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INTRODUCTION
During a medical appointment at the Dental Medical 
Center of Bogomolets National Medical University in 
Kyiv amid the COVID-19 quarantine in 2019-2020 years 
[1-3], clinicians observed a clear connection between 
oral health issues and discomfort in patients. This ob-
servation prompted the creation of questionnaires for 
participants in a JICS survey. The &ndings revealed a link 
between discomfort reported by survey respondents, 
including those who hadn’t sought medical advice. 
These detailed surveys were designed to uncover 
patterns and associations between clinical settings, 
diseases during epidemics, and their e%ects on oral 
health [4,5].

The study of post-COVID conditions has become a fo-
cal point in modern medicine, with dentistry emerging 
as an area of growing interest yet limited exploration. 

Current research highlights that COVID-19 extends 
beyond its respiratory origins, impacting various 
systems, including oral health. Sporadic reports have 
identi&ed dental symptoms, such as tooth sensitivity, 
gum in'ammation, and pain post-infection, but these 
&ndings lack systematic depth and validation. [3,6-9] 
Compared to other medical &elds, where post-viral ef-
fects are more thoroughly documented, dentistry lags, 
with few peer-reviewed studies addressing chronic or 
delayed oral manifestations. This gap is striking, given 
the oral cavity’s role as an indicator of systemic health, 
particularly in the context of a pandemic that has re-
de&ned health challenges [10-12].

Presently, dental research has largely concentrated on 
managing acute infections, leaving the long-term oral 
consequences of COVID-19 underexamined. Emerging 
evidence hints at conditions like hyperesthesia possi-

Manifestations of dental diseases foiiowing Covid-19: pain 
and oral health impacts. Using the broad population survey 
opportunities

Renata V. Symonenko, Alina I. Kapshyk, Yevhen A. Koval, Zinaida E. Zhehulovich, Olena O. Astapenko, 
Vitalii D. Chopchyk, Oleg V. Tyrsa
BOGOMOLETS TATIONAL MEDICAL UNIVERSITY, KYIV, UKRAINE

ABSTRACT
Aim: This research aimed to examine the post-COVID-19 e&ects on dental health among JICS survey participants, exploring oral health changes during and 
following the pandemic.
Materials and Methods: This study utilized random sampling through the JICS survey, involving 201 participants (aged 17–89). The control group (n=65, 
32.7%) consisted of individuals without COVID-19 from 2019–2021, while the study group (n=134, 67.3%) included those who contracted the virus during 
this period. Symptom manifestation, intensity, and localization were assessed up to 9–12 months post-infection (2021–2022) across groups and genders, 
employing arti'cial intelligence (AI) and machine learning (ML) techniques, including descriptive analytics for pattern identi'cation and predictive analytics 
for trend forecasting.
Results: Analysis of dental symptoms potentially linked to COVID-19 identi'ed 16 conditions, including hyperesthesia, grinding teeth, gum bleeding, gum 
pain, and pain in upper/lower teeth. Among 201 participants (aged 18–89, mean 28.6 years), symptoms lasted an average of 9.6 – max 18 months. Of those 
surveyed, 134 had contracted COVID-19 at various times prior to the survey. Among them, 90 individuals (67,3% of the total number of infected respondents) 
reported oral pain, a 44.3% increase over the standard hyperesthesia prevalence. This group consisted of 36 men and 54 women. These 7 people (those with 
intense pain) constituted 7,8% Within this subgroup, 2 men and 5 women complained of intense pain, representing 2,2% and 5,6% of those with oral pain, 
respectively. Older age groups showed more severe symptoms, like gum pain (mean 86 years), while women reported greater severity than men.
Conclusions: The study shows dental symptoms potentially linked to COVID-19 vary by severity and age, with older individuals experiencing severe issues 
like gum pain. The oral health monitoring could identify symptoms and enhance treatments, especially for older adults. Further research is needed to con'rm 
long-term impacts and re'ne treatments.

  KEY WORDS: dental diseases, oral health, COVID-19, hyperesthesia, periodontitis, Machine Learning, Arti'cial intelligence (AI)
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bly linked to in'ammation or neurological changes, 
yet these remain preliminary without comprehensive 
analysis [7,13-16]. This study, utilizing the JICS survey 
and expertise from Ukrainian dentistry professionals, 
seeks to address this underexplored terrain. Engaging 
201 participants, including those a%ected by COVID-19 
and a comparison group, our research examines the cur-
rent state of dental health post-pandemic. It is guided 
by questions about symptom prevalence, gender and 
employment di%erences, and the timing of oral issues, 
aiming to shed light on the virus’s dental impact [1,9,15]. 
By doing so, we contribute to a clearer understanding 
of this evolving &eld, paving the way for improved 
clinical responses.

AIM
The aim of this study was to investigate the impact of 
COVID-19 on dental health, speci&cally to examine the 
prevalence, nature, and timing of oral symptoms, such 
as hyperesthesia, in individuals post-infection com-
pared to a non-infected control group, using survey 
data and machine learning analysis to identify patterns 
and inform future dental care strategies. [11,15,16]

MATERIALS AND METHODS
This study was designed to evaluate the dental health 
e%ects of COVID-19, focusing on post-viral oral condi-
tions, through a structured survey and computational 
analysis. The research integrated participant-reported 
data with advanced analytical methods to investigate 
these impacts systematically. This study utilized ran-
dom sampling through the JICS survey, involving 201 
participants (aged 18–89), 113 women, 87 men and 1 
gender-neutral. The control group (n=65, 32.7%) con-
sisted of individuals without COVID-19 from 2019–2021, 
while the study group (n=134, 67.3%) included those 
who contracted the virus during this period. Symptom 
manifestation, intensity, and localization were assessed 
up to 9–12 months post-infection (2021–2022) across 
groups and genders, employing arti&cial intelligence 
(AI) and machine learning (ML) techniques, including 
descriptive analytics for pattern identi&cation and pre-
dictive analytics for trend forecasting.

PARTICIPANT RECRUITMENT
A total of 201 individuals were recruited using a ran-
dom sampling approach to ensure diversity across age, 
gender, and occupational backgrounds, following es-
tablished research guidelines. Participants were divided 
into two groups: those who had experienced COVID-19 

and a control group una%ected by the virus during the 
study period. Eligibility required participants to be over 
18 and capable of providing consent, with exclusions 
for those with unrelated pre-existing dental conditions 
or incomplete responses Fig. 1, Fig. 2.

SURVEY IMPLEMTNTATION
Data were gathered via the JICS survey, a custom ques-
tionnaire designed to collect details on dental symp-
toms associated with COVID-19, including their timing 
and characteristics, along with basic demographic 
information. The survey was distributed electronically 
through social media platforms from late 2021 to early 
2022 to maximize accessibility. Each participant pro-
vided explicit consent through the JICS platform prior 
to completing the survey, agreeing to participate and 
allow data processing for the study.

DATA PROCESSING AND ANALYSIS
 Initial analysis involved compiling descriptive summa-
ries of participant responses to outline key character-
istics. Subsequent in-depth analysis utilized machine 
learning techniques within the Python programming 
environment to uncover patterns and trends within 
the dataset. This process included comparisons with 
existing literature for context and statistical testing of 
hypotheses at a signi&cance level of p < 0.05. No sen-
sitive personal data (names, precise birth dates) was 
collected to ensure participant privacy.

ETHICAL FRAMEWORK
This survey raised no ethical or legal issues, as all 
participants voluntarily agreed to participate and 
permitted the use of their data for this study. Consent 
was obtained digitally through the JICS survey, and 
participants were informed of their right to withdraw at 
any time without consequence. All responses were ano-
nymized and processed in compliance with the General 
Data Protection Regulation (GDPR), ensuring con&den-
tiality and adherence to data protection standards. The 
study’s reliance on self-reported data without invasive 
procedures further reinforced its ethical foundation.

RESOURCES
The JICS survey served as the primary data collection 
instrument, supported by the Python computation-
al software for analysis. No clinical interventions or 
biological samples were involved, keeping the study 
observational in nature.
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RESULTS

HYPOTESIS TESTING
Our study rejected the null hypothesis (H() that the 
number of dental manifestations did not increase 
during and after the COVID-19 pandemic based on a 
comparison with open-source data and prior research. 
Due to limited historical data, we benchmarked our sur-
vey results against reference values for dental sensitivity 
(hyperesthesia). These comparisons, combined with 
exploratory and explanatory analyses of our dataset 
(n=201), yielded the following key &ndings.

PREVALENCE AND SEVERITY OF DENTAL 
MANIFESTATIONS
Analysis of dental symptoms potentially linked to 
COVID-19 identi&ed 16 conditions, including hyperesthe-
sia, grinding teeth, gum bleeding, gum pain, and pain in 
upper/lower teeth. Among 201 participants (aged 18–89, 
mean 28.6 years), symptoms lasted an average of 9.6 – 
max 18 months. Of those surveyed, 134 had contracted 
COVID-19 at various times prior to the survey. Among 
them, 90 individuals (67,3% of the total number of infected 
respondents) reported oral pain. This group consisted of 
36 men and 54 women. Among the surveyed population, 

Fig. 1. Age Dental consequence COVID-19 by Gender
Picture taken by the authors

Fig. 2. The age groups of all participants 
in the survey
Picture taken by the authors
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in severe cases). Overall, these &ndings suggest that oral 
post-COVID symptoms vary widely in presentation and 
severity, with gum-related issues and tooth pain being 
the most common complaints.

The onset of dental manifestations post-COVID-19 
varied significantly. Patients with medium symptoms 
predominantly reported issues 9 or 12 months after 
infection, while those with light symptoms experienced 
them earlier, at 1, 3, or 9 months post-infection. Severe 
symptoms showed no consistent temporal pattern. The 
number of symptoms also increased with time elapsed 
since infection, suggesting a prolonged impact Fig.4, Fig.5.

DEMOGRAPHIC VARIATIONS
Young patients (under 30) primarily exhibited light 
symptoms, middle-aged patients (30–50) reported 
moderate symptoms, and both middle-aged and elderly 
respondents (over 50) experienced unbearable symp-
toms. Women reported more pronounced symptoms 
appearing earlier post-infection compared to men, indi-
cating a potential gender disparity. Employed individuals 
showed a higher incidence of dental manifestations 
(39.2%) compared to the control group of non-infected 
individuals (23%), highlighting a possible psychosomatic 
in'uence Fig.6.

LOCALIZATION AND CORRELATION
 Localized symptoms, primarily a%ecting a single nerve, 
predominated over generalized manifestations in 

67.3% of participants who contracted COVID-19 between 
2019 and 2022 reported dental manifestations, a 44.3% 
increase over the standard hyperesthesia prevalence of 
23% reported by Dowell and Addy [7]. Symptom sever-
ity varied: 32.5% experienced medium symptoms, 30% 
reported light symptoms, and 5% had severe symptoms 
from total number who contracted COVID-19. The most 
common manifestation across all participants was light 
pain in the upper teeth Fig.3.

The &ndings from this analysis, presented in Table 1, 
pertain to participants who had contracted COVID-19 
and focus on symptom intensity. Among all surveyed 
participants who had COVID-19, 45.6% of those who 
reported experiencing pain described its intensity as 
moderate (n=90). Furthermore, a decrease in sensitivity 
was noted by 6 participants.

TEMPORAL DYNAMICS
The results of the analysis on the manifestations of post-
COVID hyperesthesia and the number of teeth a%ected 
following the illness, which are correlated with the time 
period, are presented in Table 2. Based on the data in  Table 
2, the most frequently reported post-COVID oral manifes-
tations include gum bleeding, gum pain, and pain in the 
upper teeth, often occurring in combination. Symptoms 
typically emerged within 1 to 18 months after infection, 
with a mean onset time ranging from 1.5 to 12 months. 
Patients experiencing multiple symptoms simultaneously 
as gum bleeding paired with jaw or tooth pain-tended to 
report higher numbers of a%ected teeth (up to 20 teeth 

Fig. 3. Post-COVID-19 conse-
quences by gender
Picture taken by the authors
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DISCUSSION
This study successfully achieved its scienti&c objective 
of evaluating the impact of COVID-19 on dental health, 
speci&cally hyperesthesia and related manifestations, 
using a robust survey methodology and machine learn-
ing-assisted analysis. Our &ndings con&rm a signi&cant 
increase in dental manifestations during and after the 
pandemic, aligning with the growing recognition of 
COVID-19’s systemic e%ects. The rejection of H(, sup-
ported by a 44.3% higher prevalence compared to 
historical benchmarks , highlights the originality of our 
work in quantifying post-viral dental outcomes within 
a Ukrainian context.

The predominance of upper teeth pain and gum bleeding 
as post-COVID manifestations raises intriguing questions 
about the virus’s vascular e%ects, such as thrombosis, which 
may disproportionately a%ect oral tissues. The temporal 

post-COVID-19 patients. A correlation matrix revealed 
a signi&cant relationship between the number of af-
fected teeth and symptom severity. The most striking 
post-pandemic manifestations included pain in the 
upper teeth, pain in the lower teeth, and gum pain, with 
post-COVID-speci&c symptoms such as upper teeth 
pain and gum bleeding standing out as notable trends.

COMPARISON TO CONTROL GROUP
The level of dental manifestations in pandemic and 
post-COVID-19 participants signi&cantly exceeded that 
of the control group (non-infected individuals surveyed 
concurrently), with a 39.2% prevalence compared to 
the literature baseline of 23%. This further supports the 
rejection of H( and underscores the pandemic’s impact 
on dental health.

Тable 1. Distribution of the studied patients by pain intensity and gender (n/%)(n=90)

Severity of symptoms
MEN WOMEN Total

   n  %     n  %   n   %

Light symptoms 14 15,6% 22 24,4% 36 40%

Medium symptoms 17 18,9% 24 26,7% 41 45,6%

Severe symptoms 2 2,3% 5 5,5% 7 7,8%

Decrease of sensitivity 3 3,3% 3 3,3% 6 6,6%

Total 36 40% 54 60% 90 100%

Source: compiled by the authors of this study

Table 2. Summary Statistics for Post-COVID Oral Symptom Groups
  Age Time passed months Teeth a#ected

  min mean max min mean max min mean max

Consequences COVID 19                  

Grinding your teeth at rest 28 28 28 18 18 18 1 1 1

Gum bleeding 21 29.6 37 3 8.4 12 0 6 20

Gum bleeding,Pain in jaw 19 19.5 20 3 3 3 3 3 3

Gum pain 19 48.5 86 1 4.75 6 3 3.75 6

Gum pain,Gum bleeding 19 21 23 3 6 9 3 3 3

Pain in down teeth 19 35 45 1 9.25 18 1 2 3

Pain in jaw 18 18 18 0 1.5 3 0 3 6

Pain in jaw,Grinding your teeth at rest 19 21 23 3 6 9 1 1 1

Pain in upper teeth 18 35.81818 72 0 6.09091 18 0 3.27273 6

Pain in upper teeth,Gum bleeding 21 21 21 6 6 6 3 3 3

Pain in upper teeth,Gum bleed-
ing,Grinding your teeth at rest 22 22 22 12 12 12 1 1 1

Pain in upper teeth,Gum pain 23 33 43 3 6 9 3 4.5 6

Pain in upper teeth,Pain in down teeth 75 75 75 9 9 9 6 6 6

Pain in upper teeth,Pain in down 
teeth,Pain in jaw 19 19.5 20 1 5 9 3 3 3

Pain in upper teeth,Pain in jaw 19 34.33333 59 1 4.33333 12 1 3.33333 6

Source: compiled by the authors of this study
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Fig. 4. Range of symptoms by months 
passed
Picture taken by the authors

Fig. 5. Range of symptoms by months 
passed
Picture taken by the authors
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[7,16,15]. Additionally, the sample size (n=201), while 
diverse, may not fully represent the broader population, 
particularly regarding genomic or regional di%erences 
in viral response.

The &ndings o%er practical implications for dental 
practice, enabling clinicians to prioritize high-risk 
groups (women and older adults) and tailor diagnostics 
to post-COVID manifestations like upper teeth pain and 
gum bleeding. The study lays a foundation for future 
research, potentially in collaboration with Bogomolets 
National Medical University and the Ukrainian govern-
ment. Expanding the scope to include pre-pandemic 
symptoms, non-random sampling from dental clinics, 
and genomic analysis could further elucidate the virus’s 
heterogeneous e%ects. 

CONCLUSIONS
The research bridges a critical gap in post-COVID dental 
health, o%ering novel evidence of its prevalence, severi-
ty, and demographic patterns through a comprehensive 
survey and analysis. By integrating these &ndings with 
ongoing global studies, we aim to enhance patient out-
comes and inform dental care in the post-pandemic era, 
addressing the unique challenges posed by post-viral 
e%ects on oral health. A pivotal element of this work 
is the application of arti&cial intelligence – Machine 

variability-medium symptoms peaking at 9-12 months 
versus light symptoms at 1-3 months suggests a dynamic 
progression of post-viral sequelae, potentially linked to im-
mune or neurological responses. The gender disparity, with 
women experiencing earlier and more severe symptoms, 
could re'ect di%erences in immune response, hormonal fac-
tors, or reporting behavior, warranting further investigation. 
Similarly, the age-related increase in symptom severity and 
persistence underscores the overlap of COVID-19 e%ects 
with age-related physiological decline, a &nding consistent 
with broader post-viral research.

The higher prevalence among employed individuals 
(39.2%) compared to the control group (23%) points to 
a psychosomatic component, possibly exacerbated by 
stress or reduced recovery time, as rest appears critical 
for mitigating symptoms. This aligns with our hypothesis 
that lifestyle factors modulate post-COVID dental health. 
The use of machine learning facilitated the identi&cation 
of these patterns, demonstrating its value in medical 
research beyond traditional statistical methods Table 1.

However, our study has methodological limitations. 
The reliance on self-reported data via the JICS survey 
and social media distribution may introduce recall 
bias or selection bias despite our adherence to WHO 
stratification guidelines. The lack of pre-pandemic 
baseline data from our population limits direct historical 
comparisons, forcing reliance on external references 

Fig. 6. Range of symptoms by months passed
Picture taken by the authors
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Learning, which has signi&cantly enhanced our ability 
to uncover complex trends and holds transformative 
potential for dentistry. Currently, AI, through machine 
learning, is being utilized to process large medical data-
sets, enabling the identi&cation of subtle correlations, 
such as those between symptom severity and a%ected 
teeth in our study, while also powering clinical tools 
like automated imaging diagnostics and predictive risk 
models. Looking ahead, AI’s future in dentistry promises 
advancements such as personalized treatment plans 
based on predictive analytics, integration of genomic 
data to explain variable symptom expression, and 
scalable research frameworks to tackle evolving viral 
threats. This synergy will ultimately improve patient 
well-being in a rapidly changing health landscape.

The relevance of studying the consequences of 
COVID-19 cannot be overstated. Geopolitical instability, 

mass daily migrations, and living in emergency con-
ditions amplify the risks of new epidemics emerging. 
In this context, researching the impact of COVID-19 
and related viruses on pain manifestations in patients 
remains highly signi&cant and in demand.

Dentistry holds a special place in healthcare system, 
as dentists are among the most frequently visited 
specialists and often act as observers of family health, 
similar to family doctors. Given the signi&cant strain on 
the oral cavity and its critical role as the initial segment 
of the gastrointestinal tract, the study of this topic takes 
on exceptional importance. 

The results of our work, leveraging Machine Learning 
(a core component of Arti&cial Intelligence – AI), could 
contribute to improving treatment approaches, adapt-
ing medical strategies to new and evolving diseases, 
and enhancing patients’ quality of life. 
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INTRODUCTION
Malocclusion occurs as a result of deviations in the 
normal growth of the craniofacial region in the sagittal, 
vertical or transversal planes [1]. Sagittal malocclusion 
is usually the most common orthodontic problem 
and has significant functional, psychological and 
aesthetic consequences [2]. The formation of skeletal 
sagittal malocclusion background of differences in 
the development of the upper or lower jaw often 
requires complex and expensive treatment methods 
in permanent occlusion; therefore, early detection of 
its signs is an essential step in treatment e%ectiveness 
improvement.

Planning of orthodontic treatment depends on 
precise diagnosis of skeletal discrepancies, the patient’s 
facial skull growth type, and the (dentoalveolar) 
parameters of the dentition [1-16]. X-rays are the most 
e%ective methods to analyse skeletal discrepancies 
in the sagittal plane, as accurate assessment of the 
morphology of various skeletal components, as well 

as their relationship with surrounding tissues [2, 8]. For 
the diagnosis of sagittal discrepancies at the level of the 
skeleton, teeth and soft tissues, the standardised lateral 
cephalogram has become the gold standard, but 3D 
cephalometric studies are increasingly being used for 
this purpose. The results of cephalometric calculations 
using different approaches are diagnostically 
signi&cant and reliable for understanding the basic 
morphological characteristics of patients’ skeletal 
and dental components. They are recommended to 
be used in combination with each other to obtain a 
more complete cephalometric diagnostic perspective 
and to develop an orthodontic treatment plan taking 
into account the characteristics of each individual. 
Sam et al.’s systematic review [15] evaluated the high 
accuracy of various 3D cephalometric landmarks in 
CBCT imaging. They came to the conclusion that deep 
learning techniques for automated 3D cephalometric 
landmarking produced high-accuracy results of modern 
orthodontic diagnostics [11-17].

Comparative analysis of cephalometric K-angle index of mixed 
dentition patients 

Kyryl G. Krymovskyy, Oleksandr A. Kaniura, Zinaida E. Zhehulovych, Kateryna V. Storozhenko,  
Yurii I. Babaskin, Oleksandr V. Bida, Tetyana M. Brychko
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ABSTRACT
Aim: To analyse the e&ectiveness and reliability of ∠K-angle cephalometric index usage in mixed dentition and to assess the correlation between di&erent 
types of facial skeleton growth patterns.
Materials and Methods: 52 high-quality cephalograms were randomly selected from the archives of the Bogomolets National Medical University Dental 
Medical Centre and divided into three groups according to facial skeleton growth patterns and into subgroups according to Engle’s malocclusion classes. 
Multifactorial analysis of variance (ANOVA) was used to identify statistical di&erences between the mean angular values of studied groups; a p-value * 0.05 
was considered statistically signi'cant. Pearson’s correlation coe!cient was used to assess the correlation between angles.
Results: According to our study results, statistically signi'cant correlation was found among patients in the 'rst group between ANB and K angles and neutral 
growth type (p=0.005); signi'cant correlation was found between the K and APDI angles and horizontal growth pattern (p=0.002); statistically signi'cant 
correlation was found between the APDI parameter and both angles with vertical growth (p=0.001). According to the results of multifactorial ANOVA analysis 
of the mean values of the studied angles, there were no statistically signi'cant di&erences in the ∠K, ∠ANB, and APDI parameters between all groups at the 
level of p * 0.05.
Conclusions: The K-angle revealed to be the most valid and reliable indicator of sagittal jaw discrepancy assessment among all cephalometric parameters. 
∠K index can be a full-)edged alternative to ANB angle during mixed dentition.
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Among the common indicators in the diagnosis of sag-
ittal occlusion anomalies in orthodontics, it is customary 
to consider the ANB angle [4] of Steiner’s cephalometric 
analysis, which shows changes in the position of the jaw 
bases relative to the skull base, as well as the presence 
of sagittal discrepancies in their sizes. However, to de-
termine a complete orthodontic diagnosis, it is still nec-
essary to perform a di%erential diagnosis between den-
tal-alveolar and gnathic forms of occlusion pathology. 
For this purpose, orthodontists use the APDI parameter 
according to Kim’s cephalometric analysis, which greatly 
facilitates the diagnostic process [5].

Although the ANB angle is widely used as a reliable 
indicator of the anteroposterior relationship of the jaws, 
to date, many famous researchers have conducted stud-
ies related to assessing the stability of the ANB angle in 
connection with changes in growth and instability of 
the N point position, which a%ects the size and clarity 
of the ANB angle during jaw growth [4, 5]. 

New linear and angular measurements for assessing 
sagittal discrepancy of both upper and lower jaw bases 
are proposed in many recent studies: YEN angle, BETA 
angle, W angle, K angle, etc. [6-9]. Among them, the 
K-angle illustrates a new strategy in this direction of 
3D cephalometry development, which requires more 
comprehensive research. A K-angle value of 40° to 46° 
indicates a Class I skeletal occlusion, a value above 46° 
indicates a Class III skeletal occlusion, and a value below 
40° indicates a Class II skeletal occlusion [3].

It has been proven that angle K is a reliable indicator 
in the permanent occlusion period [3], but the question 
of the reliability of using this angular indicator in mixed 
occlusion, depending on the types of facial skull growth, 
remains poorly understood and requires more detailed 
and in-depth study.

AIM
This study aimed To analyse the effectiveness and 
reliability of ∠K-angle cephalometric index usage in 
mixed dentition and to assess the correlation between 
di%erent types of facial skeleton growth patterns.

MATERIALS AND METHODS 
52 case histories of patients with mixed dentition aged 7 
to 11 years (29 females and 23 males; mean age = 8.9 ± 
1.2) with high-quality 3D cephalograms, were randomly 
selected from the archives (of the Dental Medical Centre 
of the Bogomolets National Medical University for the 
period from 2021 to 2024. The study was approved 
by the Bioethics Committee of Bogomolets National 
Medical University.

The distribution into research groups was based 
on the available types of facial skull growth (neutral, 
horizontal, vertical) according to the results of Björk-
Jarabak cephalometric analysis. Each of the research 
groups was divided into two subgroups depending 
on the class of malocclusion (classes I and II according 
to Angle).

The criteria for inclusion in the study were: the 
presence of gnathic or combined Class 1 and 2 
malocclusion form according to Angle, and the 
presence of the first permanent molars before the 
start of treatment. Exclusion criteria included patients 
outside the age range, with severe general somatic 
diseases, psychoemotional disorders, and a group of 
individuals with Class III sagittal malocclusion according 
to Angle, due to an insu)cient statistically signi&cant 
sample size for the study.

For accurate determination of anthropometric 
points and precise measurement of ANB, APDI, and 
K angles, high-quality 3D cephalograms generated 
using cone beam computed tomography (CBCT) 
were selected. The 3D images were obtained using a 
64-slice multi-detector tomograph “NewTom Giano 
HR PROFESSIONAL” manufactured by NewTom (Italy). 
Technical characteristics of the device (according to the 
device passport): voltage 60–90 kV, current 1–10 mA 
(pulse), exposure time 1.6–10 s, voxel size 0.68–300 *m, 
radiation exposure during the acquisition of 3D images 
of the facial skull reaches only 30 microSieverts, which 
is the lowest among modern tomograph models, since 
this tomograph has a special SafeBeam mode with 
radiation dose coNGPol.  

Multifactorial analysis of variance (ANOVA) was used 
to determine statistically signi&cant di%erences in the 
angles studied in the three groups. Pearson’s correlation 
coe)cient was used to correlate the ANB angle with the 
K-angle. The results of measuring angular parameters 
on 3D cephalograms were statistically processed 
to determine the arithmetic mean (X) and standard 
deviation (SD) of the angular indicator and its standard 
error (m). A 95% confidence interval (95% CI) was 
calculated for the assessment. The collected data were 
analysed using EZR v. 1.66 (a graphical user interface 
for R statistical software version 4.3.1 developed by 
the R Foundation for Statistical Computing in Vienna, 
Austria) [10].

RESULTS
The &rst study group included 25 individuals (14 female 
and 11 male) with a neutral facial skeleton growth pat-
tern (NGP), which was assessed by the total Björk angle 
and the ratio of posterior facial height to anterior facial 
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height (PFH/AFH) according to Jarabak’s analysis. The 
second group included 17 children (5 female, 12 male) 
with a horizontal facial skeleton growth pattern (HGP) 
(∠Sum + 391°, PFH/AFH , 0.66), while the third group 
included 10 patients with a vertical (VGP) facial skeleton 
growth pattern (∠Sum , 401° and PFH/AFH + 0.61).

For NGP, HGP and VGP, the corresponding mean age 
and standard deviation were 8.46 ± 1.58, 8.9 ± 1.21 and 
9.07 ± 1.97, respectively, and did not di%er signi&cantly 
according to ANOVA multivariate analysis of variance 
(p>0.05). In the initial subgroups of the study groups, 
patients with class 1 malocclusion according to Angle 
were identi&ed, while in the subsequent subgroups, 
patients with class 2 malocclusion were observed.

According to the results of the sample composition 
analysis (Table 1), it should be noted that girls prevailed in the 
study group 1, 14 persons (53.8%), compared to the number 
of boys, 11 persons (42.8%), Group 2 was also dominated by 
girls, 12 persons (70.6%), compared to 5 boys (29.4%). At the 
same time, in study group 3, on the contrary, the number of 
boys was 2.3 times greater: 7 (70%) against 3 (30%). 

It was found that 34 patients had Class II malocclu-
sion according to Angle, which accounted for 65.4% 
of the total number of subjects, while only 18 children 
had Class I malocclusion according to Angle (34.6%). 
In early mixed dentition, NGP was found in 20 individ-
uals (57.1%), HGP in 10 children (28.6%), and VGP was 
observed in only 5 patients (14.3%).

Тable 1. Patients’ randomisation with di&erent facial skeleton growth patterns by gender, malocclusion, age and mixed dentition stage (N,%)

Gender
Group 1 

(neutral pattern)
Group 2

(horizontal pattern)
Group 3

(vertical pattern)

N abs (%) N abs (%) N abs (%)

Female 14 53,8 12 70,6 3 70

Male 11 42,3 5 29,4 7 30

Malocclusion
Class  

N abs (%) N abs (%) N abs (%)

25 48,07 17 32,69 10 19,24

Class I 12 23,07 2 3,89 4 7,7

Class II 13 25 15 28,8 6 11,54

Mixed  Dentition N abs (%) N abs (%) N abs (%)

Early Stage 20 57,1 10 28,6 5 14,3

Late Stage 5 29,4 7 41,2 5 29,4

Age (years)
X SD X SD X SD

8,46 ± 1,58 8,9 ± 1,21 9,07 ± 1,97

Source: compiled by the authors of this study

Тable 2.  Results of +-angle multifactorial ANOVA statistical analysis in di&erent facial skeleton growth patterns (N, SD)

Growth pattern N Mean
value

Standard 
deviation

Dispersive analysis of variance 
(ANOVA)

P
value

Neutral 15 40,28 ± 1,24

1.325 0.184 Horizontal 7 39,5 ± 1,19

Vertical 10 37,7 ± 1,33

Gender N Mean
value Standard deviation Dispersive analysis of variance 

(ANOVA)
P

value

Female 14 40,1 ± 1,25 1.336 0.129

Male 11 39,6 ± 1,27 1.338 0.129

Malocclusion
class N Mean

value Standard deviation Dispersive analysis of variance 
(ANOVA)

P
value

Class 1 12 41,5 ± 1,4 1.327 0.147

Class 2 13 38,6 ± 1,2 1.329 0.147

Mixed Dent.
Stage N Mean

value Standard deviation Dispersive analysis of variance 
(ANOVA)

P
value

Early 20 41,2 ± 2,8 1.330 0.165

Late 5 40,9 ± 2,3 1.330 0.165

Source: compiled by the authors of this study
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age of the children (p = 0.184), gender (p = 0.129), 
malocclusion class according to Engle (p = 0.184) and 
periods of mixed dentition (p = 0.165).

According to the results (Table 3) of the comparative 
analysis conducted in patients with NGP (Fig. 1 A) of the 
facial skull, a direct statistically signi&cant correlation 
was found between the ANB and K angles and this 
type of growth (p=0.005), but no statistically signi&cant 
correlation was found between the neutral growth 
type and the APDI parameter; in patients with HGP 
(Fig. 1 B), a direct statistically signi&cant correlation was 
found between the K and APDI angles and this growth 
type (p=0.002), however, no statistically signi&cant 
correlation (p=0.08) was found between the horizontal 

A strong correlation was found between the K angle, 
ANB angle, and Kim’s APDI analysis parameter, although 
no direct statistical correlation was found between 
the ANB angle under study and the horizontal type of 
facial skull growth, which was predominantly due to 
shortening of the premaxilla, the basis of the upper 
and/or lower jaw, as well as shortening of the lower 
jaw branch in patients with di%erent types of facial 
skull growth.

For groups with neutral growth, horizontal growth 
and vertical growth, the mean value of angle K and 
standard deviation were 40.28 ± 1.24, 39.5 ± 1.19 and 
37.7 ± 1.33, respectively (Table 2). In addition, the K 
angle values in the groups were not a%ected by the 

Table 3. Results of multifactorial ANOVA statistical analysis of patients’ studied angles in di&erent  facial skeleton growth patterns

Cephalometric
index

Growth 
pattern

Angle
value

Normal
value

Dispersive analysis  
of variance (ANOVA)

P
value

∠K NGP 39,3º 43±3º 75.461 0.005

∠ANB NGP 4,6º 2±2º 74.885 0.005

APDI NGP 82,1º 81.4± 3,8º 75.261 0.125*

∠K HGP 40,6º 43±3º 73.565 0.002

∠ANB HGP 2,5º 2±2º 73.785 0.08*

APDI HGP 77,2º 81.4± 3,8º 74.273 0.002

∠K VGP 35,7º 43±3º 74.653 0.001

∠ANB VGP 2,5º 2±2º 74.658 0.001

APDI VGP 77,2º 81.4± 3,8º 74.624 0.001

*- non-signi'cant value
Source: compiled by the authors of this study

Fig. 1. A-lateral cephalogram of a patient with NGP; B-patient’s lateral cephalogram with HGP
Picture taken by the authors
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signi&cantly increased posterior and anterior facial 
height, lower jaw length, and downward displacement 
of the posterior upper jaw. This is con&rmed by the 
studies of Taner et al., which determined a statistically 
signi&cant advantage of the male sex in the sample 
with vertical growth type in the presence of class 
1 malocclusion, and also established that in class 2 
malocclusion, the posterior facial height and lower 
facial height in men were signi&cantly longer compared 
to girls [18]. Nowadays, no direct or inverse correlation 
has been established between facial skeleton growth 
patterns and sagittal occlusal anomalies [21].

Cephalometric assessment of the relationship 
between the jaws in the sagittal plane is considered 
extremely important in orthodontics. Since Broadbent 
introduced lateral cephalometry, many analyses have 
been conducted to assess the anterior-posterior 
relationship of the jaws [2, 4]. In many clinical cases with 
questionable statistical data, it is impossible to make 
a de&nitive diagnosis based on the sagittal skeletal 
pattern, as different skeletal analyses can produce 
con'icting results. Based on the results of the study of 
most factors, a ‘&nal diagnosis’ of the anterior-posterior 
skeletal malocclusion class was made. The consistency 
of diagnostic criteria for various cephalometric 
parameters was assessed by using kappa statistics, 
speci&city and sensitivity. We compared the diagnostic 
accuracy of the included skeletal parameters between 
all study groups: K-angle, ANB-angle, APDI [3, 5]. 

An important step in orthodontic diagnosis and 
treatment planning is the assessment of the sagittal 
relationship between the jaws. Numerous linear and 
angular measurements have been proposed to assess 
this relationship, but they can be inaccurate because 
variations in facial height, jaw inclination, and overall 
jaw prognathism can alter angular measurements 
[4, 8]. The ANB angle is still widely used to assess the 
sagittal relationship of the jaws, but it depends on a 
number of various factors. Some studies have shown 
that the length of the anterior cranial base, vertical 
growth pattern and minor variations in nasion and 
sella turcica locations can all affect the ANB-angle 
measurements [6, 8]. In order to evaluate the class and 
form of malocclusion more accurately than ANB angle 
analysis, clinicians are still searching for a new reliable 
cephalometric index [1, 13]. 

In our research results, the K-angle, ANB angle, APDI 
parameter, and all study groups showed a low degree of 
consistency (k=0.321, p<0.01). In turn, the K-angle, ANB 
angle, and APDI showed a high degree of consistency 
in the NGP and VGP of the facial skull (k=0.845, p<0.01), 
while in HGP, the kappa coe)cient indicated a moderate 
degree of agreement (k=0.505, p<0.01) of the studied 

growth type and the ANB angle, which is associated 
with the detection of sagittal apical base decrease of 
the upper jaw; in patients with VGP (Fig. 2), we found a 
direct statistically signi&cant relationship between the 
APDI parameter and both angles studied (p=0.001), 
without detected sagittal apical base decrease of the 
jaws, which con&rms previously published studies on 
the reliability of using the K angle in cephalometric 
analysis of orthodontic patients in the permanent 
occlusion period [1, 3, 6–9, 16]. 

Thus, no statistically signi&cant di%erences in ∠K, 
∠ANB, and APDI between the three study groups were 
found at the level of p + 0.05. We did not &nd strong 
correlations between angles K, ANB, APDI and early 
mixed occlusion (r=0.231; p>0.05), as well as late mixed 
occlusion (r=0.224; p>0.05) according to Pearson’s 
coe)cient.  

DISCUSSION
In Ukraine, class 2 malocclusions are malocclusions, 
with a frequency of up to 79.9% during the mixed 
dentition period [17-19], requiring timely diagnosis and 
interceptive orthodontic treatment. In the late stage 
of mixed dentition, HGP was more common (41.2%) 
than others, since the type of facial skull growth tends 
to change during the &rst phase of puberty. Studies by 
Knigge et al [20] showed that in VGP, the prevalence 
of class 2 was 51.6% (46 people); in NGP – 35% (210 
people); in HGP – 23.7% (68 people).

The difference between gender distribution in 
study group 3 (VGP) was due to the fact that men had 

Fig. 2. 3D lateral cephalogram of a patient with VGP
Picture taken by the authors
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contour of the condylar head; if the centre is within 2 
mm of its actual location, the value of angle K will have 
a minimum error of about 1°, which is not statistically 
signi&cant (p=0.01) [3]. Bajjad et al. [17] compared 
values of di%erent angles (including K-angle) in class 
1 and class 2 malocclusion patients in permanent 
occlusion with di%erent facial skeleton growth patterns. 
The author discovered that in both class 1 and class 2 
malocclusion patients, despite the growth pattern, with 
good reliability, ∠YEN displays the greatest alpha value 
(0.849), followed by ∠W  (0.841) and ∠K (0.816). Those 
results are similar to our &ndings, which also proved 
that the K-angle is a reliable cephalometric index which 
should be taken into consideration, especially when we 
use 3D cephalometrics for landmark detection. Thus, 
no statistically signi&cant di%erences in ∠K, ∠ANB, and 
APDI between the three study groups were found at 
the level of p + 0.05, which is con&rmed by the studies 
of Mohammadi Shayan et al. [20].

CONCLUSIONS
The K-angle showed a signi&cant correlation with APDI 
in every facial skeleton growth pattern group and was 
revealed to be the most valid and reliable indicator of 
sagittal jaw discrepancy assessment amongst the three 
studied cephalometric indexes. That’s why the K-angle 
can be used to accurately establish and also precisely 
di%erentiate malocclusion’s class and its aetiological 
form during mixed dentition as well.

It is advisable to take this angle into account not 
only in the permanent occlusion period, but also in the 
mixed dentition period, regardless of the existing types 
of facial skeleton growth patterns, as a full-'edged 
alternative to using the ANB angle to assess the an-
teroposterior relationships of the upper and lower jaws 
during the diagnosis and planning of treatment tactics 
for orthodontic patients with occlusion anomalies, 
which directly depends on the speci&c malocclusion 
and its form.

Further research should focus on a more detailed 
study of the dependence of the K angle on changes in 
the position of the jaw bases, as well as sagittal dysplasia 
of the alveolar ridge of the upper jaw, to fully implement 
this cephalometric indicator in 3D cephalometric diag-
nostics in modern orthodontic practice.

angles, which is explained by a change in the ANB angle 
in these patients due to sagittal dysplasia of the upper 
jaw. The speci&city and sensitivity of each diagnostic 
parameter were also determined independently for 
all groups. The ANB angle had the highest speci&city 
(0.930), and the K angle had the highest sensitivity 
(0.978) in Class I malocclusions. The K angle had the 
highest sensitivity (0.948) and speci&city (0.921) in 
Class II malocclusions. The ANB angle in group I had 
the highest sensitivity (0.902), compared to group III 
(0.813) and group II (0.485). In contrast, the K angle had 
the best speci&city (1.00) throughout all groups under 
our study, with slightly di%erent sensitivity values of 
0.901 (group I), 0.876 (group III) and 0.732 (group II).  In 
research made by Ahmed et al. [8], ANB angle sensitivity 
was 0.809 in the class 1 group, while in the class 2 group, 
its value was 0.928, which was slightly di%erent from 
our &ndings. They also revealed that the ANB angle is 
only valid in patients with NGP of the facial skeleton, 
while in VGP and HGP, more accurate parameters have 
to be involved in order to precisely assess sagittal jaw 
discrepancy.

According to Jacobson [4, 6], the patient’s age, 
vertical growth direction, jaw rotation, and length of 
the anterior skull base a%ect the change in the value of 
this angle. In addition, high-quality X-rays are required 
for accurate identi&cation of point A, which sometimes 
complicates diagnosis, since it is not always possible 
to take high-quality images using digital technologies 
[12, 13].

Angle K has a statistically signi&cant advantage over 
angle ANB in that it remains stable even when the jaws 
rotate or increase in the vertical direction [1, 3, 8, 9, 16]. 
For example, the C-G line rotates in the same direction 
as point G when it rotates downwards and backwards, 
carrying with it the perpendicular from point M. Angle 
K remains relatively constant because the M-G line 
also rotates in the same direction. Therefore, when 
the jaws rotate clockwise or counterclockwise, this 
tends to obscure the sagittal relationship of the jaws 
in gnathic forms of malocclusion, which angle K can 
assess. The quality of the cephalogram must be high 
[14]. However, it is not always easy to &nd the middle 
of the premaxilla and determine it correctly [4, 7]. The 
advantage of determining the centre of the condylar 
head is that there is no need to accurately trace the 
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INTRODUCTION
Neonatal jaundice and neonatal hyperbilirubinemia (NH) 
is a clinical condition that is characterized by yellowing 
of the skin, sclera, and mucous membranes in newborns 
due to accumulation of bilirubin in tissues [1]. Physiolog-
ical jaundice has majority (60 – 80 %) of full-term infants 
and usually it is a transient condition. But excessive 
accumulation of unconjugated bilirubin (UB), especially 
with NH (for example as a result of hemolysis, infections, 
metabolic disorders) may lead to its penetration through 
blood-brain barrier and to developing of acute bilirubin 
encephalopathy or its chronic consequences – kernicter-
us [2, 3]. And at the same time physiological increase in 
bilirubin may have an impact as a transient antioxidant 
after birth till maturation of the antioxidant system [4].

Newborns adaption to the life after womb is accom-
panied by the huge changes in the energy metabolism 

aimed on to maintaining of homeostasis, thermoreg-
ulation and supplying of the energy for growing and 
development [5]. The key role in these processes have 
mitochondria, where the oxidative phosphorylation 
occurs which is the main way of ATP synthesis [6, 7]. 
Therefore, the body compensates by switching to a 
less e%ective anaerobic way of glucose breakdown 
which is the key metabolic adaptation to the hypoxia 
intrauterine. Lactic acid (lactate) is the end product 
of an anaerobic glycolysis. Its excessive accumulation 
in blood and tissues leads to the metabolic acidosis 
(reducing of bloods -. level), known as lactic aci-
dosis. The lactate level is a key marker of severity of 
hypoxic-ischemic injury in the newborns [8, 9]. Under 
these conditions, the body’s ability to detoxi&cation 
is signi&cantly reduced, which leads to accumulation 
of interim products of the exchange, that may have a 

%haracteristics of energy metabolism in full-term newborns 
with neonatal hyperbilirubinemia
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ABSTRACT
Aim: To study the peculiarities of energy metabolism in full-term newborns with neonatal hyperbilirubinemia.
Materials and Methods: It was conducted the comprehensive examination of 30 full-term newborns with signs of neonatal jaundice (main group) and 30 
healthy infants (control group). 
It was determined the level of lactate, pyruvate and lactate/pyruvate ratio in the blood serum; in the bloods lymphocytes – level of Glycerol-3-phosphate 
Dehydrogenase (GPDH), Succinate Dehydrogenase (SDH), and Nicotinamide Adenine Dinucleotide Dehydrogenase (NADH-D), Aerobic Respiration Rate (AR) 
and Electronic Transport Chain coe!cient (ETC).
Statistical analysis of the results was conducted using STATISTICA (Version 10) software, MedCalc Software (Version 16.1).
Results: Newborns of main group – in comparison to control group was de'ned: statistically signi'cant lower lactate and pyruvate levels with statistically 
higher lactate/pyruvate ratio (53.62 ± 6.49 and 29.02 ± 9.87, - < 0.0001 respectively); statistically signi'cant lower GPDH,  SDH and NADH-D activities; 
statistically signi'cant lower ETC coe!cient (14.58 ± 3.56 and 21.13 ± 1.51 a.u., - < 0.0001 respectively) with statistically signi'cant higher AR coe!cient 
(13.22 ± 9.13 and 8.42 ± 3.29 a.u., - = 0.0102 respectively).
Conclusions: Full-term newborns with signs of pathological hyperbilirubinemia have signi'cant disruptions in the relationship between aerobic and anaerobic 
energy processes in comparison to healthy infants. The higher discriminatory ability level was de'ned in diagnostic model using ETC coe!cient (cut-o& level 
* 19.48, AUC 0.918; 95 % CI 0.841; 0.966, - < 0.0001, sensitivity 92.45 %, speci'city 91.67 %).
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negative impact on to bilirubin’s metabolism in infants 
with jaundice accompanied with perinatal pathology.

There are theoretical premises to believe that NH may 
have an impact on to condition of energy exchange of 
newborn. Firstly, UB itself in high concentrations is con-
sidered as a potential toxin capable to disrupt the cell 
functions, including mitochondrial respiration [3, 10]. 
Secondarily, one of the mechanisms of bilirubin toxic-
ity is an oxidative stress (OS) induction, which, in turn, 
is a known factor of mitochondrial injury and energy 
production disruption [4, 11, 12]. Toxical bilirubin levels, 
similar to hypoxia, provokes the formation of free rad-
icals and exhausts antioxidant systems – glutathione. 
On the other hand, bilirubin in physical concentrations 
can act as endogenous antioxidant [13-15]. Finally, the 
processes of bilirubin’s conjugation and excretion and 
also cell responsiveness to its potential toxicity may 
need additional energy consumption. So, perinatal pa-
thology, especially conditions associated with hypoxia 
signi&cantly a%ect intracellular energy metabolism in 
newborns, that leads to a series of metabolic disor-
ders which can be evaluated by certain biochemical 
indicators. But, in spite of prevalence of the NH and 
fundamental importance of energy metabolism, the 
relationship between these conditions in newborns 
has not been sufficiently studied, especially at the 
clinical level.

AIM
To study the features of energy metabolism in full-term 
newborns with neonatal hyperbilirubinemia

MATERIALS AND METHODS
To achieve this goal, a comprehensive clinical and lab-
oratory examination of 30 newborns with gestational 
age more than 37 weeks (main group) was conducted. 
Comparison group (control group) consists of 30 condi-
tionally healthy newborns. Inclusion criteria in research: 
gestational age at birth , 37 weeks, clinical signs of 
neonatal jaundice. Exclusion criteria: gestational age 
at birth + 37 weeks, birth defects, neonatal sepsis. 
Diagnoses were determined according to Internation-
al classi&cation of diseases / revision. In addition to 
generally accepted standard methods of clinical and 
laboratory examination the condition of intracellular 
energy exchange was determined [12]. List of indicators: 
blood serum – level of Glycerol-3-phosphate Dehydro-
genase (GPDH), Succinate Dehydrogenase (SDH), and 
Nicotinamide Adenine Dinucleotide Dehydrogenase 
(NADH-D), Aerobic Respiration Rate (AR) and Electronic 
Transport Chain coe)cient (ETC) were calculated. Lab-

oratory studies were conducted using micromethods 
using the peripheral and cord blood 1.0 ml in volume.

The scienti&c researches were conducted in com-
pliance with “Rules of ethical principles of scienti&c 
researches conducting involving human subjects” 
that was adopted by Declaration of Helsinki (1964 – 
2013), ICH GCP (1996), Council Directive 0 609 (from 
24.11.1986), Decree of Ministry of Health of Ukraine 
0 690 from 23.09.2009. Protocol of the scienti&c re-
search of the 1omission of biomedical ethics of BSMU 
from 12.09.2015. Before the start of reserch, informed 
written consent was obtained from parents with an 
explanation of the purpose, objectives, and methods 
of the laboratory study.

Statistical analysis of the results was conducted using 
STATSTICA (Version 10) software, MedCalc Software 
(Version 16.1). Comparison of quantitative indicators 
with normal distribution was carried out using Student’s 
t-test (p < 0.05). Analysis of Receiver Operating Char-
acteristic Curve, ROC was conducted using MedCalc 
Software (Statistical Software Package for Biomedical 
Research, 2023, Version 16.1). 

RESULTS
The results of the study showed that based on sex,  ges-
tational age, information about physical development 
at birth examination groups did not di%er statistically 
signi&cantly. The average indicators of body mass index 
at birth for infants of main group – 3320.71 ± 440.84 
g, infants of comparison group – 3332.67 ± 433.5 g 
(p > 0.05), body height – 53.1 ± 2.38 and 53.11 ± 2.67 
cm (p > 0.05) recursively. The ratio by sex according 
to the survey groups was as follows: 18 (60.0 %) 23 16 
(53.3 %) males (p > 0.05); 12 (40.0 %) and 14 (46.7 %) 
females (p > 0.05). 

Average Apgar score at birth at the end of 1-st minute 
of life for infants of main group is 7.4 ± 0.79 points, con-
trol group – 7.6 ± 0.74 points (p > 0.05), at 5-th minute of 
life – 8.6 ± 0.97 23 8.2 ± 0.76 points (p > 0.05) recursively. 

The study of somatic pathology of mothers, features 
of pregnancy and childbirth showed no statistically 
signi&cant di%erence between the study groups. Thus, 
somatic pathology of mothers is presented in form of 
anemia (36.7 and 33.3 %, - > 0.05), pathology of the thy-
roid gland (20.0 and 26.7 %, - > 0.05), vegeto-vascular 
dystonia (20.0 and 23.3 %, - > 0.05), chronic cholecysti-
tis (16.7 and 13.3 %, - > 0.05) and chronic pyelonephritis 
(13.3 and 20.0 %, - > 0.05). The list of gynecological 
diseases includes previuous colpitis (16.7 and 13.3 %, 
- > 0.05) and chronic adnexitis (10.0 23 6.7 %, - > 0.05). 
Medical complications of gestational period are related 
to placental insu)cienc (30.0 and 36.7 %, - > 0.05), 
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threat of termination of pregnancy (30.0 and 33.3 %, 
- > 0.05), preeclampsia (16.7 and 13.3 %, - > 0.05) and 
eclampsia (10.0 and 6.7 %, - > 0.05). Overall, a di)cult 
obstetric history had a woman of main group in 46.7 %, 
control group – 53.3 % of cases, - > 0.05.

The main group of the survey included 30 newborns 
with an average gestational age of 38.9 ± 0.66 weeks. 
23 infants (76.7 %) were born by vaginal birth, 7 infants 
(23.3 %) – Caesarean section. Urgent Caesarean section 
was performed for 3 women (10 %), including 2 (6.7 %) 
– due to fetal distress. The main pathology observed 
among the infants of this group is represented by a 
neonatal encephalopathy in 30.4 % of cases, hemolytic 
disease of infants – 21.7 % of cases, meconium aspira-
tion syndrome and, as a result, severe respiratory dis-
orders – 2.2 % of cases, moderate respiratory disorders 
– 2.2 % of cases. One infant (2.2 %) had a birth trauma 
of cervical spine on C6 – C6 level, low body weight – 2 
infants (4.4 %). Majority of infants of main group – 26 

(86.7 %) were exclusively on breastfeeding, 4 infants 
(13.3 %) – mixed feeding.

Control group includes 30 healthy full-term infants 
with gestational period 38.95 ± 0.87 weeks. Twenty-four 
infants (80.0 %) were born by natural childbirth, 6 in-
fants (20.0 %) – Caesarean section, out of which 3 cases 
(10.0 %) – urgent. General condition of newborns of 
current group was satisfactory during all the stay in 
maternity hospital, infants stayed in joint stay chambers 
with mothers and in 96.6 % of cases (29 infants) – exclu-
sively breastfeeding, 1 infant – mixed feeding. It should 
be noted that 22 of infants (73.3 %) were in risk group 
about hemolytic disease of newborns, but in no case 
has the pathological jaundice developed.

All the infants of main group have signs of patholog-
ical neonatal jaundice during early neonatal period, 
which required to conduct advanced diagnostic and 
medical measures, including control bilirubin level and 
conducting of phototherapy. Average value of cord 

Table 1. Level of lactate, pyruvate and lactate/pyruvate ration in blood serum of infants of survey groups on 1 – 3 days of life (M ± m) 
Indicator Main group (n = 30) Control group (n = 30) p

Lactate, mmol /l 6.48 ± 1.17 8.78 ± 2.09 < 0.0001

Pyruvate, mmol /l 0.22 ± 0.14 0.42 ± 0.19 < 0.0001

Lactate/Pyruvate 53.2 ± 6.49 29.02 ± 9.87 < 0.0001

Source: compiled by the authors of this study

Table 2. ROC-curve Analysis of lactate, pyruvate levels and lactate/pyruvate ration in blood serum of infants of survey group on 1 – 3 days of life
Indicator AUC Standard deviation Р 95% CІ Youden’s index Sensitivity % Speci(city %

Lactate,  
mmol/l 0.642 0.0693 = 0.0410 0.533 – 0.740 0.5257 88.68 63.89

Pyruvate,  
mmol/l 0.519 0.0635 = 0.7631 0.411 – 0.626 0.2940 37.74 91.67

Lactate/ 

Pyruvate
0.671 0.0597 = 0.0047 0.563 – 0.767 0.5136 73.58 77.78

Source: compiled by the authors of this study

Table 3. Activity of enzyme’s mitochondrial oxidation in blood serum of infants of survey groups on 1 – 3 days of life (M ± m)
Indicator Main group (n = 30) Control group (n = 30) Р

GPDH, µm4 1.75 ± 0.63 3.45 ± 1.22 < 0.0001

SDH, µm4 6.22 ± 1.64 9.74 ± 0.94 < 0.0001

NADH-D, µm4 10.39 ± 2.19 14.84 ± 0.96 < 0.0001

AR coe%., a.u. 13.22 ± 9.13 8.42 ± 3.29 = 0.0102

ETC coe%., a.u. 14.58 ± 3.56 21.3 ± 1.51 < 0.0001

Source: compiled by the authors of this study

Table 4. Data of ROC-curve analysis of AR and ETC in blood serum of infants of survey groups in 1 – 3 days of life
Indicator AUC Standard deviation Р 95% CІ Youden’s index Sensitivity %

AR coe)cient 0.513 0.0641 0.8379 0.405 – 0.621 0.2794 41.51

ETC coe)cient 0.918 0.0327 < 0.0001 0.841 – 0.966 0.8412 92.45

Source: compiled by the authors of this study
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Results of statistical analysis showed signi&cant asso-
ciative lactate level at + 8.51 mmol/l (AUC 0.642; 95 % 
C5 0.533; 0,74, - = 0.041) and lactate/pyruvate ration 
at , 29.02 (AUC 0,671; 95% C5 0.563; 0.767, - = 0.0047). 
These indicators values, based on our data, have aver-
age discriminatory ability. The absence of statistically 
signi&cant AUC level at pyruvate level > 0.47 mmol/l 
(AUC 0.519, 95% C5 0.411; 0.626, - > 0.05) con&rmed 
insu)cient informative value of this indicator for dis-
ruption diagnostics of energy metabolism in newborns 
with signs of neonatal jaundice. 

The Table 3 presents the results of the study of some 
blood serum enzymes activities in infants of survey 
groups, that may indirectly indicate about peculiarities 
of intracellular mitochondrial oxidation and explain its 
disorders mechanisms.

The generalized results of the study showed the depres-
sion of activity of these enzymes in blood serum of infants 
in main survey group with present signs of pathological 
jaundice in comparison to healthy full-term infants. GPDH 
activity in infants of main group is 1.75 ± 0.63 µm4, infants 
of control group – 3.45 ± 1.22 µm 4 (- < 0.0001), SDH 
activity – 6.22 ± 1.64 and 9.74 ± 0.94 µm 4 (- < 0.0001) 
respectively, NADH-D – 10.39 ± 2.19 and 14.84 ± 0.96 µm4 
(- < 0.0001) respectively. This may indirectly indicate on 
disorders of intracellular mechanisms of energy processes 
regulation in newborns against the backdrop of high bili-
rubin level and therapeutic activities conducting.

In comparison to healthy full-term infants, infants 
with signs of pathological hyperbilirubinaemia has 

blood bilirubin level statistically signi&cant did not di%er 
between surveys group and was 38.46 ± 1.49 µmol/l for 
infants of main group and 32.3 ± 0.59 µmol/l – infants 
of control group. General bilirubin level of blood serum 
on 1 – 3 days of life was signi&cant higher in group of 
infants with signs of pathological neonatal jaundice in 
comparison to healthy newborns (237.19 ± 18.34 and 
164.01 ± 8,2 µmol/l, -<0.05 respectively).

The speci&cs of energy exchange in blood serum of 
infants of surveys group on 1 – 3 days of life was studied 
during the research (Table 1).

It is necessary to note the laboratory signs of imbalance 
between the aerobic and anaerobic processes of energy 
formation in newborns under the conditions of develop-
ment of pathological  hyperbilirubinaemia. Thus, for in-
fants of main group in comparison to control group it was 
de&ned statistically signi&cant lower lactate level (6.48 ± 
1.17 and 8.78 ± 2.09 mmol/l, - < 0.0001 respectively) and 
pyruvate (0.22 ± 0.14 and 0.42 ± 0.19 mmol/l, - < 0.0001 re-
spectively) with simultaneously statistically higher lactate/
pyruvate ratio (53.62 ± 6.49 and 29.02 ± 9.87, - < 0.0001 
respectively). Ratio lactate/pyruvate himself is marker that 
objectively characterizes relations between aerobic and 
anaerobic components of cell metabolism. Its increasing 
may be a sign aerobic processes activation or pyruvates 
disposal disruption in mitochondria [9].

 We conducted Receiver Operating Characteristic 
Curve, ROC Analysis for de&ning of diagnostic and 
prognostic values of represented laboratory indicators 
(Table 2 and Fig.1).

Fig. 1. ROC-curve analysis of lactate, pyruvate levels and lactate/pyruvate 
ration in blood serum of infants of survey group on 1 – 3 days of life
Picture taken by the authors

Fig. 2. ROC-curve analysis of AR and ETC in blood serum of infants of 
survey groups in 1 – 3 days of life
Picture taken by the authors
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Some research discovered increasing of lactate level 
in newborns together with signi&cant NH, especially 
for those who needed a blood transfusion, which may 
indicate on dysfunction of aerobic metabolism [18]. 
However, other studies have not found a clear correla-
tion between bilirubin level and lactate [19]. 

The data on interaction of glucose as an energy source 
and bilirubin is contradictionarry. Theoretically, a mal-
functioning of oxidative phosphorylation could lead to 
increased glycolysis level and potential hypoglycemia 
with existed glycogen reserves. On the other hand, a 
stress reaction may cause a hypoglycemia. Some studies 
indicate no signi&cant changes of glycemia when hav-
ing NH, while others report about hypoglycemia cases 
in infants with severe jaundice, especially against the 
backdrop of hemolysis [20].

Numerous studies con&rm that signi&cant NH is asso-
ciated with increased OS markers level (for example, lipid 
peroxidation products such as malondialdehyde) and 
decreased activity of antioxidant enzymes (superoxide 
dismutase, glutathione peroxidase) in newborns [12]. 
OS can directly damage mitochondrial membranes and 
components of respiratory chain, leading to a decreasing 
in the e)ciency of ATP synthesis and increasing of the pro-
duction of active oxygen species, closing the vicious circle 
[21]. Some authors indicate that OS is the key mechanism 
of bilirubin-induced neurotoxicity [3, 22, 23].

Scienti&c interest is the study of the impact of photo-
therapy, which is the main method of NH treating, on 
cellular metabolism. Although its e%ectiveness in lowering 
of bilirubin levels is proven, its metabolic e%ects are less 
well studied. Phototherapy can potentially a%ect energy 
balance through increased unconscious water losses and 
possible e%ects on thermoregulation [24, 25]. There are 
also consumptions that phototherapy may increase OS 
[26], which could theoretically further a%ect mitochon-
drial  function [27]. However, there is currently no clinical 
evidence about signi&cant negative impact of standard 
phototherapy on energy metabolism.

So, NH is a powerful factor that may cause cascade of 
metabolic disorders related to mitochondrial dysfunctions 
which is re'ected in changes of the relevant laboratory 
indicators. However, it is always necessary to take into 
account the presence of comorbidities (hypoxia, acido-
sis, infections, premature birth) which may increase the 
negative impact of NH on to these indicators and also 
individual genetically determined sensitivity of newborns 
to level and duration of hyperbilirubinemia.

CONCLUSIONS
1.  The results of the survey showed that full-term 

newborns with signs of pathological hyperbiliru-

statistically signi&cant higher aerobic respiration co-
e)cient (AR), which is calculated based on formula 
(SDH – GPDH + NADH-D) / GPDH. This indicator level 
in infants of main group was 13.22 ± 9.13 a.u., control 
group – 8.42 ± 3.29 a.u., - = 0.0102. Opposite results 
were noticed on electronic transport chain coe)cient 
(ETC) that is calculated based on formula SDH – GPDH + 
NADH-D. Its level was statistically signi&cant in the main 
group in comparison to control group (14.58 ± 3.56 23 
21.13 ± 1.51 a.u., - < 0.0001 respectively). Detected 
changes on our opinion con&rm the thought about 
mitochondria disruption in newborns together with 
signi&cant increase of total bilirubin level.

Table 4 and Fig. 2 shows ROC-curve analysis results 
of AR and ETC coe)cients in blood serum of infants of 
survey groups in 1 – 3 days of life.

AR coe)cient > 8.11 shows absence of diagnostic 
signi&cance of su)cient level to identify the possible 
difference between groups of full-term newborns 
with presence of clinical manifestation of pathological 
jaundice (AUC 0.513; 95 % C5 0.405; 0.621, - > 0.05). 
For ETC coe)cient of + 19.48 was spotted the highest 
level of discriminatory ability among all the laboratory 
indicators that were studied in this research. This was 
evidenced by the di%er level of AUC (0.918; 95 % C5 
0.841; 0.966, - < 0.0001) and high indicators of sen-
sitivity (92.45 %) and speci&city (91.67 %), and also 
Yonden’s index (0.8412) that con&rm the su)cient 
balance of sensitivity  and speci&city  among the pre-
sented indicators.

DISCUSSION
In vitro research on isolated mitochondria or cell cul-
tures (mainly neuronal) showed that high concentration 
of UB can inhibit activity of main enzyme complex of 
respiratory chain (especially complex I and IV) and Krebs 
cycle enzymes [3, 14]. This leads to a decrease in oxy-
gen consumption by mitochondria, reducing the ATP 
synthesis and potential switching on anaerobic way of 
metabolism. It was show also that bilirubin may cause 
mitochondrial swelling and release of cytochrome C, 
which and apoptosis inductor [14-16]. These e%ects 
usually present at toxic bilirubin concentration and may 
depend on the bilirubin/albumin ratio and on presence 
of free bilirubin [17].

It should be noted that there are practically no direct 
studies on determining of the ATP level or mitochon-
dria’s enzymes activity in newborns tissues with NH due 
to ethical considerations, and most scienti&c data relate 
to indirect indicators. Thus, increase of lactate level in 
blood may indicate on tissue hypoxia or mitochondrial 
dysfunction with activation of anaerobic glycolysis. 
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- < 0.0001, sensitivity 92.45 %, speci&city 91.67 %, 
Yuden’s index 0.8412).

PROSPECTS FOR FURTHER RESEARCH
Prospects for further research are aimed at studying of 
the diagnostic value of modern markers of mitochon-
drial function (analysis of mitochondrial DNA, speci&c 
biomarkers in blood or urine) and conducting of pro-
spective studies for de&ning of correlation between 
indicator of energy metabolism and oxidative stress to 
bilirubin level, clinical severity of NH and its long-term 
consequences.

binaemia in comparison to healthy infants show 
signi&cant relations disorders of aerobic and anaer-
obic processes. This is con&rmed by the established 
statistically signi&cantly lower levels of lactate and 
pyruvate with higher lactate/pyruvate ration and 
also statistically signi&cantly less activity of GPDH, 
SDH, NADH-D in blood serum on 1 – 3 days of life.  

2.  Integral markers of mitochondrial dysfunction 
con&rm signi&cantly higher informativeness than 
separate substrate or intermediate products of me-
tabolism. The highest level of discriminatory ability 
has a diagnostic model using ETC coe)cient (cut-
o% level + 19.48, AUC 0.918; 95 % C5 0.841; 0.966, 
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INTRODUCTION
The issue of nutrition and food quality in Ukraine and 
globally has become particularly relevant, especially 
nowadays [1-3]. This is associated with the extensive 
use of a wide range of preservatives, sweeteners, 'avor 
enhancers, and other food additives, the consumption 
of which can lead to structural changes in various 
tissues, particularly those of the digestive system 
[4-6]. The pancreas exhibits high vulnerability to 
various exogenous and endogenous factors, among 
which monosodium glutamate occupies a signi&cant 
place. This food additive affects the physiological 
function of the pancreas. Receptors for glutamate 
and transporters have been identi&ed in the islets of 
Langerhans, ductal cells, and acini [7,8]. Accumulation 
of monosodium glutamate in pancreatic juice has been 
proven[7]. Morphological studies in this area allow 
for the identi&cation of certain links in the structural 
disturbances of this vital organ under conditions of 
increased and prolonged exposure to monosodium 
glutamate [9,10]. The presence of receptors and 

transporters in the pancreas indicates that this gland is 
also a target organ for monosodium glutamate action 
[11-13].

AIM
To establish the features of structural and morpho-
logical reorganization of the pancreas at late stages of 
monosodium glutamate exposure.

MATERIALS AND METHODS
The studies were conducted on 20 sexually mature male 
Wistar rats weighing 200–250 g, which were housed in 
the vivarium of Danylo Halytsky Lviv National Medical 
University [14]. The object of the study included the 
exocrine and endocrine parts of the pancreas. Animal care 
and experimental procedures adhered to international 
rules and principles of the European Convention for the 
Protection of Vertebrate Animals Used for Experimental 
and Other Scienti&c Purposes (Strasbourg, 1986) and 

Microscopic changes in the pancreas at late stages after 
experimental exposure to monosodium glutamate
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ABSTRACT
Aim: To determine the structural reorganization of the pancreas at late stages after experimental MSG exposure.
Materials and Methods: The study was performed on 20 sexually mature male rats. The experimental group received MSG orally at 70 mg/kg of body 
weight daily for 8 weeks. The control group was fed a standard diet without MSG. Decapitation was performed at week 18. Pancreatic tissues were collected 
for histological analysis and processed by standard methods.
Results: Ten weeks after MSG withdrawal, atrophic areas were detected in the exocrine parenchyma. Acini and pancreatocytes decreased in size. In the ductal 
epithelium, dystrophic and destructive changes were observed, including cytoplasmic metachromasia, nuclear pyknosis, eccentric localization, and karyorrhexis. 
Periductal sclerosis and pancreatic lipomatosis were recorded. Vascular walls were thickened and homogeneous due to edema and mucoid swelling. Capillaries 
were plethoric with stasis and occasional perivascular hemorrhages.
Conclusions: At late stages after MSG exposure, marked alterations in pancreatic structure were revealed. Irreversible atrophic changes of exocrinocytes led 
to dysfunction of the gland, indicating the toxic e&ect of monosodium glutamate.
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«On the Protection of Animals from Cruel Treatment, 
General Principles of Work on Animals (Kyiv, 2001)». 
This study was approved by the Bioethics Committee 
of Uzhhorod National University, Bioethics Protocol. 
Monosodium glutamate was administered orally daily 
to rats in the experimental group at a dose of 70 mg/
kg of body weight for 8 weeks. The control group of 
animals received a standard diet without the addition of 
monosodium glutamate. Animals were withdrawn from 
the experiment at 2, 3, 4, 5, 6, 7, 8 weeks with the addition 
of the food additive to the diet, and after withdrawal of 
monosodium glutamate from the diet, animals were 
withdrawn from the experiment at 10 weeks.

Material collection was performed according to gen-
erally accepted methods. For histological examination, 
collected pancreatic tissue samples were &xed in a 
neutral 10% formalin solution, followed by dehydration 
in increasing concentrations of alcohol and embed-
ding in para)n blocks. Histological sections 4–6 µm 
thick, obtained with a sliding microtome Tesla BS-500 
(6789:;). were stained with hematoxylin and eosin and 
Azan [15]. Sections were examined and photographed 
using a MICROmed SEO SCAN light microscope (ob-
jectives x10, x20, x40) and a Vision CCD Camera. The 
photographs of histological micropreparations were 
saved in .jpg format.

Fig. 1. Histological changes in the pancre-
as 10 weeks after monosodium glutamate 
withdrawal. Staining with hematoxylin and 
eosin (magni'cation x200). Disorganization 
of pancreatic acini, dystrophic and destructive 
changes in acinar exocrinocytes, karyopyknosis, 
and vacuolization of nuclei. Slight periductal 
lymphocytic in'ltration
Picture taken by the authors

Fig. 2. Histological changes in the pancreas 
10 weeks after monosodium glutamate 
withdrawal. Staining with hematoxylin and 
eosin (magni'cation x200). Dystrophic changes 
in the epithelium of intralobular excretory 
ducts. Increased volume of collagen 'bers and 
edema of connective tissue in the interlobular 
spaces of the pancreas
Picture taken by the authors
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RESULTS 
Histological studies of the exocrine portion of the 
pancreas at 10 weeks after withdrawal of the MSG food 
additive revealed edema and an increase in the area of 
the connective tissue component of the gland. Areas of 
atrophy of the exocrine part of the organ’s parenchyma 
were evident, along with a chaotic arrangement of 
exocrinocytes. The area of acini, and consequently 
pancreatocytes, visually decreased. The most characteristic 
signs included the loss of apical eosinophilia and basal 
basophilia of the cytoplasm, pyknosis of the nuclei of 
pancreatic parenchymal cells, vacuolization of nuclei, and 
disruption of their intracellular localization (Fig. 1).

The epithelium of the pancreatic ducts also underwent 
signi&cant dystrophic and necrobiotic changes. Cells of 
the intercalated ducts were disorganized, largely losing 
their shape. Some centroacinar ducts had a narrow lu-
men without secretory content. The epithelium of the 
intralobular and interlobular ducts was thinned; in places, 
there was destruction of the epithelial layer, with single 
desquamated epithelial cells in the lumen. Secretory stasis 
was observed; the ducts’ own connective tissue lamina 
propria was edematous and thickened. At the 10th week 
of the experiment, histological changes in the exocrine 
portion of the pancreas intensi&ed and were characterized 
by destructive-degenerative and moderate chronic in'am-

Fig. 3. Histological changes in the epithelium 
of the interlobular excretory duct wall of 
the pancreas 10 weeks after monosodium 
glutamate withdrawal. Staining with 
hematoxylin and eosin (magni'cation x200). 
Deformation and dilation of interlobular 
pancreatic ducts with secretory stasis in their 
lumen. Dystrophy and desquamation of the 
epithelium of interlobular pancreatic ducts
Picture taken by the authors

Fig. 4. Late changes in the pancreas 10 weeks 
after monosodium glutamate withdrawal. Azan 
staining (magni'cation x400). Proliferation of 
adipose tissue in the interlobular connective 
tissue and around the interlobular excretory 
ducts of the pancreas
Picture taken by the authors
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with narrowing and deformation of the lumen, which led 
to a decrease in vascular permeability and, consequently, 
hypoxic damage to the pancreatic parenchyma, 
manifested by dystrophic-destructive and atrophic 
changes in the acini and ducts of the gland. The structure 
of microvessels also showed characteristic changes: their 
walls were deformed, thinned, homogenous, with dilated 
lumens forming thrombi and sludge. Slight monocytic-
lymphocytic in&ltration of the perivascular connective 
tissue was observed, with occasional diapedetic 
hemorrhages. In isolated vessels, lumen obliteration 
phenomena were observed, leading to a reduction in 
the pancreatic microvascular bed.

DISCUSSION
Scienti&c studies by Howell J.A. and Fukushima et al 
[7]. have demonstrated that the cells of the pancreatic 
islet apparatus and acini possess trophic receptors for 
monosodium glutamate (MSG). Consequently, high 
dietary MSG intake in rats leads to receptor activation, 
causing damage to the membranes of pancreatic 
exocrinocytes. This disruption of cellular metabolism 
results in both superficial and deep dystrophic 
alterations, including cellular hydropic degeneration, 
nuclear pyknosis, changes in cytoplasmic staining, 
and partial necrosis of exocrinocytes. Chronic injury 
in the pancreatic interstitium provokes a moderate 
in'ammatory response, characterized by lymphocytic–
macrophage in&ltration.

Structural changes observed in intralobular and 
interlobular pancreatic ducts are attributable to 
MSG’s ability to enhance pancreatic juice secretion 

matory changes in the structural components of the organ. 
Edema of the connective tissue with numerous collagen 
&bers was found in the interacinar and, especially, in the 
interlobular connective tissue; a slight monocytic-lympho-
cytic in&ltration was determined. The diameter of the acini 
decreased, and polygonal pancreatocytes showed signs of 
focal dystrophy with intensely basophilic nuclei exhibiting 
vacuolization and pyknosis (Fig. 2).

Interlobular ducts were deformed, with destruction 
and fragmentation of the ductal epithelium. Destruc-
tion of the ductal epithelium and its detachment from 
the basement membrane were observed. Numerous 
desquamated epithelial cells and secretory stasis were 
present in the ductal lumen (Fig. 3). Accumulation of 
a large number of adipocytes was noted around the 
interlobular pancreatic ducts, characteristic of the de-
velopment of pancreatic lipomatosis (Fig. 4).

The results of microscopic examinations of blood 
vessels at this observation period revealed dystrophic-
destructive and in'ammatory perivascular changes, 
manifested by slight extravasal macrophagic-
lymphocytic in&ltration. Vessel walls were moderately 
edematous, homogenized with signs of mucoid 
degeneration. The inner lining of the vessels also 
underwent dystrophic and necrobiotic changes, 
characterized by vacuolization of endothelial cells, 
karyopyknosis, and destruction of endothelial cell nuclei 
with desquamation of endothelial cells into the vessel 
lumen. Microthrombi and erythrocyte aggregation with 
the development of sludge phenomenon were found 
in the lumens of small vessels (Fig. 5).

The structure of medium-caliber vessel walls at the 10th 
week of the experiment was sharply altered, thickened, 

Fig. 5. Microscopic changes in pancreatic 
vessels 10 weeks after monosodium glutamate 
withdrawal. Azan staining (magni'cation 
x400). Vessel walls are thickened and 
homogenized due to edema and mucoid 
degeneration. Vacuolization and desquamation 
of endothelial cells. Sludge phenomenon of 
erythrocytes in the vessel lumen
Picture taken by the authors
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changes result in plasmorrhagia and extravasation 
of blood cellular components into the pancreatic 
interstitium, causing increased blood viscosity and 
slowed capillary flow. This leads to thrombosis, a 
sludging phenomenon in microvessels, and small 
perivascular hemorrhages in the interstitium [17].

It should be noted that pancreatic structural 
remodeling in rats was in'uenced not only by MSG 
concentration, exposure duration, and withdrawal 
period, but also by age-related changes. Biological 
material was collected from sexually mature male rats 
at the 18th week of the experiment [18].

