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Assessment of prevalence and severity
of lower limb varicose veins according to CEAP classification

Mykyta Druzhkin*

Postgraduate Student

Zaporizhzhia State Medical and Pharmaceutical University
69035, 26 Marii Prymachenko Blvd., Zaporizhzhia, Ukraine
https://orcid.org/0009-0009-6027-7750

Abstract. Chronic venous disease of the lower extremities (CVD) remains one of the most common vascular pathologies,
significantly reducing patients’ quality of life and requiring a clearly standardised approach to assessing its severity and
prevalence. The implementation of the international CEAP (Clinical, Etiological, Anatomical, and Pathophysiological)
classification enables systematisation of clinical manifestations and justification of treatment strategies. The aim of this
study was to determine the prevalence and severity of CVD based on CEAP clinical classes in patients with chronic
venous insufficiency. A total of 139 patients aged 18 to 75 years with CVD at stage C3-C6 were examined. Depending on
the treatment performed, patients were divided into three clinical groups. All patients underwent clinical and ultrasound
examinations followed by statistical data processing. The most common clinical class was C3, identified in 47.5% of
patients, while C4a was found in 28.8%, and severe forms C5-C6 accounted for 10.8% of cases. Women more often had
C3-C4a forms, while men were more likely to be diagnosed with C4b-C6. The main risk factors included positive family
history (60.4%), sedentary lifestyle (59.7%), occupational exposure in the form of prolonged standing or sitting (49.6%),
as well as smoking, obesity, and a history of thrombotic events. No statistically significant differences in clinical severity
were observed between the treatment groups. The findings allowed for outlining the epidemiological profile of patients
with CVD in the stage of chronic venous insufficiency (CVI), confirm the high prevalence of clinical class C3, and provide
an empirical basis for further studies on the effectiveness of various options for combined surgical treatment considering
reflux topography and anatomical features of venous pathology. The practical significance of this study lies in enhancing
diagnostic and treatment planning through stratification of patients by CEAP clinical class, allowing for more personalised
and evidence-based therapeutic decisions

Keywords: chronic venous insufficiency; clinical stages; combined treatment; endovenous ablation; duplex
ultrasound; chronic venous disease

Introduction
Chronic venous disease (CVD) of the lower extremities is
one of the most common disorders of the peripheral vascu-

reported an average two-year incidence rate of varicose
veins of 5.2% in women and 3.9% in men.

lar system, characterised by a chronic course, progressive
development of venous insufficiency, and a potential risk of
complications, including thrombophlebitis, trophic ulcers,
and thromboembolic events. According to epidemiological
studies, the prevalence of CVD in the general population
range between 20% and 40%, with the incidence increasing
with age and demonstrating certain gender differences [1].
A. Han [2] cited data from the Framingham Study, which

Suggest Citation:

CVD most often begin to develop at a young age under
the influence of various external factors, especially in the
presence of a hereditary predisposition to this condition. At
present, a positive family history of venous disorders is con-
sidered the predominant risk factor in the development of
chronicvenouspathology.Itwasreported that90% of children
developed chronic enous insufficiency (CVI) if both parents
were affected, and only 20% if both parents were healthy [3].
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Other major factors contributing to the development of
venous pathologyincluded patients’lifestyle and medical his-
tory [4]. Obesity led to both pathophysiological and patho-
morphological changes in the venous wall. J. Patel et al. [5]
showed that the likelihood of developing CVD increased
with rising body mass index (BMI), and patients with high-
er BMI values demonstrated increased diameter of the great
saphenous vein. According to the World Health Organiza-
tion [6], approximately 31% of the global population aged
15 and above had insufficient physical activity. In Ukrainian
patients, a sedentary lifestyle was observed in nearly 45.6%
of cases. S. Béliard et al. [7] showed that in all age groups
and in both sexes (except men aged 18-34), the CEAP (Clin-
ical, Etiological, Anatomical, and Pathophysiological) clin-
ical class was significantly higher in individuals who did
not engage in regular physical activity compared to those
who did. Smoking was also recognised as a risk factor for
CVD due to various interrelated pathophysiological mech-
anisms, including haemodynamic changes, oxidative stress,
inflammation, endothelial dysfunction, and thrombosis.

