. Short TS 64.2 65.3 0 23.1 25.6 0 34.9
4. Fibrosis 0 0 0 100 65.0 11.1 100 35.8
5. Fibrosis 1+ 48.9 22.7 0 20.3 75.7 0 29.0
6. Fibrosis 2+ 52.2 74.6 0 14.6 11.1 0 34.3
7. Dysplasia 0 2.7 0 26.9 100 0 21.1
8. Tears 0 0 43.2 37.8 13.5 0 10.9

Notes: TS - tendon strings; AR — active rheumatism; NAR - non-active rheumatism; IE-I - initial infective endocarditis;
IE-II — secondary infective endocarditis; VD — valve dysplasia; RC - regression changes

Source: compiled by the authors

It was found that only in IE-I, in 100% of observations,
tendon string lengths were unchanged. In IE-II, this figure
was 71.6% and in RC AHD - 92.8%. In AR and NAR, as well
as in valve dysplasia, tendon strings of normal length were
found much less frequently: 27.1%, 22.1% and 8.1%, re-
spectively. Moreover, in dysplasia, both elongated (78.6%)
and shortened tendon strings (25.6%) could be found in
the same valve.

In rheumatism, short tendon strings of the MV were
most common: in AR they were recorded in 64.2%, and in-
active rheumatism - in 65.3%. Long tendon strings were
differentiated in only 15.6 % of AR and 16.0% of NAR. In
IE-IT and RC AHD, L with long tendon strings were rela-
tively rare: 7.8 % and 5.7 %, respectively. Shortening of
tendon strings in IE-II (23.1%) was due to initial post-
stroke fibrosis or fibrosis associated with papillary trabec-
ular apparatus dysplasia since in these groups of patients
fibrosis of tendon strings, as well as of the cusps, was the

most common: in dysplasia — 88.9%, NAR and AR - 100%.
It should only be noted that in rheumovalvulitis, valves
with gross fibrosis dominated, whereas in papillary-tra-
becular dysplasia, not all tendon strings were affected by
fibrosis and the degree of fibrosis was moderate in most
cases (75.7%). Fibrosis of tendon strings was not typical
for valves with RC AHD.

Signs of congenital abnormality of the papillary-tra-
becular apparatus of the MV were detected in 100 % of
valves in the dysplasia group, as well as in 26.9% of valves
with I[E-II and 2.7% of observations of inactive rheumoval-
vulitis. Signs of tendon string rupture were not recorded in
any case of rheumovalvulitis and RC AHD, but signs were
found in IE-I (43.2%), IE-II (37.8%) and papillary-trabecu-
lar dysplasia (13.5%). A detailed microscopic examination
of the structural components of the heart valves revealed
that their surface was in no case intact throughout, the en-
dothelium was damaged (Table 4).

Table 4. The frequency of detection of valve endothelial changes in various forms of AHD

1. Normal surface 0 0 0 0 0 0 0
2. Erosions 88.5 93.3 100 100 96.5 80.9 93
3 No endothelium 0 0 0 0 0 0 0
changes
4. Endothelium 88.8 97.4 100 100 96.4 100 97.1
exfoliated
5. | Endothelial dystrophy 774 27.5 100 100 71.3 61.8 63.2
6. Endothelial 0 0 0 0 23.2 33.2 8.9
proliferation

Notes: AR - active rheumatism; NAR - non-active rheumatism; IE-I — initial infective endocarditis; IE-II — secondary
infective endocarditis; VD — valve dysplasia; RC — regression changes

Source: compiled by the authors

In IE-I and IE-II, as well as in RC AHD, endothelial
desquamation was found in 100% of observations. Some-
whatless frequently,in 88.8 - 97.4% of cases, this morpho-
logical sign was present in active and inactive rheumov-
alvulitis and AHD associated with heart valve dysplasia.

Various signs of endothelial dystrophy were found
in an average of 63.2% of observations, with IE caus-
ing endothelial dystrophy in 100%. In NAR, areas with
dystrophically altered endothelial layer were detect-
ed in 27.5% of patients, in the other groups this sign
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was noted in 77.4% of AR, in 71.3% of valve dysplasia
and 61.8% in RC AHD. In noninflammatory AHD, signs
of increased endothelial cell proliferation were some-
times observed on the surface of the valve leaflets: in

valve dysplasia in 23.2%, and RC in 33.2%. Endothelial
damage was often accompanied by significant changes
in the dense surface layers of the L and CV of the heart
valves, as shown in Table 5.

Table 5. Frequency of detection of necrotic and fibrotic changes
in connective tissue structures of dense layers in various forms of AHD

AHD forms, % Total
No. Morphological feature AR NAR 1IE-1 1IE-II VD RC
n=209 n=375 n=190 n=105 n=207 n=291 | n=1,377
1. Fibrinoid necrosis 100 16.2 4.8 16.1 0 0 20.3
2. Enzymatic lysis 0 0 100 100 0 0 56.7
3. Cholesterol necrosis 59.8 90.5 0 50.7 59.5 100 68.7
4., Scars 100 100 0 56.4 0 0 51.1
5. Fibrosis 37.8 36.8 0 53.2 45.6 68.7 42.1
1. | Smooth muscle cell proliferation 1.7 3.2 0 20.4 84.6 0 19.1
2. Loosening of layers 0 0 0 9.4 83.0 0 16.5
3. Collagen fibre fragmentation 0 0 0 8.6 66.3 0 12.8
4. Intercellular substance 100 0 14.3 11.2 68.9 29.2 30.5
accumulation
5. Calcification 100 100 33.2 54.3 63.8 68.9 71.5

Notes: AR — active rheumatism; NAR — non-active rheumatism; IE-I - initial infective endocarditis; IE-II — secondary
infective endocarditis; VD — valve dysplasia; RC - regression changes

Source: compiled by the authors

Thus, in AR, signs of fibrinoid necrosis of connective
tissue structures of dense surface layers of the L and CV
of heart valves were detected in 100% of observations. In
NAR, fibrinoid necrosis was detected in histological speci-
mens in only 16.2% of patients, but in these cases, fibrinoid
necrosis showed signs of calcification in the central parts
of the lesions and fibrosis in the periphery. Changes in col-
lagen structures characteristic of fibrinous necrosis were
sometimes also found in IE, and in IE-II - much more often
than in IE-I: 16.1% vs. 4.8%. It was noteworthy that foci
of fibrinous necrosis were often located around the blood
vessels away from the main focus of valve damage in suba-
cute and recurrent forms of IE. In NAV of noninflammatory
origin, classical manifestations of fibrinous necrosis were
not observed in any case. However, these valves showed
zones of collagen homogenisation, which, unlike eosino-
philic fibrinoid necrosis, usually had a slightly basophilic
colour. Necrosis of the dense layers of the L and CV of the
heart valves, which was caused by the lytic action of neu-
trophil lysosomal enzymes and microbial waste products,
was pathognomonic for both groups of IE. This morpholog-
ical sign was found in 100% of observations in IE, whereas
in other forms of AHD, necrosis of the dense layers of the L
and CV of the valves was absent.

