
ISSN 2706-6282
e-ISSN 2706-6290

Тернопільський національний медичний університет імені І. Я. Горбачевського

Науково-практичний журнал

Том 6, № 1

Заснований у 2019 році
Періодичність випуску: щоквартально

Тернопіль – 2024

Вісник медичних 
і біологічних досліджень



Засновник:
Тернопільський національний медичний університет імені І. Я. Горбачевського 

Рік заснування: 2019

Рекомендовано до друку та поширення
через мережу Інтернет Вченою радою

Тернопільський національний медичний університет імені І. Я. Горбачевського
(протокол № 4 від 27 лютого 2024 р.)

Свідоцтво про державну реєстрацію  
друкованого засобу масової інформації

серії КВ № 23992-13832P

Журнал входить до переліку наукових фахових видань України
Категорія «Б». Спеціальності: 222 – «Медицина», 223 – «Медсестринство», 091 – «Біологія та біохімія»

(наказ Міністерства освіти і науки України  
№ 886 від 02 липня 2020 та № 1188 від 24 вересня 2020)

Журнал представлено у міжнародних наукометричних базах даних,
репозитаріях та пошукових системах: Національна бібліотека України імені В. І. Вернадського,  

Фахові видання України, BASE, Index Copernicus, Ulrich's Serials Analysis System, UCSB Library, 
Dimensions, German Union Catalogue of Serials, Doaj, University of Oslo Library, University of Hull Library, 

SOLO - Search Oxford Libraries Online, European University Institute, Leipzig University Library,  
Cambridge University Library

Вісник медичних і біологічних досліджень / [редкол.: Л. Я. Федонюк (голов. ред.) та ін.]. – Тернопіль : 
Тернопільський національний медичний університет імені І. Я. Горбачевського, 2024. – Т. 6, № 1. – 87 с.

Адреса редакції:
Тернопільський національний медичний університет імені І. Я. Горбачевського

46001, майдан Волі, 1, м. Тернопіль, Україна
E-mail: info@bmbr.com.ua

https://bmbr.com.ua/uk

ISSN 2706-6282
e-ISSN 2706-6290

https://bmbr.com.ua/uk


I. Horbachevsky Ternopil National Medical University

Scientific-Practical Journal

Volume 6, No. 1

Founded in 2019
Frequency: quarterly

Ternopil – 2024

ISSN 2706-6282
e-ISSN 2706-6290

Bulletin of Medical  
and Biological Research



Recommended for printing and distribution
via the Internet by the Academic Council

I. Horbachevsky Ternopil National Medical University
(Minutes No. 4 of February 27, 2024)

Certificate of state registration
of the print media

Series KB No. 23992-13832P

The journal is included in the list of scientific professional publications of Ukraine
Category “B”. Specialties: 222 – “Medicine”, 223 – “Nursing”, 091 – “Biology and Biochemistry”

(Order of the Ministry of Education and Science of Ukraine  
No. 886 as of July 02, 2020 and No.1188 of September 24, 2020)

The journal is presented international scientometric databases, repositories
and scientific systems: National Library of Ukraine named after V. I. Vernadskyi, 

Professional publications of Ukraine, BASE, Index Copernicus, Ulrich's Serials Analysis System,  
UCSB Library, Dimensions, German Union Catalogue of Serials, Doaj, University of Oslo Library,  
University of Hull Library, SOLO - Search Oxford Libraries Online, European University Institute,  

Leipzig University Library, Cambridge University Library

Bulletin of Medical and Biological Research / Ed. by L. Fedoniuk. (Editor-in-Chief) et al. Ternopil: 
I. Horbachevsky Ternopil National Medical University, 2024. Vol. 6, No. 1. 87 p.

Editors office address:
I. Horbachevsky Ternopil National Medical University

46001, 1 Maidan Voli, Ternopil, Ukraine
E-mail: info@bmbr.com.ua

https://bmbr.com.ua/en

Founder:
I. Horbachevsky Ternopil National Medical University

Year of foundation: 2019

ISSN 2706-6282
e-ISSN 2706-6290

https://bmbr.com.ua/en


Вісник медичних
і біологічних досліджень

Том 6, № 1. 2024

Редакційна колегія
Головний редактор
Лариса Федонюк Доктор медичних наук, професор, Тернопільський національний 

медичний університет імені І. Я. Горбачевського, Україна
Відповідальний редактор
Тарас П’ятковський Кандидат медичних наук, доцент, Тернопільський національний 

медичний університет імені І. Я. Горбачевського, Україна
Відповідальний секретар
Неля Гливка Кандидат біологічних наук, асистент, Тернопільський національний  

медичний університет імені І. Я. Горбачевського, Україна

Національні члени редколегії

Ігор Господарський Доктор медичних наук, професор, Тернопільський національний 
медичний університет імені І. Я. Горбачевського, Україна

Надія Деміхова Доктор медичних наук, професор, Сумський державний університет, 
Україна

Інна Криницька Доктор медичних наук, професор, Тернопільський національний 
медичний університет імені І. Я. Горбачевського, Україна

Петро Лихацький Доктор біологічних наук, професор, Тернопільський національний 
медичний університет імені І. Я. Горбачевського, Україна

Людмила Мазур Кандидат медичних наук, доцент, Тернопільський національний 
медичний університет імені І. Я. Горбачевського, Україна

Лілія Мартинюк Доктор медичних наук, професор, Тернопільський національний 
медичний університет імені І. Я. Горбачевського, Україна

Марія Марущак Доктор медичних наук, професор, Тернопільський національний 
медичний університет імені І. Я. Горбачевського, Україна

Олександр Шідловський Доктор медичних наук, професор, Тернопільський національний
медичний університет імені І. Я. Горбачевського, Україна

Світлана Ястремська Доктор педагогічних наук, професор, Тернопільський національний 
медичний університет імені І. Я. Горбачевського, Україна

Дмитро Дмитрієв Доктор медичних наук, професор, медичний директор, комунальне 
некомерційне підприємство “Подільський регіональний центр онкології 
Вінницької обласної Ради”, Україна

Олександр Назарчук Доктор медичних наук, доцент, Вінницький національний медичний 
університет ім. М. І. Пирогова, Україна

Гаяне Акопян Доктор медичних наук, професор, Державна установа «Інститут спадкової 
патології національної академії медичних наук України», Україна

Міжнародні члени редколегії

Параскеві Папаіонаідоу Доктор медичних наук, професор, Університет Арістотеля в Салоніках, 
Греція

Рамаз Чіхладзе Доктор медичних наук, професор, Тбіліський медичний університет, 
Грузія

Киялбек Сакибаєв Кандидат медичних наук, доцент, Ошський державний університет, 
Киргистан

Ілона Гартмане Кандидат медичних наук, лікар-дерматолог, Ризький університет імені 
Страдіня, Латвія

Джузеппе Фабіо Парізі Доктор медичних наук, лікар-педіатр пульмонолог, Лікарня Сан-Марко, 
Університет Катанія, Італія