M. Cui et al. [8], based on data from the CIRCS (Cir-
culatory Risk in Communities Study), demonstrated that
chronic and intensive smoking was associated with a high
prevalence of impaired endothelial function. Musculo-
skeletal disorders are frequently reported in patients with
chronic venous disease and may contribute to symptoms
and reduced quality of life. Prolonged standing or sitting, of-
ten related to occupational factors, was also capable of pro-
voking the development of CVD. J.H. Park et al. [9] showed
that Americans spent 55% of their waking hours (7.7 hours
per day) in a seated position, whereas Europeans spent 40%
of their free time (2.7 hours per day) sitting. A history of
thrombotic complications may result in post-thrombotic
syndrome (PTS), which leads to venous stenosis, obstruc-
tion, or valve damage, causing sustained elevation of venous
pressure. S.S. Virani et al. [10] reported that PTS affected be-
tween 23% and 60% of individuals with deep vein thrombo-
sis. A prior history of thrombotic events is a recognised risk
factor for the development of chronic venous insufficiency.

Modern phlebology has relied on the international
CEAP classification, which enabled the standardisation of
clinical assessment, identification of aetiological factors,
determination of the extent of venous involvement, and
clarification of the mechanisms underlying disease pro-
gression. This system facilitated not only more accurate
diagnosis formulation but also the selection of optimal
treatment strategies, prediction of disease course, and eval-
uation of therapeutic efficacy [11]. Despite significant ad-
vances in the understanding of varicose vein pathogenesis,
its prevalence across different populations has remained
insufficiently studied, particularly in the context of lifestyle
changes, environmental influences, and socio-economic
factors. The lack of generalised epidemiological data re-
garding the frequency and severity of CVD in different age
and social groups highlighted the need for additional pop-
ulation-based research. Therefore, the aim of the present
study was to analyse the prevalence and severity of chronic

venous disease according to the CEAP classification in the
study population, which allowed for the evaluation of the
structural features of the disease, its aetiological and patho-
physiological aspects, and contributed to the improvement
of diagnostic and therapeutic approaches.

Materials and Methods

The study of patients with CVD of the lower extremities
was conducted from 2023 to April 2025 at the Department
of Faculty Surgery, Zaporizhzhia State Medical and Phar-
maceutical University. Inclusion criteria were: patients
with CVD of the lower extremities classified as CEAP clin-
ical classes C3-C6, aged between 18 and 75 years. Exclu-
sion criteria: patients with CVD classified as CEAP classes
CO0-C2; patients under 18 or over 75 years of age; patients
with oncological diseases; patients with autoimmune dis-
eases; patients with diabetes mellitus; patients with liver
diseases; absence of signed informed consent for partic-
ipation in the study. A total of 139 patients (100%) were
examined. Among them, 47 (33.81%) were men and 92
(66.19%) were women. All patients were divided into 3
clinical groups with subgroups.

Group 1 (main group): 32 patients (23.02%) who re-
ceived treatment by endovenous radiofrequency ablation
(RFA) of the great and/or small saphenous veins, combined
with miniphlebectomy of tributaries and perforating veins.

Group 2 (comparison group): 64 patients:

® Subgroup 2A: 31 patients (22.30%) who underwent
endovenous RFA combined with miniphlebectomy of trib-
utaries without ligation of perforating veins;

® Subgroup 2B: 33 patients (23.74%) who under-
went endovenous RFA combined with ligation of per-
forating veins without miniphlebectomy of tributaries.

Group 3 (comparison group): 43 patients (30.94%) who
received treatment exclusively by endovenous radiofre-
quency ablation of the great and/or small saphenous veins.