The most frequent morphological sign (68.7%) in all
material was cholesterol necrosis, which gave a positive
sudan III-IV stain and was often accompanied by the pres-
ence of lipophages and cholesterol crystals. Such changes
were recorded in 100% of observations in RC AHD, in 90.5%
in NAR, in 50-60% in AR, IE-II and valve dysplasia. IE-I was
included in this group only in the absence of other mor-
phological changes, including cholesterol necrosis. Gross
scarring deformation of the dense surface layers of the L
and CV along the line of their closure, in the area of adhe-
sions, as well as tendon strings of the MV, was detected in
all cases of AR and NAR. At the same time, the central parts

of the L and CV were fibrosed much less. In 56.4 % of cases
of IE-II, these changes developed against the background
of scarred valve structures. In IE-T and AHD of non-inflam-
matory genesis, scarring changes in the heart valves were
usually not detected. However, quite often in the latter two
groups, there was a diffuse increase in the fibrous compo-
nent of the dense layers of the L. and CV: in the initial valve
dysplasia — in 45.6%, in the RC AHD group - in 68.7%. Fi-
brosis of the valve structures without disturbance of colla-
gen fibre orientation was also detected in 37.8% of A-RM
cases, 36.8% of NAR cases and 53.2% of observations in IE-
I1. It should be noted that fibrosis without scarring changes
was usually localised on the periphery of the main foci of
fibrosis and calcification.

Othermorphological changes were oftendetected inthe
surface layers of the L and CV, in particular, in 19.1% of ob-
servations, a peculiar subendothelial layer of smooth mus-
cle cells, which is not characteristic of normal heart valves,
was differentiated in histological preparations of heart
valves. Most often (84.6%) it was detected in the L and CV
with signs of dysplasia. In IE-II, this morphological sign was
present in 20.4% of cases,in AR —onlyin 1.7%, and in NAR -
in 3.2% of cases. The subendothelial layer of smooth muscle
cells was not detected at all in IE-I and in RC of the heart.

There are two morphological signs (thinning of the
dense surface connective tissue layers of the L and CV and
fragmentation of collagen fibres), which were largely ob-
served only in congenital heart valve disease (83.0% and
66.3%, respectively), as well as in IE-II, which developed
against the background of valve structure dysplasia (9.4%,
8.6%). Swelling of the connective tissue due to the accu-
mulation of intercellular substance in it was recorded in the
dense surface layers of the L and CV in all cases of AR, in
14.3% of cases of IE-I, in 11.2% of observations of IE-II, in
68.9% of cases — in the L and CV of heart valves with initial
dysplasia and 29.2% of valves with RC of their structures.
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Calcification of the heart valve structures was one of
the most frequent morphological features (77.5% of cases).
Moreover, in both groups of rheumatic fever, calcification
was found to a greater or lesser extent in all valves. Calcifi-
cation was detected in 63.8% of patients with non-inflam-
matory AHD, in patients with valve dysplasia and 68.9%
of patients with RC AHD. In patients with IE, calcification
in the thickness of fibrotic altered valve structures was
detected only in IE-II. In addition, a feature of infectious
valvulitis was the presence of calcium in the vegetation. It
was this localisation of calcification that led to 33.2% of
observations of this sign in patients with IE-I. In patients
with IE-II, calcification was observed in 54.3%.

In addition, the presence of nuclear detritus was noted,
which was present in 100% of IE-I and IE-II observations
and was completely absent in other forms of AHD. When
assessing the spongiosis layer of the L and CV of the heart
valves, its thickness was prioritised (Table 6). In rheumatic
malformations, this layer was rarely dilated and often not
differentiated at all due to severe fibrosis. In IE-I, in the L
and CV, namely in areas that were not destroyed by lysis
and massive cellular infiltration, the spongiosis layer was
found to be expanded in 85.4% of cases, and in IE-II only
in 45.9%. Different types of valve dysplasia were accompa-
nied by diffuse or focal expansion of the spongiosis layer in
100%. In RC AHD, this sign was present in 38.5 %.

Table 6. The frequency of detection of morphological changes in the spongiosal layer in various forms of AHD

AHD forms, % Total
No. Morphological feature AR NAR IE-I IE-II VD RC
n=209 n=375 n=190 n=105 n=207 n=291 n=1,377
1. Expansion 0 0 86.4 45.9 100 38.5 38.4
2. Oedema 28.2 0 85.4 0 100 38.5 36.3
3. | Fragmentation of 0 0 0 0 97.2 0 18.1
connective tissue fibres
4, | Collagen cords from 0 0 0 173 74.2 0 16.4
dense superficial layers
5. Fat transformation 0 0 0 0 47.8 13.0 10.8
6. Fibrosis 100 100 0 68.4 314 43.9 65.1
7. Calcification 81.3 100 45.1 53.2 17.5 46.9 62.9

Notes: AR — active rheumatism; NAR — non-active rheumatism; IE-I - initial infective endocarditis; IE-II — secondary
infective endocarditis; VD — valve dysplasia; RC - regression changes

Source: compiled by the authors

Spongiosal oedema was detected in 28.2% of valves in
AR, in 86.4% of IE-I observations, and 100% of specimens
obtained from valves with signs of dysplasia. Primary RC
of the L. and CV were accompanied by oedema of the spon-
giosal layer in 38.5% of cases. Heart valves with subclinical
forms of congenital pathology were characterised by frag-
mentation of connective tissue fibres of the spongiosal lay-
er (97.2%), spread of collagen fibre strands from the dense
surface layers of the L and CV (74.2%), and transformation
of loose fibrous connective tissue of the spongiosal layer
into adipose tissue, which was recorded in 47.8% of cases.