CONCLUSIONS
The results of microscopic studies of the exocrine 
part of the pancreas at late stages after monosodium 
glutamate withdrawal showed that at 10 weeks, de-
structive-degenerative changes occur, accompanied 
by sclerosis, in'ammation, and atrophy of the investi-
gated area. Proliferation of &brous structures, atrophy 
of exocrinocytes, and the walls of the excretory ducts 
were found. Destruction and breakdown of the vessel 
walls were observed, and diapedesis with the formation 
of in'ammatory in&ltrates was determined. The study 
showed that even after the cessation of monosodium 
glutamate consumption, the gland exhibits a low 
capacity for regenerative processes.

and its tendency to accumulate therein. This leads to 
direct epithelial damage via membrane ion-channel 
dysfunction, manifesting as vacuolar degeneration of 
cells and nuclei, metachromatic cytoplasmic changes, 
necrosis, and cell desquamation. Obstruction of duct 
lumens induces pancreatic juice stasis, resulting in 
ductal dilation and deformity. Prolonged hypoxia further 
promotes sclerosis of ductal walls, causing narrowing and 
partial obliteration, especially of the centroacinar ducts.

Expansion of the interstitial space is associated with 
toxic injury to capillary endothelium and basement 
membranes, increasing vascular permeability and 
leading to interstitial oedema, acinar disorganization, 
and chaotic arrangement of exocrinocytes. Edema 
increases the distance between capillaries and 
exocrinocyte membranes, impairing parenchymal 
perfusion and inducing hypoxia. This triggers dystrophic 
and necrobiotic changes in pancreatocytes, eventually 
culminating in atrophy, fibrosis, reduction of the 
vascular network, periductal sclerosis, and lipomatosis.

Medium-sized vessels exhibit structural and 
morphological alterations such as wall thickening 
and lumen narrowing, driven by mucoid swelling 
and excessive connective tissue proliferation, both 
consequences of chronic hypoxia [16].

MSG-induced microcirculatory vascular wall changes 
include endothelial degeneration (dystrophy, necrosis, 
desquamation) and basement membrane injury. These 

REFERENCES
 1.  Bevzo VV. Vyvchennya toksykodynamiky hlutamatu natriyu na orhanizm shchuriv za umov tryvaloho vvedennya. [Study of the 

toxicodynamics of monosodium glutamate on the organism of rats under conditions of prolonged administration]. Klinichna ta 
eksperimentalna patolohiia. 2016;2(56):13–16. (Ukrainian)

 2.  Jinap S, Hajeb P. Glutamate. Its applications in food and contribution to health. Appetite. 2010;55(1):1–10. doi:10.1016/j.
appet.2010.05.002. DOI

 3.  Vorhees CV. A test of dietary monosodium glutamate developmental neurotoxicity in rats: a reappraisal. Ann Nutr Metab. 2018;73(5):36–
42. doi:10.1159/000494781. DOI

 4.  El-Kenawy AEM, Osman HEN, Daghestani MH. The e&ect of vitamin C administration on monosodium glutamate induced liver injury. 
An experimental study. Exp Toxicol Pathol. 2013;65(5):513–521. doi:10.1016/j.etp.2012.02.007. DOI

 5.  Gottardo FM, da Silva APA, dos Santos LR et al. Use of monosodium glutamate in foods: the good, the bad, and the controversial. 
2022;47:e022305. doi:10.7322/abcshs.2020155.1609. DOI

 6.  Umukoro S, Oluwole GO, Olamijowon HE et al. E&ect of monosodium glutamate on behavioral phenotypes, biomarkers of oxidative stress 
in brain tissues and liver enzymes in mice. World J Neurosci. 2015;5:339–349. doi:10.4236/wjns.2015.55033. DOI

 7.  Fukushima D, Fukushima DH, Katsura K et al. Glutamate exocrine dynamics augmented by plasma glutamine and the distribution of 
amino acid transporters of the rat pancreas. J Physiol Pharmacol. 2010;61(3):265–271. doi:10.1369/0022155411430095. DOI

 8.  Howell JA. Molecular identi'cation of high-a!nity glutamate transporters in sheep and cattle forestomach, intestine, liver, kidney, and 
pancreas. J Anim Sci. 2001;79(5):1329–1336. doi:10.2527/2001.7951329x. DOI

 9.  Leshchenko IV, Shevchuk VG, Falalieieva TM, Berehova TV. Vplyv tryvaloho vvedennya hlutamatu natriyu na strukturu pidshlunkovoyi 
zalozy shchuriv. [E&ect of prolonged administration of monosodium glutamate on the structure of the rat pancreas]. Fiziolohichnyi 
Zhurnal. 2012;58(2):59–65. (Ukrainian)

 10.  Iwanaga T, Goto M, Watanabe M. Cellular distribution of glutamate transporters in the gastrointestinal tract of mice: an 
immunohistochemical and in situ hybridization approach. Biol Med. 2005;26:271–278. doi:10.2220/biomedres.26.271. DOI

http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/


Mykhailo Yu. Kochmar et al. 

1730

 11.  Brice NL, Varadi A, Ashcroft SJ, Molnar E. Metabotropic glutamate and GABA(B) receptors contribute to the modulation of glucose-
stimulated insulin secretion in pancreatic beta cells. Diabetologia. 2002;45:242–252.

 12.  Hinoi E, Takarada T, Ueshima T et al. Glutamate signaling in peripheral tissues. Eur J Biochem. 2004;271:12–13. doi:10.1046
/j.1432-1033.2003.03907. DOI

 13.  Marquard J, Otter S, Welters A et al. Characterization of pancreatic NMDA receptors as possible drug targets for diabetes treatment. Nat 
Med. 2015;21:363–372. doi:10.1038/nm.3822. DOI

 14.  Horalskyi LP, Khomyich VT, Kononskyi VT. Osnovy histolohichnoi tekhniky i morfofunktsionalni metody doslidzhen v normi ta pry patologii. 
[Fundamentals of histological techniques and morphofunctional methods of studies in norm and pathology]. Zhytomyr: Polissia. 2019, 
p.285. (Ukrainian)

 15.  Zykova NP, Nebesna ZM, Kramar SB, Lytvyniuk SO. Vplyv ekzo- ta endohennykh chynnykiv na morfolohiiu pidshlunkovoi zalozy (ohliad 
literatury). [The in)uence of exogenous and endogenous factors on the morphology of the submucosal glands (literature review)]. 
Visnyk medychnykh i biolohichnykh doslidzhen. 2020;4:143–149. doi:10.11603/bmbr.2706-6290.2020.4.11828. (Ukrainian) DOI

 16.  Rutska AV, Hetcko NV, Krynytska IYa. Toksychna diya hlutamatu natriyu na zhyvyy orhanizm (ohlyad literatury). [Toxic e&ect of monosodium 
glutamate on the living organism (literature review)]. Medytsyna ta klinichna khimiia. 2017;19(1):119–127. doi:10.11603/mcch.2410-
681X.2017.v0.i1.7685. (Ukrainian) DOI

 17.  Wiese ML, Aghdassi AA, Markus M, Steveling LA. Excess body weight and pancreatic disease. Visc Med. 2021;37:281–286. 
doi:10.1159/000517147. DOI

 18.  Walker R, Lupien JR. The safety evaluation of monosodium glutamate. J Nutr. 2000;130(4S):1049S–1052S. doi:10.1093/jn/130.4.1049S. 
DOI

The study was carried out within the framework of the scienti"c topic “Morpho-functional features of organs in the 
pre- and postnatal periods of ontogenesis, under the in#uence of opioids, food additives, reconstructive surgeries and 
obesity”, state registration number 0120U002129 of the state university “Uzhhorod National University”.

CONFLICT OF INTEREST
The Authors declare no con'ict of interest

CORRESPONDING AUTHOR
Yuliia V. Lytvak
Uzhhorod national university
1 Narodna Sqr, 88000 Uzhhorod, Ukraine
e-mail: mykhailo.kochmar@uzhnu.edu.ua

ORCID AND CONTRIBUTIONSHIP
Mykhailo Yu. Kochmar: 0000-0002-0219-0552  
Yuliia V. Lytvak: 0000-0003-4820-9682  
Oleksandr I. Hetsko: 0000-0003-1607-2714  
Oleksandr M. Kochmar: 0000-0003-4040-7561  
Ihor K. Kharkhalis: 0000-0001-9487-4785  
Olesya O. Valko:  0000-0001-8648-6571  

 – Work concept and design,  – Data collection and analysis,  – Responsibility for statistical analysis,  – Writing the article,  – Critical review,  – Final approval of the article

RECEIVED: 10.04.2025
ACCEPTED: 29.08.2025 C R E AT I V E  C O M M O N S  4 . 0

http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
https://orcid.org/0000-0003-4820-9682
https://orcid.org/0000-0001-9487-4785
https://orcid.org/0000-0001-8648-6571


1731

© Aluna Publishing    Wiadomo"ci Lekarskie Medical Advances, VOLUME LXXVIII, ISSUE 9, SEPTEMBER 2025

INTRODUCTION
The annual incidence of deep vein thrombosis (DVT) 
is 1 case per 10,000 people under the age of 40 and 
5–6 cases per 1,000 people over the age of 80. The re-
currence rate for DVT reaches 5–10% per year, and the 
mortality rate reaches 4.6–10.0% within the &rst month 
[1]. In 15% of patients with DVT, thrombotic masses are 
found in the inferior vena cava (IVC) [2].

IVC thrombosis doubles the risk of fatal pulmonary 
embolism (PE) [3, 4]. Treatment of IVC thrombosis de-
pends on the patient’s clinical condition, the cause of 
thrombosis, the identi&cation of risk factors and the 
bene&ts of the proposed treatment method, as well 
as the treatment methods available at the medical 
facility [5].

In cases of IVC thrombosis, the authors suggest start-
ing anticoagulant therapy, thromboaspiration and/or 
thrombolytic therapy [6–8]. The use of cava-&lters in IVC 
thrombosis is quite controversial, as complications after 
their implantation may exceed the therapeutic e%ect 
[9, 10], in particular, recurrent thrombosis is observed 

in 1.6–33% of patients [6, 11, 12]. In the presence of im-
plant thrombosis, stenting of the IVC with subsequent 
radio- or chemotherapy has been proposed, which 
ensures rapid regression of clinical manifestations [13].

In the absence of adequate treatment of IVC throm-
bosis, post-thrombotic syndrome occurs in 20–90% 
of patients, leading to severe venous insu)ciency in 
5–45% of cases and the development of trophic ulcers 
in 15–18.8% of patients [1, 6, 14–16], causing signif-
icant damage to quality of life with professional and 
&nancial consequences [1, 15]. The recurrence rate of 
PE increases to 30% with a fatal outcome in 5.3% of 
patients [6, 14, 16].

However, according to Klein-Weigel P.F. et al. (2021), 
despite a number of studies, many clinically important 
questions in the management of patients with IVC 
remain unresolved, including optimised strategies for 
patient selection for interventions, antithrombotic and 
antiplatelet treatment regimens to prevent thrombosis 
recurrence [5]. In addition, the available literature does 
not assess haemodynamic changes in IVC thrombosis.

Indicators of venous blood )ow in the long-term period after 
inferior vena cava thrombosis

Yaroslav M. Popovych1,2
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ABSTRACT
Aim: To evaluate central haemodynamic parameters in the long-term period after inferior vena cava (IVC) thrombosis depending on the treatment method.
Materials and Methods: Blood )ow parameters were evaluated in 25 patients after IVC thrombosis. All patients formed the I (main) group. The results of 
the examination of patients in group I were compared with group II (control) consisting of 10 healthy individuals.
Results: Open thromboectomy from the lumen of the IVC combined with incomplete mechanical cavaplication allows not only to restore the lumen of the venous 
trunk and prevent the development of pulmonary embolism, but also to quickly normalise the parameters of central and regional venous haemodynamics. 
Analysis of blood )ow parameters in the early and late postoperative periods allows us to conclude that partial mechanical cavaplication does not impair venous 
return to the heart, and open thromboectomy prevents the development of post-thrombotic changes. Conservative treatment of IVC thrombosis  accelerates 
recanalisation processes compared to the natural course of thrombosis, but during this time, natural venous collaterals develop, which ensure venous out)ow 
from the lower half of the body and remain active even after restoration of the IVC lumen.
Conclusions: Open thrombectomy of the inferior vena cava allows restoration of the lumen, ensuring e&ective venous blood )ow, prevent post-thrombotic 
syndrome. Cavoplication prevents thromboembolic complications, increases blood )ow velocity and leads to spontaneous restoration of the lumen of the 
inferior vena cava within 14.3±2.2 months (p*0.01).

  KEY WORDS: inferior vena cava, venous hemodynamics, surgical intervention, conservative treatment, pulmonary embolism. 
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AIM
To evaluate central haemodynamic parameters in the 
long term after inferior vena cava thrombosis, depend-
ing on the treatment method.

MATERIALS AND METHODS
An assessment of blood 'ow parameters in the IVC 
was performed in 25 patients 3–5 years after IVC 
thrombosis. All patients with long-term consequences 
of IVC thrombosis were examined on an outpatient 
basis and formed the &rst (main) group. The average 
age of patients in the &rst group was 53.4±2.2 years 
(p+0.01). There were 4 women (16.0%) and 21 men 
(84.0%). The results of the examination of patients in 
group I were compared with group II (control group) 
consisting of 10 people who had no signs of pathology 
in the IVC system and voluntarily agreed to undergo 
examination. The average age of patients in group 
II was 41.2±2.3 years (p+0.01). There were 2 women 
(20.0%) and 8 men (80.0%).

Patients in group I were divided into the following 
subgroups depending on their previous treatment for 
thrombosis in the IVC system:

- Group I A – 8 (32.0%) patients who underwent open 
thromboectomy and incomplete mechanical cavapli-
cation for IVC thrombosis;

- Group I B – 17 (68.0%) patients who received only 
conservative treatment for IVC thrombosis.

Laboratory and instrumental methods were used to 
examine patients, including ultrasound dopplerogra-
phy and ultrasound duplex scanning, X-ray contrast 
phlebography, multispiral computed tomography 
(MSCT) with intravenous contrast, and radioisotope 
phleboscintigraphy.

Venous blood 'ow in the IVC was assessed in the 
immediate (up to 30 days after surgery), early (up to 1 
year) and late (up to 10 years) postoperative periods.

Statistical processing of the study results was per-
formed using Microsoft Excel 2010 computer software 
with the Statistica 5.0 for Windows application package. 
Comparisons of mean values and relative indicators 
were performed using the Mann-Whitney criteria and 
Pearson’s parametric correlation analysis.

The study was conducted in accordance with the pro-
visions of the World Medical Association’s Declaration of 
Helsinki ‘Ethical Principles for Medical Research Involv-
ing Human Subjects’ (revised in 2008) and approved 
by the Bioethics Commission of the Medical Faculty of 
Uzhhorod National University. No violations of ethical 
standards were found during the research. All patients 
signed an informed consent form for participation in 
the research.

RESULTS
IVC thromboses were divided into tumour and non-tu-
mour thromboses depending on the underlying cause. 
The cause of tumour thrombosis was the spread of 
implant thrombosis from the renal vein into the lumen 
of the IVC. Non-tumour IVC thrombosis was caused by 
the spread of thrombotic masses from the iliac venous 
segment towards the path of least resistance – in the 
direction of the right atrium. At the same time, vigorous 
blood 'ow through the renal and hepatic veins slowed 
the growth of thrombotic occlusion in the proximal 
direction, which was con&rmed by a large number of in-
frarenal localisations of the apex of thrombotic masses 
among the examined patients in group I, in particular, 
infrarenal localisation of the apex of thrombotic masses 
was found in 18 (72.0%) of 25 patients. However, in 2 
cases of non-tumour thrombosis and in all cases (n=5) 
of implantation thrombosis, thrombotic masses still 
caused a noticeable obstruction of blood 'ow from the 
renal and hepatic veins and contributed to the spread 
of the pathological process to the suprarenal section 
of the IVC.

In group I A, open thromboectomy from the IVC 
lumen and incomplete mechanical cavaplication were 
performed in 8 (32.0%) patients, including those with 
non-tumour (n=3) and tumour (n=5) thrombosis of 
the caval venous segment. When choosing the site for 
cavaplication, the infrarenal segment of the IVC directly 
under the renal veins prevailed in 7 (87.5%) patients, 
and in 1 (12.5%) patient, cavaplication was performed 
above the renal veins. The indications for cavaplication 
above the renal vein were old organised parietal layers 
in the infrarenal segment of the IVC, which could not be 
removed. A distinctive feature of tumour implantation 
thrombosis is that the ‘thrombotic’ masses in the IVC 
are morphologically tumour tissue, and anticoagulant 
therapy has no therapeutic e%ect. Therefore, the only 
way to combat IVC implantation thrombosis is throm-
boectomy from the IVC.

Group I B included 17 (68.0%) patients with diagnosed 
non-tumour IVC thrombosis who underwent conserva-
tive treatment.

Conservative treatment of IVC thrombosis in group I 
involved the administration of heparin at the maximum 
daily dose subcutaneously or intravenously continuous-
ly using an infusion pump, infusion-spasmolytic thera-
py, phlebotropic agents, and elastic hosiery. To prevent 
heparin-induced thrombocytopenia, the duration of 
heparin therapy averaged 9.3 ± 0.7 days. Subsequently, 
patients were switched to new oral anticoagulants at 
therapeutic doses. The duration of their administration, 
depending on the cause of thrombosis and the intensity 
of recanalisation of the veins of the IVC basin, ranged 
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Table 1. Central haemodynamic parameters in the examined patients

Indicators*

І * group I + group ІІ group

Before  
surgery

After surgery
Before  

treatment
36 – 60 
months12 months 36 – 60 

months

Left ventricular ejection fraction, % 60,50±3,72 65,50±3,52 56,30±5,27 61,23±4,55 57,21±3,82 57,43±2,55

Minute blood )ow, l/min 4,83±2,32 5,71±2,10 5,43±3,22 4,79±1,91 5,23±2,78 5,54±2,35

Stroke volume, ml/m2 49,97±3,15 46,54±2,10 55,15±2,14 47,56±1,27 57,21±2,32 60,12±2,34

Cardiac index, l/(min,m 2) 3,41±0,14 3,50±0,30 3,61±0,60 3,24±0,20 3,56±0,71 3,67±0,56

Systolic volume, ml 65,6±2,32 67,3±1,32 66,2±1,41 61,1±1,22 66,2±1,23 67,2±1,42

End-systolic volume index of the right 
ventricle, ml/m2 21,45±1,2 24,52±1,1 25,31±1,1 21,32±1,5 27,23±1,3 27,51±1,6

End-diastolic volume index of the 
right ventricle, ml/m2 60,77±2,2 61,50±1,7 65,21±1,3 61,02±1,7 67,12±0,9 67,23±1,1

Linear blood )ow velocity, cm/sec 3,06±1,5 6,31±1,8 7,13±1,6 2,98±1,7 7,02±1,2 9,01±1,4

Blood )ow volume, ml/sec 2,63±0,5 4,6±0,7 5,31±1,2 3,01±0,8 5,11±1,4 5,21±1,1

Average transport time of RP, sec 12,7±0,5 7,9±0,3 5,1±0,4 13,3±0,7 5,2±0,5 4,1±0,3

IVC pressure (mm Hg) 7,73±1,52 5,42±1,73 4,9±1,13 8,21±1,56 6,1±3,21 5,7±1,22

IVC collapse index, % 11,2±2,9 15,4±2,1 35,5±2,0 10,3±1,7 27,2±1,5 36,7±2,5

IVC diameter (infrarenal), mm 24,7±2,3 22,3±1,4 21,5±1,2 25,1±2,2 21,9±1,6 20,9±2,1

Diameter of the left gonadal vein, mm 11,2±2,1 7,5±1,9 6,7±2,3 10,9±2,1 7,4±1,8 3,4±1,2

* - P *0,05
Source: compiled by the authors of this study

Fig. 1. Ultrasound examination: IVC in the plication area 6 months after surgery: IVC lumen is intact (the arrow indicates the plication area with two 
formed channels)
Picture taken by the authors
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group, in particular 3.06±1.5 cm/sec (p+0.05) in group I 
A and 2.98±1.7 cm/sec (p+0.05) in group I B at 9.01±1.4 
cm/sec (p+0.05) in the control group. The volumetric 
blood 'ow velocity in the IVC above the apex of the 
thrombotic masses was reduced by half compared with 
the control group, namely 2.63±0.5 ml/sec (p+0.05) in 
group IA and 3.01±0.8 ml/sec (p+0.05) in group IB, com-
pared to 5.21±1.1 ml/sec (p+0.05) in the control group.

The average RP transport time due to thrombotic 
occlusion of the IVC increased threefold compared to 
the control group, in particular 12.7±0.5 sec (p+0.05) 
in group I A and 13.3±0.7 sec (p+0.05) in group I B 
compared to 4.1±0.3 sec (p+0.05) in the control group.

During echocardiography, no signi&cant changes in 
cardiac performance indicators such as left ventricular 
ejection fraction, minute blood 'ow volume, stroke and 
systolic volume, cardiac index, end-systolic and end-dia-
stolic volumes of the right ventricle were observed. This 
is associated with the enormous compensatory capacity 
of collateral blood 'ow in the IVC basin.

Restoration of IVC lumen at the site of its thrombotic 
occlusion in patients of group I A after open throm-
boectomy allowed rapid improvement of central 
haemodynamic parameters. Return of blood flow 
parameters to normal values was observed only after 
staples were removed at the site of cavaplication and 
complete restoration of IVC lumen. Restoration of IVC 
lumen at the site of cavaplication in patients of group I 
A was noted during ultrasound examination after 1–1.5 
years (14.3±2.2 months (p+0.01)). At the same time, 
thickening and rigidity of the IVC wall were noted in 
the cavaplication area (Fig. 2). 

After thromboectomy, in the early postoperative 
period, there was also an improvement in regional 
haemodynamic parameters, in particular a decrease 
in the average RP transport time during radioisotope 
phleboscintigraphy from 12.7±0.5 (p+0.05) seconds to 
7.9±0.3 seconds (p+0.05), and after restoration of IVC 
patency at the site of cavaplication, the mean RP trans-
port time decreased to 5.1±0.4 with values of 4.1±0.3 
sec (p+0.05) in the control group. At the same time, at 
the site of cavaplication, with preserved IVC patency 
on phleboscintigrams, a slight delay of the RP was ob-
served (Fig. 3). There were also no areas of venous stasis 
and dilated collateral veins (Fig. 4). The images of the IVC 
and contrasted iliac veins are clear, homogeneous, with 
no collateral out'ow. The patency of the IVC and reca-
nalisation of the distal bed, with preserved volumetric 
blood 'ow, allow us to predict satisfactory functional 
results of treatment in the long term.

Thus, the average RP transit time during IVC resto-
ration was close to that of the control group (Fig. 5). 
Radioisotope phleboscintigraphy data con&rmed the 

from 4–6 months to lifelong administration. The aver-
age duration of oral anticoagulants in therapeutic doses 
at the end of the study was 14.7±3.5 months.

In group I A, after incomplete device-based cavapli-
cation, no cases of PE were observed in any of the 8 
patients in the early and late postoperative period. It 
should be noted that the absence of a foreign body in 
the lumen of the IVC contributed to early recanalisation 
and improved out'ow from the IVC. Staple eruption and 
gradual restoration of the IVC lumen were observed 
after 10.2 ± 2.7 months. This is the main advantage of 
direct methods of PE prevention over indirect methods. 
The characteristic ultrasound image is shown below 
(Fig. 1).

To determine individual indicators of central haemo-
dynamics in patients with IVC thrombosis, echocardi-
ography, ultrasound examination and radioisotope 
phleboscintigraphy were performed in the preoperative 
and postoperative periods. In all patients of group I, 
during the manifestation of IVC thrombosis, changes 
in central haemodynamic parameters were noted, 
indicating the absence of adequate venous return to 
the heart (Table 1).

Thus, in patients of groups I A and I B, before the start 
of surgical or conservative treatment of IVC throm-
bosis, due to its thrombotic occlusion, an increase in 
the diameter of the IVC to 24.7±2.3 mm (p+0.05) and 
25.1±2.2 mm (p+0.05), respectively, compared with the 
control group of 20.9±2.1 mm (p+0.05). At the same 
time, a sharp decrease in the IVC collapse index was 
observed, in particular 11.2±2.9% (p+0.05) in group I A 
and 10.3±1.7% (p+0.05) in group I B compared with the 
norm of 36.7±2.5% (p+0.05). One of the compensatory 
mechanisms for activating collateral blood 'ow in IVC 
thrombosis was an increase in the diameter of the left 
gonadal vein to 11.2±2.1 mm (p+0.05) in group I A and 
10.9±2.1 mm (p+0.05) in group I B compared with the 
norm of 3.4±1.2 mm (p+0.05). In addition, ultrasound 
examination revealed compensatory dilation of the pel-
vic veins, which also indicated an increase in the volume 
of collateral venous blood 'ow in the IVC basin. At the 
same time, the pressure in the IVC practically did not 
exceed the upper limit of the norm and amounted to 
7.73±1.52 mm Hg (p+0.05) in group I A and 8.21±1.56 
mm Hg (p+0.05) in group I B.

Due to thrombotic occlusion of the IVC, a decrease in 
the main blood 'ow parameters was noted, in particu-
lar, the linear and volumetric blood 'ow velocity during 
ultrasound examination and the average radio-phar-
maceutical (RP) transport time during radioisotope 
phleboscintigraphy. The linear blood 'ow velocity in 
the IVC above the apex of the thrombotic masses was 
reduced by almost three times compared to the control 
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tion was associated with the processes of recanalisation 
of the IVC lumen against the background of prolonged 
anticoagulant therapy. The average recanalisation time 
with conservative treatment in group I B was 4.74±2.35 

results of ultrasound and X-ray contrast studies in the 
long-term follow-up period (Fig. 6).

In group I, a gradual recovery of central and regional 
haemodynamic parameters was observed. This situa-

Fig. 2. Ultrasound examination: venous 
blood )ow spectrum in the IVC 1.5 years 
after cavaplication is not disturbed
Picture taken by the authors

Fig. 3. Radioisotope phleboscintigraphy 
in a horizontal position: patent iliac-ca-
val segment, slight delay in the evacu-
ation of the radiopharmaceutical at the 
level of cavaplication
Picture taken by the authors
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mm (p+0.05) compared to 21.5±1.2 mm (p+0.05) in 
the I A group and 20.9±2.1 mm (p+0.05) in the control 
group. The IVC collapse index increased gradually and 
amounted to 27.2±1.5% (p+0.05) and was still signi&-
cantly lower than in group I A (35.5±2.0%, p+0.05) and 
the control group (36.7±2.5%, p+0.05), which was also 
associated with post-thrombotic changes in the IVC 
wall. The diameter of the left gonadal vein, even after 
IVC recanalisation, decreased insigni&cantly, which was 
due to its prolonged participation in the compensatory 
mechanisms of collateral venous blood 'ow. We ob-
served preservation of varicose transformation of the 
left gonadal vein, in particular, its diameter was 7.4±1.8 
mm (p+0.05) versus 6.7±2.3 mm (p+0.05) in group I A 
and 3.4±1.2 mm (p+0.05) in the control group. In addi-
tion, during ultrasound examination, varicose venous 
plexuses of the small pelvis and retroperitoneal space 
were visualised, and clinically, varicose super&cial veins 
of the abdominal wall were detected in patients (Fig. 7).

IVC pressure in patients of group I B in the remote 
period was slightly higher (6.1±3.21 mm Hg (p+0.05)) 
compared to similar indicators in group I A (4.9±1.13 
mm Hg (p+0.05)) and the control group (5.7±1.22 mm 
Hg (p+0.05)). The linear blood 'ow velocity in patients 
of the I B group after IVC recanalisation was 7.02±1.2 
cm/sec (p+0.05) and practically did not di%er from the 
indicators of the I A group (7.13±1.6 cm/sec (p+0.05)), 
although it was lower than that of the control group 
(9.01±1.4 cm/sec (p+0.05)). At the same time, the 
volumetric blood 'ow velocity in all groups was prac-
tically the same, in particular 5.11±1.4 ml/sec (p+0.05) 
in patients of the I B group compared to 5.31±1.2 ml/
sec (p+0.05) in patients of the I A group and 5.21±1.1 
ml/sec (p+0.05) in the control group. The average RP 
transport time during radioisotope phleboscintigraphy 
in groups I B (5.2±0.5 sec (p+0.05)) and I A (5.1±0.4 sec 

months (p+0.01). Central haemodynamic parameters 
in group I B di%ered from blood 'ow parameters in pa-
tients in groups I A and II, which was caused by incom-
plete recanalisation and the occurrence of post-throm-
botic changes in the IVC walls. Thus, the IVC diameter in 
patients of the I B group in the long term was 21.9±1.6 

Fig. 5. Graph showing the dependence 
of the transport time of the radiophar-
maceutical Tc-99 (70–40 MBq) on IVC 1 
year after cavaplication
Picture taken by the authors

Fig. 4. Radioisotope phleboscintigraphy in a horizontal position: patent 
IVC after cavaplication
Picture taken by the authors
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pared to healthy individuals [20]. In post-thrombotic 
syndrome, pressure in super&cial and deep veins reach-
es the highest possible values, causing severe pain [20]. 
At the same time, deep venous hypertension is more 
pronounced than super&cial hypertension, with pres-
sure rising to 130–140 mm Hg [20]. The authors note 
that venous pressure values do not always correspond 
to the severity of the disease [20].

An important parameter of central haemodynam-
ics is central venous pressure or right atrial pressure, 
which requires mainly invasive examination [21]. At the 
same time, the invasive method of measuring central 
venous pressure is dangerous due to catheter-induced 
thrombosis, arrhythmia and infectious complications 
[21]. Therefore, in clinical practice, preference is given 
to non-invasive methods of assessing central venous 
pressure [21]. According to the recommendations of the 
American Society of Echocardiography (2015), the max-
imum diameter of the IVC should be measured along its 
axis approximately 1–2 cm caudal to the junction of the 
IVC and the right atrial appendage [22]. Ciozda W. et al. 
(2015), based on an analysis of 21 prospective studies 
involving 1,430 patients, found a direct relationship 
between central venous pressure and IVC diameter [23].

(p+0.05)) increased to almost the same values, although 
it was lower than that of the control group (4.1±0.3 sec 
(p+0.05)).

During echocardiography, no signi&cant changes in 
cardiac function were observed in patients of group I 
B compared to patients of groups I A and II.

DISCUSSION
Thrombosis of the IVC signi&cantly remodels venous 
return to the heart, changing central haemodynamic 
parameters during ultrasound examination of the heart. 
Compensation of venous return to the heart from the 
lower half of the body in IVC thrombosis is provided 
by venous collaterals, in particular the lumbar venous 
plexus, ascending lumbar, gonadal, diaphragmatic, 
unpaired and semi-unpaired veins [17, 18]. At the 
same time, the principles of diagnosis and treatment 
of DVT are mainly based on morphological criteria, and 
changes in peripheral and central venous haemody-
namics are practically not assessed [19]. According to 
studies by Antignani P.L. et al. (2020), venous pressure 
in individuals with chronic lower limb vein disease is 
signi&cantly higher in super&cial and deep veins com-

Fig. 6. X-ray contrast cavography: preservation of the patency of the 
inferior vena cava 3 years after plication
Picture taken by the authors

Fig. 7. Patient X: varicose veins of the anterior abdominal wall in 
post-thrombotic syndrome of the inferior vena cava
Picture taken by the authors
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The di)culty of measuring central venous haemody-
namic parameters in vivo led to the study of haemody-
namics in an experimental model of the inferior vena 
cava, which revealed peak blood 'ow velocities ranging 
from 4.9 cm/s to 27 cm/s at rest and during physical 
exertion, respectively [24]. Raju S. et al. (2020) proved 
that there is no evidence of inspiratory compression of 
the central veins of the abdominal cavity and refuted 
the haemodynamic theory of the abdominal pump [25]. 
Instead, with an increase in the volume of inspiration, an 
increase in the diameter of the IVC by 32% and a simul-
taneous decrease in pressure in it were observed [25].

Based on 7 studies involving 395 spontaneously 
breathing patients, the concept of the IVC collapse 
index (sensitivity 71%; speci&city 81%) was proposed, 
which involves the ratio of the diameter of the IVC 
during the respiratory or ventilation cycle during ultra-
sound examination. speci&city 81%), which is the ratio 
of the IVC diameter during the respiratory or ventilation 
cycle during ultrasound examination. Similar data were 
obtained in 9 studies involving 284 patients on arti&cial 
ventilation, where the sensitivity and speci&city of the 
IVC collapse index were 75% and 82%, respectively. 
The IVC collapse index indirectly indicates right atrial 
pressure and circulating blood volume [26–28]. At the 
same time, other researchers believe that ultrasound 
examination of the IVC may be limited by factors af-
fecting the diameter or collapse of the IVC and should 
take into account the clinical situation [29].

We have not found any studies in the available litera-
ture that evaluate changes in venous haemodynamics 
depending on the treatment of venous thrombosis in 
the IVC. However, our data suggest that open throm-
boectomy from the lumen of the IVC combined with 
incomplete mechanical cavaplication in 'oating throm-
boses not only restores the lumen of the venous trunk, 
prevent the development of PE, but also quickly nor-
malise the parameters of central and regional venous 

haemodynamics. Analysis of blood 'ow parameters in 
the early and late postoperative periods allows us to 
conclude that partial mechanical cavaplication does 
not impair venous return to the heart, and open throm-
boectomy from the IVC lumen prevents the develop-
ment of post-thrombotic changes in the walls of the 
venous trunk. Conservative treatment of IVC thrombosis 
signi&cantly accelerates recanalisation processes com-
pared to the natural course of thrombosis, but during 
this time, natural venous collaterals arise, which ensure 
venous out'ow from the lower half of the body and 
remain active even after restoration of the IVC lumen.

 

CONCLUSIONS
1.  Open thromboectomy from the inferior vena cava 

allows restoration of the lumen and ensures e%ective 
main venous blood 'ow, and is the only e%ective 
treatment for implant thrombosis. The introduction 
of incomplete mechanical cavaplication after throm-
boectomy from the lumen of the inferior vena cava 
prevents venous thromboembolic complications.

2.  The advantage of incomplete mechanical cavapli-
cation is the independent gradual restoration of 
the lumen of the inferior vena cava within 14.3±2.2 
months (p+0.01).

3.  Cavaplication not only does not disturb central and 
regional venous haemodynamics, but also leads 
to an increase in linear and volumetric blood 'ow 
velocities in the inferior vena cava, which prevents 
recurrence of thrombosis.

4.  Open thromboectomy from the lumen of the inferior 
vena cava, compared with conservative treatment, 
prevents the development of post-thrombotic 
syndrome with chronic venous insu)ciency and 
prevent the development of venous collaterals with 
subsequent remodelling of venous blood 'ow in the 
lower hollow vein basin.
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INTRODUCTION
Mucosal tolerance is essential and provides a robust barrier 
and suppressive mechanism in response to respiration, 
food, and ingestion. Development during the neonatal 
period is essential for this function, when the presence 
of the epithelial barrier is vulnerable due to their poor 
development [1]. At the beginning of 2020 y., the discovery 
of Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-
CoV-2) marked the start of the COVID-19 pandemic [2]. The 
nasal cavity serves as a point of entry, and the elevated viral 
load observed in this area as the primary site of SARS-CoV-2 
infection and subsequent immune response [3-5].

AIM
To investigate cytomorphological presentations of the 
mucous membrane damage of the nasopharyngeal 
zone in Coronavirus disease in children

MATERIALS AND METHODS 
A epithelium scraping from the surface of the Pharyn-
geal tonsils was performed with the following double 
&xation: the samples were &xed in a 2% solution of 
glutaraldehyde (25% Glutaraldehyde E. M. Grade Poly-
scieces Inc.) in 0.1M cacodylate bu%er (Cacodylic acid 
Sodium salt. Fluka) at pH 7.2 for 2–2.5 hours in the cold. 
Washing (2 times) in cacodylate bu%er was performed. 
The next stage was additional &xation of the samples in 
a 1.5% solution of OsO4 (Osmium Tetroxide. SPI – CHEM 
USA) in 0.1 M sodium cacodylate solution at pH 7.2 for 
2 hours in the cold with subsequent washing (2 times) 
in bu%er. Sections are made on an UMTP-6M ultrami-
crotome using a diamond knife (DIATOM). Contrasting 
of sections is carried out in 1% uranyl acetate solution 
and in Reynolds lead contrast medium [6, 7]. Sections 
were viewed using a TEM-100 transmission electron 
microscope (Ukraine).

Cytomorphological characteristics of the Nasopharyngeal zone 
mucosa in children with Covid-19

Olesya M. Horlenko,  Khrystyna A. Hechko, Mykhaylo M. Hechko, Fedir V. Horlenko, Olga A. Pushkarenko
UZHHOROD NATIONAL UNIVERSITY, UZHHOROD, UKRAINE

ABSTRACT
Aim: To investigate cytomorphological presentations of the mucous membrane damage of the nasopharyngeal zone in Coronavirus disease in children.
Materials and Methods: A epithelium scraping from the surface of the Pharyngeal tonsils was performed with the following double 'xation: the samples 
were 'xed in a 2% solution of glutaraldehyde (25% Glutaraldehyde E. M. Grade Polyscieces Inc.) in 0.1M cacodylate bu&er (Cacodylic acid Sodium salt. Fluka) 
at pH 7.2 for 2–2.5 hours in the cold. Washing (2 times) in cacodylate bu&er was performed. The next stage was additional 'xation of the samples in a 1.5% 
solution of OsO4 (Osmium Tetroxide. SPI – CHEM USA) in 0.1 M sodium cacodylate solution at pH 7.2 for 2 hours in the cold with subsequent washing (2 times) 
in bu&er. Sections are made on an UMTP-6M ultramicrotome using a diamond knife (DIATOM). Sections were viewed using a TEM-100 transmission electron 
microscope (Ukraine).
Results: Based on the electronic presentation, we can observe all the processes of in)ammation and their consequences. We will consider the pathogenetic 
processes which were monitored in our studies. In)ammation consists of three main types of tissue disorders, which include: alteration, exudation, proliferation. 
Presentation of a section of the Palatine Tonsil epithelial cell is marked by increased focal hemorrhage and degenerative changes in the membrane of papillary 
structures, reactive-degenerative changes in the stroma and increased hemorrhages in the vessels, partial sclerosis and microcalci'cation of the Tonsil epithelial 
cell tissue, pronounced sclerotic changes in the epithelial cell and partial destruction of the cell membrane were also visualized, as a result of which the 
semiconductivity in the cell is disturbed.
Conclusions: Cytological changes in the studied material of Nasopharyngeal zone in the children with Coronavirus disease can be considered as nonspeci'c 
common violation. These changes were characterized by the presence of di&use in)ammatory polymorpho-cellular in'ltration, impaired hemodynamics and 
di&use desquamative, dystrophic, sclerotic changes in epithelial cells, which are consistent with numerous data of scientists.

  KEY WORDS: Covid-19, changes in the mucous membrane of the nasopharyngeal zone, cytological examination, children
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Fig. 1. Electronic photograph (magni'cation x10000).
Section of an Palatine Tonsil epithelial cell in which focal hemorrhage and 
degenerative changes in the membrane of papillary structures are observed
Picture taken by the authors

Fig. 3. Electronic photograph (magni'cation x10000).
Palatine Tonsil with reactive-degenerative changes in the stroma and 
increased hemorrhages in the vessels
Picture taken by the authors

Fig. 2. Electronic photograph (magni'cation x10000).
Papillary structures (lacunae) located on the basement membrane 
during Phagocytosis (active phase of in)ammation)
Picture taken by the authors

Fig. 4. Electronic photograph (magni'cation x10000). Partial sclerosis 
and microcalci'cation of the Tonsil epithelial tissue
Picture taken by the authors
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RESULTS 
The S protein of SARS-CoV-2 uses the angiotensin-con-
verting enzyme 2 (ACE-2) protease as a receptor for 
entry into human cells, which is facilitated by other 
proteases such as TMPRSS2 [8, 9]. SARS-CoV-2 has 
the potential to limit the innate immune response by 
weakening the Interferon response in epithelial cells 
after Coronavirus successful entry [10].

Virus-induced in'ammation of the mucosa occurs, 
in which Neutrophils and Macrophages (CD68+ cells) 
circulate, with subsequent in&ltration and increased 
Cytokine levels [11, 12]. When epithelial cells of the up-
per and lower Respiratory tract are a%ected, symptoms 
of Acute Rhinopharyngitis may develop at the onset of 
the disease. At the same time, in a signi&cant number of 
cases this period may remain without manifestation, and 
a signi&cant part of infected people endure this stage of 
the disease in an erased form, creating the main pool of 
latent infection [12].

The nasopharyngeal mucosa contains a moderate 
amount of mucosa-associated Lymphoid tissue (MALT), 
which is conveniently located for immunological sam-
pling but also creates vulnerability to pathogens. In 
recent years, the Nasopharyngeal location has been 
implicated in the pathogenesis of important human 

diseases (COVID-19), but this tissue has never been 
described in detail in any species. The oral cavity is 
an accessible and predominant environment for the 
interaction of SARS-CoV-2 with the Mucosal Immune 
system and target cells; also, direct exposure to the 
virus impairs the antiviral in'ammatory response and 
causes oral disorders, particularly in association with 
Immunode&ciency states and Autoimmunity [13]. The 
most typical electronic photographs of changes in the 
nasopharyngeal mucosa in children with diagnosed 
Coronavirus infection are presented (Fig. 1, Fig.2, Fig.3, 
Fig.4, Fig.5). The clinical manifestation was represented 
by complaints from the upper Respiratory tract on the 
background of fever (body temperature was 38-39º C).

Pathological processes were detected in the mucous 
membrane of the Nasopharyngeal zone, which were 
characterized as polymorphic-cellular infiltration and 
presented by an active phase of in'ammation, in the structure 
of the lacuna on the basement membrane of the cell during 
phagocytosis, according to the results of electron microscopy. 
Presentation of a section of the Palatine Tonsil epithelial cell 
is marked by increased focal hemorrhage and degenerative 
changes in the membrane of papillary structures. The Palatine 
Tonsil with reactive-degenerative changes in the stroma and 
increased hemorrhages in the vessels indicates degenerative 
changes that accompany the Acute infectious process, caused 
by Covid-19. Partial sclerosis and microcalci&cation of the 
Tonsil epithelial cell tissue, pronounced sclerotic changes in 
the epithelial cell and partial destruction of the cell membrane 
were also visualized, as a result of which the semiconductivity 
in the cell is disturbed.

Based on the electronic presentation, we can observe 
all the processes of in'ammation and their consequences. 
We will consider the pathogenetic processes which were 
monitored in our studies. In'ammation consists of three 
main types of tissue disorders, which include: alteration, 
exudation, proliferation [14]:

1) alteration is the occurrence of damage under the 
in'uence of an in'ammatory factor, in our case the 
Covid-19 virus and presented by the active phase of 
in'ammation of papillary structures (lacunae) located 
on the basement membrane during phagocytosis;

2) changes in microcirculation, vascular wall 
permeability, exudation;

- a section of an epithelial cell of the Palatine Tonsil 
in which focal hemorrhage and degenerative changes 
in the membrane of papillary structures are observed.

- a Palatine Tonsil reactive-degenerative changes in 
the stroma and increased hemorrhages in the vessels;

3) proliferation;
- pronounced sclerotic changes in the epithelial cell 

and partial destruction of the cell membrane, resulting 
in impaired semiconductivity in the cell,

Fig. 5. Electronic photograph (magni'cation x10000).
Pronounced sclerotic changes in the epithelial cell and partial 
destruction of the cell membrane, resulting in impaired semiconductivity 
in the cell
Picture taken by the authors
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Cytology studies performed in Sudan also did not 
reveal signi&cant cytological and pathological changes. 
Examination of Nasopharyngeal swabs revealed an 
abnormally high number of Lymphocytes (Lymphocy-
tosis), a large number of in'ammatory cells. A thorough 
search failed to detect any viral inclusions due to the 
absence of squamous cells. This suggests that the claim 
of viral inclusions with COVID-19 disease may rather 
represent a non-speci&c cytopathic e%ect in Nasopha-
ryngeal swabs, such as lymphocytosis [17,18].

CONCLUSIONS 
Cytological changes in the studied material of the Na-
sopharyngeal zone with common changes in glandular 
cells can be considered as nonspeci&c. We founded 
the same type of morphological changes, by electron 
microscopy using of the mucous membrane investiga-
tion in the patients with COVID-19. These changes were 
characterized by the presence of di%use in'ammatory 
polymorpho-cellular in&ltration, impaired hemody-
namics and di%use desquamative, dystrophic, sclerotic 
changes in epithelial cells, which are consistent with 
numerous data of scientists. 

- partial sclerosis and microcalci&cation of the tonsil 
epithelial cell tissue.

DISCUSSION 
Necrotic inflammation may develop in the case of 
predominance of alteration process, which is manifested 
by mucosal epithelium damage, its desquamation and 
exposure of the basement membrane [15], which were 
observed in the review of our presentations.

   The membrane structure damage caused by the e%ects of 
physical and chemical factors, free radicals, the complement 
system, etc. This pathological process leads to cell necrosis, 
but local damage can be restored, however, with partially loss 
of membrane [15]. This date were also noted in our studies.

SARS-CoV-2 infection usually begins in the Naso-
pharynx and cytological and molecular correlates 
are not su)ciently characterized. Cytological analysis 
documented that glandular cells infected with 
SARS-CoV-2 showed marked degeneration with 
ciliocytophtory; viral inclusions were not detected. Co-
expression analysis showed that virus-infected cells had 
increased apoptosis, as indicated by strong expression 
of activated Caspase [16].
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INTRODUCTION
Current events that are taking place in Ukraine today 
formulate special requests both to medical science in 
general and to the tactics of treating certain traumatic 
injuries in particular, especially in traumatic disease. 
Traumatic disease greatly a%ects the outcome of the 
injury, determines the prognosis for the course of the 
pathological process, the results of treatment and 
work capacity. Of great importance are changes in the 
psycho-emotional sphere, metabolic and homeostatic 
processes, the state of the immune system, the 
functioning of the heart, lungs, digestive organs and 
the central nervous system [1-4].

The traumatic agent of today (mine and explosive 
injury), having a large mass and signi&cant acceleration, 
leads to massive damage to soft tissues and bones 
not only at the site of direct contact, but also at a 
considerable distance. Another signi&cant factor that 
a%ects the results of treatment of these patients is 
bacterial contamination of wounds during trauma.

Due to the increase in the proportion of trauma in the 
overall structure of morbidity, against the background 
of the evolution of purulent infection towards new 
antibiotic-resistant strains and the weakening of 
the human body’s resistance, the proportion of 

postoperative osteomyelitis after osteosynthesis of 
closed fractures does not decrease. The widespread use 
of surgical methods to align bone fragments by metal 
osteosynthesis has led to an increase in the number 
of operations, and this has led to an increase in the 
proportion of osteomyelitic complications from up to 
8-10% [5,6,7,8].

Osteomyelitis occupies one of the most dramatic pages 
of world medicine. Early, compared with other pathologies, 
disability de&nes the problem of osteomyelitis as one of 
the main priorities of national health care systems. In 
persons with open fractures of the long bones of the lower 
extremities, the frequency of osteomyelitis is 10.3-20.4% 
and tends to increase, while in 15-30% of patients the 
process passes into a chronic stage. In the overall structure 
of disability due to musculoskeletal injuries, the share of 
osteomyelitis is 15% [9-12].

Despite scienti&c and practical achievements and 
successes in the prevention and treatment of this 
serious bone pathology, relapses are observed in 10-
40% of cases. Long-term disability of this category of 
patients and high disability rates give the problem of 
medical and social importance [13,14].

The search for early measures for the prevention 
and treatment of osteomyelitic complications, which 
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Stepan S. Filip, Rudolf M. Slivka, Yuriy P. Skrypynets, Petro P. Popyurkanych, Andrii M. Bratasiuk 
UZHHOROD NATIONAL UNIVERSITY, UZHHOROD, UKRAINE 

ABSTRACT
Aim: To improve the results of treatment of patients with osteomyelitis on the background of traumatic disease.  
Materials and Methods: A retrospective evaluation of the treatment of 29 patients with chronic post-traumatic osteomyelitis of the bones of the lower 
extremities on the background of a traumatic disease. 
Results: As a result of the treatment, an acceleration of the dynamics of the wound process was observed in patients of the second group, which was manifested 
in a reduction in the healing time of 'stulas. Radiologically, reparative changes and acceleration of bone regeneration were noted on the 22nd-23rd day after 
the injury, the formation of a primary bone callus in patients of the control group occurred on the 32nd-35th day after the injury.
Conclusions: The use of methods for the prevention and treatment of osteomyelitic complications in long bone fractures, using high-intensity laser radiation 
against the background of regional intra-arterial infusions, with correction of the state of “chronic stress”, allows accelerating the dynamics of the wound process 
and bone regeneration, and achieving rapid restoration of working capacity in most patients.
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would be combined with bone-plastic reconstructive 
operations, is justi&ed. In particular, the use of minimally 
invasive sanitizing laser measures makes it possible to 
prevent the development of infectious complications 
and avoid prolonged antibiotic therapy in the treatment 
of patients exhausted by «traumatic stress.»

AIM
To improve the results of treatment of patients with 
osteomyelitis on the background of traumatic disease.  

MATERIALS AND METHODS
On the basis of the surgical department of the KNP 
«Uzhgorod City Multidisciplinary Clinical Hospital» of 
the Uzhgorod City Council of the SE «Clinical Hospital 
of Planned Treatment» for the period from 2022 to 2025, 
29 patients with chronic post-traumatic osteomyelitis of 
the bones of the lower extremities on the background 
of a traumatic disease were treated. In 13 (44.8%) 
patients in the treatment complex, along with the 
regional administration of bone-tropic antibacterial, 
vasodilator, analgesic, and immunostimulating drugs, 
minimally invasive surgical interventions (treatment 
of &stula passages, treatment of sequestral cavities, 
sequestrectomy, sequestrotripsy) using high-intensity 
laser radiation were used.

The age of the patients ranged from 25 to 65 years; 
there were 23 men (79.3%), 6 women (20.7%). In 25 
(86.2%) patients, chronic post-traumatic osteomyelitis 
of the tibia was diagnosed, and in 4 (13.8%) – of the 
femur.

The patients were divided into two groups. The &rst 
group included 16 (55.2%) patients who received 
standard treatment, which consisted of sanitation of 
the focus of the purulent-necrotic process, antibacterial, 
detoxi&cation and vascular therapy, which was carried 
out intravenously and intramuscularly.

In the treatment of the second, main group of 
patients, 13 (44.8%) patients, the method of regional 
administration of antibacterial and vascular drugs by 
intraarterial puncture (through the femoral artery) was 
used. Antibacterial therapy was carried out taking into 
account the sensitivity of microorganisms; preference 
was given to osteotropic drugs.

It should be noted that the dominant pathogen was 
Staphylococcus aureus, which was detected in 14.2% 
of cases as a monoculture and in 85.8% in association 
with other pathogens, Escherichia coli was present 
in 27.6% of cases, Pseudomonas aeruginosa – 17.2%, 
Proteus – 12.6%, Streptococcus – 10.4%. In 63.5% of 
cases, mixed 'ora was sown.

The aim of the surgical intervention was to eliminate 
the osteomyelitic focus without the use of large 
traumatic surgical accesses using a source of high-
intensity infrared laser radiation «Lika-hirug» and a 
quartz-polymer mono&ber light guide inserted through 
the skin or &stula passage under the control of X-ray 
examination methods, during which laser treatment 
of &stula passages, sequestral cavities, vaporization of 
individual sequesters and the surgical wound with high-
intensity laser radiation was performed using a source 
with a power of up to 10 W and a wavelength of 940 nm. 
When installing the appropriate metal &xators, careful 
processing was performed, both the edges of the bone 
fragments and the entire surgical wound.

For the purpose of &xing bone fragments, rod-type 
external &xation devices (Ex Fix) were used.

During the study, the dynamics of the wound process, 
radiological dynamics, endogenous intoxication 
indicators by the level of medium molecular peptides 
(MMP), indicators of the body’s immune defense by 
the ratio of T-helpers to T-suppressors, indicators of 
humoral immunity by the level of circulating immune 
complexes (CICs) were evaluated. The results obtained 
were compared with a group of clinically healthy people 
who were matched by age and gender.

Patients in the second group were treated with anti-
stress drugs, adaptogens, and medications that correct 
the level of cortisol in the body, which is an integral part 
of immunotherapy.

The effectiveness of treatment was assessed by 
the degree of severity of general and local signs of 
in'ammatory reaction, the dynamics of bone wound 
healing and soft tissue lesions, the nature of reparative 
processes, and functional capabilities, based on the 
analysis of the terms of restoration of limb function 
and working capacity.

RESULTS
As a result of the treatment, an acceleration of the 
dynamics of the wound process was observed in 
patients of the second group, which was manifested 
in a reduction in the healing time of &stulas (their 
cleansing, the appearance of granulations and the 
beginning of epithelialization) (Fig. 1). Radiologically, 
reparative changes and acceleration of bone regener-
ation were noted on the 22-23rd day after the injury 
(Fig. 2). Along with this, the formation of primary bone 
callus in patients of the control group, according to 
radiological dynamics, occurred on the 32-35th day 
after the injury.

The level of endotoxicosis was assessed by the 
content in the blood of SMP, which are endogenous 



Stepan S. Filip et al. 

1748

compounds with an average molecular weight of 500 
to 5000 d, the content of which increases with the 
increase in intoxication syndrome.

In patients with post-traumatic osteomyelitis, 
with increasing intoxication in the blood, the level 
of SMP sharply increased, mainly due to the pool, 
which is determined at a wavelength of 254 nm and 

characterizes the toxic properties of the blood – up 
to 0.442±0.05 in patients of the &rst (control) group 
and 0.445±0.06 in the second (main) group; in healthy 
people – 0.333±0.04.

In patients with post-traumatic osteomyelitis, 
against the background of a decrease in the total 
number of lymphocytes (up to 21.6±0.64, in healthy 

  

 
Fig. 1. Patient K., Post-traumatic osteomyelitis of the bones of the left tibia. Scalped wound of the 

left tibia. Dynamics of the wound process 
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Fig. 2. Patient K., Post-traumatic osteomyelitis of the bones of the left tibia. Scalped wound 

of the left tibia. X-ray dynamics 
Picture taken by the authors 
 

Fig. 1. Patient K., Post-traumatic 
osteomyelitis of the bones of the left 
tibia. Scalped wound of the left tibia. 
Dynamics of the wound process
Picture taken by the authors

Fig. 2. Patient K., Post-traumatic 
osteomyelitis of the bones of the left 
tibia. Scalped wound of the left tibia. 
X-ray dynamics
Picture taken by the authors
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in this case should be considered as the most complex 
manifestation of life in extreme conditions. Since a bone 
fracture involves a violation of the integrity of the mus-
cles, ligaments, skin and blood vessels, which in turn is 
a signi&cant obstacle to regenerative mechanisms. That 
is why careful correction of regeneration processes in 
bone fractures against the background of a traumatic 
disease has important socio-economic signi&cance, as 
it will signi&cantly reduce the level of disability and loss 
of work capacity [5].

In the treatment of post-traumatic osteomyelitis of the 
long bones of the lower extremities, the use of regional 
infusion and the application of high-intensity laser radi-
ation, along with monitoring and correction of chronic 
stress, allows stopping the progression of the puru-
lent-necrotic process in the bone and soft tissues, allows 
achieving rapid sanitation of &stula passages and foci of 
purulent-necrotic process, accelerating the dynamics of 
the wound process and reparative processes in the bone, 
reducing the level of endotoxicosis, activating immune 
defense, signi&cantly reducing treatment times, reducing 
course doses of medications and achieving restoration of 
working capacity in the vast majority of patients. The ef-
fectiveness of the proposed treatment method has been 
proven, which allows avoiding disabling operations and 
restoring the function of the damaged limb more quickly.

CONCLUSIONS
The use of the method of prevention and treatment 
of osteomyelitic complications in long bone fractures, 
using high-intensity laser radiation against the 
background of regional intraarterial infusions, with 
correction of the state of «chronic stress», allows to 
accelerate the dynamics of the wound process and 
bone regeneration, shorten the treatment period, 
reduce the course doses of medications and achieve 
faster restoration of working capacity in most patients.

subjects – 44.4±0.79), there was a sharp decrease 
in the number of Tx with a moderate decrease in 
Tc and a corresponding decrease in their ratio (Tx/
Tc) to 1.02±0.14 in patients of the &rst group and 
1.04±0.15 in the second (main) group (in healthy 
subjects 1.34±0.12). The level of CIC in the blood 
increases to 32.46±1.64 in patients of the &rst group 
and 34.76±1.84 in the second (main) group; in healthy 
subjects 16.17±0.53.

After treatment, there is a tendency to normalize 
the ratio Th/Ts to 1.20±0.12 in patients of the &rst 
group and to 1.24±0.14 in the second (main) group. 
The level of CIC in the blood decreases – to 27.86±2.02 
in patients of the &rst group and 24.88±1.94 – in the 
main group, but these indicators do not reach the 
indicators of healthy people.

DISCUSSION
Chronic or “prolonged traumatic” stress worsens the 
results of treatment of traumatic injuries, contributing to 
the development of in'ammatory processes, worsening 
of wound healing and even increasing the likelihood 
of infectious complications. Chronic stress leads to an 
imbalance in the immune response, reduces the activity 
of cells responsible for protecting the body from infec-
tions and contributes to the chronicity of in'ammatory 
processes [7]. In conditions of traumatic disease, this 
leads to a slowdown in healing and an increased risk of 
developing infectious-in'ammatory complications, such 
as sepsis or osteomyelitis. Statistical data show that 30-
40% of patients who experience severe injuries against 
the background of chronic stress have a higher risk of de-
veloping infectious-in'ammatory complications, namely 
wound infections, impaired healing. Osteomyelitis is the 
most signi&cant purulent-necrotic complication that af-
fects reparative osteogenesis, which especially needs to 
be taken into account in traumatic disease. Regeneration 
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INTRODUCTION
Abdominal compartment syndrome (ACS) is charac-
terized by sustained intra-abdominal pressure (IAP) 
exceeding 20 mmHg and organ failure (OF). Regardless 
of the etiology, it requires prompt decision-making, 
intensive therapy and urgent surgical intervention 
when conservative methods are ine%ective [1]. Acute 
pancreatitis (AP) is accompanied by intra-abdominal 
hypertension (IAH) in 50-60% of cases, and in 15-30% 
of these cases, it progresses to ACS [2, 3]. The systemic 
and local manifestations of severe acute pancreatitis 
(SAP) worsen with the development of ACS, a rare 
complication that signi&cantly worsens the course and 
prognosis, with mortality rates increasing to 75% [4, 5].

The course, management, and prevention of intra-ab-
dominal hypertension (IAH) progression in severe acute 
pancreatitis (SAP) are actively being researched. Howev-
er, knowledge on the risk factors for ACS in SAP still re-
mains limited [6-9]. Hence, the critically important need 
for the review of approaches to patient strati&cation in 
SAP and IAH, depending on the response to complex 
therapeutic measures, within the concept of preventing 

irreversible ACS outcomes [10, 11]. In the given study, 
we analyzed information from medical records of SAP 
patients to study the risk factors for ACS development, 
followed by the systematization of prediction.

AIM
To identify factors associated with the risk of developing 
abdominal compartment syndrome in patients with 
severe acute pancreatitis.

MATERIALS AND METHODS
A retrospective non-randomized single-center cohort study 
was conducted among 106 patients treated at the General 
Surgery Department No. 1 of Bogomolets National Medical 
University, between 2018 and 2024, with a diagnosis of SAP 
(K-85). Patients were divided into two groups:
-  Group A – Patients with SAP complicated by ACS, n=32;
-  Group B – Patients with SAP not complicated by ACS, n=74.
The diagnosis and severity of AP were established based 
on the revised Atlanta criteria (2012). The modi&ed 
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ABSTRACT
Aim: To identify factors associated with the risk of developing abdominal compartment syndrome (ACS) in patients with severe acute pancreatitis (SAP).
Materials and Methods: A retrospective single-center cohort study of 106 patients with SAP, complicated by ACS (n=32) and without the given complication 
(n=74). The 'rst stage included an intergroup comparison of 28 clinical-laboratory indicators recorded during the early stages of the disease. The second and 
third stages consisted of univariate and multivariate logistic regression analyses of the variables selected over the 'rst stage, developing a prediction model, 
and evaluating its characteristics.
Results: Statistically signi'cant di&erence between the groups was found for the following 14 indicators: BMI, Glasgow Coma Scale score, visceral obesity 
index, CRP level, radiological signs of paresis, pleural e&usion, )uid collections in the retroperitoneal space, daily )uid balance, pain intensity according to the 
NPRS scale, the total score on the Marshall and BISAP scales, early persistent SIRS, APP and RFG levels (p<0.05). The given factors were identi'ed as indepen-
dent risk factors for ACS development: daily )uid balance, pain intensity (NPRS), retroperitoneal )uid collections, early persistent SIRS, and elevated WHR. The 
developed logistic model demonstrated high discriminatory ability: AUC = 0.92, sensitivity – 94%, speci'city – 81%.
Conclusions: The developed model can enable patient strati'cation and targeted correction of potentially modi'able ACS risk factors in the early stages of SAP.
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Marshall score was used to assess the severity of organ 
failure (OF), [12, 13]. ACS was diagnosed with IAP ,20 
mmHg and progression of organ failure occurred.

Inclusion Criteria:
- Persistent organ failure (>48 hours) and local com-

plications of SAP;
- Hospitalization to the intensive care unit (ICU) within 

the &rst 72 hours from the onset of symptoms;
- Written informed consent for data processing.
Demographic, epidemiological, and clinical-labora-

tory data from the &rst seven days of hospitalization 
or less (for deceased patients) were collected from the 

medical records. The study included sex, age, body 
mass index (BMI), and the time in hours from the onset 
of symptoms. Upon admission, data on the etiology 
of AP, Charlson comorbidity index, Glasgow Coma 
Scale score, and Bedside Index of Severity in Acute 
Pancreatitis (BISAP) score [14] were collected. On the 
&rst day of hospitalization, all patients underwent an-
thropometric measurement of visceral obesity index 
using the Waist-to-Hip Ratio (WHR) method – waist 
circumference (cm) divided by hip circumference 
(cm) – with the result recorded in percentages for 
convenience in calculations.

Table 1. Intergroup comparison of variables (First stage of the study)
- Variable, units of measurement Group A (SAP + ACS) N = 32 Group B (SAP - ACS) N = 74 p-value

1. Sex Male 21(65.6%) Male 52(71.6%) 0.653X

2. Age, years 52.84 ± 9.79 55.01 ± 9.33 0.283T

3. BMI, kg/m4 31.28 ± 2.99 26.64 ± 2.64 <0.001T

4. Onset, hours 6(5 - 7) 5(5 - 6) 0.159U

5. Etiology

< - 13(40.6%) 23(31.1%)

0.824F

B - 12(37.5%) 27(36.5%)

H - 3(9.4%) 9 (12.2%)

P - 1(3.1%) 4(5.4%)

I - 3(9.4%) 11(14.9%)

6. Charlson Index, points 2(1 - 3) 2(1 - 3) 0,725U

7. Glasgow Coma Scale, points 14(13 - 14) 15(14 - 15) <0.001U

8. Waist-to-Hip Ratio, % 96(90.5 - 100) 92.5(87 - 97) 0.01U

9. Platelets, 10=/l 269.5 ± 66.15 273.7 ± 71.97 0.780T

10. Amylase, U 969.9 ± 532.6 1025 ± 495 0.611T

11. C-reactive protein, mg/l 102(93 - 124) 98(88 - 104) 0.03U

12. Albumin, g/l 30.75 ± 4.32 30.9 ± 3.68 0.865T

13. AST, U/l 44.3(29.4 - 54.35) 49.65(31.2-62.1) 0.184U

14. Creatinine, µmol/l 89.28 ± 12.65 93.97 ± 13.67 0.1T

15. Glucose, mmol/l 8.1(6.65 - 9.4) 8(6.8 - 9.5) 0.880U

16. Radiological signs of paresis Yes - 18(56.3%) Yes - 20(27.8%) 0.007X

17. Pleural e%usion Yes - 21(65.6%) Yes - 29(39.2%) 0.02x

18. Inferior vena cava 19.2 ± 3.84 18.9 ± 3.5 0.742T

19. Retroperitoneal 'uid collections Yes - 20(62.5%) Yes - 28(37.8%) 0.03x

20. Daily 'uid balance, l 2.76 ± 0.45 2.35 ± 0.38 <0,001T

21. Diuresis, l 1.2(0.95 - 1.4) 1.25(1.05 - 1.45) 0.364U

22. NPRS scale, max points 8.3 ± 0.99 7.1 ± 1.1 <0.001T

23. BISAP, points 3.3 ± 0.73 2.9 ± 0.86 0.04T

24. Marshall, points 2.2±0.81 1.9±0.75 0,02T

25. Early persistent SIRS Yes - 21 (65.6%) Yes - 31 (41.9%) 0.03F

26. MAP, mmHg 93.59±5.58 94.43±5.98 0.498T

27. APP, mmHg (3rd day) 77.79±5.18 82.14±6.9 <0.001T

28. RFG, mmHg (3rd day) 61.99±5.1 69.84±8.1 <0.001T

T - Student’s t-test, U - Mann-Whitney U test, X - Chi-square (23), F - Fisher’s Exact Test
Source: compiled by the authors of this study
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The laboratory indicators selected for the &rst day includ-
ed the following: platelet count, serum amylase, C-reactive 
protein (CRP) level, albumin, aspartate aminotransferase 
(AST) level, creatinine, and venous blood glucose level.

After visual patient’s examination over the &rst day, the 
following signs were also recorded: evidence of paresis 
(marked pneumatosis or the presence of single horizontal 
'uid levels) on abdominal radiography and pleural e%u-
sion detected during ultrasound (US) examination. The 
maximum diameter of the inferior vena cava (IVC) during 
ultrasound examination of the abdominal organs and the 
presence of retroperitoneal 'uid collections were noted 
during the &rst two days after hospitalization.

After one day of treatment, daily 'uid balance and di-
uresis (in liters) were recorded. Pain intensity, assessed by 
the patient using the Numeric Pain Rating Scale (NPRS), 
a simpli&ed version of the Visual Analog Scale, was also 
recorded. For calculations, the maximum score obtained 
during the &rst day of hospitalization was used. Data on 
daily intra-abdominal pressure (IAP) measurements via 
transurethral catheter in mmHg, mean arterial pressure 
(MAP), abdominal perfusion pressure (APP), and renal 
&ltration gradient (RFG) were also recorded. The pres-
ence of persistent early systemic in'ammatory response 
syndrome (SIRS) diagnosed within the &rst 24 hours and 
lasting for more than 24 hours was included in the study.

For presenting quantitative data, the mean ± standard 
deviation was used for normal distribution, while for 
non-normal distribution it was, the median and interquar-
tile range (IQR) were presented. For categorical data, the 
absolute number and percentage were provided. Contin-
uous variables were compared using the Student’s t-test 
and the Mann-Whitney U test, while categorical data were 
analyzed using Fisher’s exact test and the chi-square test. 
A univariate logistic regression analysis was conducted 
to evaluate the association of selected variables with the 
development of ACS. Odds ratios with 95% con&dence 
intervals were calculated. Variables showing statistical 
signi&cance were considered potential predictors and 
were included in the multivariate analysis. To assess the 
discriminatory ability of the constructed multivariate logis-
tic model, the area under the ROC curve (AUC) was used. 
Results were considered statistically signi&cant with p < 
0.05. Data were processed using the standard Microsoft 
Excel 365 package. For calculations and analysis, MedStat 
v.5.2 and EZR (R-statistics) [15] were used.

RESULTS
In Group A, there were 21 male patients (65.6%), with an 
average age of 52.84 ± 9.79 years, and 25 (78%) patients, 
who died due to complications of the primary disease. 

Fig. 1. ROC curve for predicting the risk of ACS in  
patients with SAP
Picture taken by the authors
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vealed a relationship between the risk of developing 
ACS and &ve factor characteristics: 'uid balance, max-
imum NPRS score during the &rst day of treatment, 
presence of retroperitoneal 'uid collections during the 
&rst 48 hours of observation, early persistent SIRS, and 
the visceral obesity index WHR. The model assessment 
coe)cients are presented in Table 3.

The obtained mathematical model for predicting 
the risk of abdominal compartment syndrome can be 
expressed by the following formula:

logit (P) = -31.42 + 2.4X1 + 1.24X2 + 1.98X3 + 2.34X4 
+ 0.11*X5,

- logit(p) = p / (1-p) – the log odds of ACS development;
- X1 – 'uid balance during the &rst day of treatment, l;
- X2 – maximum NPRS score during the &rst day of treatment;
- X3 – presence of retroperitoneal 'uid accumulation (0/1);
- X4 – presence of early persistent SIRS (0/1);
- X5 – visceral obesity index using the Waist-to-Hip Ratio 

method, percentage.
The suggested test allows to predict the risk of ACS 

with AUC = 0.92 (95% CI 0.88 – 0.97) (Fig. 1). To choose 

In Group B, there were 52 male patients (71.6%), with 
an average age of 55.01 ± 9.33 years, and 28 (38%), 
patients who died. The patients did not di%er in age, 
sex, time from the onset of symptoms, comorbidities, 
or etiology (p > 0.05). When performing the &rst stage 
of intergroup comparison of selected variables, a sta-
tistically signi&cant di%erence was found among 14 
indicators (Table 1).

In the second stage, a series of univariate regression 
analyses was conducted for the variables that showed 
statistically signi&cant di%erences in the intergroup 
comparison. In the univariate logistic regression analy-
sis, all 14 variables demonstrated statistically signi&cant 
relevance (Table 2). When selecting variables for the 
third stage, the potential modi&ability of the variables 
was considered, and variables with multicollinearity 
or a high risk of over&tting the predictive model were 
excluded.

In the third stage of the study, a multivariate logistic 
regression model was constructed using the variables 
selected during the previous stage. The analysis re-

Table 2. Results of univariate regression analysis
- Variable, units OR (95% CI) p-value

1. BMI, kg/m4 3.32 (1.94 - 5.68) <0.001

2 Glasgow Coma Scale, points 0.21 (0.10 - 0.44) <0.001

3. Waist-to-Hip Ratio, % 1.08 (1.01 - 1.16) 0.01

4. C-reactive protein, mg/l 1.03 (1.01 - 1.06) 0.001

5. Radiological signs of paresis 3.47 (1.46 - 8.26) 0.005

6. Pleural e%usion 13.2 (4.9 -35.5) <0.001

7. Retroperitoneal 'uid collections 2.74 (1.16 - 6.45) 0.02

8. Daily 'uid balance, ml 12.4 (3.5 - 44.1) <0.001

9. Max NPRS scale, points 2.77 (1.72 - 4.46) <0.001

10. BISAP, &rst day, points 1.66 (0.99 - 2.76) 0.05

11. Marshall, &rst day, points 1.82 (1.05 - 3.16) 0.03

12. Early persistent SIRS 2.65 (1.12 - 6.28) 0.02

13. APP on the 3rd day, mmHg 0.9 (0.83 - 0.96) 0.003

14. RFG on the 3rd day, mmHg 0.85 (0.78 - 0.92) <0.001

Source: compiled by the authors of this study

Table 3. Coe!cients of the 'nal model for predicting ACS risk in patients with SAP – 've independent predictors
Variable Coe!cient, b ± mb p-value OR (95% CI)

Const -31.42 ± 6.86 <0.001  -

Fluid balance, day 1 2.4 ± 0.91 0.008 11.1 (2.0 - 62.1)

Max NPRS, day 1 1.24 ± 0.35 <0.001 3.5 (1.82 - 6.73)

Retroperitoneal 'uid collections 1.98 ± 0.74 0.007 7.65 (1.88 - 31.2)

Early persistent SIRS 2.34 ± 0.83 0.004 11.1 (2.33 - 53.2)

Waist-to-Hip Ratio, % 0.11 ± 0.04 0.01 1.13 (1.03 - 1.23)

Source: compiled by the authors of this study
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and omentum as additional compartments among the 
four main compartments involved in polycompartment 
syndrome [24]. In previous studies based on a limited 
sample, we examined the relationship between IAH and 
the volume of necrosis [25].

Systemic In'ammatory Response Syndrome (SIRS) 
has been established as an independent predictor of 
the severity of AP [26] and is utilized as a component of 
prognostic scales [27, 28]. The duration of SIRS precedes 
organ failure (OF), and when present, it increases the 
risk of progression to OF and death [29, 30]. SIRS during 
the &rst day is capable of predicting the severity of the 
course of AP [31].

In 2024, a retrospective study of more than a million 
patients with AP was published, identifying obesity and 
blood transfusions as independent risk factors for ACS 
[32]. Obese patients with AP have been proven to have 
a worse prognosis [33]. Visceral obesity signi&cantly 
impacted the outcomes and severity of hypertriglycer-
idemic pancreatitis [34, 35]. A high level of visceral 
adipose tissue is an independent negative prognostic 
marker of AP [36].

CONCLUSIONS
1.  The group of patients with severe acute pancreati-

tis and abdominal compartment syndrome in the 
studied sample exhibited worse clinical-laboratory 
indicators compared to the group with reversible or 
absent intra-abdominal hypertension.

2.  In the studied sample of patients with severe 
acute pancreatitis, the development of abdominal 
compartment syndrome was associated with the 
following &ve independent risk factors: daily 'uid 
balance, pain intensity on the NPRS scale, retroper-
itoneal 'uid collections, early persistent SIRS, and 
high visceral obesity index (WHR).

3.  The developed logistic model demonstrated high 
discriminatory ability with a decision threshold for 
predicting the event at 0.044: AUC = 0.92 (95% CI 
0.88–0.97), sensitivity 94%, speci&city 81%.

4.  The practical value of the model lies in the ability to 
stratify patients and target the correction of poten-
tially modi&able risk factors in the early stage of the 
disease.

5.  Further external validation on independent samples 
is required to assess universal degree of the model.

the optimal threshold value for the test, the Youden In-
dex calculation method was used. The optimal decision 
threshold was Pm = 0.044: for a patient with SAP, if the 
value is equal to or greater than Pm, the risk of ACS is 
predicted, and for a patient with a value below Pm, the 
risk of ACS is not indicated. At this decision threshold, 
the sensitivity of the test was 94% (95% CI 79-99), the 
speci&city of the test was 81% (95% CI 70-89), the pos-
itive predictive value (PPV) of the test was 68% (95% CI 
52-81), and the negative predictive value (NPV) of the 
test was 97% (95% CI 88-99).

DISCUSSION
In the given study, we developed and analyzed a predic-
tive model for the risk of ACS in patients with SAP. The 
proposed model includes &ve available clinical factors 
that showed a statistically signi&cant association with 
the development of this complication. Among these 
&ve predictors, at least three – infusion load, pain con-
trol, and modi&cation of the systemic in'ammatory 
response -can be actively corrected in the early days 
of the disease.

The risks of 'uid overload during infusion therapy in 
AP are associated with the development and progres-
sion of intra-abdominal hypertension (IAH) [16-20]. 
Aggressive infusion has logical justi&cations. However, 
it can exacerbate the movement of intravascular 'uid 
into the third space, initiated by the action of pro-in-
'ammatory cytokines, which potentiates IAH. On the 
other hand, positive 'uid balance in the early period is 
limited by diuresis and can be explained by excretory 
capacity, which is often compromised in SAP [21, 22].

Pain intensity on the NPRS scale during the &rst day 
was included in our study as a potentially modi&able 
predictor of ACS. A systematic review and meta-analysis 
on pain management in the early stages of SAP (2024) 
evaluated the e%ect of seven drugs based on dynamics 
using the visual analog scale, and in our study a simpli-
&ed derivative was used [23].