Volume 6, No. 1. 2024

Editorial Board

Bulletin of Medical
and Biological Research

Editor-in-Chief
Larysa Fedoniuk Doctor of Medical Sciences, Professor, I. Horbachevsky Ternopil National Medical 

University, Ukraine
Managing Editor
Taras Pyatkovskyy PhD in Medical Sciences, Associate Professor, I.  Horbachevsky National 

Medical University, Ukraine
Executive Secretary
Nelia Hlyvka PhD in Biological Sciences, Assistant Professor, I.  Horbachevsky Ternopil 

National Medical University, Ukraine

National Members of the Editorial Board

Ihor Hospodarskyy Doctor of Medical Sciences, Professor, I. Horbachevsky Ternopil National 
Medical University, Ukraine

Nadiya Demikhova Doctor of Medical Sciences, Professor, Sumy State University, Ukraine
Inna Krynytska Doctor of Medical Sciences, Professor, I. Horbachevsky Ternopil National 

Medical University, Ukraine
Petro Lykhatskyi Doctor of Biological Sciences, Professor​, I. Horbachevsky Ternopil National 

Medical University, Ukraine
Lyudmyla Mazur PhD in Medical Sciences, Associate Professor, I. Horbachevsky Ternopil 

National Medical University, Ukraine
Liliya Martynyuk Doctor of Biological Sciences, Professor, I. Horbachevsky Ternopil National 

Medical University, Ukraine
Mariya Marushchak Doctor of Medical Sciences, Professor, I. Horbachevsky Ternopil National 

Medical University, Ukraine
Oleksandr Shidlovskyi Doctor of Medical Sciences, Professor, I. Horbachevsky Ternopil National 

Medical University, Ukraine
Svitlana Yastremska Doctor of Pedagogical Sciences, Professor, I. Horbachevsky Ternopil National 

Medical University, Ukraine
Dmytro Dmytriiev Doctor of Medical Sciences, Professor, Medical Director, communal nonprofit 

enterprise “Podilsky Regional Center of Oncology of the Vinnytsia Regional 
Council”, Ukraine

Oleksandr Nazarchuk Doctor of Medical Sciences, Associate Professor, National Pirogov Memorial 
Medical University, Ukraine

Hayane Akopyan Doctor of Medical Science, Professor, State University “Institute of Hereditary 
Pathology of the National Academy of Medical Sciences of Ukraine”, Ukraine

International Members of the Editorial Board

Paraskevi Papaioannidou Doctor of Medical Sciences, Professor, Aristotle University of Thessaloniki, 
Greece

Ramaz Chikhladze Doctor of Medical Sciences, Professor, Tbilisi State Medical Univertitery, 
Georgia

Kyialbek Sakibaev PhD in Medical Sciences, Associate Professor, Osh State University, Kyrgyzstan
Ilona Hartmane PhD in Medical Sciences, Dermatologist, Riga Stradins University, Latvia
Giuseppe Fabio Parisi Doctor of Medical Sciences, Pediatric Pulmonologist, San Marco Hospital, 

University of Catania, Italy



І. Галабіцька, Л. Бабінець
Вплив екзокринної недостатності підшлункової залози на перебіг остеоартрозу за умов коморбідності.................8
I. Halabitska, L. Babinets
Pancreatic exocrine insufficiency impact on the course of osteoarthritis in comorbidity.....................................................8

О. Галушко, Ю. Гуртовий
Розробка та валідація математичної моделі для прогнозування розвитку рефлюкс-езофагіту
на основі даних відеоезофагогастродуоденоскопії....................................................................................................... 15
O. Halushko, Yu. Hurtovyi
Development and validation of a mathematical model for predicting the development
of gastro-oesophageal reflux disease based on oesophagogastroduodenoscopy................................................................ 15

О. Зубков, В. Торчинський
Вплив нахилу таза на зміну центра ротації кульшового суглоба в передопераційному плануванні........................ 24
O. Zubkov, V. Torchynskyi
Effect of pelvic tilt on changing the centre of rotation of the hip joint in preoperative planning...................................... 24

Н. Мар’єнко
Вікові зміни великих півкуль головного мозку чоловіків та жінок:
морфометричне дослідження магнітно-резонансних томограм................................................................................. 34
N. Maryenko
Age-related changes in the cerebral hemispheres of male and female brains:
A morphometric study using magnetic resonance imaging scans...................................................................................... 34

Т. П’ятковський, О. Покришко, С. Данилков
Дослідження знезараження води за допомогою електролітичного озонування
для застосування в умовах воєнного часу...................................................................................................................... 43
T. Pyatkovskyy, O.Pokryshko, S. Danylkov
Exploring water disinfection through electrolytic ozonation
for application in wartime conditions................................................................................................................................ 43

Л. Сарафинюк, І. Степаненко, О. Хапіцька, О. Лежньова, Р. Власенко
Антропометричні особливості кінцівок у волейболісток різних соматотипів............................................................ 52
L. Sarafyniuk, I. Stepanenko, O. Khapitska, O. Lezhnova, R. Vlasenko
Anthropometric features of limbs in volleyball players of different somatotypes.............................................................. 52

Н. Смолюк, А. Шульгай
Особливості професійного вигорання медичних сестер стаціонарів в умовах війни................................................. 64
N. Smoliuk, A. Shulhai
Peculiarities of professional burnout of nurses in war conditions...................................................................................... 64

Л. Федонюк, О. Руденко, О. Ружицька, П. Жученко
Морфологічні зміни структурних компонентів клапанів серця людини,
які пов’язані з хронічною гемодинамічною травмою................................................................................................... 73
L. Fedoniuk, O. Rudenko, O. Ruzhytska, P. Zhuchenko
Morphological changes in structural components of human heart
valves associated with chronic haemodynamic trauma...................................................................................................... 73

ЗМІСТ / CONTENTS



Suggested Citation:
Halabitska I, Babinets L. Pancreatic exocrine insufficiency impact on the course of osteoarthritis in comorbidity. Bull Med Biol Res. 
2024;6(1):8–14. DOI: 10.61751/bmbr/1.2024.08

*Corresponding author

UDC 616.37-008.64:616.72-003.8-06

Pancreatic exocrine insufficiency impact  
on the course of osteoarthritis in comorbidity

Iryna Halabitska*

PhD in Medical Sciences, Assistant Professor
I. Horbachevsky Ternopil National Medical University of the Ministry of Health of Ukraine
46001, 1 Maidan Voli, Ternopil, Ukraine
https://orcid.org/0000-0002-9028-7230

Liliia Babinets
Doctor of Medical Science, Professor, Head of the Department
I. Horbachevsky Ternopil National Medical University of the Ministry of Health of Ukraine
46001, 1 Maidan Voli, Ternopil, Ukraine
https://orcid.org/0000-0002-0560-1943

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 α-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 α-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
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e INTRODUCTION
The American College of Rheumatology (ACR) [1] describes 
osteoarthritis (OA) as a disease caused by biological and 
mechanical factors. These factors disrupt the normal bal-
ance between the processes of destruction and restoration 
of chondrocytes, the extracellular matrix of articular carti-
lage and subchondral bone [2, 3].