In other AHD forms, these morphological signs were
almost always absent, only 17.3% of IE-II showed collagen
fibre disruption of dense layers and 13.0% of RC AHD had
fatty transformation of the spongiosal layer. Fibrosis of the
spongiosis layer of the L and CV of the heart valves was
noted in 100% of rheumovalvulitis, both active and inac-
tive, in 68.4% of observations in IE-II, in 31.4% of cases in
patients with cardiac valvular dysplasia and 43.9% in pa-
tients with RC AHD. Calcification of the L and CV of the
heart valves extended to the spongiosis layer with greater
or lesser frequency in all groups of observations: in active
rheumovalvulitis — in 81.3% of observations, in NAR - in
100% of cases, in IE-I — in 45.1%, in IE-II — in 53.2% of ob-
servations, in dysplasia — in 17.5%, in AHD heart disease —
in 46.9% of cases.

The analysis of the frequency of macro- and micro-
scopic changes in heart valves allowed us to identify sev-
eral morphological features that are detected with varying
degrees of probability in AHD of various genesis. This made

it possible to carry out morphological diagnostics of the
morphogenesis of acquired heart valve defects, as well as
to verify the nosological affiliation of the AHD for which
patients were operated with maximum objectivity.

AV Bicuspid was an AV defect. The macroscopic char-
acteristics of this pathology are well known and consist
of an increase in the thickness of one of the valves, in the
centre of which crestal transverse thickenings were usually
detected. According to the results of light microscopy, AV
calcification developed as a consequence of fatty degener-
ation of the connective tissue, which was detected even in
patients under the age of 20 (Fig. 1).

Figure 1. Bicuspid AV;
fatty degeneration, calcification. Sudan III-IV. x40
Source: compiled by the authors
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In addition, the aortic surface of such a valve was fine-
ly ribbed, with small areas of irregular fibrosis and some-
times with thinning, up to leaflet tears, which were usually
oriented parallel to the thickened layer due to fibrosis and
translucent overlays in the form of warts. Macroscop-
ic characteristics of congenital MV pathology consisted
mainly of dysplasia of the papillary-chordal apparatus,
which was manifested by irregular arrangement of tendon
strings, decrease or increase in their number, and chang-
es in their thickness, length and direction. This resulted in
the pulling of one or more heads of papillary muscles to
the valves and lengthening of others with their subsequent
fibrosis. There was uneven swelling of the valves, their
deformation due to the formation of aneurysm-like protru-
sions towards the atrium. Such changes were noted in areas
that were not supported by tendon strings. The edges of the
heart valve leaflets had a fistulous appearance, and trans-
lucent growths in the form of warts were localised on them.

Microscopic examination of the heart valves obtained
at autopsies showed that the L TV and pulmonary trunk
valves had a normal structure with a clear parallel orien-
tation of collagen fibres and preserved endothelium. The
surface dense layers of the aortic valve were unchanged in
the CV, with a parallel orientation of intact collagen fibre
bundles, and moderate oedema of the CV spongiosal layer
without specific signs of inflammation. Light microscopy
in the L MV of the heart MVs showed a significant expan-
sion of the middle spongiosal layer due to its oedema, as
well as stratification of collagen fibre bundles of the dense
outer layers of the L, and moderate fibroblast prolifera-
tion in the spongiosal layer.

In the base of the Valsalva sinuses in the CV aortic
valve leaflet, smooth muscle proliferation occurred in
dysplasia of its structures, as well as in MV dysplasia.
Since a particularly pronounced disorganisation of the
connective tissue fibres of the valve with a sharp swell-
ing and expansion of the spongiosis layer, as well as loss
of compactness of the surface dense layers was observed,
smooth myocyte layers often looked like single compact
areas in this part of the V or CV. At the same time, valves
were often observed with further proliferation of young
connective tissue and transformation of loose fibrous
connective tissue into adipose tissue, which reduced the
mechanical strength of the valve (Fig. 2).

Figure 2. Fatty transformation
of the spongiosis layer. Sudan III-IV. X 200
Source: compiled by the authors

In the areas of the leaflets without mechanical sup-
port of tendon strings, whole layers of hyperplastic sub-
endothelial smooth muscle fibres were naturally detected,
which can be considered as a compensatory reaction of the
body aimed at enhancing the reduced mechanical proper-
ties of the heart valve leaflets (Fig. 3).

Figure 3. MV dysplasia, compensatory hyperplasia
of subendothelial smooth muscle fibres.
Hematoxylin-eosin. X 100
Source: compiled by the authors

In patients aged 28+ 5.3 years, homogenisation of the
CV surface layers was observed in some areas of the aortic
valve leaflet. At the same time, the layer in the correspond-
ing area expanded, swelled and acquired a slightly baso-
philic tint with a loss of fibrous connective tissue structure.
Subsequently, calcium was deposited in these areas, which
led to pronounced deformation of the valve flap. Focal ho-
mogenisation of one of the dense surface layers was ac-
companied by the narrowing of the dilated spongiosis layer
and disorganisation of connective tissue structures of the
dense surface layer of the opposite side. In patients aged
37 £ 7.4 years, calcification became the dominant morpho-
logical sign of the disease.

All the changes described above can be attributed to
chronic haemodynamic trauma to the valve structures. Un-
til a certain point, these changes had no clinical manifesta-
tions. However, they can be considered factors that create
prerequisites for the development of more severe patho-
logical processes that give rise to certain clinical symp-
toms. In particular, areas of the valves without a protective
endothelial layer are often the entrance gate for infection,
which leads to the development of heart valve IE [16].