The role of pathological pressure increase in the 
retroperitoneal space initiated by SAP was considered, 
highlighting retroperitoneal 'uid collections as an in-
dependent predictor of ACS. The updated de&nitions 
of the World Society of Abdominal Compartment Syn-
drome (WSACS) emphasized the complexity of ACS 
mechanisms, referring to the retroperitoneum, pelvis, 
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INTRODUCTION
The biomechanical interaction between the jaw and 
dental implants is a critical area of research in biomed-
ical engineering, particularly given the increasing prev-
alence of dental implant procedures. Understanding 
the stress-strain state of the “jaw-implant” system is 
essential for optimizing implant design and ensuring 
long-term success [1, 2].

The intricate relationship between biomechanical 
systems and their structural integrity is pivotal in the 
&eld of biomedical engineering, particularly in the de-
sign and assessment of dental implants [3].

One of the most critical interfaces in this realm is that 
of the jaw-implant system, where the mechanical per-
formance and biological compatibility determine the 
success of implant therapies. Understanding the stress-
strain state of this system is essential, as it directly a%ects 
the stability of the implant and the surrounding bone. 
Research has shown that the mechanical interactions 
between the jawbone and the implant can signi&cantly 
impact clinical outcomes, making it imperative to inves-
tigate these dynamics comprehensively [4, 5]. 

The implications of this research extend beyond the-
oretical modeling; they hold signi&cant potential for 
improving the design of dental implants, optimizing 
surgical procedures, and ultimately enhancing patient 
care [6]. By systematically exploring the stress-strain 
distribution within the jaw-implant system, we aim to 
identify critical failure mechanisms and suggest design 
modi&cations that could lead to more resilient and 
e%ective implant solutions. Studies [7] highlight the im-
portance of load distribution in the jaw-implant system, 
noting that uneven stress can lead to complications 
such as bone resorption and implant failure. Moreover, 
the work [8] emphasizes the role of mechanical load-
ing in osseointegration, suggesting that a thorough 
understanding of stress patterns is vital for improving 
implant design and surgical techniques. 

Furthermore, the work [8] underscores the neces-
sity of integrating biological factors into mechanical 
assessments. Our methodology not only evaluates 
mechanical stress but also considers the biological 
responses that occur at the implant interface, thereby 
providing a more holistic understanding of the system’s 

Development of a methodology and study of the stress-strain 
state of the biomechanical system “jaw-implant”

Olha S. Musiienko1, Vitalii V. Parii2, Oleksii I. Morhun1 Ihor G. Diadik2

1NATIONAL TECHNICAL UNIVERSITY OF UKRAINE “IGOR SIKORSKY KYIV POLYTECHNIC INSTITUTE”, KYIV, UKRAINE
2BOGOMOLETS NATIONAL MEDICAL UNIVERSITY, KYIV, UKRAINE

ABSTRACT
Aim: To investigate the stress-strain state of the “jaw-implant” system under static loading using 'nite element analysis (FEA) and experimental photoelastic 
methods, with a focus on di&erent implant placement angles. 
Materials and Methods: The study combined numerical and experimental approaches. Samples made of epoxy resin were tested using a polariscope to 
observe stress distributions, while FEA was performed in SolidWorks 2021 and Ansys 2019 R2. Implant placement angles of 0°, 7°, 15°, and 22° were analyzed 
under a load of ,20 ,N. 
Results: Both experimental and numerical methods revealed stress concentration patterns dependent on implant placement angles. Maximum stress values 
were observed at larger angles, and the FEA results showed satisfactory agreement with the experimental data. 
Conclusions: The developed methodology e&ectively predicts the stress-strain state of the “jaw-implant” system. The 'ndings demonstrate the importance 
of optimizing implant placement angles to minimize stress and improve implant longevity. The integration of FEA and photoelastic methods provides a robust 
tool for enhancing dental implant design and placement strategies.

  KEY WORDS: Stress-strain state, jaw-implant system, 'nite element analysis, photoelastic analysis, biomechanics, implant placement angle

Wiad Lek. 2025;78(9):1758-1764. doi: 10.36740/WLek/212507 DOI

ORIGINAL ARTICLE CONTENTS

https://wiadlek.pl/09-2025/
https://www.doi.org/10.36740/WLek/212507


Development of a methodology and study of the stress-strain state of the biomechanical system “jaw-implant”

1759

performance. Recent advancements in computational 
modeling, particularly &nite element analysis (FEA), 
o%er powerful tools for simulating the mechanical be-
havior of the jaw-implant interface. As demonstrated 
by [9], FEA enables researchers to assess how varying 
loads a%ect the stress distribution and strain responses 
within the system, providing insights that are crucial for 
optimizing implant performance [2, 10]. 

This article aims to delve into the stress-strain state 
of the jaw-implant biomechanical system, building 
on existing literature while presenting new &ndings 
from our analyses. By examining the mechanical in-
teractions and their implications for clinical practice, 
we seek to contribute to the ongoing development of 
more e%ective and resilient dental implants, ultimately 
enhancing patient care in implant dentistry. By system-
atically exploring the stress-strain distribution within 
the jaw-implant system, we aim to identify critical 
failure mechanisms and suggest design modi&cations 
that could lead to more resilient and e%ective implant 
solutions. 

AIM
To investigate the stress-strain state of the “jaw-implant” 
system under static loading using the &nite element 
analysis and experimental method of photoelastic 
analysis as a validation. 

MATERIALS AND METHODS
Experimental study [11]. Using a metal matrix with di-
mensions of 90x35x9 mm, a silicone mold was made, 
which allows for easy removal of samples without dam-
age. The samples were made of a transparent material in 
which the implant was placed. The jewelry epoxy resin 
MagicCrystal 3D was used as the specimen material. 
To determine the mechanical properties of the epoxy 
resin, a specimen was made in the form of a straight 
cylinder with a height of 30 mm and a diameter of 20 
mm. For this purpose, a plastic matrix was printed on 
a 3D printer. After that, the matrix was processed to 
reduce its roughness and a silicone mold was made. 
Since the properties of epoxy resin vary each time and 
also change over time, it is necessary to simultaneously 
produce both specimens for the photoelasticity test and 
specimens for determining the mechanical properties 
of the epoxy resin. It is also necessary to test the speci-
mens on the same day for better accuracy of the results.

The compression tests were carried out using an UTM 
TIRATEST-2151. 

The deformation rate was 5 mm/min. The specimen 
was placed on the test bench and subjected to an axial 

compressive load. At the same time, the diagram was 
recorded.

To place the specimen and conduct experiments 
using the photoelasticity method, a specially designed 
device, a polariscope, is used. A polariscope consists of 
a light source, a polarizer, and an analyzer.

The specimen is placed between the polarizer and 
the analyzer. The analyzer, for its part, transmits only 
horizontal projections of the light vectors. Thus, the 
light passing through the analyzer will be horizontally 
polarized.

As light passes through the sample, its polarization 
changes due to the distribution of stresses and strains. 
With a polarizer changes in light polarization can be 
observed and analyzed, which allows you to determine 
the stress and strain distribution &elds in the specimen.

The load on the implant was transmitted through 
a steel ball with a diameter of 5 mm using a universal 
testing machine TIRATEST-2151. 

Before starting the tests, a photo of an unloaded spec-
imen was taken to ensure that there were no stresses on 
the models. After that, the axial load was consistently 
increased. During the test, extraneous light sources 
should be turned o% in the room.

When certain load values are reached, the specimen 
is photographed to record the stress distribution in it.

At the end of the experiment, all the photos were 
analyzed to check the direction and intensity of the 
stresses. In this case, the higher the order of the stripes 
and the number of stripes, the greater the stress inten-
sity. In addition, the closer the stripes are to each other, 
the higher the stress concentration. 

Numerical modeling. The SolidWorks 2021 software 
package was used to build the simulation model. We 
considered 4 options for implant placement: at angles 
of 0°, 7°, 15°, and 22° (Fig. 1). The simulation model was 
made without a thread, the diameter of the model cor-
responds to the outer diameter of the thread. 

Ansys 2019 R2 software package was used to analyze 
the simulation model. The model is considered in a 
plane stress-strain state. 

Boundary conditions: a force of 20 N was applied 
vertically (parallel to the side faces of the resin model) 
to the implant model and lower edge of epoxy resin. 
The mechanical properties of the materials of the com-
putational model are shown in Table 1.

RESULTS
The results of this study are presented in three succes-
sive parts to ensure a comprehensive understanding of 
the stress–strain state of the jaw–implant system. First, 
the mechanical properties of the epoxy resin used as 



Olha S. Musiienko et al. 

1760

a model material were determined, since these values 
were required for both experimental interpretation and 
numerical simulations. Second, photoelastic analysis 
was employed to visualize stress distribution &elds 
under different loading and inclination conditions. 
Finally, the &ndings from &nite element modeling were 
obtained and compared with the experimental obser-
vations to validate the numerical approach and quantify 
the in'uence of implant inclination on peri-implant 
stress concentrations.

Compression tests revealed distinct time-dependent 
variations in the mechanical behavior of the epoxy resin. 
The stress–strain curves (Fig. 2) obtained from cylin-
drical specimens demonstrated that samples tested 7 
days after curing exhibited signi&cantly higher sti%ness 
compared to those tested 6 months post-curing. The 
calculated elastic modulus averaged E = 7.327 MPa with 
Poisson’s ratio > = 0.30, values which were subsequently 
used for &nite element simulations.

Photoelastic experiments provided a detailed vi-
sualization of stress distribution around the implant 
under axial loading. In the unloaded state (Fig. 3a), the 
specimens exhibited no stress-induced birefringence. 

Under a 20 N vertical load at 0° inclination (Fig. 3b), 
concentric isochromatic fringes appeared at the im-
plant neck, con&rming the presence of localized stress 
concentrations. Increasing the load to 200 N at 0° (Fig. 
3c) led to a marked increase in fringe density, re'ecting 
nonlinear growth of stress intensity.

When the implant was inclined at 15° under 20 N load 
(Fig. 3d), asymmetric fringe patterns were observed. 
The isochromes became denser on the side opposite 
to the direction of inclination, indicating higher ten-
sile stresses and less favorable load distribution. This 
con&rmed that implant tilting introduces signi&cant 
biomechanical asymmetry in stress transfer.

Numerical modeling was performed for the presented 
systems and stress distribution &elds were obtained (Fig. 
4). Finite element analysis was performed for implant 
inclinations of 0°, 7°, 15°, and 22°. The obtained stress 
distribution &elds (Fig. 4) demonstrated a progressive 
increase in both the magnitude and localization of 
stress concentrations as the inclination angle increased.

For the 0° inclination model, the stress distribution 
exhibited axial symmetry with the highest von Mises 
stresses localized in the cervical peri-implant region. 

  
a b 

  

c d 

Fig 1. Installed implant model with inclination angles: (а) 0°, (b) 7°, (c) 15° та (d) 22° 
Picture taken by the authors 
 Table 1. Mechanical properties of materials of the computational model

Object Material E, MPa .

Implant Titanium alloy 
Ti-6Al-4V 111,2?103 0,3387

Epoxy resin 7,327 0,3

Source: compiled by the authors of this study

Fig. 1. Installed implant model with inclination angles: (1) 0°, (b) 7°, (c) 15°, (d) 22°
Picture taken by the authors
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DISCUSSION
Our review of the literature has shown the relevance 
of studies devoted to the determination of the stress-
strain state of jaw-implant systems, which is discussed 
in [12-14]. In the cited works, the authors use the 
&nite element method as a tool for determining the 
stress-strain state of the jaw and the implant installed 
in it. However, the above-mentioned works did not 
validate the numerical model by means of analytical 
calculations or experimental studies. We have devel-
oped a methodology for validating a numerical model 
of the jaw-implant system based on the method of 
photoelasticity at di%erent implant angles.

In contrast to this research, we carried out a study 
on axial loads applied through a ball that simulated 
a food lump during the chewing cycle. This scienti&c 
work aimed to determine how the distribution of these 
loads depends on the diameter of the implant [15]. 

This scientific research studied the distribution 
of loads in short implants with different types of 
abutment &xation to the implant. In contrast to this 
research, we studied an implant that had a connec-
tion with an abutment featuring an internal cone of 
11 degrees [16].

The use of photoelastic analysis as a methodology 
for verifying numerical modeling of experimental 
work provides a powerful impetus for studying the 
stress-strain states that occur in the jawbone during 
chewing loads. However, there is a challenge related 
to the di%ering densities of the cortical and spongy 
layers of bone tissue. In numerical modeling, we 
account for these di%erences, but in full-scale exper-
iments, this issue remains unresolved because the 
resin we use is homogeneous. Therefore, the devel-
opment and search for a &ller that can closely mimic 
the cortical and spongy layers is an urgent task for 
scienti&c research.

Peak values were concentrated at the implant neck, 
gradually diminishing along the apical direction. This 
con&guration corresponded to favorable load transfer 
and minimal shear components.

At an inclination of 7°, the stress &eld showed distinct 
asymmetry relative to the implant axis. Maximum 
stresses shifted toward the cortical region on the side 
opposite to the loading vector, accompanied by an 
approximately 12% increase in peak von Mises stress 
compared to the vertical model. The stress gradients 
indicated an onset of unfavorable load redistribution.

In the 15° model, stress redistribution became more 
pronounced. High-intensity zones extended from the 
cervical margin into the apical third of the implant–resin 
interface. Peak stresses increased by approximately 25–
27% relative to the 0° con&guration, and the stress &eld 
revealed broader areas of critical concentration, which 
is biomechanically unfavorable for osseointegration.

The 22° inclination model exhibited the most unfa-
vorable conditions, with stress maxima simultaneously 
localized at the cervical and apical implant regions. 
The von Mises stresses at this angle exceeded the 
threshold values considered biomechanically tolerable 
for peri-implant bone (@_max > 30 MPa in the simu-
lated resin analogue, extrapolated to cortical bone 
properties). Such conditions are likely to accelerate 
peri-implant bone resorption and compromise implant 
stability.

The simulated stress distribution patterns corre-
sponded well with the photoelastic fringe orders ob-
tained experimentally. In particular, the densi&cation 
of isochromatic fringes at increasing tilt angles was 
consistent with the numerical prediction of elevated 
von Mises stresses. The highest degree of correlation 
was observed for the 0° and 15° models, con&rming the 
adequacy of the &nite element model as a predictive 
tool for clinical implant biomechanics.

Fig. 2. Mechanical properties of epoxy resin: (1) 
6 months after curing; (2) 7 days after curing
Picture taken by the authors



Olha S. Musiienko et al. 

1762

  

a b 

  
c d 

Fig 3. (а) Unloaded specimen in the polarizer; (b) Stress distribution in a specimen under a 

force of 20N with an inclination of 0⁰; (c) Stress distribution in a specimen under a force of 200N 

with an inclination of 0⁰; (d) Stress distribution in a specimen under a force of 20N with an 

inclination of 15⁰ 
Picture taken by the authors 
 

  
a b 

  
c d 

Fig 4. Stress-strain state of the computational model at a load of 20N with implant tilt angles 

(а) 0°, (b) 7°, (c)15° та (d) 22° 

Picture taken by the authors 
 

Fig. 3. (1) Unloaded specimen in the polarizer; (b) Stress distribution in a specimen under a force of 20N with an inclination of 06; (c) Stress distribution 
in a specimen under a force of 200N with an inclination of 06; (d) Stress distribution in a specimen under a force of 20N with an inclination of 156
Picture taken by the authors

Fig. 4. Stress-strain state of the computational model at a load of 20N with implant tilt angles (1) 0°, (b) 7°, (c)15°, (d) 22°
Picture taken by the authors
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the allowable ones. Thus, the use of these data will help 
in choosing the optimal implant placement angle.

This experimental study is important because hav-
ing an understanding of the load distribution in the 
superstructure-implant-bone system, which occurs 
when they are installed at di%erent angles, allows us to 
plan dental implantation in such a way as to minimize 
the risk of potential biomechanical complications. The 
application of digital technologies and navigational 
methods in implantology enables predictable implant 
placement at angles that will reduce the risk of biome-
chanical complications during the functioning of the 
orthopedic structure supported by dental implants.

CONCLUSIONS
The created numerical model showed satisfactory re-
sults. As a result, it can be used to analyze the behavior 
of the implant in the human jaw and to predict the al-
lowable angles of implant placement if it is impossible 
to place it at a right angle. The photoelasticity method 
has also proven to be one of the methods for validating 
numerical solutions. 

Based on the results of the study, the stress distribution 
&elds were obtained and the maximum stresses in the 
system were determined. The dependence of the stresses 
on the angle of implant placement was revealed. It was 
also proved that the maximum stresses do not exceed 
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INTRODUCTION
Recent studies have demonstrated a complex, dose-de-
pendent e%ect of exercise on gut microbiota composi-
tion and function. A meta-analysis of 25 studies includ-
ing 1044 participants showed that exercise signi&cantly 
increased gut microbiota alpha diversity, including the 
Shannon index [1]. A systematic review of 28 studies 
con&rmed that moderate- or vigorous-intensity phys-
ical activity performed for 30–90 min, more than 3 
times per week (or 150–270 min weekly) for a period 
of 8 weeks can induce changes in the gut microbiota 
[2]. Intensive physical activity has been associated with 
an increase in butyrate- and succinate-producing bac-
teria, which a%ects the metabolic homeostasis of the 
host and has a potentially positive e%ect on the state 
of the immune system [4]. Professional soccer players 
have been shown to have an increased diversity of gut 
microbiota compared to amateurs, particularly during 
periods of intensive training.

A study of professional martial artists revealed a signif-
icant pattern: higher-level athletes exhibit signi&cantly 
greater gut microbiota diversity compared to lower-level 
athletes [5]. Shannon (p = 0.019) and Simpson (p = 0.001) 
indices were signi&cantly higher in highly skilled athletes 
[5]. This is particularly important for female boxers, as in-
creased microbial diversity correlates with better immu-
nity, reduced susceptibility to respiratory infections, and 
lower BMI values [6]. Gender is an important modulator 
of the microbiota response to physical exercise. Women 
tend to show greater changes in Shannon index and 
observed operational taxonomic units [5].

The gut microbiota may signi&cantly in'uence the 
physical performance of female boxers through multi-
ple mechanisms, from energy metabolism to immune 
regulation. Increased microbial diversity, enrichment 
with speci&c bene&cial taxa, and optimized microbial 
function are positively correlated with athletic perfor-
mance [7].

Dynamics of gut microbiota in quali(ed female boxers

Anastasiia M. Kaliga1, Oksana L. Palladina1, Olena A. Dulo2, Svitlana A. Burmei 2,3, Dmytro V. Shtanagei1, 
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ABSTRACT
Aim: To analyze changes in the gut microbiota of quali'ed female boxers at di&erent stages of the training cycle, in)uenced by physical activity of di&erent 
intensity. 
Materials and Methods: The study involved nine quali'ed female boxers, who performed high-intensity training sessions. The study of changes in the state 
of the microbiota, namely its diversity, was carried out in two phases of the training cycle. A microbiological quantitative method was used, in-depth with 
species identi'cation and detection of anaerobes, the unit of measurement of which was colony-forming units per gram (CFU/g). The quantitative assessment 
of microorganisms was performed using arithmetic mean values expressed and log-transformed values (log78 CFU/g).
Results: High-intensity training loads were associated with microbiota changes indicative of dysbiosis. It is noticeable that the concentration of typical patho-
genic genera (Candida albicans, Klebsiella pneumoniae, Streptococcus) signi'cantly increased during the post-competition period. At the same time, classic 
“bene'cial” bacteria (Lactobacillus and Bi!dobacterium) remained within normal limits, although Bi'dobacterium showed some growth. Notably, Escherichia 
coli (a normal representative of the microbiome) exceeded the norm during the post-competition period.
Conclusions: Increased training intensity in quali'ed female boxers resulted in alterations in gut microbiota composition, most notably a signi'cant rise in 
Escherichia coli and other opportunistic microbes, while the levels of bene'cial Lactobacillus and Bi!dobacteria species remained relatively stable. These changes 
suggest early signs of dysbiosis, consistent with current evidence on the impact of extreme physical exertion on microbial health.
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Although direct studies linking gut microbiota to per-
formance outcomes such as win rate in female boxers 
are lacking, existing evidence suggests that optimizing 
microbial health can be an important factor in improv-
ing athletic performance and achievement in this sport. 
Moreover, microbiota pro&ling may become a tool for 
predicting athletic performance.

AIM
The aim was to analyze changes in the gut microbiota 
of quali&ed female boxers at di%erent stages of the 
training cycle, in'uenced by physical activity of di%er-
ent intensity. 

MATERIALS AND METHODS
The study involved nine quali&ed female boxers from 
the Kyiv City School of Higher Sports Mastery (Kyiv, 
Ukraine), a specialized sports training center. The 
average age of the boxers was 22.00 ± 0.89 years. 
The study was conducted during the preparation 
period and immediately after the competitive period 
(post-competition period), during which the athletes 

performed high-intensity training sessions lasting 90 
minutes, 6 times per week [8]. During the scienti&c 
study, all recommendations to ethics committee rec-
ommendations on biomedical research were followed. 
All participants provided written informed consent for 
the use of their data in scienti&c research. To e%ectively 
address the goal of the scienti&c study, a combination 
of sport science, microbiological, and medical methods 
was applied: microbiota research, leukocyte formula 
analysis to verify the in'ammatory process; methods 
of mathematical statistics. To study the features and 
diversity of the intestinal micro'ora in female boxers, an 
in-depth study of the state of the intestinal microbiota 
was conducted with the identi&cation of commensal 
and opportunistic microorganisms to the species with 
the determination of the diagnostic ratio. For this 
purpose, a microbiological quantitative method was 
used, in-depth with species identi&cation (biochemical 
automated test systems) and detection of anaerobes, 
the unit of measurement of which was colony-forming 
units per gram (CFU/g). The quantitative assessment of 
microorganisms was performed using arithmetic mean 
values (A±m) expressed and log-transformed values 
(logB( CFU/g). Statistical signi&cance of di%erences was 

 

Fig. 1 Average Log10 CFU/g of the main microorganisms in the microbiota of qualified female-
boxers 
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determined using Student’s t-test. Data analysis was 
carried out with Statistical 10.0 Software (StatSoft, Inc., 
USA) and Microsoft Excel.

RESULTS
The study of changes in the state of the microbiota, 
namely its diversity, was carried out in two phases. The 
&rst one was during the preparatory period, during 
which the athletes engaged in moderate-intensity 
physical activity. In order to monitor whether changes 
occur in the microbiota pro&le during high-intensity 
training, a follow-up analysis was conducted con-
ducted Cafter 8 weeks, in the post-competition period. 
The obtained test results are presented in Table 1 and 
Fig. 1. In the preparation period, the average value of 
Escherichia coli was (1.48 ± 0.98)D10E CFU/g (logB( 8.17 
± 1.20), and in the post-competition period – (2.86 ± 
1.55)D1010 CFU/g (logB( 10.46 ± 1.17). Thus, the con-
centration of E. coli in the post-competition period 
increased nearly 200-fold. The logB( value also increased, 
but the di%erence did not reach statistical signi&cance 
(p > 0.05). Both average values exceed the upper limit 
of the norm (10E CFU/g), suggesting excessive coloni-

zation – potentially a sigh of intestinal dysbiosis due to 
intense training load.

Enterococcus faecalis increased approximately 6-fold 
during the post-competition period. According to the t-test, 
this increase was statistically signi&cant (t=6.41, p < 0.01). 
Speci&cally its concentration rose from (2.36 ± 1.32)D106 
CFU/g (logB( 6.37 ± 1.32), and in the post-competition pe-
riod the concentration was (1.47 ± 0.14)D107 CFU/g (logB( 
7.17 ± 0.51). Both values are within the physiological norm. 
Notably, the decrease in standard error (±0.51 vs ±1.32) in-
dicates a more stable level in the post-competition period. 
This may re'ect an adaptive intestinal response to changes 
in metabolism or diet during and after the competition. 

The concentration of Lactobacillus spp was (1.66 ± 
1.14)D107 CFU/g (logB( 7.22 ± 1.39) during the prepa-
ration period and (1.43 ± 0.14)D107 CFU/g (logB( 7.16 
± 0.58) after competition. A slight decrease of ap-
proximately 0.2D10F is observed, but this change is 
statistically insigni&cant (t=0.2, p > 0.05). Such a minor 
reduction during intense training may be a typical sign 
of dysbiosis, but remained within the normal range and 
lacked statistical relevance.

Regarding the concentration of Bifidobacterium 
spp in the preparation period the observed value 

Table 1. Gut microbiota pro'le of trained female boxers by training intensity, n=9 (9±m), Log10

Microorganism

Preparation period Post-competition period Reference 
rangeConcentration of CFU/g

/±m CFU/g log10 CFU/g /±m CFU/g log10 CFU/g CFU/g

Escherichia coli, 
lac+(n=9) (1,48±0,98)D10E 8,17±1,20 (2,86±1,55)D1010 10,46±1,17

106 – 108

t-test 1,84 

G > 0,05

Enterococcus faecalis 
(n=9) (2,36±1,32)D106 6,37±1,32 (1,47±0,14)D107 7,17±0,51

105 – 108

t-test 6,41

G < 0,01

Lactobacillus spp (n=8) (1,66±1,14)D107 7,22±1,39 (1,43±0,14)D107 7,16±0,58

106 – 108t-test 0,2

G > 0,05

Bi"dobacterium spp 
(n=9) (3,49±1.48)D106 6,54±1,05 (5,03±2,22)D107 7,70±0,62

107 – 108

t-test 2,23

G < 0,05

Candida albicans (n=6) 106 - (1,67±0,192)D108 8,22±0,91 <104

Klebsiella pneumoniae 
(n=4) 104 - (7,53±2,47)D105 5,88±0,50 <104

Streptococcus agalactiae 
(n=2) 106 - (5,00±5,00)D109 9,70±3,0 <104

Note: t – Student’s test;
p – signi'cance of the di&erence in di&erent periods of the training cycle
Source: compiled by the authors of this study
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richia coli (a normal representative of the microbiome) 
exceeded the norm during the post-competition peri-
od. Taken together, these &ndings indicate a shift in the 
gut microbiota balance: on the one hand, the number 
of commensals increased, while on the other, atypical 
pathogens emerged, a combination that is character-
istic of excessive physiological stress. These &ndings 
align with previous studies reporting that excessive or 
extreme physical exertion may lead to a decrease in 
bene&cial barrier bacteria and an overgrowth of po-
tentially pathogenic species, i.e., dysbiosis, re'ecting 
the adverse e%ects of overly intensive athletic training. 

DISCUSSION
A critical consideration in this context is the distinction be-
tween moderate and intense physical activity, as they have 
di%erent e%ects on the gut microbiota, Clauss M. et al. [3]. 

Moderate exercise has been associated with re-
duced inflammation, improved body composition, 
and favorable changes in gut microbial diversity and 
composition. In contrast, high-intensity exercise may 
increase the permeability of the gastrointestinal ep-
ithelial barrier and reduce the thickness of the intes-
tinal mucus layer, potentially allowing pathogens to 
enter the bloodstream and contributing to increased 
in'ammation [3]. In a study of military personnel under-
going intense physical training, intestinal permeability 
increased by 62±57%, accompanied by alterations in 
the gut microbiota including increased alpha-diversity 
and changes in the relative abundance of over 50% of 
identi&ed genera, Grosicki, G. J. et al. [9]. These &nd-
ings suggest that sustained physical stress negatively 
a%ects intestinal barrier integrity while simultaneously 
altering microbial composition. Similarly, Barton W. et 
al. studying elite athletes revealed speci&c functional 
adaptations of the gut microbiota. In particular, in mar-
athon runners after the race, an increase in the relative 
abundance of Veillonella atypica, a bacterium capable 
of metabolizing lactate as its sole carbon source, was 
observed [10]. Experimental administration of this strain 
to mice signi&cantly prolonged treadmill running time 
to exhaustion, which demonstrates a direct relationship 
between speci&c microbes and sports performance. A 
pivotal discovery was the identi&cation of Veilonella 
as a bacterium that enhances endurance through a 
metabolic conversion of exercise-induced lactate into 
propionate [10]. A study using radiolabeled isotopes 
showed that serum lactate crosses the epithelial barrier 
into the intestinal lumen, and intrarectal administra-
tion of propionate is su)cient to reproduce increased 
endurance performance by 133% and reduce muscle 
fatigue [10].

was (3.49±1.48)D106 CFU/g (log10  6.54 ± 1.05), and 
in the post-competition period it increased to (5.03 
± 2.22)D107 CFU/g (log10  7.70 ± 0.62). The content of 
bi&dobacteria in the post-competition period increased 
approximately 15 times. The di%erence is statistically 
signi&cant (p < 0.05). The reference range is approxi-
mately  (107 – 108 CFU/g), so the values of the prepa-
ration period were somewhat underestimated, and 
in the post-competition period they approached the 
lower threshold of the reference range. Bi&dobacteria 
are commensal intestinal microorganisms with known 
anti-in'ammatory properties. Their increased abun-
dance following intense physical activity may re'ect a 
bene&cial adaptive response.

In the preparation period, a level of 106 CFU/g (i.e., 
which is close to the detection limit) for Candida al-
bicans was detected, in the post-competition period 
it was (1.67 ± 0.192)D108 CFU/g (log10 8.22 ± 0.91). 
The normal upper limit for Candida albicans is <104 
CFU/g, indicating a pathologically elevated level in the 
post-competition period. No statistical comparison was 
performed (it was present in the preparation period in 
only 1 athlete), but the fact that it appeared in 6 out 
of 9 people with such a high concentration indicates a 
signi&cant disturbance of the microbiota.  

The presence of Klebsiella pneumoniae 104 CFU/g 
in the microbiota of the examined female boxers in 
the preparation period is also noteworthy. However, 
in the post-competition period, the level signi&cantly 
exceeded the normal range (7.53 ± 2.47)D105 CFU/g 
(log10 5.88±0.50). Klebsiella pneumoniae is a facultative 
pathogen; its appearance in 4 out of 9 female athletes 
in significant quantities indicates the presence of 
dysbiosis. Also, in two female athletes, we observed 
the appearance of Streptococcus agalactiae during the 
post-competition period (5.00±5.00)D109 CFU/g (log10 
9.70±3.0) and between competitions 106 CFU/g, with an 
approximate norm of <104 CFU/g, which represents an 
unfavorable &nding, since Streptococcus agalactiae is a 
potentially pathogenic species, the presence of which 
indicates the presence of dysbiosis.

High-intensity training loads were associated with mi-
crobiota changes indicative of dysbiosis. It is noticeable 
that the concentration of typical pathogenic genera 
(Candida albicans, Klebsiella pneumoniae, Streptococcus) 
signi&cantly increased during the post-competition pe-
riod. This is consistent with the observations that high 
physiological tension and stress can reduce the barrier 
functions of the intestine and promote the excessive 
growth of opportunistic microorganisms. At the same 
time, classic “bene&cial” bacteria (Lactobacillus and Bi-
"dobacterium) remained within normal limits, although 
Bi"dobacterium showed some growth. Notably, Esche-
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Current research demonstrates a complex, non-linear 
relationship between exercise intensity and gut micro-
biota. The “inverted U-curve” model best describes this 
association: low exercise frequency and duration result 
in minimal changes, moderate exercise (30-90 minutes 
3-5 times a week) causes the greatest positive changes, 
whereas excessively intense exercise (>90 minutes, >5 
times a week) may elicit detrimental e%ects.

The clinical signi&cance of these &ndings lies in the 
possibility of developing personalized training programs 
that incorporate individual microbiota pro&les. Such 
approaches may not only enhance athletic performance 
but also support the long-term health of athletes. 

Future research should aim to elucidate the mech-
anisms underlying the bidirectional interactions 
between physical activity and the gut microbiota. 
Moreover,  standardized methodologies and longitu-
dinal study designs are needed to better understand 
the sustained e%ects of various training modalities on 
microbial health.

CONCLUSIONS
Increased training intensity in quali&ed female boxers 
resulted in alterations in gut microbiota composition, 
most notably a signi&cant rise in Escherichia coli and 
other opportunistic microbes, while the levels of 
bene&cial Lactobacillus and Bi"dobacteria species re-
mained relatively stable. These changes suggest early 
signs of dysbiosis, consistent with current evidence on 
the impact of extreme physical exertion on microbial 
health. To enhance athletes ‘ physical performance and 
improve competitive outcomes, future interventions 
may consider probiotic supplementation and the de-
velopment of personalized nutritional strategies based 
on individual microbial pro&les. 

Short-chain fatty acids (SCFAs) such as propionate, 
acetate and butyrate are key metabolites that link the 
gut microbiota to host metabolism. Athletes typically 
exhibit increased microbial diversity and a composition-
al shift towards bacterial taxa involved in amino acid 
biosynthesis and carbohydrate/&ber metabolism, which 
leads to enhanced SCFA production, Clauss M. et al. [3].

According to Bonomini-Gnutzmann et al., exces-
sively intense or prolonged physical activity can lead 
to increased intestinal permeability, contributing to 
exercise-induced gastrointestinal disturbances and 
systemic in'ammation  [11]. Paradoxically, among elite 
athletes, despite a modest increase in diversity, in some 
cases a decrease in microbiota diversity is observed, 
compared to individuals performing moderate physical 
activity Li Y. et al. [12]. However, elite athletes still have 
high levels of fecal SCFA, which play a crucial role in 
host energy metabolism. A multi-cohort study of 543 
samples from athletes participating in various sports 
disciplines (aerobics, wrestling, rowing) revealed the 
presence of sport-speci&c gut microbiota pro&les [12]. 
Through the application of  Latent Dirichlet Allocation 
(LDA), 10 microbial subgroups were identi&ed and were 
associated with speci&c in'ammation markers, dietary 
patterns, and anaerobic performance indicators.

A review of the current literature reveals inconsistent 
&ndings regarding the impact of moderate-intensity 
and vigorous-intensity exercise on gut microbiota di-
versity and composition. Some studies have reported 
negative e%ects of aerobic exercise on gut microbiota, 
such as elevated intestinal fatty acid–binding protein 
I-FABP, gastrointestinal discomfort and adverse micro-
bial shifts [11, 13]. However, the majority of evidence 
supports bene&cial outcomes of endurance training 
on gut microbiota, including increased microbial 
diversity.
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INTRODUCTION
Bone compaction techniques for implant channel 
preparation are relatively new and innovative techniques 
that can be used, including when installing mini-
implants. Since the purpose of such bone processing 
techniques is to increase its density, which has a positive 
effect on the primary stabilization of the installed 
implants. Unlike traditional preparation (osteotomic 
preparation technique), in which bone fragments are 
removed and, accordingly, the mechanical properties 
of bone tissue in the area of     operation may decrease, 
during densi&cation, bone hardness increases, and 
its volume is also preserved [1-3]. The vast majority 
of manufacturers of mini-implant systems do not 
focus the user’s attention on the osteodensi&cation 
technique when using their products. Although from 
the very beginning, the surgical kits include surgical 

burs for osteotomy bone preparation, as well as bone 
condensers or taps, which partially work according to 
the bone densi&cation technique [4-6]. 

When using the osteodensification technique 
to prepare the channel for mini-implants, several 
advantages may be identi&ed and to be achieved in 
the clinic. The &rst advantage is better primary stability, 
and this is the most important advantage. By densifying 
the bone, osteodensi&cation provides a tighter &t of 
the implant, which leads to higher insertion torque 
values   and reduced micromovement of the product. 
For mini-implants, the functioning of which is often 
highly dependent on primary stability due to their 
smaller diameter, this is a critical condition for successful 
osseointegration. Another advantage of densifying the 
wall of the implant channel is improved bone-implant 
contact. These techniques increase direct bone-implant 

The in)uence of implant channel preparation technique on 
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ABSTRACT
Aim: To compare the mechanical and radiological properties of animal bone after preparation with di&erent surgical protocols (including tissue compaction/
densi'cation).
Materials and Methods: Samples of animal bone tissue (porcine ribs) were prepared according to 4 protocols: osteotomic, compaction with a bone condenser, 
slow (50 rpm) and osteocondensation without special burrs. After preparation, the torque was measured and relative radiological density of the bone was 
examined using CBCT.
Results: The torque when using the slow protocol (50 rpm) was 35.82 ± 5.10 N:cm (M = 36.48), with the standard osteotomic technique – 37.27 ± 2.14 
N:cm (M = 37.40), with the bone condensors – 46.57 ± 2.72 N:cm (M = 46.75) and with osteodensi'cation – 50.61 ± 6.77 N:cm (M = 50.16). The lowest 
relative x-ray density of the walls of the implantation channel was when using the osteotomy protocol (1000 rpm) – 372.85 ± 181.01 dHU (M = 374.00), with 
the slow protocol – 538.75 ± 167.82 dHU (M = 522.50). Slightly higher values   were obtained with the use of bone condensors – 602.18±263.42 dHU (M = 
549.00), and the highest was with osteodensi'cation technique – 877.75±226.25 dHU (M = 862.50).
Conclusions: The use of bone condensors and osteodensi'cation techniques (even without special burs) durin: the preparation of the implantation channel 
for mini-implants leads to progressive improvement of bone tissue. 
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contact, which is important for the long-term success 
of the implantation [7,8].

Also, osteodensificative techniques can locally 
improve the quality of bone tissue, especially in areas 
with low density (for example, the distal parts of the 
maxilla, where there is a high risk of osteoplasia). 
This technique can make it possible to place a dental 
implant in areas that, with the classic osteotomy 
technique of bone bed preparation, would require 
more extensive procedures and prior bone grafting. 
Another advantage of densi&cation techniques is the 
achievement of a slight widening of the alveolar ridge. 
These techniques can contribute to the widening 
of narrow alveolar ridges (which is a “pleasant” side 
e%ect). This modi&cation of the alveolar ridge allows 
for the placement of wider mini-implants or even 
conventional implants in affected areas, without 
resorting to the more invasive technique of lateral bone 
augmentation. An additional advantage of the above 
treatment is the higher potential for accelerated healing 
and immediate loading of the superstructure. Better 
primary stability could potentially allow for earlier or 
even immediate loading of mini-implants, reducing 
the patient’s rehabilitation period. Another advantage 
of densi&cation techniques is the preservation of bone 
tissue. By densifying rather than removing bone, the 
patient’s existing bone tissue is preserved, which is a 
signi&cant advantage in cases where available bone is 
limited [6,9,10].

AIM 
The aim of the study was to compare the mechanical 
and radiological properties of animal bone after its 
preparation using di%erent surgical protocols (including 
tissue compaction).

MATERIALS AND METHODS 
To perform this study, 6 samples of  animal bone tissue 
(pork ribs) were used. Bones were purchased from a 
retail chain (the animals for this experiment were not 
slaughtered in a planned manner, but ready-made food 
products produced by industrial livestock were used). The 
bone tissue was skeletonized mechanically and cleaned 
using metal spatulas and disposable scalpel blades. 
Subsequently, the ribs were &xed in a vice, as perpendicular 
as possible to the ground surface. On the upper edge, at a 
distance of 1.5-2.0 cm from each other, marks were made 
using the XFD1135 pilot drill from the SlimOneBody XIFS 
dental implant surgical set (Dentium). Further, according 
to the markings, the implantation channel was prepared 
to a depth of 10.0 mm for mini-implants with a diameter 

of 2.5 mm with the following options for speed, direction 
and type of instrument:

No 1 (standard protocol) – at a speed of 1000 rpm, 
clockwise with a maximum torque up to 35 NDcm, using 
surgical burs XFD1635 and XFD2135;

No 2 (compaction) – at a speed of 100 rpm, clockwise with 
a maximum torque up to 50 NDcm, using osteocondensers 
(crest expanders) RS201036R and RS251036R;

No 3 (slow) – at a speed of 50 rpm, clockwise with a 
maximum torque up to 50 NDcm, using surgical burs 
XFD1635 and XFD2135;

No 4 (osteodensification) – at a speed of 100 rpm, 
counterclockwise with a maximum torque up to 50 NDcm, 
using XFD1635 and XFD2135.

Before using the final surgical burs, all canals were 
prepared to a depth of 10.0 mm using the pilot bur 
XFD1635. After preparation using the XHDHT hand driver, 
XRA3917 adapter and XRCA1 ratchet wrench, IUS251510 
dental mini-implants were inserted into the prepared 
canals. After insertion, the torque (primary stabilization) 
was measured using an XNTW torque wrench (maximum 
value – 70 NDcm. Each measurement was performed 6 
times and then entered into spreadsheets. In spreadsheets, 
descriptive and comparative statistics methods were used 
to establish a signi&cant di%erence between groups of 
values. After measurements, mini-implants were removed 
from the implantation channels, and bone tissue samples 
after applying metal tags were stored in a refrigerator at a 
temperature of 4-6°C. 

Subsequently, cone-beam computed tomography 
(CBCT) studies of the samples were performed in CBCT 
scanner “ACTEON X-MIND prime 3D” (France). The results 
of the study were analyzed in the “ACTEON® Imaging 
Suite 3D” software (based on the Obukhiv City Dental 
Clinic, Kyiv reg., Ukraine), in which the conditional 
radiographic density of the bone tissue of the walls of 
the implant channel was determined. channel in dHU. 
Measurements around each channel were carried out 10 
times, the results were entered into spreadsheets, where 
statistical data processing was performed. Statistical 
analysis of the obtained data was performed by using the 
Microsoft Excel 2016 in the form of simple table analysis, 
descriptive statistics, and comparative statistics (t-test 
by Student). The level of signi&cance was established at 
a value of 0.05.

RESULTS
RESULTS OF MEASURING THE LEVEL OF PRIMARY 
STABILIZATION OF MINI-IMPLANTS WITH DIFFERENT 
PREPARATION PROTOCOLS
The measurements showed that di%erent methods 
of preparation of the implant canal on the jaw 
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bone model at the final stage of mini-implant 
installation showed di%erent torque force, which was 
directly proportional to the possible level of primary 
stabilization of the dental implant. Thus, the lowest 
level of torque was determined when using the slow 
preparation protocol (50 rpm) – 35.82 ± 5.10 NDcm 
(M = 36.48), the minimum value was 26.22 NDcm, 
and the maximum – 49.02 NDcm. With the standard 
preparation method (1000 rpm), the torque force was 
slightly higher – 37.27 ± 2.14 NDcm (M = 37.40). The 
minimum value was 33.55 NDcm, and the maximum 
– 41.25 NDcm. When using the bone condenser from 
the surgical kit, the torque values   of the installed 
implant increased signi&cantly. The average value was 
46.57 ± 2.72 NDcm (M = 46.75). Also, the minimum 
and maximum values   changed in the direction of 
increase – 41.80 NDcm and 50.60 NDcm, respectively 
(Table 1). The highest torque values   on the bone tissue 
model were obtained when using the fourth bone 
canal preparation protocol (osteodensi&cation). The 
average value was 50.61 ± 6.77 NDcm (M = 50.16) with 
a minimum of 42.75 NDcm and a maximum of 68.69 
NDcm (almost the upper limit of the torque wrench 
measurement).

The results of the statistical calculations showed that 
there was a statistically signi&cant di%erence (p<0.05) 
in the torque values   during implant insertion between 
protocols 1 and 2, protocols 1 and 4, protocols 2 and 
3, protocols 2 and 4, and protocols 3 and 4. There was 
no statistically signi&cant di%erence in the torque 
levels after the use of protocols 1 and 3. That is, both 
osteotomic techniques – both high-speed (1000 rpm) 
and slow (50 rpm) – did not lead to a real di%erence 

in the torque force during the installation of a dental 
mini-implant.

RESULTS OF MEASUREMENT OF RELATIVE 
RADIOGRAPHIC BONE DENSITY IN DHU 
The per formed measurements showed more 
heterogeneous results than were obtained at the 
previous stage of the study. Indeed, di%erent protocols 
for preparing the implant channel caused di%erent 
changes in the structure of the bone tissue, which 
could be registered during the performance of the 
CBCT and the corresponding image analysis in the 
software. Thus, the lowest level of relative density 
of the walls of the implant channel was when using 
the standard high-speed osteotomy protocol (1000 
rpm). It was 372.85±181.01 dHU (M = 374.00), the 
minimum value was 77.00 dHU, and the maximum 
was 805.00 dHU. In the conditional second place in 
terms of relative radiographic tissue density were 
the channels prepared using the slow osteotomy 
protocol (No 3). The average value was 538.75±167.82 
dHU (M = 522.50). The minimum was 163.00 dHU, 
and the maximum was 908.00 dHU. Slightly higher 
values   were found in the canal walls prepared using 
bone sealers (protocol No 2). Here, the average value 
was 602.18±263.42 dHU (M = 549.00), the minimum 
value was 89.00 dHU, and the maximum was 1332.00 
dHU. Finally, the highest values   of the conditional 
radiographic density of the walls of the implant canals 
were achieved when using the fourth preparation 
protocol (osteodensification). In such zones, the 
average bone density was 877.75±226.25 dHU (M = 

Table 1. Torque indicators of the installed mini-implant with di&erent implant channel preparation protocols, N:cm
1000 rpm Condensing 50 rpm Osseodensi(cation

Average 37.27 46.57 35.82 50.61

Standard deviation, ± 2.14 2.72 5.10 6.77

Median 37.40 46.75 36.48 50.16

Min. 33.55 41.80 26.22 42.75

Max. 41.25 50.60 49.02 68.69

Source: compiled by the authors of this study

Table 2. Relative bone density indicators of the implant channel margins for a mini-implant with di&erent preparation protocols, dHU
1000 rpm Condensing 50 rpm Osseodensi(cation

Average 372.85 602.18 538.75 877.75

Standard deviation, ± 181.01 263.42 167.82 226.25

Median 374.00 549.00 522.50 862.50

Min. 77.00 89.00 163.00 418.00

Max. 805.00 1332.00 908.00 1483.00

Source: compiled by the authors of this study
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osteodensi&cation burs. But only by changing the 
direction and speed of tissue preparation using a 
conventional bur for osteotomy preparation.  As the 
results of similiar studies show, bone densi&cation 
itself is, in fact, a polishing process that redistributes 
material on the surface by plastic deformation. 
Counterclockwise rotation of the bur causes the edges 
to slide along the bone surface with a compressive 
force less than the ultimate strength of the bone. Since 
fresh, hydrated trabecular bone is a plastic material, 
it has a good capacity for plastic deformation. The 
irrigation 'uid and the tissue 'uid content of the bone 
itself assist this process by creating a lubricating &lm 
between the two surfaces to reduce friction and more 
evenly distribute compressive forces [11,12].

Morphological studies of the results of the 
osseodensi&cation technique show that the most peculiar 
feature of the bone healing pattern is observed at the level 
of the more coronal cortical walls, where the bone acquires 
an unusual granular appearance. In these areas, osteoid 
tissue strands, osteons, and newly formed bone become 
visible. Also, the bone trabeculae in the treatment area 
demonstrate a speci&c granular appearance also in the 
inner part, while lamellar bone layers are visible on the 
outer side. It is believed that these bone trabeculae thicken 
due to the inclusion of autogenous bone fragments in 
the regenerate during the healing process. The granules 
in the trabeculae appear as nuclei of mineralization. Next 

862.50);   the minimum value was 418.00 dHU, and the 
maximum was 1483.00 dHU (Table 2)

The results of statistical calculations showed 
that the di%erence in the values between di%erent 
protocols was signi&cant (p < 0.05) in such compared 
pairs as Protocol 1/ Protocol 2, Protocol 1/Protocol 
3, Protocol 1/Protocol 4, Protocol 2/Protocol 4 and 
Protocol 3/Protocol 4. The di%erence was insigni&cant 
in the relative radiological density of the walls of 
the implantation channel after the use of Protocol 2 
and Protocol 3. That is, the level of bone density on 
the CBCT when using special sealants and the slow 
osteotomy protocol was similar. It is important to note 
that almost all preparation methods modi&ed bone 
density to varying degrees (Fig. 1).

DISCUSSION
The data we obtained show that the use of bone 
condensers and osteodensi&cation techniques leads 
to a progressive change in bone tissue in the area 
of   the future implant canal. It is these two methods 
of preparation that allow a significant increase 
in the torque during the installation of a dental 
mini-implant, as well as an increase in the relative 
radiographic density of the prepared tissue. It is worth 
noting that a progressive change in the properties of 
bone tissue was achieved without the use of special 

Fig. 1. Determination of the relative radiographic density of the walls of implant channels in the AIS 3D Acteon program environment
Picture taken by the authors
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CONCLUSIONS
Thus, the use of bone condensors and osteodensi&cation 
techniques in the preparation of the implant channel 
for mini-implants leads to a progressive change in the 
bone tissue in the area of   future implantation, even 
without the use of special osteodensi&cation burs. 
These preparation methods allow to increase the torque 
during the installation of a dental mini-implant (by 25% 
when using bone condensers and by 34% when using 
the osseodensi&cation technique), and also increase 
the relative radiological density of the prepared tissue 
under the control of CBCT (by 47% and 130% in dHU, 
respectively).

to these granules, interwoven bone areas are observed, 
mixed with lamellar bone [13,14]. 

The percentage of the bone surface lined with 
osteoid bands in the coronal region is much higher 
than in other areas around the implant canal. The 
increase in bone density is especially noticeable in the 
most coronal region. Along with this, bone chips and 
resorption of newly formed trabeculae are observed. 
It has been established that active bone remodeling is 
directed more towards bone attachment and increasing 
bone density than towards bone resorption. And such 
detected phenomena may indicate that in the long 
term, bone can still increase its density [7,13,14].
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INTRODUCTION
Cervical cancer remains one of the leading causes of 
morbidity and mortality among women worldwide, 
especially in low- and middle-income countries. Despite 
the availability of e%ective prevention and screening 
methods, a signi&cant proportion of cases are diag-
nosed at late stages, which signi&cantly reduces the 
chances of successful treatment [1].

As of 2022-2024, cervical cancer remains a serious 
medical and social problem in Ukraine. According to 
the National Cancer Registry, in 2023, 2962 new cases of 
cervical cancer were registered, of which 1075 were fatal.

In 2022, there was a 20% decrease in the number 
of new cases of cervical cancer compared to previous 
years, which may be due to the impact of the war and 
limited access to healthcare services.

As for the prevalence of cervical cancer in the re-
gions, the highest incidence rates were recorded in 
Dnipropetrovska and Lvivska oblasts and the city of 
Kyiv. A signi&cant number of cases were also detected 
in Odesa, Kyiv, Khmelnytsky, Poltava, Ivano-Frankivsk, 
and Zakarpattia regions.

In total, at the end of 2024, 58,419 women diagnosed 
with cervical cancer were registered in Ukraine. The 
distribution by stage of the disease was as follows: 
Stage I – 31.5%, Stage II – 26.0%, Stage III – 25.3%, Stage 
IV – 10.7%.

These data emphasize the need to strengthen pre-
ventive measures, including screening and vaccination 
against human papillomavirus, which is the main etio-
logical factor in the development of cervical cancer. On 
January 1, 2025, the Procedure for Screening and Early 
Diagnosis of Cervical Cancer and Monitoring the Health 

Medical and social substantiation of early detection and 
prevention of visual forms of cervical cancer

Iryna A. Holovanova1, Orest Ya. Vovk2, Tetiana P. Mats1, Valentina L. Filatova1, Olena V. Filatova1, 
Alla M. Podvin1, Maksim V. Khorosh1

1POLTAVA STATE MEDICAL UNIVERSITY, POLTAVA, UKRAINE
2 MUNICIPAL ENTERPRISE “POLTAVA REGIONAL CLINICAL ONCOLOGY DISPENSARY OF THE POLTAVA REGIONAL COUNCIL”, MUNICIPAL 
ENTERPRISE “POLTAVA REGIONAL CLINICAL ONCOLOGY DISPENSARY OF THE POLTAVA REGIONAL COUNCIL”, POLTAVA, UKRAINE

ABSTRACT
Aim: The purpose of the study was to provide a comprehensive medical and social justi'cation for the feasibility and necessity of timely detection of pathology, 
taking into account existing risk factors, barriers to access to health care services, and the potential for public in)uence to increase participation in screening.
Materials and Methods: The following research methods were used in the study: sociological; systematic approach and analysis; monitoring and evaluation 
of indicators of the model implementation process; expert assessments. 
The focus is on the aspects of early detection and prevention of visual forms of cervical cancer. Women’s health indicators – incidence, prevalence and mortality 
from cervical cancer – are studied. Data from the State Statistics Service of Ukraine, the National Cancer Registry of Ukraine, the Center for Medical Statistics of 
the Ministry of Health of Ukraine, and the Department of Health of the Poltava Region for 2010–2021. Legislative acts and regulatory documents governing 
the organization of medical, physical, psychological, and social assistance to women with cervical cancer in Ukraine. Results of a sociological survey – 140 
questionnaires.
Results: The functional and organizational  model of early detection and prevention of visual forms of cervical cancer is proposed, which allows a woman to 
undergo a preventive examination in two ways: through non-admission to work or voluntarily, when a woman becomes a subject of her own health, and her 
husband and relatives can support her on the way to the doctor.
Conclusions: In the proposed model of early detection and prevention of cervical cancer, a woman is seen as an element of the ecosystem, which makes it 
possible to involve her family and friends in preventive examinations and provide support.
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Status of Patients at Risk came into force in Ukraine, which 
aims to reduce morbidity and mortality from this disease.

The World Health Organization identi&es two key 
strategies for combating cancer: early diagnosis of 
symptomatic cases and population screening among 
apparently healthy individuals [2,3]. At the same time, 
the e%ectiveness of these measures is complicated by 
a number of medical and social factors, such as insuf-
&cient public awareness, economic barriers, lifestyle 
in'uences, and limited involvement of men in women’s 
health. In this context, special attention should be paid 
to the importance of early detection of visual forms of 
cervical cancer, which are relatively easy to diagnose 
in the initial stages but often remain untreated due to 
low motivation for preventive examinations.

AIM
The purpose of the study was to provide a comprehen-
sive medical and social justi&cation for the feasibility 
and necessity of timely detection of pathology, taking 
into account existing risk factors, barriers to access to 
health care services, and the potential for public in'u-
ence to increase participation in screening.

Objectives:
1) to substantiate the functional and organizational 

model of early detection and prevention of cervical 
cancer; 2) to identify modern innovations that form 
the basis of the functional and organizational model of 
early detection and prevention of cervical cancer; 3) to 
de&ne the role of public health professionals.

MATERIALS AND METHODS
The following research methods were used in the study:

H sociological – to survey women on the issue of 
cervical cancer and determine the role of men in early 
detection and prevention of the disease (Appendix 1);

H systematic approach and analysis – used at all 
stages of the work to study and analyze aspects of 
the organization of early detection and prevention of 
cervical cancer;

H monitoring and evaluation of indicators of the 
model implementation process;

H expert assessments – to determine the feasibility 
of applying the proposed model in institutions that pro-
vide early detection and prevention of cervical cancer.

The focus is on the aspects of early detection and 
prevention of visual forms of cervical cancer. Women’s 
health indicators – incidence, prevalence and mortality 
from cervical cancer – are studied.

Data from the State Statistics Service of Ukraine, the 
National Cancer Registry of Ukraine, the Center for 

Medical Statistics of the Ministry of Health of Ukraine, 
and the Department of Health of the Poltava Region 
for 2010–2021. 

Legislative acts and regulatory documents governing 
the organization of medical, physical, psychological, 
and social assistance to women with cervical cancer 
in Ukraine.

Results of a sociological survey – 140 questionnaires.

RESULTS
The World Health Organization has identified two 
distinct but interrelated strategies to promote early 
detection of cancer and early diagnosis, i.e., recognition 
of symptomatic cancer at an early stage; and screening, 
i.e., detection of asymptomatic disease among a target 
group of apparently healthy people [2].

The main components that determine the need for 
early detection of visual forms of cervical cancer are 
epidemiological; risk factors (behavioral risk factors, 
poor &nancial situation, risk factors); awareness of cer-
vical cancer (women may have barriers to screening, 
men may have rejection of a woman who has lost her 
femininity, doctors may have no experience in diag-
nosis); lack of appropriate early diagnosis programs at 
the state level.

In the modern scienti&c environment, a logical model 
for early detection and prevention of cervical cancer 
has been developed, based on human papillomavirus 
vaccination and periodic medical examinations [4]. 

Nevertheless, despite the developed strategy for 
prevention and early detection, the epidemiological 
factor of the ratio of cervical cancer mortality to mor-
bidity remains high.

The main risk factors for cervical cancer are: urban 
residence, poor financial situation, childlessness, 
smoking, history of abortion, use of oral contraceptives, 
lack of diet, eating red meat three or more times a week, 
while eating &sh and fruit 1-2 times a week.

We found that women are often not su)ciently aware 
of the issue of cervical cancer, and also point to existing 
barriers to screening. 

A small proportion of men were convinced that 
prevention and early detection is a woman’s personal 
business.

Awareness of primary care physicians was studied by 
Majid E etal and QaziOAetal [5, 6]. The participants were 
144 (41.5%) nurses and 203 (58.5%) doctors. Overall, 
239 (68.8%) were well aware that the Pap smear is a 
screening test; 85 (24.5%) were aware of the current 
recommendations for repeating the test; 152 (43.8%) had 
an understanding of the exact application of the acetic 
acid visual examination; 61 (17.6%) had had a Pap smear; 
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and 156 (45%) believed they were at risk for cervical 
cancer. The common risk factors identi&ed were multiple 
sexual partners 254 (73.2%), age at first intercourse 
160 (46%), smoking 131 (37.8%), smelly discharge 221 
(63.7%), and postcoital bleeding 231 (66.6%) [6].

The study of the legal framework showed that there 
are no programs for early detection and prevention 
of cervical cancer, and as a result, there is a lack of 
appropriate &nancial support.

Today, prevention and early detection of cervical 
cancer in Ukraine is clearly justi&ed by the requirements 
of the Medical Guarantees Program 2025. If a healthcare 
facility has a contract with the National Health Service 
of Ukraine for the package “Prevention, diagnosis, 
monitoring and treatment on an outpatient basis,” 
women can receive appropriate care without a referral 
from their family doctor. 

The patient’s route for early detection and prevention 
of cervical cancer is as follows: a woman can visit a 
gynecologist for an examination without a family 
doctor’s referral, or with a referral. If we consider early 
detection and prevention as a model with established 
stages of its implementation and actors, in our case, two 
pairs: a woman and a gynecologist, a woman and a &rst 
aid doctor, then this model appears as an autonomous 
system. Unfortunately, this model does not meet the 
needs of the actors in the course of value creation – 
prevention and early detection of cervical cancer, when 
– in the &rst case – a woman does not get sick, and in 
the second – detection at an early stage of the disease 
will restore the lost health.

If early detection and prevention of cervical cancer 
were a separate innovation, it would involve only 
medical professionals: a gynecologist, a &rst-aid doctor, 
on the one hand, as service providers, and a woman, as 
a consumer, on the other. But a woman is in a personal 
environment, which may consist of her own and her 
parents’ family, her team at work, friends, relatives. In 
turn, a doctor is in the health care system, performing 
his or her medical functions. Thus, the system is failing, 
and it needs new elements – participants in the process 
of early detection and prevention of cervical cancer. 
Such a community of interconnected actors, for which 
the network of connections is the determining factor, 
will be an ecosystem [7].

Ecosystems are inherently interdependent. We cannot 
consider early detection and prevention of cervical 
cancer as an autonomous innovation, but only as an 
ecosystem. To make this transition from an autonomous 
innovation to an ecosystem, it is necessary to see the 
so-called management blind spots.

The health of the woman in this ecosystem is at the 
center and she is the consumer of the services provided 

by the health care system. Do all women go to the 
doctor for a preventive examination? Our research 
has shown that they do not. Women who are aware of 
early detection and prevention are more likely to go 
for a preventive examination. In this case, they play a 
major role in the ecosystem they have created. In this 
case, a woman’s concern about her health does not 
require additional e%orts and time for educational work 
aimed at herself, and the medical examination will be 
successful in terms of timeliness and frequency. In this 
case, a woman acts from the position of accepting the 
rules of the ecosystem in which she is and chooses the 
position of being healthy, and only then the means 
and sequence of events that will contribute to her 
early solution of the problem – an appointment with 
a gynecologist.

Unfortunately, prevention and early detection are not 
enough for the ecosystem if only a part of strong-willed 
and motivated women solve their health problems. The 
uninformed are left out of the picture, as they will visit 
a doctor at a certain stage of the disease, or even with 
an inoperable form. 

The role of the “arbiter” of values – a woman’s health 
and safety – is played by her family, her husband as a 
partner with whom she shares responsibility and duties 
for the family, possibly minor children, when innovations 
depend on these partners and their processes need to 
be changed. Men should be involved in prevention, as 
they can provide a completely di%erent level of support 
than a specialist. The formation of a future woman’s 
health culture begins in childhood, when a great 
responsibility is placed on parents who visit doctors 
with their child on time and instill behavioral factors 
that would promote a healthy lifestyle.

The information world has changed. The circle of 
communication has expanded with the help of social 
networks, including those &lled with advertising about 
women’s health. Thus, in our proposed ecosystem, the 
following participants and elements are represented on 
the woman’s side: husband, parents, social networks, 
schools. 

The healthcare system is represented by a primary 
care physician and a gynecologist, with the National 
Health Service of Ukraine as an external financial 
partner and the registry, which operates through the 
latest E-health network, as an internal element. The 
material and technical base of the gynecological service 
is being improved annually, and the human potential of 
the service cannot keep up with its innovations.

In general, if we consider the health care system, 
which has undergone reforms since 1991, with 
the introduction of E-health, the strategy aimed at 
improving women’s health care should have changed 
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In order for a woman to seek early detection and 
prevention of cervical cancer, it is necessary that all ele-
ments of the ecosystem in the chain of change approval 
are focused on the woman’s health values:
1.  Family: proper upbringing, support of the husband.
2.  Psychological: fear of examination, fears of a fatal 

diagnosis, uncertainty at the thought of going to 
the doctor, feeling of shame.

3.  Economic: knowledge that the service is free.
4.  Accessibility: availability of a gynecologist whom a 

woman would trust.
5.  Awareness: orientation about the route to the doc-

tor and about the health care facilities that provide 
services.

Then, the risk in the chain of approval of changes on 
the part of a woman regarding the prevention and 
early detection of cervical cancer is as follows: at the 
stage of childhood and adolescence, under the in'u-
ence of upbringing by parents, teachers, and health 
care workers, a girl’s worldview of a healthy lifestyle is 
formed, which continues to be formed in adulthood 
under the in'uence of her own family, husband, and 
environment (team, employer, friends). A risk or blind 
spot in this chain is when a woman has not received 
adequate knowledge or support, and then she does not 
visit a doctor. Involving women in tracking the Helthy 
app with a reminder function and entering data into 
the medical information system by a doctor will help 
women pay attention to the need to see a doctor, in 
addition to monitoring the results of clinical tests and 
instrumental research methods, would allow them to 
manage their health status independently, including 
both prevention and early detection.

The point of early detection and prevention of cervical 
cancer is a preventive examination of a woman who has 
visited a gynecologist. A preventive examination will be 
e%ective if all possible risks in the chain of approval of 
changes by the woman’s health care system are taken 
into account. First of all, it is a high-quality sta)ng of 
doctors, both primary care and specialized medical care, 
and the possibility of training.

A general practitioner of family medicine and a gyne-
cologist of any health care facility should be connected 
through a medical information system, where they 
could see the results of the examination, test data, and 
instrumental methods of examining a woman, which 
would allow them to draw up an individual portrait of 
the patient and make decisions about her further treat-
ment. Since the doctor is engaged in personal preven-
tion, early detection and treatment of women, the state 
of women’s health at the community level remains out 
of his or her attention. We propose to solve this problem 
with the help of public health specialists, who should 

accordingly. But, as the results of our research show, this 
did not happen, because the risk of joint innovation and 
the risk in the chain of change approval are hidden in 
the blind spot of the traditional strategy. The risk in the 
chain of change approval is a product of the struggle 
between innovation and the status quo.

Under the old model, the doctor used paper records 
that contained the results of laboratory tests and 
medical examinations of the woman. These data were 
entered into an outpatient card, which was either stored 
in the clinic or with the patient. When E-health was 
introduced, it was expected that the data entered into 
this system would be available to all healthcare facilities 
and all doctors. However, experience shows that this 
did not happen, as each healthcare facility chose and 
implemented its own provider, thus limiting doctors’ 
access to women’s health indicators.

At the same time, the introduction of the function 
of interaction between health care facilities through 
the E-health network would lead to new opportunities 
for interaction between a general practitioner and a 
gynecologist. If a woman uses a specialized E-health 
application, she can track her health indicators. In 
this case, she becomes an active participant in the 
ecosystem we o%er.

In the early detection and prevention of cervical 
cancer, the participation of primary care physicians is 
undeniable, as they refer women for preventive cancer 
examinations. 

The National Health Service of Ukraine is an undoubt-
ed external actor, which currently provides guaranteed 
packages for examinations when concluding contracts 
with health care facilities, while the logistics and its 
updating are the responsibility of local communities.

When all the elements of the ecosystem in which a 
woman is involved are involved, it is necessary to estab-
lish a chain of approval for changes with each element 
of the system so that early detection and prevention 
of cervical cancer can be e%ective. That is why we take 
a structured approach to implementing innovations 
in ecosystems.

As already mentioned, there are a number of inter-
mediaries between the doctor and the patient: parents 
who once taught them to take care of their health, 
teachers who taught them to pay attention to changes 
in the body, a husband, a family where a woman has 
her responsibilities. 

Functional elements include accessibility, awareness 
of the need for preventive examinations, and knowl-
edge of the route to the doctor. Awareness is based on 
a woman’s values about her own health as a consumer 
of the service. In our proposed ecosystem, each partic-
ipant has its own value and bene&t.



Medical and social substantiation of early detection and prevention of visual forms of cervical cancer

1781

stability of the region and the country as a whole. Due 
to the high incidence of cervical cancer among women, 
women’s reproductive health is deteriorating, which 
a%ects the birth rate and deepens the demographic 
crisis.  This situation is not conducive to economic de-
velopment and destabilizes the labor market (shortage 
of personnel).

Timely and regular preventive examinations reduce 
the workload of a general practitioner in terms of med-
ical work, improve the quality of the doctor’s work, as 
timely examinations reduce the number of women with 
advanced cancer and increase the number of women 
satis&ed with the quality of medical care. 

Women’s activity in taking care of their health, their 
desire to have information about their own health 
status will a%ect the work of the electronic healthcare 
system, which will allow the developers of the medical 
information system to successfully pass tenders in 
procurement, trying to improve their system, and will 
have advantages in competition.

A healthy woman in the workplace is the key to a 
well-coordinated work'ow at any production facility 
and to creating a healthy psychological atmosphere 
in the team

Risk can be proactively managed if it is recognized 
in advance. From the perspective of the ecosystem, 
the biggest bene&ciary is a woman – a patient who, 
when seeking help, receives the greatest value – her 
own health. The blind spot in this chain is the patient’s 
own visit to the doctor, which will need to be taken into 
account when creating a functional and organizational 
model for the early detection and prevention of visual 
forms of cancer. A gynecologist is the most motivated 
subject in the process of success – the implementation 
of a preventive examination, as this is the quintessence, 
the essence of his or her professional purpose. The 
gynecologist’s interests are represented by the director 
of the healthcare facility, who is directly interested in 
the availability of patients. 

However, in practice, the most interested parties 
do not notice the intentions and motivation of 
intermediaries with whom they are not directly 
connected. Untrained healthcare professionals are 
more likely to make a false diagnosis of cancer. Thus, 
the importance of both systemic and patient-related 
delays should not be underestimated [8]. Lack of quality 
communication between participants in a woman’s 
reproductive health reduces to zero the efforts of 
doctors aimed at early detection and prevention.  

In order to address these gaps, it is necessary to 
coordinate changes with all participants in the process 
through communication in the form of meetings where 
a public health specialist would act as a coordinator.

have information on community health indicators. The 
medical information system should be built in such a 
way that a separate module for a public health specialist 
is opened, where information about patients would be 
depersonalized. Then, through the medical information 
system, he or she would be able to communicate with 
doctors, both general practitioners and gynecologists, 
which would allow for health information education 
of the entire community. Conducting a sample survey 
of the population by the Public Health Centers on risk 
factors and access to medical care would provide an 
opportunity to get feedback. All these predictable 
and unpredictable issues would be discussed at joint 
conferences of doctors and public health professionals, 
where oncologists would be invited to gain a deeper 
understanding of the situation. Such an event would 
allow identifying blind spots in the chain of change 
approval and actively managing them. 

The inclusion of external partners in our proposed 
ecosystem – the National Health Service of Ukraine and 
local governments – will allow us to provide preventive 
examinations with a logistical component. To do this, 
the National Health Service of Ukraine should conclude 
an agreement with health care institutions, and local 
governments should inform them about the need to 
purchase or improve modern medical equipment, 
such as an ultrasound diagnostic device, colposcope, 
which should be available to any gynecologist. Every 
gynecological o)ce should have such a set of material 
and technical resources. The results of the examination 
are entered into the E-health database available to oth-
er doctors, which in turn helps the GP to monitor the 
woman’s health. In this case, when all the chains in the 
chain of early detection and prevention are coordinat-
ed, an e%ective preventive examination will take place.

So much depends on the chain of approval for 
change. And to understand this interdependence, it is 
necessary to identify stakeholders in women’s health, 
because in today’s interdependent world, a successful 
innovator must treat each partner as a consumer. 

Each partner or intermediary mentioned above, who 
is part of the ecosystem, should see their own bene&t 
from a woman’s timely and regular medical check-up.

Family members of a girl – parents, and women – hus-
band, children have the most to gain from a woman’s 
health. Parents do not spend extra time, money, or ef-
fort on treatment, and manage their child’s health with 
lesser expenses, such as preventive examinations. For 
her husband and children, a healthy woman is a person 
who ful&lls her marital and household responsibilities 
to the fullest.

There is a bene&t for the territorial community, which 
is seen as a set of people who ensure the economic 
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framework to include cervical cancer prevention and 
early detection in the curriculum of medical schools. 
The National Health Service of Ukraine provides 
opportunities to create communications between users 
of the medical information system, which would include 
all participants in the process: a general practitioner, a 
gynecologist, a public health specialist, and the woman 
herself.

The legal justification for recommending that 
employers not allow women who have not undergone 
a preventive examination to work is a peremptory, 
economic approach that would force women to 
go for a preventive examination. In contrast to this 
governmental approach, under the Ministry of Health 
program, a public health center would motivate 
women by promoting the need for preventive 
screening through health education for both women 
and men and at all age levels, working with educators. 
The next stage is a visit to a doctor, who informs the 
woman about the need for a preventive examination 
and refers her to a gynecologist. The specialized level 
– a visit to a gynecologist – is where early detection 
and secondary prevention actually take place. Speci&c 
prevention in the form of vaccination against human 
papillomavirus is the responsibility of an infectious 
disease specialist at a children’s clinic, where parents 
and their child are referred by a pediatrician. While 
early detection is the prerogative of the gynecologist 
and speci&c prevention is the responsibility of the 
infectious disease specialist, the public health center 
should be responsible for general primary prevention 
as part of the Ministry of Health program. They are 
responsible for both sanitary and educational work 
and the coverage of women’s health indicators by the 
medical information system.

Thus, the &rst stage of information collection will 
allow the public health specialist to monitor and 
evaluate women’s health indicators at the population 
level, identifying the determinants that indirectly a%ect 
the occurrence of cervical cancer.

The proposed model was implemented sequentially, 
according to a preliminary plan. To this end, we have 
built a logical model for the implementation of a 
functional and organizational model for the early 
detection and prevention of visual forms of cervical 
cancer malignancies (Fig. 1).

Thus, our model allows a woman to get a preventive 
examination in two ways: mandatory – through not 
being allowed to work and voluntary, when a woman 
becomes the subject of her own health and can track 
it through the application of a medical information 
system, and her husband and relatives can support her 
on the way to the doctor. 

When women go to the doctor for a checkup, 
the chain of approval of changes is transformed 
accordingly. The following elements of the process 
of providing a woman with a preventive examination 
appear: logistical support for the process – the actual 
preventive examination, the doctor’s level of knowledge 
– category, sanitary conditions, a registrar who guides 
and explains her actions to the patient.

The functional and organizational aspect of women’s 
health care management is included in the list of 
problems that require immediate and systemic 
solutions, especially during hostilities, when changes 
in the population occur due to high mortality rates and 
mechanical movement – emigration, which can lead to 
a demographic crisis. We took visual forms of cancer 
in women – cervical cancer, as a unit of detection and 
prevention, bearing in mind that during one visit to the 
gynecologist she will be fully examined: palpation of 
the mammary glands, screening from the cervical canal 
– cytological smear according to Papanicolaou (Pap 
test). Strict hierarchy and accountability will allow us 
to coordinate and implement the model in such a way 
that the goal – covering as many women as possible 
with preventive examinations – would be achieved. At 
the top of our pyramid is the Cabinet of Ministers of 
Ukraine, which, due to the recognition of the priority of 
maternal and child health care – coordinates the work 
between the ministries – health care and social policy. 
In the &rst case, the Cabinet of Ministers of Ukraine 
approves the National Program for Early Detection and 
Prevention of Cervical Cancer, which would include 
vaccination against human papillomavirus. This 
program would become a guide for our model. The 
Ministry of Education and Science assigns responsibility 
for creating a regulatory framework for including the 
prevention and early detection of cervical cancer in 
the training program for doctors to higher medical 
institutions. The National Health Service of Ukraine 
provides opportunities for creating communications 
between users of the medical information system, 
which would include all participants in the process: a 
general practitioner of family medicine, a gynecologist, 
a public health specialist, and the woman herself.

At the top of our pyramid is the Cabinet of Ministers 
of Ukraine, which, recognizing the priority of maternal 
and child health, coordinates the work between the 
ministries of health and social policy. In the &rst case, the 
Cabinet of Ministers of Ukraine approves the National 
Program for Early Detection and Prevention of Cervical 
Cancer, which would include vaccination against 
human papillomavirus. This program would become 
a guideline for our model. The Ministry of Education 
and Science is responsible for creating a regulatory 
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of HPV vaccination in national programs demonstrates 
a reduction in the incidence of HPV-associated 
precancerous lesions and visually prominent forms of 
RSM within 5-10 years of program initiation [10].

Thus,  ear ly  declaration and prevention of 
visually visible forms of RSM should be based on a 
multidisciplinary approach that includes education, 
vaccination, accessible screening, and social support. 
Timely implementation of these interventions in the 
Ukrainian health care system will contribute to reducing 
the disease burden and improving women’s health 
indicators.

CONCLUSIONS
The functional and organizational model of early 
detection and prevention of visual forms of cervical 
cancer is based on modern innovations: a medical 
information system, involvement of the public health 
system. 

The role of a public health specialist is defined, 
who, thanks to a uni&ed medical information system 
for all health care facilities, will be able to monitor 
and evaluate women’s health indicators through the 

DISCUSSION
Cervical cancer (CC) remains a pressing public 
health problem, especially in low- and middle-
income countries, including Ukraine. Despite the fact 
that the disease is among the visually identifiable 
oncopathologies, it is often diagnosed at late stages, 
which signi&cantly worsens the prognosis and increases 
mortality. Visual forms of SCC – those that can be 
detected by simple cervical examination with acetic 
acid and Lugol’s solution – have a high potential for 
early detection and prevention.

In terms of medical and social feasibility, early 
declaration (early diagnosis and public awareness) of 
visual forms of RSM is closely related to the level of 
health literacy of women, the availability of screening 
programs, and the cultural and social characteristics 
of the region. Studies show that programs focusing on 
visual inspection with acetic acid (VIA) are an e%ective 
and cost-e%ective alternative to cytology screening in 
resource-limited settings  [9].

Health and social aspects of prevention also include 
vaccination against human papillomavirus (HPV), 
which is a major etiologic factor of RSM. According to 
a meta-analysis by Drolet et al. (2019), the introduction 

Fig. 1. Logical model of implementation of functional and organizational model for early detection and prevention of visual forms of cervical cancer
Source: compiled by the authors of this study
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analysis of women’s surveys, health indicators that will 
be detected during preventive examinations. 