L.A. Michener et al. [4], and V. Duong et al. [5] described 
OA as a serious destructive and dystrophic disease that can 
affect any human joint, regardless of its structure and func-
tion. This disease has a chronic course with a tendency to 
exacerbate and progression of articular cartilage, other joint 
tissues and those surrounding it. A common outcome of OA 

https://orcid.org/0000-0002-9028-7230
https://orcid.org/0000-0002-0560-1943
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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 

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.

e 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 
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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 α-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.

e 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).

Figure 1. Radiological stage  
of OA in patients of the study groups

Source: compiled by the authors

Figure 2. FJF 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).

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).

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 α-elastase was found (p<0.05). 
The level of faecal α-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 α-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).

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 α-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 α-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).

Figure 4. Confidence intervals 
of faecal α-elastase in patients of the study groups

Source: compiled by the authors

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.

e 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]. It 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 ExPEI, 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.

e 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 α-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 α-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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Анотація. Взаємозв'язок між хронічними захворюваннями та остеоартрозом є звичним явищем, особливо 
серед людей похилого віку. Пацієнти з остеоартрозом потребують комплексного підходу, що включає 
співпрацю різних медичних спеціалістів, таких як лікарі загальної практики, ревматологи, ортопедичні хірурги, 
гастроентерологи та травматологи. Метою цього дослідження було вивчення впливу захворювань, пов'язаних з 
екзокринною недостатністю підшлункової залози, на перебіг первинного остеоартрозу в умовах коморбідності. 
Було проаналізовано 304 пацієнти з первинним остеоартрозом та екзокринною недостатністю підшлункової 
залози. Всіх пацієнтів було розподілено на п'ять груп залежно від типу супутньої патології. Досліджено, що у 
групі пацієнтів з чистою формою первинного остеоартрозу спостерігався статистично значимо полегшений 
перебіг захворювання за різними показниками, такими як рентгенологічна стадія остеоартрозу, функціональної 
недостатності суглобів, індекс Лекена, індекс нестероїдних протизапальних препаратів, порівняно з показниками 
у групах з іншими супутніми захворюваннями (p<0,05). Це підтверджує значний вплив досліджуваної супутньої 
патології на перебіг первинного остеоартрозу. Під час проведення постхок-аналізу було визначено ранжування 
впливу коморбідних захворювань, що супроводжуються екзокринною недостатністю підшлункової залози, 
на клінічний перебіг первинного остеоартрозу за різними показниками, такими як рентгенологічна стадія 
остеоартрозу, функціональна недостатність суглобів, індекс Лекена, та індекс нестероїдних протизапальних 
препаратів. Результати ранжування: цукровий діабет 2-го типу > хронічний панкреатит > гепато-біліарні хвороби 
> гастро-дуоденальні хвороби (p<0,05). Виявлено, що в групі пацієнтів з ізольованим первинним остеоартрозом
була наявна легка екзокринна недостатність підшлункової залози за показником фекальної α-еластази. Також
було встановлено ранжування впливу патологій, що супроводжуються екзокринною недостатністю підшлункової
залози, на перебіг первинного остеоартрозу за рівнем фекальної α-еластази: хронічний пакреатит > цукровий
діабет 2-го типу > гепато-біліарні хвороби > гастро-дуоденальні хвороби (р<0,05). Результати роботи можуть
бути використані у клінічній практиці лікарів різних спеціальностей: лікарі загальної практики, ревматологи, 
гастоентерологи

Ключові слова: суглобовий синдром; функціональна недостатність підшлункової залози; гастроентерологічні 
захворювання; цукровий діабет 2-го типу
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e 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)  
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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 
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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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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.

e 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 (x1, …, xn) – 0 – absent, 1 – 
present. Considering these parameters, the development of 

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  
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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].

a mathematical model for predicting the development of 
GORD was based on the following formula:

,              (1)

where p – the probability of the emergence of GORD; x1, 
…, xn – defined risk factors for the development of GORD; 
β0 – a constant indicating the log odds of the development 
of reflux disease when all independent variables are equal 
to zero; β1βn – coefficients reflecting the change in the log 
odds of developing reflux disease when the corresponding 
independent variable (x1,…, xn) 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.

e 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 
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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 x1–x9, 
while their coding according to the binary counting system 
will have the following form: the presence of heartburn 
complaints, frequent belching (x1, x2) – 0 – complaints ab-
sent, 1 – complaints present; lesions of the mucous mem-
brane of the oesophagus, stomach, duodenum (x3, x4, x5) – 
0 – lesions absent, 1 – lesions present; sphincter disorders 
(regurgitation) (x6)  – 0  – disorders absent, 1  – disorders 
present; chronic gastroduodenitis (x7) – 0 – disease absent, 
1 – disease present; gastrointestinal tract disorders (x8) – 
0 – disorders absent, 1 – disorders present; bile reflux (x9) – 
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):

𝑝𝑝𝑝𝑝 = 1
1+𝑒𝑒𝑒𝑒−(𝛽𝛽𝛽𝛽0+𝛽𝛽𝛽𝛽1𝑥𝑥𝑥𝑥1+𝛽𝛽𝛽𝛽2𝑥𝑥𝑥𝑥2+⋯+𝛽𝛽𝛽𝛽9𝑥𝑥𝑥𝑥9), (2)

where p  – the probability of GORD emergence; x1  – the 
presence of heartburn complaints; x2 – the presence of fre-
quent belching complaints; x3 – the presence of damage to 
the oesophageal mucosa; x4 – the presence of damage to 
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the stomach mucosa; x5 – the indicator of damage to the 
oesophageal mucosa; x6 – the indicator of sphincter dys-
function (regurgitation); x7 – the indicator of chronic gas-
troduodenitis; x8 – the indicator of gastrointestinal tract 
dysfunction; x9 – the indicator of bile reflux; β0 – a constant 
indicating the log odds of developing reflux disease when 
all independent variables are zero; β1-β9 – coefficients re-
flecting the change in log odds of developing reflux disease 
when the corresponding independent variable changes 
(x1-x9) 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).

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 

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, x3 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 

p

c
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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.

e 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.



O. Halushko and Yu. Hurtovyi
2121

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

The final stage in the development of a predictive model 
is to 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.

e CONCLUSIONS
The creation of a mathematical model for predicting the 
progression of GORD was based on the identification of 
clinical indicators that can be used as prognostic factors, 
the substantiation of the choice of clinical research meth-
od for identifying these indicators, and the choice of the 
optimised method for processing clinical information.