In addition, MVs with subclinical forms of congenital
pathology are early exposed to RC [17]. In this case, en-
dothelial exfoliation occurred, areas of the damaged sur-
face with signs of active fibrogenesis were detected, and
connective tissue fibres within the leaflets were homog-
enised, infiltrated by fat cells and calcified, which led to
rapid decompensation of the valve defect. In addition, the
deendothelialised surface areas were covered with a thin
layer of fibrin, in which lymphocyte cells were localised,
and signs of endothelial cell proliferation were still detect-
ed on the surface of some areas. This was true for both ar-
eas with damaged surfaces (Fig. 4) and internal connective
tissue structures that were subjected to particularly high
mechanical stress.
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Figure 4. MV dysplasia. Sudanophilic degeneration
of connective tissue structures of L Sudan III-IV. X 40
Source: compiled by the authors

Among the 556 MVs studied, it was noted that in
126 patients (22.7%), congenital valve disease began to
be detected in adulthood, even without concomitant pa-
thology. This was the group of the youngest patients with
severe primary dysplasia. In 45 patients, valve dysplasia
was complicated by IE. In 39 cases, signs of congenital MV
pathology were detected in poststroke valvular fibrosis
and calcification. The largest group consisted of patients
with valve dysplasia combined with severe degenerative
changes in connective tissue structures. In 285 cases
(51.2%), lipoidosis with calcification was the only factor
that complicated the initial dysplasia. However, in 61 pa-
tients, more than two etiopathogenetic factors were not-
ed (lipoidosis and EI or lipoidosis and rheumatism).

The group with significant RC signs consisted of
patients of more mature age (48.2+9.3 and 46.6+11.7).
However, the age of patients whose valves were affected
by a degenerative process without underlying dysplasia
was also investigated and found to be 60.8 = 14.5 years,
which is significantly higher than the age of patients
with degenerative valve disease that developed on the
background of MV dysplasia. Thus, changes in the struc-
tural organisation of heart valves associated with chron-
ic haemodynamic trauma affect the functional capacity
of the valve.

DISCUSSION

Modern methods of clinical and instrumental diagnostics
allow to establishment of the mechanical characteristics
of the defect (stenosis or insufficiency), determine the se-
verity of the valvular lesion, the presence and severity of
haemodynamic disorders [18]. The mechanical functions
of damaged valves are currently restored by surgical cor-
rection of the defect, including valve prosthetics. How-
ever, to determine adequate pre- and postoperative drug
treatment regimens for patients, it is also important to es-
tablish the aetiology of the defect (rheumatism, infective
endocarditis, dystrophic changes, coronary heart disease,
etc.), and in the presence of a systemic inflammatory pro-
cess, its activity.

AHD is caused by a variety of pathological processes,
most of which have certain morphological characteristics
that allow distinguishing the processes from each oth-
er [19, 20]. At the same time, many years of experience

in the morphological study of heart valves removed for
AHDs have shown that histological specimens often reveal
features that have not received much attention from re-
searchers [21, 22].

According to the authors of this study, which is also
confirmed by the studies of other researchers [23, 24], in
most cases, the AHD was localised in the valves of the left
heart (MV and AV), which is associated with the greatest
mechanical load on these valves, as high blood pressure is
created here. Only recently have there been defects in the
AHD in which the tricuspid valve is involved in the patho-
logical process. This is associated with infective endocardi-
tis in drug addicts, as well as in people who have undergone
various intravenous manipulations.

Haemodynamic disorders that occur in AHD are caused
by changes in the macro- and microarchitecture of heart
valves [25, 26], structural reorganisation of the connective
tissue components of the valvular apparatus [27] and en-
dothelium. At the same time, the most vulnerable are the
edges of the leaflets, the lines of leaflet closure, the per-
icommissural areas of the AV, MV, and TV, as well as the
bases of the MC chords, i.e. the areas that are exposed to
the greatest hemodynamic impact. According to O. Papu-
ha [28], dynamic mechanical impact on the subject causes
the accumulation of hyaluronic acid in the medium, which
causes the homogenisation of collagen fibres. Static me-
chanical impact does not have this property.

The data obtained in the present study coincide with
those of the authors who studied not only the structural
organisation of heart valves but also the morphological
causes of cardiac conduction disorders. According to M. Su-
giura et al. [29], calcifications acting on the anatomical bi-
furcation of the bundle cause various conduction disorders,
but the most observed blockade of the left or right pedi-
cle or simultaneous blockade of the right pedicle and the
anterior branch of the left pedicle, i.e. bifascicular block.
In some cases, calcifications spreading beyond the fibrous
ring of the aorta, towards the apex of the interventricu-
lar septum, gradually mechanically press on the relevant
parts of the conduction system. In other cases, calcification
spreads beyond the fibrous ring of the aorta by sprouting
the muscular ridge of the interventricular septum, destroy-
ing the tendon strings, which occurs, for example, in rheu-
matic damage to the AV.

The significant role of haemodynamic trauma in
the development of AHD is supported by the data of
T.S. Momberger et al. [30], which show that it is the dy-
namic mechanical effect that stimulates the accumula-
tion of hyaluronic acid in the interstitial tissue, which
causes swelling of the interstitium and collagen fibres.
Even minimal morphological changes of a congenital na-
ture in heart valves lead to an increasing remodelling of
heart valve structures, which is consistent with the data
of E. Aikawa & ].D. Hutcheson [31]. The process of trans-
formation of the valve leaflets occurs through morpho-
logical changes, namely fragmentation and stratification
of collagen fibre bundles with swelling of the spongiosis
layer. The surface of such valves, especially along the line
of leaflet closure, at the base of the tendon strings of the
MV and in the commissures, is damaged. All these chang-
es are a consequence of the chronic mechanical effect of
blood flow on the valve structures. Subsequently, these
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damages can, on the one hand, be aggravated by fibro-
sis, fatty degeneration, and calcification, and on the oth-
er hand, compensatory mechanisms are involved in the
process that improves mechanical strength and thus the
functional capacity of the valves, namely, the authors of
this paper consider hyperplasia of subendothelial smooth
muscle cells to be a compensatory mechanism.

This study also examined a group of isolated abnor-
malities of valve structures (minimal forms of dysplasia)
that did not impair valve function in the first decades of
life and, accordingly, did not produce any clinical man-
ifestations. When non-inflammatory NAV affects people
of young and mature age, clinicians define the defect as
idiopathic. This includes, for example, Barlow’s disease,
which occurs in 1.5-17% of the population [32]. Howev-
er, after 20-30 years, according to the above studies, this
pathology led to the early development of degenerative
changes in connective tissue structures. Over time, the
changes caused by dysplasia were complicated by calci-
fication, and then clinicians diagnosed either calcifying
heart disease or stenosing calcification. This pathology
was manifested by significant haemodynamic disorders
and required surgical correction.