The average age range of patients was as follows: Group
1 - 47.18+1.95 years; Subgroup 2A - 54.50 +2.19 years; Sub-
group 2B — 47.18 £ 1.95 years; Group 3 — 50.32 £ 1.81 years.
No statistically significant differences in patient age be-
tween groups and corresponding subgroups were observed
(p>0.05). The examination of patients included a structured
anamnesis collection using a standardised questionnaire, clin-
ical evaluation, laboratory testing, and instrumental investi-
gations. Ultrasound examination of the lower limb veins was
performed using ultrasound diagnostic systems: ACUSON
Redwood”, “ACUSON NX3 Elite”, and “ACUSON NX2” man-
ufactured by Siemens Medical Solutions USA, Inc. (USA).

Statistical processing of the obtained data was carried
out using the software packages STATIS TICA 13.0, TIB-
CO Software Inc. (license JPZ804I1382130ARCN10-]) and
MICROSOFT EXCEL 2013 (license 00331-10000-00001-
AA404) [12]. Quantitative indicators were presented as
M + m (arithmetic mean and standard error of the mean).
The study was carried out in compliance with modern
bioethical requirements [13], including the requirements
of Article 8 of the Law of Ukraine No. 123/96-BP “On
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Medical Products” [14], Directive of the European Parlia-
ment and of the Council 2001/20/EC [15], Convention for
the protection of Human Rights and Dignity of the Hu-
man Being with regard to the Application of Biology and
Medicine [16], WMA Declaration of Helsinki — Ethical
Principles for Medical Research Involving Human Partic-
ipants [17], recommendations of the World Health Organ-
isation Global Health Ethics [18], provisions of Good Clin-
ical Practice (GCP) [19], and the Order of the Ministry of
Health of Ukraine No. 690 [20]. All patients were informed
about the risks of conducting the study and publishing ma-
terials and signed an informed consent to participate in the
study. The authors claim to respect the confidentiality of
data and prevent any pressure.

Results and Discussion

An essential part of the study involved the collection and
analysis of patients’ medical history and lifestyle-related
factors that could influence the progression and severity of
CVD. The structured anamnesis included questions about
family history of venous pathology, previous thrombotic
events, obesity, smoking status, occupational factors such
as prolonged standing or sitting, as well as general physical
activity level. These data were obtained during patient in-
terviews conducted at the initial stage of clinical evaluation.
The aim of this stage was to identify the most common risk
factors in the study population and explore their distribu-
tion across treatment groups. The results of this analysis are
summarised in Table 1.

Table 1. Social and medical history of patients in groups (M + m)

Groups
. Group 2 (n =64)
Indicator Group 1(n=32) | Subgroup 2A Subgroup 2B | Group 3 (n=43)
(n=31) (n=33)

Obesity 5 (15.62%) 3 (9.68%) 4 (12.12%) 7 (16.28%)

Smoking 4 (12.50%) 8 (25.81%) 7 (21.21%) 10 (23.26%)

Sedentary lifestyle 19 (59.38%) 21 (67.74%) 17 (51.52%) 26 (60.47%)

Professional factors (prolonged standing or sitting) 15 (46.88%) 16 (51.61%) 15 (45.45%) 23 (53.49%)

Leg trauma 1 (3.13%) 2 (6.45%) 0 (0.00%) 3 (6.98%)

Family history of CVD 16 (50.00%) 20 (64.52%) 20 (60.61%) 28 (65.12%)

Thrombotic history 6 (18.76%) 6 (19.35%) 7 (21.21%) 9 (20.93%)

Source: compiled by the author

According to the obtained results, 60.4% of patients
across all groups and subgroups had a positive family histo-
ry of venous pathology. These findings were consistent with
the data of the nationwide Ukrainian study by L.M. Cher-
nukha [21],in which approximately 62% of patients reported
a family history of venous diseases. This further confirmed
the importance of heredity in the development of CVD.