A review of the relevant literature revealed links be-
tween certain clinical signs and the progression of GORD. 
The analysis of these relationships helped to identify 
prognostic factors for the development of the disease, in-
cluding heartburn, frequent belching, regurgitation, dam-
age to the mucous membrane of the oesophagus, stomach, 
duodenum, chronic gastroduodenitis, gastrointestinal 
dysfunction, and bile reflux. Oesophagogastroduoden-
oscopy proved to be the most informative method of de-
tecting these risk factors, the technical characteristics of 
which allow for the informativeness and speed of obtain-
ing the necessary clinical parameters. The logistic regres-
sion method was used to identify the correlation between 
the patient’s clinical parameters and the development of 
reflux disease. Its principle was to encode clinical informa-
tion for the mathematical calculation of the probability of 
a disease occurring. According to the criteria of the logistic 
equation, all clinical parameters were assigned the values 
of the corresponding variables: the dependent variable is 
the probability of GORD progression, independent varia-
bles are prognostic factors for the progression of GORD 
coded in binary.

Recommendations for model validation include as-
sessment of the overall model adequacy – statistical sig-
nificance, and validation – predictive ability determined 
based on a clinical trial with an independent sample. The 
developed prognostic model is of practical significance for 
patients, as it allows them to identify the risks of devel-
oping the disease in time and take relevant preventive or 
therapeutic measures to thwart the consequences of the 
disease; for the healthcare system, increasing the diag-
nostic potential of gastroenterology and optimising the 
allocation of labour and economic resources; for further 
development and improvement of the diagnostic area, 
using the capabilities of the most advanced information 
technology systems – machine learning and artificial in-
telligence. The practical significance of the developed 
model allows recommending its use in the clinical practice 
of gastroenterologists.

One of the limitations of the present study was the 
low level of specificity of the identified prognostic factors 
separately from each other, which may slightly affect the 
accuracy of the developed model. Therefore, the key vector 
for further research in this area may be the search for indi-
cators with a higher level of specificity, e.g., laboratory or 
genetic markers of GORD.
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Анотація. Дослідження мало на меті визначити комплекс прогностичних факторів розвитку рефлюкс-езофагіту 
для використання їх в розробці математичної моделі прогнозування даного захворювання на основі результатів 
відеоезофагогастродуоденоскопії. Під час його проведення було встановлено низку прогностичних факторів 
рефлюкс-езофагіту та задіяно статистичний метод для встановлення рівня їх кореляції із розвитком хвороби. За 
результатами дослідження було виявлено зв’язок між певними клінічними показниками та виникненням рефлюкс-
езофагіту, на основі чого сформовано комплекс прогностичних факторів розвитку гастроезофагеальної рефлюксної 
хвороби, який включав: печію, часті відрижки, регургітацію, ушкодження слизової оболонки стравоходу, шлунку, 
дванадцятипалої кишки, наявність хронічного гастродуоденіту, порушення функціонування шлунково-кишкового 
тракту, жовчний рефлюкс. В створенні математичної моделі прогнозування було використано метод логістичної 
регресії, який застосовувався для виявлення кореляції між клінічними показниками пацієнта й фактом виникнення 
рефлюксної хвороби та визначення ймовірності її розвитку. Для приведення клінічної інформації у відповідність 
статистичній формулі їй надавалось значення незалежних змінних, а наявність чи відсутність певного показника 
кодувалось за двійковою системою числення. Для перевірки розробленої моделі приводились рекомендації із 
оцінки статистичної значущості незалежних змінних для визначення її адекватності, та визначення предиктивної 
здатності шляхом випробування на незалежній вибірці пацієнтів. Розроблена прогностична модель має важливе 
практичне значення для пацієнтів, галузі охорони здоров’я та подальшого розвитку напрямку, так як дозволяє 
вчасно виявити захворювання і вжити відповідних заходів з профілактики та лікування, підвищити діагностичний 
потенціал галузі, оптимізувати розподіл медичних ресурсів та задіювати можливості машинного навчання й 
штучного інтелекту на основі існуючої моделі
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e 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 
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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
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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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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 

scientists about the importance of determining the pelvic 
angle before planning hip or knee prosthetics. The study by 
I. 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.

e 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.
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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 
ImageJ (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.

e 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.

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 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 
in inclination 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 

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.

e 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], 
J.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], А. 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 М. Okamoto et al. [24], С. 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 М. 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.

e 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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Анотація. Зростаюча кількість ендопротезувань кульшового суглоба, пов’язана зі старінням населення, вимагає 
більш точних та ефективних методик планування операцій, щоб забезпечити успішність втручань і мінімізувати 
ризик ускладнень. Дослідження мало на меті показати, як зміна кута нахилу таза впливає на точне визначення 
центру ротації кульшового суглоба. У науковій роботі були використані сухі кістки тазу та стегнової кістки з 
імплантованою сталевою кулькою діаметром 4 мм у голівці стегнової кістки для моделювання. Рентгенівські 
знімки виконувались за допомогою Рентген апарату PLX 140 для фіксації зміщення центру ротації. Дослідження 
підтвердило гіпотезу про те, що зміна кута нахилу таза призводить до зміщення центру ротації кульшового 
суглоба. Таке зміщення вимагає уваги при передопераційному плануванні, оскільки може вплинути на вибір та 
розміщення ендопротеза. Дослідження виявило, що великий кут нахилу таза ускладнює встановлення протеза 
кульшового суглоба, підвищуючи ризики зносу протеза та дислокацій. Це вимагає індивідуалізованого підходу 
до кожного пацієнта, використання спеціальних імплантатів та післяопераційного спостереження. Необхідно 
оцінювати антеверсію та інклінацію протеза, регулювати глибину імплантації та вибирати відповідні типи 
протезів, виходячи з анатомії пацієнта. Використання 3D-моделювання допомагає оптимізувати розміщення 
протеза. Врахування анатомічних особливостей є ключовим для зниження ризику ускладнень та покращення 
довгострокових результатів ендопротезування

Ключові слова: ендопротезування; анатомічні параметри; старіння населення; якість лікування; довгострокові 
результати; оптимізація хірургії; ризик ускладнень
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e INTRODUCTION
The human brain undergoes an intricate and dynamic 
ageing process, characterised by morphological chang-
es in various brain structures that can influence diverse 
functions of the nervous system. Currently, morphological 
alterations in the ageing brain can be evaluated non-in-
vasively using diagnostic neuroimaging techniques, with 
magnetic resonance imaging (MRI) usually being the 
method of choice [1]. As highlighted by M.E. MacDonald et 
al.  [1], MRI findings during healthy brain ageing encom-
pass a wide range of structural and quantitative changes, 
with the most common including loss of brain volume 
and cortical thickness, which can be discerned through 
morphometry. The significance of studying age-related  

Suggested Citation:
Maryenko N. Age-related changes in the cerebral hemispheres of male and female brains: A morphometric study using magnetic 
resonance imaging scans. Bull Med Biol Res. 2024;6(1):34–42 . DOI: 10.61751/bmbr/1.2024.34

*Corresponding author

UDC 611.813:612:67

Age-related changes  
in the cerebral hemispheres of male and female brains:  
A morphometric study using magnetic resonance imaging scans 

Nataliia Maryenko*

PhD in Medical Sciences, Doctoral Student
Kharkiv National Medical University
61022, 4 Nauky Ave., Kharkiv, Ukraine
https://orcid.org/0000-0002-7980-7039

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, 
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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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volumetric measurements to assess global brain volume 
and grey matter volumes in specific brain regions such as 
the hippocampus, temporal, and occipital lobes. The study 
by Y. Wang et al.  [11] employed volumetry to investigate 
subcortical volumes and their asymmetry in males and 
females during ageing. Additionally, N. Sambuco [12] ap-
plied a volumetric approach to assess the hippocampus 
and the amygdala in ageing male and female brains.