However, many doctors consider age-related changes
in heart valves (primarily in the AV) to be almost normal
and do not pay attention to the appearance of a systolic
murmur in the aorta when monitoring a patient. In addi-
tion, as a result of environmental changes and an increase
in the prevalence of anthropogenic factors that accelerate
the development of calcific heart disease, this disease be-
gan to occur at the age of 45-50 years [33]. At the same
time, with age, small forms of valvular pathology acquire
the character of a clinically significant process and are
often mistakenly interpreted as infective endocarditis,
rheumatism, etc. Thus, AHD occurs as a result of various
factors that determine the development of morphological
changes in the valvular apparatus of the heart, which are
characteristic of each of the nosological forms.

However, the morphogenesis of the AHD contains el-
ements that are common to all or most types of acquired
defects. Specific features include fibrinoid necrosis,
Ashof-Talalayev granulomas, productive-destructive vas-
culitis - in rheumatic heart disease; leukocyte infiltration
with numerous neutrophils, lysis of heart valve structures,
vegetations, abscesses — in IE; changes in the number of
CVc valve leaflets, disorders of the architecture of the
papillary-trabecular apparatus and MV leaflets, as well
as compensatory hyperplasia of subendothelial smooth
muscle cells — in AHD developing against the background
of subclinical forms of valve dysplasia; age-related degen-
erative changes in connective tissue with lipoidosis and
subsequent calcification - in AHD of degenerative genesis.

All heart valves are united by the fact that they are in
the heart cavities and are subject to constant systolic and
diastolic effects of intracardiac blood flow. Therefore,
AHD is characterised by morphological changes associ-
ated with chronic haemodynamic trauma. In addition,
the heart valves are constantly in direct contact with a
large amount of blood, and therefore any damage to the
endothelial layer provides access to the valve structures
for lipids and peroxidation products that are present in
the blood in varying amounts. Consequently, changes in

the architectonics of the MV lead to the transformation
of its structural components, which causes a violation
of the valve’s functionality. Hemodynamic trauma with
damage to the endothelial layer and lipoidosis of valve
structures plays an important role in the formation of
heart disease.

CONCLUSIONS

Persistent changes in the architecture of heart valves lead
to chronic haemodynamic injury, causing the transfor-
mation of structures with impaired valve functionality.
Hyperplasia of subendothelial smooth muscle fibres in L
valves with mild dysplasia can be regarded as a compen-
satory mechanism associated with the need to increase
mechanical strength and thus the functional capacity of
valves. MV dysplasia can lead to the development of IE-II,
rheumatism, and RC heart valve disease. It should be not-
ed that secondary valve deformation associated with rheu-
matic sclerosis or RC exacerbates hemodynamic injury and
contributes to the morphogenesis of mitral heart disease.

A wide range of changes is recorded in the structures
of the heart valves, which are present in varying degrees
of severity in the case of AHD of different genesis. Signs
of significant calcification were detected in 65.7% of
non-inflammatory AHD, including 14.1 % of the defect
associated with age-related degenerative changes in the
connective tissue structures of the valve and 13.3 % with
subclinical dysplasia. Dystrophic changes in the struc-
tures are manifested by homogenisation of collagen fibres
with their subsequent fatty infiltration (in 100% of cases
of degenerative AHD, 64% of cases of AHD with subclini-
cal forms of dysplasia, 59.8% of cases of rheumatism and
51.1% of cases of secondary infective endocarditis), as
well as fatty transformation of the loose connective tissue
of the spongiosal layer. These changes are accompanied
by lipophage accumulation and calcification. Morpholog-
ical studies have established that, unlike acute rheumatic
heart disease, in chronic active and inactive rheumatism,
factors caused by chronic haemodynamic trauma to the
deformed valves (fibrogenesis on the damaged leaflet sur-
face in 100% of cases of active rheumatic heart disease
and 97.8% of cases of inactive rheumatism), as well as
degenerative changes in scar tissue, are involved in the
formation of AHD. The intracardiac localisation of heart
valves causes a constant haemodynamic influence of sys-
tolic and diastolic blood flows on their structures. At the
same time, any changes in valve architecture cause ab-
solute hemodynamic damage to the endothelium, which
contributes to the development of AHD of various genesis
and is manifested by morphological changes in endothe-
lial cells with various types of damage. Thus, mechani-
cal overload of valves in hemodynamic injury precedes
the development of valve failure. Further morphological
diagnostics of AHD will allow for accurate verification of
the defect and the development of adequate postopera-
tive treatment regimens.

ACKNOWLEDGEMENTS

None.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

Bulletin of Medical and Biological Research. 2024. Vol.6, No. 1



L. Fedoniuk et al.

REFERENCES

[1] Semeniuk TO, Malyk YY, Pentelejchuk NP, Khodorovska AA. Micro- and ultramicroscopic structure of the left
atrioventricular valvular apparatus in human at the mature age in norm. Bukov Med Herald. 2023;27(1):23-27.
DOI: 10.24061/2413-0737.27.1.105.2023.5

[2] Yang P, Troncone L, Augur ZM, Kim SSJ, McNeil ME, Yu PB. The role of bone morphogenetic protein signaling in
vascular calcification. Bone. 2020;141:115542. DOI: 10.1016/j.bone.2020.115542

[3] Chen SD, Sari CR, Gao H, Lei Y, Segers P, De Beule M, et al. Mechanical and morphometric study of mitral valve
chordae tendineae and related papillary muscle. ] Mech Behav Biomed Mater. 2020;111:104011. DOI: 10.1016/].
jmbbm.2020.104011

[4] Pawade T, Sheth T, Guzzetti E, Dweck MR, Clavel MA. Why and how to measure aortic valve calcification in patients
with aortic stenosis. JACC Cardiovasc Imaging. 2019;12(9):1835-48. DOI: 10.1016/j.jcmg.2019.01.045

[5] ZebhiB,LazkaniM,Bark D Jr. Calcific aortic stenosis — a review on acquired mechanisms of the disease and treatments.
Front Cardiovasc Med. 2021;8:734175. DOI: 10.3389/fcvim.2021.734175

[6] Kraler S, Blaser MC, Aikawa E, Camici GG, Liischer TF. Calcific aortic valve disease: From molecular and cellular
mechanisms to medical therapy. Eur Heart J. 2022;43(7):683-97. DOI: 10.1093/eurheartj/ehab757