In our proposed functional and organizational model 
of early detection and prevention of cervical cancer, a 

woman is considered as an element of the ecosystem, 
so that it becomes possible to involve close and 
supportive family members of women in preventive 
examinations.
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Appendix 1 

 

QUESTIONNAIRE ON AWARENESS OF CERVICAL CANCER 

This questionnaire is intended for academic research and is designed to identify barriers that affect 

cervical cancer screening among women in Poltava. Your answers will be kept confidential, and all 

information will be presented as aggregate data. Therefore, you are not required to write your name. 

There are no wrong or right answers. This is just to find out your opinion on this issue. Please check the 

appropriate boxes or write your opinion in the open-ended questions. We would appreciate it if you could 

answer all the questions as best you can. Thank you. 

 

SECTION A: SOCIO-DEMOGRAPHIC DATA 

1. Please indicate your age _________ years old. 

2. Occupation ________________________________________________________________________. 

3. Education 

� Secondary   

�  Secondary specialized 

� Higher  

� Academic degree  

4. Religious beliefs  

� Christian  

� Muslim  

� Buddhist  

� Other ______________________________ 

5. Marital status  

� Married  

� Single 

� Divorced  

� Widowed  

� Informal marriage 

6. Number of children born ___________ 

7. Family history of cervical cancer  

� Yes � No  

8. Are you a healthcare professional? 

� Yes � No  

 
SECTION B: AWARENESS OF CERVICAL CANCER 

9. Have you heard anything about cervical cancer? 

� Yes � No  

10. Who first told you about cervical cancer? 

� Never heard of it until today  

� From a family member  

� From a friend  

� From a doctor/nurse 

� From school staff  

� From radio, television, magazine  

� I don't remember  

� Other sources _______________________ 
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11. Is cervical cancer a sexually transmitted disease?  

� Yes � No � Difficult to answer 

12. Can cervical cancer be prevented?  

� Yes � No � Difficult to answer 

13. Cervical cancer can be prevented by vaccinating young girls.  

� Yes � No � Difficult to answer 

14. Is cervical cancer curable in hospitals if diagnosed early?  

� Yes � No � Difficult to answer 

15. Please indicate the risk factors for cervical cancer. 

� Early onset of sexual activity 

� Sexually transmitted infection �HPV� 

� Multiple male sexual partners 

� Cigarette/tobacco smoking  

� Large number of sexual partners, 

promiscuous sexual behavior. 

� Use of contraceptives 

16. Please indicate the symptoms of cervical cancer. 

� Intermenstrual vaginal bleeding 

� Vaginal bleeding during menopause 

� Vaginal bleeding 

� Vaginal bleeding after sexual intercourse 

� Excessive vaginal discharge, often with an 

unpleasant odor  

� Pain in the lower abdomen 

� Pain in the genitals during sexual 

intercourse. 

17. Have you heard of cervical cancer screening �examination and smear test�?   

� Yes � No  

18. Have you ever been screened for cervical cancer �examination and smear test�? 

� Yes � No  

19. If yes, when was your last screening?  

____________________________________________________________________________________ 

20. How often do you go for screening? 

� Once a year 

� Less than every 5 years 

� Every 2-5 years 

� Difficult to answer 

____________________________________ 

21. Are you interested in participating in cervical cancer screening?  

� Yes � No  

 

  

APPENDIX 1 cont.



Medical and social substantiation of early detection and prevention of visual forms of cervical cancer

1787

SECTION C: PERCEPTIONS ABOUT THE RIS� OF CERVICAL CANCER 

Which of the following issues would prevent you from participating in cervical cancer screening? 

22. Does the thought of cervical cancer scare you?  

� Yes � No � Difficult to answer 

23. Do you think you are at risk for cervical cancer? 

� Yes � No � Difficult to answer 

24. Are you afraid of a bad diagnosis? 

� Yes � No � Difficult to answer 

 
SECTION D: WHAT ARE THE BENEFITS OF CERVICAL CANCER SCREENING? 

25. Do you think cervical cancer screening is important?  

� Yes � No � Difficult to answer 

26. Do you believe that cervical cancer can be cured?  

� Yes � No � Difficult to answer 

 

SECTION E: BARRIERS TO CERVICAL CANCER SCREENING 

Psychosocial barriers to cervical screening. 

Which of the following questions would prevent you from participating in cervical cancer screening? 

27. Do you consider cervical screening to be painful?  

� Yes � No � Difficult to answer 

28. Do you consider cervical screening to be inconvenient?  

� Yes � No � Difficult to answer 

29. Do you believe that cervical cancer is a curse from the gods?  

� Yes � No � Difficult to answer 

30. Does your religion have anything against cervical screening?  

� Yes � No � Difficult to answer 

31. Is cervical screening prohibited in your culture?  

� Yes � No � Difficult to answer 

 
Socio-economic barriers to screening. 

Which of the following questions would prevent you from participating in cervical cancer screening? 

32. Do you know that cervical cancer screening �examination and smear test� is free and does not require a 

referral?  

� Yes � No � Difficult to answer 

33. Is it easy to get to the medical facility where the examination will take place? 

� Yes � No � Difficult to answer 

34. Do you have time for cervical screening?  
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� Yes � No � Difficult to answer 

 
Barriers from the healthcare system. 

Which of the following questions would prevent you from participating in cervical cancer screening? 

35. Do you know of any health care facilities that offer cervical cancer screening services? 

� Yes � No � Difficult to answer 

36. Are you comfortable with male health care personnel providing screening services? 

� Yes � No � Difficult to answer 

37. Is there a long wait at the medical facility �queue to see a doctor�? 

� Yes � No � Difficult to answer 

38. Is it difficult to communicate with medical staff? 

� Yes � No � Difficult to answer 

 
SECTION F: RECOMMENDATIONS FOR ACTION 

39. Do you think that the availability of screening from early in the morning �e.g., 7:00 a.m.� and late in 

the evening �e.g., 8:00 p.m.� for working patients would increase their adherence to screening? 

� Yes � No � Difficult to answer 

40. Do you think that improving patients' awareness of how cervical screening is performed would 

increase their willingness to undergo screening? 

� Yes � No � Difficult to answer 

41. Would the use of female medical staff to provide screening services encourage you to undergo 

screening? 

� Yes � No � Difficult to answer 

 
 

Thank you for your answers. 
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DISCLAIMER
Taking into account the moments and precautions 
related to the military situation in Ukraine and National 
Security, all data and indicators are presented in relative 
values. Locations of Medical Treatment Facility (MTF) 
not disclosed. Current article is not o)cial position of 
Ministry of Defence of Ukraine, just private point of 
view of authors.

INTRODUCTION
From the beginning of full-scale military invasion of 
Ukraine by the russian federation it was observed 
changes in  the nature of military force. From the 
winter of 2022 both armies used standard doctrines 
and available weapons. But in the summer of 2023, the 
wide use of reconnaissance and strike drones, which 
were connected in a system of situational awareness. 

That made the battle&eld transparent. And this gives 
unlimited opportunities for highly accurate strikes on 
the tactical level. Thus, due to absolute transparency, a 
10-15 kilometer zone of continuous death was formed in 
front of the front line [1]. From the 2023 one can observe 
changes in structure of injuries. Before that maximum 
losses in the personnel of the armed forces  were during 
accentuated o%ensive actions aimed at concentrating 
the enemy’s main efforts in the main defense zone, 
as well as when counterattacks are carried out by the 
Defense Forces [2]. From the summer  2023 a lot of 
wounded were registered in more or less safe zones. 
What leads to increase of wounds and injuries of live 
critical organs, because in this zones military personal 
rarely wear body armor. Also a lot of attacks on civilian 
infrastructure was observed. Lot of civilian medicks were 
wounded and killed. In this group injures were di%erent 
from those which were seen in military personal [3,4].
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Another peculiarity of medical help during full scale 
aggression was inability of medical forces of armed 
forces of Ukraine to provide treatment to all injured, 
because of lack of armored  evacuation vehicles; 
shortage of personnel, in particular certain categories of 
doctors and nurses. Thus it was created single medical 
space aim to establish cooperation at the level of each 
type of military and a certain (or group of ) medical 
institutions under one commander [2,5].

In conditions when lot of Medical Treatment 
Facilit:es (MTF) with di%erent levels  were involved 
and continuous work of forward surgical teams (FST) 
in conditions of mass casualty incident (MASCAL), led 
to the necessity for strict restrictions on each level of 
medical care. For this, guiding documents were created 
that standardized and uni&ed the scope of assistance 
and the organization of medical support. These 
documents took into account vertical and horizontal 
connections and were agreed upon at all levels of 
the military and civilian link of assistance. Which was 
extremely important, since the conduct of various 
types of military operations involves close interaction 
between di%erent branches and types of troops [6].

In 2023, the Ministry of Defense of Ukraine approved 
by order the scope of medical care at the pre-hospital 
stage, clearly de&ning the necessary operations and 
manipulations that must be performed at each stage 
of providing assistance to the wounded [7]. 

AIM
The aim of the work is to provide analyzes of practical 
implementation of Prolonged Casualty Care (PCC)  and 
Damage Control Surgery (DCS) principles in Ukrainian 
frontline medical settings (MEDEVAC, Role I and Role 
II) under prolonged evacuation conditions during 
2022–2024.

MATERIALS AND METHODS
This is a retrospective descriptive study based on data 
collected from 2022 to 2024. Data were gathered on 
CASEVAC, MEDEVAC, Role I 23 Role II (all types), on 
different parts of the Ukrainian frontline. Another 
important question was the consequences of DCS on 
Role II. Complications and survival rate on hospital level. 
Complications reported included pneumonia, cardiac 
arrest, acute kidney injury, postoperative hernias, ane-
mia requiring transfusion, chimerism, wound infections, 
peritonites, leakage of anastomosis and sepsis. Finally, 
intraoperative administration of blood products was 
reported including direct donor to casualty transfusion 
(walkin blood bank), whole blood, packed red blood 

cells (pRBC), Freeze dried plasma (FDP) and fresh frozen 
plasma (FFP). It was observed in separate cases of plate-
let infusion. Preparation and storage is too complicative 
for usage on Role I and Role II. The use of Cryoprecipitate 
and Antihemorrhagics containing a combination of 
blood clotting factors was sporadic and did not a%ect 
the overall picture in any way. All patients who were in 
3 hours after injury got 2 ml. of tranexamic acid. Also 
all wounded get antitetanus and antibiotic prophylaxis 
in order to resent laws of Ukraine.

The obtained quantitative data were processed using 
descriptive statistics and graphical interpretation. The 
combination of di%erent research methods provided 
a comprehensive assessment of the current situation.

Thus, the research design can be characterized as a 
descriptive case study, focused on evaluating a speci&c 
innovation in a speci&c context, using mixed methods 
to increase the reliability of the conclusions.

For reasons of national security, the location of the 
MTF is not disclosed, and all data is given in relative 
values.

RESULTS
The studied population was mostly homogeneous and 
consisted of male servicemen aged 27 to 55 years who 
were wounded as a result of combat operations. The 
average age was 44.3 ± 12.1. At the same time, all age 
and gender categories were represented among civil-
ians. Youngest patient with DCS was an 11 years old boy, 
who was wounded during the shelling of a peaceful city 
with cassette bombs. He was in the car with father and 
his younger brother. He got multiple wounds of head, 
brain, chest, abdomen and extremities. The patient dies 
two days after surgery. The oldest patient was 72 years. 
He had abdominal wounds with massive injury to the 
liver. Heart arrest during the surgery. Non successful 
resuscitation.

 The condition of patients in time of their delivery 
at the Role II was very serious, so we can not evaluate 
concomitant diseases, which can affect surgical 
treatment. (Fig. 1). 

In most cases the only device to stop the bleeding on Role 
I was tourniquet. It was used in nearly 60% of all injuries. 
Other methods of massive hemorrhage management 
in the condition of MEDEVAC were the REBOA system 
and Abdominal Aortic and Junctional Tourniquet (AAJT). 
Dmytro Androshchuk [31] reported six cases of successful 
management of battle&eld traumatic cardiac arrest using 
the AAJT. Four cases succeeded in surviving the patient, 
one patient died due to prolonged evacuation time and 
one after 10 days on the Role 3 because severe damage 
of thoraco-abdominal injuries. 
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I.A.Lourin and authors in the abstract [8] shows the 
di%erence in the e%ectiveness of AAJT, Reboa and aortic 
clamping, emphasizing the appropriateness of each of 
these methods at a certain stage of care.

In contrast, Dmytro Samofalov reported a comparable 
number of traditional management techniques, including 
emergency thoracotomy with aortic clamping. Just 
25% of cases achieved the restoration of rhythm, with 
exitus letalis in a further ten days. On delivery to FST all 
wounded undergo trauma assessment with laboratory 
and instrumental check up according to the defined 
algorithm. Also, vascular access was established to all 
patients. In de&nite cases central lines (jugular vein) with 
ultrasound control. All casualties undergo vital signs 
check, blood samples, X-ray and extendedC  Focused 
Assessment with Sonography in Trauma (eF<ST). Patients 
with unstable hemodynamics, signs of shock and positive 
eF<ST immediately were transported to operative theatre 
for laparotomy in rare cases thoracotomy as well. Stabile 
patients who have uncertain eF<ST undergo additional 
tests. Among the patients with penetrating abdominal 
wounds it was injuries of small intestine (28,2 %), colon 
(26.2%), liver (19.7%), and spleen (13.6%). This was similar 
to other series reports from Ukranian battleline [9,10]. 
In FST we provided DCS – 56 %, Early Total Care (ETC) 
(de&nitive surgery on day of admission) – 35%. At 9% just 
exploratory laparotomy was provided. During explorative 
laparotomy shrapnel was found or in greater momentum 
or separate in the abdominal cavity.

DISTRIBUTION OF INJURIES 
In general, the distribution of wounded who were 
delivered to FST is shown in Table 1. 

Most of the patients on FST were moderate and 
needed just primary surgical care for their wounds. Up 
to 13% were severe and needed advanced surgeries, 
such as laparotomy, thoracotomy, external &xation of 
bones, amputations, fasciotomies, temporary shunting 
of  great vessels Etc. The distribution of patients who 
underwent advanced surgery is shown in Table 2.

As shown in Table 2. The total number of surgeries 
is greater than 100%, which is due to the necessity 
to conduct two and more surgeries in patients with 
multiple injuries. Most often a combination was 
laparotomy and pleural drainage. Rarely we provided 
laparotomy with thoracotomy, or laparotomy and 
greater vessels temporary shunting. Also for safe 
transportation to the next level we used provision 
tourniquet to renal pedicle. In case if bleeding, from a 
packed kidney, renews during the transportation of the 
patient, one can just tighten a tourniquet to achieve 
hemorrhage control. 

During laparotomies, the most common procedures 
performed were abdominal packing (14%), obstructive 
resection of the small intestine (7%), and colon (21%).

Among the patients in DCS group were those with 
high Injury Severity Score (ISS) with average score 32 
(23-37). To compared with patients who undergo early 
total care (ECT) ISS was 15 (11-17). One of the important 

Fig. 1. Multiple life-threatening injuries 
Picture taken by the authors
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mortality, has been applied in combat situations. But 
due to delayed evacuation it was used rarely. 

A blood transfusion as a routine medical procedure 
was started before or parallel with surgical intrusion, 
and lasted up to stabilisation and evacuation of the 
patient to the next Role. In some cases we continued 
hemotransfusion in evacuation vehicles. 

From the middle of 2023, the amount of blood 
transfusions during MEDEVAC increased signi&cantly. 
This was largely facilitated by the provision of the 
necessary equipment and training among the 
personnel of evacuation teams. Training for providers 
operating in prehospital  settings (Role 1 stabilisation 
points) is conducted by Iharitable organisation jointly 
with Ukrainian Transplant coordination centre and 
in accordance with the Ministry of Health of Ukraine 
roadmap. It  integrates compliance with national 
standards and best practices from the Trauma 
Hemostasis & Oxygenation Research (THOR) network’s 

indicators for choosing surgical tactics was the injury 
isolated or multiple. All patients with multiple injuries 
of the intestine were operated on in DCS approach. 
During explorative laparotomy we &nd few injuries 
of pancreas (%). In all cases at the FST pancreas was 
packed, and the abdominal wall was temporarily closed. 
Other indications for DCS were: level of consciousness 
(stunning, sopor, coma), body temperature less than 
35 °C, blood saturation less than 85%, liquid (blood) in 
abdominal cavity during eFAST. We didn`y use Algover’s 
shock index as it was not informative in condition of 
permanent combat stress. 

For temporary closure of abdominal wall in 
contaminated cavity without signs of hemorrhage we 
used vacuum assisted closure (VAC). (Fig. 2)

In risk of hemorrhage, temporary sutures or Bogota 
bag (Fig. 3). 

Mandatory Jarly administration of tranexamic acid 
(TXA), which was shown in the CRASH-2 trial to reduce 

Table 1. Structure of wounds in patients who were delivered to the advanced surgical group Role 2
Head Thorax Abdomen Extremities Multiple

2022C 8,5 %C 6,3 %C 1,1 %CC 29,0 %C 45,2 %C

2023C 8,8 %C 6,9 %C 2,9 %C 39,2 %C 42,2 %C

2024C 11,7 %C 7,5 %C 3,6 %C 52,9 %C 24,3 %C

Source: compiled by the authors of this study

Table 2. Advanced surgeries

Laparotomy Thoracotomy Pleural drainage  External (xation of 
bones

Surgery on graeate 
vessels

Extremities 
amputation

31,1 %C 4,4 %C 16,2 %C 35,5 %C 14,6 %C
C 15,5 %C

Source: compiled by the authors of this study

Fig. 2. Vacuum-assisted temporary closure of 
laparotomy wound
Picture taken by the authors
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In the ETC group we observed  failure of intestinal 
anastomosis sutures and early postoperative hernias.

Among general complications most common were 
pneumonia (9.2%), anemia requiring transfusion (7.2%), 
cardiac arrest (6.4%) and acute kidney injury (10.4%).

DISCUSSION
John Chovanes et al. notes that philosophy DCS and 
DCR is to save patient’s life at any costs [12]. Higa G et al. 
on the other hand insists, that DCS is used much more 
often than has a reasonable need [13]. Jiong Hao Tan et 
al. showed that in Borderline patients with polytrauma 
being adequately resuscitated may be treated with ETC 
[14]. However data from those studies are related to 
civilian trauma. And as discussed in a number of studies 
based on data from the modern russian-Ukrainian war 
(both its full-scale phase and in the conditions of the 
Anti-Terrorist Operation), indications for damage con-
trol are primarily determined by the tactical situation, 
and only secondarily by medical indications [15,16]. It 
is important that Role2 is situated near battle zone an 
always work in condition of conditional MASCAL. Even 
if in exact moment it is no delivery of multiple casualties 
group is still in permanent awaiting mode. Changes in 
tactical situation can be immidiate and unpredictable. 
That`s why time of surgery cant`t be longer than 90 
min. That is the reason why we used DCS over the ETC. 
for maximum release of medical personnel. Regulated 
by the Order of the Ministry of Health of Ukraine dated 
March 8, 2022 0 431. Classically it is distinguished &ve 

&eld transfusion course. A critical component of this 
program is realistic simulation-based education. 

Also important role in this increason played legal 
regulation of the right (if necessary) to transfuse 
blood to the wounded during their evacuation from 
the battle&eld by military personnel without medical 
education after completing the relevant courses [11].

Thus the amount of MTF Roll II, which uses no blood 
at all, was still high.  Whole blood (WB) (0(I) Rh-) –  was 
used at 32% from all the stabilisation units (Role 2). The 
whole picture was:

- WB (0(I) Rh-), and Packed red blood cells (pRBC) – 4%;
- WB (0(I) Rh-), Fresh frozen plasma (FFP) –  8%;
- WB (0(I) Rh-), pRBC, FFP – 4%;
- WB (0(I) Rh-), pRBC, FFP, Freeze-dried plasma (FDP) 

– 4%;
- WB (0(I) Rh-), pRBC, FFP, FDP, Cryoprecipitate Anti-

hemophilic factor (AHF)- 2%;
- Only pRBC- 2%; 
- pRBC, FDP – 2%;
- pRBC, FFP, AHF, FDP – 2%; 
- FFP, AHF- 3%; 
- 34% used no blood transfusions at all. 

PATIENT OUTCOMES
Among all patients who undergo DCS and DCR case fatali-
ty rate (CFR) was 5,9 %. In 1,8 %, cases of death were severe 
extraabdominal injuries. Injures of the abdomen which 
lead to death were 3,6 %. In most cases multiple injuries 
of abdominal organs involving pancreas and duodenum. 

 
Fig. 3. Temporary closure of laparotomy wound: plastic interface shields the bowel, then loose sutures are added
Picture taken by the authors
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And tourniquet syndrome enriched 18,8% from the 
total amount of casualties.

In total, if to compare amount amputations due to 
tourniquet syndrom to amputations due to compli-
cated extremities injuries it  was 42±3% and 58±3% 
respectfully. Also we should mention 22±4% fascioto-
mies stipulated by long staying tourniquets.

This data corresponds with other studies.  When 
evacuation was delayed more then for 3 hours in 20% 
of cases it was conversion of tourniquets by battle 
medics, in 26,7% conversion by FST, in all other cases 
no conversions at all. 34% of all cases extremities were 
amputated after relise of tuorniquets. 20% fasciotomis, 
14% were in need of hemodialysis. Total mortality in 
this group was 14% (7% with hemodialysis and 7% 
with fasciotomy).

BLOOD TRANSFUSION IN PROLONGED 
CASUALTY CARE AND PROLONGED 
EVACUATION
Still it is no satisfactory 'uid therapy for use during 
prolonged transport, but the whole blood or it’s com-
ponents. Current evidence show bene&ts of the imple-
mentation of whole blood transfusion in prehospital 
services. It was problems with platelet concentrates. In 
multiple studies it was shown that it usage fresh whole 
blood and cold-stored whole blood to patient care in 
austere environments is bene&cial and leads to better 
survival rate [24,25].

Despite this in Ukraine up to middle of 2023 it was 
illigal for millitary stu% with out degree in medicine. 
Just in summer of 2023 the proper order was published 
by ministry of health.  From that time amount of blood 
transfusions during prolonged casualty care (PCC) and 
prolonged evacuation increased several dozen times. 
For example all brigades of The Ukrainian Marine Corps 
were trained in blood transfusion and all nessesary 
equipment was given to them [26]. It played important 
role in saving lifes in situations when evacuation 
was seriously delayed or prolonged. During Krynky 
operation we observed that more than 70% of patient 
who received additional blood transfusions during the 
initial resuscitation phase – survived. There was less 
then 2% of cases of a minor adverse reaction that could 
be attributed to prehospital transfusion.

Based on the study conducted by Ukrainian military 
doctors about the thermal properties of blood, it can 
be concluded that the temperature range of +37–42°C 
is optimal for heating blood in terms of safety, with 
a temperature of +42°C demonstrating the best 
coagulation parameters and e%ectiveness in preventing 
hypothermia.

critical stages of DCS and DCR: I, patient selection and 
decision to perform damage control; II, operation and 
intraoperative hemorrhage management and preven-
tion of contamination; III, resuscitation in the intensive 
care unit; IV, de&nitive surgery after returning to the 
operating room; and V, reconstruction and reabilitation 
[17,18].

For battle&eld injury it is highly reasonable to add 
one more Phase 0 of DCS, termed «Damage Control 
Ground Zero,» [19].

In military conditions, time before getting profession-
al surgical care can be quite prolonged. 

In 2022 the average evacuation time was 134 min. 
And ranged from 15 minutes after injury to a maximum 
of 12 hours. In 2023, evacuation time was signi&cantly 
increased due to prolonged waiting for evacuation. The 
average indicators were not representative, as they can 
be in range from a few hours to a few days. Maximum 
awaiting time of evacuation (47 days). Evacuation itself 
in this case, took less than two hours. Nowadays it is less 
than 10% of wounded who are delivered to the Role II 
during the Golden hour. It can be due to water barriers, 
drones, and heavy shelling [20]. The most important in 
Phase 0 was hemorrhage management, blood transfu-
sion and prevention of hypothermia. 

TOURNIQUET APPLICATION
Lipsky et al. stands for that wide implementation of 
tourniquets, which decreased mortality from extrem-
ity hemorrhage by 85% [21]. And for the last years in 
Ukraine, the same as in the whole other world, tourni-
quets have become a standard piece of equipment for 
soldiers and o)cers on the &eld. But in the beginning 
of full scale aggression it was a problem to get enough 
tourniquets for the Ukrainian army, because a lot of civil-
ians joined it. So the need for tourniquets reached more 
than two million. So a lot of poor quality tourniquets 
reached the soldiers. Also, overuse of tourniquets can be 
observed. Holcomb et al. note that, “recently the proper 
application of tourniquets for extremity hemorrhage 
has been increasingly underscored by experiences in 
Ukraine. With delay in evacuation (upward of 6 h), com-
plications of limb ischemia from prolonged tourniquet 
applications have been observed” [22] Vladyslav Yatsun 
noti&es that tourniquet application was appropriate in 
24.6% of the wounded with tourniquets [23].

From all the wounded, who were transported to Role 
II 1,19% had tourniquet syndrome, which led to am-
putation. (64% from all cases of tourniquet syndrome) 
and in 46% to complicative vascular surgeries or/and 
fasciotomies. On other direction of buttle line it was 
5,3% amputations from the total number of casualties. 
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following surgery, was slightly higher in the DCS group. 
Most common organs to be injured, were momentum 

and small bowel. If we &nd nothing but momentum in-
juries, we just &nished in ETC approach, leaving control 
drainage in case of hidden hemorrhage not noticed by 
surgeon. In injury of the small intestine, we used both 
ETC and DCS. In case of DCS mostly at &rst stage it was 
obstructive resection and anastomosis the next day on 
the next level. No abdominal complication or mortality 
observed in these two groups.

Among all patients after DCS worst results were ob-
served in those patients who have injuries of pancreas 
and duodenum. This patient has abdominal adhesions, 
postoperative hernias and even one lethal case after 
two months of treatment. 

CONCLUSIONS
The evolving nature of the russian-Ukrainian war, espe-
cially with the introduction of integrated drone recon-
naissance-strike systems, has signi&cantly altered the 
pattern of injuries and the demands on military medical 
support. The resulting «zone of continuous death» and 
delayed evacuation due to tactical conditions have 
necessitated widespread use of Damage Control Sur-
gery (DCS) and Damage Control Resuscitation (DCR), 
even in scenarios where Early Total Care (ETC) might be 
preferable under peacetime or civilian trauma settings.

This study con&rms the e%ectiveness of DCS/DCR 
approaches under MASCAL conditions at Role II facili-
ties, particularly in the context of delayed evacuation, 
hypovolemia, and resource scarcity. While DCS resulted 
in a slightly higher complication and postoperative 
mortality rate compared to ETC, it was indispensable for 
patients with high Injury Severity Scores (ISS), unstable 
vitals, and multiple organ injuries, particularly involving 
the pancreas or duodenum.

Additionally, innovations in &eld resuscitation, such 
as the deployment of whole blood transfusion during 
MEDEVAC and the use of AAJT devices, have contribut-
ed to increased survival rates. The integration of these 
practices into a single medical space–standardized 
across civilian and military systems–ensured coordinat-
ed and timely care despite logistical limitations.

However, the data also highlights critical challenges, 
including overuse and complications from tourniquets, 
inconsistent access to blood products, and the need 
for better triage and surgical timing protocols. The for-
malization of Phase 0 in the DCS framework–focused 
on hemorrhage control, hypothermia prevention, and 
blood transfusion at the point of injury–has proven 
essential in this con'ict and may serve as a valuable 
model for future high-intensity warfare settings.

The rationale for this conclusion is provided below, 
considering key aspects:

1.Safety (Absence of Hemolysis)
 •The study data indicate that at temperatures of +37–

42°C, no hemolysis was observed in samples from groups 
A and B (0 damaged erythrocytes), con&rming the safety 
of this range. Hemolysis begins at +43°C (0–1 erythrocytes 
in group B) and signi&cantly increases at +44–45°C (2–3 
erythrocytes in group A, 6–10 in group B).

2.Prevention of Hypothermia
 •Heating to +37–42°C e%ectively prevents hypo-

thermia, which is associated with coagulopathy due 
to reduced activity of coagulation factors and platelet 
adhesion.

3.Coagulation Parameters
 •Coagulogram data show that from +37 to +42°C, 

there is an acceleration of coagulation (reduction of PT 
to 11.0–11.2 s, APTT to 23.0–26.1 s, p < 0.05), consistent 
with increased enzyme activity. D-dimer levels remain 
within normal limits (0.28–0.29 ng/mL), indicating no 
&brinolysis.

 •At +44–45°C, group B exhibits signi&cant accelera-
tion of coagulation (PT 11.0 s, APTT 37.2 s, p < 0.01) and 
a decrease in &brinogen (from 2.9 to 2.4 g/L), suggesting 
hypercoagulation due to hemolysis and a risk of DIC 
(Bouchama et al., 2002). In group A at +44°C, prolonga-
tion of PT (14.3 s) and APTT (34.6 s) is observed, along 
with an increase in D-dimers (0.33 ng/mL), indicating 
the onset of coagulation disturbances.

DCS IN ABDOMINAL AND THORACIC INJURIES
A signi&cant cause of combat deaths is from noncom-

pressible torso hemorrhage. There are just two methods 
that can reduce intra abdominal bleeding in sewear 
abdominal injury: REBOA system and AAJT. REBOA 
system showed good results [27], but it is not easy to 
mount it in a &eld environment. On other hand AAJT 
easy to aply [28], and showed good results in controlled 
swine studies, healthy human volunteer and mannikin 
study [29,30].  But reports on the use of AAJT in combat 
conditions are began to appear only last year in limited 
reports of Ukrainian military doctors. They have good 
results but are limited in use by trauma to the pelvis, 
lower extremities, and aorta zone 3.

As it was shown, we often used DCS not just due to 
life threatening hemorrhage but also due to tactical 
condition and severe contamination of the abdominal 
cavity. That gives the opportunity to compare the DCS 
and ETC groups results. 

Among the observed patients CFR, after 5 days of 
treatment was comparable among both groups. What 
can be explained by the bigger number of patients 
who undergo DCS not due to medical, but to tactical 
indications. Postoperative mortality, in the 7 day period 
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In conclusion, this experience emphasizes that surgical 
decision-making in modern warfare is often dictated more 
by tactical realities than purely by medical criteria. The &nd-

ings support continued re&nement of DCS/DCR protocols, 
greater investment in evacuation capabilities, and expan-
sion of prehospital transfusion training for combat medics.
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INTRODUCTION 
In modern research [1, 2], there is no single approach 
to assessing the quality of life; each of the developed 
approaches is based on the objectives of the research 
being conducted and the specifics of the research 
object (country, region, locality, etc.). The concept of 
“quality of life” characterizes both material human 
bene&ts (welfare, prosperity, housing conditions, etc.) 
and intangible ones (social, economic, environmental, 
socio-political living conditions, health, education, 
security, participation in public life, leisure, etc. [1, 3].

Scientists [4] believe that “quality of life” includes 
such structural elements as the quality of the popu-
lation (demographic characteristics, health status of 
the population, level of education, etc.), quality of the 
environment (natural and environmental conditions, 
economic development of territories, development of 
social infrastructure, level of personal safety), quality of 

activity (quality of work, recreation, domestic, spiritual, 
cultural and socio-political spheres of life).

The quality of life varies significantly around the 
world. It depends on many factors, including the natu-
ral, social, economic, and socio-political environment 
in which the population lives, health status, level of 
education, satisfaction with the profession, housing 
conditions, etc. [5] Today, the quality of life in Ukraine 
is low compared to economically developed countries. 
According to international studies, Ukraine ranks 77th 
among 191 countries regarding quality of life (human 
development index) and 92nd in happiness among 150 
countries [6, 7].

According to the results of studies [8], the quality of 
life of the population of Ukraine is assessed by statistical 
data on the quality of the natural, social, economic, and 
socio-political environment, as well as by the level of 
satisfaction of each member of society with the goods 
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that are valuable to them – material wealth, place of 
work, health status, living conditions, environmental 
situation, personal safety, social well-being, etc. At the 
same time, the issue of assessing the quality of life of 
the Ukrainian population during wartime and &nding 
ways to improve it remains insu)ciently researched.

AIM
The aim is to study the quality of life in Ukraine during 
martial law and identify priority areas for its improvement.

MATERIALS AND METHODS
The research was conducted in 2023-2024. It involved 
159 respondents of different genders belonging to 
various age groups – from 18 to 75 years old. The 18-25, 
26-35, and 46-65 age categories are represented in ap-
proximately the same ratio – up to 30C%; the respondents 
under 18 – 2.5C%, 66-75 – 1.3C%. 97.5C% of the respondents 
live in Ukraine, 2.5C% live abroad. Among the surveyed 
respondents, 61.0C% are married, 39.0C% are single. The 
research results were processed at the Department of 
Physical Education and Sport Improvement of Zhytomyr 
Ivan Franko State University (Zhytomyr, Ukraine).

Research methods: bibliosemantic, self-assessment of 
quality of life (according to the author’s questionnaire), 
medical and statistical. The bibliosemantic method 
was used to study the literature on the chosen topic 
(18 sources from PubMed, Scopus, Web of Science, 
Index Copernicus, and other databases were analyzed). 
The method of self-assessment of the quality of life 
was used to survey the population of Ukraine using 
the author’s questionnaire to determine the level of 
satisfaction of the population with various aspects 
of their lives; the author’s questionnaire consisted of 
six blocks of questions: BlockC 1. General Information 
About Respondents (8 questions); BlockC 2. Natural 
Environment (8 questions); BlockC 3. Social Environ-
ment (20 questions); BlockC4. Economic Environment 
(14 questions); BlockC 5. Socio-Political Environment 
(25 questions); BlockC 6. Ways to Improve the Quality 
of Life in Ukraine (2 questions). In total, the question-
naire contains 77 questions. The questionnaire was 
anonymous without any references to the authors of 
the article in the answers. The results were used for 
scienti&c purposes only. Questionnaire was assessed 
by the experts in this &eld (1 professor and 3 associate 
professors) and was approved by the Academic Council 
of Zhytomyr Ivan Franko State University (Protocol No. 9 
dated 10.02.2023). The medical and statistical method 
was used to process the experimental data obtained 
during the research.

Data collection, processing, and analysis of the re-
search results were performed on a personal computer 
using MS Excel, a software package that allows statis-
tical data processing methods. Consent to voluntary 
participation in the survey was obtained from all the 
respondents involved in the study. This research fol-
lowed the regulations of the World Medical Association 
Declaration of Helsinki – ethical principles for medical 
research involving human subjects.

RESULTS 
When analyzing the answers to the questions in BlockC1 
of the questionnaire, it was found that the majority of 
the respondents have higher education (44.6C%), one-
third have completed secondary education (34.6C %), 
and the rest have specialized pre-university education 
(20.8C%). Among the respondents, the largest groups 
of professions were represented by military personnel 
(30.2C%), healthcare workers (18.9C%), students (17.0C%), 
and employees of educational institutions (11.9C %). 
Most respondents live in urban areas (60.4C%), while the 
rest (39.6C%) live in rural areas. The residents of Zhyto-
myr, Vinnytsia, and Kyiv oblasts accounted for 69.2C%, 
Poland – 1.3C%, Slovakia, and the United States – 0.6C% 
each. The remaining 28.3C% of the respondents live in 
Ternopil, Khmelnytskyi, Lviv, Sumy, Kharkiv, Kirovohrad, 
and Donetsk oblasts of Ukraine. All settlements where 
the respondents live are located in the territory con-
trolled by Ukraine.

The answers to the questions in BlockC2 of the ques-
tionnaire (Natural Environment) showed that 77.4C% of 
the respondents are not satis&ed with the environment 
in Ukraine, and 86.8C% are convinced that the environ-
mental situation in the country has deteriorated during 
the full-scale war. Among the main environmental 
problems that worsen the state of the environment, 
the respondents mentioned: ecological pollution 
from industrial enterprises and factories (52.2C%); air 
pollution due to a large number of vehicles (46.5C%); 
the presence of land&lls near housing (37.1C%); envi-
ronmental pollution due to enemy bombing (30.2C%); 
water pollution (18.9C%); radiation emissions (10.1C%); 
and mining plants (1.9C%).

The analysis of the questions in BlockC3 (Social En-
vironment) revealed that 65.4C % of the respondents 
are dissatis&ed with the health care system in Ukraine, 
and only one-third of the respondents (34.6C %) are 
satis&ed. At the same time, 51.6C% of the respondents 
are dissatis&ed with their health. This is quite under-
standable since only 31.4C% of the respondents adhere 
to a healthy lifestyle. Less than half of the respondents 
(47.8C %) are satis&ed with the education system in 
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Ukraine. Most of the respondents (79.2C %) are quite 
con&dent with their education level. It was found that 
before the war, 96.9C% of the respondents had adequate 
living conditions, while during the war, living conditions 
deteriorated for 34.6C% of the respondents and did not 
change for 60.4C%. It was found that the frequency of 
attending cultural and entertainment events during 
the war decreased from 81.7C% to 32.0C%. The number 
of respondents who regularly engage in physical ex-
ercises and sports decreased from 54.1C% before the 
war to 30.8C% during the war; those who could a%ord a 
resort vacation decreased from 64.8C% to 17.0C%. Before 
the war, the respondents’ satisfaction with the work of 
transportation in Ukraine was 76.2C%, and during the 
war, it was 56.6C%.

The analysis of the questions in BlockC4 (Economic 
Environment) revealed that 52.8C% of the respondents 
were satisfied with their financial situation before 
and 37.7C% during the war. Before the war, 83.0C% of 
the respondents were satis&ed with their jobs, while 
during the war – 67.3C%. Before the war, 44.0C% of the 
respondents were satis&ed with their &nancial income 
(salary, pension, scholarship), while during the war – 
41.5C%. 6.3C% of the respondents lost their property and 
housing during the war. Before the war, 47.2C% of the 
respondents assessed the cost of utilities as high, while 
it was 81.1C% during the war. Before the war, 10.1C% of 
the respondents reported poor quality food, and during 
the war – 26.4C%. It is worth noting that the surveyed 
population of Ukraine is trying to improve their &nancial 
situation by working at several jobs – 22.6C%; help from 
relatives – 16.4C%; and social bene&ts – 10.1C%. Before 
the war, 86.2C % of the respondents considered their 
standard of living satisfactory, 8.8C% – high; during the 
war, satisfactory – 71.1C%, high – 4.4C%.

The analysis of the questions in BlockC5 (Socio-Political 
Environment) revealed the level of satisfaction of the 
Ukrainian population with the socio-political situation 
in the country before the war: yes – 10.7C%; not quite – 
67.9C%; no – 21.4C%. During the war, the share of the re-
spondents who were dissatis&ed with the socio-political 
situation in the country increased to 51.6C%, while those 
who were satis&ed decreased to 5.1C%. During the war, 
the number of respondents who considered themselves 
to have low income increased from 16.4C% to 23.3C%.

It is important to note that before the war, 86.8C% of 
the respondents spoke Ukrainian, and 9.4C% spoke rus-
sian; during the war, the share of the population speak-
ing Ukrainian increased to 91.8C%, while the share of 
russian decreased to 2.5C%. A study of the respondents’ 
opinions on the quality of their family relationships re-
vealed a decrease in satisfaction with them during the 
war in 63.5C% of the respondents, compared to 84.9C% 

in the pre-war period. In 0.6C % of the respondents, 
dissatisfaction with family relationships is related to 
the forced residence of the family outside of Ukraine.

It has been found that 32.1C % of the respondents 
are currently dissatis&ed with healthcare reforms and 
34.0C% with the education system. Most respondents 
believe that Ukraine had a high level of corruption 
(78.0C%) and bribery (65.4C%) before the war. 74.8C% of 
the respondents expressed the opinion that the level 
of corruption in the country has increased even more 
in the current situation; the same applies to domestic 
bribery (63.5C%).

A group of the following questions studied the pop-
ulation’s level of personal and social well-being. It has 
been found that during the war, the respondents lost 
a sense of security (68.6C %), mental health (62.9C %), 
the ability to relax (50.3C%), friends (39.6C%), physical 
health (35.2C%), income (26.4C%), etc. The respondents 
also identi&ed the most important indicators of life 
satisfaction for them: peace in the country (89.9C %); 
good health (59.1C%); personal security (49.1C%); love 
of family members (48.4C %); well-paid job (47.2C %); 
opportunity to relax (42.8C%); opportunity to receive 
necessary medical care (42.1C%). When assessing the 
level of satisfaction with their lives, the respondents 
said that before the war, 76.1C% were satis&ed with their 
lives. Now, only 31.5C% were satis&ed with it (Fig.C1).

According to the questions of BlockC6, we investigated 
the respondents’ opinions on the priority areas for im-
proving the quality of life in Ukraine during the war and 
in the postwar period. According to the results of the 
analysis of the respondents’ answers, the respondents 
primarily associate the improvement of the quality of 
life during the war with the following areas: help to the 
front (59.7C%); maintaining the moral and psychological 
state of the population (53.5C%); compliance with the 
law (49.7C%); quality and accessibility of medical care 
(49.7C%); stabilization of the socio-political situation in 
the country (47.2C %); the environmental situation in 
the country (45.3C%); job security (44.0C%); maintain-
ing public health (40.9C %); increasing income levels 
(39.6C %); collective and personal security (37.7C %); 
housing security (36.5C%); care for vulnerable groups 
of the population, social assistance (33.3C%).

According to the respondents, after the war ends, the 
following quality of life indicators will become a priority 
for the population: job security (55.3C%); housing secu-
rity (54.7C%); increase in income (50.3C%); the environ-
mental situation in the country (50.3C%); maintaining 
public health (49.7C%); stabilization of the socio-political 
situation in the country (49.1C%); maintaining the moral 
and psychological state of the population (48.4C%); qual-
ity and accessibility of medical care (45.3C%); compliance 
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•	Economy and incomes: since the beginning of the 
war, 77C% of the surveyed population has seen a de-
crease in income; 47C% of the employed are unsure of 
their future; a large number of skilled workers have been 
lost (due to the mobilization of citizens of working age 
and those who left the country); &nancial capabilities of 
businesses are being exhausted; despite the increase 
in the subsistence level per person of the minimum 
wage and pension, as well as state social assistance to 
people with disabilities, in 2022-2024, the level of real 
wages decreased by 17.7%; the economic situation of 
families worsened signi&cantly; 
•	Education: a large number of educational insti-

tutions have been destroyed; the mental health of 
students, teachers, and lecturers has deteriorated; a 
signi&cant number of institutions are not equipped 
with bomb shelters; due to the blackout, there is no 
uninterrupted power supply and stable access to the 
Internet; students abroad cannot receive full education-
al services due to the language barrier or are forced to 
study remotely under the Ukrainian program;
•	Ecology: the state of the environment has deteri-

orated signi&cantly; from the beginning of the war to 
the end of 2022, more than 2,200 crimes against the 
environment were recorded; the hostilities caused sig-
ni&cant environmental pollution – air, drinking water, 
and soil; ecotourism facilities were destroyed, and the 
diversity of 'ora and fauna decreased; material damage 
from air pollution is over UAH 927 billion;
•	Labor and working conditions: in 2022, the number 

of vacancies registered with the State Employment Ser-
vice decreased by 48C%; the share of employees in the 
shadow economy increased, and working conditions 
worsened (over 41C%);

with the law (44.7C%); collective and personal security 
(37.7C%); social assistance (37.7C%).

DISCUSSION
Modern research on the quality of life is based on the 
fundamental scienti&c support of many scientists [5, 9, 
10]. Quality of life as a multidimensional concept refers 
to all spheres of human existence – health, including 
mental health, well-being, education, medical care, 
living conditions (housing, material, environmental, 
socio-political), extends to di%erent levels of society – 
personal, family, professional and public, consists of ob-
jective and subjective components, which are described 
by various indices (indicators) and is determined by the 
level of realization of human needs [9, 11].

Based on the results of research by many scientists [1, 
3, 8, 12], we have identi&ed the most important prob-
lems of the quality of life of the Ukrainian population 
in wartime compared to peacetime:
•	Demographic: the country’s population has de-

creased, and the aging rate and mortality rate have 
increased;
•	Public health and quality of medical services: a signif-

icant number of healthcare facilities in Ukraine were de-
stroyed or damaged, which reduced the ability to receive 
quality medical services; due to constant stressors, the 
health status of the country’s population has deteriorat-
ed signi&cantly, a signi&cant part of the population has 
turned to bad habits; the share of the population in need 
of rehabilitation measures has increased substantially;
•	Security: the level of life safety has signi&cantly de-

creased for all categories of citizens of the country in 
the context of war;

 
Fig. 1. The respondent’s level of satisfaction with their lives before and during the war 

(n = 159) 
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However, according to experts [16], the measures cur-
rently being taken in Ukraine to improve the population’s 
lives are insu)cient. Given the profound consequences of 
the war for the economy, environment, health, medical 
and educational spheres of life, security, civil liberties, etc., 
measures to improve the quality of life of the population 
at the level of the state, society, each family and individual 
require fundamental changes. Taking into account the 
results of our research and based on the conclusions of 
scientists in this &eld [2, 4, 11, 17, 18], we have identi&ed 
priority areas for improving the quality of life of the popula-
tion of Ukraine during the war and, especially after its end:

• in the postwar period, housing problems of the 
population can be solved by repairing the partially 
destroyed property, subsidizing rental housing, and 
rebuilding the country’s housing stock;

• given the growing volume of environmental pol-
lution in the country, in the postwar period, it will be 
necessary to improve existing and develop new stan-
dards for emissions and discharges using international 
grants and loans; 

• promising areas of the country’s recovery in the area 
of “population income” are economic development and 
bringing the levels of minimum and real wages closer 
to the standards of remuneration in the EU countries; 
increasing the purchasing power of the population; 
minimizing the risk of poverty and social exclusion of 
the weakest categories of the population; preventing 
poverty and social exclusion among internally displaced 
persons;

• the country’s infrastructure and digital network, 
which was destroyed by the war, needs to be restored 
and modernized;

• the state’s priority task is to rebuild healthcare fa-
cilities, improve the quality of service provision and 
simplify access to specialized medical care; master new 
modern methods of laboratory diagnosis, treatment, 
rehabilitation, and prevention; further develop the dig-
italization of the medical industry, including the spread 
of contemporary health monitoring applications, the 
introduction of electronic prescriptions, etc.;

• an important area of improving the quality of life in 
Ukraine is the creation of a safe environment and the 
involvement of the population in a healthy lifestyle;

• it is necessary to create and fund a psychological 
rehabilitation service for the military and civilians;

• improving the accessibility and quality of educa-
tion is a priority for the state in the postwar period. 
The younger generation needs modern, competitive 
educational programs that are uni&ed with programs 
from other countries, which will create the necessary 
conditions for international academic mobility of stu-
dents and academic sta%.

•	Housing: a large share of the population lost their 
homes; a signi&cant number of homes were destroyed; 
living conditions deteriorated;
•	Purchasing power of the population: the cost of food 

increased by 32.7C%, clothing and footwear by 6.8C%, 
housing, and utilities by 5.6C%, household appliances 
and household items by 25.5C%, healthcare services by 
17.6C%, transportation by 39.3C%, education by 9.8C%, 
and communication services by 11C%;
•	Civil liberties, leisure, and life satisfaction: the pop-

ulation of Ukraine has lost the ability to move freely 
around the country and travel abroad, and the ratio 
between working time and leisure time has been dis-
turbed; the level of life satisfaction has decreased.

It is established that the main directions of the State 
policy to improve the quality of life of the population of 
Ukraine are stimulation of economic growth, decentral-
ization of budgetary funds distribution, development 
of the labor market, improvement of pension provi-
sion, improvement of the social support mechanism, 
development of small and medium-sized enterprises, 
creation of a system of integration of services, reform 
of the health care system and housing and communal 
services [13].

These strategic directions of improving the quality 
of life of the population of Ukraine are the basis of the 
country’s regional policy, which covers such areas of 
life as demographic processes, health, social and en-
vironmental safety, development of educational and 
cultural spheres, increase in employment and labor 
protection, provision of housing, modernization of 
housing and communal services, strengthening of so-
cial integration, participation of the population of the 
region in the socio-economic, political and cultural life 
of society, increase in the level of social and personal 
consciousness [14, 15].

To improve the quality of life of the population, 
Ukraine develops and implements State targeted 
social programs, namely: a%ordable housing for such 
categories of the population as military personnel, 
medical workers, and educators – “E-Home”; “Youth 
of Ukraine”; national-patriotic education; combating 
human tra)cking; childbirth assistance, baby packag-
es; rehabilitation and health improvement programs 
for children with disabilities and from low-income 
families – “E-Health Care”; a social program for psycho-
logical support of the population of 150 communities 
of Ukraine referred to as “Resilience Center”; medical 
programs named “Affordable Medicines”, “Help for 
Joints”, “I See”, etc. At the level of territorial communities, 
there are also regional targeted social programs, such 
as “Preventing and Counteracting Domestic Violence 
and/or Gender-based Violence,” “Safe City,” etc.
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has increased (from 16.4C% to 23.3C%). During the war, 
the number of Ukrainian citizens who speak Ukrainian 
has increased (from 86.8C% to 91.8C%). According to the 
respondents, the level of corruption (74.8C%) and bribery 
(63.5C%) in Ukraine has increased during the full-scale 
war. During the full-scale war, the respondents lost their 
sense of happiness, peace, joy, optimism, security, mental 
health, and relaxation. Feelings of fatigue, exhaustion, 
depression, and caution replaced this.

During the war, life satisfaction decreased from 
76.1C% to 31.5C%. To improve the quality of life in a 
state of war, the respondents suggest that the state 
authorities should pay attention to priority areas 
such as providing the population with housing and 
employment, improving the environmental situation 
in the country, maintaining public health, increasing 
incomes, social assistance, and stabilizing the so-
cio-political situation in the country. The importance 
of these quality-of-life indicators should increase in 
the postwar period.

PROSPECTS FOR FURTHER RESEARCH
A comparative analysis of the quality of life of the 
Ukrainian population living in urban and rural areas 
during the war is planned.

CONCLUSIONS
It has been established that the quality of life of the 
Ukrainian population has signi&cantly decreased as a 
result of hostilities. The environmental situation has 
deteriorated dramatically (86.8C%). The population is par-
ticularly concerned about environmental pollution from 
industrial facilities, a large number of vehicles, land&lls 
near housing; destruction of nature due to enemy bomb-
ing, reduced water quality due to the destruction of the 
Kakhovka hydroelectric power plant, emissions from 
the Zaporizhzhia nuclear power plant, etc. 51.6C% of the 
respondents are dissatis&ed with their health, but only 
31.4C% adhere to a healthy lifestyle. More than half of the 
respondents are dissatis&ed with the education system in 
Ukraine, and more than 20C% of them are unable to access 
education because of the war. The living conditions of 
the population have deteriorated signi&cantly during 
the war. Before the war, only 3.1C% were dissatis&ed with 
them; now, it is a third of the respondents. The share of 
people attending cultural and sporting events during the 
war has signi&cantly decreased. The number of people 
satis&ed with their &nancial situation has decreased (from 
52.8C% to 37.7C%), as well as with their place of work (from 
83.0C% to 67.3C%). Only 5.8C% are satis&ed with the so-
cio-political situation in the country. The share of the pop-
ulation belonging to the lower class in terms of income 
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INTRODUCTION 
According to the International Agency for Research on 
Cancer (IARC), approximately one in &ve men or women 
will develop cancer in their lifetime, and approximately 
one in nine men and one in 12 women will die from it. 
Given demographic projections, the number of new 
cancer cases is expected to reach 35 million by 2050 [1].

Regarding statistical data for Ukraine, in the overall 
structure of malignant diseases among men, kidney 
cancer ranks 7th (5.6%) and among women – 9th (2.9%) 
[2]. Clear cell renal cell carcinoma (ccRCC) accounts for 
approximately 95% of all cases of malignant kidney 
tumors [3]. Therefore, the development of methods for 
accurate diagnosis, individual treatment, and early pre-
vention of ccRCC is an important direction of modern 
fundamental and applied medical science.

Today, several genetic factors are known that are 
predictors of the development of ccRCC [4, 5], includ-

ing single nucleotide polymorphisms (SNPs) of genes 
involved in the processes of cell division and di%eren-
tiation. As shown by numerous experimental studies, 
long noncoding RNAs (lncRNAs) play a crucial role in 
the occurrence and progression of tumors of various 
localization, providing molecular regulation of cell 
division and transformation [6,7]. Given this, lncRNAs 
are not only promising markers for early diagnosis of 
cancer diseases, but also important factors in targeted 
therapy [8-10].

Special attention in the study of the pathogenesis of 
malignant tumors is currently given to lncRNA ANRIL 
(Antisense Non-coding RNA in the INK4 Locus). ANRIL 
is transcribed from the antisense strand of the INK4b-
ARF-INK4a gene cluster (chromosome 9, region p21.3). 
This gene cluster encodes three important tumor sup-
pressors – p14ARF, p15INK4b, and p16INK4a – which 
play a crucial role in cell cycle arrest.

Analysis of the association of rs1333049-polymorphic variants 
of the ANRIL gene with the development of clear cell renal cell 
carcinoma in Ukrainian population

Yelizaveta Stroi1, Andriy Volkohon2, Olha Obukhova1

1SUMY STATE UNIVERSITY, SUMY, UKRAINE
2SUMY REGIONAL CLINICAL ONCOLOGY CENTER, SUMY, UKRAINE

ABSTRACT
Aim: The study aimed to assess the association between rs1333049 polymorphic variants of the ANRIL gene and the development of clear cell renal cell 
carcinoma in the Ukrainian population.
Materials and Methods: Venous blood from 201 individuals was analyzed, including 101 ccRCC patients (42 women, 59 men) and 100 cancer-free controls 
(34 women, 66 men). ANRIL rs1333049 genotyping was performed using real-time PCR, with statistical analysis conducted via Prism (v10.4.1) and R (v4.4.2).
Results: The rs1333049 genotype distribution in ccRCC patients was GG – 16 (15.8%), GC – 50 (49.5%), CC – 35 (34.7%); in controls: 28 (28%), 49 (49%), 23 
(23%) (P=0.0561). The C allele was more frequent in ccRCC patients (P=0.0167). In the dominant model, GC+CC carriers had a 2.066-fold higher risk than GG 
homozygotes (P=0.0392). No genotype di&erences were found between sexes in controls (P=0.39), but allele distribution di&ered in male and female ccRCC 
patients (P=0.0105). In the recessive model, males with CC had a 2.5-fold higher ccRCC risk (P=0.02). Kaplan-Meier analysis found no e&ect of rs1333049 on 
overall survival.
Conclusions: The rs1333049 polymorphism of the ANRIL gene increases ccRCC risk. GC and CC genotypes raise risk 2.07-fold (P=0.0392), up to 3.1-fold 
(P=0.040) after adjustments. In males, CC genotype increases risk 2.5-fold (P=0.02) and 3.12-fold (P=0.05) after adjustments. No link to overall survival was 
found (P=0.4321).

  KEY WORDS: gene polymorphism, long non-coding RNA, ANRIL, clear cell renal cell carcinoma (ccRCC)

Wiad Lek. 2025;78(9):1805-1812. doi: 10.36740/WLek/204031 DOI

ORIGINAL ARTICLE CONTENTS

https://wiadlek.pl/09-2025/
https://www.doi.org/10.36740/WLek/204031


Yelizaveta Stroi et al. 

1806

Although the primary molecular mechanism by 
which ANRIL increases the risk of cancer progression 
remains unclear, it is believed that this risk is associat-
ed with high levels of gene expression. Studies have 
shown that excessive expression of ANRIL suppresses 
the activity of p14ARF, p15INK4b, and p16INK4a, 
leading to genomic instability and promoting tumor 
progression [11].

Recent experimental research has con&rmed ANRIL’s 
involvement in the development of various malignant 
tumors [9], including gastric cancer [12], bladder cancer 
[13, 15], prostate cancer [14], esophageal cancer [16], 
hepatocellular carcinoma [17], breast cancer [18], and 
lung cancer [19].

Using GEPIA (http://gepia.cancer-pku.cn/), an appli-
cation that analyzes available gene expression data, we 
found that ANRIL levels are signi&cantly higher in kidney 
tumors compared to controls (Fig. 1a). Furthermore, 
elevated ANRIL expression is associated with poorer 
patient survival (Fig. 1b), con&rming a potential link 
between ANRIL and kidney tumor progression.

Regarding the role of ANRIL gene polymorphic vari-
ants in kidney cancer development, research remains 
limited. Notably, studies indicate that males carrying 
the AG genotype of the rs4977574 polymorphism 
have a higher risk of developing clear cell renal carci-
noma (ccRCC) compared to individuals with AA or GG 
genotypes [20]. However, no data currently exist on 
the association of the rs1333049 polymorphism with 
oncological diseases of the urinary system.

AIM
The aim of our study was to study the possible asso-
ciation between the rs1333049 polymorphism of the 
ANRIL gene and the development of clear cell renal cell 
carcinoma in the Ukrainian population.

MATERIALS AND METHODS 
The study included 201 participants, consisting of 101 
patients with clear cell renal carcinoma (ccRCC) (42 women 
and 59 men) and 100 individuals without an oncological 
history (34 women and 66 men). The clinical characteristics 
of the patients and control group are presented in Table 1.

The final morphological diagnosis of ccRCC was 
veri&ed in accordance with the European Association 
of Urology Guidelines (EAU) [21]. All patients were 
diagnosed with Stage II cancer, according to the TNM 
classi&cation of malignant tumors, based on histological 
examination or MRI results. Individuals with tumors of 
other locations, hereditary diseases, or conditions of 
unknown etiology were excluded from the study group.

The study protocol was approved by the Bioethics 
Committee of the Educational and Scienti&c Medical 
Institute of Sumy State University (No. 5/07.2022) and 
complies with Order No.690 of the Ministry of Health of 
Ukraine (dated September 23, 2009) [22] as well as the 
Declaration of Helsinki on ethical principles for medical 
research involving human subjects. All participants 
provided written informed consent for personal data 
processing, blood sampling, and genetic analysis.

Fig. 1. ANRIL expression levels in kidney tumors compared to the control group based on GEPIA data
Picture taken by the authors
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To investigate the rs1333049 polymorphism of the 
ANRIL gene, venous blood was collected under sterile 
conditions into 2.7 ml Monovette tubes containing 
potassium salt of ethylenediaminetetraacetic acid 
(EDTA, 11.7 mM) as an anticoagulant (“Sarstedt,” Ger-
many). Blood samples were frozen and stored at -20°C. 
DNA extraction from whole blood leukocytes was per-
formed using the GeneJET Whole Blood Genomic DNA 
Puri&cation Mini Kit (“Thermo Fisher Scienti&c,” USA). 
Genotyping of the rs1333049 polymorphic locus of the 
ANRIL gene was carried out at the Scienti&c Laboratory 
of Molecular-Genetic Research of Sumy State University 
using the real-time polymerase chain reaction (Re-
al-time PCR) method on a Quant Studio 5 DX Real-Time 
system (“Applied Biosystems,” USA). The study utilized 
TaqMan assays (TaqMan® SNP Assay C___1754666_10) 
and a PCR Real-Time reagent kit («Thermo Fisher Sci-
enti&c,” USA). Ampli&cation conditions included an 
initial denaturation at 95°C for 10 minutes, followed 
by 45 cycles consisting of 15 seconds at 95°C and 30 
seconds at 60°C. The generated ampli&cation curves 
were analyzed using the software provided with Quant 
Studio 5 DX Real-Time.

Statistical analysis of the obtained data was performed 
using Prism software (version 10.4.1) and R software 
(version 4.4.2). The distribution of rs1333049 genotypes 
between groups was assessed using Pearson’s chi-square 
(K4) test. Hardy-Weinberg equilibrium (HWE) was tested 
using the Equilibrium WpCalc online resource (https://
wpcalc.com/en/equilibrium-hardy-weinberg/). The risk of 
developing ccRCC depending on the rs1333049 genotype 
was calculated using logistic regression, considering di%er-
ent inheritance models: Dominant model (GG vs. GC+CC), 
Recessive model (GG+GC vs. CC), Overdominant model 
(GG+CC vs. GC). To assess the association of rs1333049 
polymorphic variants with ccRCC risk, adjusting for gender, 
age, body mass index (BMI), and smoking status, a mul-
tivariable logistic regression model was applied. Overall 
survival analysis was conducted using the Kaplan-Meier 
method. All statistical tests were two-tailed, and p-values 
<0.05 were considered statistically signi&cant.

RESULTS 
As a result of the study, the distribution of genotypes 
and alleles for the rs1333049 polymorphism of the 

Table 1. General clinical characteristics of patients with ccRCC and control group individuals
Characteristics ccRCC Control group P

Age, years 61.62 77.38 <0.000001

Body weight, kg 78.49 74.31 0.021181

Height, cm 170.7 165.8 0.000561

Body mass index 27.01 27,13 0.851827

Blood glucose, mmol/l 54.99 52.68 0.238665

Gender, f/m 42/59 34/66 0.3093

Smokers (%) 49 (48.5) 27 (27.0) 0.0022

Obesity (%) 30 (29.7) 18 (18.0) 0.0683

Note: ccRCC – clear cell renal cell carcinoma, n – number of patients; f – women; m – men; P – statistical signi'cance of di&erences. Categorical vari-
ables were compared using the 22-test, quantitative vari 
Source: compiled by the authors of this study

Table 2. Frequencies of alleles and genotypes according to the rs1333049 polymorphism of the ANRIL gene in patients with ccRCC and individuals of 
the control group

ccRCC Control group P
(02)n % n %

Genotypes

GG 16 15.8 28 28

0.0561 (5.761)GC 50 49.5 49 49

CC 35 34.7 23 23

Alleles

G 82 40.6 105 52.5
0.0167 (5.726)

C 120 59.4 95 47.5

Note: ccRCC – clear cell renal cell carcinoma, n – number of patients; P – Pearson’s 22 test for signi'cance of di&erences
Source: compiled by the authors of this study

https://wpcalc.com/en/equilibrium-hardy-weinberg/
https://wpcalc.com/en/equilibrium-hardy-weinberg/
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ccRCC. Table 4 presents the genotype frequency dis-
tribution for the rs1333049 locus in male and female 
ccRCC patients and control individuals. Among male 
patients, the genotype distribution was GG – 25 (42.4%), 
GC – 24 (40.7%), CC – 10 (16.9%), while in the male 
control group, it was GG – 19 (28.8%), GC – 32 (48.5%), 
CC – 15 (22.7%) (P = 0.275). Among female patients, 
the genotype distribution was GG – 6 (14.3%), GC – 26 
(61.9%), CC – 10 (23.8%), whereas in the female control 
group, it was GG – 9 (26.5%), GC – 17 (50.0%), CC – 8 
(23.5%). No signi&cant di%erences in genotype distribu-
tion were found between control group individuals of 
di%erent sexes (P = 0.39). However, the allelic distribu-
tion of rs1333049 di%ered signi&cantly between male 
and female ccRCC patients (P = 0.0105).

Table 5 shows the results of the regression analysis of 
the association of the rs1333049 polymorphism of the 
ANRIL gene with the development of ccRCC separately 
in the groups of women and men with ccRCC. In the 
group of women, no genotype-dependent increase 
in the risk of developing ccRCC was detected in any 
inheritance model.

However, according to the recessive inheritance mod-
el, the risk of developing ccRCC in males with the 11 
genotype is 2.5 times higher than in carriers of the GG 

ANRIL gene was examined in patients with clear cell 
renal cell carcinoma (ccRCC) and individuals from the 
control group (Table 2). It was shown that the minor C 
allele was more frequently detected in ccRCC patients 
compared to the control group (P = 0.0167; K4 = 5.726). 
The genotype distribution for this polymorphism in 
the ccRCC group was as follows: GG – 16 (15.8%), GC – 
50 (49.5%), CC – 35 (34.7%). In the control group, the 
distribution was GG – 28 (28%), GC – 49 (49%), CC – 23 
(23%). The P-value, calculated using Pearson’s K4 test, 
was close to statistical signi&cance (P = 0.0561).

The association between the rs1333049 polymor-
phism of the ANRIL gene and ccRCC was analyzed us-
ing binary and multivariable logistic regression under 
di%erent inheritance models (Table 3). According to the 
dominant model, carriers of the minor allele (GC+CC) 
had a 2.066-fold increased risk of developing the dis-
ease compared to homozygotes for the major allele 
(GG) (P = 0.0392). After adjusting for age, sex, smoking 
status, and BMI, the association remained statistically 
signi&cant, with the risk increasing to 3.1 times (P = 
0.040).

The next step in the analysis was to examine the 
sex-specific differences in the association of the 
rs1333049 polymorphism of the ANRIL gene with 

Table 3. Analysis of the association of the rs1333049 polymorphism of the ANRIL gene with ccRCC considering di&erent inheritance models
Model Pobs ORobs (95 % CI) Padj ORadj (95 % CI)

Dominant 0.0392 2.066 (1.04 - 4.11) 0.040 3.1 (1.05 - 9.18)

Recessive 0.0698 1.770 (0.95 – 3.301) 0.065 2.36 (0.94 – 5.89)

Over dominant 0.9430 1.020 (0.587 – 1.77) 0.990 0.996 (0.437 – 2.27)

Note: ccRCC – clear cell renal cell carcinoma, 95% CI – 95% con'dence interval; Pobs – observed P value (without adjustment for covariates); ORobs – 
observed odds ratio; Padj – P value after adjustment for age, sex, smoking habit and BMI; ORadj– odds ratio after adjustment for covariates
Source: compiled by the authors of this study

Table 4. Frequency of alleles and genotypes according to the rs1333049 polymorphism of the ANRIL gene in patients with ccRCC and control group 
individuals of di&erent genders

Group

Genotypes

Р1GG GC CC

n % n % n %

Male

ccRCC 25 42.4 24 40.7 10 16.9
0.275 (2.577)

Control 19 28.8 32 48.5 15 22.7

Female

ccRCC 6 14.3 26 61.9 10 23.8
0.39 (1.885)

Control 9 26.5 17 50.0 8 23.5

G2 = 0.0105 (9.122); G3= 0.97 (0.0598)

Note: ccRCC – clear cell renal cell carcinoma, n – number of patients; P1 – signi'cance level of di&erences between patients with SCRC and controls, 
P2 – signi'cance level of di&erences between patients of di&erent sexes; P3 – signi'cance level of di&erences between individuals of the control group 
of di&erent sexes (Pearson’s 22-test).
Source: compiled by the authors of this study
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RNAs in the regulation of cell division and transfor-
mation [26], the e%orts of scientists were directed to 
studying the role of these molecules as possible mark-
ers of the development of malignant tumors and their 
malignancy [27-29].

In normal cells, elevated levels of ANRIL transcripts 
play an important role in suppressing the formation of 
tumor suppressors p14ARF, p15INK4b, and p16INK4a 
and DNA repair. However, in cancer cells, overexpression 
of ANRIL has negative consequences – it causes genome 
instability and promotes tumor development [30]. 
D. Meseure et al. explained the mechanism of action 
of the long non-coding RNA ANRIL [31]. The authors 
proved that the interaction of ANRIL with CBX7, which 
is a component of the PRC1 (Polycomb repressive com-
plex 1) repressor complex, inhibits the transcription of 
p16INK4a. In the laboratory of Zhao J., it was found that 
ANRIL a%ects the proliferation of cancer cells through 
inhibition of the TGFL/Smad signaling cascade [31]. 
However, the exact molecular mechanisms by which 
ANRIL interacts with TGFL1 still remain unclear.

The long non-coding RNA ANRIL (also known by its 
o)cial name CDKN2BAS1) is encoded by a gene consist-
ing of 21 exons and 20 introns. This gene is located on 
the short arm of chromosome 9, in the 9p21.3 region, 
within the INK4b-ARF-INK4a gene cluster. According 
to the National Center for Biotechnology Information 
(NCBI), as of early 2025, 52,654 polymorphic sites have 
been identi&ed in the ANRIL gene (https://www.ncbi.
nlm.nih.gov/snp/?term=CDKN2B-AS1+homo+sapi-
ence). Based on the GRCh38/hg38 genome assembly, 
the single nucleotide polymorphism (SNP) rs1333049 
(G/C) of ANRIL is located at position 22,125,504 within 
the 3’-untranslated region (3’-UTR) of the gene.

The number of studies investigating the role of the 
rs1333049 polymorphism in the long non-coding RNA 
ANRIL gene in tumor development is limited. Research 

and GC genotypes (P = 0.02). After adjusting for age, 
sex, smoking habit and BMI, the risk increased to 3.12 
times (P = 0.05).

To assess the impact of the rs1333049 polymorphism 
of the ANRIL gene on the overall survival of patients 
with ccRCC, a survival analysis was performed using 
the Kaplan-Meier method (Fig.2). 

In the group of GG-genotype carriers, 1 fatal case was 
recorded, among GC carriers – 11, and among CC car-
riers – 8. Statistical analysis did not reveal a signi&cant 
relationship between the genotype according to the 
rs1333049 polymorphism of the ANRIL gene and overall 
survival (P=0.4321).

DISCUSSIONS 
The &rst studies on the role of long non-coding RNAs in 
the development of pathological processes and diseas-
es were devoted to the pathology of the cardiovascular 
system, including in the Ukrainian population [23-25]. 
Later, given the great importance of long noncoding 

Table 5. Analysis of the association of the rs1333049 polymorphism of the ANRIL gene with the development of ccRCC in individuals of di&erent sexes, 
considering di&erent inheritance models

Model Pobs ORobs Padj ORadj

Male

Dominant 0.12 0.5 (0.21 – 1.19) 0.49 0.64 (0.18 – 2.25)

Recessive 0.02 2.5 (1.15 – 5.42) 0.05 3.12 (1.0 – 9.75)

Over dominant 0.38 0.73 (0.36 – 1.48) 0.20 0.5 (0.17 – 1.43)

Famale

Dominant 0.19 0.46 (0.15 – 1.46) 0.055 0.145(0.02 – 1.04)

Recessive 0.98 1.01 (0.35 – 2.94) 0.33 2.46 (0.4 – 15.6)

Over dominant 0.3 1.62 (0.65 – 4.06) 0.14 3.6 (0.65 – 19.7)

Note: ccRCC – clear cell renal cell carcinoma; 95% CI – 95% con'dence interval; Pobs – observed P value (without adjustment for covariates); ORobs – 
observed odds ratio; Padj – P value after adjustment for age, sex, smoking habit and BMI; ORadj – odds ratio after adjustment for covariates
Source: compiled by the authors of this study

Fig. 2. Overall Survival of Patients with ccRCC Depending on Genotype
Picture taken by the authors
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ing its single nucleotide polymorphisms (SNPs) remains a 
highly relevant direction in identifying genetic markers for 
cancer diagnostics and personalized treatment.

CONCLUSIONS 
An association of the rs1333049 polymorphism of the ANRIL 
gene with the development of clear cell renal cell carcinoma 
was found in the Ukrainian population: carriers of the minor 
allele (GC+CC) had a higher risk of developing the disease 
than homozygotes for the major allele (GG) (according to 
binary logistic regression, 2.066 times (P=0.0392); according 
to multivariable logistic regression, after adjusting for age, 
sex, smoking habit and BMI, – 3.1 times (P=0.040).

It has been proven that in males with the CC geno-
type, the risk of developing ccRCC is 2.5 times higher 
than in carriers of the GG and GC genotypes (P=0.02). 
Considering the adjustment for age, sex, smoking habit 
and BMI, the risk increases to 3.12 times (P=0.05).

No signi&cant association between the genotype of 
the rs1333049 polymorphism of the ANRIL gene and 
overall survival of patients with ccRCC (P=0.4321).

PROSPECTS FOR FURTHER RESEARCH
To investigate the association of polymorphisms of 
other long non-coding RNAs in the development of 
clear cell renal cell carcinoma in order to predict the 
risk of developing the disease.

by S. Sei& et al. has shown that carriers of the minor CC 
and CG alleles have an increased risk of developing breast 
cancer compared to individuals with the GG genotype 
[33]. Additionally, the rs1333049 polymorphism has been 
proven to play a role in the development of gastric cancer 
[34]. Studies have also revealed that this polymorphism 
is associated with an increased risk of breast cancer and 
mortality in patients with diabetes [35]. Furthermore, it 
has been demonstrated that the CC genotype is linked to 
reduced overall survival in patients with esophageal squa-
mous cell carcinoma [36]. Moreover, research by Y. Chen et 
al. found that lung cancer patients with the CC genotype at 
rs1333049 in the ANRIL gene undergoing platinum-based 
chemotherapy had a lower risk of cancer progression and 
signi&cantly longer progression-free survival compared to 
patients with the GG and GC genotypes [35].

Our study demonstrated an association between 
the rs1333049 polymorphism and the development of 
clear cell renal cell carcinoma (ccRCC) in the Ukrainian 
population. Speci&cally, individuals carrying the minor 
allele exhibited a higher risk of developing the disease 
compared to those who were homozygous for the ma-
jor allele (P = 0.0392). However, no signi&cant e%ect on 
overall survival in ccRCC patients was observed.

Currently, there is no additional data on the association 
between the rs1333049 polymorphic locus of the ANRIL 
gene and tumor development in the urinary system in 
both the Ukrainian and other populations. Given the crit-
ical role of ANRIL in cell di%erentiation and division, study-
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INTRODUCTION 
According to the World Health Organization (WHO), 
more than 30C% of the world’s population su%ers from 
musculoskeletal disorders, such as osteochondrosis, 
osteoporosis, arthritis, etc. [1]. The 120 types of these 
disorders included in the International Classi&cation of 
Diseases (ICD-10) are accompanied by acute or chronic 
pain, limit a person’s motor activity, and often lead to 
disability [1]. Disorders of the musculoskeletal system 
can lead to a deterioration in health and a decrease 
in the ability to work, which has signi&cant economic 
consequences for the state [2].

In the structure of the prevalence of diseases, the 
pathology of the musculoskeletal system has been 
ranked fourth in Ukraine over the past 25 years [3]. 

The proportion of musculoskeletal system diseases in 
the overall morbidity structure in Ukraine in 2014 av-
eraged 4.74C±C0.14C% and ranged from 4.53 to 5.01C%. 
In 2022, these indicators deteriorated: the proportion 
of diseases was 5.54C±C0.14C%, ranging from 5.37C% to 
5.89C%. The increase in morbidity is explained by this 
class’s chronically progressive course of diseases and 
their accumulation in the population [4, 5].

Physical therapy is an e%ective method of restoring 
the health status of the population with musculoskele-
tal disorders [6]. The physical therapy method is based 
on the use of restorative physical exercises and the 
patient’s active participation in the treatment process. 
The level of such activity is individual, considering the 
nature of the disease, the degree of functional impair-
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ment, and the patient’s general health, motivation, and 
readiness for physical activity [7]. The restoration of 
patients’ health by physical therapy is carried out using 
kinesiotherapy (therapeutic physical education (TPE)), 
therapeutic massage, manual therapy, biomechanoth-
erapy, Kinesio taping, etc. [8]. However, the importance 
of speci&c physical therapy means, and their system 
in improving the health of the population with mus-
culoskeletal disorders has not been comprehensively 
addressed despite the particular relevance of physical 
therapy in wartime.

AIM
The aim of the study was to investigate changes in the 
structure of musculoskeletal injuries in patients during 
the war in Ukraine and to determine the organizational 
and methodological features of the rehabilitation of 
patients with these injuries according to the opinion 
of rehabilitation specialists.

OBJECTIVES
1) to compare the structure of musculoskeletal disor-
ders of patients before the war (2022) and during the 
war in Ukraine (2022-2024); 2) to &nd out the opinion of 
rehabilitation specialists on measures that will help im-
prove the quality of rehabilitation services; 3) to specify 
the organizational and methodological peculiarities of 
rehabilitation of patients with the most common disor-
ders; 4) to develop practical recommendations for the 
rehabilitation of the population with musculoskeletal 
disorders through physical therapy.