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

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

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

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

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

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

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

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

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

18-30 14 17 31

31-45 14 15 29

46-60 8 16 24

61-86 8 8 16

Total 44 56 100

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

Source: compiled by the author

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

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

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

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

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

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

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

 

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 =  
4𝜋𝜋𝜋𝜋 × 𝐴𝐴𝐴𝐴
𝑃𝑃𝑃𝑃2  ,                                  (1)

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

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

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

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

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

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

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

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

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

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

Parameter Sex group
Brain section

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

PA

Males -0.212 -0.153 0.063 0.025 0.105 -0.019

Females -0.182 0.077 0.269 0.221 0.032 0.128

PB

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

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

AA

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

Females -0.222 -0.017 0.121 0.201 -0.017 0.037

AB

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

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

PA /AA

Males 0.169 0.229 0.332* 0.141 0.220 0.232

Females 0.212 0.087 0.080 -0.080 0.159 0.124

PB /AB

Males 0.245 0.400* 0.492* 0.055 0.145 0.379*

Females 0.181 0.058 0.106 0.081 0.239 0.140

SFA

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

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

SFB

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

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

PB /PA

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

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

AB /AA

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Secondly, the study aimed to identify the specific char-
acteristics of changes in the studied parameters in the age-
ing male and female brains. The present study revealed that 
as individuals age, males exhibit more pronounced altera-
tions in the absolute size of the cross-sectional area cor-
responding to overall brain tissue compared to females. In 
contrast, the age-related trends of relative values showed 
no notable differences between male and female brains. 
The derivative indices characterizing brain shape did not 
show significant sex differences, nor did they show age-re-
lated changes. Since the values of several assessed param-
eters differed in males and females, it is highly advisable to 
take into account the values calculated for both genders. 
Further research in this area requires an assessment of the 
sensitivity and informativeness of morphometric parame-
ters in diagnosing neurodegenerative diseases and distin-
guishing between normal brain ageing and neurodegener-
ative diseases.
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Вікові зміни великих півкуль головного мозку чоловіків та жінок: 
морфометричне дослідження магнітно-резонансних томограм

Наталія Мар’єнко
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Анотація. Розуміння відмінностей у старінні головного мозку чоловіків та жінок і різної чутливості 
морфометричних параметрів до вікових змін має важливе значення для розробки алгоритмів і протоколів 
для об’єктивної та кількісної оцінки будови головного мозку в клінічній практиці. Метою цього дослідження 
було визначити прості і застосовні морфометричні параметри для кількісної оцінки вікових змін у великих 
півкулях головного мозку та виявити специфічні особливості цих змін при старінні головного мозку у чоловіків 
і жінок. Були досліджені двовимірні магнітно-резонансні томограми головного мозку 100 осіб у віці від 18 до 86 
років без підтвердженої патології нервової системи. До вибірки увійшли 44 чоловіка та 56 жінок. Дослідження 
головного мозку кожного учасника включало аналіз п'яти томографічних зрізів, у тому числі чотирьох у 
фронтальній площині (корональні зрізи) і одного у горизонтальній площині (аксіальний зріз). Морфометрія 
включала визначення значень периметра та площі. Було використано два підходи до вимірювання: один 
включав визначення периметра та площі відповідно до видимої поверхні півкуль головного мозку, а інший 
включав вимірювання цих показників відповідно до усієї поверхні півкуль, включно із поверхнею, прихованою 
в борознах. На основі отриманих значень периметра та площі були розраховані похідні індекси, у тому числі 
відношення периметра до площі, фактори форми та співвідношення периметрів і площ. Дослідження показало, 
що з віком у чоловіків спостерігаються більш виражені зміни абсолютних значень площі перерізу, що відповідає 
тканині мозку в цілому. Проте вікова динаміка відносних величин у чоловіків і жінок достовірно не відрізнялася. 
Виявлено, що співвідношення двох площ перерізу мозку, з урахуванням вмісту борозн та без нього, виявилося 
параметром, найчутливішим до вікових змін як у чоловіків, так і у жінок. Це співвідношення може слугувати 
додатковим морфометричним параметром для дослідження структури головного мозку з діагностичною метою

Ключові слова: старіння; морфометрія; статеві відмінності; томографія
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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
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e INTRODUCTION
Clean water is an essential resource for both human life 
and various industries. Military operations can have a 
significant and detrimental impact on water quality for 

residents in active conflict zones due to the destruction 
of water supply and wastewater infrastructure, including 
water treatment plants, distribution systems, and sewage 
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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]

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.

e 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.

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  

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 

Reaction at the cathode

2H+ + 2e- → H2

Reactions at the anode

2H2O → O2 + 4H+ + 4e-

3H2O→ O3 + 6H+ + 6e-

O2 + H2O → O3 + 2H+ + 2e-
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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 × 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: 5 V, 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.

e 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).



Exploring water disinfection...
4646

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

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 ozone 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).

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

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

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

Ozonation time
Microbial counts in spring water

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 0

10 minutes 0 0

Control 2.11 ± 0.05 2.33 ± 0.11*

Notes: * – p < 0.01
Source: compiled by the authors
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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).