[7] Chernykh M, Berezovskyi A, Shamrai V, Postolovskyi L. Clinical and morphological changes of the cardiovascular
system in patients with cardioneurosis (neurocirculatory dystonia). Rep Vinnytsia Natl Med Univ. 2019;23(3):515-
21.DOI: 10.31393/reports-vnmedical-2019-23(3)-29

[8] Panchenko Yu, Kovalchuk N. Congenital heart defect and dyslipidemia as risk factors for central retinal artery and
branch occlusion [Internet]. In: Rykov S, editor. “Vision for Our Children 2022”. Scientific and Practical Conference
of Ukrainian Pediatric Ophthalmologists and Optometrists with International Participation; 2022; Kyiv. Kyiv, UA:
Department of Ophthalmology, Shupyk National Healthcare University of Ukraine; 2022. P. 36-37. [cited 2024 Jan 19].
Available from: http://ir.nuozu.edu.ua:8080/handle/lib/4415

[9] Sanchis-Gomar F, Ozemek C, Arena R, Lavie CJ. Another big win for cardiorespiratory fitness now in aortic valve
disease. Eur ] Cardiothorac Surg. 2023;64(5):ezad353. DOI: 10.1093/ejcts/ezad353

[10] Pang K, Wang ], Zhang T, Wu ], Gao Y, Liang Y, et al. Undifferentiated chordae tendineae of the mitral valve: Large
cohort study of a rare mitral malformation. Front Cardiovasc Med. 2021;8:695536. DOI: 10.3389/fcvm.2021.695536

[11] Marushko T. Acute rheumatic fever and chronic rheumatic heart disease. Health Ukraine. 2020;5(56):32-35.

[12] Karavanska I. Infective endocarditis in general practice: Clinical features and diagnosis. Health of Ukraine of the 21
Century. 2023; 20(557):29,35.

[13] Kulinichenko V,MishalovV, Chaikovskyi Yu. Compliance with ethical and legal norms and requirements for conducting
scientific morphological research: Methodological recommendations. Kyiv: Bogomolets National Medical University
Publishing House; 2007. 29 p.

[14] Zerbino D, Amosova K, Fedorov Yu, Aksenova O. Calcific valvular heart disease: Results of pathomorphological study
and modern view on morphogenesis. Ukr Med J. 2002; 3(29):101-4.

[15] Taylor CR. Immunomicroscopy: A diagnostic tool for the surgical pathologist. Philadelphia: W B Saunders Co;
1986.452 p.

[16] Thnatko O, Holovatskyi A. Prevalence and significance of bicuspid aortic valve in the pathogenesis of heart diseases.
Globalization of Scientific Knowledge: International Cooperation and Integration of Sciences: Proceedings of the III
International Student Scientific Conference; 2022; Dnipro. Vinnytsia, UA: NGO “European Scientific Platform™; 2022.
P. 230-31.

[17] Vitovskyi R, Isaienko V, Vitovskyi A, Satmari O, Yakovenko I, Volkova N. A Case of an unusual clinical course of mitral
stenosis. Ukrainian ] Cardiovasc Surg. 2023;31(2):73-77. DOI: 10.30702/ujcvs/23.31(02)/VI017-7377

[18] Kryvenko V, Kolesnyk M, Kachan I, Borodavko O, Pakhomova S, Fedorova O, Nepriadkina I. Instrumental diagnostics
in cardiology: A textbook for doctors, general practitioners, family doctors, physicians of therapeutic orientation, as
well as for interns in the specialty “General practice — family medicine” and “Internal diseases”: In 2 parts. Part 2.
Zaporizhzhia: Zaporizhzhia State Medical and Pharmaceutical University; 2020. 114 p.

[19] Fedonyuk LY, Malik YY, Penteleychuk NP, Shtefanets TO. Reorganization of the endothelium of valvular apparatus of
the heart at the infective endocarditis. Morphologia. 2009;3(1):66-70.

[20] Chopiak V, Potomkyna H, Valchuk I. Endothelial cell: Physiology and pathology. Ukr Med ] Heart Vessels.
2004;1(5):105-9.

[21] Fedoniuk L, Zakharova V, Krykunov O, Boiko M. Morphological characteristic of the human heart valves in infectious
endocarditis. Bukovin Med Herald. 2004;8(4):83-85.

[22] Kamenshchyk A. Prognosis of valvular fibrosis development in children with bicuspid aortic valve. East Ukr Med J.
2019;7(3):276—84.DOI: 10.21272/eumj.2019;7(3):276-284

[23] Courtney WA, Schultz CJ, Hillis GS. Aortic valve calcification and outcomes in severe aortic stenosis. Heart.
2023;109(19):1426-28. DOI: 10.1136/heartjnl-2023-322771

[24] Abdul-Rahman T, Lizano-Jubert I, Garg N, Talukder S, Perez Lopez P, Awuah WA, et al. The common pathobiology
between coronary artery disease and calcific aortic stenosis: Evidence and clinical implications. Prog Cardiovasc Dis.
2023;79:89-99. DOI: 10.1016/j.pcad.2023.06.002

[25] Ross CJ, Zheng ], Ma L, Wu Y, Lee CH. Mechanics and microstructure of the atrioventricular heart valve chordae
tendineae: A review. Bioengineering. 2020;7(1):25. DOI: 10.3390/bicengineering7010025