The second most prevalent risk factor was a sedentary
lifestyle, identified in 59.7% of patients. Physical inactivi-
ty significantly affects overall health and is recognised as
the fourth leading risk factor for global mortality. A sed-
entary lifestyle not only increases mortality but also sub-
stantially reduces the quality of life in patients with CVD.
H. Kiloatar et al. [22] showed that a low level of physical
activity was associated with a reduced quality of life. More-
over, the authors demonstrated that in patients with car-
diovascular diseases who maintained moderate physical
activity, the intensity of pain during exertion was lower.
There is also evidence of the negative impact of sedentary
behaviour on vascular health. C. Demiot et al. [23] showed
that in a study of healthy women, 56 days of head-down bed
rest reduced endothelium-dependent vasodilation and in-
creased endothelial cell damage. These vascular alterations
could be prevented by aerobic exercise and muscle train-
ing. Occupational factors such as prolonged standing or
sitting were reported in 49.6% of patients. These findings
were nearly consistent with those of a Swiss study, which
showed that varicose veins were present in 56% of men

and 55% of women working in the chemical industry [24].
Another 12-year prospective cohort study conducted in
Denmark found that prolonged standing increased the
risk of hospitalisation for varicose vein treatment [25].
Smoking was recorded in 20.9% of cases. According to the
2023 national survey conducted by the World Health Or-
ganization [26], 27.4% of the Ukrainian population were
smokers, including 44.0% of men and 13.7% of women.
O. Hahad et al. [27] reported that cigarette smoke expo-
sure is associated with endothelial dysfunction, primarily
characterised by reduced vascular nitric oxide bioavail-
ability due to increased superoxide production in the
vascular wall. Thrombotic complications in the medical
history of patients with CVD were reported in 20.1% of
cases. R.A. Baylis et al. [28] showed that post-thrombot-
ic syndrome develops in 23-60% of individuals with deep
vein thrombosis (DVT). Furthermore, an epidemiological
study based on the UK Biobank cohort found that a histo-
ry of DVT increased the risk of developing varicose veins,
with a hazard ratio (HR) of 2.6 [29]. Following a throm-
botic event, affected veins may undergo fibrosis and wall
thickening, further disrupting venous flow and contribut-
ing to the development of CVI, as well as increasing the
risk of recurrent thrombosis [30].

Obesity, as a risk factor for CVD, was reported in
13.7% of patients. According to the World Health Organi-
zation (WHO) [31], as of 2022, approximately 890 million
adults were living with obesity, which accounted for about
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16% of the global adult population. In obese individuals,
inflammation extends beyond adipose tissue due to con-
tinuous release of pro-inflammatory molecules by adipo-
cytes. Moreover, as adipocytes enlarge, cellular stress due
to hypoxia may occur, triggering danger signals and in-
flammatory mediators that amplify systemic inflammatory
responses. In individuals with obesity, free fatty acids and
reactive oxygen species activate the inflammatory cascade
involving NF-kB, accompanied by the release of pro-in-
flammatory cytokines [32].

The gender distribution of patients, presented in Ta-
ble 2, revealed a predominance of female patients across all

study groups and subgroups, with 66.1% women and 33.9%
men, respectively. These data correlate with the results of
a study by H. Kim et al. [33], which confirmed a higher
susceptibility to venous disease among women (73%) com-
pared to men (56%). Researchers suggested that this may
be attributed to the specific features of the female hormonal
system, as well as the number of pregnancies and deliveries
in medical history. M.A. Ortega et al. [34] showed that the
greater the number of pregnancies, the more likely the de-
velopment of CVD after the age of 40: up to 40% of women
with 1-4 pregnancies and up to 65% of women with 5 or
more pregnancies were diagnosed with CVD.

Table 2. Gender distribution in patient groups

Group Women Men Total
1 22 (15.8%) 10 (7.2%) 32 (23%)
2A 22 (15.8%) 9 (6.5%) 31 (22.3%)
2B 20 (14.4%) 13 (9.4%) 33 (23.8%)
3 28 (20.1%) 15 (10.8%) 43 (30.9%)
Total 2 (66.1%) 47 (33.9%) 139 (100%)

Notes: percentages are relative to the full sample (n=139)
Source: compiled by the author

P. Jain et al. [35] reported that systemic use of proges-
tins, both alone and in combination with estrogens, was
associated with a significantly reduced frequency of venous
procedures for varicose veins in women. The effect was
particularly pronounced in those receiving progestin-only
therapy, who demonstrated the lowest rates of endovenous
ablation, phlebectomy, and sclerotherapy compared to con-
trols. It was also observed that this reduction applied not
only to asymptomatic patients but extended to those with
complicated forms of the disease, which typically require
more active intervention. These findings suggest that sys-
temic hormonal influence may affect the clinical expres-
sion and progression of varicose veins, and potentially re-
duce the likelihood of disease recurrence after treatment.