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 

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

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.

e 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, 

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.
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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.

e 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-

duced aqueous ozone solutions with concentrations suit-
able for disinfection purposes. Ozonation of 500  mL of 
spring water through electrolysis for two and five minutes 
resulted in aqueous ozone solutions with concentrations 
of 0.74 and 1.72  mg/L, respectively. Electrolytic ozone 
exhibited gradual decomposition, with detectable levels 
remaining in the samples three days following the water 
treatment. Ozonation of water for five and ten minutes 
successfully inactivated up to 2.11 log CFU/mL of natural 
microorganisms and prevented spoilage both in labora-
tory and field conditions, demonstrating its potential for 
ensuring the safety and availability of clean water in chal-
lenging environments. Furthermore, ozonation of water 
samples prevented the formation of natural flora biofilms, 
which were observed in control samples. The practical 
value of this work lies in its contribution to emergency 
response efforts, where access to clean water is essential 
for sustaining life and preventing disease outbreaks. By 
demonstrating the effectiveness of electrolytic ozonation 
in producing safe drinking water, this study offers a vi-
able solution for addressing water sanitation challenges 
in resource-constrained settings, including those affect-
ed by conflict or disaster. Future research could explore 
further optimization of electrolytic ozonation processes 
to enhance efficiency and scalability, as well as investi-
gate the long-term stability and safety of ozonated water. 
Additionally, studies examining the effectiveness of elec-
trolytic ozone in preventing the formation of biofilms on 
various surfaces would be highly valuable.
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Анотація. Чиста та безпечна вода є фундаментальною вимогою для виживання та добробуту людини. Руйнування 
цивільної інфраструктури під час воєн чи природних катастроф може сильно обмежити порушити доступ до 
чистої води для місцевого населення, військових, рятувальників та волонтерів. Метою дослідження було вивчення 
ефективності знезараження прісної води методом електролітичного озонування. Концентрація озону вимірювали 
фотометричним способом за інтенсивністю зміни кольору у реакції з N,N-діетил-п-фенілендіаміну сульфатом. 
Якість води оцінювали мікробіологічно, визначаючи загальне мікробне число зразків, та за допомогою аналізу 
кольору дна флаконів, у яких зберігалися зразки води. Оцінювали ефективність озонування артезіанської води у 
польових умовах. Електролітичне озонування 500 мл джерельної води протягом двох та п’яти хвилин створювало 
водний розчин озону у концентрації 0,74 та 1,72 мг/л відповідно. Озон утворений електролітично розпадався 
повільно і виявлявся у зразках через три доби після обробки води. Обробка озоном джерельної води протягом 5 та 
10 хвилин ефективно знешкоджувала всі природні мікроорганізми (2,11 log КУО/мл), вода залишалася стерильною 
та без змін кольору протягом місяця. При озонуванні протягом 2 хвилин, через місяць видимих змін у зразках не 
наступало але частково відновлювалася природна мікрофлора. У контрольних зразках через місяць виявлялися 
планктонні мікроорганізми у кількості 2,33 log КУО/мл та біоплівки на стінках флаконів, а колір дна змінювався 
на брудно-жовтий. В польових умовах озонування води протягом 10 хвилин попереджувало її псування навіть 
при збільшенні рекомендованого об’єму для обробки у 10 разів. Отримані результати свідчать, що озонування 
електролітичним способом є ефективним методом знезараження прісної води, а портативні озонатори можуть 
відігравати важливу роль в екстреному очищенні води в зонах військових конфліктів чи природних катастроф

Ключові слова: озон; знезараження води; інактивація мікроорганізмів; портативний генератор озону; збройний 
конфлікт
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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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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.

e 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.

e 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 

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
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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].

e 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).

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 

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).

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.

7.41%

56.48%
25.00%

11.11%

II adult category 

I adult category

candidates for master of sports 

masters of sports



L. Sarafyniuk et al.
5555

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

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).

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

1 2

Indicators.
Control Volleyball players Control Volleyball players

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±0.293***

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**

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

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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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).

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

1 2

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).

Showcasing.
ki

Control Volleyball players Control Volleyball players

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 ± 2.73** 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

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

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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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).

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
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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.

e 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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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

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

https://pubmed.ncbi.nlm.nih.gov/?term=Fabricant+PD&cauthor_id=27121730
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anthropometric indicators play an important role  [16]. In 
particular, R. Pavlović [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. Pavlović et al. [21] 
emphasise the lack of information on the population of 
volleyball players who compete in top-level competitions. 
As a result 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. Sieroń 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.

e 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 

shoulder and forearm in volleyball players of all soma-
totypes was larger compared to non-athletes of control 
groups. The transverse sizes of segments of the lower limb 
differed only in representatives of separate somatotypes: 
the width of the distal epiphysis of the lower leg was great-
er (p < 0.01) only in volleyball players of the middle inter-
mediate somatotype, and the width of the distal epiphysis 
of the thigh was significantly greater in sportswomen of ec-
to-mesomorphic and middle intermediate types compared 
to girls of control groups of the same somatotype.

Most of the limb circumferences were larger only in 
sportswomen of ectomorphic and average intermediate 
somatotypes compared to girls who did not engage in the 
corresponding constitutional types. Belonging to constitu-
tional types with good development of the mesomorphic 
component, levelled the difference between volleyball 
players and non-athletes in the size of the circumferences 
of individual segments of the lower and upper extremities.

Further study of the peculiarities of anthropometric 
dimensions of the lower and upper extremities in volley-
ball players will allow forming their morphological por-
trait, which can be the basis for qualified sports selection, 
taking into account not only intra-team specialization, but 
also the belonging of athletes to a certain constitutional 
type. In addition, the size of the limbs, along with other 
anthropometric indicators of the body, can be the basis for 
further mathematical modelling of the proper parameters 
of peripheral haemodynamics in volleyball players of a par-
ticular constitutional type.
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Анотація. Актуальність визначення антропометричних розмірів кінцівок, які визначають зовнішню будову 
тіла людини та мають тісні взаємозв’язки з техніко-тактичною діяльністю волейболістів, полягає у тому, що 
морфологічні ознаки можуть бути базисом для проведення кваліфікованого спортивного відбору. Мета даної 
роботи полягала у визначенні відмінностей величини антропометричних розмірів кінцівок між волейболістками 
та дівчатами, які не займалися спортом, в межах загальної групи і окремого конституціонального типу. Було 
проведено дослідження 108 волейболісток із середнім спортивним стажем 6,361  ±  2,866 років юнацького 
віку (середній вік – 18,05 ± 1,39 років). 130 практично здорових дівчат, які не займалися спортом, юнацького 
віку (середній вік  – 17,91  ±  1,49 років) склали контрольну групу. Антропометрію проводили сертифікованим 
обладнанням за рекомендаціями П.П. Шапаренко, соматотипування – за методом Carter-Heath. Після визначення 
конституціональної приналежності волейболістки та неспортсменки були розділені на чотири групи: 
ектоморфного, мезоморфного, екто-мезоморфного та середнього проміжного соматотипів. Було встановлено, що 
у спортсменок усі обхватні розміри верхньої та нижньої кінцівок і ширина дистальних епіфізів стегна, гомілки, 
плеча та передпліччя достовірно більші, ніж у дівчат контрольної групи. Соматотипологічний підхід видозмінив 
характер попередніх результатів: у волейболісток всіх соматотипів порівняно з дівчатами контрольних груп 
відповідного типу конституції були статистично значуще більшими лише ширини епіфізів плеча та передпліччя; 
ширина дистального епіфізу гомілки була більшою лише у спортсменок середнього проміжного соматотипу, а 
ширина дистального епіфізу стегна була більшою у спортсменок екто-мезоморфного та середнього поміжного 
типів; більшість обхватних розмірів кінцівок були більшими лише у спортсменок ектоморфного та середнього 
проміжного соматотипів. Таким чином, волейболістки кожного конституціонального типу мають свої 
особливості будови кінцівок, які необхідно враховувати при створенні морфометричного профілю волейболісток 
і враховувати при спортивній орієнтації та прогнозуванні

Ключові слова: антропометрія; верхня та нижня кінцівки; конституціональні типи; волейбол
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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
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e INTRODUCTION
The level of professional burnout in nurses is more pro-
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.  