Bulletin of Medical and Biological Research. 2024. Vol.6, No. 1


http://dspace.bsmu.edu.ua:8080/xmlui/handle/123456789/21403
http://dspace.bsmu.edu.ua:8080/xmlui/handle/123456789/21403
https://www.sciencedirect.com/science/article/abs/pii/S8756328220303227?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S8756328220303227?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1751616120305622?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1751616120305622?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1751616120305622?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1936878X19306291?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1936878X19306291?via%3Dihub
https://www.frontiersin.org/articles/10.3389/fcvm.2021.734175/full
https://www.frontiersin.org/articles/10.3389/fcvm.2021.734175/full
https://pubmed.ncbi.nlm.nih.gov/34849696/
https://pubmed.ncbi.nlm.nih.gov/34849696/
https://reports-vnmedical.com.ua/index.php/journal/article/view/677
https://reports-vnmedical.com.ua/index.php/journal/article/view/677
http://ir.nuozu.edu.ua:8080/handle/lib/4415
https://pubmed.ncbi.nlm.nih.gov/37933432/
https://pubmed.ncbi.nlm.nih.gov/37933432/
https://www.frontiersin.org/articles/10.3389/fcvm.2021.695536/full
https://www.frontiersin.org/articles/10.3389/fcvm.2021.695536/full
https://health-ua.com/article/62897-gostra-revmatichna-lihomanka-tahronchna-revmatichna-hvoroba-sertcya
https://health-ua.com/article/75399-nfektcjnij-endokardit-u-zagalnj-praktitc-klnchn-proyavi-ta-dagnostika
https://api.umj.com.ua/wp/wp-content/uploads/archive/29/pdf/762_ukr.pdf
https://api.umj.com.ua/wp/wp-content/uploads/archive/29/pdf/762_ukr.pdf
https://www.amazon.com/Immunomicroscopy-Diagnostic-Surgical-Pathologist-Pathology/dp/0721687709
https://archive.liga.science/index.php/conference-proceedings/article/view/118
https://cvs.org.ua/index.php/ujcvs/article/view/567
https://cvs.org.ua/index.php/ujcvs/article/view/567
https://scholar.googleusercontent.com/scholar?q=cache:Np1Df02ymagJ:scholar.google.com/+%D1%80%D0%B5%D0%BE%D1%80%D0%B3%D0%B0%D0%BD%D1%96%D0%B7%D0%B0%D1%86%D1%96%D1%8F+%D0%B5%D0%BD%D0%B4%D0%BE%D1%82%D0%B5%D0%BB%D1%96%D1%8E+%D0%BA%D0%BB%D0%B0%D0%BF%D0%B0%D0%BD%D0%BD%D0%BE%D0%B3%D0%BE&hl=uk&as_sdt=0,5
https://scholar.googleusercontent.com/scholar?q=cache:Np1Df02ymagJ:scholar.google.com/+%D1%80%D0%B5%D0%BE%D1%80%D0%B3%D0%B0%D0%BD%D1%96%D0%B7%D0%B0%D1%86%D1%96%D1%8F+%D0%B5%D0%BD%D0%B4%D0%BE%D1%82%D0%B5%D0%BB%D1%96%D1%8E+%D0%BA%D0%BB%D0%B0%D0%BF%D0%B0%D0%BD%D0%BD%D0%BE%D0%B3%D0%BE&hl=uk&as_sdt=0,5
https://www.heartandvessels.vitapol.com.ua/svizhij_nomer.php?nid=5
http://dspace.bsmu.edu.ua:8080/xmlui/bitstream/handle/123456789/6753/Sc276.pdf?sequence=1&isAllowed=y
http://dspace.bsmu.edu.ua:8080/xmlui/bitstream/handle/123456789/6753/Sc276.pdf?sequence=1&isAllowed=y
https://doi.org/10.21272/eumj.2019;7(3):276-284
https://doi.org/10.21272/eumj.2019;7(3):276-284
https://pubmed.ncbi.nlm.nih.gov/37290901/
https://pubmed.ncbi.nlm.nih.gov/37290901/
https://www.sciencedirect.com/science/article/abs/pii/S0033062023000580?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0033062023000580?via%3Dihub
https://doi.org/10.3390/bioengineering7010025
https://doi.org/10.3390/bioengineering7010025

Morphological changes in structural components...

[26] Trembovetska O, Pantas O, Kravchenko V, Kravchenko I, Osadovska I. Surgical treatment of patients with a
bicuspid aortic valve and concomitant expansion of the ascending aorta. Ukr ] Cardiovasc Surg. 2023;31(1):53-59.
DOI: 10.30702/ujcvs/23.31(01)/TP003-5359

[27] Gumpangseth T, Lekawanvijit S, Mahakkanukrauh P. Histological assessment of human heart valves and its
relationship with age. Anat Cell Biol. 2020;53(3):261-71. DOI: 10.5115/acb.20.093

[28] Papuha O. Development of dermal skin equivalents using human cells and new biomaterials for the treatment of
massive burns [dissertation]. Kyiv, UA; Institute of Molecular Biology and Genetics of the National Academy of
Sciences of Ukraine; 2021.167 p.

[29] Sugiura M, Hiraoka K, Okawa S. A histological study on the conduction system in 16 cases of right bundle branch
block associated with right axis deviation. Jpn Heart J. 1974;15(2):113-25. DOI: 10.1536/ihj.15.113

[30] Momberger TS, Levick JR, Mason RM. Hyaluronan secretion by synoviocytes is mechanosensitive. Matrix Biol.
2005;24(8):510-19. DOI: 10.1016/j.matbio.2005.08.006

[31] Aikawa E, Hutcheson JD. The developmental origin of calcific aortic stenosis. N Engl ] Med. 2022 Apr 7;386(14):1372—
74.DOI: 10.1056/NEJMcibr2200439

[32] Shaposhnyk O, Prykhodko N, Savchenko L, Shevchenko T, Sorokina S, Yakymyshyna L, Kudria I. Clinical and diagnostic
aspects of managing patients with valvular heart disease. World Med Biol. 2022;2(80):178-83. DOI: 10.26724/2079-
8334-2022-2-80-178-183

[33] Stone PH. Management of the patient with asymptomatic aortic stenosis. ] Card Surg. 1994;9(2 Suppl):139-44.
DOI: 10.1111/j.1540-8191.1994.tb00913.x

MopdornoriyHi 3MiHM CTPYKTYPHMUX KOMMOHEHTIB K/lanaHiB cepus
NIOOUHMW, 9Ki NoB’'a3aHi 3 XPOHiIYHOIO reMoAUHaMI4YHOIO TPaBMOIO

Jlapuca ®epnoHIOK

[okTop MeonyHux Hayk, npodecop

TepHOMINbCbKMIN HaLLiOHANbHMIN MeAUYHUIN YHIBEpCUTET iMeHi |. 4. TopbadeBCbKoro
MiHicTepCcTBa OXOPOHU 3A0POB'A YKPaiHU

46001, MmanpaH Boni, 1, M. TepHonine, YKpaiHa
https://orcid.org/0000-0003-4910-6888

OneHa PyaeHkKo

KaHamaatT MeouyHUX HayK, MPOBIAHWKA HayKOBMI CMiBPOBITHUK
HauioHanbHUI IHCTUTYT CcepLEBO-CYAMHHOI Xipyprii iMeHi M. M. AMocoBa
02000, Byn. Mmkonun AMocoBa, 6, M. K1iB, YKpaiHa
https://orcid.org/0000-0003-3640-566X