MATERIALS AND METHODS
The research was conducted in 2022-2024 at Zhytomyr 
Medical Institute of Zhytomyr Regional Council and 
Zhytomyr Ivan Franko State University. It involved 102 
rehabilitation therapists from Zhytomyr, Kyiv, Sumy and 
Vinnytsia regions of Ukraine. The formation of the sam-
ple for the survey involved the selection of only those 
rehabilitation therapists who have a diploma in the 
specialty “Physical Therapy, Occupational Therapy” and 
professional experience of at least 5 years or profession-
al experience during the war in Ukraine with wounded 
and injured military personnel and civilians. Criteria 
such as gender, age, marital status, level of &nancial 
satisfaction, place of residence were not taken into 
account in the study. The participation of respondents 
in the survey was voluntary, only those rehabilitation 
therapists who signed the Informed consent to partic-
ipate in the study were included.

The following scienti&c methods were used to achieve 
the aim of the research: analysis of scienti&c information 
sources, questionnaire, and statistical methods. 

The analysis of scienti&c information sources was 
used to clarify the essence of physical therapy and the 
impact of its means on improving the health of the 
population with musculoskeletal disorders. 16 sources 
from PubMed, Scopus, Web of Science, Index Coper-
nicus and other databases were analyzed. The main 
attention during the selection of literary sources was 
focused on clarifying the essence of physical therapy, 
its purpose, objectives, principles, means, types of 
musculoskeletal disorders, the use of physical therapy 
in the process of improving the health of the popula-
tion with musculoskeletal disorders. The key words in 
the publications selected for our study were: physical 
therapy, rehabilitation, musculoskeletal disorders.

The survey of rehabilitation therapists was conducted 
to study the impact of physical therapy on improving 
the health of patients with various musculoskeletal 
disorders and to examine the importance of physical 
therapy in improving the health of the population 
with musculoskeletal disorders. The questionnaire was 
presented in 3 blocks. Block I (“Disorders of the mus-
culoskeletal system and means of physical therapy”) 
contains questions that studied the level of knowledge 
of respondents about types of disorders of the mus-
culoskeletal system and means of physical therapy. 
Block II (“Physical therapy of patients with musculo-
skeletal disorders”) includes questions that obtained 
information about speci&c means of physical therapy 
used by rehabilitation therapists to improve the health 
of the population with these disorders; frequency of 
their use; types of necessary equipment; the role of 
an individual approach to patients in the process of 
physical therapy; duration and intensity of the course 
of therapy; main di)culties that arise during rehabili-
tation; systematicity in improving the quali&cations of 
rehabilitation therapists; possibilities of introducing 
technological and medical innovations into physical 
therapy; conditions for conducting physical therapy for 
patients with relevant disorders; ways to improve the 
quality of rehabilitation services. Questions of Block III 
(“E%ectiveness of physical therapy methods for muscu-
loskeletal disorders”) aimed to study the most e%ective 
physical therapy methods for patients with the most 
common musculoskeletal disorders, and the problems 
of integrating physical therapy into the process of 
general rehabilitation of patients with musculoskeletal 
disorders. The survey of the rehabilitation therapists 
was conducted according to the author’s question-
naire, which contains 27 questions. The survey was 
conducted remotely using the GOOGLE-FORMS tool. 
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The questionnaire was posted at the link: https://docs.
google.com/forms/d/1b3jUbQ8zib7XOM5ZpzL0LBCM-
fNv2QM3B7x8vw0EMV3U/edit . The questionnaire was 
anonymous without any references to the authors of 
the article in the answers. The results were used for sci-
enti&c purposes only. The questionnaire was assessed 
by the experts in this &eld (2 professors and 5 associate 
professors). It was approved by the Academic Council 
of Zhytomyr Medical Institute of Zhytomyr Regional 
Council (Protocol No. 5 dated 03.10.2022). 

The survey results were processed using a statistical 
method. All results of the rehabilitation therapist sur-
vey were presented in percentages. The research also 
determined the percentage di%erence in the frequency 
of visits to physical therapists for patients with musculo-
skeletal disorders at the beginning of the war (2022) and 
during the war (2022-2024). Data was calculated using 
the MS Excel software package on a personal computer.

Consent to voluntary participation in the survey 
was obtained from all the respondents involved in the 
study. This research followed the regulations of the 
World Medical Association Declaration of Helsinki – 
ethical principles for medical research involving human 
subjects.

RESULTS
Based on the study of many sources of scienti&c in-
formation [2, 3, 6, 7, 8], we found that the purpose of 
rehabilitation is to preserve, partially or completely 
restore, lost or weakened motor functions, further en-
sure the body’s lifelong performance, and integrate the 
patient into society. Realizing the goal of rehabilitation 
is based on solving the following tasks: a)C e%ective 
recovery (complete or compensation for insu)cient re-
covery using physical therapy); b)Cadaptation of patients 
to everyday life using ergotherapy equipment. The main 
stages of the rehabilitation process are also de&ned: 
examination (determination of motor disorders and 
activity), planning (creation of a physical rehabilitation 
program), intervention (program implementation), and 
control (ensuring optimal functioning of the physical 
rehabilitation system).

Physical therapy is based on the following principles: 
1)Cearly initiation of therapeutic measures, which allows 
for quick recovery of body functions and prevention of 
complications; 2)Ccontinuity, phasing, and combination 
of alternation of di%erent means; 3)Cindividualization, 
i.e., the use of programs created for each patient: con-
sidering their characteristics regarding musculoskeletal 
disorders, age, gender, etc. Group therapeutic physical 
education sessions provide spiritual support and make 
patients feel like community members, which gives 

them con&dence in their abilities and helps them re-
cover faster.

In the process of surveying the rehabilitation special-
ists, we found that the main musculoskeletal disorders 
of patients who sought medical care from physical 
therapists at the beginning of the war are scoliosis – 
40.2C%, injuries of joints, muscles, and tendons – 26.5C%, 
osteoarthritis – 10.8C%, hip dysplasia – 8.8C%, osteopo-
rosis – 5.9C% and other (arthritis, amputations and all 
of the above) – 7.8C% (Fig.C1).

According to rehabilitation specialists, there were 
signi&cant changes in the structure of patients’ visits 
with musculoskeletal disorders during the war years. 
The proportion of visits for help with limb amputations 
increased by 23.6C %, injuries of joints, muscles, and 
tendons by 37.3C %, habitual patellar dislocation by 
6.8C%, osteochondrosis and arthritis by 6.8C% (TableC1). 

It has been found that among the main methods of 
physical therapy used by physical therapists to improve 
the health of the musculoskeletal system of their pa-
tients are therapeutic massage – 42.2C%, TPE – 33.3C%, 
Kinesio taping – 14.7C%, manual therapy – 4.9C%, yoga 
– 4.9C%. At the same time, according to the rehabilitation 
therapists, the priority factors in drawing up an individ-
ual rehabilitation plan for patients with musculoskeletal 
disorders are type of disorder – 40.2C%, physical activity 
– 33.3C%, and patient’s age – 20.6C%.

Assessment of rehabilitation therapists’ opinions 
on effective means of physical therapy for patients 
depending on certain disorders of the musculoskeletal 
system shows that the most e%ective means are: for 
injuries of joints, muscles and tendons: 35.4C% – exercise 
therapy, 23.5C% – therapeutic massage, 22.7C% – Kinesio 
taping, 18.4C% – mechanotherapy; in case of amputations: 
30.9C% – exercise therapy, 25.1C% – therapeutic massage, 
23.6C% – Kinesio taping, 20.4C% – mechanotherapy; for 
scoliosis: 40.1C% – exercise therapy, 33.3C% – therapeutic 
massage, 11.7C % – yoga; for hip dysplasia: 45.1C % 
– exercise therapy, 25.5C % – therapeutic massage, 
15.6C% – Kinesio taping, 13.8C% – mechanotherapy; for 
habitual patellar dislocation: 36.0C% – exercise therapy, 
30.4C% – Kinesio taping, 18.6C% – therapeutic massage; 
for osteochondrosis: 46.1C% – exercise therapy, 16.7C% 
– therapeutic massage, 14.7C % – mechanotherapy, 
13.7C% – Kinesio taping, 8.8C% – manual therapy; for 
osteoarthritis (arthrosis): 45.1C % – exercise therapy, 
14.7C% – mechanotherapy, 13.7C% – therapeutic massage, 
8.8C % – manual therapy; for osteoporosis: 41.2C % – 
exercise therapy, 25.5C% – therapeutic massage, 11.7C% 
– mechanical therapy. As we can see, the main means of 
physical therapy for most musculoskeletal disorders are 
exercise therapy, therapeutic massage, Kinesio taping, 
and mechanotherapy.

https://docs.google.com/forms/d/1b3jUbQ8zib7XOM5ZpzL0LBCMfNv2QM3B7x8vw0EMV3U/edit
https://docs.google.com/forms/d/1b3jUbQ8zib7XOM5ZpzL0LBCMfNv2QM3B7x8vw0EMV3U/edit
https://docs.google.com/forms/d/1b3jUbQ8zib7XOM5ZpzL0LBCMfNv2QM3B7x8vw0EMV3U/edit
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been found that the rehabilitation therapists determine 
the e%ectiveness of physical therapy for each patient 
according to the following criteria: 54.9C% – by the in-
dicator of improvement of motor activity, 30.4C% – by 
changes in physical condition, 14.7C% – by the indicator 
of pain reduction.

The rehabilitation therapists indicated how they re-
spond to a patient’s refusal to undergo physical therapy 
and how they try to convince them of its importance: 
59.8C% look for an individual approach, 21.6C% explain 
the need for treatment in detail, and 9.8C% show exam-
ples of how physical therapy is used. It has been found 
that 76.5C% of the rehabilitation therapists determine 
the optimal duration and intensity of physical therapy 

Also, in the course of the survey, we have found that 
the physical therapists observe the following results in 
the health status of patients with musculoskeletal disor-
ders as a result of physical therapy: 62.7C% – signi&cant 
improvement, 31.4C% – moderate improvement, 5.9C% 
– no change or minimal improvement. At the same time, 
the rehabilitation therapists noted that they use phys-
ical therapy as an adjunct to the medical treatment of 
patients with musculoskeletal disorders: in most cases 
(64.7C%), always (23.5C%), rarely (11.8C%). According to 
the rehabilitation therapists, more intensive physical 
therapy may be required for patients with the follow-
ing conditions: after injuries (62.7C%), chronic diseases 
(18.6C%), and postoperative conditions (13.7C%). It has 

Fig. 1. The most common musculoskeletal disorders of patients at the beginning of the war
Picture taken by the authors

Table 1. Comparison of the frequency of visits to physical therapists for patients with musculoskeletal disorders at the beginning of the war (2022)  
and during the war (2022-2024), %

Type of disorder
Frequency of visits, %

Percentage di#erence, 
%2022

(at the beginning of the war)
2022-2024

(during the war)

Scoliosis 40.2 12.7 - 27.5

Injuries to joints, muscles, and tendons 26.5 37.3 + 10.8

Osteoarthritis 10.8 2.0 - 8.8

Hip dysplasia 8.8 8.8 0.0

Osteoporosis 5.9 2.0 - 3.9

Habitual patellar dislocation 2.0 6.8 + 4.8

Amputations of limbs 1.0 23.6 +22.6

Osteochondrosis, arthritis 4.8 6.8 + 2.0

Source: compiled by the authors of this study
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with musculoskeletal disorders through physical ther-
apy (TableC2).
1.  TPE (kinesiotherapy) e%ectively restores patients’ 

health with scoliosis, hip dysplasia, arthritis, osteo-
chondrosis, herniated discs, mechanical injuries, 
common patellar dislocations, muscle and tendon 
sprains, etc. We o%er a set of exercises on S.CM.CBub-
novskyi’s training devices that have proven e%ective. 
The exercises are divided into three blocks, which 
are part of the structure of each training session. 
They are prescribed and adjusted based on the in-
tensity of low back pain, limiting factors, high blood 
pressure, heart pain, dizziness, headache, severe 
shortness of breath, excessive sweating, and leg and 
abdominal pain. If these factors appear, the exercise 
is stopped, and the patient consults with a doctor 
to determine whether or not to continue training.

The kinesiotherapy course consists of three cycles, each 
consisting of twelve training sessions. The &rst cycle is 
adaptation, the second is recovery and training, and 
the third is training.

When developing a rehabilitation program for pa-
tients, the following tasks are set: normalization of 
functional parameters of the patient’s body; removal 
of fear of movement; restoration of the motor ste-
reotype; elimination of spasms of the spinal muscles; 
improvement of spinal hemodynamics; normalization 
of posture; reduction of intensity or elimination of pain; 
prevention of recurrence of low back pain or reduction 
of their frequency and severity.
2.  Therapeutic massage is used for osteochondrosis 

and scoliosis. The lower back massage focuses on 
several muscles, including the latissimus dorsi, 
the quadratus minor, and the spinal straightening 
muscle, located around the lower half of the spine. A 
variety of reasons can cause low back pain. The main 
cause of low back pain is muscle tension. A lower 
back massage helps warm up the muscles and im-
prove blood and lymphatic circulation, encouraging 
the movement of bene&cial nutrients through the 
body and eliminating large amounts of toxins. The 

for a particular patient based on an individual approach 
to each case, 18.6C% – taking into account medical in-
dicators, and 4.9C% – according to standard treatment. 
It has been established that the main problems or 
di)culties faced by the rehabilitation therapists in the 
implementation of physical therapy in the rehabilitation 
process are 50.0C% – patients’ refusal to participate in 
rehabilitation, 36.3C% – lack of equipment, lack of coor-
dination between specialists – 8.8C%, lack of specialized 
knowledge – 4.9C%. It has been found that the surveyed 
rehabilitation specialists update their knowledge and 
skills in the &eld of physical therapy (advanced train-
ing, internships, etc.): 70.6C% – regularly, several times 
a year, 15.7C% – once a year, 10.8C% – every few years, 
2.9C% – do not update their knowledge. The need for 
individualized approaches to patients when choosing 
physical therapy methods is determined by 66.7C% of 
the rehabilitation therapists based on individual med-
ical indicators, 26.5C% – on the analysis of the patient’s 
lifestyle and wishes, and 6.8C% – on the results of com-
munication with other specialists.

Among the main problems of integrating physical 
therapy into general rehabilitation of patients with 
musculoskeletal disorders, the respondents believe 
36.3C% – of limited resources, 35.3C% – of low patient 
motivation, and 28.4C% – a lack of coordination between 
specialists. At the same time, 56.8C% of the rehabilitation 
therapists consider family participation in physical ther-
apy for patients with musculoskeletal disorders to be 
very important, 40.1C% – important. The physical ther-
apists are convinced that the quality of rehabilitation 
services for patients with musculoskeletal disorders can 
be improved in the following ways: 35.3C% by using the 
latest equipment, 26.5C% by systematically improving 
the quali&cations of specialists, 21.6C% by increasing 
access to appropriate equipment, and 13.7% by intro-
ducing the latest methods of physical therapy.

Based on the research, a set of physical therapy 
means for certain musculoskeletal disorders has been 
speci&ed, and practical recommendations have been 
developed to improve the health of the population 

Table 2. Recommendations for the use of physical therapy means for various disorders of the musculoskeletal system

Disorder type Kinesiotherapy Therapeutic 
massage Kinesio taping Mechanical 

therapy
Manual 
therapy

Injuries to joints, muscles, and tendons 1 2 3 4 -

Amputations 1 2 3 4 -

Scoliosis 1 2 - - -

Dysplasia of the hip joints 1 2 3 4 -

Habitual dislocation of the patella 1 3 2 - -

Osteochondrosis 1 2 4 3 5

Source: compiled by the authors of this study
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internal diseases using various methods. The meth-
od of physical therapy involves using such means as 
therapeutic physical education (TPE), manual therapy, 
mechanotherapy, Kinesio taping, therapeutic massage, 
etc. [10, 11].

These means are used to restore a person’s immedi-
ate physical health, although they also improve their 
mental and social well-being to some extent. In this 
way, physical therapy di%ers from rehabilitation, which 
aims to restore a person’s health comprehensively, 
return to the profession, and establish social ties [12]. 
Therefore, physical therapy is a part of rehabilitation 
that helps restore a person’s physical health. This area 
of rehabilitation is also called “physical rehabilitation” 
(physical therapy) [13]. The physical therapy method is 
used in cases where the full functioning of the muscu-
loskeletal system and the body’s capacity is weakened 
or completely lost, which worsens the general state of 
human health [6].

According to experts [14], diseases of the musculo-
skeletal system rank third in the structure of primary dis-
ability among adults and the able-bodied population, 
behind only circulatory system diseases and cancer. 
Every year in Ukraine, more than 15 thousand adults be-
come disabled because of musculoskeletal diseases, in-
cluding more than 12 thousand people of working age 
(the working age population includes people aged 18 
to retirement age). In addition, the category of patients 
with permanent disability is also signi&cant [3, 5]. The 
proportion of newly registered musculoskeletal system 
diseases in the adult population during 2002-2022 was 
5.54C±C0.14C%. The proportion of primary disability due 
to peptic ulcer diseases of the musculoskeletal system 
was much higher and amounted to 10.85C±C0.75C% with 
an upward trend [4]. During the war in Ukraine, the 
number of disabled people with musculoskeletal dis-
orders increased signi&cantly not only among military 
personnel, but also among the civilian population, but 
their statistical data is di)cult to determine due to the 
ongoing hostilities.

According to scientists [15, 16], the main reasons for 
the increase in the level of disability due to diseases of 
the musculoskeletal system are: 1)Cpatients are at late 
stages or do not receive full treatment due to the terri-
torial inaccessibility of diagnosis and treatment, as well 
as the lack of &nancial capacity to pay for treatment and 
purchase of medicines; 2)Clate diagnosis of these dis-
eases at the outpatient stage, lack of a comprehensive 
approach to the choice of treatment and correction of 
concomitant disorders leads to progression and com-
plications of the disease. Although group III disabilities 
account for more than 80C% of disability due to mus-
culoskeletal diseases, they have a very low probability 

massage has the following objectives: to stimulate 
blood and lymph circulation in the extremities and 
spine; to reduce pain; to increase the tone of the 
hypotrophic muscles of the back of the thigh and 
lower leg, as well as the gluteal muscles; to minimize 
tension and tone of the long muscles of the back.

3.  Kinesio taping is most e%ective for scoliosis, habit-
ual patellar dislocations, and arthrosis. Taping is 
applying a type of elastic plaster (Kinesio tape) to 
painful areas of the body. Spinal taping relieves pain, 
supports back muscles, and corrects posture. Back 
Kinesio taping is used for chronic injuries, osteo-
chondrosis, sprains, and pain during rehabilitation 
after injuries. The back taping increases blood and 
lymph 'ow and promotes a quick recovery without 
painkillers. During Kinesio taping, the patient should 
lean forward as much as possible. Then, the anchor 
is glued to the upper part of the gluteal region. Long 
strips are directed vertically upwards, parallel to the 
vertebrae on each side. Kinesio taping of the back is 
performed without tensioning the bandages.

4.  Mechanotherapy (biomechanotherapy) is e%ective 
in herniated discs, scoliosis, osteochondrosis, arthro-
sis, habitual patellar dislocations, and hip dysplasia. 
Comprehensive treatment of patients is based on 
determining the cause of pain in the musculoskeletal 
system. Special exercises that work with muscles to 
eliminate the source of pain are used. Non-surgical 
treatment is performed under the supervision of a 
physical therapist. For a long time, with the above 
diseases, the muscles do not work physiologically: 
sometimes they spasm; sometimes, on the contrary, 
there is a lack of muscle tone and strength. Dr.CPav-
lenko developed the “Symmetry” training simulator 
so that it is possible to work out a single muscle or a 
group of muscles, expand it, or give a dynamic load. 
The simulator provides gentle conditions for the 
spine: no vertical load on the spinal column allows 
treating hernias and protrusions.

5.  Manual therapy is an important component of the 
treatment of various diseases of the musculoskeletal 
system. It includes manipulations and mobilizations 
of joints and muscles aimed at reducing pain and 
improving the patient’s mobility and functional 
status. Manual therapy can help with arthrosis, os-
teochondrosis, herniated discs, sprains, and strains.

DISCUSSION
The WHO de&nition of health focuses on its physical, 
mental, and social components [9]. A person who has 
all these aspects of well-being is healthy. When health 
is lost, therapy is required. Therapy is the treatment of 
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range of physical therapy tools, including new ones 
(for example, Kinesio taping and the use of hardware 
technologies) and which clearly de&ne the sequence 
of work with these tools. The results of our research 
con&rm the &ndings of many scientists in this area and 
complement them.

CONCLUSIONS
Based on the conducted research, the system of physical 
therapy tools for certain diseases of the musculoskeletal 
system and the sequence of their application have been 
clari&ed, practical recommendations have been devel-
oped for the rehabilitation of the population with muscu-
loskeletal disorders, taking into account changes in their 
structure and the opinions of rehabilitation specialists 
with experience working during the war in Ukraine.

PROSPECTS FOR FURTHER RESEARCH
The study of the e%ect of Kinesio taping on the recovery 
of spinal injuries and disorders in athletes is planned.

of recovering their ability to work, hence the constant 
increase in the number of disabled people in society. 

The research results showed that signi&cant changes 
took place during the war in the organization of the re-
habilitation of patients with musculoskeletal disorders. 
Such changes are explained by the growing number 
of patients needing professional assistance, as well 
as the need to intensify their rehabilitation process. 
Organizational changes require specialists who can for-
mulate comprehensive individual programs and carry 
out rehabilitation work with patients using a range of 
physical therapy tools, namely: doctors of physical and 
rehabilitation medicine, physical therapists, physical 
therapists’ assistants, ergotherapists, and ergothera-
pists’ assistants. These specialists are pushing out highly 
specialized professionals from the labor market, such 
as exercise therapy instructors, massage therapists, etc.

The results of the survey show that the intensi&ca-
tion of rehabilitation of patients with musculoskele-
tal disorders and its e%ectiveness is possible only if 
comprehensive individual programs are developed 
and implemented, which include the use of a whole 
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INTRODUCTION
Being a student brings many challenges and complex-
ities for young adults. They have to cope with a busy 
study schedule, meet academic requirements, solve 
personal &nancial di)culties, maintain necessary living 
conditions, and take care of their health and relation-
ships with their peers. The Russo-Ukrainian war did not 
cancel the usual student problems, instead providing 
a large number of additional stressors into the daily 
lives of students.

The impact of war-related stressful experiences on 
students has been experimentally con&rmed [1-7]. At 
the same time, maintaining psychological well-being, 
positive relationships, and satisfaction with lifestyle is a 
necessary background for students to learn productive-
ly. Students’ physical and psychological well-being has 

been recognized as an important component of achiev-
ing academic success [8], while the loss of well-being 
can a%ect it [1, 9]. Indeed, against the background of 
stress, depression, anxiety and some symptoms of 
post-traumatic stress disorder, medical students during 
the war showed a decrease in academic performance 
[1, 2]. The limitations of the learning process also re-
late to the quality of education due to the disruption 
of teaching during alarms and shelling and increased 
workload of teachers [10].

The traumatic impact of war a%ects the mentality 
and mental health of students [2, 3, 11], manifested in 
neurotic disorders, psychopathological symptoms of 
depression and anxiety, indicators of acute stress [12], 
depressive and anxiety experiences, manifestation 
of some symptoms of PTSD [3 – 5]. The presence of 
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ABSTRACT
Aim: To empirically investigate the possibilities of training methods for behavioral rigidity correction during lifestyle changes due to internal displacement 
of medical students.
Materials and Methods: Three stages of the research were realized. The current state of mental health, resilience, coping styles and behavioral rigidity of 
medical students was established at the stating stage, using Positive Mental Health Scale, Connor-Davidson resilience scale, Coping inventory for stressful 
situations and Self-assessment of mental states: Rigidity scale that were reapplied at the control stage. The formative stage was aimed at objecti'cation, 
assessment and correction of rigid behavior, as well as improvement of adaptive capabilities of internally displaced medical students by training methods. The 
training developed by the authors was implemented at this stage. The control stage allowed to con'rm the e&ectiveness of the proposed training program in 
the contexts of mental health, coping strategies, resilience and behavioral rigidity.
Results: The implementation of training methods was e&ective in overcoming the complex of symptoms associated with post-traumatic stress connected with 
lifestyle changes due to internal displacement, leading to lack of resilience and psychological protection in the form of behavioral rigidity and maladaptive 
coping styles of medical students.
Conclusions: Behavioral rigidity of future doctors during lifestyle changes under the pressure of internal displacement turned out to be a relevant empirically 
identi'ed problem a&ecting their quality of life, mental health and psychological well-being in the new conditions. As such, this training technology is useful 
in psychoprophylactic correctional work and psychosocial support for vulnerable groups of young adults, which include internally displaced medical students, 
and can be applied in psychoeducational work with them.
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such manifestations has been noted both in students 
studying near the frontline and in distant from military 
operations areas.

The forced displacement of Ukrainian students 
caused by the Russo-Ukrainian war turned out to be 
a strong trigger for changes in their lifestyle. The dis-
ruption of the habitual way of life among displaced 
students is one of the serious psychological traumas 
experienced by them [13]. Usually, lifestyle change is 
associated with loss of home, property, fear for one’s 
life, communication problems [12], which can also entail 
serious psychological traumas. Changes in habits as a 
consequence of lifestyle changes also have a negative 
impact on mental health [14]. Internal displacement 
a%ects lifestyle, quality of life, and therefore subjective 
wellbeing [15] and entails experiencing the stress of a 
change of residence and the need to adapt one’s life-
style to the new environment [13]. 

Behavioral rigidity may occur as a response to stress. 
Changes in lifestyle and quality of life are associated 
with trauma and impaired mental health [7]. Behav-
ioral rigidity usually acts as the link most sensitive to 
psychogenic factors, in particular to situations that 
require an abrupt change in life pattern, adaptation to 
the new or abandonment of the familiar. It is noted that 
behavioral rigidity or in'exibility can be a consequence 
of post-traumatic stress [16] or can act as protection 
against trauma [17]. 

Rigidity can also be seen as resistance to change and 
preference for habitual patterns and strategies of be-
havior, even when they are ine%ective or inappropriate. 
While psychological 'exibility is de&ned as the ability 
to stay in touch with the current moment and change 
one’s behavior according to the situation, the essence 
of behavioral rigidity is in'exibility that prevents adap-
tation to new conditions [18, 19]. Behavioral rigidity can 
manifest itself as an individual’s di)culty in adapting 
their behavior to meet the changing conditions and 
requirements of the situation. It is an aspect of mal-
adaptive behavioral strategies that determine the way 
of life, and can signi&cantly a%ect the mental health of 
students, limiting their adaptability to new or stressful 
situations. 

Thus, behavioral rigidity of internally displaced 
students is a complex of symptoms which can be at-
tributed to post-traumatic stress, lifestyle changes due 
to internal displacement, leading to lack of resilience 
and psychological protection in the form of rigidity and 
maladaptive coping. We will consider behavioral to be 
one of consequences of experiencing an internal crisis 
of lifestyle change in displaced students.

Internally displaced students &nd themselves in a 
situation of acute crisis in which established earlier 

stable rules of life are violated. In crisis, life situations 
disturb the image of people’s reality and change their 
picture of the world. Forced relocation and adaptation 
to new conditions leads to the crisis of lifestyle change, 
the crisis of adaptation of displaced people, the conse-
quence of which is a decline in the standard of living of 
displaced Ukrainians [7]. 

At the same time, the need for internally displaced 
students to undergo a stage of social adaptation and 
integrate into the community in a new place actualiz-
es issues of subjective well-being and life satisfaction 
[20]. The processes accompanying internal relocation 
experience mental health, and the coping strategies 
that displaced students adhere to in'uence their re-
silience [21]. We emphasize that for medical students, 
the factors listed above act in a complex way; stress, 
displacement, loss, and academic burden are ampli&ed 
by the challenges of war. The impact of war trauma and 
related stressors persists when moving out of danger 
zones, while the challenges of moving, changing resi-
dence, and settling into a new place can intensify other 
negative experiences [12]. 

A study by Wang et al., 2024, found that the use of 
adaptive coping was associated with higher quality 
of life among Ukrainians [7], which may indicate the 
need for interventions to prevent young adults from 
practicing maladaptive strategies. So, all this has a great 
impact on the training of quali&ed physicians. Medical 
students emphasized the signi&cant impact of war on 
learning, mental health and psychological well-being, 
they characterized their training as a challenge [9]. 
Accordingly, displaced medical students need psycho-
logical help and it can be realized in training. Specialists 
note the lack of psychosocial support in Ukraine [22], 
an important element of which is the organization of 
group meetings and trainings that promote mental 
health awareness, psychological resilience, social inte-
gration, and improve the quality of life of participants 
[12, 23, 24] that would cope with disruptive coping 
strategies [7]. 

Of importance for the topic under discussion is the 
theoretical notion by Lunov et al. (2023) about the 
phenomenon of interpersonal behavior as a predictor 
of the triad, which includes interpersonal communi-
cation, adaptive potential and psychological health 
of young people [11]. This means that problems and 
de&ciencies in interpersonal behavior, for example, 
behavioral rigidity, will a%ect not only the quality of 
interpersonal communication, but also the adaptive 
capacity and mental health of young adults. Develop-
ing this thought, we approach the possibility through 
social-psychological training, revealing in the objective 
form of interpersonal communication problems and 
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shortcomings leading to the appearance of rigidity, 
to strengthen the capabilities of social-psychological 
adaptation, and improve the mental health of medical 
university students. Training in adaptive behavioral 
strategies and coping will improve the quality of life of 
medical students.

AIM
To empirically investigate the possibilities of training 
methods to correct behavioral rigidity in medical 
students during lifestyle changes.

MATERIALS AND METHODS 
The sample of subjects consisted of 168 medical 
students of I. Horbachevsky Ternopil National Medical 
University, who were internally displaced, among them 
84 students of the 4th year and 84 students of the 6th 
year at the age of 20 to 24 years, among them 33.3% 
of guys and 66.7% of girls.

Three stages of the research were realized – the 
stating, formative  and control stages. The stating 
stage aimed to establish the initial state of behavioral 
characteristics of the study participants, to identify 
the tendency, presence, level and peculiarities of be-
havioral rigidity, to further monitoring the dynamics 
of changes and the e%ectiveness of the implemented 
interventions. The formative stage was the key stage 
aimed at improving students’ adaptive capabilities in 
response to changes in their lives, as well as identifying, 
assessing and correcting rigid behavior. The control 
stage allowed to compare initial and &nal indicators 
of the behavioral rigidity symptom complex in order 
to establish the dynamics of changes and evaluate the 
e%ectiveness of interventions.

PROGRAM DESCRIPTION 
Developed training was aimed at making participants 
aware of behavioral choices and teaching them to 
choose adaptive and situation-relevant strategies. A 
correctional training program was designed for 6 weeks 
and 6 key weekly activities (with 1.5 hour sessions), 
which combined individual and group work and were 
aimed at developing the ability to model situations 
and behavioral 'exibility to adapt to new conditions. 
Each activity contained information messages and 
their discussion, role-playing games, brainstorming, 
group discussions, relaxation exercises. Twelve groups 
were organized with students of the 4th and 6th 
courses, in which 12 to 15 students participated. A 
selection of special psychoeducational in'uences and 

psychocorrectional techniques was made, taking into 
account the traumatic experience of the majority of 
resettlement participants, which required a particularly 
sensitive approach to them in the training. At this stage, 
interventions for the formation of adaptive behavioral 
strategies were carried out. The program is given in an 
abbreviated form (See Appendix).

The program provided for further independent 
application by the participants of the learned 
techniques, as well as compliance with the basic 
principles promoting mental health, social-psycholog-
ical adjustment and 'exibility in crisis situations.

In order to control the psychological results of the 
implemented interventions, psychodiagnostic studies 
were conducted at the stating and control stages. 
The following methods were chosen for diagnostics: 
Positive Mental Health Scale (PMH-scale) (Lukat J., 
Margraf J., R. Lutz R. et al.) [25], Connor-Davidson 
resilience scale-10 (CD-RISK-10) [26], Coping inventory 
for stressful situations (CISS) (Endler N.S., Parker J.D.A.) 
[27], Self-assessment of mental states: Rigidity scale 
(Eysenck H.) [28]. 

RESULTS
The stating stage revealed increased rigidity and re-
duced adaptability of medical students who changed 
the location of residence and education to the safer 
Ternopil region during the war. 

At the control stage, after conducting psychological 
training interventions aimed at reducing behavioral 
rigidity among displaced medical students, a repeated 
psychodiagnostics using the same methods was con-
ducted. As a result of applied training interventions, 
positive dynamics of mental health in medical students 
was noted (Table 1). 

Analysis of the results of the CD-RISC-10 showed pos-
itive dynamics after psychoeducational interventions 
in training (Table 2). Comparison of initial and &nal 
indicators shows signi&cant positive changes in the 
resilience category of students after psychoeducational 
interventions.

The study conducted using the CISS shows signi&cant 
changes in the behavioral patterns of students when cop-
ing with stress towards the use of active styles (Table 3).

The study using the rigidity scale indicates an in-
creased ability to search for alternative ways to solve 
problems (Table 4). 

In general, the results con&rm the e%ectiveness of 
the corrective training program to reduce students’ 
behavioral rigidity, which will contribute to their bet-
ter adaptation to the changing conditions of life and 
learning during the war.
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Table 1. PMH scale results of medical students: before and after training
PMH scale Before After

High 32 19,1% 124 73,8%

Average 122 72,6% 44 26,2%

Low 14 8,3% - -

Source: compiled by the authors of this study

Table 2. Medical students’ resilience: before and after training 
Resilience category 

(N/%) Before After

High resilience 37 22,0% 46 27,4%

Moderate resilience 110 65,5% 122 72,6%

Low resilience 21 12,5% 0 0

Source: compiled by the authors of this study

Table 3. Coping styles of medical students: before and after training
Coping styles

(N/%)
1 2 3 4 5

Before After Before After Before After Before After Before After

Task-oriented coping 18/
10,7

0/
0

56/
33,3

26/
15,5

64/
38,1

94/
56,0

20/
11,9

30/
17,9

10/
6,0

18/
10,7

Emotion-oriented coping 38/
22,6

18/
10,7

20/
11,9

15/
8,9

36/
21,4

46/
27,4

5/
33,3

66/
39,3

18/
10,7

23/
13,7

Avoidance 16/
9,5

21/
12,5

30/
17,9

50/
29,8

50/
29,8

60/
35,7

52/
31,0

32/
19,1

20/
11,9

5/
3,0

Avoidant-distracted coping - - - - 98/
58,3

42/
25,0

70/
41,7

93/
55,4

0/
0

33/
19,6

Avoidant-social coping 24/
14,3

0/
0

36/
21,4

10/
6,0

108/
64,3

121/
72,0

0/
0

22/
13,1

0/
0

15/
8,9

Source: compiled by the authors of this study

Table 4. Models of medical students’ rigid behavior: before and after training
Responses to the rigidity scale

(N/%)
2 1 0

Before After Before After Before After

I change my habits with di)culty 58/34,5 36/21,43 68/40,48 80/47,62 42/25,00 52/30,95

I distract my attention to something else with 32/19,1 0/0 48/28,57 32/19,05 88/52,38 136/80,95

I treat with caution to anything new 52/31,0 12/7,14 98/34,52 108/64,29 18/10,71 48/28,57

It’s di)cult to persuade me 64/38,1 14/8,3 62/36,9 82/48,8 42/25,0 72/42,9

I often have thoughts in my mind which I should have got rid of 75/44,6 60/35,7 25/14,9 35/20,8 68/40,5 73/43,5

I’s di)cult for me to make friends 25/14,9 5/3,0 32/19,1 42/25,0 111/66,1 121/72,02

I get upset of even the smallest changes in a program 28/16,7 4/2,4 42/5,0 46/27,4 98/58,3 118/70,2

I often behave stubborn 8/4,8 0/0 25/14,9 10/6,0 135/80,4 158/94,1

I risk rarely 35/20,8 32/19,1 52/31,0 55/32,7 81/48,2 81/48,2

I sudden because of the changes to my routine 42/25,0 10/6,0 54/32,1 70/41,7 72/42,9 88/52,4

Source: compiled by the authors of this study

by military events need psychological support and 
correction programs. This is all the more important as 
student status is one of the risks for internally displaced 
persons [4]. We hope that this article will contribute to 
&lling the de&cit of psychoeducational and psychosocial 
trainings on working with a%ected students [23, 24].

DISCUSSION
The study of different contexts of the situation of 
internal displacement is still relevant, as the number 
of internally displaced people in Ukraine continues to 
increase.  Ukrainian medical students who are experi-
encing adaptation due to lifestyle changes in'uenced 
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migration. Consideration of behavioral rigidity, which 
arises as a protective response to increased emotion-
al and intellectual strain when changing the way of 
life during the war, should probably be continued in 
further research.

CONCLUSIONS
The Russo-Ukrainian war has brought a large number 
of traumatic events to Ukrainians, resulting in reduced 
quality of life and signi&cant psychological harm in 
general. Displaced medical students are under signi&-
cant pressure of circumstances that have changed their 
lifestyle. The crisis situation of internal displacement 
triggers a defensive reaction in most of them in the form 
of behavioral rigidity. The applied training interventions 
reduced the behavioral rigidity of medical students, 
which facilitated their adaptation to the changed living 
conditions and lifestyle, and enhanced their ability to 
model their behavior. 

Considering apparent lack of psychosocial and cor-
rectional programs for support of displaced students 
in Ukraine, development of such training methods is 
important as a representation of practical psychocor-
rectional work that has been shown to be e%ective. This 
study contributes to validated methods of psychologi-
cal support for young adults in extreme conditions and 
is important as a successful case study. Psychological 
work with rigid reactions and correction of behavioral 
rigidity is one of the promising areas of work with stu-
dents in traumatic conditions.

Further research could focus on identifying optimal 
techniques, approaches and interventions to correcting 
behavioral rigidity with lifestyle changes for di%erent 
groups of internally displaced people.

Ukrainian folk wisdom says that each generation 
has its own war and its own crisis. Frozen rigid reac-
tions characterize the consequences of students’ ex-
perience of crisis circumstances due to the influence 
of war, while adaptation to a different way of life re-
quires a change in behavior patterns [29]. Improving 
quality of life can be associated with interventions 
that promote mental health and adaptive coping [7, 
22] against the background of changing the dynamic 
stereotype, habits and living conditions of displaced 
medical students.

Experiencing psychological distress due to de-
creased quality of life by medical students may lead 
to reduction in their manifestation of personality traits 
that are important for successful medical practice in 
the future (such as empathy, humanity, compassion, 
patience, and others) [1]. Therefore, training interven-
tions aimed at psychological support and psychocor-
rection are important, which will reduce the burden 
of mental health pressure, lead to a decrease in stress, 
anxiety levels, depression [30] and improve the quality 
of life of Ukrainian students. 

Medical university education is oriented towards high 
professional standards and requires students to consis-
tently put a lot of e%ort towards acquiring both medical 
knowledge and practical skills. Behavioral rigidity is a 
serious obstacle for medical students, especially when 
they face dramatic changes in learning, and its elimi-
nation will help them to better focus on their studies 
and complex tasks [30]. 

The importance of the considered aspect of the sci-
enti&c problem lies in the need to &nd ways to help in-
ternal military migrants in Ukraine. Taking into account 
behavioral rigidity among their possible psychological 
problems allows to expand the &eld of study of internal 
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APPENDIX 1

Session 1

Introductory Session. Awareness of Rigidity and its Impact

Aim: To introduce students to the concepts of behavioral rigidity, its role in stressful situations and to teach them to be 
aware of their own reactions to change.

Objectives: to understand what behavioral rigidity is and how it can hinder adaptation; to analyze how rigid attitudes 
in'uence behavior and reactions in new conditions; to teach students to identify rigid patterns in their own behavior and analyze 
their in'uence.

Methods: information messages, group discussion, brainstorming, analysis of case studies, written re'ection.
1. Introductory part (10-15 min.). Greeting and familiarization with the topic. The psychologist begins the session by 

explaining the importance of the topic of behavioral rigidity, referring to the works of psychologists A. Beck (1995) on cognitive 
rigidity and L. Festinger (1957) on cognitive dissonance. It is emphasized that rigidity can be a barrier to adaptation, especially in 
medicine where active change, due to the demands of the times, is the norm. Questions for students: Have you ever had a time 
when you could not accept change even when you understood the need for it? How do you respond to new teaching methods? 
What is your reaction to changes in specialization requirements? How do you react to the fact that it is possible that you may be 
mobilized as a health professional?

2. Main part (40-45 min.). Review and analysis of rigidity questionnaires (10 min.). De&nition of behavioral rigidity 
(according to A. Beck and A. Adler) and its impact on training and professional activity of a doctor. Discussion of rigidity in student 
life (15 min.).

The psychologist invites students to give examples of rigidity in their own learning experiences (e.g., inability to accept 
new teaching methods, resistance to change in teaching, di)culty in changing teachers). The discussion takes place in a 
brainstorming format. Exercise “Analyzing Rigid Situations” (15-20 min.). Students in small groups discuss real situations when 
it was di)cult for them to adapt to changes (e.g., switching to distance learning, &rst going to a hospital for an internship). Each 
group analyzes their reactions: emotional (anxiety, fear, anger), behavioral (resistance, avoidance), cognitive (negative attitudes, 
beliefs).

3. Final part (20-30 min.). Written re'ection “What situations cause me the most rigidity?” (10-15 min.). Students analyze 
in writing their own trigger situations where they felt rigidity and try to &nd ways to improve adaptation. Group discussion of 
re'ections (10-15 min.). Several students volunteer to share their &ndings. The psychologist summarizes the importance of self-
observation and awareness of one’s own rigidity reactions.

Homework. Students should write down three more situations where they noticed their own rigidity and suggest 
possible ways to overcome it.

Expected Outcomes. Students will be aware of what behavioral rigidity is and how it a%ects their adaptation. They will 
identify their own behavioral patterns and be better able to recognize their reactions to changes, develop skills of self-re'ection 
and critical thinking about their own behavior.

1, 1.5 hours
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Session 2

Development of awareness and emotional self-control
Aim: To teach students to recognize and manage emotions that cause rigidity in order to increase adaptability in stressful 

situations.
Objectives: to develop skills of awareness of their own emotional reactions in response to stress; to develop the ability to 

control emotional impulses and maintain emotional 'exibility; to learn to use conscious self-regulation techniques to reduce the 
in'uence of negative emotions; to develop skills of re'ection and analysis of their own emotional state.

Methods: information messages, group discussion, role playing games, analysis of case studies, relaxation exercises, 
written re'ection.

1. Introductory part (10-15 min). Introduction to the topic of the concept: explanation of the importance of awareness 
and emotional self-control in overcoming behavioral rigidity. Discussion of the in'uence of emotions on decision making and 
behavior. What emotions are important that prevent us from being 'exible? How does stress a%ect our ability to adapt to change?

2. Theoretical block (15 min). The mechanism of emotions: how the brain reacts to a stressful situation. The link between 
emotions and behavioral rigidity: how fear, anxiety, and anger can contribute to &xed patterns of behavior. The role of mindfulness 
in emotion management: the concept of “emotional pause” (momentary awareness of an emotional response before responding).

3. Practical part (40 min). Exercise 1: Conscious breathing (10 min). Teaching the technique of deep breathing to stabilize 
the emotional state. Execution of the exercise “4-7-8” (inhale for 4 seconds, support for 7 seconds, exhale for 8 seconds). Discussion 
of sensations after the exercise. Exercise 2: “Emotional Diary” (15 min). Students write down a situation during the day that caused 
strong emotions (positive or negative). Record their thoughts, feelings and reactions. Analyze how much control they had over 
their reaction and what could have been changed. Exercise 3: “Step Back” - developing emotional 'exibility (15 min). Participants 
support cases with quick stressful situations. Their task is to analyze the stress, change emotions, and o%er options for a conscious 
response. Discussion of how attention can be modi&ed for more adaptive focusing behavior.

4. Group discussion and re'ection (20 min). Sharing experiences on the “di)culty” of the di)culty. Psychologist gives 
feedback and recommendations. Discussion of practical strategies for maintaining emotional 'exibility in daily life.

Homework. Continue to keep the Emotional Diary for 3 more days. Do the “4-7-8” exercise every morning and before bed. 
Identify one stressor for next week and try to do the “Step Back” method.

Expected Results. Improved skills in consciously recognizing one’s own emotions. Developing the ability to manage 
emotions without impulsive reactions. Developing greater emotional 'exibility and adaptability to change.

1, 1.5 hours

Session 3

Development of )exible thinking and the possibility of alternative approaches
Aim: to develop the ability to think 'exibly, to change stereotypical attitudes and to form skills of alternative approach 

to problem solving.
Objectives: to teach students to rethink the situation and consider alternative solutions; to develop skills to overcome 

thinking rigidity through the development of open thinking; to expand the ability to see the problem from di%erent perspectives; 
to develop critical thinking and argumentation skills.

Methods: information messages, group discussion, role playing games, analysis of case studies, brainstorming, and 
written re'ection. Exercise “Alternative Solutions”: students consider real or apparent situations and formulate the best options for 
their solution. Exercise “Changing Perspective”: each participant chooses a problem and analyzes it from di%erent perspectives. A 
group discussion is held on the importance of critical thinking and the ability to rethink.

1. Introductory part (10 min). Familiarization with the topic of the concept: what 'exibility of thinking is and why it is 
important. Discussion: How do stereotypes in'uence our thinking? Have you ever had to change your point of view under the 
in'uence of new facts?

2. Theoretical block (15 min). What is cognitive rigidity and how does it manifest itself? Principles of 'exible thinking: 
Ability for perspective changes. Alternative approaches to problem solving. Openness to new information. The link between 
thinking and decision making: how &xed attitudes can limit possibilities.

3. Practical part (45 min.). Exercise 1: “Alternative solutions” (20 min). Students work in groups and are given a task (e.g., 
con'ict with a teacher, group dilemma with learning, con'ict with a patient). Task: Formulate possible solutions to these situations. 
Presentation of solutions and group discussion. Analysis of non-obvious but e%ective options. Exercise 2: “Changing Perspective” 
(15 min). Each participant chooses his/her own problem or receives a task with a problem from the psychologist. Task: analyze the 
problem from di%erent perspectives (e.g., teacher’s perspective, patient’s perspective, neutral observer, skeptic, etc.). Discussion 
in pairs or groups: did their perception of the problem change after the analysis? Exercise 3: “Improving Critical Thinking” (10 min). 
The psychologist o%ers participants statements (e.g., “all young people are addicted to social networks”, “people do not change”, 
“all students are stupid”, “all doctors are mediocre”). The task is to &nd counterarguments and build an alternative point of view. 
Collective discussion: how to learn not to take information as absolute truth, but to analyze it?

4. Group discussion and re'ection (20 min.). Sharing experience in expanding one’s own point of view. Discussion of 
barriers that prevent opinions from being 'exible. Psychological feedback and recommendations for further development of 
critical and 'exible thinking. 

Homework. During the week, try to evaluate any complex situation from three di%erent perspectives. Analyze whether 
the perception of this situation has changed after alternative consideration. Keep a “Changing Perspective” diary - record a system 
in which participants consciously practice alternative thinking. 

Expected Outcomes. Improved thinking 'exibility skills. Changing the in'uence of stereotypes on decision making. 
Increased ability to analyze situation from di%erent perspectives. Formation of more open and critical thinking. Choice of 
alternative behavior in non-standard situations.

1, 1.5 hours
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Session 4

Behavioral Flexibility Skills and Adaptation to New Conditions
Aim: to develop skills of adaptation to change and teach students to act 'exibly in non-standard situations, reducing the fear of 
uncertainty.
Objectives: to practice adaptive behavior in the face of change; to develop skills of openness to new circumstances and 
conditions; to learn to make quick decisions and adjust their behavior in unpredictable situations; to understand their own 
emotional reactions to change and be able to regulate them.
Methods: information messages, group discussion, role playing games, analysis of case studies, written re'ection.
1. Introductory part (10 min.). Familiarization with the topic of the lesson: why adaptation is a key skill in the modern world. 
Discussion: Do you &nd it easy to adapt to new conditions? What factors are most likely to cause di)culties when a situation 
changes? How do you usually react to sudden changes of plans?
2. Theoretical block (15 min). What is behavioral 'exibility and why is it important? How the brain reacts to change: the mechanism 
of resistance to the new and ways to overcome it. Basic adaptation strategies: Readiness for variability of decisions. Developing a 
positive attitude towards change. Use of 'exible planning. Assessing one’s own level of tolerance to uncertainty.

3. Practical part (45 min). Exercise 1: Role-playing “Unexpected scenarios” (20 min). Students are given individual or group 
situations in which they have to change their plans and adapt. For example: a sudden change of schedule, the need to act in 
unfamiliar conditions, a new group for a task. Participants have to quickly &nd a solution and present it to the group. Discussion: 
what emotions arose, what di)culties were experienced, what helped to adapt faster? Exercise 2: “My place in the change” (15 
min). Participants recall a recent change in their lives that caused discomfort. Task: describe their &rst reaction and try to change 
it to a more adaptive one. Group work: discuss alternative approaches to adaptation. Exercise 3: “Alternative Behavior” (10 min). 
The psychologist o%ers participants situations in which they have to choose one of several behavioral options. Analysis of each 
option: what can be the consequences? Which option is the most 'exible? Collective discussion: how to learn to quickly &nd the 
best solution?

4. Group discussion and re'ection (20 min). What was the most di)cult part of working with adaptation? What skills 
helped to cope with the change faster? How can behavioral 'exibility be developed in everyday life? Psychological feedback and 
tips for working with adaptation.

Homework. During the week, try to consciously respond to any changes (even small ones) with openness. Analyze your 
emotions and ways of adaptation in a diary. Perform the “Alternative Solution” exercise: write down the situation that needed 
adaptation and propose 3 di%erent behavioral options.

Expected results. Improved ability to adapt to change. Reduction of fear of instability and uncertainty. Development of 
decision-making speed in new conditions. Formation of a positive attitude towards change and the ability to act e%ectively in 
unpredictable situations.

1, 1.5 hours

Session 5

Developing positive reappraisal and working with cognitive attitudes
Aim: to teach medical students to positively reevaluate di)cult situations and see them as opportunities for development, 

as well as to reduce rigidity of thinking by changing restrictive cognitive attitudes.
Objectives: to develop skills to positively reappraise di)cult life situations; to learn to reframe negative experiences, 

reducing their impact on behavioral rigidity; to identify and change restrictive cognitive attitudes to more 'exible ones; to 
develop skills to see opportunities in changing and uncertain situations.

Methods: information messages, group discussion, brainstorming, analysis of case studies, written re'ection.
1. Introduction (10 min) Introduction to the topic of the lesson: what are cognitive attitudes and how they in'uence our 

behavior and perception of reality. Discussion: Do you have beliefs that limit your behavior? How often do you see opportunities 
in di)cult situations?

2. Theoretical block (15 min). What we understand under term “cognitive attitude”? Automatic beliefs that determine 
reactions to events. Examples of rigid attitudes (“I don’t know how to do this”, “Change is always bad”). Positive reappraisal as a tool 
for mental 'exibility: How does the cognitive reappraisal mechanism work? Examples of people who used crisis as an opportunity 
for development. Cognitive restructuring: Learning to transform negative attitudes into more adaptive ones.

3. Practical part (45 min). Exercise 1: “Positive Reassessment” (20 min). Participants recall a stressful or di)cult situation 
that had a negative impact on them. Task: Describe what emotions this situation aroused. Try to &nd at least three positive aspects 
or opportunities for development. Discuss whether attitudes have changed after this reassessment. Group discussion of the 
results. Exercise 2: “Cognitive restructuring” (15 min). Each participant writes down their most common limiting thought (e.g., 
“I can never do it,” “I always fail”). The group then works together to help &nd evidence that this attitude is not universal (e.g., 
when the participant has successfully overcome challenges). Task: to formulate a new, more 'exible attitude that allows them to 
see more possibilities. Discussion: how might the new attitude change behavior? Exercise 3: “Reframing Change” (10 min). The 
psychologist provides participants with an example of a certain stressful situations (e.g., changing groups, moving, failing an 
exam). Task: instead of a negative view of the situation, &nd potential positive opportunities in it. Group discussion: how does the 
perception of the problem change with this approach?

4. Group discussion and re'ection (20 min.). What was the most di)cult part of trying to change the attitude? Were you 
able to &nd bene&ts in negative situations? How can the skills of positive reassessment be applied in real life? Psychological 
feedback and tips for practicing cognitive 'exibility.

Homework. During the week, consciously analyze di)cult or unpleasant situations and look for at least one positive 
possibility in them. Write down at least three limiting attitudes and develop alternative, more 'exible attitudes for them. Keep a 
“Positive Reassessment Diary” and write down situations in which you managed to change your attitude to the problem.

Expected Outcomes. Improved ability to rethink negative experiences. Formation of more 'exible thinking and 
reduction of the in'uence of limiting beliefs. Increased emotional resilience and ability to see possibilities in change. Learning 
cognitive restructuring skills for further independent use.

1, 1,5  hours
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Session 6

Summarizing the results and forming strategies for further behavioral )exibility
Aim: to summarize the results of the program, to assess students’ progress in developing behavioral 'exibility and to 

develop a personal action plan for further self-development.
Objectives: to assess changes in the level of behavioral rigidity during the program period; to form individual strategies 

for developing behavioral 'exibility; to identify areas requiring further improvement; to strengthen self-re'ection and adaptive 
thinking skills.

Methods: group discussion, analysis of case studies, written re'ection.
1. Introductory part (10 min). Discussion of the goals of the meeting: what we will summarize today, why it is important 

to evaluate progress and develop strategies for further development. Discussion: How do you evaluate your changes during the 
program period? Were there situations when you consciously applied new skills?

2 Evaluating progress (20 min) Exercise 1: “Flexibility Wheel”. Participants receive a template of the “wheel of 'exibility” 
divided into segments (adaptation to change, emotional 'exibility, openness to alternative points of view, readiness to new 
conditions, etc.). Task: to assess your level in each segment before the program (retrospectively) and now (after the program). 
Comparison of results and re'ection: which areas have improved and which still need work? Rigidity self-assessment. Participants 
complete a short questionnaire with re'exive questions: What skills have I developed during this time? How has my behavior 
changed in stressful situations? In what situations do I still struggle with 'exibility?

3. Development of an individual strategy (30 min.). Exercise 2: “My development plan”. Each participant makes a personal 
action plan for maintaining and developing 'exibility: What skills do I want to strengthen? How will I practice behavioral 'exibility 
in my daily life? What methods or exercises will help me maintain progress? How will I track my progress? Working in pairs: 
participants present their plans and get feedback and suggestions from others.

4. Group discussion and re'ection (20 min). Sharing experiences: what was most valuable in the program? Discussion of 
di)culties: what challenges remain? Final recommendations: How to maintain and improve behavioral 'exibility in the future? 
How to act in case of a return to rigid behaviors?

5. Program wrap-up (10 min). Review of key topics covered in the course. Recommendations for further support. Self-
assessment of the level of rigidity by questionnaire or re'ection. Individual counseling for those who wish to work more deeply on 
speci&c aspects. Possibility of continuing group meetings to maintain adaptability skills. Expected results. Awareness of one’s own 
progress and changes in the level of behavioral rigidity. Clearly de&ned personal strategies for developing 'exibility. Readiness to 
apply the acquired skills in real life. Increased con&dence in the ability to adapt to change.

1, 1,5 hours

Total 9 hours

APPENDIX 1 cont.
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INTRODUCTION
The Angle’s class II  accounts for more than a third of 
all malocclusions in the world, and is more common in 
Caucasians than in other races [1]. The phenotype of 
skeletal abnormalities of this type of occlusion is not 
homogeneous and is usually characterized by retrusion 
of the lower jaw (mandibular retrognathism), protrusion 
of the upper jaw (maxillary prognathism) or a combina-
tion of both. It can manifest as an isolated malocclusion 
or as part of a number of syndromes [1-3].

The etiology of skeletal class II malocclusion appears 
to have multifactorial nature; it has been shown that 
the in'uence of environmental, genetic, developmental 
factors and their combination play a signi&cant role in 
the development of skeletal anomalies of this type. The 
discovery of a signi&cant hereditary component in the 
formation of the skeletal class II malocclusion has natu-
rally led to a growing interest in uncovering the genetic 
mechanisms that contribute to the development of 
these anomalies. Studies of twins have shown that class 
II is inherited as a variable autosomal dominant trait 
or as a polygenic expression of critical morphological 
features [4]. Molecular studies have identi&ed speci&c 
genes [5-8] and signaling pathways involved in jaw 

growth and the development of dental occlusion that 
may contribute to the formation of pathological forms 
of malocclusion [8,9].

FGFR2 a%ects the proliferation, di%erentiation, and 
apoptosis of osteoblasts, participating in bone growth 
[9]. FGFR2 is a highly conserved tyrosine kinase recep-
tor  that is involved in a number of signal transduction 
pathways that are crucial for osteogenic di%erentiation 
[9-11]. Autosomal dominant mutations in FGFR2 are as-
sociated with the development of a number of skeletal 
diseases, including Behar-Stevensen syndrome, Pfei%er 
syndrome, Jackson-Weiss syndrome, Cruson syndrome, 
and Apert syndrome, which can be accompanied by 
malocclusion [5,12]. In orthodontics, cases of malforma-
tions caused by FGFR2 mutations are accompanied by 
maxillary hypoplasia, relative mandibular prognathism, 
and related problems of pathological occlusion forma-
tion [13]. Mutations of this gene have been shown to be 
important in the development of non-syndromic cra-
niosynostosis accompanied by the malocclusions [14].

FGFR2 is known to be involved in 19 of the 20 major 
skeletal signaling pathways associated with class III 
malocclusion. At the same time, it was also found that 
FGFR2 is also associated with class II skeletal maloc-
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clusion and is present in 17 of the 20 major signaling 
pathways associated with class II maloclusion [8]. The 
few genetic studies have detected associations of a 
number of SNP FGFR2 gene with the risk of develop-
ment of malocclusion, most of which are located in 
the 2nd intron of the gene [6,8,9,15,16]. Studies on the 
signi&cance of SNP rs2981579 FGFR2 for the formation 
of class II malocclusion have not yet been conducted.

AIM
The aim of the study was to analyze the association of 
SNP rs2981579 FGFR2 gene as a risk factor for class II 
malocclusion in a Ukrainian population.

MATERIALS AND METHODS
The genotyping of 103 patients (59 female and 44 male 
participants) with class II maloclusion from di%erent 
regions of Ukraine, who were seeking orthodontic 
treatment at the Department of Prosthodontics and 
Orthodontics of the Kyiv Medical University, was carried 
out. The diagnosis of skeletal class II malocclusion was 
made based on of cephalometric examination with 
analysis of lateral cephalometric images by the method 
of A.M. Schwarz.

The following parameters were taken into account 
when making the diagnosis class II maloclusion: true 
length of the lower jaw (inclusion criterion – less than 
the required norm (N-Se+3 mm); true length of the 
upper jaw (inclusion criterion – meets the required 
norm: 2/3 of the true length of the lower jaw, or it 
may be more than the desired (Sol) value); NF angles 
(inclusion criterion – more than 85°), and NMM 
(inclusion criterion – more than 90°).

The control group consisted of 106 residents with an 
orthognathic occlusion without dental anomalies and 
chronic diseases (59 female and 47 male participants). All 
participants (or their parents in case of children younger 
than 18) gave written inform consent. The study was 
conducted in accordance with the requirements of the 
Medical Ethics Commission, developed in accordance 
with the provisions of the Council of Europe Convention 
for the Protection of Human Dignity with regard to 
Biomedicine (1997) and the World Medical Association’s 
Helsinki Declaration (2008).

Genomic DNA was extracted from buccal epithelial 
samples using the Scienti&c GeneJET Genomic DNA 
Purification Kit (Thermo Scientific, USA) according 
to the manufacturer’s instructions. Genotyping was 
performed by PCR-RFLP (polymerase chain reaction, 
restriction fragment length polymorphism analysis). 
For amplification of the FGFR2 gene region (rs 

2981579, C>T), speci&c primers were used: forward 
(5’- GTGACO111TT1<TCGTG-3’) and reverse (5’- 
GGCTCCTGGTCTATTTCTC-3’). Amplification was 
performed on a GeneAmp PCR System 2400 thermal 
cycler (Perkin Elmer, Singapore). Amplification 
mode: initial denaturation – 94°C, 5 min; 35 cycles: 
denaturation – 94°C, 30 sec, hybridization – 55°C, 30 sec, 
elongation – 72°C, 30 sec; &nal elongation – 72°C, 10 
min. After ampli&cation, the PCR product was exposed 
to 10 U of PstI restriction enzyme (CTGCA↓G) for 16 
hours at 37°C. The lengths of restriction fragments 
were visualized by electrophoresis using 2% agarose 
gel. The TT genotype corresponded to the presence of 
a fragment of 437 bp, CC – 350 and 87 bp, and CT – 437, 
350 and 87 bp.

The distribution of genotype frequencies was checked 
for compliance with Hardy-Weinberg equilibrium (K2 

test). The allelic, recessive, dominant, and additive 
inheritance models were evaluated using the logistic 
regression method. The degree of association was 
determined by calculating the odds ratio (OR) and its 
con&dence interval (CI).

RESULTS
The frequency of the rs2981579 genotypes of the FGFR2 
gene in the control group was: CC – 30.2%, CT – 54.7% 
TT – 15.1%; frequency of the minor allele (T) – 0.43. In 
the experimental group with a class II maloclusion: CC 
– 13.6%, CT – 65.0% TT – 21.4%; frequency of the minor 
allele (T) – 0.54. The frequency of subjects carrying 
homozygous of the major C allele in the control group 
was 2.22 times higher than in the experimental group 
of patients with a class II maloclusion (p < 0.05). The 
1.42-fold increase in the frequency of homozygous 
carriers of the minor T allele in the experimental group 
of patients with class II maloclusion compared to the 
control group was nominal and did not have a su)cient 
level of statistical signi&cance (p = 0.24). The distribution 
of genotypes in the control group did not di%er from the 
population equilibrium (p = 0.4), however, in the group 
of patients with a class II maloclusion, the distribution 
of genotypes di%ered statistically signi&cantly (p = 0.02) 
from the Hardy-Weinberg equilibrium. Deviations from 
the principle of population equilibrium can be caused 
by various reasons: randomness due to insu)cient 
sample size; genotyping errors; heterogeneity of 
the sample – it may consist of representatives of 
di%erent populations with di%erent allele frequencies; 
heterogeneity of the sample may also be due to 
selective advantages of carrying certain genotypes 
in di%erent forms of pathology. Considering the fact 
that the distribution of genotypes in the control 
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group corresponds to the Hardy-Weinberg law, and 
the number of individuals genotyped is comparable 
to the number of genotyped patients with a class II 
maloclusion (106 and 103, respectively), the most 
likely reason for the discrepancy in distribution may 
be the heterogeneity of the sample of patients with 
class II maloclusion. So that it is necessary to take these 
features into account when interpreting the results.

The results of the analysis of the association of 
SNP rs2981579 of FGFR2 gene with the risk of class 
II maloclusion in different inheritance patterns are 
presented in Table 1.

Table 1 shows that the frequency of the variant allele 
among patients with a class II maloclusion is statis-
tically signi&cantly higher than in the control group 
(0.54 and 0.43, respectively, p = 0.02). Variant allele 
T (SNP rs2981579) increases the risk of developing a 
class II maloclusion by 1.58 times (OR = 1.58, p = 0.02). 
The additive inheritance model revealed statistically 
signi&cant di%erences in the distribution of genotypes 
between the experimental group of patients with class 
II maloclusion and the control group (p = 0.01). At the 
same time, the risk of developing class II maloclusion 
was not additive and did not depend on the allelic sta-
tus of the minor allele T. Both heterozygous (CT) and 
homozygous (TT) carriers of the minor allele showed 
an increased risk of developing this pathology – the 
odds ratio was 1.54 and 1.53 (p = 0.01), respectively. The 
dominant model of inheritance also revealed statisti-
cally signi&cant di%erences in the distribution of SNP 

rs2981579 genotypes of the FGFR2 gene between the 
control and experimental groups. In particular, in the 
group of carriers of the C/T + T/T genotypes, the risk of 
developing a class II maloclusion is 2.75 times higher 
than in homozygous carriers (CC) of the major allele 
(p = 0.004). Homozygous carriage of the major allele 
of SNP rs2981579 has a protective e%ect on the devel-
opment of this orthodontic pathology, OR = 0.36 (p = 
0.004). In the recessive inheritance model, there were 
no statistically signi&cant di%erences in the distribution 
of the SNP rs2981579 genotypes of the FGFR2 gene be-
tween the study groups. This is due to the fact that both 
heterozygous and homozygous carriers of the variant 
allele of T SNP rs2981579 have an equally increased risk 
of developing a class II malocclusion (additive model).

DISCUSSION
rs2981579 is localized in the second intron of the 
FGFR2 gene and is a proxy for rs1219648, which is 
part of a haplotype of 8 closely linked SNPs, which, in 
turn, is a risk factor for breast cancer development by 
increasing FGFR2  gene transcription [17]. It should 
be noted that the currently known SNPs of FGFR2 
gene associated with skeletal abnormalities are also 
localized in the 2-nd intron and are closely linked. 
At the same time, more SNPs of FGFR2 genes were 
detected in skeletal class III malocclusion than in 
skeletal class II malocclusion. In particular, rs2981578 
(OR, 1.708; P =  0.007) and rs10736303 (OR, 1.717; P 

Table 1. Association of the SNP rs2981579 allele of the FGFR2 gene with the risk of developing class II malocclusion

Inheritance model Experimental group,  
n = 103

Control group,  
n = 106

OR
(odds ratio) p

Allelic allele frequency value 95 % CI

0.02С 0.461 0.575 0.63 0.43 – 0.93

Т 0.539 0.425 1.58 1.08 – 2.33

Additive genotype frequency value 95 % CI

0.01
С/С 0.136 0.302 0.36 0.18 – 0.73

С/Т 0.650 0.547 1.54 0.88 – 2.69

T/T 0.214 0.151 1.53 0.75 – 3.11

Dominant genotype frequency value 95 % CI

0.004C/C vs 0.136 0.302 0.36 0.18 – 0.73

С/Т +Т/Т 0.864 0.698 2.75 1.37 – 5.53

Recessive genotype frequency value 95 % CI

0.24C/C + C/T vs 0.786 0.849 0.65 0.32 – 1.33

T/T 0.214 0.151 1.53 0.75 – 3.11

Source: compiled by the authors of this study

https://bots.snpedia.com/index.php/Rs1219648
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Meyer K. B. et al. [17], which, accordingly, could lead 
to the development of class II skeletal anomalies.

It should be noted that in the above-mentioned 
study by Jiang Q. et al. [9], no regulatory effects 
similar to rs2981578 and rs10736303 were found in 
the SNP rs2162540, which showed an association 
with the risk of developing class II skeletal anomalies. 
However, we suggest, the e%ect of the SNP rs2981579 
of the FGFR2 gene is more complex and may cause 
the development disorder of a normal sagittal 
relationship between maxilla and mandible in general 
at early stages, and further dental maloclusions in 
the mesial or distal planes may involve additional 
factors and various types of their interactions. This 
assumption is due to the fact that previous studies 
have also found an association of rs2981579 with the 
risk of developing a skeletal class III malocclusion in a 
Ukrainian population [16]. The situation is complicated 
by the fact that mutations in SNPs of FGFR2 can directly 
a%ect the growth of both the upper and lower jaw, 
since FGFR2 gene is expressed not only in the sutures 
but also in signi&cant amounts in the periphery of 
the membranous bones. Indirect con&rmation of the 
assumptions about the complex nature of the impact 
of the FGFR2 gene on the formation of sagittal plane 
malocclusions may be con&rmed by studies that show 
that di%erent SNPs of a number of the same genes and 
their interactions may be involved in the etiology of 
sagittal and vertical malocclusions [23].

CONCLUSIONS
We investigated the association between the T 
rs2981579 allele of the FGFR2 gene and the risk of 
developing a class II maloclusion (OR = 1.58, p = 0.02). 
The risk of developing a skeletal class II malocclusion in 
the study group did not depend on the allelic status of 
SNP rs2981579; the additive inheritance model showed 
that for heterozygotes (C/T) OR was 1.54, p = 0.01, for 
homozygotes for the variant allele (T/T) OR was 1.53, p = 
0.01. The SNP rs2981579 (C>T) of FGFR2 gene locus is a 
factor of increased susceptibility to the development of 
skeletal class II malocclusion in a Ukrainian population. 
However, the mechanisms that determine the e%ect of 
minor alleles of rs2981579 on the formation of skeletal 
class II malocclusion require further research.

=  0.007) were associated only with class III skeletal 
anomalies, but not with class II malocclusion [9]. In the 
same study, it was shown that rs2162540 (OR, 1.717; P 
=  0.003) is associated only with the risk of developing 
a class II maloclusion. Thus, di%erent polymorphisms 
of FGFR2 gene may have different effects on the 
development of sagittal occlusion.

It was found that the SNP of FGFR2 in the 2nd 
intron, associated with a predisposition to abnormal 
bite patterns, are binding sites for RUNX2 and 
SMAD4, which are the main regulators of osteoblast 
di%erentiation and proliferation. [9, 18, 19]. Binding of 
RUNX2 and SMAD4 promotes FGFR2 gene expression. 
RUNX2 directly regulates FGFR2 gene, increasing the 
proliferation of osteoblast precursors, and SMAD4 is 
involved in signaling pathways (BMP and TGF-β) that 
play a fundamental role in the development of the 
embryonic skeleton and postnatal bone homeostasis 
[9, 20, 21]. The study by Jiang Q. et al. [9], which revealed 
the association of the SNPs rs2981578 and rs10736303 
of the FGFR2 gene only with class III abnormalities, 
but not with class II abnormalities, showed that minor 
alleles of these SNPs reduced the binding a)nity and 
enhancing e%ect of RUNX2 and SMAD4 and decreased 
the expression level of FGFR2 gene.

Craniofacial syndromes caused by FGFR2 gene 
mutations often include multiple premature fusions 
of cranial suture; however, the mechanisms of their 
e%ect on skeletal class III malocclusion remain unclear. 
One possible mechanism may be the early closure of 
the midline of the upper jaw and other facial sutures 
between the upper jaw and zygomatic bone, the 
edge of the eye socket, and the nasal bones [22]. The 
mandible is craniofacial bone that does not have a 
suture connection, can be a%ected by changes in 
FGFR2 gene expression and grow to normal size, 
resulting in class III skeletal malocclusion. Jiang Q. et 
al. [9] believe that, thus, the loss of binding of pro-
osteogenic transcription factors may correlate with 
hypoplasia of the maxilla, but not with mandibular 
prognathism. One of the possible explanations for 
the association of rs2981579 with the risk of class II 
maloclusion found in our study could be that minor 
alleles of rs2981579, on the contrary, cause an increase 
in FGFR2 gene expression [17]. The mechanism of their 
e%ect will be the opposite of the one described by 
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INTRODUCTION
The modern increase in the pace of life, urbanization, 
decreased quality of nutrition, increased stress, and 
deterioration of the environment a%ect the morbidity 
of the population, especially the health of the child pop-
ulation [1-6]. The health of children and adolescents, 
including dental health, is one of the most sensitive 
indicators that re'ect the socio-economic situation in 
Ukraine, the state of the environment, and is an indi-
cator of the well-being of society as a whole. The high 
level of dental morbidity in the pediatric population has 
remained one of the current medical problems for many 
years; in di%erent age groups, the incidence of caries, 
periodontal diseases, and disorders of tooth develop-
ment and formation has been steadily increasing, which 
has a negative impact on the health of the child [7].

Analysis of epidemiological data [1, 3, 8-11] on the 
prevalence of dental diseases in Ukraine showed a 
negative trend in the growth of dental pathology: 67.8–
77.4% of children aged 12 had carious lesions of per-

manent teeth, with CFE = 4.3–5.6 teeth; in 15-year-old 
children, the prevalence of caries was 75.2–88.1% with 
CFE = 4.3–5.2 teeth. The prevalence rates of dentofacial 
anomalies (DFA) were also very high: 58.9–70.2% of 
12-year-old children and 23.6–33.7% of 15–17-year-old 
children required urgent orthodontic treatment [9, 12-
14]. Morphological disorders in the dentofacial region 
in children were most often combined with functional 
speech disorders (15.6–17.2%), swallowing disorders 
(24.5–25.4%), nasal breathing disorders (36.7–37.3%), 
and chewing disorders. 

Modern science explains these trends by the action 
of very stable and practically unchanging pathogenetic 
factors: dangerous environmental conditions, changes 
in the composition of baby food products and de&-
ciency of macro- and microelements, chronic somatic 
diseases, heredity, reduction changes in the chewing 
apparatus, etc. [15-20]. The result of this in'uence is a 
change in the natural position of the teeth, which is 
registered as a dentofacial anomalies (DFA). 

Prevalence of risk factors for the occurrence of orthodontic 
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features
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Over the past decades, the frequency of detection 
of bite anomalies has increased, and the need for ther-
apeutic and preventive measures is 36.9% in case of 
variable bite, and more than 40% in case of permanent 
bite, and constantly increases with age [21-24].

Taking into account all of the above, the study of both the 
prevalence and the degree of in'uence of various risk fac-
tors on the occurrence of orthodontic pathology is relevant.

AIM
The aim of our research was to investigate the 
regional features of the prevalence of risk factors for 
the occurrence of orthodontic pathology among the 
children’s population of Poltava.

MATERIALS AND METHODS
Research methods: sociological, forecasting, bibliose-
mantic, analytical, medical-statistical. Materials: results 
of examination by a pediatric dentist of schoolchildren 
of di%erent age groups (406 children), results of a ques-
tionnaire of parents of examined schoolchildren of 
di%erent age groups (406 respondents), a questionnaire 
created by the authors and containing 45 questions 
related to the presence/absence of risk factors for 
orthodontic pathology in children (socio-economic, 
behavioral, medical, biological, environmental, organi-
zational), the level of awareness of parents regarding 
factors a%ecting children’s health, and satisfaction with 
medical care.

RESULTS
The age of the children we examined was as follows (by age 
groups): 6-12 years old – 237 (58.37%), 12-15 years old – 120 
(29.56%), 15-18 – 49 (12.07%) (Fig. 1). So, the changed bite 
was in 58.37% of children, permanent – in 41.63%. Ortho-
dontic pathology of various types was detected during the 
examination in the period of the changed bite – in 48.6% 
of children, in the period of the permanent bite – in 52.4% 
of children. Thus, every second child has one or another 
pathology of the dentofacial area.

During the study, we identi&ed the prevalence of risk 
factors for orthodontic pathology a%ecting children in the 
antenatal and postnatal periods (Table 1).

The goal of the next stage of our study was to analyze 
the associations between the detection of orthodontic 
pathology and the e%ect of risk factors that have already 
been studied by researchers, namely: social status, place 
of residence, &nancial security, and age of the child over 
15 years old. In our study, among social and medical-de-
mographic factors, only social status was found to be a 

signi&cant relationship in simple logistic regression analysis: 
if parents are blue-collar workers, the chance of detecting 
orthodontic pathology increases by 1.4 times (OR 1,4 [95% 
CI 1,034-2,097]) (Table 2).

The use of a paci&er, as shown by many researchers and 
also indicated in breastfeeding recommendations, leads 
to a violation of the bite of teeth to the same extent as 
poor nutrition of the mother [13, 15-17]. We have classi-
&ed these two factors as behavioral because they track a 
person’s choice to act in one way or another. In addition, 
we asked questions about tobacco and alcohol use, and 
poor maternal nutrition during pregnancy, but none of 
the respondents indicated that they led an unhealthy life-
style during this time. Signi&cant associations were found 
between the use of a paci&er, the chances of detecting 
orthodontic pathology increase by 1.8 times (OR 1,80 [95% 
CI 1,08-3,02]) (Table 3).