L. Buckley et al.  [3] point out that by performing a large 
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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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 α = 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).

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. А. 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.

e MATERIALS AND METHODS
This study was cross-sectional and included the study 
of professional burnout of nurses in the departments of  

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 

achievements 39 and more 38-32 0-31

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

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 (χ2) 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.
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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).

e 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.

Variable Variable categories n (%) Significance of differences in groups, p

Gender
Male 9 (3.08)

< 0.001
Female 283 (96.92)

Age (years)
< 35 121 (41.43)

< 0.00135-49 101 (34.59)
≥ 50 70 (23.97)

Marital status
Married (married) 173 (59.24)

< 0.001Single (unmarried) 81 (27.74)
Divorced (divorced) 38 (13.01)

Presence of children
Yes 205 (70.21)

< 0.001
No 87 (29.79)

Position 

Nurse on duty 215 (73.63)

< 0.001
Manipulative nurse 37 (12.67)

Dressing nurse 11 (3.77)
Operating room nurse 29 (9.93)

Service term

> 5 52 (17.80)

< 0.001
5-10 62 (21.23)

11-20 62 (21.23)
20 < 116 (39.73)

Work with wounded (sick) 
servicemen

Always 117 (40.06)

< 0.001
Periodically 96 (32.87)

Rarely 14 (4.79)
Only with civilians 65 (22.26)

Attendance of courses 
(lectures) on the specifics 

of communication with the 
military

Yes 210 (71.92)

< 0.001
No 82 (28.08)

Attendance of advanced 
training courses in the last 3 

years 

Yes 183 (62.67)
< 0.001

No 109 (37.33)

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

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).

Variable Variable 
categories

Emotional exhaustion Depersonalisation Reduction of personal 
achievements

M ± SD Level of 
confidence, p M ± SD Level of 

confidence, p M ± SD Level of 
confidence, p

Gender
Male 14.66 ± 9.02

0.213
5.56 ± 4.36

0.190
36.33 ± 8.29

0.164
Female 18.20 ± 12.37 7.58 ± 5.29 39.67 ± 7.46

Age (years)
< 35 18.13 ± 13.43

0.017
7.19 ± 4.75

0.238
36.60 ± 8.13

0.03535-49 16.01 ± 12.82 6.85 ± 4.93 38.24 ± 7.03
≥ 50 13.94 ± 11.37 5.50 ± 4.68 39.08 ± 6.78

Marital status

Married 
(married) 18.37 ± 11.04

0.032

5.89 ± 5.02

0.263

39.07 ± 7.20

0.046Single 
(unmarried) 14.65 ± 13.24 7.63 ± 5.90 35.65 ± 8.42

Divorced 
(divorced) 16.32 ± 13.32 6.70 ± 5.22 38.83 ± 6.41

Presence of 
children

Yes 17.82 ± 13.25
0.098

6.88 ± 5.17
0.419

39.29 ± 7.03
0.046

No 15.96 ± 13.49 7.02 ± 5.54 37.48 ± 8.42

Position

Nurse on duty 14.05 ± 12.65

0.012

6.49 ± 4.91

0.001

38.28 ± 7.90

0.278

Manipulative 
nurse 22.78 ± 16.26 9.35 ± 6.74 38.73 ± 6.65

Dressing nurse 17.39 ± 13.04 3.63 ± 3.72 39.27 ± 6.13
Operating 

room nurse 16.35 ± 12.74 5.64 ± 4.96 40.92 ± 5.36

Service term

> 5 18.68 ± 14.71

0.027

7.82 ± 6.29

0.122

37.73 ± 8.61

0.267
5-10 16.09 ± 12.56 6.06 ± 5.37 37.83 ± 7.97

11-20 15.58 ± 12.86 5.79 ± 4.68 39.22 ± 7.06
20 < 13.91 ± 13.36 5.52 ± 5.06 39.70 ± 6.92

Work with 
wounded (sick) 

servicemen

Always 18.91 ± 14.17

0.035

7.56 ± 5.41

0.214

35.34 ± 6.37

0.001
Periodically 14.21 ± 11.58 6.57 ± 4.17 38.97 ± 6.77

Rarely 11.07 ± 12.82 4.35 ± 4.19 39.76 ± 12.71
Only with 
civilians 16.12 ± 14.17 6.54 ± 6.61 39.43±8.22

Attendance of 
courses (lectures) 
on the specifics of 

communication 
with the military

Yes 15.18 ± 13.06

0.041

5.71 ± 5.24

0.275

39.29±7.34

0.050
No 17.92 ± 13.88 7.48 ± 5.39 36.38±7.76

Attendance of 
advanced training 
courses in the last 

3 years

Yes 15.35 ± 13.41

0.101

5.86 ± 5.74

0.316

39.91±7.62

0.670
No 17.68 ± 13.20 7.97 ± 5.38 38.52±7.12

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)

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.

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

Emotional exhaustion

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

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

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

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

Reduction of personal 
achievements

Constantly, n = 117 24 (20.5) 56 (47.9) 37 (31.6)
Rarely or only work with civilians, n = 79 28 (35.4) 38 (48.1) 13 (16.5)

Level of confidence, p 0.021 0.911 0.022

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

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.

Characteristics Emotional 
exhaustion Depersonalisation Reduction of personal 

achievements

 Age
The correlation coefficient, r -,151 -,071 ,135

P ,005 ,114 ,011

 Gender
Correlation coefficient, r ,020 ,013 ,082

P ,366 ,415 ,082

Position
Correlation coefficient, r ,157 ,036 ,111

P ,006 ,271 ,030

Table 5. Correlations between indicators of professional burnout  
and socio-demographic, organisational and professional characteristics of nurses
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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 (R2 = 0.767).