OneHa Py)xuubKa

KaHaowmaaTt 6ionoriyHmx Hayk, aCUCTEHT

TepHOMINbCbKMIN HaLliOHANbHMIN MeAUYHUI YHIBepCcUTET iMeHi |. 4. TopbadeBCbKoro
MiHiCcTepCcTBa OXOPOHM 340POB'A YKpaiHM

46001, mangaH Boni, 1, M. TepHoMinb, YKpaiHa
https://orcid.org/0000-0001-6846-888X

MaBsno YXXy4yeHKo

Kangouoat MeguyHmMX HayK, OOLUEeHT

BiHHMUBbKMIM HaLioOHaNbHMM MeOUYHWM YHIBepCUTET iMeHi M.I. Mnporoea
21018, Byn. Muporoea, 56, M. BiHHMUA, YKpaiHa
https://orcid.org/0000-0002-3448-1792

AHoTauif. ApXiTeKTOHiIKa KJIaraHiB ceplisl ONTMMAaJIbHO ajarnToBaHa A0 ix (iziomoriunoi ¢yHkIiii — piBHOMipHOMY
pO3IOAiNy MOTOKIB KPOBi B KaMepax ceplisi, TOMy HaBiTb HeBeJNMKi 3MiHM CTPYKTYPHUX KOMIIOHEHTIB K/allaHiB, SKi
CIIOYATKY € (QYHKI[iOHAJIbHO KOMIIEHCOBAaHMMM, BiJirpaloTh 3HAUHY POJIb ¥ PO3BUTKY BaAM Cepls Ha OUIbIN Mi3HiX
eTarnax JXUTTS XBOPOro. MeTor JOCTiIsKeHHSI 6Y/I0 3’ICyBaTH BIUIMB XPOHIYHOI reMOMHAMIUYHOT TPAaBMUM Ha CTPYKTYPHY
peorpaHisallifo KiamnaHiB cepus aoguHu. JocmimkeHo 1377 kiarnaHiB ceplist JIOOMHM, sIKi OTpUMMaHi mifg yac orepariii
MpoTe3yBaHHS KiamnaHiB y HallioHa/ibHOMY iHCTUTYTi cepiieBO-CyaMHHOI Xipyprii im. M. M. AmocoBa 3 2010 o 2022 pik.
ITix yac moctiiskeHHS BU3HAUaBCSI TOBHMIT HA6ip BapiaHTiB Makpo- Ta MiKpOCKOMIUHMX 3MiH MOPQOIOTiYHUX CTPYKTYP,
SIKi XapakKTepHi AJisI peBMaTUYHOI XBOPOOU ceplisl, iHQEeKLiiHOTO eHAoKapAUTY, OUCIIACTUYHUX i AeCTPYKTUBHUX
3MiH KjiamnaHiB cepiist. CyKyIHICTh BCiX MOpGOIOTiYHMX 03HAK Gy 06’e¢mHaHi B anroputm «Mopdosoriudi mposiBu
HabyTUX Baj cepiisd pi3HOro reHe3y». BCTaHOBIEHO, O 3MiHA apXiTeKTOHIKM MiTpaJbHOTO KJIarmaHa Mpu3—BOIASTH J0
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L. Fedoniuk et al.

TpaH—-copMmaIlii 1oro CTPYKTYpHMUX KOMITOHEHTIB, 1[0 BUKJIMKAE TTOPYIIeHHS GYHKI[IOHATbHUX MOKIMBOCTEI KJIalaHa.
Byno mocimkeHo, Mo CTiiki 3MiHM, SIKi TOB’SI3aHi 3 XPOHIYHOIO reMOAVHAMIUHOI0 TPAaBMOI0, 3MEHIIYIOTh MEeXaHIuHY
MiIIHiCTh KjIaraHa, He3Bakalouy Ha KOMIIEHCATOPHMIT MeXaHi3M rinepruiasii cybeHgoTemaibHNX IMagKuX M SI30BUX
BOJIOKOH Y CTYJIKaX KjaraHiB cepiisi. Y MogaablIoMy JaHi MONIKOIKEeHHSI MOXKYTb, 3 OHi€T CTOpOHM, MOTJINOIIOBATUCS 32
paxyHoK ¢i6po3y, K1poBoi gereHepaiiii Ta KaabI[MHO3Y, a 3 iHIIOT — Y ITPOIiec BKIIOUAIOThCSI KOMIIEHCATOPHI MeXaHi3Mu,
a came rinepruiasisg cy6eHIoTeniaTbHUX M I30BUX KITITUH, sTKa 4acTo GOPMYE CYLiIbHI MJIaCTH, 110 MTOBUHHI TOCUIUTH
Ta YKPiNUTH MeXaHiuyHy MilIHICTb, i TUM caMMM — QYHKIIiOHAIbHY KOMITETEHTHICTh K/IanaHiB. JycIuiasis MiTpaabHOTO
KJIallaHa MOXKe TMPU3BECTM OO0 PO3BUTKY BTOPUHHOTO iH(MEKIITHOTO eHAOKapAMUTY, PeBMATU3My Ta Baay KiiaraHa
JlereHepaTUBHOIO I'eHe3y. AJITOPUTM BM3HAUEHHST 3aKOHOMipHOCTEe MOP@OJIOTiUHMX 3MiH KJIAIIaHHOTO arapaTy ceplist
Mpy pisSHOMAa—-HITHMX BapiaHTaxX HAGYTMX Baj 3amlajbHOrO Ta He3alaJlbHOTO I'eHe3iB Moke 6yTY BUKOPUCTAHUIA MPU
YIOCKOHAJEHHI CXeM eTionmaTOreHeTUMUHOT0 MeOMKAaMEeHTO3HOTO JIIKyBaHHS XBOPUX 3 HAOYTMMM BajaMu cepiid, a
TaKOX — B SIKOCTi TEOPeTUUYHOI OCHOBM [IJIs pO3PO6KM HOBMX BU/IiB KarmaHo30epirarounx oneparii

KniouoBi cnoBa: mopdororiuna nepe6ymoBa; KianaHHa CYCTeMa Ceplis; reMOAMHAMiUuHa TPaBMa; CBiTIOBa MiKPOCKOITist
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