Incidence in the &rst years of life could a%ect the nor-
malization of ontogenesis and calcium metabolism and 
subsequently cause malocclusion. Complications during 
childbirth – especially with breech presentation, the actions 
of the obstetrician-gynecologist at the time of delivery of 
the fetal head, the application of obstetric forceps, which 
can a%ect the child’s growth zones and also contribute to 
the occurrence of this nosology. Removed primary and per-
manent teeth, trauma may indicate odontogenic diseases, 
which can subsequently cause orthodontic pathology [13, 
15-17]. Signi&cant reliable associations of the occurrence of 
orthodontic pathology with somatic morbidity at 1 year of 
life (OR 1,79 [95% CI 1,08-2,98]), caries (OR 2,04 [95% CI (1,35-

Fig. 1. Distribution of examined children by age groups
Picture taken by the authors
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3,08)]), removal of permanent teeth due to caries (OR 1,75 
[95% CI (1,01-3,04)]), concomitant diseases in the child (OR 
5,18 [95% CI (2,59-6,35)]) and orthodontic pathology in the 

family (OR 3,93 [95% CI (2,06-7,49)]) were found. All these 
factors increase the chances of orthodontic pathology in a 
child (Table 4). 

Table 1. Prevalence of risk factors identi'ed in di&erent periods of child development (according to parent survey data)
The in)uence of risk factors in the antenatal period of child  

development (abs., %)
The in)uence of risk factors in the postnatal period of 

child development (abs., %)

Mother’s diet during pregnancy is unsatisfactory – 12 (2,9%) Diseases of a child in the &rst year of life  
– (dysbacteriosis) – 74 (18,2%);

Acquired diseases during pregnancy – 18 (4,4%); Arti&cial feeding – 166 (40,9%);

Stressful situations during pregnancy – 50 (12,3%) Use of a paci&er – 122 (30,0%)

Occupational hazards during pregnancy – 11 (2,7%); Bad habits of the child: &nger sucking, tongue sucking  
– 52 (12,8%);

Consumption of alcohol and tobacco during pregnancy – 4 (1,0%); Concomitant diseases – 46 (11,3%);

Adverse factors during pregnancy (gynecological diseases) – 9 (2,2%);

The child’s diet in infancy (timely introduction  
of complementary foods, variety and rationality  

of the child’s diet) is unsatisfactory – 3 (0,7%)

Non-compliance by the mother with the work and rest regime during 
pregnancy  – 5 (1,2%);

Pregnancy complications – 52 (12,8%);

Complications during childbirth – 83 (20,4%);

Source: compiled by the authors of this study

Table 2. Associations between social and medical-demographic risk factors of parents and the detection of orthodontic pathology in children (-<0,05)

Social and medical-demographic risk factors 

Examined children, n=406
Odds ratio

(95% CI) porthodontic  
pathology detected, 

n=161 abs. (%)

orthodontic  
pathology no detected, 

n=245 abs. (%)

Social status: working profession of parents, n=191 84 (44,0) 107 (56,0) 1,41
(1,03-2,09) 0,050

Source: compiled by the authors of this study

Table 3. Associations between maternal behavioral risk factors and the detection of orthodontic pathology in children (-<0,05)

Maternal behavioral risk factors

Examined children, n=406
Odds ratio

(95% CI) porthodontic pathol-
ogy detected, n=161 

abs. (%)

orthodontic patholo-
gy  no detected, n=245 

abs. (%)

Use of paci&er, n= 320 136 (42,5) 184 (57,5) 1,80 (1,08-3,02) 0,015

Source: compiled by the authors of this study

Table 4. Determined associations between medical factors and the detection of orthodontic pathology in children (-<0,05)

Medical factors

Examined children, n=406
Odds ratio

(95% CI) porthodontic  
pathology detected, 

n=161 abs. (%)

orthodontic  
pathology no detected,  

n=245 abs. (%)

Somatic disease in the &rst years of life, n=74 38 (51,4) 36 (48,6) 1,79
(1,08-2,98) 0,017

Diagnosed dental caries,
n=225 106 (47,1) 119 (52,9) 2,04

(1,35-3,08) 0,001

Removal of permanent teeth due to caries, n=60 31 (51,7) 29 (48,3) 1,75
(1,01-3,04) 0,032

Concomitant diseases in the child (otorhinolar-
yngological pathology), n=46 34 (73,9) 12 (26,1) 5,18

(2,59-6,35) 0,001

Orthodontic pathology in the family, n=70 55 (78,6) 15 (21,4) 3,93
(2,06-7,49) 0,001

Source: compiled by the authors of this study
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pathology and operate both in the antenatal and postnatal 
periods [15]: pregnancy complications; previous illnesses, 
occupational hazards and stressful situations during preg-
nancy; alcohol and tobacco use during pregnancy; failure 
of the mother to observe the work and rest regime, poor 
nutrition during pregnancy; complications during childbirth; 
increased morbidity of the child in the &rst years of life; ar-
ti&cial feeding; use of a paci&er; harmful habits of the child 
himself: sucking his &nger, tongue; concomitant diseases of 
the child. Scientists around the world are devoting a lot of 
attention to this issue, studying both the prevalence of the 
pathology among children and risk factors. There is 1799 
adolescents aged 11-15 years old from 18 middle schools in 6 
districts of Shanghai were recruited to investigate oral health 
status and related risk factors using cluster random sampling 
method in 2021 and the prevalence of malocclusion in ado-
lescents in Shanghai was 83.5% [25]. A study of 503 Japanese 
children aged 3-6 years [26] showed that 62.0% of preschool 
children in the present study exhibited malocclusion, and 
27.8% exhibited incompetent lip seal. Nail biting was the 
most frequent oral habit with a prevalence of 18.9%. Nasal 
obstruction was recorded in 30.4% of children. The results 
of binary logistic regression showed that incompetent lip 
seal was signi&cantly related to malocclusion, and that nail 
biting was signi&cantly negatively related. 

Sadoun C. at all [27] found that the chances of diagnosing 
a malocclusion were higher for children with bottle nutrition 
when compared to breast-fed children. Breastfeeding pro-
vides protection against malocclusions. In the same manner, 
persistent NNSH habits appeared to be associated with in-

The next step was to investigate sanitary and hygienic 
factors that would indicate the preventive awareness of 
patients and their parents. It was found that the presence 
of poor oral health increases the chances of detecting 
orthodontic pathology (OR 1,95 [95% CI (1,06-3,58]). At 
the same time, the chances of detecting this nosology de-
crease with: low sanitary and hygienic awareness of parents 
(OR 0,19 [95% CI (0,03-0,55]), not having the child visit an 
orthodontist for preventive purposes (OR 0,52 [95% CI (0,34-
0,80]). Obviously, if a child does not visit an orthodontist, it 
is more di)cult to detect pathology in them. The low level 
of sanitary and hygienic education of parents may be the 
reason that parents are not motivated to bring their child to 
an orthodontist for earlier detection of pathology (Table 5).

Among the organizational factors, we indicated the pres-
ence of an orthodontist in the settlement. We did not &nd 
any signi&cant associations between organizational factors 
and detected orthodontic pathology. 

Among the adverse factors experienced by the mother 
during pregnancy, only one signi&cant relationship was 
found between occupational hazards (heavy physical 
labor and radiation from a computer) and the occurrence 
of orthodontic pathology, which increase the chances of 
detecting orthodontic pathology (OR 7,19 [95% CI (1,53-
33,74]), which, according to researchers, may also a%ect 
ontogenesis [13, 15-17] (Table 6).

DISCUSSION
According to the literature, numerous factors have been 
identi&ed that can lead to the occurrence of orthodontic 

Table 5. Determined associations between sanitary and hygienic factors of parents and children and the detection of orthodontic pathology (-<0,05)

Sanitary and hygienic factors of parents 
and children

Examined children, n=406
Odds ratio

(95% CI) porthodontic  
pathology detected, 

n=161 abs. (%)

orthodontic  
pathology no detected,  

n=245 abs. (%)

Bad condition of the oral cavity, n=48 26 (54,2) 22 (45,8) 1,95
(1,06-3,58) 0,022

Low sanitary and hygienic awareness of 
parents, n=24 2 (8,3) 22 (91,7) 0,13

(0,03-0,55) 0,001

The child visited the dentist only for treat-
ment, n=240 78 (32,5) 162 (67,5) 0,48

(0,32-0,72) 0,000

The child did not visit the orthodontist for 
preventive purposes, n=144 43 (29,9) 101 (70,1) 0,52

(0,34-0,80) 0,002

Source: compiled by the authors of this study

Table 6. Determined associations between adverse factors during pregnancy and the detection of orthodontic pathology (-<0,05)

Adverse factors during pregnancy

Examined children, n=406
Odds ratio

(95% CI) porthodontic  
pathology detected,  

n=161 abs. (%)

orthodontic  
pathology no detected,  

n=245 abs. (%)

Occupational hazards, n=11 9 (81,8) 2 (18,2) 7,19
(1,53-33,74) 0,005

Source: compiled by the authors of this study
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identi&ed: the chances of detecting orthodontic pathology 
increase with the use of a paci&er, somatic morbidity in the 
&rst year of life (dysbacteriosis, rickets), the presence of caries 
in the child (complicated caries), the removal of permanent 
teeth due to caries, concomitant diseases (otorhinolaryn-
gological pathology) in the child, the presence of heredity 
(orthodontic pathology in the family), and occupational 
hazards during the mother’s pregnancy.

CONCLUSIONS
The identi&ed risk factors for orthodontic pathology 
are mostly modi&able, that is, they are amenable to 
correction. Therefore, it is extremely necessary for pedi-
atricians, family doctors and pediatric dentists to carry 
out both preventive measures to prevent the negative 
impact of these factors, and explanatory work with par-
ents of children, who must be aware of the importance 
and necessity of prevention.

creased chances of having malocclusions. The longer the child 
was breastfed, the shorter the duration of the paci&er habit 
and the lower the risk of developing moderate/severe mal-
occlusions. The duration of the habits has a positive in'uence 
on the appearance of occlusion defects. A study conducted in 
France examined social characteristics (collected during preg-
nancy), neonatal characteristics (collected at birth), duration 
of breast-feeding (collected prospectively), sucking habits at 
3 years, and open lips (as an indicator of mouth breathing), 
and two logistic regressions were performed. It has been 
found that preterm birth appears to be a risk factor speci&c for 
posterior crossbite (OR: 3.13; 95% CI: 1.13-8.68), whereas small 
for gestational age seems to be associated with a lower risk 
of posterior crossbite (OR: 0.32; 95% CI: 0.12-0.87). Ongoing 
paci&er or thumb sucking at 3 years is a risk factor for both 
posterior crossbite and anterior open bite.

In our study, using the method of simple logistic regres-
sion, regional features of the prevalence of risk factors asso-
ciated with the occurrence of orthodontic pathology were 
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INTRODUCTION
Mine-blast closed craniocerebral injuries (MBCCI) are 
a complex type of combat neurotrauma that leads 
to long-term cognitive, sensorimotor, and emotion-
al disorders [1]. One of the important areas of such 
disorders research is the study of inter-hemispheric 
and intra-hemispheric coherence of electroenceph-
alographic (EEG) signals as potential biomarkers of 
neuroplasticity and brain recovery in a%ected military 
personnel. Clinical studies have shown a signi&cant 
decrease in EEG-phase coherence in individuals with 
MBCCI. In particular, di%usion tensor imaging and a 
highly-sensitive method of weighted phase coherence 
revealed a decrease in inter-hemispheric phase in the 
frontal lobes of the brain, which correlated with the 
white matter damage [2]. Synchronization disorders 
in the 25–40 Hz range associated with a decrease in 
fractional anisotropy in the lower cerebellar lobe were 

con&rmed, indicating microstructural damage of the 
white matter. Improved phase synchronization analysis 
revealed a correlation between reduced coherence at 
high frequencies and microstructural changes in the 
brain [3].  

Functional probing using magnetic-resonance 
tomography (MRT) at the state of rest revealed a de-
crease in connectivity in both di%use mode network 
(DMN) and visual networks. It was found that veterans 
with mild MBCCI had signi&cantly reduced DMN con-
nectivity, as well as the participation coe)cient in the 
frontal lobes of the brain. In addition, a decrease in 
functional connectivity between the structures of the 
visual system (LGN, V1, LO, FG) and the frontal cortex 
of the brain correlated with the degree of cognitive 
impairment [4, 5].

According to the functional MRT data, recurrent MBC-
CI causes hyper-connectivity between the thalamus and 
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ABSTRACT
Aim: To investigate interhemispheric and intrahemispheric coherence of brain biopotentials in military personnel during the recovery period following mine-
blast closed craniocerebral injuries (MBCCI), as well as to assess the cumulative e&ect of repeated injuries on coherence patterns. 
Materials and Methods: The study included 28 military personnel with single (14 patients) and multiple (14 patients) MBCCIs, along with 11 healthy controls 
without neurotrauma. Background electroencephalograms recorded prior to treatment initiation were subjected to coherence analysis.
 Results: Demonstrated a signi'cant reduction in both inter- and intrahemispheric coherence in military personnel with single, and particularly multiple, 
MBCCIs, indicating impaired integrative brain functioning. In both groups of injured military personnel, the most pronounced reductions in interhemispheric 
coherence relative to healthy controls were observed within the delta, theta, alpha, and low-beta frequency bands, predominantly in the frontal and parietal 
regions. Multiple MBCCIs were associated with generalized interhemispheric dysfunction across all frequency bands, involving the central, occipital, and temporal 
regions, as well as an imbalance of intrahemispheric coherence–manifested as suppressed activity in the left hemisphere and compensatory hyperactivation in 
the right. These alterations in coherence parameters correlated with clinical manifestations of neurological, emotional, and cognitive impairments, re)ecting 
varying degrees of functional reserve depletion in military personnel with single and multiple MBCCIs. 
Conclusions: The 'ndings may serve as a basis for the development of pathogenetically grounded, individualized neurorehabilitation programs.
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the cerebral cortex. A study using functional MRT at the 
state of rest revealed increased functional connectivity 
between the thalamic nuclei and the passive mode net-
work of the brain in the acute period – approximately 6 
± 3 days after injury. It has been shown that repeated 
injuries lead to a progressive increase in thalamocortical 
connectivity, the degree of which increases depending 
on the number of injuries sustained [6].  

Experimental animal models also con&rm the cumula-
tive nature of mine-blast injuries. In particular, subclinical 
seizures, disorders of the blood-brain barrier integrity, 
and increased expression of pro-in'ammatory markers 
such as TDP-43 and Piezo2 have been detected after 
repeated explosive brain injuries [7]. Proteomic analysis 
of the hippocampus in rats revealed signi&cant changes 
in the protein profile, indicating profound molecular 
transformations in brain tissues. In addition, high-density 
EEG-recording showed that the long-term e%ects of re-
peated mine-blast injuries include increased power in the 
alpha and beta ranges [8]. A link has also been established 
between post-traumatic amnesia, loss of consciousness, 
cognitive di)culties and changes in the EEG-spectrum. 
Additional studies that took into account the presence 
of post-traumatic stress disorder (PTSD) showed that 
although post-traumatic stress disorder (PTSD) and MB-
CCI cause spectral changes in the EEG, their topography 
di%ers: in MBCCI, it is the prefrontal and right-temporal 
areas, while in PTSD, it is the right temporo-parietal area [9]. 

According to the results obtained by using various 
neuroimaging methods, it has been determined that 
even so-called ‘mild’ MBCCI has the potential to cause 
profound structural, functional, and molecular changes 
in the brain. Of particular signi&cance is the fact that 
repeated injuries have a cumulative negative e%ect, 
in particular by exacerbating disorders of neuronal 
network coherence [10, 11]. This, in turn, highlights 
the importance of systematic analysis of inter- and 
intra-hemispheric coherence as an e%ective diagnostic 
and monitoring tool in the rehabilitation of military 
personnel who have su%ered MBCCI.

AIM
The aim of this study is to analyze inter-hemispheric 
and intra-hemispheric coherent connections of brain 
biopotentials in military personnel during recovery 
from MBCCI, as well as to study the cumulative e%ect 
of repeated MBCCI on the nature of coherent changes.

MATERIALS AND METHODS
Twenty-eight military personnel who su%ered mild 
to moderate mine-blast trauma (MBT) (concussion 

and brain contusion, acoustic trauma) during combat 
operations due to the full-scale war in Ukraine in 2022-
2024 were examined. The period since the last MBT 
con&rmed by primary medical documentation ranged 
from 3 to 12 months. All patients were men with an 
average age of (33.9 ± 1.8) years. 

The &rst group (14 men) included patients who had 
only one MBCCI, and the second group (14 men) includ-
ed patients who had more than one c in the last two 
years, with an average of 2-3 injuries.

All examined patients who had undergone MBCCI 
had numerous complaints of neurological, vegetative 
and somatic nature. The most common were headache, 
photophobia, sensitivity to sounds, nausea, double 
vision, blurred vision, hearing loss, tinnitus, dizziness, 
unsteadiness when walking, speech disorders, pain in 
the spine, limited movement in the limbs, muscle pain, 
cramps, paresthesia, weakness, tremor, limb move-
ment disorders, general asthenia, local or generalized 
hyperhidrosis, tachycardia, and arterial hypertension. 
Cognitive disorders were noted, in particular, decreased 
memory, attention, di)culty concentrating, as well as 
emotional disorders – increased anxiety, irritability, 
sleep disorders.

Clinical-and-neurological examination revealed a pre-
dominance of liquor-hypertensive, vestibule-cochlear, 
and vestibule-ataxic syndromes. In a number of cases, 
disorders of functioning of the cranial nerves, mainly 
the auditory nerves, as well as oculomotor disorders 
were recorded. Symptoms of peripheral nervous sys-
tem damage were detected, with a predominance of 
manifestations of cerebrastenic syndrome, combined 
with signs of vegetative dysfunction and general brain 
disorders. The course of the post-traumatic recovery 
period in patients was signi&cantly complicated by the 
presence of mine-blast injuries of internal organs, soft 
tissues and bones, most often of a multiple or combined 
nature. Analysis of clinical data showed that the severity 
of neurological symptoms was signi&cantly greater in 
patients in the second group.  

The control group included patients (11 persons) who 
did not have MBCCI. The average age of the control 
group patients was (31.8 ± 2.3) years.

All categories of examinees underwent EEG record-
ing using a “Neuron-Spectrum-4/P” computerized 
electroencephalograph with 20 standard monopolar 
leads according to the <10-20> system. For coherent 
analysis, four artefact-free epochs (5.12 s each) of the 
background EEG recording were selected, followed by 
calculation of interhemispheric and intra-hemispheric 
coherence indices of bio-potentials for &ve frequency 
ranges, corresponding to delta – (0.5 – 3.9 Hz), theta – 
(4.0 – 7.9 Hz), alpha – (8.0-12.9 Hz), low-frequency beta 
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(LF) – (13.0 – 19.9 Hz) and high-frequency beta (HF) – 
(20.0 – 35.0 Hz) rhythms. Interhemispheric coherence 
analysis was performed in 8 pairs of leads (Fp1-Fp2; 
F3-F4; F7-F8; T3-T4; T5-T6; C3-C4; P3-P4; O1-O2), and in-
tra-hemispheric coherence in 12 pairs of leads (Fp1-F3; 
F3-C3; C3-P3; P3-O1; Fp2-F4; F4-C4; C4-P4; P4-O2; F7-T3; 
T3-T5; F8-T4; T4-T6).

Statistical data processing was performed using Excel 
and SPSS software, the mean values (M) and standard 
error of the mean (m) were calculated, and the signif-
icance of di%erences between indicators was deter-
mined using the nonparametric Wilcoxon-Mann-Whit-
ney criterion at a signi&cance level of p+0.05.

RESULTS
A comparison of inter-hemispheric coherent connec-
tions in patients in the &rst group and in healthy sub-
jects was performed. The data are presented in Table 1.

Table 1 shows that patients in the &rst group, com-
pared to the control group, had a statistically signi&-
cant (p+0.05) decrease in inter-hemispheric coherent 
connections, mainly in pairs of frontal lobes (Fp1-Fp2; 
F7-F8) and parietal (P3-P4) leads in the delta-, theta-, 
alpha-, and beta- low-frequency ranges. In the delta- 
range, a weakening of inter-hemispheric coherent 
connections was also observed in pairs of central (C3-
C4) and temporal (T3-T4) leads. Similarly, a compari-
son of inter-hemispheric coherent connections was 
performed in patients of the second group and in the 
control group. The data are presented in Table 2.

As can be seen from Table 2, patients in the second 
group, unlike healthy subjects, showed signi&cantly 
lower inter-hemispheric coherence in frontal pairs (Fp1-
Fp2; F3-F4), central (C3-C4) and parietal (P3-P4) leads 
in all studied frequency ranges of brain bio-potentials. 
In patients of the second group, a signi&cant decrease 
in inter-hemispheric coherence was also determined in 
pairs of lower frontal (F7-F8) and central (C3-C4) leads 
in the delta-, theta-, alpha-, and beta- low-frequency 
ranges. Low inter-hemispheric coherence indices in 
patients of the second group were also noted in pairs 
of temporal (T3-T4; T5-T6) leads in the delta-, theta-, and 
beta- low frequency ranges (Table 2).

We also conducted a comparative analysis of inter-
hemispheric coherence indicators in patients from the 
&rst and second groups. Signi&cant di%erences were 
found only in the delta- and beta- frequency ranges. 
In the delta- range, there were mixed changes, namely, 
in pairs of frontal (F3-F4) leads, inter-hemispheric co-
herence indices in patients in the &rst group were sig-
ni&cantly (p=0.03) lower than in patients in the second 
group (0.32±0.09 and 0.38±0.04, respectively), while in 

the pairs of central (C3-C4) leads, they are signi&cantly 
(p=0.03) higher (0.55±0.06 and 0.34±0.03, respectively). 
In the beta- low frequency range in pairs of occipital 
(O1-O2) and temporal (T5-T6) leads, inter-hemispheric 
coherence indices are signi&cantly lower in patients in 
the second group. To con&rm this, we present data in 
pairs of occipital (O1-O2) leads in patients of the &rst 
group, where inter-hemispheric coherence indices of 
beta- frequency range bio-potentials corresponded to a 
value of 0.39±0.06, and in the second group – 0.24±0.03; 
and in pairs of temporal (T5-T6) leads, these indicators 
in the &rst group were 0.24±0.03 and in the second 
group – 0.13±0.01, which has a high reliable (p=0.01) 
discrepancy.

Thus, analysis of interhemispheric coherence indi-
cators revealed a general tendency toward a decrease 
in functional interaction between hemispheres 
in patients in both groups – both with single and 
multiple MBCCI – compared to the control group. 
The most pronounced decreases in coherence were 
observed in the delta-, theta-, alpha-, and beta- fre-
quency ranges, with predominant localization in the 
frontal and parietal regions of the cerebral cortex. In 
patients with multiple MBCCI, a signi&cantly greater 
number of signi&cant di%erences were recorded, in 
particular low coherence indices also extended to 
the central, occipital and temporal regions, covering 
the theta-, beta- LF and beta- HF ranges, indicating 
a more generalized dysfunction of interhemispheric 
connections. A comparative analysis of patients with 
single and multiple MBCCI demonstrated that it is 
precisely in multiple injuries that a signi&cant de-
crease in coherence in the beta- HF range is observed, 
mainly in pairs of occipital and temporal leads. These 
changes correlate with clinical manifestations – more 
pronounced neurological symptoms, emotional 
instability and cognitive disorders, which is prob-
ably due to a wider damage to the brain network 
structures responsible for the integration of sensory 
information, regulation of attention, memory and 
emotional reactivity.

Changes in intra-hemispheric coherence of brain 
bio-potentials were analyzed in all observation groups. 
In patients of the &rst group, who had only one MBCCI 
in their medical history, compared with the control 
group, a signi&cant (p=0.05) decrease in intra-hemi-
spheric coherence indices was determined only in the 
delta- frequency range in the pair of frontal (Fp1-F3) 
leads of the left hemisphere of the brain (0.43±0.08 
and 0.67±0.03, respectively). In patients in the second 
group with multiple MBCCI, there were signi&cantly 
more signi&cant di%erences from the control group. 
The data are presented in Table 3.
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Table 1. Signi'cant di&erences in inter-hemispheric coherence indices in patients of the 'rst group and in the control group.
Frequency

range EEG pairs  
Inter-hemispheric coherence indices Intergroup di#erences

Р10,05Patients of Group 1 Control group

Delta-range

FP1-FP2 0,37 ± 0,09 0,68 ± 0,06 0,01
C3-C4 0,55 ± 0,06 0,61 ± 0,04 0,04
P3-P4 0,45 ± 0,02 0,53 ± 0,04 0,04
F7-F8 0,37 ± 0,06 0,49 ± 0,04 0,03

T3-T4 0,30 ± 0,06 0,52 ± 0,03 0,05

Theta-range P3-P4 0,53 ± 0,07 0,60 ± 0,03 0,05

Alpha-range
FP1-FP2 0,44 ± 0,06 0,72 ± 0,03 0,01

F7-F8 0,36 ± 0,03 0,52 ± 0,03 0,01

Beta-low frequency range
P3-P4 0,35 ± 0,04 0,52 ± 0,03 0,01
F7-F8 0,24 ± 0,04 0,35 ± 0,02 0,03

Source: compiled by the authors of this study

Table 2. Signi'cant di&erences in inter-hemispheric coherence indices in patients of the second group and in the control group
Frequency

range EEG pairs
Inter-hemispheric coherence indices Intergroup di#erences

 Р10,05Patients of Group 2  Control group

Delta-range

FP1-FP2 0,43 ± 0,07 0,68 ± 0,06 0,02
F3-F4 0,38 ± 0,04 0,62 ± 0,05 0,00
C3-C4 0,34 ± 0,03 0,61 ± 0,04 0,00
P3-P4 0,35 ± 0,03 0,53 ± 0,04 0,01
O1-O2 0,30 ± 0,03 0,47 ± 0,03 0,00
F7-F8 0,23 ± 0,04 0,49 ± 0,04 0,00
T3-T4 0,27 ± 0,05 0,52 ± 0,03 0,00
T5-T6 0,20 ± 0,04 0,39 ± 0,03 0,01

 Theta- range

FP1-FP2 0,42 ± 0,07 0,66 ± 0,06 0,01
F3-F4 0,47 ± 0,05 0,68 ± 0,05 0,02
C3-C4 0,45 ± 0,05 0,68 ± 0,04 0,01
P3-P4 0,44 ± 0,05 0,60 ± 0,03 0,03
O1-O2 0,38 ± 0,04 0,48 ± 0,03 0,05
T3-T4 0,28 ± 0,05 0,42 ± 0,04 0,02

Alpha- range

FP1-FP2 0,44 ± 0,06 0,72 ± 0,03 0,00
F3-F4 0,49 ± 0,05 0,70 ± 0,02 0,00
C3-C4 0,49 ± 0,05 0,66 ± 0,03 0,01
P3-P4 0,51 ± 0,04 0,64 ± 0,03 0,04
F7-F8 0,36 ± 0,03 0,52 ± 0,03 0,01

 Beta- low frequency range

FP1-FP2 0,24 ± 0,07 0,55 ± 0,04 0,01
F3-F4 0,27 ± 0,07 0,57 ± 0,03 0,01
C3-C4 0,25 ± 0,06 0,54 ± 0,03 0,01
P3-P4 0,24 ± 0,05 0,52 ± 0,03 0,00
O1-O2 0,24 ± 0,03 0,43 ± 0,03 0,00
F7-F8 0,21 ± 0,05 0,35 ± 0,02 0,04
T5-T6 0,13 ± 0,01 0,22 ± 0,02 0,00

Beta- high frequency range

FP1-FP2 0,20 ± 0,05 0,33 ± 0,03 0,03
F3-F4 0,17 ± 0,03 0,31 ± 0,03 0,01
C3-C4 0,18 ± 0,03 0,32 ± 0,03 0,01
P3-P4 0,19 ± 0,03 0,29 ± 0,03 0,02

Source: compiled by the authors of this study



Coherent connections of brain biopotentials in military personnel during recovery from mine-blast closed...

1847

cesses aimed at preserving adaptive capabilities in the 
context of chronic psycho-emotional stress charac-
teristic of combat conditions [9]. This combination of 
neurophysiological changes is associated with clinical 
manifestations of autonomic nervous system dysfunc-
tion, increased emotional tension, and symptoms of 
asthenia, indicating depletion of the brain’s functional 
reserves and a decrease in the e%ectiveness of its reg-
ulatory mechanisms.

CONCLUSIONS
1.  Military personnel with single and especially mul-

tiple MBCCI showed a signi&cant decrease in in-
ter-hemispheric and intra-hemispheric coherence, 
indicating a disorder in the integrative activity of 
the brain.

2.  In both groups of military personnel, the most pro-
nounced changes in interhemispheric coherence 
compared to healthy individuals were recorded in 
the delta-, theta-, alpha- and beta- frequency ranges, 
mainly in the frontal and parietal areas of the brain.

3.  In cases of multiple traumatic brain injury, general-
ized dysfunction of interhemispheric interaction was 
detected in all studied frequency ranges, involving 
the central, occipital, and temporal areas, as well as 
an imbalance in intra-hemispheric coherence: with 
suppression of activity in the left hemisphere and 
compensatory hyperactivity in the right.

4.  The obtained changes in coherence indicators cor-
relate with clinical manifestations of neurological, 
emotional and cognitive disorders, re'ecting vary-
ing degrees of depletion of functional reserves in the 
brains of military personnel with single and multiple 
MBCCI, and may form the basis for the development 
of pathogenetically sound, individualized neuro-re-
habilitation programs.

The data presented in Table 3 show that patients in 
the second group have a signi&cant decrease in intra-
cerebral coherence in pairs of frontal (Fp1-F3; Fp2-F4) 
of the left and right hemispheres of the brain in the 
delta-activity range and in pairs of temporal (T3-T5) 
leads of the left hemisphere of the brain in the del-
ta- and theta- frequency ranges. In the beta- low and 
beta- high frequency ranges, a signi&cant increase in 
intra-hemispheric coherence indices was recorded 
in pairs of central-parietal (C4-P4) leads of the right 
hemisphere of the brain. When comparing intra-hemi-
spheric coherence indices in both groups of patients, 
no signi&cant di%erences were recorded.

DISCUSSION
Analysis of intra-hemispheric coherence showed 
higher stability of functional connections in patients 
with single MBCCI, indicating partial preservation of 
integrative activity of local neural networks within each 
hemisphere. In patients with multiple MBCCI, on the 
contrary, multidirectional changes in intra-hemispheric 
coherence were recorded: a decrease in its indicators in 
the delta- and theta- ranges in the frontal and temporal 
regions of mainly the left hemisphere of the brain, as 
well as an increase in coherence in the beta- range in 
the central-parietal areas of the right hemisphere. This 
pattern of changes may indicate a disorder of regula-
tory mechanisms within the hemispheres, as well as an 
imbalance between excitatory and inhibitory neural 
networks – a probable consequence of the cumulative 
e%ect of repeated traumatic injuries [7]. Decreased 
coherence in the left hemisphere frontal-temporal 
areas correlates with cognitive-emotional resource 
depletion, executive function and attention disorders, 
while increased coherence in the right-hemispheric 
central-parietal areas may re'ect compensatory pro-

Table 3. Signi'cant di&erences in intra-hemispheric coherence indices in patients in the second group and in the control group
Frequency

range EEG pairs 
Intra-hemispheric coherence indices Intergroup di#erences

Р10,05Patients of Group 2  Control group

Delta-range 

Fp1-F3 0,54 ± 0,04 0,67 ± 0,03 0,02

Fp2-F4 0,52 ± 0,04 0,65 ± 0,03 0,03

T3-T5 0,47 ± 0,06 0,73 ± 0,04 0,01

Theta- range T3-T5 0,53 ± 0,06 0,69 ± 0,06 0,04

Beta- low frequency range C4-P4 0,87 ± 0,04 0,78 ± 0,02 0,02

Beta- high frequency range C4-P4 0,85 ± 0,05 0,77 ± 0,01 0,03
 Source: compiled by the authors of this study
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INTRODUCTION
The idea of using viruses for treating human infectious 
diseases emerged nearly concurrently with the discov-
ery of phages in 1915. However, the application of phag-
es in medicine was suspendedCafter the introduction of 
antibiotics [1]. Bacteriophages (phages) are viruses that 
invade bacterial cells and interfere with their metabo-
lism. During the lytic cycle, they induce bacterial lysis. 
The principal advantages of phage therapy encompass 
higher strain speci&city with minimal e%ects on the 
commensal microbiome, the capacity to multiply at 
the infection site while simultaneously disappearing 
alongside the target pathogen, the absence of apparent 

toxicity, relatively simple to isolate and use in genetic 
engineering, and co-evolving with their bacterial hosts 
to eliminate drug-resistant strains [2].

Currently, bacteriophage therapy is a promising 
method for treating infectious dental conditions [1]. 
Due to the escalating clinical issue of antibiotic resis-
tance, phage therapy for infectious diseases has once 
more attracted the interest of specialists. Bacteriophag-
es have been suggested as natural antimicrobial agents 
to combat antibiotic-resistant bacteria associated with 
human infections [2].

The oral phage population comprises over 2000 
species that infect bacteria from the Actinobacteria 
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ABSTRACT
Aim: To study the susceptibility of isolates obtained from the oral cavities of individuals with in)ammatory periodontal diseases and maxillofacial pathology 
to bacteriophages.
Materials and Methods: Biological specimens were obtained from the Dental Medical Center and University Clinic of O.O. Bogomolets National Medical 
University and the National Specialized Children’s Hospital OKHMATDYT. Biomaterial was collected from the wound surface using a sterile FLmedical transport 
system (Italy).  Clinical isolates used in the studies included Escherichia coli, Klebsiella spp., Pseudomonas spp., and Staphylococcus aureus. We assessed the 
susceptibility of microorganisms to bacteriophages by administering 0.01 ml of bacteriophage culture to a bacterial culture. A suspension (inoculum) was 
prepared from a 24-hour culture of microorganisms in sterile saline and then Mueller Hinton agar was inoculated with it. The results were recorded 24 hours 
post-incubation in a thermostat at 37°C.
The study used bacteriophages from the bacterial test cultures Klebsiella pneumoniae DSM30104, Staphylococcus aureus DSM 799, Escherichia coli DSM 1103, 
and Pseudomonas aeruginosa DSM 50071, provided by NeoProBioCare Ukraine Ltd.
Results: The susceptibility rates of isolates to phages were 40% for Klebsiella spp, 73.3% for S. aureus, 50.0% for E. coli, and 20.0% for Pseudomonas spp. 
Prior research con'rms the e&ectiveness of bacteriophages in oral diseases. This method may be bene'cial in controlling opportunistic microorganisms and 
maintaining the oral microbiota balance.
Conclusions: The application of bacteriophages for in)ammatory oral diseases appears promising and warrants further research. Clinical trials and additional 
scienti'c investigations are necessary to con'rm its safety and e&ectiveness.

  KEY WORDS: antimicrobial action, alternative antimicrobial agents, periodontitis, maxillofacial diseases
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(>300 phages), Bacteroidetes (>300 phages), Firmic-
utes (>1000 phages), Fusobacteria (>200 phages), and 
Proteobacteria (>700 phages). Bacteriophage activity 
inhibits relapses of infectious diseases and the chronic-
ity of in'ammatory processes. Bacteriophages in oral 
cells primarily stimulate anti-in'ammatory mediators, 
including IL-6 and IL1RN, to modulate innate and 
adaptive immunity, thereby indirectly in'uencing cell 
signaling and physiological processes [3]. The applica-
tion of phage therapy in dentistry remains an entirely 
unsolved issue [4, 5]. Regrettably, the rapidly advancing 
bacteriophage therapy presents new challenges for 
clinical implementation, including phage resistance. 
At the same time, phage resistance develops approxi-
mately tenfold more slowly than antibiotic resistance 
[6]. A viable strategy to reduce antibiotic dosage and 
prevent antibiotic resistance during treatment includes 
the combination of phages with antibiotics. Antibiot-
ics and bacteriophages can not only deal with phage 
resistance but also reduce antibiotic resistance. The 
function of engineered phages in reducing bacterial 
pathogenicity is under investigation. Research indicates 
that alternating the administration of the antibiotic and 
phage yields superior outcomes compared to simulta-
neous administration [7].

Traditional approaches to periodontal disease man-
agement, including dental bio&lm control, enhanced 
oral hygiene, adjunctive gingivitis therapy, mechanical 
plaque removal, and the application of topical and/
or systemic antimicrobials, are recognized as insuf-
&ciently e%ective [8]. Considering the widespread 
occurrence of antimicrobial-resistant bacteria in the 
oral cavity, the prevailing viewpoint supports various 
forms of phage therapy as a supplementary approach 
to standard periodontal treatment to reduce systemic 
adverse e%ects. Bacteriophages that selectively infect 
bacterial cells are now acknowledged as a novel ther-
apeutic approach for eradicating plaque bio&lms in 
periodontal diseases [9].

Bacteriophage therapy represents an innovative and 
promising strategy for combating multidrug-resistant 
bacteria that cause serious dental diseases. Further-
more, investigations into phage therapy for endodontic 
and periapical infections are underway. The &ndings 
indicate that, in contrast to traditionalCantibiotics, phage 
therapy may necessitate reduced or more restricted 
doses, demonstrating e%ectiveness comparable to or 
better than standard therapies.   The majority of phag-
es isolated to date exhibit considerable speci&city for 
dental pathogens. This bene&t reduces the harmful risk 
to the natural oral microbiota while eliminating the 
adverse e%ects associated with chemical antibiotics. 
Phage therapy presents new opportunities in dentist-

ry, both therapeutically and scienti&cally, similar to its 
impact in various medical &elds.

AIM
To study the susceptibility of isolates obtained from 
the oral cavities of individuals with inflammatory 
periodontal diseases and maxillofacial pathology to 
bacteriophages.

MATERIALS AND METHODS
Biological specimens were obtained from the Dental 
Medical Center and University Clinic of O.O. Bogo-
molets National Medical University and the National 
Specialized Children’s Hospital OKHMATDYT. Bioma-
terial was collected from the wound surface using a 
sterile FLmedical transport system (Italy). The study on 
antimicrobial activity was conducted in the microbio-
logical laboratory of the Department of Genetics, Plant 
Physiology, and Microbiology at Uzhhorod National 
University. Clinical isolates used in the studies included 
Escherichia coli, Klebsiella spp., Pseudomonas spp., and 
Staphylococcus aureus. We assessed the susceptibility 
of microorganisms to bacteriophages by administering 
0.01 ml of bacteriophage culture to a bacterial culture. 
A suspension (inoculum) was prepared from a 24-hour 
culture of microorganisms in sterile saline and then 
Mueller Hinton agar was inoculated with it. The results 
were recorded 24 hours post-incubation in a thermostat 
at 37°C.

The study used bacteriophages from the bacterial 
test cultures Klebsiella pneumoniae DSM30104, Staph-
ylococcus aureus DSM 799, Escherichia coli DSM 1103, 
and Pseudomonas aeruginosa DSM 50071, provided by 
NeoProBioCare Ukraine Ltd.

RESULTS
The investigation into the susceptibility of bacterial 
cultures obtained from patients revealed that Staph-
ylococcus aureus exhibited the highest percentage 
of susceptible isolates (Table 1, Fig. 1). Out of the 30 
strains, 22 isolates had susceptibility to the examined 
bacteriophage, representing 73.3%.

Bacteria of the genus Klebsiella spp. demonstrated 
the lowest susceptibility to bacteriophage. Susceptibil-
ity studies of clinical isolates of Klebsiella pneumoniae 
indicated a phage susceptibility rate of 40% (Table 1, 
Fig. 2). Simultaneously, 20.0% inhibited the growth of 
the tested clinical cultures (Fig. 2).

Among the Escherichia coli isolates studied, 50.0% 
showed susceptibility to bacteriophages (Table 1, Fig. 3).
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Research on the susceptibility of clinical isolates of 
Pseudomonas aeruginosa indicated a phage suscepti-
bility rate of 63.3% (Table 1, Fi1. 4).

The majority of isolates from the bacterial species 
Pseudomonas aeruginosa and Klebsiella pneumoniae ex-
hibited polyantibiotic resistance. In these circumstanc-
es, the application of bacteriophage may be the sole 
alternative for sanitizing the oral cavity and diminishing 
the prevalence of antibiotic-resistant microorganisms.

The results regarding the susceptibility of clinical 
isolates to bacteriophages (Fig. 4) suggest that, if the 
pathogen is speci&cally susceptible, bacteriophages 
may serve as an alternative to antibiotic therapy or 
signi&cantly enhance the e%ectiveness of antibiotic 
treatment.

The examined isolates are composed of opportunistic 
bacteria, noted for their signi&cant antibiotic resistance 
(Table 2). It was demonstrated that 25.9% of Klebsiella 
spp., 20.0% of Staphylococcus aureus, 39.3% of Esch-

erichia coli, and 40.0% of Pseudomonas spp. showed 
concurrent resistance to three antibiotics. The identi-
&ed patterns demonstrate the enduring presence of 
antibiotic-resistant bacteria in the oral cavity, which 
are challenging to manage and may contribute to 
complications. 

It is noteworthy that some antibiotic-resistant isolates 
exhibited susceptibility to bacteriophages. Conse-
quently, no discernible patterns in the susceptibility 
or resistance to bacteriophages were identi&ed among 
polyantibiotic-resistant isolates. 

The identi&ed patterns of strain-speci&c suscepti-
bility of opportunistic bacterial isolates to antibiotics 
suggest that the examined bacteriophages may serve 
as alternatives to antimicrobial therapy or adjuncts to 
antibiotic treatment.

The data analysis allowed us to determine the suscep-
tibility of isolates from the oral cavities of patientsCwith 
periodontal diseases and maxillofacial pathology to 

Table 1. Susceptibility of clinical isolates from complicated wounds to bacteriophages

Microorganism Number of strains tested, 
abs.

Number of susceptible isolates, 
abs.

Percentage of susceptible isolates, 
%

Klebsiella spp. 25 10 40.0%

Staphylococcus aureus 30 22 73.3%

Escherichia coli 28 14 50.0 %

Pseudomonas spp. 15 3 20.0 %

Source: compiled by the authors of this study

Fig. 1. Susceptibility of a clinical isolate of Staphylococcus 
aureus to a speci'c bacteriophage 
Picture taken by the authors
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Prior research confirms the effectiveness of using 
bacteriophages in the treatment of oral diseases. This ap-
proach is e%ective in combating pathogenic microorgan-
ismsCand in maintaining the balance of oral microbiota.

bacteriophages. Their susceptibility to phages was 
strain-speci&c, necessitating the assessment of sus-
ceptibility to the phage suspensionC before initiating 
treatment.

Fig. 2. Susceptibility of a clinical isolate of Klebsiella pneu-
moniae to a speci'c bacteriophage
Picture taken by the authors

Fig. 3. Susceptibility of a clinical isolate of Escherichia coli 
to a speci'c bacteriophage
Picture taken by the authors
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Steier et al. (2019) examined the structureCofCbacterio-
phagesC andC their actionC on bacteria within bio&lms, 
emphasizing theC potential use of bacteriophages in 
dentistry [10].

Caries-associated problems are challenging to treat 
with standard methods due to the development of a 
bio&lm of cariogenic bacteria, which protects them 

DISCUSSION
The literature review suggests individual studies re-
garding the use of bacteriophages in oral diseases of 
microbial etiology.  

Bio&lms are found in almost all infectious diseases 
that threaten oral health, such as caries, periodontitis, 
gingivitis, endodontic infections, and peri-implantitis. 

Fig. 4. Percentage of bacteriophage-susceptible and -resistant clinical isolates from the oral 

cavity 

Picture taken by the authors 
 

 

 

 

Table 2. Susceptibility of clinical isolates from complicated wounds to bacteriophages

Microorganisms Number of strains tested,
abs.

Number of isolates resistant  
to class III antibiotics, abs.

Percentage of isolates resistant 
to class III antibiotics, %

Klebsiella spp. 25 7 25.9%

Staphylococcus aureus 30 6 20.0%

Escherichia coli 28 11 39.3 %

Pseudomonas spp. 15 6 40.0 %

Source: compiled by the authors of this study

Fig. 4. Percentage of bacteriophage-susceptible and -resistant clinical isolates from the oral cavity
Picture taken by the authors
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periodontal diseases seems promising and can e%ec-
tively deal with the increasing resistance of bacteria 
to currently available medicines. At the same time, 
clinical trials to either con&rm or refute this concept in 
periodontal therapy have been practically nonexistent. 
However, it has been established that, in contrast to 
broad-spectrum antibiotics, bacteriophages can de-
stroy periodontal bio&lms without disrupting the local 
oral ecology [22].

A restriction of phage therapy is that only a limited 
fraction of phages is suitable for medicinal purposes. 
Only 50% of phages isolated from the environment 
can be used in medicineC [23]. Phage resistance has 
been recorded in human phage treatment, presenting 
a potential challenge for the practical use of phage 
therapy [24]. Various encapsulated carriers, such as &-
bers, hydrogels, and particles, have been used in phage 
delivery systems, demonstrating theC advantage of 
maintaining their stability. These systems can function 
alongside other dental materials to treat or prevent 
infectious diseases, including periodontitis. Therefore, 
given that periodontitis is a chronic disease caused by 
several bacteria, G. Pinto et al. (2016) suggested a phage 
cocktail as an alternative to standard treatment tech-
niques and outlined the stepsC for producingC phage-
based products. The authors emphasize that active 
bacteriophage combinations in cocktail therapy are 
crucial for preventing the rapid emergence of phage 
resistance [25].

CONCLUSIONS
1.  The research revealed that the susceptibility of iso-

lates to phages was 40% for Klebsiella spp., 73.3% 
for S. aureus, 50.0% for E. coli, and 20.0% for Pseudo-
monas spp. This suggests the potential use of phage 
therapy in protocols for managing periodontal 
diseases alongside concurrent maxillofacial patholo-
gies. Strain-speci&c susceptibility to bacteriophages 
was determined among isolates resistant to class III 
antibiotics.

2.  The speci&c susceptibility of strains to bacterio-
phages necessitates the assessment of the isolate’s 
susceptibility to bacteriophage before initiating 
treatment for in'ammatory oral diseases, including 
periodontal diseases and maxillofacial pathologies.

3.  The application of bacteriophages for in'ammatory 
oral diseases appears promising and warrants fur-
ther research. Clinical trials and additional scienti&c 
investigations are necessary to con&rm itsCsafety and 
e%ectiveness.

and reduces the e%ectiveness of common antibac-
terial agentsC [11]. It is essential to create therapeutic 
techniques speci&c to cariogenic bacteria with a low 
risk of resistance [12]. Bacteriophage therapy is a 
promisingCalternative method. Thus, phage SMHBZ8, 
speci&cally targeting S. mutans, has been identi&ed as 
a potential method for preventing and treating dental 
caries [13]. H. Ben-Zaken et al. (2021) conducted an 
experimental investigation on human saliva samples. 
They discovered that SMHBZ8 is a lytic phage capable 
of in&ltrating, regulating, and suppressing the growth 
of S. mutans bio&lm [14].

Enterococcus faecalis (E. faecalis) is known for its 
notable resistance to numerous antimicrobial agents. 
[15, 16]. J. Wong et al. (2021) reported that in root canal 
infections, E. faecalis was detected in every canal, and 
its presence in the bio&lm induces in'ammation of 
the pulp tissue, &nally resulting in pulp necrosis and 
the spread of in'ammation/infection to the peri-root 
tissues [17]. In clinical settings, isolated phages have 
demonstrated remarkable e%ectiveness when com-
bined with alkaline disinfectants frequently used to 
deal with endodontic infections [15]. 

M. El-Telbany et al. (2021) demonstrated a phage-me-
diated reduction in E. faecalis bio&lms in ex vivo dental 
models. The lytic activity of phage vB_ZEFP against E. 
faecalis bio&lms con&rmed its capability to inhibit the 
growth of E. faecalis in vitro and to prevent E. faecalis 
root canal infections [18].

The presence of many bacterial types inside the 
bio&lm structure imposes constraints on the strategies 
employed to combat them [19]. Historically, it has been 
contended that while bacteriophages may function 
as e%ective antibacterial agents, the heterogeneity of 
the oral microbiota raises concerns over their e%ec-
tiveness in treating periodontal diseases [20]. At the 
same time, in the context of the persistence of oppor-
tunistic microorganisms within the oral microbiota 
and dysbacteriosis, characterized by the dominance of 
microbial associations from the facultative component 
of the microbiome, the application of bacteriophages 
isCa justi&edCalternative to antibiotics and antiseptics. 
Kabwe et al. (2019) identi&ed and studiedCFNU1, a lytic 
phage that targets F. nucleatum, which forms the basis 
of a polymicrobial bio&lm in periodontitis. The intro-
duction of FNU1 into a bio&lm containingCF. nucleatum 
led to a 70% decrease in the biomass of this bacterium 
[21]. A. Abdulkareem et al. (2021) highlighted that the 
use of bacteriophages in periodontal therapy remains 
restricted to in vitro investigations. Nonetheless, using 
bacteriophages to combat periodontal pathogens in 
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INTRODUCTION 
Metabolic syndrome (MetS) and obesity have emerged 
as escalating global health concerns, contributing 
significantly to the growing burden of non-
communicable diseases (NCDs) such as cardiovascular 
diseases (CVDs) and type 2 diabetes mellitus (T2DM) 
[1]. MetS is characterized by a constellation of 
interrelated conditions, including abdominal obesity, 
hypertension, dyslipidemia, and insulin resistance, 
which synergistically amplify the risk of heart disease, 
stroke, and diabetes [2]. This multifaceted syndrome 
serves as both a warning sign and a critical target for 
early intervention to mitigate the progression of NCDs 
[3]. Obesity is de&ned as an excessive accumulation of 
adipose tissue in the body, usually measured by body 
mass index (BMI). A BMI of ,30 kg/m4 is a generally 
accepted criterion for the diagnosis of obesity. It is 
a condition that results primarily from an imbalance 
between energy intake and energy expenditure, 

although genetic, endocrine and socioeconomic 
factors also play an important role [4]. Obesity itself 
is a risk factor for a number of diseases, including 
cardiovascular disease, type 2 diabetes, osteoarthritis 
and certain types of cancer. MetS is characterized by 
a constellation of interrelated conditions, including 
abdominal obesity, hypertension, dyslipidemia, and 
insulin resistance, which synergistically amplify the risk 
of heart disease, stroke, and diabetes. This multifaceted 
syndrome serves as both a warning sign and a critical 
target for early intervention to mitigate the progression 
of NCDs. The global prevalence of metabolic syndrome 
has witnessed a sharp increase over the past two 
decades, now a%ecting approximately one-quarter 
of the world’s population [5]. This alarming statistic 
underscores the urgent need for coordinated public 
health strategies to address the underlying causes and 
modi&able risk factors. Similarly, obesityxa major driver 
of MetS – has reached epidemic proportions, with rising 
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ABSTRACT
Aim: The aim of this review article is to provide a comprehensive analysis of the impact of lifestyle interventions – dietary modi'cations, physical activity, and 
behavioral strategies – on the management of metabolic syndrome and obesity in adults.
Materials and Methods: This review is based on an analysis of recent studies, systematic reviews, and meta-analyses that investigate the relationship 
between lifestyle modi'cations and improvements in MetS and obesity. Sources include peer-reviewed research articles, clinical trials, and public health data 
on dietary interventions, physical activity, and behavioral strategies. The e&ectiveness of interventions was assessed through key metabolic parameters such 
as weight loss, waist circumference reduction, insulin sensitivity, lipid pro'les, and cardiovascular health markers.
Conclusions: Lifestyle interventions play a crucial role in managing MetS and obesity by addressing the underlying metabolic dysfunctions and reducing 
the risk of related diseases, including cardiovascular disease and type 2 diabetes. However, long-term adherence remains a signi'cant challenge. Emerging 
approaches, such as technology-assisted self-monitoring and group-based programs, o&er promising strategies to enhance engagement and e&ectiveness. 
Future e&orts should focus on scalable, inclusive, and sustainable interventions to reduce the global burden of MetS and obesity.
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trends observed across all regions, age groups, and 
socioeconomic strata [6]. For example, data from En-
gland illustrate the pervasive nature of this issue. Recent 
studies reveal that eight out of ten men aged 55 to 64 
are classi&ed as overweight or obese, with body mass in-
dex (BMI) measurements exceeding healthy thresholds 
[7]. This demographic trend re'ects broader patterns 
of sedentary lifestyles, increased caloric intake, and the 
widespread availability of ultra-processed foods, all of 
which contribute to the global surge in obesity rates.

The &nancial burden associated with MetS and obe-
sity is both substantial and far-reaching, re'ecting their 
widespread prevalence and the complexity of man-
aging related health conditions. In the United States, 
the economic impact of obesity alone has reached 
staggering proportions, with obesity-related medical 
costs estimated at $173 billion annually as of 2019 [8]. 
The economic rami&cations of MetS and obesity are 
similarly profound in Europe, with signi&cant health-
care expenditures attributed to these conditions. In 
Germany, the healthcare costs associated with MetS 
in patients with hypertension were estimated at P24.4 
billion, re'ecting the high prevalence of hypertension 
as a key component of MetS. In Spain, the economic 
burden of MetS-related healthcare was calculated at 
P1.9 billion, highlighting the strain on the national 
healthcare system. Italy reported healthcare costs 
of P4.9 billion attributable to MetS, with projections 
suggesting continued growth in expenditures due to 
the rising prevalence of obesity and related metabolic 
disorders [9].

Individuals with metabolic syndrome and obesity are at 
markedly elevated risks of developing numerous serious 
and potentially life-threatening health conditions [10,11]. 
These risks are particularly pronounced in individuals 
with an «apple-shaped» body, where fat is predominantly 
stored in the abdominal region. This pattern of fat 
distribution, known as central or visceral obesity, is 
strongly associated with metabolic disturbances and 
systemic in'ammation, which underlie the development 
of various diseases. Research shows that people with ap-
ple-shaped bodies – those with a wider midsection and 
less de&ned waist – face a higher risk of serious health 
problems compared to their pear-shaped counterparts, 
who tend to carry excess weight in the hips, buttocks and 
thighs. Findings from systematic review and meta-analy-
sis Ahmad Jayedi et al. (2020) support the assertion that 
individuals with an “apple shape” (central obesity) have 
a higher risk of all-cause mortality compared to those 
with a “pear shape.” [12]. 

Given the rising prevalence and substantial economic 
and health burdens of MetS and obesity, there is an 
urgent need for e%ective strategies to mitigate these 

conditions [13]. Lifestyle interventions, including di-
etary modi&cations, physical activity, and behavioral 
changes, are critical components in the prevention and 
management of MetS and obesity.

Dietary interventions play a key role in the fight 
against metabolic syndrome and obesity, with certain 
dietary patterns showing signi&cant health bene&ts. 
Among these, the Mediterranean diet has been widely 
studied and consistently associated with positive 
outcomes, including weight loss, reduced body fat, 
and reduced risk of non-communicable diseases 
such as type 2 diabetes and cardiovascular disease. 
The Mediterranean diet is characterized by a high 
intake of fruits, vegetables, whole grains, legumes, 
nuts, and olive oil; moderate consumption of &sh and 
poultry; and limited intake of red meat and processed 
foods. Its unique composition provides a balance of 
monounsaturated fats, &ber, antioxidants, and anti-
in'ammatory nutrients [14]. Research highlights the 
e%ectiveness of the Mediterranean diet in managing 
obesity and metabolic disorders [15]. For example, the 
PREDIMED trial demonstrated that individuals adhering 
to the Mediterranean diet supplemented with extra vir-
gin olive oil or nuts experienced a signi&cant reduction 
in the risk of major cardiovascular events. The mech-
anisms of action include the diet’s ability to improve 
insulin sensitivity and reduce systemic in'ammation. 
Olive oil and nuts provide monounsaturated fats, which 
lower LDL cholesterol and increase HDL cholesterol. 
Dietary &ber from fruits and whole grains promotes 
satiety and supports gut health, which can contribute 
to weight loss and the prevention of insulin resistance. 
Additionally, Sandra Martín-Peláez et al. (2020) found 
that the Mediterranean diet signi&cantly reduces the 
risk of type 2 diabetes in individuals at high risk [16]. 
The long-term sustainability of the Mediterranean diet 
makes it particularly e%ective for lifestyle interventions 
targeting MetS and obesity. Its palatability and cultural 
adaptability increase adherence rates, which are critical 
for achieving meaningful health improvements.

Regular physical activity offers numerous health 
bene&ts and is a crucial tool in combating obesity and 
its associated comorbidities, including cardiovascular 
diseases. Engaging in consistent exercise not only 
prevents the onset and progression of cardiovascular 
disease but also serves as an effective therapeutic 
strategy to enhance outcomes for patients already 
diagnosed with such conditions. The American College 
of Cardiology and the American Heart Association 
recommend that adults engage in at least 150 minutes 
per week of moderate-intensity physical activity or 75 
minutes per week of vigorous-intensity physical activity 
to achieve and maintain weight loss and improve 
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cardiovascular health [17]. Moreover, studies have 
demonstrated that regular physical exercise can lower 
blood pressure, improve lipid pro&les, and enhance 
insulin sensitivity, thereby reducing the risk of develop-
ing type 2 diabetes and other metabolic disorders. For 
instance, a systematic review published in the British 
Journal of Sports Medicine found that higher levels of 
cardiorespiratory &tness are associated with a lower risk 
of all-cause mortality, regardless of body weight [18]. 
Incorporating physical activity into daily routines, such 
as walking, cycling, or resistance training, can signi&-
cantly contribute to weight management and overall 
health. Health organizations emphasize the importance 
of combining cardiovascular exercises with resistance 
training to improve heart and lung health, reduce the 
risk of chronic diseases, and enhance longevity.

Comprehensive lifestyle interventions that integrate 
diet, exercise, and behavioral modifications have 
demonstrated signi&cant improvements in metabolic 
parameters among individuals with metabolic 
syndrome (MetS). A systematic review and meta-
analysis published in Reviews in Endocrine and 
Metabolic Disorders evaluated the e)cacy of education-
based lifestyle intervention programs incorporating 
unsupervised exercise. The study found that such 
interventions led to reductions in waist circumference 
and improvements in quality of life among adults with 
MetS. Speci&cally, the meta-analysis Casey L. Peiris et 
al. (2021) revealed that lifestyle intervention programs 
with unsupervised exercise reduced waist circumfer-
ence by an average of 2.82 cm and improved physical 
activity levels when compared to usual care. Addition-
ally, there was evidence suggesting enhancements in 
quality of life metrics, indicating the holistic bene&ts of 
these interventions [19].

Despite the documented bene&ts, several challenges 
persist in implementing lifestyle interventions such as 
maintaining long-term adherence to lifestyle changes 
remains a signi&cant hurdle. Factors in'uencing ad-
herence include individual motivation, socioeconomic 
status, and cultural in'uences.

Emerging trends in lifestyle interventions for MetS 
and obesity focus on enhancing effectiveness and 
feasibility through alternative approaches such as in-
tegration of technology, including mobile applications 
and wearable devices, is being explored to support 
behavior change and monitor progress. A study in Di-
agnostics examined the utility of digital health-based 
lifestyle interventions using healthcare devices for the 
prevention and management of MetS. The &ndings 
suggest that these tools can e%ectively aid in self-care 
by promoting lifestyle changes and sustained health 
improvements [20]. 

AIM 
The aim of this review article is to provide a comprehensive 
analysis of the impact of lifestyle interventions – dietary 
modi&cations, physical activity, and behavioral strategies 
– on the management of metabolic syndrome and 
obesity in adults.

MATERIALS AND METHODS
A systematic review and literature analysis were 
conducted using leading scienti&c databases, including 
PubMed, Scopus, and Google Scholar, to provide a 
deeper understanding of the current state of research 
on metabolic syndrome (MetS) and obesity in adults 
and to identify the most evidence-based scienti&c data. 
Preference was given to systematic reviews, clinical 
trials, and analytical articles published in English in 
peer-reviewed journals. Inclusion criteria encompassed 
studies investigating the causes or consequences of 
MetS and obesity, scienti&c works addressing medical, 
metabolic, and socioeconomic factors and outcomes, 
research involving adult populations (aged 18 years 
and older), and publications from peer-reviewed 
sources. Studies were excluded if they focused solely on 
pediatric populations, did not address MetS or obesity, 
or were published in non-peer-reviewed outlets. The 
search was performed using the following keywords 
and their combinations: «metabolic syndrome,» 
«obesity,» «lifestyle interventions,» «Mediterranean 
diet,» «time-restricted eating,» «physical activity 
and metabolic health,» «insulin resistance,» «visceral 
obesity,» «cardiovascular disease risk,» and «economic 
burden of obesity.» Data were systematically collected, 
evaluated, and synthesized to assess the prevalence, 
pathophysiological mechanisms, health impacts, 
economic consequences, and efficacy of lifestyle 
interventions (dietary modi&cations, physical activity, 
and behavioral strategies) in managing MetS and 
obesity, ensuring a comprehensive analysis supported 
by high-quality evidence.

REVIEW AND DISCUSSION
Metabolic syndrome and obesity are closely inter-
twined, sharing several pathophysiological mecha-
nisms that contribute to their mutual development 
and associated health risks. Obesity, particularly visceral 
adiposity, plays a pivotal role in the development of 
insulin resistance – a key feature of MetS. Excess adi-
pose tissue increases the release of free fatty acids and 
pro-in'ammatory cytokines, such as tumor necrosis 
factor-alpha (TNF-Q) and interleukin-6 (IL-6), which 
impair insulin signaling pathways. This impairment 
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sulin sensitivity, reduced abdominal fat, and enhanced 
circadian rhythm regulation. TRE promotes extended 
fasting periods that lower insulin levels, encouraging 
fat utilization for energy. This is particularly e%ective 
in reducing visceral fat, which is strongly associated 
with MetS and cardiovascular diseases. Additionally, 
TRE helps stabilize glucose levels and improves insulin 
signaling, addressing key aspects of metabolic dysfunc-
tion. Kelsey Gabel et al. (2018) evaluated the e%ects of 
an 8-hour time-restricted feeding (TRF) regimen (eating 
only between 10:00 AM and 6:00 PM) over 12 weeks in 
23 obese adults [30]. Compared to a historical control 
group, the TRF group experienced modest weight loss 
(-2.6% body weight), reduced calorie intake (-341 kcal/
day), and decreased systolic blood pressure (-7 mm Hg). 
The &ndings suggest that TRF may aid weight loss and 
improve blood pressure without the need for calorie 
counting.

Humaira Jamshed et al. (2022) randomized clinical 
trial compared early time-restricted eating (eTRE; an 
8-hour eating window from 7:00 AM to 3:00 PM) to 
eating over a period of 12 or more hours (control) for 
weight loss and fat loss in 90 adults with obesity. At 14 
weeks, eTRE led to greater weight loss (-6.3 kg vs. -4.0 kg) 
but did not signi&cantly enhance fat loss overall, though 
secondary analysis showed bene&ts in completers. eTRE 
also reduced diastolic blood pressure and improved 
mood (reduced fatigue and depression, increased vig-
or). No signi&cant di%erences were observed in most 
fasting cardiometabolic markers. The study highlights 
eTRE’s potential for weight loss and hypertension 
management, suggesting larger trials are needed to 
evaluate e%ects on fat loss and metabolic health [31]. In 
addition to weight loss and metabolic bene&ts, TRE has 
been associated with improved cardiovascular health, 
including lower blood pressure and triglyceride levels, 
as well as reduced in'ammation markers such as CRP 
and IL-6. TRE also supports gut health by promoting mi-
crobial diversity and enhancing digestion during active 
hours, while better alignment with circadian rhythms 
improves sleep quality. TRE is a 'exible and sustainable 
intervention, popular schedules, such as 16:8, 14:10, and 
12:12, can be tailored to individual preferences, making 
it accessible to a broad population.

Engaging in regular physical activity, encompassing 
both aerobic and resistance exercises, plays a crucial 
role in enhancing insulin sensitivity and facilitating 
weight management. Aerobic exercises, such as cycling, 
have been shown to signi&cantly improve metabolic 
health. For instance, a study conducted by the Universi-
ty of Aberdeen found that sedentary middle-aged men 
who participated in regular cycling for one hour a day, 
&ve days a week, experienced notable improvements 

disrupts glucose homeostasis, leading to hyperglycemia 
and signi&cantly increasing the risk of type 2 diabetes. 
Studies Herbert Tilg & Alexander R. Moschen (2008) and  
Federica Zatterale et al. (2020) have highlighted these 
mechanisms and their central role in MetS pathophysi-
ology [21,22]. Adipose tissue in obese individuals often 
exhibits a state of chronic, low-grade in'ammation. This 
is characterized by increased secretion of pro-in'amma-
tory cytokines like TNF-Q and IL-6, as well as activation 
of macrophages within the adipose tissue [23]. These 
in'ammatory mediators exacerbate insulin resistance, 
promote endothelial dysfunction, and contribute to 
atherosclerotic plaque formation, thereby increasing 
the risk of cardiovascular complications associated 
with MetS [24]. Obesity is closely linked to dyslipid-
emia, characterized by elevated triglycerides, increased 
levels of small dense LDL particles, and reduced HDL 
cholesterol. These lipid abnormalities are hallmark 
components of MetS and signi&cantly heighten the risk 
of cardiovascular diseases. Additionally, obesity-related 
mechanisms, including insulin resistance and in'amma-
tion, contribute to the development of hypertension. 
This is mediated through pathways such as increased 
sympathetic nervous system activity, activation of the 
renin – angiotensin – aldosterone system (RAAS), and 
altered vascular function. Collectively, dyslipidemia and 
hypertension amplify cardiovascular risk in individuals 
with obesity and MetS [25,26]. 

Mediterranean diet (MD), emphasizing fruits, vegeta-
bles, whole grains, and healthy fats, has been extensive-
ly studied for its bene&cial e%ects on metabolic health. 
A systematic review and meta-analysis Papadaki, A. et 
al. (2020) examined the MD’s impact on MetS incidence 
and components. The study concluded that adherence 
to the MD signi&cantly reduced the risk of developing 
MetS and improved related risk factors, including waist 
circumference and lipid pro&les [27]. Further supporting 
these &ndings, a systematic review Katherine Esposito 
et al. (2013) in analyzed data from various studies and 
con&rmed that the MD is associated with a lower prev-
alence of MetS. The review highlighted that the MD’s 
emphasis on monounsaturated fats, &ber, and antioxi-
dants contributes to its protective e%ects against MetS 
components [28].

Time-restricted eating (TRE), a form of intermittent 
fasting, has shown promising bene&ts in weight loss 
and metabolic health, making it a compelling interven-
tion for managing metabolic syndrome and obesity. TRE 
involves limiting food intake to a speci&c time window, 
often 8-10 hours, while fasting for the remainder of 
the day [29]. This approach aligns eating patterns with 
the body’s circadian rhythms, optimizing metabolic 
processes. Mechanisms of action include improved in-
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lifestyle changes. Group-based programs have been 
shown to be e%ective in providing social support and 
accountability, which are essential for long-term adher-
ence.The article by Muhammad Daniel Azlan Mahadzir 
et al. (2021) focused on group interventions aimed at 
lifestyle change as a strategy for the prevention and 
management of metabolic syndrome [35]. The study 
performed a scoping review of existing interventions 
to assess their e%ectiveness and provide a strategic 
framework for future research in this area. It analyses 
three main intervention designs: randomised controlled 
trials, pre- and post-test interventions, and quasi-ex-
periments. The interventions were predominantly 
multicomponent, focused on nutrition, physical activity 
and behaviour change, and involved multidisciplinary 
teams of health professionals and peer educators. Most 
signi&cant improvements were seen in waist circumfer-
ence, followed by blood pressure. Research highlights 
the role of social support and group interaction in in-
creasing motivation, sharing experiences and achieving 
sustainable lifestyle changes. It concludes that group 
interventions can be a practical and cost-effective 
approach to reducing MetS-related risks and calls for 
more systematic evaluations to better understand the 
long-term impact of such programmes. 

This article Maria Letizia Petroni et al. (2023) explores 
the long-term impact of lifestyle interventions on dia-
betes incidence among individuals with non-alcoholic 
fatty liver disease (NAFLD) [36]. It compares two ap-
proaches: a traditional group-based intervention (GBI) 
and a web-based intervention (WBI). Both methods 
aimed to promote weight loss and healthier lifestyles, 
focusing on their e%ectiveness in preventing diabetes 
over a &ve-year period.NAFLD, a prevalent condition 
linked to obesity and type 2 diabetes, often progresses 
to severe liver diseases and associated comorbidities. 
Given the challenges of maintaining adherence to 
traditional in-person programs, the study investigates 
whether WBI could serve as a viable alternative to GBI, 
providing more 'exibility while maintaining compa-
rable outcomes.The research followed 546 individuals 
with NAFLD, excluding those with diabetes at en-
rollment, and tracked their progress through regular 
clinical assessments. The results showed that both 
interventions achieved similar reductions in average 
body weight and improvements in lifestyle behaviors. 
The incidence of diabetes during the follow-up was 
in'uenced primarily by baseline prediabetes and the 
degree of weight loss, rather than the type of interven-
tion. Weight loss emerged as a key factor in reducing 
diabetes risk, demonstrating the e%ectiveness of life-
style modi&cation regardless of the delivery method.
The study highlights the potential of web-based inter-

in metabolic health and an average weight loss of 2.6 
kg over eight weeks. Research by Stephen R. Baird and 
John A. Hawley (2017) con&rms that physical activity 
(PA) and exercise improve insulin sensitivity (IS) and 
glycaemic control in a variety of populations, including 
healthy individuals, people with metabolic syndrome 
(MS), prediabetes or type 2 diabetes (T2D). Moderate 
aerobic exercise (,30 minutes, 3-5 days per week) and 
high-intensity interval training (HIIT) are both e%ective, 
with HIIT potentially o%ering similar or greater bene&ts 
with less time commitment. Resistance training (REX) 
also improves SI, especially when combined with aer-
obic exercise. The bene&ts of exercise on SI often occur 
independently of weight loss and are associated with 
molecular changes, such as increased GLUT4 and im-
proved skeletal muscle capillarity [32]. This systematic 
review and meta-analysis Anna K. Jansson et al. (2022) 
examined the e%ects of resistance training (RT) on gly-
cosylated hemoglobin (HbA1c) in adults with type 2 dia-
betes mellitus (T2DM) across 20 randomized controlled 
trials (n=1172) [33]. RT signi&cantly reduced HbA1c 
levels compared to control groups (weighted mean 
di%erence = H0.39%, p<0.001), demonstrating its e%ec-
tiveness in glycemic control. Improvements in muscular 
strength were associated with greater reductions in 
HbA1c, highlighting the importance of strength gains 
in RT programs. No signi&cant di%erences were found 
between RT and aerobic training in reducing HbA1c, 
suggesting both are e%ective. Intervention duration 
(8-52 weeks) did not significantly influence HbA1c 
reduction, indicating similar bene&ts from shorter and 
longer programs. Supervised RT programs had better 
adherence and outcomes, but variability in RT protocols 
(frequency, intensity, type of exercises) underscores 
the need for standardized approaches. In conclusion, 
RT is an e%ective strategy to reduce HbA1c in T2DM, 
particularly when it results in strength improvements. 
Fiona C Bull et al. (2020) in their article ‘World Health 
Organisation 2020 guidelines on physical activity and 
sedentary behaviour’ emphasise the importance of 
regular aerobic physical activity and physical activity 
aimed at strengthening muscles, as well as reducing 
sedentary behaviour. All physical activity is bene&cial, 
and this applies to people of all ages and abilities. Their 
recommendation is that all adults should do 150-300 
minutes of moderate-intensity physical activity or 75-
150 minutes of vigorous-intensity physical activity, or 
an equivalent combination of moderate- and vigor-
ous-intensity aerobic physical activity per week [34]. 

Maintaining the bene&ts of lifestyle interventions for 
metabolic syndrome (MetS) and obesity necessitates 
ongoing e%ort and strategic approaches, regular fol-
low-ups and support systems are crucial for sustaining 
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progression of MetS and obesity. Recent advances in 
neuroscience suggest that the bidirectional commu-
nication between the gastrointestinal tract and the 
central nervous system in'uences not only appetite 
regulation but also systemic in'ammation and stress 
responses – key contributors to metabolic dysfunction 
[40]. Fermented foods, rich in probiotics, and prebiotic 
&bers are gaining attention for their potential to re-
calibrate gut microbiota, reducing the in'ammatory 
cascade that exacerbates visceral fat accumulation 
[41,42]. Unlike traditional dietary interventions, which 
focus on macronutrient balance, this approach targets 
microbial ecology as a leverage point, o%ering a novel 
avenue for intervention that could complement existing 
strategies. The psychological bene&ts – such as reduced 
stress and improved mood – may further enhance 
adherence, addressing a critical gap in long-term be-
havior change. Another underexplored frontier is the 
impact of sleep architecture on metabolic health [43]. 
Emerging research indicates that disrupted circadian 
rhythms, driven by irregular sleep patterns or excessive 
exposure to arti&cial light, amplify insulin resistance and 
fat storage, independent of diet or activity levels. In a 
world increasingly dominated by 24/7 connectivity and 
shift work, restoring sleep hygiene could emerge as a 
low-cost, high-impact intervention [44,45]. Techniques 
such as chronotherapy – aligning eating and activity 
with natural light cycles – might amplify the bene&ts 
of dietary and exercise regimens, creating a holistic 
framework that synchronizes metabolic processes with 
environmental cues [46]. This perspective shifts the 
focus from isolated behaviors to the orchestration of 
daily rhythms, potentially rede&ning how we approach 
prevention and management. The advent of wearable 
technology and ambient intelligence o%ers a radical 
rethinking of how lifestyle interventions are delivered 
and monitored [47]. 

Beyond tracking steps or calories, next-generation 
devices could measure real-time biomarkers – such 
as glucose 'uctuations, cortisol levels, or even in'am-
matory markers – providing immediate feedback to 
users and clinicians. Imagine a smart home system that 
adjusts lighting to optimize sleep, prompts movement 
during sedentary periods, or suggests meals based on 
metabolic needs detected through skin sensors. Such 
innovations could transform passive interventions into 
dynamic, adaptive systems, empowering individuals to 
respond proactively to their body’s signals. However, 
this technological leap raises ethical questions about 
data privacy and the risk of over-reliance on automa-
tion, potentially undermining intrinsic motivation. 
Social connectivity, often overlooked in metabolic 
health discussions, may hold untapped potential for 

ventions to expand access to behavioral treatment for 
NAFLD and reduce healthcare costs. While both GBI 
and WBI showed promise, di%erences in participant 
demographics, attrition rates, and follow-up duration 
were noted, suggesting that these approaches may 
cater to distinct populations. The &ndings emphasize 
the importance of weight management and tailored 
strategies to improve long-term health outcomes in 
individuals.

Integrating healthy habits into daily life enhances 
well-being and increases the likelihood of sustaining 
these behaviors long-term. Establishing achievable 
objectives is crucial for maintaining motivation and 
ensuring progress. Utilizing the SMART criteria – Specif-
ic, Measurable, Achievable, Relevant, and Time-bound 
– can aid in formulating e%ective goals. For instance, 
instead of aiming to “exercise more,” commit to “walking 
for 30 minutes, three times a week”.