Characteristics Emotional 
exhaustion Depersonalisation Reduction of personal 

achievements

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

P ,008 ,010 ,046

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

P ,014 ,116 ,147
Number of night shifts per 

month
The correlation coefficient, r ,181 ,183 -,061

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

Number of children
The correlation coefficient, r ,122 ,036 ,041

P ,041 ,303 ,282
Duration of work in the 

branch with military 
personnel

The correlation coefficient, r ,123 ,023 ,215

P ,015 ,347 ,000

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

P ,000 ,000 ,204
Attendance of 

courses (lectures) on 
the peculiarities of 

communication with the 
military

The correlation coefficient, r ,112 ,065 -,114

P ,038 ,134 ,026

Attendance of advanced 
training courses in the last 

3 years

The correlation coefficient, r ,030 ,006 -,025

P ,304 ,456 ,335

Table 5. Continued

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

Predictor
Non-standard coefficients

Standard coefficients, β р-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 -,216 0.029

Number of night shifts per month -,721 ,256 -,191 0.005
Service term -2.925 1.725 -,187 0.042

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

Notes: B – unstandardised regression coefficient; β – standardised regression coefficient; R = 0.876;R2 = 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.

e 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 Maqbali 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.

e 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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Анотація. Професійне вигорання серед медсестер стаціонарів, які надають медичну допомогу пораненим 
військовим є значною проблемою для закладів охорони здоров'я, оскільки негативно впливає на якість надання 
медичної допомоги та потребує додаткового вивчення для розробки профілактичних заходів на особистісному 
та груповому рівні щодо його попередження. Метою дослідження було провести порівняльну оцінку 
професійного вигорання медичних сестер стаціонарів, які надають медичну допомогу військовим та цивільному 
населенню. Проведено анкетування 292 медичних сестер відділень стаціонарів. Рівень професійного вигорання 
встановлювали згідно опитувальника К. Маслач і С. Джексона. З метою визначення провідних чинників, які 
впливають на розвиток професійного вигорання у медсестер, застосовували кореляційно-регресійний аналіз. 
Встановлено, що високий рівень емоційного виснаження у медсестер, які постійно працювали з військовими 
у 1,6 разу (р = 0,038) переважав такий у медсестер, які були зайняті наданням медичної допомоги цивільним та 
рідко працювали з військовими, деперсоналізації в 1,8 разу (р = 0,007), а редукції особистих досягнень в 1,9 разу 
(р = 0,022). Застосуванням багатофакторного лінійного регресійного аналізу встановлено, що наявність хронічних 
захворювань, вік, стаж роботи, кількість відпрацьованих нічних змін протягом місяця, а також наявність дітей з 
високим рівнем статистичної значущості впливають на розвиток у медичних сестер в період війни професійного 
вигорання. Проведення з медичними сестрами заходів у формі курсів або лекцій, направлених на покращення 
комунікативних компетентностей сприяє зниженню рівня професійного вигорання
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регресійний аналіз
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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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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.

e 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 µm 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 СХ-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 

e 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 

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
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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.

e 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-I and AHD (Table 1).

No. Morphological 
changes

AHD forms, % Total

n = 1,377
АR

n = 209
НА-РМ
n = 375

ІЕ-I
n = 190

ІЕ-II
n = 105

VD
n = 207

RC
n = 291

1. Expanded surface 11.5 23.7 0 19.2 94.8 0 28.5

2. Reduced surface 0 0 79.6 72.3 7.4 0 17.4

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

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

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/CV was 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.

No. Morphological 
feature

AHD forms, % Total

n = 1,377АR
n = 2,097

NAR
n = 375

ІЕ-I
n = 190

ІЕ-II
n = 105

VD
n = 07

RC
n = 291

1. Erosions 88.8 91.1 100 100 28.3 28.9 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

7. Warts 100 95.7 17.4 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

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

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 IE. 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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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-II 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 IE-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).

No. Morphological 
feature

AHD forms, % Total

n = 1,377
АR

n = 209
NAR

n = 375
ІЕ-I

n = 190
ІЕ-II

n = 105
VD

n = 207
RC

n = 291

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

Table 3. Frequency of detection of macroscopic changes in tendon strings of the MV in various forms of AHD

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

No. Morphological 
feature

AHD forms, % Total

n = 1,377
АR

n = 209
NAR

n = 375
ІЕ-I

n = 190
ІЕ-II

n = 105
VD

n = 207
RC

n = 291

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 
changes 0 0 0 0 0 0 0

4. Endothelium 
exfoliated 88.8 97.4 100 100 96.4 100 97.1

5. Endothelial dystrophy 77.4 27.5 100 100 71.3 61.8 63.2

6. Endothelial 
proliferation 0 0 0 0 23.2 33.2 8.9

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

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-
what less 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

No. Morphological feature
AHD forms, % Total

n = 1,377
АR

n = 209
NAR

n = 375
ІЕ-I

n = 190
ІЕ-II

n = 105
VD

n = 207
RC

n = 291

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 
accumulation 100 0 14.3 11.2 68.9 29.2 30.5

5. Calcification 100 100 33.2 54.3 63.8 68.9 77.5

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-I 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-
II. It should be noted that fibrosis without scarring changes 
was usually localised on the periphery of the main foci of 
fibrosis and calcification.

Other morphological changes were often detected in the 
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 – only in 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 %.

No. Morphological feature
AHD forms, % Total

n = 1,377
АR

n = 209
NAR

n = 375
ІЕ-I

n = 190
ІЕ-II

n = 105
VD

n = 207
RC

n = 291

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 
connective tissue fibres 0 0 0 0 97.2 0 18.1

4. Collagen cords from 
dense superficial layers 0 0 0 17.3 74.2 0 16.4

5. Fat transformation 0 0 0 0 47.8 13.0 10.8
6. Fibrosis 100 100 0 68.4 31.4 43.9 65.1
7. Calcification 81.3 100 45.1 53.2 17.5 46.9 62.9

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

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).

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 2. Fatty transformation  
of the spongiosis layer. Sudan III-IV. Х 200

Source: compiled by the authors

Figure 3. MV dysplasia, compensatory hyperplasia  
of subendothelial smooth muscle fibres.  

Hematoxylin-eosin. Х 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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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.

e 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 & J.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 

Figure 4. MV dysplasia. Sudanophilic degeneration  
of connective tissue structures of L Sudan III-IV. Х 40

Source: compiled by the authors
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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.

e 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.
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тран¬сформації його структурних компонентів, що викликає порушення функціональних можливостей клапана. 
Було досліджено, що стійкі зміни, які пов’язані з хронічною гемодинамічною травмою, зменшують механічну 
міцність клапана, незважаючи на компенсаторний механізм гіперплазії субендотеліальних гладких м’язових 
волокон у стулках клапанів серця. У подальшому дані пошкодження можуть, з однієї сторони, поглиблюватися за 
рахунок фіброзу, жирової дегенерації та кальцинозу, а з іншої – у процес включаються компенсаторні механізми, 
а саме гіперплазія субендотеліальних м’язових клітин, яка часто формує суцільні пласти, що повинні посилити 
та укріпити механічну міцність, і тим самим – функціональну компетентність клапанів. Дисплазія мітрального 
клапана може призвести до розвитку вторинного інфекційного ендокардиту, ревматизму та вади клапана 
дегенеративного ґенезу. Алгоритм визначення закономірностей морфологічних змін клапанного апарату серця 
при різнома¬нітних варіантах набутих вад запального та незапального ґенезів може бути використаний при 
удосконаленні схем етіопатогенетичного медикаментозного лікування хворих з набутими вадами серця, а 
також – в якості теоретичної основи для розробки нових видів клапанозберігаючих операцій

Ключові слова: морфологічна перебудова; клапанна система серця; гемодинамічна травма; світлова мікроскопія
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