Self-monitoring is a cornerstone strategy for manag-
ing obesity and achieving sustainable weight loss. By 
tracking dietary intake, physical activity, and weight, 
patients can gain insights into their behaviors and make 
informed adjustments. Regular self-monitoring not only 
enhances accountability but also helps identify patterns 
that contribute to unhealthy habits, making it a valuable 
tool in obesity management. Keeping a food diary is 
one of the most e%ective ways to monitor caloric intake 
and food choices. Patients can log meals, portion sizes, 
and emotional triggers that in'uence eating behaviors. 
Studies show that consistent journaling is associated 
with greater weight loss outcomes. Mobile apps, such as 
MyFitnessPal or LoseIt, provide user-friendly platforms 
for tracking food intake, activity levels, and weight. 
Many apps o%er features like barcode scanning, nutri-
ent breakdowns, and personalized goals, making them 
practical tools for daily use. A study Michele L. Patel et 
al. (2019) demonstrated that individuals using a mobile 
app for self-monitoring lost signi&cantly more weight 
compared to those using traditional methods [37].

 The intertwined epidemics of metabolic syndrome 
and obesity continue to challenge global health sys-
tems, revealing a complex interplay of biology, be-
havior, and environment that de&es simple solutions 
[38]. While lifestyle interventions have emerged as a 
cornerstone of management, their broader implications 
invite a deeper exploration of how these conditions 
re'ect – and are shaped by – evolving societal dynam-
ics [39]. This discussion ventures beyond established 
evidence to consider untapped opportunities, emerg-
ing paradigms, and the transformative potential of 
integrating interdisciplinary approaches to address 
these pervasive health threats. One intriguing dimen-
sion is the role of the gut-brain axis in modulating the 



Impact of lifestyle modi!cation interventions on metabolic syndrome and obesity in adults

1863

framing lifestyle interventions as both a personal and 
ecological imperative, potentially galvanizing broader 
societal support.

CONCLUSIONS
Lifestyle interventions play a pivotal role in managing 
metabolic syndrome and obesity, addressing the root 
causes of these conditions and reducing the risk of 
related complications, including cardiovascular dis-
ease and type 2 diabetes. Dietary changes, such as the 
Mediterranean diet, combined with regular physical 
activity and behavioral support, have consistently 
shown signi&cant improvements in metabolic health 
and weight management. However, adherence remains 
a major challenge, in'uenced by socioeconomic factors, 
cultural norms, and individual motivation. Emerging 
strategies, such as the use of digital tools, personalized 
approaches, and community-based programs, show 
promise in overcoming these barriers and enhancing 
the e%ectiveness of lifestyle modi&cations. To reduce 
the global burden of MetS and obesity, future e%orts 
must prioritize the development of sustainable, scal-
able, and inclusive interventions that integrate into 
daily life and address health disparities. Through collab-
oration between healthcare providers, researchers, and 
policymakers, it is possible to create e%ective solutions 
for these pressing health challenges.

amplifying intervention success. The rise of virtual com-
munities – fueled by social media and gaming platforms 
– o%ers a new paradigm for fostering accountability 
and motivation. Gami&ed health challenges, where 
participants compete or collaborate to meet &tness or 
dietary goals, could harness the power of peer in'u-
ence in ways that traditional group programs cannot. 
This approach aligns with the growing trend of «social 
prescribing,» where healthcare providers connect 
patients to community resources to combat isolation, 
a known risk factor for obesity-related behaviors. By 
reframing health as a collective endeavor rather than 
an individual burden, such strategies could reshape 
cultural attitudes toward lifestyle change, particularly 
in younger demographics increasingly detached from 
conventional healthcare systems. 

The environmental context of MetS and obesity also 
warrants a bold reimagination. Climate change, with its 
cascading e%ects on food security and physical activity 
patterns, introduces a new layer of complexity. Rising 
temperatures and extreme weather may discourage 
outdoor exercise, while disruptions to agricultural 
systems could limit access to nutrient-dense foods, 
pushing reliance on shelf-stable, processed alternatives. 
Conversely, the push for sustainability – through plant-
based diets or reduced meat consumption – aligns 
serendipitously with metabolic health goals, o%ering 
a dual bene&t for individuals and the planet. Public 
health campaigns could capitalize on this synergy, 
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INTRODUCTION
Pseudoexfoliation is a complex, progressive, systemic 
age-related disorder. The early stage of extracellular 
&brillar material deposition on ocular and extraocular 
tissues is referred to as pseudoexfoliation syndrome 
(PEX). The severe advanced stage of this syndrome is 
known as pseudoexfoliation glaucoma (PEXG), which 
manifests with elevated intraocular pressure (IOP) and 
optic nerve damage [1]. As early as 1987 it was recog-
nized that PEX is common and possibly responsible 
for a larger proportion of glaucoma cases than previ-
ously thought [2]. It is estimated that PEX may occur 
in 10–20% of the global population over 60 years old 
(approximately 70 million people). The prevalence of 
PEX is increasing worldwide, and many patients with 
this condition may remain undiagnosed [3].

The pseudoexfoliative material (PEXM) that forms in 
PEX mostly accumulates on various structures of the 
anterior segment of the eye. The nature of this material 
is predominantly &brillar, consisting of &bers made up of 
micro&brils coated with amorphous material. The com-
position of these &brils is diverse, including components 
of the basement membrane as well as enzymes involved 
in extracellular matrix maintenance [4]. Accumulation of 
PEXM contributes to early di%use decompensation of the 
corneal endothelium, and the severity of PEX is signi&-
cantly associated with a reduction in corneal endothelial 
cell density [5]. Through the accumulation of PEXM, local 
in'ammation of the ocular surface increases, leading to 
stenosis of the lacrimal puncta [6].

Interest in PEX is also driven by the fact that it is a 
systemic condition and a risk factor for other diseases. 
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PEX is statistically signi&cantly associated with a history 
of angina pectoris, hypertension, or a combined history 
of angina, acute myocardial infarction, or stroke. Signs 
of PEX detected with a slit-lamp can identify individu-
als with increased vascular risk, highlighting vascular 
associations with PEX in the context of the widespread 
elastosis a%ecting many tissues, including the walls of 
blood vessels [7].

Thus, the main complication of PEX is undoubtedly 
open-angle glaucoma, although angle-closure glauco-
ma can also occur due to pupillary or ciliary block [8]. 
The prevalence of PEX increases markedly with age. 
Individuals with PEX tend to have thinner and 'atter 
corneas; however, no di%erences have been found in 
cataract characteristics or age-related macular degen-
eration compared to those without PEX [9].

The various manifestations of PEX need to be investi-
gated and systematized, as knowledge of them can help 
improve the classi&cation of PEX and thus pave the way 
for better-targeted treatment of both PEX and PEXG.

AIM
To develop an updated and re&ned classi&cation of PEX 
in the context of its complication by PEXG, taking into 
account current understanding of the morphological 
and clinical criteria of PEX and its treatment methods.

MATERIALS AND METHODS
The study analyzed and systematized global and 
domestic scienti&c literary sources and electronic re-
sources regarding the modern understanding of PEX 
and PEXG from the scientometric databases PubMed 
and Scopus. The search for publications was carried 
out using keywords and their logical combinations: 
ophthalmology, PEXG, PEX classi&cation, symptoms and 
treatment of PEX. A total of 35 sources were analyzed, 
mainly from the period 2015-2024 (only 7 of them were 
published earlier). The inclusion criteria were the pres-
ence of existing PEX classi&cations in the publications, 
as well as a description of the symptoms of PEX and 
PEXG, surgical methods of their treatment. Analytical 
and bibliographic methods were employed.

REVIEW AND DISCUSSION 
Clinical and histopathological manifestations of PEX 
involve damage to the lens, the zonular apparatus, the 
ciliary body, the iris, the trabecular meshwork, and the 
cornea [10]. PEX is not limited to the anterior segment 
of the eye. Information exists about histopathological 
characteristics of PEX in various structures – &brillar and 

eosinophilic deposits on the anterior lens capsule, as 
well as on the eyelid and conjunctiva – indicating sys-
temic distribution of PEXM. Understanding the systemic 
consequences of PEX for ocular and extraocular tissues 
may lead to more comprehensive treatment strategies 
for patients with this condition [11].

PEX has been associated with ocular surface diseases, 
speci&cally chronic eyelid redness caused by the long-
term use of multiple glaucoma medications (with or 
without preservatives), due to the more aggressive 
disease course and late-stage glaucoma [12].

Purely clinical evaluation is insu)cient for the clear 
identi&cation of PEX and PEXG signs. The level of IOP 
and the degree of trabecular dysfunction correlate 
signi&cantly with the amount of pigmentation and 
PEXM in the anterior segment of the eye [13]. Indices 
of peripheral blood related to systemic immune in'am-
mation – including the systemic immune-in'ammation 
index (SII), systemic inflammatory response index 
(SIRI), and aggregate index of systemic in'ammation 
(AISI) – were elevated in patients with PEX compared 
to healthy control individuals. Therefore, these indices 
could serve as simple, practical, and cost-e%ective tools 
for assessing the degree of systemic in'ammation in 
PEX patients, potentially guiding treatment [14].

The presence of PEX is associated with an increased 
risk of nuclear cataract [15]. The prevalence of PEX was 
signi&cantly higher in older patients with mature cata-
ract. The mean IOP was signi&cantly higher in eyes with 
PEX than in those without it [16]. However, other data 
indicate that only a small percentage of eyes with PEX 
had elevated IOP, and even fewer had glaucomatous 
optic neuropathy. Thus, no correlation was found be-
tween elevated IOP and the stage of PEX. Additionally, 
in eyes with early-stage PEX, good pupillary dilation 
was observed [17].

Damage to all tissues of the anterior segment of the 
eye leads to a spectrum of intraocular complications 
that are signi&cant for the treatment strategy. Intra-
ocular complications occurring during or after ocular 
surgery in the context of PEX include phacodonesis, lens 
dislocation, and an increased frequency of vitreous loss 
during extracapsular cataract extraction. Other possible 
complications include pseudo-uveitis, anterior chamber 
hypoxia, hemorrhage in the iris stroma, dispersion of 
pigment epithelial melanin, and poor or asymmetric 
pupillary dilation. Due to the involvement of all cellular 
layers of the iris, posterior synechiae may form [8].

PEX is not designated as a separate nosological en-
tity and thus is not included in the International Clas-
si&cation of Diseases (ICD-10 or ICD-11), unlike PEXG, 
which is classi&ed as a form of secondary glaucoma. 
Several classi&cations of PEX have been proposed, but 
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they are not used in clinical practice. PEX is considered 
a systemic disease, in which PEXM can deposit in the 
skin, heart, lungs, liver, kidneys, and other organs. Both 
unilateral and bilateral manifestations are possible. 
Myocardial infarction, cerebrovascular events, and 
systemic hypertension have also been associated with 
PEX. However, PEX was &rst described based on char-
acteristic &ndings of white-gray 'akes on the anterior 
lens capsule [18].

One review article on PEX presented a classi&cation 
based on light biomicroscopy data, distinguishing 
four stages of qualitative changes [19]: from initial 
manifestations of PEX as punctate deposits on anterior 
segment structures at Stage I to disturbances of the 
spatial relationships of anterior segment structures at 
Stage IV. Another classi&cation divides PEX into three 
grades based on the pattern of PEXM distribution: mild 
(partial involvement of the pupil margin), moderate 
(entire pupil margin), and severe (entire pupil margin 
and the surface of the iris) [5].

A di%erent classi&cation concerns phenotypic variants 
of PEX: the pigmented form (thin radial pigmented lines 
on the lens surface, often not involving the pupil), the 
classic form (a “dandru%-like” appearance of deposits 
on the lens capsule, pupillary margin, or iris), and the 
combined form, which combines features of both pre-

vious types and is characteristic of a more advanced 
stage of PEX. In a study of eyes with PEX of di%erent 
phenotypes, glaucoma with signi&cant IOP changes, 
with or without optic disc damage, was observed in 
32% of eyes with the pigmentary form, 39% with the 
classic form, and 50% with the combined form of PEX. 
Di%erent phenotypic variants of PEX were associated 
with a 30% risk of developing ocular hypertension and 
a 50% risk of developing glaucoma [20].

The treatment approach for patients with PEX, par-
ticularly the choice of surgical intervention, depends 
on the severity of degenerative changes in the iris, 
capsule, and zonular apparatus of the lens. Therefore, 
we propose an original classi&cation of PEX (Table 
1) that takes into account the morphological and 
clinical changes in the anterior segment of the eye 
(the pattern of PEXM distribution, pupil diameter, 
degree of iridodonesis and phacodonesis, and the 
presence of lens or intraocular lens [IOL] dislocation) 
and simultaneously prescribes the corresponding 
surgical intervention. This classi&cation is the result 
of an analysis of 67 ophthalmic surgeries performed 
from December 2024 through April 2025 on patients 
with various stages of PEX: 22 eyes with stage 1, 20 
with stage 2a, 13 with stage 2b, 11 with stage 3, and 
1 eye with stage 4 of PEX [21].

Table 1. Classi'cation of PEX
PEX 

Stage Biomicroscopic Criteria Pupil 
Diameter

Iridodonesis / 
Phacodonesis

Lens or IOL 
Dislocation

Preferred Surgical 
Appro

1
PEXM on the pupillary margin 

and anterior lens surface during 
mydriasis

,8 mm Absent Absent
Standard phacoemulsi&-
cation with IOL implan-

tation

23

PEXM on pupillary margin and 
anterior lens surface during 

mydriasis, also in the anterior 
chamber angle, on the iris and 

corneal endothelium

5-8 mm Mild, not requiring 
&xation devices Absent

Phacoemulsi&cation at 
physiological IOP, no 
nucleus rotation, low 

vacuum, IOL implanted 
without &xation device

2b

PEXM on pupillary margin and 
anterior lens surface during 

mydriasis, also in the anterior 
chamber angle, on the iris and 

corneal endothelium

5-8 mm

Clinically and in-
traoperatively pro-
nounced; require 

&xation devices (e.g., 
capsular tension 

ring)

Absent

Phacoemulsi&cation at 
physiological IOP, no 

nucleus rotation, low vac-
uum, IOL implantation 

with &xation device (e.g., 
capsular tension ring)

3

PEXM on pupillary margin and 
anterior lens surface during 

mydriasis, also in the anterior 
chamber angle, on the iris and 

corneal endothelium

<5 mm

Clinically and in-
traoperatively pro-
nounced; require 

&xation devices (e.g., 
capsular tension 

ring)

Absent

Phacoemulsi&cation at 
physiological IOP, no 

nucleus rotation, low vac-
uum, IOL implantation 

with &xation device (e.g., 
capsular tension ring)

4

PEXM on pupillary margin and 
anterior lens surface during 

mydriasis, also in the anterior 
chamber angle, on the iris and 

corneal endothelium

<5 mm
Clinically and 

intraoperatively 
pronounced

Partial or com-
plete dislocation 

of the lens or 
IOL

Phacoemulsi&cation at 
physiological IOP, no 

nucleus rotation, low vac-
uum, IOL implantation 

with scleral or iris &xation

Source: compiled by the authors of this study
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Fig. 1. The photos of eyes 
with di&erent stages of PEX: 
A) PEX 1; C) PEX 21; D) PEX 2b; 
D) PEX 3; E) PEX 4
Source: compiled by the au-
thors based on [21]
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open-angle glaucoma. Therefore, &rst-line prostaglan-
din monotherapy is important for better control of 
elevated IOP and the tendency toward progressive 
glaucomatous vision loss. Timely selective laser tra-
beculoplasty and/or various micro-invasive glaucoma 
surgery (MIGS) procedures are also indicated for PEXG 
when other treatment methods prove ine%ective. In 
particular, combined cataract surgery with translimbal 
trabeculotomy under gonioscopic guidance is highly 
e%ective in reducing IOP in PEXG (possibly by washing 
out PEXM from the anterior chamber and trabecular 
meshwork) [25]. Managing patients with concomitant 
PEXG and cataract is a complex task due to its worse 
prognosis compared to other types of glaucoma and 
the increased risk associated with surgical intervention 
for cataract [26].

Compared to primary open-angle glaucoma, PEXG 
demonstrates more pronounced optic nerve dam-
age and a weaker response to medical therapy. The 
effects of argon laser therapy and filtering surgery 
are similar for these two types of glaucoma, but pri-
mary laser trabeculoplasty has been shown to yield 
better results in PEXG than in primary open-angle 
glaucoma [27].

Laser trabeculoplasty and medical treatment of 
PEXG are equally e%ective, but both lose e%ectiveness 
over several years. It is also necessary to monitor the 
IOP in the contralateral eye, given the potential de-
velopment of glaucoma in it. A signi&cantly high risk 
of complications (capsular rupture, vitreous loss, lens 
nucleus dislocation, and IOL dislocation) has been 
reported following cataract surgery in eyes with PEX. 
The use of modern phacoemulsi&cation techniques 
and devices for capsular support substantially reduces 
these risks [28].

Due to zonular damage associated with pseudoex-
foliation, cataract surgery on eyes with PEX carries an 
increased risk of surgical complications [29]. Phacodo-
nesis and lens subluxation may occur, as well as late 
dislocation of an in-the-bag IOL even years after an 
uncomplicated cataract surgery [30]. The frequency of 
cataract surgery complications did not di%er statistically 
between patients with bilateral PEX and those with 
clinically unilateral PEX [31]. Intraoperative di)culties 
occurred in 27,4% of operated eyes with PEX, with the 
most common problems being poor pupillary dilation 
and zonular dehiscence [32].

PEXG is a more progressive disease than primary 
open-angle glaucoma, with higher IOP levels and 
greater diurnal fluctuation. Cases of PEXG usually 
require more aggressive antiglaucoma treatment, so 
glaucoma surgery is often performed in these patients 
[33]. Certain complications occurred more frequently in 

The photos of eyes with di%erent stages of PEX, taken 
using a slit lamp, are presented in Fig. 1.[21].

Thanks to the proposed classi&cation, it is possible 
to predict the extent of the necessary surgical inter-
vention. All classification criteria (maximum pupil 
width, extent of pseudoexfoliation spread, presence 
or absence of phacodonesis, and presence of lens 
dislocation in stage 4) are identi&ed during the preop-
erative diagnostic stage. The scope and complexity of 
surgical treatment, as well as the need for additional 
IOL &xation devices, depend on the stage of PEX as 
de&ned in this classi&cation. By determining the PEX 
stage according to this system, one can anticipate the 
volume, complexity, duration, and risk of potential 
postoperative complications. This creates a basis for 
determining the required level of surgical expertise, 
estimating the cost of the procedure, calculating the 
number of necessary consumables, and planning 
the involvement of additional resources (such as 
hospitalization or an anaesthesiologist). Moreover, 
this classi&cation provides information to the patient 
(as well as to insurance companies, administrative or 
legal bodies, etc.) about the causes of complications 
and adverse outcomes.

An advantage of this classi&cation is the ability to 
scienti&cally systematize results in clinical studies. Pa-
tients with di%erent stages of PEX are expected to have 
di%ering risks of developing glaucoma. The availability 
of a clear and easily implementable patient grading 
system enables broad multicenter studies, in which all 
investigators can follow a uni&ed principle of patient 
strati&cation, thereby contributing to the understand-
ing and prevention of glaucoma onset and progression.

Patients with PEX and PEXG require continuous 
monitoring and individualized treatment, taking into 
account the speci&cs of their medical history. In one 
population-based study of PEX patients, 16% required 
treatment following evaluation [10]. The use of topi-
cal medications in PEX patients usually leads to poor 
long-term outcomes, but various surgical methods 
have been proposed for treating PEX, such as argon 
laser or selective laser trabeculoplasty. When examin-
ing patients with PEX and/or PEXG, all relevant factors 
must be considered to determine the most appropriate 
treatment strategy. Patients should also be informed 
about the increased risk of potential complications 
[22]. Phacoemulsi&cation for cataract removal results 
in signi&cant IOP reduction and visual improvement, 
making it a more e%ective option for treating PEXG 
[23], particularly in cases with preoperative IOP below 
20 mmHg [24].

PEXG is characterized by larger IOP fluctuations 
and is more resistant to topical therapy than primary 
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patients with PEX is essential for continuous control of 
IOP and other PEX symptoms, as well as for the timely 
initiation of appropriate medical and surgical glaucoma 
treatments while taking into account the risk of surgical 
complications.

A review of global experience regarding PEX man-
ifestations, complications, and treatment methods 
has led to the development of a modern, refined 
classi&cation of PEX that can be used in the education 
and clinical practice of ophthalmologists. In particular, 
the new classi&cation provides the ability to predict 
the volume and complexity of the necessary surgical 
intervention, determine the required level of surgeon 
expertise, estimate the cost of the procedure, and 
assess the risks of potential postoperative compli-
cations. Additionally, this classi&cation opens up the 
possibility of systematic categorization of patients in 
clinical research.

the PEXG group compared to the primary open-angle 
glaucoma group. For example, postoperative best-cor-
rected visual acuity of ,20/40 was achieved in 20% 
of PEXG eyes versus 40% of primary glaucoma eyes; 
nonetheless, both groups experienced improvements 
in vision-related quality of life [34].

It is worth noting the need to study MIGS methods. It 
has been reported that most surveyed ophthalmology 
residents in the United States intend to treat glauco-
ma surgically in their future practice, but training in 
such procedures is not mandatory in ophthalmology 
residency programs [35].

CONCLUSIONS
PEX is a complex and prevalent ocular pathology that is 
di)cult to diagnose and treat; it can lead to glaucoma 
and, ultimately, to blindness. Thorough monitoring of 
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INTRODUCTION
Over the last few years, with the dynamic development 
of medicine, the de&nition of human death has also 
changed- there has been a departure from the con-
cept of human death as a whole. It has been assumed 
that the determinant of human death- as a whole- is 
brain death. In most Western countries, brain death is 
considered the de&nitive moment of a person’s death. 
The introduction of this de&nition facilitated the devel-
opment of transplantation. Legal systems are based on 
medical criteria con&rmed by medical specialists.

These societies are more pragmatic in their approach 
to brain death, although there are still religious or 
philosophical groups (e.g. traditional Catholics or con-
servative Jewish groups) that question this concept.In 
Japan and South Korea, brain death is more controver-
sial. Culturally and religiously (in'uenced by Buddhism 

and Confucianism), life is seen as a whole, and as long 
as the heart is beating, some people do not consider 
the person dead.

In Japan, for years, restrictive regulations regarding 
transplantation were in force, and society had limited 
con&dence in the de&nition of brain death. An additional 
controversy is “presumed consent”. In Poland and France, 
there is a system of presumed consent. In these countries, 
the lack of formal objection means that a person can be-
come an organ donor after brain death. The mechanism 
works on the principle of e)ciency- more organs available 
for transplantation, shorter waiting lists. This is the Act of 
1 July 2005 on the collection, storage and transplantation 
of cells, tissues and organs- the so-called “Transplantation 
Act”. Art. 5 of the Act reads: “The collection of cells, tissues 
or organs from a deceased person may be carried out if 
they did not express an objection during their lifetime.”
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ABSTRACT
For centuries, knowledge about the heart, one of the most important organs in the human body, was limited to assumptions and theories. These ideas often 
served as a basis for understanding the functioning of the circulatory system, but they lacked scienti'c con'rmation. It was not until the 17th century that 
scientists began to conduct more detailed, although often risky, experiments that shed light on the functioning of the heart. These experiments marked the 
beginning of reliable insights into the functioning of the circulatory system. As medical knowledge developed, the focus shifted to the treatment of circulatory 
system diseases. Initially, treatment consisted of minor procedures, but advances in science and technology paved the way for groundbreaking achievements. 
A historic milestone occurred on December 7, 1967, when the world’s 'rst successful heart transplant was performed. This achievement revolutionized medi-
cine, giving new hope to patients with serious heart diseases. Today, a heart transplant is often considered a treatment of last resort, saving lives when other 
treatments have failed and signi'cantly reducing mortality from cardiovascular disease (Circulatory System Disease). Despite advances in medical science, 
cardiovascular disease remains a global health challenge, a&ecting about 40% of the world’s population. In Poland alone, about 12 million people su&er from 
conditions such as hypertension, myocardial infarction, stroke or atherosclerosis. These diseases have become a major public health problem, underlining the 
importance of prevention, early detection and advanced treatment options to combat their prevalence and impact.
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In the USA, Japan, and Germany, on the other hand, 
there is a system of expressed consent. Only people 
who have clearly declared their willingness to be donors 
can donate their organs after death. Main regulation: 
Law on the Donation, Removal, and Transfer of Organs 
and Tissues- “Transplantation Act- TPG”, of November 5, 
1997, e%ective December 1, 1997. “Anyone who makes 
a declaration regarding organ and tissue donation may 
consent to organ and tissue removal in accordance 
with Section 3, object to it, or delegate the decision to 
a named person of their trust”.

It requires broad public education and encouraging 
people to register as donors. The e%ectiveness is lower, 
which leads to longer queues of people waiting for a 
transplant. Complex problems, disputes and dilemmas 
around the term of brain death and presumed consent 
to the removal of organs from a deceased donor have 
become the subject of numerous acts of international 
law. In 1978, the Committee of Ministers of the Council 
of Europe issued a resolution to unify the legislation of 
member states on the removal and transplantation of 
organs and tissues from living and deceased donors [1, 2]. 

The Catholic Church has also taken a position on trans-
plants, thus supporting the treatment of patients with 
end-stage organ failure. Pope John Paul II and bishops 
have repeatedly expressed this in their teaching and in 
collegial speeches, emphasizing that “the body of the 
deceased deserves respect, and the removal of an organ 
after death does not violate its dignity or any rights of a 
human person” [3]. In 2000, John Paul II, at a meeting with 
participants of the 18th International Transplantology 
Congress in Rome, said: “Transplantation is a great step 
forward in the service of science to mankind and currently 
many people owe their lives to a transplanted organ” [3].

AIM
The aim of the paper is to present the path to the &rst 
heart transplant in Poland. The paper, by explaining 
the basic terminology in the &eld of transplantology, 
will go through a historical outline, including several 
important dates that have a great signi&cance for the 
further course of the performed operations. Then we 
will focus on the &rst transplant attempt in Poland and 
the subsequent procedures performed. We will focus 
on the statistics related to transplants in Poland in the 
last 10 years and explain the process of qualifying the 
patient and donor for the heart transplant procedure.

MATERIAL AND METHODS
This publication is based on studies published in 
PubMed and Google Scholar. A thorough literature 

search was conducted, covering publications from the 
years 1985-2024 to provide a comprehensive and up-
to-date review of relevant &ndings. The search strategy 
included the use of speci&c keywords “&rst transplanta-
tion in Poland”, “history of transplantology” and “trans-
plant quali&cation process”. The initial search yielded 
approximately 30 articles. After a detailed review, 18 
articles related to the topic of the article were select-
ed. The selection process gave priority and a primary 
theme to articles that provided direct information on 
the history and present of transplantology in Poland 
and worldwide.

The remaining 12 articles were excluded due to 
irrelevance or lack of focus on important aspects in 
the history of transplantology and current patient 
quali&cation processes in Poland. The selection of 18 
key articles forms the basis of this review, ensuring that 
the conclusions drawn are both justi&ed and consistent 
with current scienti&c knowledge.

REVIEW

 HISTORICAL OUTLINE
The term transplantation– organ transplantation, 
means the transplantation of an organ in whole or in 
part, tissue or cells from one body to another (or within 
one body). The name comes from the Latin transplan-
tare – “to graft”, plantare – “to plant” [4]. Cells (bone 
marrow, pancreas, brain or epidermis), parts of organs 
(heart valves, skin 'aps, blood vessels) or entire organs 
can be transplanted: most often kidneys, heart, liver 
and pancreas. This has become possible thanks to the 
progress of immunology and new immunosuppressive 
drugs that prevent rejection of the transplanted organ 
[5]. Modern transplantology is considered a relatively 
young &eld of medicine, because its intensive devel-
opment occurred in the &rst years of the 20th century. 
It is widely considered to be the greatest achievement 
of modern medicine. However, unsuccessful attempts 
at organ transplantation, as reported in records and 
various legends, date back to the Middle Ages. Man 
has long wanted to replace lost or diseased organs 
with healthy ones. The &rst mentions of a successful 
transplant date back to the 13th century. A legend 
from the life of Saints Cosmas and Damian (4th century) 
about the transplantation of a leg to a sick person has 
survived to this day. This successful procedure has been 
recorded in numerous paintings kept in the Louvre in 
Paris [6]. Initially, the source of transplanted tissues and 
organs were animals. These are so- called xenogenic 
transplants. Only with the gaining of experience and 
the conducting of numerous studies in the &eld of 
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genetics and immunology did transplants of tissues 
and organs taken from humans begin to be performed 
more frequently [7]. The &rst tissue transplanted to a 
human was sheep blood, which took place in the years 
1635– 1704 thanks to the work of J.B. Denis and P.E. Em-
merez. However, due to numerous fatal complications, 
this procedure was banned. The breakthrough came 
in 1901, when K. Landsteiner discovered blood groups 
A, B and 0, and a year later A. von Castello and A. Sturli 
added group AB, which signi&cantly contributed to the 
development of transplantology [7]. In 1902, Ullmann 
in Vienna performed the &rst autotransplantation of a 
kidney in a dog, and in 1905 Alexis Carrel repeated the 
experiment, although the transplanted kidneys did 
not function. Both surgeons, however, developed a 
technique for suturing vessels, including the so- called 
Carrel suture, which earned him the Nobel Prize in 1912 
[8]. Another important discovery was the identi&cation 
of the Rh factor by K. Landsteiner and A.S. Winer in 1940, 
which enabled the widespread use of blood transfu-
sions. The Polish scientist L. Hirszfeld also distinguished 
himself in the study of serological con'icts [7]. During 
World War II, it was noticed that many seriously injured 
patients died of acute renal failure, which focused 
attention on the development of transplants. The &rst 
human kidney transplant was performed in 1933 by the 
Russian surgeon J. J. Voronoi. In the years 1947–1952, at-
tempts were continued in Canada and France, although 
without major success [9]. The &rst successful kidney 
transplant between twins was performed by Murray 
and Merrill in Boston in 1954. Progress in this &eld re-
quired overcoming problems related to complications 
after transplants. An important step was the discovery 
of immunological causes of transplant rejection, which 
was studied by, among others, Medawar and Dausset, 
who in 1958 described the histocompatibility antigen 
HLA [8]. In 1980, Benacerraf, Dausset and Snell demon-
strated genetic dependencies in protein structures on 
the cell surface [7]. The second half of the 20th century 
brought successes thanks to the development of im-
munosuppression methods, i.e. treatment that inhibits 
the body’s immune reactions. Initially, body irradiation 
was used, but the breakthrough came with the intro-
duction of drugs such as 6- mercaptopurine (6- MP) 
and cyclosporine, as well as the use of antilymphocyte 
serums and globulins [7]. In ophthalmology, corneal 
transplantation has been used since 1906, initially 
developed by E. K. Zirm and improved by Moner in the 
1940s. In reconstructive surgery, skin and arti&cial skin 
grafts are used, and since 1957, urology has used the 
small intestine for bladder plastic surgery. In 1963, J.D. 
Hardy performed a successful lung transplant, in 1966 
W. Kelly and R. Lillehei transplanted a pancreas, and in 

1967 C. Barnard performed the &rst heart transplant.

THE FIRST HEART TRANSPLANT IN THE 
WORLD
 Christiaan Barnard was born on November 8, 1922 in 
Beaufort West, a small town in South Africa. The heart 
surgeon was 5 years old when his brother, who was 
2 years younger, died of tetralogy of Fallot, which is 
a rare congenital heart defect. It was the death of his 
brother and the thought [...]“ what would it feel like to 
have another person’s heart beating in my chest” that 
caused his fascination with the circulatory system and 
especially the heart. He trained by conducting heart 
transplants on dogs. Together with his team (includ-
ing his second younger brother Dr. Marius Barnard), 
on December 7, 1967, he attempted the &rst heart 
transplant at the Groote Schuur Hospital in Cape 
Town. The patient was 53- year- old Louis Washkansky. 
The patient su%ered from heart failure and had also 
su%ered 3 heart attacks during his life. The heart to be 
transplanted belonged to a victim of a road accident- 
25- year- old Denise Darvall. Before the procedure, Dr. 
Barnard assured the man’s family that the chance of 
success was very high and amounted to 80% [10]. The 
heart transplant operation on the grocery store owner 
lasted 5 hours and was attended by 30 people. After 
the procedure, the patient woke up and was in very 
good condition- he talked to doctors, gave interviews, 
posed for photos. However, he died after 18 days, from 
causes that were not directly related to the procedure. 
The cause of death was pneumonia, which developed 
after the administration of anti- rejection drugs and at 
the same time weakened the body’s resistance to var-
ious infections. After his death, Christiaan Barnard was 
criticized by most ethicists for misleading the family and 
the patient himself regarding the very high percentage 
points of the chance for a successful procedure and 
prognosis. Barnard later justi&ed his decision with a 
vivid metaphor: “If a lion chases you onto the bank of 
a river infested with crocodiles...”. This analogy, while 
emotionally compelling, has been critiqued in bioethics 
for oversimplifying patient consent and minimizing 
the uncertainty of experimental procedures. Public 
reactions to Barnard’s operation ranged from severe 
criticism to enthusiastic admiration, re'ecting the eth-
ical and societal tensions of the time [11, 12].

THE FIRST HEART TRANSPLANT IN EUROPE
On April 27, 1968, in Paris, a team of cardiac surgeons led 
by Professor Christian Emile Albert Cabroli undertook 
a heart transplant. The patient was a 66- year- old man 
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At that time, Poland lacked modern heart- lung ma-
chines, which were already standard in countries such 
as the US and France. The equipment used was outdat-
ed, which made it di)cult to control circulatory and 
oxygenation parameters during surgery. At that time, 
Poland did not have access to modern immunosup-
pressive drugs, such as azathioprine or corticosteroids, 
which were already used in Western countries. This 
signi&cantly increased the risk of transplant rejection. In 
Poland, there were no clear regulations governing the 
issue of organ harvesting for transplantation, including 
the de&nition of brain death.

The death of the donor was determined mainly on 
the basis of cardiac arrest, which caused delays in organ 
harvesting and reduced their chances for successful 
transplantation.

The lack of legal regulations led to ethical controver-
sies- both in the medical community and in society. 
Heart transplantation was an innovative procedure 
that aroused mixed reactions in Poland, especially 
among more conservative circles. Some religious and 
social groups considered heart transplantation to be 
unnatural or inconsistent with the teachings of the 
Church. The &rst transplant attempt was a milestone 
in the world of cardiac surgery. The experience from 
this operation allowed for the gradual construction of 
modern transplantology in Poland, and in the following 
decades the country became one of the leaders in this 
&eld in Central and Eastern Europe [11, 13].

PATIENT FROM KRZEPICE FOR TRANSPLANT
Professor Marian Zembala, found out that the father of 
a friend from his hometown was staying in the Cardiol-
ogy Clinic. According to Professor Marian Zembala, the 
patient was breathing with great di)culty and could 
barely speak. During the conversation with the patient, 
he mentioned that his heart would not withstand such 
an operation and suggested a heart transplant in co-
operation with Professor Religa. He reassured him and 
explained that people with a new heart can continue 
to live. He told him about a case in France, about a 
man who had had a new heart for eighteen years. 
The patient from Krzepice agreed without a second 
thought because he knew he did not have much time 
left to live, while Zbigniew Religa did not make such a 
decision right away. He saw that he was not an ideal 
patient for a transplant. The patient was exhausted 
by a long- term severe heart disease. A conversation 
with the patient, a discussion with Professor Pasyk and 
members of the team decided that having a donor for 
a transplant with the 0Rh (+) group, they would try to 
take a risk. The patient was transferred in October to 

su%ering from advanced heart failure, which threatened 
his life. His health condition was so serious that a heart 
transplant was the only chance for survival. Due to 
the lack of e%ective pharmacological treatments, the 
operation was classi&ed as experimental. The donor 
heart was a patient who had died as a result of a brain 
injury. In 1968, the criteria for declaring brain death 
were not yet well established, which was one of the 
controversial aspects of the operation. The donor heart 
was taken shortly after the death was announced to 
ensure its best condition. The procedure was consid-
ered successful despite the patient’s death after 51 
hours due to the fact that the heart was accepted by 
the recipient and began to beat in the patient’s body. 
The patient’s immune system attacked the new heart, 
a common problem at the time, when the e%ectiveness 
of immunosuppressive drugs was limited. Cabrol was 
a very well- known person in France. In addition to the 
&eld of cardiac surgery and transplantology, which 
he dealt with mainly, he was also a local government 
o)cial, politician, and MEP of the 4th term. The history 
of Christian Cabroli places him in the &rst row of great 
scientists who achieved great achievements in the &eld 
of transplantology, because this event became the &rst 
milestone in European cardiac surgery [12].

THE FIRST ATTEMPT AT A HEART 
TRANSPLANT IN POLAND
In December 1968, a patient with an advanced heart 
defect was admitted to the hospital. Professor Jan Moll, 
together with professors Antoni Dziatkowiak and Kaz-
imierz Rybiński, undertook the &rst attempt at a heart 
transplant in Poland on January 4, 1969. Jan Moll led 
the team operating on the recipient, while Kazimierz Ry-
biński led the team at the donor’s table. The donor was a 
27- year- old boy with irreversible brain damage. When 
the doctors decided to disconnect the equipment and 
pronounced brain death, they asked the deceased’s 
mother about saving the heart for transplantation into 
another organism. During the operation, it turned out 
that the organ recipient could not be disconnected 
from extracorporeal circulation due to the fact that the 
heart had swollen and distended, which resulted in the 
loss of contractile strength. Despite further attempts to 
stimulate and support the heart, the patient could not 
be saved. He died on the operating table. The &rst un-
successful transplant attempt resulted in the deceased’s 
family &ling a crime report with the prosecutor’s o)ce. 
Although the case was dismissed, Prof. Moll did not 
attempt any more transplants Rybiński changed his spe-
cialization to endocrinology and became the founder 
of Polish endocrine surgery [13].
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deteriorated signi&cantly. He was urinating less and 
less and blood was still 'owing from the drains, which 
doctors concluded that he had problems with clotting. 
At around 4 p.m., his chest was reopened, and there 
were a lot of clots in it. Doctors tried to transfuse blood, 
but kidney failure, a ruptured stomach ulcer, and the 
aforementioned lack of clotting caused the patient’s 
death. The patient died on November 11, 1985 at 8:02 
a.m. An autopsy was performed, which found no traces 
of the transplant rejection process. The cause of death 
was most likely multiple organ failure resulting from 
postoperative complications. At that time, immunosup-
pressive drugs, which prevent rejection of transplanted 
organs, were not yet available in Poland in su)cient 
quantities, which made it di)cult to control the heart 
rejection process [12]. The &rst heart transplant per-
formed in the Zabrze clinic, despite its dramatic course, 
did not discourage the team of cardiac surgeons led 
by Professor Zbigniew Religa from continuing such 
operations. A week later, on November 12, 1985, the 
second transplant was performed. The patient was a 
25- year- old man su%ering from stage IV heart failure 
according to the NYHA classi&cation, caused by post- 
in'ammatory cardiomyopathy. The patient’s condition 
was constantly deteriorating, and conservative treat-
ment proved ine%ective. The ejection fraction of his left 
ventricle was 35%, and the pulmonary pressure reached 
45 mmHg. The donor was a 30-year-old man in a state 
of brain death after a skull injury. Initially, there were no 
complications after the surgery, and biopsies did not 
show any rejection of the transplant. However, after 
several weeks, the patient struggled with infections, 
including fungal pneumonia and generalized sepsis, 
which led to his death 39 days after the procedure. The 
transplanted heart functioned properly, which indicates 
the success of the transplant– if not for the complica-
tions related to the necessary immunosuppression, 
the patient would have had a chance for a long- term 
improvement in health [10]. The third heart transplant 
in the Zabrze clinic took place on April 25, 1986. The 
patient was a 34-year-old man with advanced heart 
failure, which was a consequence of previous heart 
attacks and bypass surgeries. His ejection fraction was 
only 10%, and pulmonary pressure- 75 mmHg. The 
donor was a 35-year-old man who had been diagnosed 
with brain death after a skull injury. The surgery was 
initially without complications, but from the second day 
onwards, progressive right ventricular failure appeared, 
associated with persistent pulmonary hypertension. 
Despite intensive therapy, the patient died on the 
seventh day after the transplant. This case con&rmed 
that persistent pulmonary hypertension is a key con-
traindication to heart transplantation. The next, fourth 

the Provincial Cardiology Center (WOK),  in Zabrze. 
The doctors were skeptical about making the attempt, 
because the patient was receiving a continuous infusion 
of dopamine and any attempt to disconnect it resulted 
in shortness of breath. His heart contracted only as a 
result of the administration of stimulants. The plan to 
undertake the transplant was still in the doctors’ heads 
and the con&rmation was the fact that the National 
Duty Physician reported the need for a heart donor. On 
Monday, November 4, 1985, the patient looked weaker 
and weaker, but the ward was revived, as it turned out 
that a donor for a new heart had been found. Around 2 
a.m. after reaching the WOK, Zbigniew Religa informed 
the patient that the heart was on its way to Zabrze [11].

ORGAN DONOR
The organ donor turned out to be 29- year- old 
W$odzimierz Z, who had been in the Wolski Hospital 
in Warsaw for neurosurgery since November 1 with a 
damaged skull and brain. The donor was found on a 
bench in a park in the capital of Poland. He was bleed-
ing badly, he had probably been hit with a non- sharp 
object. Despite immediate surgery, doctors were unable 
to cope with the injuries that were too severe. The drop 
in body temperature, the lack of eyeball response to 
stimuli and the lack of independent breathing caused 
them to disconnect the arti&cial respiration apparatus 
on November 4 and issue a death certi&cate. Doctors 
contacted Religa, knowing about his idea. The proposal 
to save another person’s life using the organs of a de-
ceased person was met with no objections from the 
potential donor’s family. Tissue compatibility tests were 
performed by taking samples from the inguinal lymph 
nodes and blood. The results had to wait until late at 
night that same day. The results were communicated 
to the WOK by phone, and after midnight Doctor Grze-
gorz Gallert (anaesthesiologist) and Cichoń, together 
with the donor, got into the transport ambulance. The 
people travelling in the ambulance were constantly 
supplementing the donor’s body with the necessary 
drugs to maintain the organs’ ability to be transplanted. 
The results were correct and the organ was suitable for 
transplantation. In this way, the heart reached Zabrze 
and the recipient was ready to receive the organ, which 
started the procedure for the donor and the recipient 
[10, 11].

AFTER THE OPERATION
 The patient woke up at around 2 p.m. Doctors recom-
mended that the patient stay in bed and do breathing 
exercises. On November 7, the patient’s condition 
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cantly reduced the risk of acute rejection compared 
to cyclosporine (RR = 0.56, 95% CI: 0.43–0.73) without 
increasing overall mortality [1]. Similar &ndings were 
observed in heart transplant recipients. A meta-analysis 
conducted by Penninga et al. (2010) evaluated seven 
randomized trials with 885 patients and concluded 
that tacrolimus was associated with a lower incidence 
of severe acute rejection at both 6 and 12 months (RR 
~0.61–0.69), while also showing a trend toward reduced 
treatment discontinuation [2]. Although tacrolimus was 
linked to a higher incidence of new- onset diabetes 
after transplantation (NODAT), its superior e)cacy in 
reducing immunological complications often made it 
the preferred &rst-line agent.

In Poland, observational cohort studies have corrobo-
rated these global trends. A multicenter study conduct-
ed on 734 kidney transplant recipients across several 
Polish centers revealed that tacrolimus- based regimens 
were associated with signi&cantly fewer episodes of 
biopsy-proven acute rejection and tended toward 
improved one- and &ve-year graft survival compared 
to cyclosporine- based therapy. These bene&ts were 
especially notable in patients with high immunologic 
risk or delayed graft function, highlighting the drug’s 
applicability in challenging clinical scenarios.

In liver transplantation, tacrolimus has similarly 
outperformed cyclosporine in several domains. Ac-
cording to a Cochrane review by Haddad et al. (2006), 
tacrolimus improved patient and graft survival at one 
year and resulted in better control of blood pressure 
and lipid pro&les. However, this came at the cost of 
higher incidence of metabolic side e%ects, particularly 
post-transplant diabetes mellitus. Despite this, due to 
its ability to more e%ectively suppress T-cell mediated 
rejection, tacrolimus became the preferred CNI in many 
liver transplant protocols worldwide, especially in the 
early post-transplant period [14].

An important aspect of this therapeutic comparison 
lies in long-term follow-up. While short-term bene&ts of 
tacrolimus are well documented, long-term exposure to 
calcineurin inhibitors, regardless of type, is associated 
with nephrotoxicity, neurotoxicity, hypertension, and 
metabolic syndrome. Thus, many transplant centers 
are moving toward minimization strategies, such as 
lowering tacrolimus trough levels, introducing adjunc-
tive agents (e.g., mTOR inhibitors or mycophenolate 
mofetil), or switching to CNI- free regimens in select 
patients. Yet, most comparative studies still suggest that 
tacrolimus o%ers a more favorable risk-bene&t pro&le, 
particularly when metabolic side e%ects are carefully 
monitored and managed [15].

In conclusion, both tacrolimus and cyclosporine 
remain foundational drugs in transplant immunology, 

transplantation took place on May 11, 1986 and was 
successful. The recipient was a 35-year-old patient with 
a history of two heart attacks and increasing dyspnea 
and circulatory failure of NYHA class IV. The donor was 
a 35-year-old woman who died of acute respiratory 
failure. The operation was successful and the patient 
regained full circulatory capacity [12, 13]. After four 
weeks he left the clinic in good condition and his health 
remained at a satisfactory level for many years. It was 
the &rst fully successful heart transplant performed in 
Poland, proof of the determination and skills of Polish 
cardiac surgeons.

At that time, the availability of modern immunosup-
pressive drugs in Poland was limited. The introduction 
of cyclosporine in the early 1980s revolutionized trans-
plantology, but its use in Poland was di)cult due to 
high costs and limited access. These drugs were crucial 
for preventing rejection of transplanted hearts, but they 
had numerous side e%ects, such as kidney damage, 
increased risk of infection and cancer. In the 1980s, 
methods of monitoring rejection were less advanced 
than they are today. Endomyocardial biopsies were 
di)cult to perform, and immunological tests were less 
precise. Thanks to state support and the involvement 
of Professor Religa’s team, cyclosporine was introduced 
into postoperative therapy. Intensive cooperation with 
foreign centers helped to obtain modern drugs and 
knowledge about their use [11, 12].

THE ROLE OF TACROLIMUS IN MODERN 
IMMUNOSUPPRESSIVE REGIMENS: A 
COMPARATIVE CLINICAL PERSPECTIVE
Immunosuppressive therapy remains the cornerstone 
of successful solid organ transplantation, aiming to 
prevent graft rejection while minimizing adverse e%ects 
and maintaining long- term patient and graft survival. 
Among the various classes of immunosuppressants, cal-
cineurin inhibitors (CNIs) – primarily cyclosporine and 
tacrolimus – have been the mainstay of maintenance 
immunosuppression since the late 20th century. Over 
the past two decades, extensive clinical research, ran-
domized controlled trials, and systematic reviews have 
focused on comparing the e)cacy and safety of these 
two agents in di%erent transplant settings, including 
heart, kidney, and liver transplantation.

Tacrolimus, &rst approved for clinical use in the 1990s, 
is generally considered more potent than cyclosporine 
and has been associated with improved outcomes in 
various transplant populations. A systematic review and 
meta- analysis by Webster et al. (2005), which included 
30 randomized controlled trials involving kidney trans-
plant recipients, demonstrated that tacrolimus signi&-
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activities in the process of organ collection. Organs can 
also be obtained from a living donor – then these are ex 
vivo transplants. The procedure for obtaining organs is 
then slightly di%erent and less complicated [18]. 

In the initial period, organs from donors were collect-
ed in designated hospitals that ran transplant centers. 
This involved sending corpses to these centers, which 
often caused conflicts with the families of the de-
ceased. In the 1990s, attempts were made to improve 
the system of collecting organs for transplantation. In 
1996, the Organizational and Coordination Center for 
Transplantation Poltransplant was established. It is a 
budget unit subordinate to the Ministry of Health and 
Social Welfare, established under the Transplantation 
Act of 1996. The Poltransplant o)ce is located in the 
Infant Jesus Hospital in Warsaw [18]. The process of 
collecting organs for transplantation requires extensive 
knowledge, responsibility, planning, and e)cient 'ow 
of information at many levels. It is also di)cult because 
in this process (especially when it concerns ex mortus 
transplants) one should not skip the conversation with 
the family, providing them with su)cient information, 
care and support [19]. 

Transplant coordinators play an important role in this 
process. A transplant coordinator is a person responsi-
ble for the organization, supervision and coordination 
of the entire process of organ procurement. Usually, this 
is a specialist with medical education, e.g. a doctor or 
nurse, who deals with a wide range of activities, from 
the identi&cation and quali&cation of donors, through 
the organization of the procurement process, to the 
care of transplant recipients. Coordinators also deal with 
documentation and education, organizing workshops 
and information campaigns. In order to e%ectively per-
form their duties, coordinators must have knowledge 
in the &eld of clinical transplantology, immunology, 
intensive care, but also in clinical psychology, law, and 
organization and management. In countries with a 
well-developed network of transplant coordinators, 
such as Spain, the Netherlands or the United States, the 
number of donors who are identi&ed and quali&ed for 
transplants is much higher, and the system functions 
more e)ciently. In Poland, however, there is a shortage 
of coordinators, and their tasks are usually limited to 
transplantation centers or regional coordinators. Find-
ing the right specialists in hospitals where potential 
donors are identi&ed is di)cult, and the system still 
requires improvement. A special role is played by local 
coordinators, who work in hospitals where it is possible 
to identify potential deceased donors, and therefore 
where organs can be collected for transplantation. In 
Poland, the transplant system has undergone signi&-
cant changes in recent years. According to data from the 

but the evidence from large- scale meta- analyses and 
clinical trials consistently favors tacrolimus in terms of 
reducing acute rejection, improving graft survival, and 
achieving superior overall outcomes across organ types. 
Nonetheless, patient- speci&c factors, comorbidities, 
and risk of metabolic complications must guide ther-
apeutic decisions. Ongoing research is also exploring 
pharmacogenetic predictors of CNI response, aiming 
to tailor immunosuppression more precisely and safely 
in the future.

ORGAN PROCUREMENT PROCEDURE AND 
ORGANIZATION
In Poland, there is Act No. 169 item 1411 of 2005, which 
allows for the removal of organs from a deceased per-
son only if they did not express their objection to such 
a procedure during their lifetime. People who do not 
want their organs to be used after death are required to 
&le their objection in the Central Register of Objections. 
For those who have not registered such an objection, 
the organ harvested from the deceased can be used 
for transplantation. However, this process involves 
many procedures to ensure that the organ goes to the 
most suitable recipient. A key aspect that determines 
the success of the transplant is the precise matching 
of donors and recipients, which involves a number of 
detailed medical and immunological tests.

The &rst step in this process is the compatibility of 
blood groups between the donor and the recipient, 
which is the basis for the initial selection. Then it is 
necessary to look for the greatest possible genetic com-
patibility between the donor and the recipient in terms 
of histocompatibility antigens (MHC – Major Histocom-
patibility Complex). The complex MHC plays a key role 
in recognizing histocompatibility antigens, especially 
HLA (Human Leukocyte Antigens) class I and II proteins, 
which are present in all human cells [16, 17]. Obtaining 
organs for transplantation is the most important prob-
lem in transplantology. Advances in medicine and the 
development of modern transplantology have caused 
an imbalance between the number of people waiting 
for transplants and the number of organs obtained. The 
problem is growing not only in Poland, but also all over 
the world. This is related to the paradox occurring in 
transplant medicine – a living organ is needed for organ 
transplantation. It can be obtained from a deceased 
donor, then we talk about ex mortus transplants, but 
for it to be successful, it depends to a large extent on 
the quality of the organ obtained. In addition to many 
factors (e.g. donor age, health condition, course of brain 
death, conditions of organ storage), the quality of the 
organ obtained is also in'uenced by organizational 



The path to the !rst heart transplant and current transplantology in Poland

1881

Supreme Audit O)ce (NIK) from the &rst half of 2021, 
there were 388 hospitals in the country with the po-
tential for organ donation, of which 255 facilities (66%) 
employed a total of 314 transplant coordinators [20]. 

The process of organ collection begins with the iden-
ti&cation of the donor and reporting to the regional 
coordinator. In order to streamline the activities, a so-
called 6- step strategy was developed (Table 1). After 
the collection of organs, the team involved in donor 
identi&cation receives written and oral information from 
the coordinator about the results of the transplanted 
organs. The donor’s family also receives information and 
support, but the recipient remains anonymous. Even if 
the diagnosis of brain death is clear, families often expe-
rience emotional resistance to this decision, especially 
in the case of young people who have su%ered serious 
injuries or accidents. In such situations, a key role is 
played by anaesthesiologists who ensure appropriate 
communication with the family, providing support 
and explaining di)cult issues related to the diagnosis 
and the possibility of organ collection. Poltransplant 
organizes training for anesthesiologists, which aims to 
prepare them to conduct di)cult conversations with 
the families of the deceased. In Poland, the family of 
the deceased formally has no right to object to organ 
donation, because the principle of presumed consent 
applies. The decision to donate organs depends solely 
on whether the deceased person objected during 
life in the manner provided for by law. If no objection 
was raised, it is assumed that the deceased agreed to 
be a donor. Despite the legal basis of organ donation 
based on “presumed consent”, each interaction with 
the family should be full of respect, sensitivity and care. 
Failure in this respect can lead to social resistance to 
transplantation, which is why proper communication 
and emotional support are so important and should 
accompany the entire process [18, 21].

NUMBERS IN POLAND AND THE WORLD R 
HEART TRANSPLANTATION
From 1985 to 2023, 3,272 heart transplants were per-
formed in Poland. Out of 38,288 total transplants, this is 
8.55%. The table shows the last 10 years of the annual 
summary by the Polish Society of Transplantology. Ac-
cording to the WHO global reports, in 2021 (this is a 
report from December 2022), hearts were transplanted 
8,409 times, which was 5.82% of all 144,302 transplants 
in the world. Although the result is reduced by 0.42% 
of all transplants compared to the previous year, 308 
more transplants were performed than in 2020. Bar 
chart showing the distribution of heart transplants 
performed on individual continents in 2020.

In the years 2013–2023, the number of heart trans-
plants in Poland showed a clear upward trend, which is 
re'ected in the data presented in the table. In 2013, only 
87 heart transplants were performed, which constitut-
ed 5.40% of all organ transplants in the country. In the 
following years, this number systematically increased, 
reaching a maximum in 2021- 200 transplants, which 
constituted as much as 14.99% of all transplants, which 
may be the e%ect of increased activity after the period 
of pandemic restrictions in 2020. In 2023, 182 heart 
transplants were performed, which – despite a decrease 
compared to 2021 – still indicates a persistently high 
level of transplant activity [22]. 

The increase in the number of heart transplants can 
be associated with advances in diagnostics, patient 
quali&cation, the development of organ perfusion tech-
nology, as well as improvements in the organization 
of donation. It is interesting, however, that despite the 
growing number of transplants performed, the total 
number of transplants (of all organs) did not show a sta-
ble increase- for example, in 2014 and 2015, 1,619 and 
1,508 transplants were performed, respectively, while in 
2021 there were only 1,334. This means that the share 
of heart transplants in the total number of transplants 
in Poland increased not only due to the increase in the 
number of these operations, but also as a result of a 
decrease in the transplantation of other organs in some 
years. Such a phenomenon may indicate the need for 
further analysis of human resources and infrastructure 
in the transplant system. The years 2017 and 2018 are 
also particularly important, as there was a decrease in 
the number of heart transplants (97 and 145, respective-
ly), which may suggest local organizational problems, 
a temporary limitation in the availability of donors, or 
the e%ects of legislative changes. In total, however, the 
data for the years 2013–2023 re'ect a clear trend in the 
development of Polish heart transplantology, with the 
simultaneous need to continue supporting it through 
systemic and social activities, such as educating the 
public about organ donation, developing donation 
programs after cardiac arrest (DCD) or expanding donor 
quali&cation criteria (Table 2) [23-25]. 

The second graph illustrates the number of heart 
transplants in individual WHO regions and con&rms the 
signi&cant disproportion in access to transplantology 
between world regions. The Americas region (mainly the 
USA and Canada) leads with 4,419 transplants per year, 
while the European region – second in terms of the num-
ber of transplants – performs 2,513 operations per year. 
The Western Paci&c region is next in line (949 transplants), 
and much lower values are observed in Southeast Asia 
(122), the Mediterranean region (98), while the African 
region does not record any heart transplants (Fig. 1). 
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Fig. 1. Bar chart showing the distribution of heart transplants performed on each continent in 2020 
Source: [21] 

 Table.1. 6 Step Strategy 
STEP I Identi&cation of potential organ donors among the deceased (ICU patients – with symptoms of brain death)

STEP II Ful&llment of legal and clinical requirements necessary for organ collection (data from medical history, previous laboratory 
tests, bacteriological, viral, fungal, tumor tests, certifying brain death

STEP III Assessment of organ use, ful&llment of legal and social requirements: organ collection in accordance with Polish legislation, 
proper conduct of conversation with family, relatives.

STEP IV Appropriate care for the potential donor (limitation of the negative impact of systemic disorders related to brain death on the 
biological quality of organs)

STEP V Correct collection of organs for transplantation (protection against ischemia and ensuring proper transport)

STEP VI Selection of the appropriate recipient based on established criteria

Source: [14]

Table 2. The last 10 years of the annual summary by the Polish Society of Transplantology 
Year Heart transplants Total Percent of heart transplants to all transplants [%]

2023 182 1898 9,59 

2022 173 1495 11,57 

2021 200 1334 14,99 

2020 145 1236 11,73 

2019 142 1541 9,21 

2018 145 1447 10,02 

2017 97 1608 6,03 

2016 101 1545 6,54 

2015 99 1508 6,56 

2014 76 1619 4,69 

2013 87 1610 5,40 

Source: [20]
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The development of transplantology in Poland has 
resulted in the establishment of many specialist centres. 
However, the problem remains the low availability of 
organ donors for transplantation. The development of 
clinical transplantology will be possible thanks to the 
activity and actions promoting reliable knowledge 
about organ donation and transplantation. Social 
awareness plays a signi&cant role- the knowledge that 
in order to save someone’s life, an organ is needed. The 
hope for a better understanding of the relationship 
between transplantation and saving human life en-
courages us to get involved in the process of creating 
a culture of life in the modern world, where there are 
many ambiguities and negative stereotypes surround-
ing transplantology.

According to data from the Central Statistical O)ce, in 
2019, deaths due to CVD amounted to 39% of all deaths. 
A year later, 72,095 citizens of the Republic of Poland 
died of CVD. Which, compared to the result of 181,984 of 
all deaths, gave 39.6% of the causes of all deaths in 2020. 
In 2021, the number of deaths due to diseases related 
to vessels and, of course, the heart increased by over 
150% compared to the previous year and amounted to 
180,662. 270,662 people died then, which constitutes 
66.74% of all deaths in 2021. The conclusion from this is 
very simple- more and more people are dying from cir-
culatory system diseases, so the event that was started 
in the world by Christiaan Barnard, continued by other 
colleagues, cardiac surgeons, including Professor Zbig-
niew Religa and Prof. Marian Zembala, and is continued 
by their sons, Professors Micha$ Zembala and Grzegorz 
Religa, was, is and will be a great step in saving human 
life. The future of transplant medicine depends to a 
decisive extent not only on the willingness and knowl-
edge of doctors, existing legal solutions, but also on the 
level of social acceptance, the spread of attitudes ready 
to come to the aid of another person. Any opposition, 
even well-motivated from a moral and ethical point of 
view, is ine%ective against therapy, e%ective, but above 
all the only possibility of saving life.

These data indicate inequalities resulting from the level 
of development of healthcare systems, infrastructure, 
availability of quali&ed personnel and cultural and leg-
islative conditions in the &eld of organ donation [26].

In the context of heart transplantation, Poland still 
remains below the European average, but the gradual 
increase in the number of transplants indicates a pos-
itive direction of change. Despite systemic di)culties 
and organizational challenges, the years 2020–2023 
have shown that the transplant system in Poland is resis-
tant to crises such as the COVID-19 pandemic. The data 
indicate the need for further development of programs 
to increase the number of donors and intensi&cation of 
educational activities in society.

CONCLUSIONS
Modern transplantology in Poland and around the 
world is developing dynamically, although with visible 
regional di%erences. In Poland, the activity coordinated 
by Poltransplant focuses on increasing the number of 
deceased donors and improving the organization of 
transplants, but the system still struggles with social 
barriers, a shortage of specialized personnel and limited 
infrastructure. These di)culties became particularly vis-
ible during the COVID- 19 pandemic, when transplant 
activity was drastically reduced, despite the implemen-
tation of new safety procedures. At the same time, Spain 
is the world leader, achieving the highest donation 
rate (over 52 deceased donors per million inhabitants), 
thanks to an e%ective coordination system, modern 
technologies and wide social acceptance. 

Globally, there is an increase in the number of trans-
plants, the development of specialized teams for organ 
procurement and the increasing role of international 
organizations such as WHO, which develop strategies to 
ensure ethical and equitable access to transplantation. 
Common challenges include the development of donor 
registries, improving social education and the use of 
technologies such as ECMO and ex vivo perfusion.
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INTRODUCTION
In the 1990s and the &rst quarter of the XXI century, 
Ukraine has been consistently implementing the 
course of European integration and joining the world 
educational and scienti&c space. This led to an increase 
in the attention of scientists to the study of foreign 
experience in medical education. As a result, a signif-
icant amount of scienti&c literature on this issue has 
been accumulated. The meta-analysis methodology 
is an e%ective tool for its holistic structured study. We 
consider the implementation of such a research project 
to be of interest to scientists and doctors from di%erent 
countries for scienti&c self-re'ection and comparison 
of di%erent national receptions of medical education 
in foreign countries.

AIM 
To carry out a holistic structured reconstruction of the 
Ukrainian scienti&c discourse of the 1990s and the 
&rst quarter of the XXI century on the development of 
medical education in foreign countries on the basis of 
the developed meta-analysis programme.

MATERIALS AND METHODS
Meta-analysis was &rst used in experimental medi-
cine. Over time, this e%ective methodology has been 
adapted in the social sciences for the analysis of large 
amounts of scienti&c literature [1-7]. Based on this 
scienti&c experience and considering the subject of 
our study, we have developed our own meta-analysis 

Research of Ukrainian scientists on the development of 
national medical education systems: A meta-analysis

Borys P. Savchuk1, Olga Y. Snitovska2, Halyna M. Tsaryk2, Oleg Ya. Dovgij1, Ivanna R. Humenna3, 
Larysa Ya. Fedoniuk3, Halyna V. Bilavych1

1VASYL STEFANYK PRECARPATHIAN NATIONAL UNIVERSITY, IVANO.FRANKIVSK, UKRAINE 
2DANYLO HALYTSKY LVIV NATIONAL MEDICAL UNIVERSITY, LVIV, UKRAINE 
3I. HORBACHEVSKY TERNOPIL NATIONAL MEDICAL UNIVERSITY, TERNOPIL, UKRAINE 

ABSTRACT
Aim: To carry out a holistic structured reconstruction of the Ukrainian scienti'c discourse of the 1990s and the 'rst quarter of the XXI century on the development 
of medical education in foreign countries on the basis of the developed meta-analysis programme.
Materials and Methods: the developed meta-analysis programme integrates the general meta-analysis methodology and methods of monographic and 
relevant analysis, discourse analysis, content analysis, historiographic, paradigmatic, and phenomenological analysis. These tools have been used to analyse 
three samples of scienti'c papers on the development of national medical education systems that appeared in Ukraine in the 1990s and the 'rst quarter of 
the twenty-'rst century: the general population (the total number of papers is about 1450); a sample population (380), and a representative sample (70). 
20 bibliographic indexes were processed to determine the general population (GP – total number) of scienti'c papers published in 1991-2024. A search was 
conducted via the Google engine using a combination of three groups of keywords that denoted: a) the type of publication (monograph, dissertation, article); 
b) the subject of the study (development of medical education abroad; training of doctors/nurses abroad, etc.);c) a list of countries and regions.
Conclusions: the results of the study showed that the historiography of the problem mentioned above has a pronounced interdisciplinary, multi-level, speciality-
oriented character.The analysis of the dynamics of scienti'c knowledge accumulation has shown that the researchers have moved away from studying foreign 
experience of vocational training of healthcare professionals through the prism of its use in Ukraine under the in)uence of European integration processes and 
have begun to study national medical education systems as a separate subject. The focus of scientists’ attention was revealed to be drawn to the study of trends 
in the development of national medical education systems, related to decentralisation of management, strengthening of university autonomy, requirements 
for the selection of applicants, etc.

  KEY WORDS: medical education, meta-analysis, foreign countries, training of medical professionals

Wiad Lek. 2025;78(9):1886-1892. doi: 10.36740/WLek/212532 DOI

REVIEW ARTICLE CONTENTS

https://wiadlek.pl/09-2025/
https://www.doi.org/10.36740/WLek/212532


Research of Ukrainian scientists on the development of national medical education systems: A meta-analysis

1887

programme. It involves solving the following tasks in a 
systematic way: 1) development of criteria for inclusion/
exclusion of original research into the scope of me-
ta-analysis; 2) search and selection of studies according 
to the de&ned criteria; 3) determining and evaluating 
various parameters (content, methodology, quality, 
etc.) of the studies included in the meta-analysis; 4) 
assessment of their statistical heterogeneity.

More than 20 bibliographic indexes were processed 
to determine the general population (GP – total 
number) of scienti&c papers published in 1991-2024. 
A search was conducted via the Google engine using a 
combination of three groups of keywords that denoted: 
a) the type of publication (monograph, dissertation, 
article); b) the subject of the study (development of 
medical education abroad; training of doctors/nurses 
abroad, etc.);c) a list of countries and regions.

The resulting GP consisted of more than 1450 selection 
units (publications). According to the fixed effects 
model (after M. Borenstein [5], R. Rosenthal, M. DiMatteo 
[6]), a sample population (SP) consisting of about 380 
selection units was formed for the secondary analysis. 
The selection was based on formal and content criteria 
(title; author; time and place of publication; type, rank, 
form of presentation). Priorities were given to theses and 
monographs, as well as original scienti&c articles.

Along with the method of meta-analysis, the 
examination of the SP was carried out using e%ective 
methods of monographic and relevant analysis as well 
as the main body of knowledge [1]; discourse analysis 
and content analysis [7]; methods of historiographic [8], 
paradigmatic [9], and phenomenological [10] analysis.
The examination of the studies of the SP was carried 
out according to formal quantitative and qualitative 
criteria: structural and content characteristics (common, 
special); year of publication; author’s personality; source 
base; methodological level; territorial vector; novelty 
of content, etc. Based on the results, the third sample 
was formed – the representative sample (RS), which 
consisted of 70 studies. Given that the RS fundamentally 
re'ects the main features of the GP and the SP, it was 
used as the basis for the subject meta-analysis.

REVIEW AND DISCUSSION
The meta-analytical study of the research conducted 
by Ukrainian scientists on the development of medical 
education abroad is based on six main parameters:  1) 
diversity; 2) stages of scienti&c knowledge accumulation; 
3) territorial spectrum; 4) methodology; 5) subject 
matter; 6) originality.

The GP is taken as the basis for determining the 
first parameter, as it gives a general idea of the 

share of different types of studies on the problem 
under discussion. The results of formal quantitative 
calculations revealed that out of the 1450 units 
selected, scienti&c articles accounted for about 43%; 
materials (abstracts) of scienti&c conferences – 34%; 
dissertations – 4%; monographs – 2%; bibliographic 
indexes and other types of literature – 17%. However, 
it is dissertations and monographs, which, along with 
a number of scienti&c articles, formed the basis of the 
RS, that re'ect the qualitative indicators of the growth 
of new knowledge on the problem under study. It 
should be noted that our analysis concerns only 
subject-speci&c studies and does not take into account 
numerous studies that address its individual aspects.

The second parameter is the pivotal one, since it 
outlines the changes in other components of the meta-
analytical study. In general terms, the dynamics of the 
increase in scienti&c knowledge on the problem under 
consideration is re'ected in three somewhat conditional 
periods: 1) post-Soviet (1991-2000), when Ukrainian 
scientists began to study foreign experience in medical 
education impartially, getting rid of old ideologies; 2) 
pro-European one (2001-2009/2010), when research 
priorities shifted to the context of Ukraine’s accession 
to the Bologna Process; 3) country studies (since 
2011/2012), when there was a conceptual reorientation 
of studies towards the exploration of national medical 
education systems of individual countries.

In this context, the third parameter was changing: the 
territorial range of research was gradually expanding, 
but remained rather narrow in general. According 
to formal, a priori approximate, but informative 
calculations, about 30% of scienti&c papers were related 
to the development of medical education in the USA; 
37% – in the UK, Poland, Germany, Austria, Canada; 33% 
– in other European countries and, to a lesser extent, in 
the Asian region (China, India, Japan).

The modification of the fourth parameter – 
methodology – is determined by a number of key 
features and components: interdisciplinarity; category 
and conceptual apparatus; scienti&c and analytical 
tools; the nature of scientific discourse, etc. The 
systematic analysis showed that most of the research 
on the issue under consideration was developed at the 
intersection of medicine and pedagogical comparative 
studies, which examines foreign education systems. In 
particular, theses were mainly prepared by certi&ed 
medical professionals under the supervision of 
pedagogical scientists and defended in the specialities 
of general pedagogy and history of pedagogy, as 
well as theory and methods of vocational education. 
Many articles were written by experts in the fields 
of economics, public administration, philosophy of 
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education, etc. This was reflected in the research 
methodology, as the authors a priori used analytical 
methods developed in their &elds of expertise.

The terminology became a weak point of many 
studies, since the researchers mainly used the 
de&nitions accepted in Ukrainian science, which are not 
always consistent with the categorical apparatus used in 
the national medical education systems of the countries 
under study. it was also found that Ukrainian authors 
neglected the scienti&c and analytical tools developed 
by foreign scientists to study the professional training 
of future doctors and nurses in higher education 
institutions. The descriptive style of presenting research 
results and the neglect of synergy methods led to a 
linear descriptive coverage of the functioning of foreign 
medical education systems as such that develop only 
in an upward direction, constantly progress, do not 
experience qualitative and quantitative 'uctuations, 
stagnation and crisis phenomena.

A positive trend towards understanding the 
functioning of foreign medical education systems 
from the perspective of pluralism has been observed 
in the works of the last decade.Acknowledging that it 
is di)cult to achieve “generally accepted knowledge” 
within a certain scienti&c paradigm or a speci&c research 
problem, scientists have begun to critically evaluate the 
theory and practice of vocational training of healthcare 
professionals in foreign countries from the perspective 
of alternative and controversial views and then compare 
it with the corresponding domestic models.

The most di)cult &fth parameter of the meta-analysis 
requires the clari&cation of the general thematic and 
content range of studies and their internal structure. 
Important insights into these priorities are provided 
by the analysis of the SP by titles and keywords of 
publications carried out using the method of relevant 
analysis (according to O. Adamenko [1]). The obtained 
results are classi&ed into concepts-lexemes, which are 
divided into groups according to the frequency of use 
(by the formula 40-30>29-20>19-10>9-1). These groups 
denote the following:

I. Subject area (sphere), direction, content of 
the research: ‘medical education’, ‘higher medical 
education’, ‘pharmaceutical education’, ‘training of 
future doctors/nurses’ (40-30); ‘university education’ 
(29-20); ‘continuing/postgraduate medical education’, 
‘advanced training’ (19-10).

II. Direction, trend, structure of the training process: 
‘development’, ‘reform’ (40-30); ‘Bologna Process’, 
‘integration’, ‘European integration’, ‘globalisation’ (29-
20); ‘trend’, “transformation”, ‘system’ (19-10).

III. Aims and results: ‘quality of medical education/
training’ (40-30); ‘professional culture’, ‘competence’, 

‘professional competence’ (29-20); “readiness”, ‘professional 
communication’, ‘professional ethics’ (19-10).

IV. Organisation of the educational process: 
‘training’, “credit-module system” (40-30); “methods”, ‘ 
methodology’, “theory and practice”, “model” (29-20).

V. Object of study: ‘future doctors/nurses/pharmacists’, 
‘medical students’ (29-20); ‘masters’, ‘bachelors’ [by 
specialities] (19-10); ‘teachers’ (9-1).

Based on the aforementioned territorial vectors, three 
priority thematic and content blocks of studies on the 
development of medical education abroad have been 
identi&ed. The &rst, dominant one – Euro-Atlantic – 
re'ects the study of the problem in the global and 
regional-European context. The strengthening of this 
trend at the beginning of the XXI century is evidenced 
by the information-analytical and educational materials 
prepared by teams of scientists [11-13], which reveal the 
impact of globalisation and European integration on the 
processes of standardisation and quality improvement 
of medical education (unity of approaches to licensing 
and accreditation; recognition of diplomas and 
certi&cates; international cooperation), etc.

The second block is represented by a large group 
of studies in which foreign experience in the 
development of medical education is revealed in terms 
of Ukraine’s integration into the Bologna process and 
its implementation in the national system of training 
future as well as certi&ed doctors, pharmacists, nurses, 
etc. (Y. Voronenko, S. Hordiychuk, N. Leonchenko, 
V. Kazakov, M. Pervak, O. Panasenko, V. Buriak, A. 
Kaplaushenko, O. Sichkoriz, O. Talalaenko, etc.). A 
number of works highlight the experience of European 
integration of individual educational institutions, for 
example, the Bogomolets National Medical University 
[12] and others.

The third historiographical block outlines the country 
studies and thematic diversity of research, so it is 
considered in the context of the sixth parameter of 
the meta-analysis, which is related to the originality 
of individual studies. On the one hand, they re'ect 
the general national reception of the development of 
medical education abroad, and, on the other hand, they 
show the personal contribution of researchers to the 
study of this problem. Given the limited scope of the 
article, we synthesise this legacy from the perspective 
of phenomenology, highlighting the productive 
narratives that are characteristic of each work.

T. Khvalyboga’s doctoral thesis (2020) presents a 
comprehensive analysis of the history of professional 
training of doctors at US universities in two stages: 
pre-reform (early /V55 century – 1910), which indicates 
its formation in the conditions of functioning of 
unaccredited private schools, and post-reform (1910 
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components and characteristics of its functioning 
stages: admission; enrolment; professional training 
process; postgraduate education; advanced training. It is 
highlighted that the balance of its development ensures 
the alignment of public needs for medical services 
and personal interests of future doctors, which are 
determined at the stage of pre-professional training [17].

Along with the works mentioned above, which 
claim to provide a comprehensive understanding of 
national medical education systems, we note studies 
that reveal individual areas and components of their 
functioning. Thus, having carried out a comparative 
analysis of the formation of the communicative culture 
of medical students in the UK and the USA, Y. Hrebenyk-
Kozachenko revealed the common and special features 
of their organisational and pedagogical foundations 
[18]. Also, from the perspective of Ukrainian didactics, 
N. Symonenko showed the organisation of independent 
work of students in medical colleges and universities in 
the United States [19].

The ‘overseas’ vector of research is expanded by the 
work of Yu. Lavrysh on the training of nurses in Canadian 
universities. She gives an example of the approach 
described above, when the model of medical education 
of a particular country is revealed through the prism 
of general standards and characteristics inherent in all 
national systems of professional education. From this 
perspective, the author has shown the peculiarities 
of the tiered training of nurses in Canada (bachelor’s, 
master’s, doctoral degrees in nursing): di%erentiation 
by specialties and curricula; focus on psychological, 
pedagogical and technological training; continuity 
of professional development through the activities of 
professional associations, etc.[20]. 

The ‘European’ vector of the research on medical 
education is widely represented by studies on its 
development in German-speaking countries and 
Poland. As an example, N. Kuchumova’s comparative 
analysis of the national models of pre-professional, 
professional, and postgraduate medical education in 
Switzerland, Germany, and Austria is worth mentioning. 
According to the author, the general trends of European 
policy contributed to the uni&cation of their standards 
and the transition to the principles of student centred 
and patient orientation approaches [21]. By contrast, 
H. Klishch’s thesis proves that along with European 
standards, the development of medical education in 
Austria was determined by the national reforms that 
de&ned its 41 standards and priorities for modernising 
the clinical base, attracting the best researchers and 
medical practitioners to teach, and preparing students 
to conduct preventive and educational work with 
citizens [22].

– early //5 century). ), when the system of academic 
medical education was formed due to the introduction 
of accreditation, expansion of the list of professional 
disciplines, increasing role of scienti&c research, etc. 
It is the models of its functioning developed by the 
researcher that look interesting: structural (covering 
bachelor’s, MD and DO degree programmes that are 
implemented in hospitals and consulting schools) 
and functional (denoting the undergraduate and 
postgraduate stages of professional training of 
doctors) [14]. Such a reception holistically re'ects the 
essence of the phenomenon under study and creates 
the foundation for its comparison with the models of 
medical education in other countries.

We can compare the above-mentioned paper with M. 
Shumylo’s dissertation (2023) on the functioning of the 
system of higher medical education in the USA in the 
XX-XXI centuries.Having traced its genesis since 1620, 
the author analysed the factors behind its development 
(social conditions, level of education, multiculturalism, 
decentralisation of education management, &nancial and 
technological support) and characterised current trends of 
modernisation in the form of strengthening state control 
over the quality of education as well as diversi&cation of 
medical training specialities, etc. These two papers provide 
an example of how di%erently the content is revealed in 
studies that are similar in subject matter[15].

The studies on the development of higher medical 
education in the UK are also worth comparing. K. 
Magrlamova’s doctoral thesis outlines the concept of 
its functioning, which is manifested in the following 
aspects: implementing strategies for professional 
training of international medical organisations; integrity 
of medical education as an open system that is subject 
to in'uence on the part of social factors and includes 
target, theoretical and methodological, organisational, 
content, technological and performance components; 
and the graduated system, which is implemented 
through the alternate obtaining of bachelor’s, master’s 
and doctoral degrees. This paper is favourably 
distinguished by showing the peculiarities of medical 
education in di%erent regions of the country (England, 
Ireland, Wales, Scotland), clarifying the impact of Brexit 
on its development and showing this process in the 
dynamics of &ve stages. The presented classi&cation of 
British medical education institutions divides them by 
the nature of their functioning (‘old’, “new”, ‘open’) and 
by the organisational structure (federated, collegiate, 
unitary), etc.[16].

A comprehensive understanding of the system of 
professional training of family doctors in the UK medical 
schools is provided by the work of I. Palamarenko, who 
showed its genesis, organisational principles, structural 
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model of continuing education development. In this 
context, the organisational, legal, and didactic support 
for pharmacists’ advanced training is analysed and 
the experience of solving this problem across the EU 
countries is compared [27].

At the beginning of the XXI century, the study of 
nursing education gained momentum in Ukraine. An 
important role in this is played by the scientific and 
practical journal ‘Nursing’ published by Ternopil National 
Medical University. Its &rst issue in 2006 alone contained 
two dozen articles on European standards and the 
American experience of its development. Among the 
comprehensive studies on this issue, K. Picon’s thesis 
(2021) on the training of nursing specialists in the US 
tiered education system is worth mentioning. Having 
shown a century-long retrospective of its formation and 
the complexity of the modern organisational structure, 
the author described the speci&cs of nursing training 
at di%erent levels of higher education (junior specialist, 
bachelor’s, master’s, doctoral degrees in nursing) and 
presented a comprehensive model for comparing nursing 
training systems in the USA and other countries [28].

Given that Ukraine is in a state of war and the 
prospects for post-war development, the study of 
foreign experience in the organisation of military medical 
education is of particular importance. The need for a 
profound understanding of this problem is evidenced 
by the works of I. Honcharenko, B. Klishevych, and V. 
Furdyk on its development in developed countries, in 
particular, in NATO.

CONCLUSIONS
The developed meta-analysis programme made 
it possible to identify and cover with a systematic 
structured analysis a signi&cant array of various works 
of Ukrainian researchers on the development of 
medical education abroad accumulated in the 90s of 
XX – the &rst quarter of XXI century. The &ndings of the 
study revealed that the historiography of the problem 
mentioned above has a pronounced interdisciplinary, 
multi-level, pro&le-oriented character.The analysis of 
the dynamics of scienti&c knowledge accumulation has 
shown that under the in'uence of European integration 
processes, scholars have moved away from studying 
foreign experience of medical education development 
through the prism of its use in Ukraine and have begun 
to study its national systems as a separate subject.
Despite the increase in the total number of studies, their 
country studies vector remains rather narrow, focusing 
on the United States and a number of European 
countries. Researchers have made signi&cant progress 
in studying the main trends in the development of 

Among the studies that re'ect the development of 
Ukrainian medical polonistics, the monograph by L. 
Hryshchuk and V. Horodetsky (2006), who conducted a 
systematic analysis of the history of medical education in 
Poland with an emphasis on trends and experience of its 
modernisation during the 80s and 90s of the XX century, 
should be noted [23]. Also, the thesis of K. Khomenko 
(2017) on the formation of professional competence 
of future doctors in Polish universities in 1990-2015 is 
worth noting. The author showed this process through 
the prism of three stages: creation of the structure and 
transformation of medical universities activity on the 
basis of European democracy (1990-2005); content 
and procedural transformation of medical education 
(2005-2011); its modernisation through the transition 
to European standards (2011-2015) [24].

The increase in knowledge of medical polonistics 
is re'ected in numerous scienti&c articles that reveal 
the peculiarities of the formation of the Polish model 
of European medical education (N. Dzhavadova, T. 
Kovalchuk, B. Pereviznyk) as well as the experience 
and innovative methods of organising the educational 
process in higher medical education institutions 
in Poland (A. Bedeniuk, T. Bodnar, A. Dorofeev, T. 
Myahkova, V. Khorostovska, etc.).

The dissertation defended in Ukraine by a Polish 
researcher P.-B. Uliyash on the impact of relations 
between Poland and Ukraine on the development of 
higher medical education and science in these countries 
in the XIII – early XX centuries deserves special mention. 
Unlike Ukrainian studies that focus on contemporary 
processes, the author showed the stages and factors 
of the creation of medical institutions, their borrowing 
of European experience, the spread of Polish in'uence 
from the western parts of Ukraine to the eastern ones, 
etc. in a retrospective of seven centuries [25]. This study 
con&rms that over the centuries, medical education in 
Ukraine has been developing in line with the European 
educational space, so under current conditions it is not 
‘entering’ [for the &rst time], but rather ‘returning’ to it.

The concept of the continuity of medical education 
is a central theme in the studies of the development 
of medical education abroad. In the current 
historiographical situation, the monograph “The 
System of Continuous Medical Education” (1994) is still 
relevant, in which, based on extensive factual material, 
the authors gave a detailed description and compared 
the peculiarities of its development in Europe, Central 
and South America, and India [26]. In the absence 
of other signi&cant works on this issue, we note the 
dissertation of N. Belousova (2021), which described 
the professional training of medical representatives of 
pharmaceutical companies in Germany as an original 
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presented Ukrainian perspective on the development 
of medical education abroad can become the basis 
for its comparison with the corresponding research of 
scientists from other countries.

national medical education systems, related to the 
decentralisation of its management, strengthening of 
university autonomy and requirements for professional 
selection of applicants, etc. We believe that the 

REFERENCES
 1.  Adamenko OV Ukrainska pedahohichna nauka v druhii polovyni JJ st. [Ukrainian pedagogical science in the second half of the 20th 

century]. Luhansk: Alma-mater. 2005, p.708. (Ukrainian)
 2.  Conley CS, Durlak JA, Kirsch AC.  A Meta-analysis of universal mental health prevention programs for higher education students. Prev 

Sci. 2015;16(4):487-507. doi: 10.1007/s11121-015-0543-1.  DOI

 3.  Corcoran J. Meta-Analyses.The Handbook of Social Work Research Methods / ed. by B. Thyer. London; Washington: SAGE. 2010, pp.299–312. 
 4.  Field AP. Is the meta-analysis of correlationcoe!cients accurate when population correlationsvary? Psychol Methods. 2005;10;4:444–467. 

doi: 10.1037/1082-989X.10.4.444. DOI

 5.  Borenstein M., Hedges L., Higgins J., Rothstein H. Introduction to Meta-Analysis. John Wiley & Sons, Ltd. 2009, -.413. 
 6.  Rosenthal R, DiMatteo MR. Meta-analysis: Recentdevelopments in quantitative methods for literaturereviews. Ann Rev Psychol. 

2001;52:59–82. doi: 10.1146/annurev.psych.52.1.59. DOI

 7.  White MD, Marsh E. Content Analysis: A Flexible Methodology. Library Trends. 2006;55(1):22-45. doi: 10.1353/lib.2006.0053.  DOI

 8.  Kalakura YaS. Metodolohiia istoriohra'chnoho doslidzhennia [Methodology of historiographical research]. Kyiv: «Kyiv University». 2016, 
-.319 (Ukrainian)

 9.  Romanenko MI. Profesiina pidhotovka simeinykh likariv u vyshchykh medychnykh shkolakh Velykoi Brytanii [Social and paradigmatic-
cognitive determinants of the development of modern education]. Dissertation Doctor of Philosophy: Dnipropetrovsk. 2003, -.433. 
(Ukrainian)

 10.  Alhazmi AA, Kaufmann A. Phenomenological Qualitative Methods Applied to the Analysis of Cross-Cultural Experience in Novel Educational 
Social Contexts. Front Psychol. 2022:13:785134. doi:10.3389/fpsyg.2022.785134.  DOI

 11.  Polyachenko Yu.V. et al. Medychna osvita v sviti ta Ukraini [Medical education in the world and in Ukraine]. Kyiv: Book Plus. 2005, -.384. 
(Ukrainian)

 12.  Moskalenko VF et al. Realizatsiia pryntsypiv Bolonskoi deklaratsii v NMU imeni O. O. Bohomoltsia. [Implementation of the principles of 
the Bologna Declaration at the O. O. Bogomolets National Medical University]. Medychna osvita. 2005;2:24-26. (Ukrainian)

 13.  Moskalenko VF et al. Vyshcha medychna osvita i Bolonskyi protses [Higher medical education and the Bologna process]. Kyiv: Ministry 
of Health of Ukraine. 2005, -.298. (Ukrainian)

 14.  Khvaliboga TI. Teoretyko-orhanizatsiini zasady profesiinoi pidhotovky maibutnikh likariv v universytetakh SShA [Theoretical and 
organizational principles of professional training of future doctors in US universities]. Dissertation Doctor of Pedagogical Sciences. 
Drohobych. 2020, -.557. (Ukrainian)

 15.  Shumylo MYu. Rozvytok vyshchoi medychnoi osvity v SShA (XX–XXI st.) [Development of higher medical education in the USA (XX–XXI 
centuries)]. Dissertation Doctor of Philosophy. Lviv. 2023, -.292. (Ukrainian)

 16.  Magrlamova KG Teoretychni ta praktychni zasady profesiinoi pidhotovky maibutnikh likariv u vyshchykh medychnykh navchalnykh 
zakladakh Velykoi Brytanii [Theoretical and practical principles of professional training of future doctors in higher medical educational 
institutions of Great Britain]. Dissertation Candidate of Pedagogical Sciences Uman. 2018, -. 659. (Ukrainian)

 17.  Palamarenko IO. Profesiina pidhotovka simeinykh likariv u vyshchykh medychnykh shkolakh Velykoi Brytanii. [Professional training of 
family doctors in higher medical schools of Great Britain].Dissertation Candidate of Pedagogical Sciences: 13.00.04. Kyiv. 2012, -.227. 
(Ukrainian)

 18.  Hrebenyk-Kozachenko YuS. Orhanizatsiino-pedahohichni osnovy formuvannia komunikatyvnoi kultury studentiv medychnykh koledzhiv 
Velykoi Brytanii ta SShA[Organizational and pedagogical foundations of the formation of communicative culture of students in medical 
colleges of Great Britain and the USA]. Dissertation Candidate of Pedagogical Sciences. Sumy. 2016, -.254. (Ukrainian)

 19.  Symonenko NO. Orhanizatsiia samostiinoi roboty studentiv u vyshchykh medychnykh navchalnykh zakladakh SShA [Organization of 
independent work of students in higher medical educational institutions of the USA]. Dissertation Candidate of Pedagogical Sciences. 
Sumy. 2018, -.338. (Ukrainian)

 20.  Lavrysh YuE. Profesiina pidhotovka medychnykh sester v universytetakh Kanady. [Professional training of nurses at Canadian universities: 
dissertation of the candidate of pedagogical sciences]. Kyiv. 2009, -.256. (Ukrainian)

 21.  Kuchumova NV, Kuchumova NV. Rozvytok systemy vyshchoi medychnoi osvity v nimetskomovnykh krainakh (druha polovyna JJ – pochatok 
JJK st.). [Development of the system of higher medical education in German-speaking countries (second half of the 20th – beginning 
of the 21st century)]. Dissertation Candidate of Pedagogical Sciences. Drohobych. 2012, -. 225. (Ukrainian)

http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/


Borys P. Savchuk et al. 

1892

 22.  Klisch GI. Profesiina pidhotovka likariv v avstriiskykh universytetakh [Professional training of doctors in Austrian universities]. Dissertation 
Candidate of Pedagogical Sciences. Ternopil. 2013, -.349. (Ukrainian)

 23.  Hryshchuk LA, Horodetsky VE. Medychna osvita v Polshchi [Medical education in Poland]. Ternopil: Ternopil State Medical University. 
2006, -.124. (Ukrainian)

 24.  Khomenko KV. Formuvannia profesiinoi kompetentnosti maibutnikh likariv u VNZ Polshchi (1990–2015 rr.) [Formation of professional 
competence of future doctors in Polish universities (1990–2015)]. Dissertation Candidate of Pedagogical Sciences. Kyiv. 2017,-.237. 
(Ukrainian)

 25.  Uliyash P-BA.Vplyv polsko-ukrainskykh zviazkiv na rozvytok vyshchoi medychnoi osvity ta nauky v Polshchi ta Ukraini do pochatku JJ 
stolittia[The in)uence of Polish-Ukrainian ties on the development of higher medical education and science in Poland and Ukraine until 
the beginning of the 20th century]. Dissertation Candidate of Pedagogical Sciences. Kyiv. 2008,-.237. (Ukrainian)

 26.  Kazakov VM et al. Systema bezperervnoi medychnoi osvity [System of continuous medical education].  Donetsk. 1994,-.175. (Ukrainian)
 27.  Belousova NA. Profesiina pidhotovka medychnykh predstavnykiv farmatsevtychnykh kompanii FRN. [Professional training of medical 

representatives of pharmaceutical companies in the Federal Republic of Germany]. Dissertation Candidate of Pedagogical Sciences. Kyiv. 
2021, -.249. (Ukrainian)

 28.  Picon KS. Profesiina pidhotovka maibutnikh spetsialistiv medsestrynstva v konteksti pisliadyplomnoi osvity u vyshchykh navchalnykh 
zakladakh SShA. [Professional training of future nursing specialists in the context of graduate education in higher educational institutions 
of the USA]. Rivne. 2021, p. 266. (Ukrainian)

The work was carried out according to the research work of I. Horbachevsky Ternopil National Medical University “For-
eign language communication in the training system of a modern doctor” (state registration number 0125U000112).

CONFLICT OF INTEREST
The Authors declare no con'ict of interest

CORRESPONDING AUTHOR
Larysa Ya. Fedoniuk
I. Horbachevsky Ternopil National Medical University
1 Maidan Voli, 46001 Ternopil, Ukraine
e-mail: fedoniuklj@tdmu.edu.ua

ORCID AND CONTRIBUTIONSHIP
Borys P. Savchuk: 0000-0003-2256-0845  
Olga Y. Snitovska: 0000-0002-3086-9503  
Halyna M. Tsaryk: 0000-0003-0994-2910  
Oleg Ya. Dovgij: 0000-0002-9718-3442  
Ivanna R. Humenna: 0000-0002-2830-7878  
Larysa Ya. Fedoniuk: 0000-0003-4910-6888  
Halyna V. Bilavych: 0000-0002-1555-0932  

 – Work concept and design,  – Data collection and analysis,  – Responsibility for statistical analysis,  – Writing the article,  – Critical review,  – Final approval of the article

RECEIVED: 14.04.2025
ACCEPTED: 27.08.2025 C R E AT I V E  C O M M O N S  4 . 0



1893

© Aluna Publishing    Wiadomo"ci Lekarskie Medical Advances, VOLUME LXXVIII, ISSUE 9, SEPTEMBER 2025

INTRODUCTION 
Recent years have seen signi&cant advances in vital pulp 
therapy, especially direct pulp capping (DPC) and partial 
pulpotomy, which are now considered the gold stan-
dard for managing exposed or nearly exposed pulps in 
both permanent and primary teeth. The introduction of 
novel bioactive materials – including hydraulic calcium 
silicate cements (e.g., Biodentine XP, NeoPUTTY, Well-
Root PT, and TheraCal LC) – has improved the prognosis 
of these procedures and shifted the focus from tradi-
tional calcium hydroxide to materials with superior 
sealing ability, bioactivity, and clinical longevity [1, 2].

Contemporary protocols emphasize the preservation 
of pulp vitality, which not only maintains the tooth’s natu-
ral function and proprioception but also allows clinicians 
to avoid or delay the need for conventional endodontic 
treatment in appropriately selected cases [1, 3].

Systematic reviews and meta-analyses from 2018–
2024 con&rm that, with modern protocols and case 

selection, vital pulp therapy achieves high rates of pulp 
vitality preservation and radiographic success – even 
in cases of carious or mechanical pulp exposure [1,3].

For many years, calcium hydroxide was the standard 
capping material, later replaced by mineral trioxide 
aggregate (MTA), which became the gold standard for 
vital pulp therapy. However, contemporary bioactive 
materials such as hydraulic calcium silicate cements 
have demonstrated improved clinical and biological 
performance, prompting a shift in clinical protocols 
and material selection in recent years [2, 3].

AIM
The aim of this literature review is to summarize the latest 
evidence (2018–2024) regarding clinical protocols, indica-
tions, material selection, treatment outcomes, and future 
directions in direct pulp capping and partial pulpotomy, 
with special attention to the e%ectiveness of new-gener-
ation bioceramic and light-cured materials.

Modern biomaterials for direct pulp capping: A literature 
review

Kinga Kosi)1, Wojciech Liszka2,, Alicja Polak3, Maria Malina4, Jakub Kiwior3
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ABSTRACT
The development of biomaterials for direct pulp capping has signi'cantly transformed modern vital pulp therapy. For decades, calcium hydroxide was consid-
ered the gold standard, but its limitations – such as lack of sealing ability and tendency for resorption– have prompted the search for improved solutions. The 
introduction of calcium silicate cements and new-generation bioceramics has led to better biological and clinical outcomes. This review aims to discuss the 
latest advances in biomaterials used for direct pulp capping and to compare their properties, e!cacy, and limitations. Literature published between 2018 and 
2024, including systematic reviews, meta-analyses, and clinical studies, was analyzed. The results show that bioceramics and contemporary calcium silicate 
cements exhibit high bioactivity, enable the formation of a dentin bridge, and present a favorable safety pro'le. Appropriate material selection, meticulous 
clinical technique, and e&ective control of infection and moisture are essential for clinical success. The review also highlights certain limitations, such as the 
higher cost of new materials, technical requirements, and the lack of long-term clinical data. In conclusion, bioceramics currently represent the best choice for 
direct pulp capping, and further research should focus on optimizing clinical protocols and evaluating long-term outcomes to ensure predictable, minimally 
invasive dental care.

 KEY WORDS: bioceramics, calcium silicate cements, dental pulp therapy, dental biomaterials, pulp regeneration
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MATERIALS AND METHODS
For this literature review, publications from 2018 to 2024 
(including systematic reviews, meta-analyses, and clin-
ical studies) were analyzed to gather relevant evidence 
on direct pulp capping and partial pulpotomy. The anal-
ysis focused on high-quality clinical studies and reviews 
to ensure comprehensive coverage of current advances 
in biomaterials and vital pulp therapy technique

REVIEW 

PATHOPHYSIOLOGY AND BIOLOGICAL 
PRINCIPLES
The clinical success of direct pulp capping and partial 
pulpotomy relies on understanding the biological 
response of the dental pulp to injury and biomaterial 
application. When the pulp is exposed by caries or trau-
ma, the in'ammatory response and healing capacity 
depend on the extent of bacterial contamination, the 
duration of exposure, and the biological compatibility 
of the capping material [1, 2].

Modern research con&rms that the pulp retains the 
ability to regenerate if bacterial contamination is limited 
and a biologically compatible material is placed [2, 3]. 
Bioactive calcium silicate materials (e.g., Biodentine 
XP, NeoPUTTY) initiate a sequence of events at the 
pulp-dentin interface:
•	Calcium ion release: The high calcium ion release 

and alkaline pH stimulate the di%erentiation of pulp 
stem cells into odontoblast-like cells [2, 4].
•	Reparative dentin formation: These cells lay down a 

matrix of reparative (tertiary) dentin, leading to the for-
mation of a mineralized dentin bridge at the exposure 
site [4,5].
•	Natural seal: The dentin bridge acts as a natural bar-

rier, protecting the pulp from further injury and sealing 
it from bacterial ingress [4, 7].

Calcium silicate cements also exhibit antimicrobial 
properties and excellent sealing, which minimize pulpal 
in'ammation and support a favorable healing environ-
ment [4, 7]. Histological studies and recent clinical trials 
demonstrate that new-generation cements induce the 
formation of a continuous, mineralized dentin bridge 
of good quality, superior to that formed by older ma-
terials such as calcium hydroxide [4, 5, 7]. Light-cured 
resin-modi&ed materials (e.g., TheraCal LC) are easy to 
apply and set rapidly, but ongoing clinical trials are still 
assessing their long-term ability to induce complete, 
homogeneous dentin bridge formation and to support 
true pulp healing [6]. An evidence-based choice of cap-
ping material is thus critical for achieving predictable 
biological repair and long-term tooth survival [1, 8] .

MATERIAL SELECTION AND COMPARATIVE 
EFFECTIVENESS
Recent advances in biomaterials have transformed the 
landscape of direct pulp capping and partial pulpotomy. 
Historically, calcium hydroxide was the material of choice 
for decades due to its ease of use and initial biocompat-
ibility. However, its limitations – including poor sealing, 
high solubility, and formation of porous, incomplete 
dentin bridges – led to a search for better alternatives. For 
many years, mineral trioxide aggregate (MTA) emerged 
as the gold standard for vital pulp therapy, thanks to its 
excellent biocompatibility, sealing ability, and consistent 
formation of continuous dentin bridges. However, MTA’s 
handling properties (e.g., long setting time, potential 
discoloration) motivated the development of new-gen-
eration hydraulic calcium silicate cements [1, 2].

Current options include:
•	Biodentine XP, NeoPUTTY, Well-Root PT: These 

materials o%er improved handling, faster setting, and 
enhanced bioactivity compared to traditional MTA. Mul-
tiple systematic reviews and meta-analyses published 
between 2021 and 2024 con&rm that modern calcium 
silicate cements result in similar or higher clinical and 
radiographic success rates compared to MTA, while min-
imizing drawbacks such as discoloration and handling 
di)culty [2,3,4] .
•	Light-cured resin-modi(ed materials (e.g., Ther-

aCal LC): These materials o%er easy application and 
rapid setting but show variable long-term performance 
in terms of dentin bridge quality and pulpal healing. 
Ongoing trials are further evaluating their clinical ef-
fectiveness in comparison to bioceramic cements [5, 6].

A 2023 systematic review and network meta-analysis 
found that new-generation hydraulic calcium silicate 
cements (Biodentine, NeoPUTTY, Well-Root PT) were 
associated with equal or superior outcomes for pulp 
vitality, dentin bridge formation, and periapical health 
compared to both MTA and resin-modi&ed materials 
[2,3,4] . Material selection should therefore prioritize 
modern calcium silicate cements in most cases, with 
resin-modi&ed or light-cured materials reserved for 
select indications or as adjuncts [1-4]. The comparative 
characteristics of these materials are summarized in 
Table 1.

CLINICAL PROTOCOL 
Successful vital pulp therapy depends on strict adher-
ence to contemporary protocols, established for both 
direct pulp capping (DPC) and partial pulpotomy in per-
manent and primary teeth. Recent systematic reviews 
and meta-analyses (2018–2024) support the following 
evidence-based steps for optimal clinical outcome [1-3]:
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Direct Pulp Capping (DPC) protocol
 1.  Diagnosis and Case Selection: Con&rm that 

pulp exposure is small, recent, and without signs 
of irreversible pulpitis; best results are achieved 
in exposures due to trauma or shallow caries, 
especially in young or asymptomatic teeth [1, 4].

 2.  Isolation: Achieve strict rubber dam isolation to 
prevent contamination [2, 4] .

 3.  Hemostasis: Control bleeding with a sterile saline 
or 2.5–3% sodium hypochlorite–soaked cotton 
pellet for up to 5 minutes; persistent bleeding 
indicates a poor prognosis and may require pul-
potomy or endodontic treatment [2, 5].

 4.  Disinfection (optional): A brief rinse with sodium 
hypochlorite may be recommended for antimicro-
bial e%ect, followed by a saline rinse [2,5].

 5.  Application of Capping Material: Place a 1–2 
mm layer of hydraulic calcium silicate cement 
(e.g., Biodentine XP, NeoPUTTY, Well-Root PT) 
directly over the exposure site; ensure material 
adaptation and absence of voids [7]. If a light-
cured material (e.g., TheraCal LC) is used, follow 
the manufacturer’s guidelines for incremental 
layering and curing [6].

 6.  Permanent Restoration: After the capping ma-
terial has set, place a protective base or liner if in-
dicated, and restore the tooth with a well-sealed 
adhesive restoration. Achieving an immediate 
and adequate coronal seal is critical to prevent 
microleakage [2,3,4].

 7.  Follow-Up: Perform clinical and radiographic 
evaluations at approximately 6, 12, and 24 
months to con&rm continued pulp vitality and 
normal periapical status. Long-term monitoring 
is important to ensure success [1, 3, 9].

Partial pulpotomy protocol
•	Indication: Partial pulpotomy is indicated if hemo-

stasis cannot be achieved with direct capping (e.g., 
persistent bleeding at the exposure site) or in deeper 
carious exposures where a larger volume of in'amed 
pulp needs removal [10].
•	Pulp removal: Using a sterile, water-cooled di-

amond bur, remove about 2–3 mm of the exposed 
super&cial pulp tissue to excise in'amed pulp until 
healthy, bleeding pulp remains [10].
•	Capping and restoration: Achieve hemostasis as 

described above, then apply a bioceramic capping 
cement over the remaining pulp stump, and restore 
the tooth immediately with a well-sealed restoration 
[5, 7, 9].
•	Outcomes: Partial pulpotomy is especially e%ec-

tive in young permanent teeth. Recent studies report 
>90% success rates at 1–3 years of follow-up for partial 
pulpotomies in appropriate cases, demonstrating 
excellent potential for long-term pulp vitality preser-
vation [7].

Key points
•	Material choice matters: Modern calcium sili-

cate cements provide the highest long-term success 
rates and are preferred for most direct pulp capping 
cases [2-4].
•	Technique sensitivity: These procedures are tech-

nique-sensitive, requiring careful case selection, strict 
moisture control (rubber dam use), and precise adher-
ence to the protocol for each material [2, 4, 7].
•	Age and pulp status: The best outcomes occur in 

teeth with young, vital, and minimally in'amed pulps; 
older teeth or those with signi&cant pulp in'ammation 
have lower success rates for vital pulp therapy [1, 9, 10].

Table 1. Comparative characteristics of pulp capping materials (2018–2024)
Material Advantages Limitations / Drawbacks Key References

Biodentine XP
Fast setting, high biocompatibility, strong 

sealing, bioactivity, promotes homogeneous 
dentin bridge

Handling sensitive  
to moisture, higher cost [2,3,4]

NeoPUTTY Putty consistency (easy to apply),  
rapid setting, bioactive, stable color Limited long-term data, higher price [2,3,4]

Well-Root PT Excellent sealing, biocompatible,  
good handling, minimal discoloration

Newer product – less long-term  
evidence [2,3,4]

MTA Gold standard for years, excellent pulp  
healing, robust dentin bridge

Prolonged setting time, handling 
di)culties, possible discoloration [1,2]

TheraCal LC Light-cured (rapid set), easy to handle,  
useful for small exposures

Resin content may cause cytotoxicity, 
less mineralization, lower  

long-term pulp vitality
[5,6]

Calcium Hydroxide Historic standard, widely available,  
low cost

Poor sealing, dissolution over time, 
incomplete dentin bridge,  

low long-term success
[1,2,3]
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Limitations and complications
Despite the high success rates of modern vital pulp 

therapy, several important limitations and possible 
complications should be considered.
•	Technique and case-sensitive outcomes: The 

success of direct pulp capping or pulpotomy is highly 
dependent on proper case selection, accurate diag-
nosis of the pulp’s condition, and strict adherence to 
the clinical protocol (including excellent isolation and 
asepsis). Errors or deviations in any of these steps can 
signi&cantly increase the risk of failure [1, 2].
•	Material-related limitations: Hydraulic calcium sili-

cate cements (bioceramics) are technique-sensitive and 
can be relatively costly or di)cult to handle in some clinical 
scenarios [3, 4]. Light-cured resin-modi&ed materials have 
limited long-term clinical data, and their resin components 
may reduce bioactivity and increase cytotoxic e%ects on 
pulp tissue [2]. Additionally, MTA, while e%ective, can 
cause tooth discoloration and has a prolonged setting 
time which may be impractical in certain cases [4].
•	Inappropriate case factors: Vital pulp therapy is 

unlikely to succeed in teeth that actually have irrevers-
ible pulpitis, in cases where pulpal bleeding cannot 
be controlled, or when a durable coronal seal cannot 
be achieved (for example, due to extensive decay or 
insu)cient tooth structure) [2, 3, 7]. Such cases are 
better managed with more advanced endodontic 
treatment.
•	Restorative failures: Even after initial successful 

pulp capping, failure of the coronal restoration (e.g., 
microleakage, secondary caries, or restoration fracture) 
can lead to bacterial re-contamination and late-onset 
pulp necrosis [7].

Complications
• Pulp necrosis or chronic in)ammation: In some 

instances, the capped pulp may undergo necrosis or 
remain chronically in'amed, especially if bacteria were 
not fully eliminated or if the pulp’s initial in'ammatory 
status was underestimated [3,7]. This outcome would 
necessitate root canal therapy despite the initial vital 
pulp therapy attempt.

• Tooth discoloration: Some pulp capping materials, par-
ticularly certain MTA formulations, can cause discoloration 
of the crown dentin over time. While newer bioceramics 
aim to minimize this issue, discoloration remains a potential 
cosmetic complication, notably for anterior teeth [4].

Future directions
Most studies to date report outcomes only up to 

1–3 years of follow-up, highlighting the need for lon-
ger-term data (,5 years) to fully assess the durability 
of new biomaterials and techniques [2, 4, 5, 8]. Addi-

Indications and contraindications
Recent evidence (2018–2024) supports the use of vital 

pulp therapy (direct capping or partial pulpotomy) in 
the following clinical situations:

Indications:
•	Mechanical or shallow carious pulp exposures in 

asymptomatic, vital permanent teeth without clinical 
or radiographic signs of irreversible pulpitis [1,3,4].
•	Recently erupted or young permanent teeth (children/

adolescents) with open apices, due to their high regener-
ative potential; vital pulp therapy can also be considered 
in mature teeth with careful case selection [2,5].
•	Cases where bleeding at the exposure site is easily 

controlled within approximately 5 minutes, indicating 
a healthy or only reversibly in'amed pulp status [2,7].
•	Teeth where preserving pulp vitality is desirable to 

maintain normal root development (in immature teeth), 
proprioception, and to avoid or delay more invasive 
endodontic treatment [1,2,3].

Contraindications: 
Vital pulp therapy is not recommended when any of 

the following are present:
•	Signs or symptoms of irreversible pulpitis, such as 

spontaneous pain (especially nighttime pain) or pro-
longed sensitivity to hot/cold, or presence of swelling 
indicating pulpal degeneration [3, 5].
•	Radiographic evidence of periapical pathology (e.g., 

periapical radiolucency, root resorption, or furcation 
involvement in multi-rooted teeth) suggesting loss of 
pulp vitality or chronic infection [3, 7].
•	Uncontrolled bleeding at the exposure site (hemor-

rhage cannot be stopped within ~5 minutes), which is 
indicative of advanced pulpal in'ammation or partial 
necrosis [2, 7].
•	Extensive tooth structure loss from caries or trauma 

that would prevent achieving an adequate seal or prop-
er restoration (high risk of microleakage or restoration 
failure) [3,7].
•	Teeth with a poor overall prognosis due to periodon-

tal disease or non-restorable crown/fracture, where 
maintaining the pulp is futile [4,7].

Clinical pearls:
•	Case selection is critical: Accurate assessment of 

pulp status (to con&rm that the pulp is vital and only 
reversibly in'amed) and the ability to achieve complete 
hemostasis are essential for success in vital pulp therapy 
[2,8].
•	Partial pulpotomy preference: In situations where 

hemostasis cannot be quickly achieved with direct cap-
ping, or when the pulp exposure is large with suspicion 
of deeper pulp in'ammation, a partial pulpotomy is 
often the preferred approach over a simple direct cap 
[7,9].
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which cases are ideal for vital pulp therapy and improve 
clinical decision-making [13].

• Long-term randomized controlled trials: There is a 
clear need for extended follow-up studies (>5 years) and 
multicenter randomized controlled trials to de&nitively 
determine the long-term success, durability, and optimal 
treatment protocols for new pulp capping materials and 
techniques as they continue to evolve [2, 4, 5].

CONCLUSIONS
Modern vital pulp therapy, based on current high-quality 
evidence, enables the preservation of pulp vitality and 
natural tooth structure in appropriately selected cases. 
The evolution from calcium hydroxide to bioceramic 
cements, and ongoing innovation in material science, 
has signi&cantly improved the success and predictabil-
ity of direct pulp capping and partial pulpotomy. Strict 
adherence to clinical protocol, careful case selection, and 
use of contemporary materials are essential for optimal 
outcomes. As new technologies and materials are vali-
dated, the role of vital pulp therapy in minimally invasive 
and regenerative dentistry is expected to expand further.

tionally, further research is needed to optimize clinical 
protocols, evaluate emerging biomaterials, and deter-
mine the e%ectiveness of vital pulp therapy in more 
challenging scenarios (e.g. older patients or teeth with 
signi&cant comorbid conditions) [3, 4, 11].

• Development of novel biomaterials: Continued 
innovation is focused on next-generation pulp-capping 
materials, including advanced bioceramics, nanomate-
rials, bioactive additives, and injectable sca%olds. These 
are being investigated to improve the quality of dentin 
bridge formation, enhance pulpal healing, and provide 
superior antimicrobial properties [1, 2, 4, 11].

• Combination therapies: Researchers are exploring 
the combined use of hydraulic calcium silicate cements 
with other therapeutic modalities (such as remineraliz-
ing agents, growth factors, or even stem cell therapy) 
to further enhance pulp regeneration and improve 
long-term vitality of the tooth [12].

• Digital diagnostics and artificial intelligence: 
Modern imaging techniques and AI-driven diagnostic 
tools are under development to improve the accuracy 
of pulp status assessment and to aid in standardized 
case selection. Such technologies could help predict 
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INTRODUCTION
Ukraine needs a scienti&cally grounded approach to the 
development of modern organisational and &nancial strat-
egies for establishing new metropolises (according to the 
criteria of France – 10- 13) with strong competitive potential 
at the national, regional, and, eventually, global levels. This 
need primarily concerns the development of a competitive 
model of the health care system within metropolitan areas, 
one that ensures high-quality individualisation of primary 
care services [1], specialisation of medical services and the 
concentration of specialised healthcare in regional centres 
and metropolitan cities. The impact of metropolitan areas 
on public health is revealed through the assessment of 
the process of spatial growth and urban development as a 
system of human viability; the issues of socio-medical inter-
ventions to reduce prenatal mortality among people living 

in disadvantaged socio-economic conditions [2], the pecu-
liarities of the socio-economic status of the population and 
mental health conditions [3], the state of mental and phys-
ical health of metropolitan residents, taking into account 
their gender and areas of in'uence of metropolitan areas 
in the provision of specialised medical care [4], inequalities 
in access to medical care for urban and rural residents, 
including the lower likelihood of rural residents receiving 
in'uenza vaccinations or having a regular healthcare pro-
viderC [5]. The use of attacks on the healthcare system as a 
weapon of war in Ukraine has been studiedC [6], as well as 
the survival characteristics of patients with rare diseases 
under wartime conditions [7], the health consequences for 
refugees from Ukraine due to the war with the Russia [8], the 
catastrophic medical consequences of the war in Ukraine 
[9], the e%ects of war on children’s health given the existing 
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levels of child mortality, low rates of routine immunisation, 
and high prevalence of infectious diseases [10], and the 
health needs of refugees from Ukraine [11].

Ukrainian researchers de&ne a metropolis as an urban ag-
glomeration formed as a result of the territorial uni&cation 
of a large city with surrounding settlements, or an agglom-
eration of the metropolitan area (two or more cities) [12, 13].

The idea behind the study is to justify the current 
development priorities of the healthcare system with-
in the metropolitan areas, based on decentralisation 
reform and the establishment of modern models for 
delivering primary healthcare at the community level, 
and specialised care at the district, metropolitan, and 
regional (oblast) levels. In this context, the in'uence of 
the metropolitan healthcare system will be inversely 
proportional to the level of development and accessi-
bility of medical services in communities and regions.

AIM
The aim of the study is to substantiate methodological 
approaches for determining the key priorities in the 
development of the medical space of metropolitan 
areas in Ukraine, and to examine the speci&c impact 
of specialised healthcare infrastructure located in 
metropolitan areas or regional medical centers on the 
healthcare sector. The study also analyses the features 
of the healthcare system in the metropolitan area of 
Dnipro and its development priorities in the context 
of Russia’s full-scale war against Ukraine.

MATERIALS AND METHODS
The study draws on statistical data from the Center for 
Medical Statistics of the Ministry of Health of Ukraine, the 
State Statistics Service of Ukraine, and the Health Depart-
ments of the metropolitan cities of Dnipro and Kharkiv for 
the years 2010, 2013–2014, and 2018–2020. The research 
employed methods of statistical analysis and synthesis, 
logical analysis, generalization, and systems approaches.

REVIEW AND DISCUSSION
Taking into account the structuring of metropolitan in'u-
ence zones, the authors de&ne the healthcare system space 
of a subregion (several regions) as the healthcare system 
space of the area within a 300 km radius of in'uence from 
the agglomeration centre and the agglomeration healthcare 
system space with consideration of a 5 km zone beyond the 
city limits [12-14]. This corresponds to a 10 km zone from 
the center of the agglomeration (metropolis), including 5 
km within the city and 5 km beyond its boundary. Thus, for 
example, the agglomeration boundary for Kharkiv is 5-15 

km, and for Dnipro – 15-20 km. Thus, the metropolitan space 
of the healthcare system of the area is the healthcare infra-
structure within the radius of in'uence of the agglomeration 
centre (300 km). It is assumed that the spatial in'uence of 
the metropolitan center in the healthcare sector is strongest 
within the &rst zone of in'uence (up to 5 km), and decreases 
with distance, being weakest in the third zone (up to 300 km).

According to the decentralisation reform, initiated inC2014, 
the city community is responsible for organising primary 
healthcare (metropolitan in'uence zone No. 1), the district 
– for specialised medical care (in'uence zone No. 2, with a 
radius of up to 60 km), the region – for specialised healthcare 
from the perspective of the metropolis and regional centres 
(in'uence zone No. 3, serving a population of no less than 
1 million people).

According to the author’s estimates, the strength of in-
'uence of the metropolitan infrastructure in the healthcare 
sector from 1991 to 2014, the beginning of real reforms, was 
determined using the following formula:

Pif – power of in'uence;
𝐷𝑠𝑚𝑐 – development of specialised medical care in 

metropolises and regional centres; 
𝐷𝑒𝑚𝑐 – development of emergency medical care;
Mp – morbidity of the population;
Q𝑟 – quality of roads;
𝐹av – &nancial accessibility;
𝑄𝑞 – quality of communication;
𝐷pmc – development of preventive medical care;
𝐷prmc – development of primary medical care;
𝐷𝑒𝑚𝑚𝑐 – development of emergency medical care;
Ehealth – development of electronic healthcare;
𝐷𝑡𝑙𝑚 – development of telemedicine;
𝐷𝑖𝑠ℎ𝑐 – distance to a healthcare facility.

After 2014, in addition to these indicators, it is also 
determined by the e%ectiveness of the National Health 
Service of Ukraine (NHSU) in each type of medical care 
according to the formula:

Qnszu is the quality of services provided by the NHSU 
in &nancing the healthcare facility network, based on 
the compliance of services with licensing requirements.

The creation of a uni&ed healthcare space in metro-
politan areas should be based on a shared information 
space within the healthcare system built on electronic 



Economic determinants in healthcare quality optimization in Ukrainian metropolises

1901

healthcare and telemedicine, including the implemen-
tation of electronic patient records. Access to these 
records should be granted not only to family doctors 
and specialists (with the patient’s permission), but also 
to the patients themselves [15], [16].

At the same time, taking into account both external 
and internal threats related to attempts by the Russian 
Federation to impose a federal or confederal system 
on Ukraine, experts consider the top priority to be the 
completion of the formation of 30% of new territorial 
communities and the reorganisation of 20% of existing 
ones in accordance with scienti&cally grounded pro&les 
of their development potential [17], [18]. 

Until 2014, the healthcare system of metropolitan ar-
eas was characterised by underdevelopment of primary 
healthcare across all three zones of in'uence, alongside 
the dominance of specialised medical care in the areas 
of specialised healthcare, metropolises and regional 
centres. Since the onset of reform, there has been an 
expansion of primary healthcare services in all three 
zones of in'uence.

The prospect of developing a metropolitan healthcare 
space is linked to the need to create a uni&ed health-
care space by transferring all departmental healthcare 
institutions (those under ministries and other state 
agencies) under the authority of local or regional 
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cialised medical services in metropolises and regional 
centers. As a result, it may also lead to reduced costs for 
the population for this type of medical care 

The application of a functional approach to the as-
sessment of metropolitan processes within settlement 
systems suggests that, prior to 2014, the concentration 
of specialised medical care in metropolises and region-
al centres within the zone of metropolitan in'uence 
played a system-forming role in the healthcare infra-
structure. This infrastructure primarily included primary 
and specialised medical care. Patients’ routes were not 
coordinated by primary care physicians and often be-
gan with spontaneous and chaotic visits to specialised 
medical personnel in metropolitan or regional health-
care facilities. This was largely due to the functional 
dominance of specialised medical care in metropolitan 
and regional centres, which spread concentrically from 
the point of service delivery, especially during the tran-
sition period of establishing modern primary health 
care based on family medicine principles.

Since 2014, the healthcare system in metropolitan 
areas has been able to build and strengthen the ca-
pacity of primary healthcare at the community level, 
specialised medical care at the district level, and 
specialised medical care in metropolises and regional 
centers. However, the pace of positive change lags 
behind societal needs due to the existing post-Soviet 
system of monopolised control over human, &nancial, 

governments. This process should take place after the 
completion of the decentralisation reform and on the 
territories liberated from the occupation after the end 
of hostilities (Fig. 1).

This process will likely be accompanied by the expan-
sion of primary healthcare across all zones of in'uence 
and the concentration of specialised medical care re-
sources in metropolises and regional centers through 
their consolidation at the regional level.

These processes will imply the integration of the 
metropolitan space for specialised medical care across 
metropolitan areas and regional centres (1-4), as well 
as a signi&cant improvement in the quality of primary 
healthcare services within the metropolitan community 
(5) supported by autonomous &nancing..

In the second zone of metropolitan in'uence, a sig-
ni&cant improvement in primary healthcare (7) is also 
likely, which, in turn, may lead to a reduced demand 
for specialised medical care services (8). This is expect-
ed to be accompanied by the continued in'uence of 
specialised medical care provided in metropolises and 
regional centers.

In the third zone of metropolitan in'uence, an increase 
in primary healthcare services (9) is also likely, along with 
the alignment of specialised medical care services with 
the actual needs of the population (10). This will make 
it possible to concentrate infrastructure, personnel, and 
information 'ows, and to scale up the provision of spe-
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Fig. 2.  Relative emergency medical service (EMS) call rates in the regions of the metropolitan area compared to the metropolis of Dnipro (%)  
Note:,Data for 2021–2022 are unavailable
Source: compiled by the authors based on [21]
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In the context of decentralisation and the introduc-
tion of the subsidiarity mechanism, the function of 
coordinating patient routes in a certain way removes 
patients from a chaotic pattern of healthcare-seeking 
behavior and coordinates this process accordingly 
through family doctors, general practitioners, or pedia-
tricians. According to the Ministry of Health of Ukraine, 
75% of citizens have already chosen their primary care 
physician and signed the corresponding agreement 
with them through the National Health Service of 

and informational resources by the chiefs of medical 
institutions. This is partly attributable to the focus of 
the Ministry of Health of Ukraine and local authorities 
(until May 2019) on the deployment of modern primary 
healthcare. Meanwhile, the implementation of a uni&ed 
telemedicine space is based on World Bank projects 
aimed at enabling specialised healthcare institutions 
in metropolises and regional centers to provide such 
services to patients referred from primary and special-
ised care facilities. 

Table 1. Emergency medical service call rate per 100,000,average annual population in the metropolitan area of Dnipro city in Dnipro, Zaporizhzhia and 
Kirovohrad regions in 2010, 2013- 2014, and 2018 

2010 2013

Bipolar metropolis  
(zones of in'uence 1v3)

Call rate per 100,000
average annual population

Bipolar metropolitan area
(zones of in'uence 1–3)

Call rate per 100,000
average annual population

Dnipro 20934,9 Dnipro 21984,9

Dnipropetrovska 31365,6 Dnipropetrovska 26161,5

Zaporizhzhya 28070,4 Zaporizhzhya 26664,9

Kirovograd 42202,4 Kirovohradska 32901,1

2014 2018

Bipolar metropolitan area
(zones of in'uence 1–3)

Calls per 100,000
average annual population

Bipolar metropolitan area
(zones of in'uence 1–3)

Call rate per 100,000
average annual population

Dnipro 22814,3 Dnipro 22070,7

Dnipropetrovska 26120,4 Dnipropetrovska 25239,5

Zaporizhzhya 26256,5 Zaporizhzhya 23258,2

Kirovohrad 23389,9 Kirovohradska 19615,3

2019 2020

Bipolar metropolis  
(zones of in'uence 1–3)

Calls per 100,000
average annual population

Bipolar metropolitan area
(zones of in'uence 1–3)

Call rate per 100,000
average annual population

Dnipro* city 7114,2 Dnipro* city 6892,5

Dnipropetrovska 24058,8 Dnipropetrovska 22272,0

Zaporizhzhya 21850,0 Zaporizhzhya 18497,5

Kirovohrad 22583,8 Kirovogradska 16014,4

Note: * Data for the city of Dnipro in 2019–2020 are inaccurate; data for 2021–2022 are unavailable. 
Source: compiled by the authors based on [21]

Table 2. Emergency medical service calls per 100,000 average annual population in metropolitan areas of Kharkiv and Dnipro in 2010, 2013-2014, 
2018-2020

2010 2013 2014

Metropolitan areas
Call rate per 100,000 

average annual  
population

Metropolitan areas
Call rate per 100,000 

average annual  
population

Metropolitan areas
Call rate per 100,000 

average annual  
population

Dnipro 20934,9 Dnipro 21984,9 Dnipro 22814,3

Kharkiv 19982 Kharkiv 24214 Kharkiv 17294

2018 2019 2020

Dnipro 22070,7 Dnipro* city 7114,2 Dnipro* 6892,5

Kharkiv 17715 Kharkiv 21341,7 Kharkiv 20101,3

Note: * data for the city of Dnipro are inaccurate for 2019-2020 - incorrect; data for 2021-2022 – are unavailable 
Source: compiled by the authors based on [21]
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of specialised medical services in metropolises or 
regional centers to foreign legal entities and individu-
als, as well as the expansion of medical education for 
international students.

The metropolitan healthcare space of the city of 
Dnipro includes healthcare facilities across three zones 
of in'uence, within the jurisdictions of communities, 
districts and regions that are part of its metropolitan 
area of in'uence.

The characteristics of the healthcare system within 
the metropolitan space of the city of Dnipro, which 
includes Dnipropetrovsk, Zaporizhzhia, and Kirovohrad 
regions, were examined through a comparative analysis 
for the years 2010, 2013–2014, and 2018–2020 (Table 1), 
based on the rate of emergency medical service (EMS) 
calls per 100,000 population.C  This indicator is one of 
the indicators of the accessibility and quality of primary 
health care, as well as the level of medical literacy of 
the population.

In the metropolis of Dnipro, the lowest emergency 
medical service (EMS) call rates were recorded in 2010, 
2013, and 2014. The Kirovohrad region demonstrated 
the most favorable trend in reducing EMS calls [22] 
(Fig. 2). In 2014 (excluding the city of Dnipro and the 
Kirovohrad region) and in 2018 (excluding the Kiro-
vohrad region), the call rates in the metropolitan region 
exceeded the national average (23477,1 and 21107,56, 
respectively).

As for 2019-2020, due to the incorrect information from 
the city of Dnipro, it is not possible to perform calcula-

Ukraine [19].
Thus, the spatial monopolised medical dependence 

of patients on healthcare facilities, primarily primary 
healthcare, specialised care in general and cluster facil-
ities, and specialised care in supra-cluster institutions 
in metropolitan areas or regional centres, if necessary, 
is replaced by their conscious choice of a facility in a 
metropolitan centre that is capable of providing ap-
propriate care.

The application of the functional approach in studying 
the characteristics of the healthcare sector in metro-
politan areas indicates that the provision of primary 
healthcare services does not depend on the size of 
the city or other settlement, nor on the metropolitan 
region itself, but is determined by the e%orts and ac-
tivities of community leadership to create appropriate 
conditions for the work of this category of physicians 
and the conclusion of agreements with the National 
Health Service of Ukraine.

The availability of specialised medical services in met-
ropolitan cities or regional centers, as well as in com-
munities, depends on the number of individuals whose 
income is equal to or exceeds that of the middle-class 
incomes. According to the State Statistics Service of 
Ukraine, up to 40% of the population does not seek 
necessary medical care due to &nancial constraints. [20].

The dynamics of metropolitan changes in the health-
care sector will likelyCindicate an increase in the metro-
politan function at both regional and global levels. This 
will likely be evidenced by an increase in the provision 

Table 3. Number of primary healthcare physicians, proportion of pensioners in the average annual population of the Dnipro metropolitan area, as well 
as patients (18 years and older), as well as prevalence of hypertension, stroke, heart attack, ischemic heart disease; HIV/AIDS and AIDS mortality per 10,000 
average annual population of the metropolitan area

Metropolis

Number 
of primary 
care doc-

tors

Pension-
ers 

Number of 
patients with 
hypertension

Number of 
patients 

with stroke

Number of 
patients 

with heart 
attack

Number of 
patients with 

ischemic 
heart disease

Number 
of patients 
with HIV/

AIDS

AIDS-relat-
ed mortality 

rate

2010

Dnipro - 21,5 3243,0 13,7 4,9 2044,1 45,7 2,92

2013

Dnipro 5,2 22,5 3221,0 10,4 4,8 1824,0 69,6 2,8

2014

Dnipro 5,6 22,9 3514,0 13,2 5,0 1958,0 64,7 2,2

2018

Dnipro 5,9 24,6 3915,0 10,0 4,8 2408,0 58,2 2,7

2019

Dnipro 4,9 31,4 * * * * 215,2 2,4

2020

Dnipro 4,7 31,7 * * * * 243,5 *

Note: * data for 2019-2020 were not provided by the city; data for 2021-2022 are unavailable 
Source: compiled by the authors based on [21]
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leading to ine)cient and unjusti&ed expenditures of 
&nancial resources. The reason for this is the lack of 
legal mechanisms that would enable the Department 
of Health of the metropolis of Dnipro to coordinate the 
activities of healthcare facilities in communities, towns, 
villages, and settlements within the metropolitan zone 
of in'uence. In advanced countries, such coordination 
is regulated by laws and government resolutions under 
the framework of “metropolisation”.

For the city of Dnipro, a comparable example is the 
successful metropolis of Lyon. The alignment of master 
development plans among the cmmunities of Lyon’s 
metropolitan region enabled the creation of joint coor-
dination bodies involving managers, economists, legal 
experts, and entrepreneurs. This facilitated highly favor-
able conditions for investment, including in healthcare 
projects. This has helped to eliminate duplication of 
funding for the construction of facilities and to ensure 
proper statistical support of processes, including in the 
healthcare sector.

When substantiating the perspective tasks for the 
development of the healthcare system in the metrop-
olis of Dnipro, the positive changes associated with 
the expansion of primary healthcare based on family 
medicine and emergency medical care infrastructure 
should be taken into account.

To develop the Dnipro metropolitan area in line with 
European and international standards, it is advisable 
to design and implement a competitive model for 
the healthcare system’s development. In addition, the 
central government should facilitate the adoption of the 
Law of Ukraine “On the Development of Metropolitan 
Areas”. This is particularly relevant in the context of the 
full-scale war.

In the long term, it is important to delineate the zones 
of in'uence of metropolitan areas in the healthcare 
sector in relation to morbidity rates and to assess how 
well specialised healthcare facilities meet the needs of 
these populations. It is especially important to identify 
the so-called “uncovered zones”, which include settle-
ments whose population has di)culty accessing the 
services of specialised medical care in metropolitan or 
regional centres of a particular metropolis. This lack of 
access may result in increased mortality and disability 
rates among the working-age population, especially 
among men.

Signi&cant challenges in the provision of specialised 
medical care are associated with the preservation of 
outdated district hospitals, maintained not based on 
criteria of consolidation for scaling and improving 
service quality, but for political motives,  speci&cally, 
preserving obsolete sta)ng structures. This occurs 
despite the fact that modern European practices are 

tions for the metropolitan region. Notably, in 2020, the 
indicator for Dnipropetrovsk region (22272,0) was 17.1% 
higher than the national average (19017,0), while in 
Zaporizhzhia (18497,5) and Kirovohrad regions (16014.4), 
it was lower by 2.7% and 15.8%, respectively [21].

In 2018, compared to 2010, the city of Dnipro showed 
a 5.4% increase in emergency medical service calls. The 
same trend is observed when comparing these indica-
tors with those of the metropolis of Kharkiv (Table 2).

The decrease in this indicator over several years, while 
meeting the standards of emergency medical care, may 
to some extent indicate an improvement in the provision 
of primary health care.

An analysis of the incidence of socially dangerous 
diseases – hypertension, heart attack, stroke, HIV/
AIDS, and AIDS-related mortality, which pose risks of 
premature death (among the population aged 18 and 
older), was conducted for the years 2010, 2013–2014, 
and 2018–2020 per 10,000 average annual population 
(Table 3).

This analysis takes into account the decrease in the 
number of family doctors in 2019–2020 compared to 
2013 and 2018, as well as the increase in the proportion 
of pensioners.

In 2018, compared to 2010, the proportion of people 
with hypertension in the city increased by 20.7% (from 
3915 to 3243). At the same time, the share of pensioners 
in the average annual population increased from 21.5 % 
in 2010 to 22.9 % in 2017.

The incidence of ischemic heart disease in the city 
increased by 17.8% between 2010 and 2019 [21].

There was a persistent trend of the highest AIDS-relat-
ed mortality in Dnipro compared to other metropolitan 
areas in both 2010 and 2019 (2,9 and 2,4 per 10,000 
population, respectively). The city also recorded the 
highest incidence rate of HIV/AIDS among Ukraine’s 
metropolitan areas in 2019 (215,2) and 2020 (243,5) [21].

In 2018, compared to 2010, mortality rates due to 
hypertension increased by 14.5% (220,3 vs. 192,3), 
ischemic heart disease by 27.6% (762,7 vs. 597,8) (in 
2020, compared to 2019, an 11% increase), heart attack 
compared to 2019, an increase of 11%), heart attack 
by 29% (35,6 and 27,6) (in 2020, an increase of 14.4% 
compared to 2019) and stroke by 8.2% (81,6 and 75,4) 
(in 2020, an increase of 19.5% compared to 2019) [21].

DISCUSSION
In the course of providing specialised medical care, 
high-cost medical equipment is used by healthcare 
institutions in the regional centers of Dnipropetrovsk, 
Zaporizhzhia, and Kirovohrad regions. Due to the lack 
of proper load, this equipment often remains idle, 
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with responsibility for the operation of general and 
cluster-based specialised healthcare institutions, and 
metropolitan cities with the provision of specialised 
care through supracluster medical facilities. In this 
transformation, the scienti&c and expert community, 
civil society, Parliament, and the government, as well 
as individual citizens, are expected to retain their roles 
as leading forces in &nalising decentralisation reform 
and initiating the subsequent stage of metropolitan 
development.

Two of the three regions of the Dnipro metropolitan 
area – Dnipropetrovsk and Zaporizhzhia are currently 
located within the immediate zone of active hostilities 
in the ongoing Russo-Ukrainian war. Moreover, a sig-
ni&cant part of Zaporizhzhia region is occupied. This 
requires accelerating the integration of the Dnipro 
metropolitan area by combining human, &nancial, in-
tellectual, scienti&c, entrepreneurial, and humanitarian 
resources to generate high added value in the economic 
domain and to establish an e%ective healthcare system 
in each of the three zones of metropolitan in'uence. 
Such integration must be underpinned by e%ective co-
ordination among levels of local governance, adhering 
strictly to the principle of subsidiarity. 

A priority task is the development of five-year 
programs for the healthcare system of the Dnipro 
metropolitan area, focusing on reducing mortality 
from non-communicable diseases, particularly under 
conditions of large-scale military aggression. 

This goal is to be achieved by promoting projects 
within  metropolitan area and facilitating their funding, 
primarily in the healthcare sector. These initiatives must 
be grounded in the principle of fullC compliance and 
autonomy at all levels of medical service delivery within 
a uni&ed electronic system for healthcare management, 
centered on the use of an electronic patient card to 
which the patient should have access. 

Looking ahead, it is essential to study international 
best practices in the development of metropolitan 
healthcare spaces and the organisation of their infra-
structure to ensure the delivery of high-quality and 
accessible medical care. Relevant case studies include 
countries such as France, Poland, Canada, and others.

shifting towards the creation of multi-pro&le hospitals 
at the district level, serving populations of no less than 
120,000-150,000 residents. Legislative preservation of 
outdated general hospitals poses a threat of delayed 
and  low- quality services, which leads to excessive 
spending from both public budgets and households 
and increasing mortality rates. 

Legislative e%orts to preserve the human resources 
of medical personnel should be based on mechanisms 
that prioritise the preservation and promotion of pub-
lic health, as well as the provision of high-quality and 
timely treatment by healthcare professionals who meet 
international standards and criteria of professional com-
petence. This becomes possible only under conditions 
of a high workload for medical sta% that enables them 
to continuously improve their professional competence. 
The laws “On a Capable Network of Hospitals” and “On 
Public Health” adopted in 2022 preserve the ine%ective 
network of district hospitals with low capacity and in-
crease centralisation by transferring functions from the 
local and regional levels to the Ministry of Health [23], 
[24]. The current policy of prioritising salary payments 
to medical personnel for the sake of job preservation 
without accounting for actual e)ciency and combined 
with &xed wage increases demotivates healthcare sta% 
and signi&cantly undermines their ability to provide 
high-quality medical care.

CONCLUSIONS
Ukraine faces a need to establish a modern, Europe-
an-style metropolitan healthcare space, building on 
the successful decentralisation reform. In the context 
of decentralisation, Ukraine requires the consolidation 
of governmental authorities, businesses, science, and 
the media within metropolitan areas to develop con-
temporary and competitive strategies for metropolitan 
regional development, including healthcare systems at 
both national and regional levels. This process must be 
based on the genuine devolution of powers from the 
central government to local communities, speci&cally, 
entrusting communities with the organisation of pri-
mary healthcare services, newly established districts 
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INTRODUCTION
Escherichia coli is a natural component of the human 
gut microbiota and a leading cause of urinary tract, 
intraabdominal and bloodstream infections in Europe. 
Although in 2023 the most common E. coli resistance 
was observed for aminopenicillins, European Centre for 
Disease Prevention and Control data from 2016–2020 
indicate that the most severe clinical cases and the high-
est number of deaths were associated with resistance 
to third-generation cephalosporins. Given the serious 
health consequences of infections caused by antibi-
otic-resistant E. coli strains, comprehensive preventive 
measures are essential – extending beyond hospital 
care to encompass the broader healthcare system. [1]. 
One of the key resistance mechanisms of Escherichia 
coli is the ability to produce enzymes that inactivate 
L-lactam antibiotics. These bacteria can easily transfer 
resistance genes via plasmids and mobile genetic ele-

ments, such as transposons and insertion sequences, 
through the process of horizontal gene transfer (HGT). 
HGT is one of the major mechanisms facilitating the 
copying and dissemination of genes – including re-
sistance genes such as blaCTX-M-15Cgene – between 
bacteria of different species. This gene has been 
identi&ed in multiple reservoirs: human, animal, and 
environmental [2]. Although carbapenem resistance 
in Escherichia coli remains uncommon, the emergence 
of hard-to-detect mechanisms – such as the OXA-244 
carbapenemase – raises growing concern. These en-
zymes may evade standard diagnostics, increasing the 
risk of unnoticed spread within healthcare settings [3]. 

AIM
This review synthesises the main factors contributing 
to the emergence and spread of antibiotic-resistant 
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Escherichia coli in Europe, taking into account the 
interconnected human, animal, and environmental 
dimensions of the One Health perspective. 

MATERIALS AND METHODS 
This literature review was conducted to identify and 
synthesize scienti&c evidence on the mechanisms and 
epidemiology of antibiotic resistance in Escherichia coli 
in Europe, with a particular focus on the One Health 
perspective.

A structured literature search was performed using 
keywords such as “Escherichia coli”, “antibiotic resis-
tance”, “ESBL”, “carbapenemase”, “CTX-M”, “OXA-244”, 
“'uoroquinolone resistance”, “veterinary antibiotics”, 
“horizontal gene transfer”, “mcr-1”, and “One Health”.

Inclusion criteria encompassed peer-reviewed articles 
focusing on E. coli resistance in human, animal, and 
environmental reservoirs within the European region.

A total of 14 scienti&c articles were selected and an-
alyzed. The selection process followed the principles 
of narrative review methodology, aiming to provide 
a comprehensive yet structured overview of the most 
relevant mechanisms and drivers of resistance.

REVIEW AND DISCUSSION

INAPPROPRIATE ANTIBIOTIC PRESCRIBING 
IN HUMAN MEDICINE
Data from recent years indicate that antibiotic prescrib-
ing by primary care physicians signi&cantly contributes 
to bacterial resistance to antimicrobial agents. A study 
conducted in 14 European countries revealed notable 
differences in prescribing practices across nations. 
Countries such as Spain, Poland, and Italy exhibited 
particularly high rates of broad-spectrum antibiotic 
use, re'ected in elevated Antibiotic Spectrum Index 
(ASI) values. The study demonstrated a clear correlation 
between the volume of antibiotics prescribed and the 
prevalence of resistant microorganisms. Notably, the 
role of primary care physicians emerged as crucial, with 
approximately 90% of the antibiotic selection pressure 
(ASP) originating from primary care rather than hospital 
settings. Interestingly, it was not merely the number 
of prescriptions that mattered, but rather the breadth 
of antimicrobial activity. The broader the antibiotic 
spectrum, the higher the associated risk of resistance 
development. Although some general practitioners still 
believe that antimicrobial resistance (AMR) is primarily 
driven by hospital or veterinary antibiotic use, this study 
highlights the substantial in'uence of prescribing prac-
tices in family medicine on the growing AMR crisis [4]. 

This shift toward broad-spectrum antibiotic prescribing 
is not a new phenomenon. As early as the early 2000s, a 
cross-national study conducted in 26 European countries 
already highlighted a decline in the use of narrow-spec-
trum agents in favor of newer broad-spectrum antibiot-
ics, especially in Southern and Eastern Europe [5].

A relevant example is the outpatient use of 'uoro-
quinolones in the treatment of urinary tract infections 
(UTIs), which are most commonly caused by Escherichia 
coli. Antibiotics such as cipro'oxacin and levo'oxacin 
are frequently prescribed empirically for cystitis and 
pyelonephritis. However, recent years have seen a 
notable increase in E. coli resistance to this antibiotic 
class, particularly in Southern and Eastern Europe, with 
resistance rates in Poland previously reported at approx-
imately 30%.  This trend highlights the importance of 
monitoring regional resistance patterns and promoting 
responsible antibiotic prescribing practices [6].

VETERINARY AND AGRICULTURAL 
ANTIBIOTIC USE
The practice of frequent antibiotic use by animal-based 
food producers is a serious factor contributing to anti-
microbial resistance [9]. 

In 2023, EU member states, along with Iceland and 
Norway, jointly reported data on the sale and use of 
antimicrobials in animals for the &rst time. Coordinat-
ed by the EMA, the ESUAvet report showed that 98% 
of veterinary antimicrobials sold were intended for 
food-producing animals. The most frequently used 
classes included penicillins, tetracyclines, and sulfon-
amides. Usage data, mostly collected by veterinarians, 
focused on cattle, pigs, poultry, and turkeys [7].

The Joint Interagency Antimicrobial Consumption and 
Resistance Analysis (JIACRA IV) report indicates that reduc-
ing the use of antimicrobials in food-producing animals 
is associated with a higher proportion of Escherichia coli 
isolates fully susceptible to the tested antimicrobial agents. 
This pattern was observed both in animal and human 
isolates, particularly in countries that have signi&cantly 
decreased overall antimicrobial consumption [8].

The increase in resistance to colistin – an antibiotic 
used in the treatment of severe infections caused by 
carbapenemase-producing E. coli strains – is closely 
linked to its widespread use in food-producing an-
imals. A particular concern is the emergence of the 
plasmid-mediated resistance gene mcr-1, which facili-
tates horizontal transfer of this trait between bacteria. 
In many cases, E. coli isolates from both animals and 
humans have carried both mcr-1 and blaCTX-M, sug-
gesting the potential for co-transfer of resistance to 
colistin and cephalosporins [9].
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Emerging evidence demonstrates that the use of an-
tibiotics in livestock farming fosters the gastrointestinal 
colonization of poultry and mammals by E. coli strains 
carrying blaCTX-M resistance genes. These strains can 
be transmitted to humans through both the food chain 
and direct contact [12].

Recent data from Thailand indicate that both compan-
ion animals and individuals working closely with them 
may carry E. coli strains resistant to multiple antimicrobial 
agents. These strains were often found to possess extend-
ed-spectrum beta-lactamase (ESBL) genes, including 
blaCTX-M, blaTEM, blaSHV, along with tetracycline resis-
tance markers (tetA, tetB). This highlights the potential 
role of household pets as reservoirs of resistance genes 
and supports the need for integrated antimicrobial resis-
tance surveillance within a One Health framework [10].

1 HOSPITAL TRANSMISSION AND 
INFECTIONCONTROL GAPS
A 2-year study in a tertiary care hospital found that many 
patients carried ESBL-producing E. coli at admission or 
acquired it during hospitalization. Most infections (60%) 
were endogenous, but transmission between patients 
also occurred, revealing infection-control gaps. The study 
highlights the need for antibiotic stewardship to limit 
antibiotic overuse and lower ESBL-E infection rates [11].

Although carbapenem resistance in Escherichia coli 
remains relatively low in the EU/EEA – with fewer than 
1.5% of invasive isolates exhibiting resistance in 2022—
it is becoming an increasing concern due to the emer-
gence of di)cult-to-detect resistance mechanisms and 
the critical importance of carbapenems as last-resort 
antibiotics. One such mechanism involves the OXA-
244 carbapenemase, an enzyme with low hydrolytic 
activity that often escapes detection through standard 
screening methods and fails to grow on selective CPE 
media. This diagnostic limitation was exempli&ed by a 
large-scale hospital outbreak in Poland in 2023, where 
E. coli ST38 strains carrying the blaOXA-244 gene were 
identi&ed in 38 patients across 13 wards. Despite ex-
tensive epidemiological investigation, no de&nitive 
source of transmission was established. The spread was 
likely facilitated by intra-hospital movement of patients 
and healthcare personnel, further highlighting the 
importance of improved detection and containment 
strategies for emerging carbapenemase producers [3].

2 INTERNATIONAL TRAVEL AND 
POPULATION MOBILITY
A multinational study conducted across several coun-
tries con&rmed that international travel constitutes a 

major risk factor for colonization with extended-spec-
trum L-lactamase-producing Escherichia coli (ESBL-EC). 
Individuals who traveled at least once per year to 
Asia, Sub-Saharan Africa, or Northern Africa exhib-
ited an approximately fourfold increased likelihood 
of ESBL-EC carriage compared to those who had not 
traveled to these regions. This association remained 
statistically signi&cant after adjustment for potential 
confounders [14].

3 HORIZONTAL GENE TRANSFER AND 
MOBILE GENETIC ELEMENTS
On a global scale, bla(CTX-M-15  is the most frequently 
identi&ed CTX-M gene variant in Escherichia coli. The 
extraintestinal pathogenic clone ST131 has emerged 
as the leading strain worldwide, with its H30-Rx sub-
lineage being particularly widespread. This subclone 
is notable for carrying both 'uoroquinolone resistance 
and the bla(CTX-M-15  gene, which has contributed to 
its success. The dissemination of this resistance gene 
is largely driven by horizontal gene transfer via conju-
gative plasmids, especially those belonging to the IncF 
family, which act as primary vectors. Importantly, ST131 
has not only been found in clinical human samples but 
also in animals and the environment, re'ecting its broad 
adaptability and relevance in One Health contexts [12].

ENVIRONMENTAL RESERVOIRS AND 
WASTEWATER INTERFACES
The natural environment serves as a signi&cant reservoir 
of antimicrobial resistance genes, including blaCTX-M, 
primarily due to pollution linked to human activities. 
ESBL-producing Escherichia coli have been increasingly 
identi&ed in a variety of environmental settings.

The presence of mobile genetic elements – especially 
class I integrons and transposons – facilitates the hor-
izontal transfer of resistance traits between bacteria, 
enabling their persistence across ecological boundaries.

Environmental contamination with residual antibi-
otics supports the survival of resistant strains that may 
eventually transfer their resistance to humans and 
animals.

For instance, 'uoroquinolone pollution favors the 
selection of bacterial strains carrying integrons that 
harbor both blaCTX-M and qnr genes, contributing to 
the long-term maintenance and environmental spread 
of ESBL resistance [12].

Inadequate treatment processes in wastewater treat-
ment plants (WWTPs) contribute signi&cantly to the 
dissemination of antimicrobial-resistant bacteria and 
resistance genes in the environment. These facilities 
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particularly via wastewater – providing ideal conditions 
for persistence and exchange of resistance traits. These 
&ndings underscore the urgent need to improve waste-
water treatment standards and reduce pharmaceutical 
residues in the environment.

One important but often underappreciated factor is 
international travel. The AWARE study demonstrated 
that frequent travelers to high-prevalence regions face 
signi&cantly higher risks of ESBL-EC colonization. This 
highlights the global dimension of resistance dissemi-
nation and suggests that travel history should be more 
routinely considered in clinical risk assessments and 
screening protocols.

Key summary points:
•	 	Antibiotic resistance in E. coli is driven by intercon-

nected pressures across the One Health spectrum.
•	 	Inappropriate outpatient prescribing, particularly of 

broad-spectrum antibiotics, remains a critical issue 
in many European countries.

•	 	Antimicrobial use in agriculture contributes to resis-
tance gene dissemination, including in household 
pets.

•	 	Hospital outbreaks caused by hard-to-detect car-
bapenemases, such as OXA-244, illustrate the diag-
nostic limitations of current protocols.

•	 	Environmental contamination and wastewater in-
terfaces create persistent reservoirs of resistance.

•	 	Frequent international travel to high-risk regions 
significantly increases the likelihood of ESBL-EC 
carriage.

CONCLUSIONS
Antibiotic resistance in Escherichia coli presents an esca-
lating public health challenge that transcends hospital 
walls and re'ects the interconnectivity of human, animal, 
and environmental health domains. This literature review 
demonstrates that resistance is fueled by multiple fac-
tors: excessive broad-spectrum antibiotic use in primary 
care, the overuse of antimicrobials in food-producing 
animals, inadequate infection control in healthcare set-
tings, environmental contamination, and global travel.

A coordinated and multisectoral approach is urgently 
required. Strategies should include:
•	 	Strengthening antimicrobial stewardship in outpa-

tient settings;
•	 	Restricting non-therapeutic antibiotic use in agri-

culture;
•	 	Improving diagnostic capacities to detect hard-to-iden-

tify resistance mechanisms;
• Enhancing wastewater treatment standards;

•	 	Integrating travel history into risk assessment protocols.

receive human excreta containing unmetabolized an-
tibiotics, as well as a wide range of chemicals, including 
pharmaceuticals and personal care products. If not 
e%ectively removed, these substances create selective 
pressure that promotes the survival and spread of resis-
tant strains. Studies have detected multidrug-resistant 
Escherichia coli isolates, including those carrying resis-
tance genes such as mcr-1 and ermA, in treated eSuents 
released into natural water bodies [13].

DISCUSSION
This literature review reveals that antibiotic-resistant 
Escherichia coli is an increasingly complex public 
health challenge in Europe, driven by a constellation 
of interrelated factors across human, animal, and en-
vironmental domains. The reviewed evidence shows 
that resistance is no longer con&ned to hospitals but 
is instead propagated through interconnected ecosys-
tems. Understanding the multifactorial dynamics of 
resistance transmission is therefore crucial for designing 
e%ective mitigation strategies across all sectors of the 
One Health interface.

The role of primary care practitioners is particularly 
concerning, given their significant contribution to 
antimicrobial selection pressure. The shift toward 
broad-spectrum agents, such as 'uoroquinolones, has 
likely contributed to the regional increase in resistance, 
especially in Southern and Eastern Europe. These &ndings 
support the need for continued education and steward-
ship programs tailored speci&cally to outpatient care.

In the veterinary and agricultural sectors, the wide-
spread use of antimicrobials—especially in food-pro-
ducing animals – has enabled the persistence and 
dissemination of resistance genes such as mcr-1 and 
blaCTX-M. The identi&cation of these genes in both 
human and animal isolates, as well as in companion 
animals, highlights the permeability of the One Health 
interface and the necessity of coordinated surveillance 
across sectors.

Hospital-based transmission remains an ongoing 
concern, particularly in light of the emergence of 
elusive resistance mechanisms such as OXA-244 car-
bapenemase. The inability of standard diagnostic tests 
to detect certain carbapenemase producers presents 
a serious threat, as undetected carriers may facilitate 
silent outbreaks. This calls for the incorporation of more 
sensitive molecular diagnostics in clinical microbiology 
laboratories.

Horizontal gene transfer further complicates con-
tainment e%orts. Plasmids, integrons, and transposons 
have accelerated the spread of resistance across species 
and ecosystems, with environmental contamination – 
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resistance. Future e%orts must prioritize surveillance, 
prevention, and international collaboration to limit 
the spread of multidrug-resistant E. coli and protect 
public health.

Finally, the consistent presence of blaCTX-Mand mcr-
1 genes across human, animal, and environmental 
reservoirs reinforces the critical importance of adopt-
ing a One Health perspective in tackling antibiotic 
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