Furthermore, the influence of sex hormone-binding glob-
ulin (SHBG) levels on varicose vein development was in-
vestigated. It was shown that serum SHBG levels were
positively associated with the risk of varicose veins in both
sexes, particularly in women [36].

The severity of clinical manifestations of venous pa-
thology in patients across the groups and subgroups was
assessed according to the CEAP classification. The obtained
data are presented in Table 3. This classification enabled a
structured comparison of the distribution of clinical stages
across treatment groups, highlighting both common and
less frequent presentations. Such stratification is essential
for understanding the burden of disease and for evaluating
the appropriateness of applied therapeutic strategies.

Table 3. CEAP clinical class distribution by group

Group 1 (n=32) | Subgroup 2A (n=31) | Subgroup 2B (n=33) Group 3 (n=43) Total
C3 16 (50%) 14 (45.2%) 18 (54.6%) 18 (41.9%) 66 (47.5%)
C4a 7 (21.9%) 11 (35.4%) 7 (21.1%) 15 (34.9%) 40 (28.8%)
C4b 3 (9.4%) 2 (6.5%) 2 (6.1%) 0 (0%) 7 (5%)
C4c 3 (9.4%) 0 (0%) 4 (12.1%) 4(9.3%) 1(7.9%)
C5 1(3.1%) 1(3.2%) 2 (6.1%) 2 (4.6%) 6 (4.3%)
Cé 2 (6.2%) 3 (9.7%) 0 (0%) 4(9.3%) 9 (6.5%)
Total 32 (100%) 31 (100%) 33 (100%) 43 (100%) 139 (100%)

Notes: percentages reflect group-specific CEAP class distribution
Source: compiled by the author

Analysis of the data presented in Table 3 revealed that
the most frequently observed clinical manifestation across
all groups and subgroups was lower limb oedema, corre-
sponding to stage C3 of the CEAP classification, identified

in 47.5% of all patients. Pigmentation and eczema, con-
sistent with stage C4a, were present in 28.8% of cases. The
least frequent clinical manifestation was a healed venous
ulcer (stage C5), detected in 4.3% of cases. These findings
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were consistent with global epidemiological studies, which
reported that stages C1-C3 were most frequently observed
in clinical practice, while stages C5-C6 occurred less com-
monly [37]. For example, Z. Krasinski & B. Krasinska [38]
showed that varicose veins classified as C2 were present in
25-40% of adults, whereas more advanced stages (C3-C6)
were observed in 17-20% of the population. According to a
nationwide Ukrainian epidemiological study by L.M. Cher-

nukha [21], the prevalence of CVD by CEAP classification
was as follows: CO - 1.7%, C1-C3 - 77.1%, C5 - 4.2%, and
C6 - 3.2%. Analysis using the x* test demonstrated that
no statistically significant differences in CEAP class distri-
bution were observed between the groups (p > 0.05). The
study also investigated the distribution of clinical severity
according to CEAP among male and female patients. The
data are presented in Table 4.

Table 4. Gender distribution by CEAP clinical class

CEAP Women Men Total
(o] 49 (35.3%) 17 (12.2%) 66 (47.5%)
C4a 23 (16.6%) 17 (12.2%) 40 (28.8%)
C4b 5 (3.6%) 2 (1.4%) 7 (5%)
C4c 7 (5%) 4(2.9%) 11 (7.9%)
c5 3(2.1%) 3 (2.2%) 6 (4.3%)
Cé 5 (3.6%) 4 (2.9%) 9 (6.5%)

Total 92 (66.2%) 47 (33.8%) 139 (100%)

Notes: percentages are relative to the full sample (n=139)
Source: compiled by the author

Table 4 presents the distribution of 139 patients with
chronic venous disease of the lower limbs by sex and CEAP
clinical classes. The largest proportion of both women
and men fell into class C3: 49 women (35.3%) and 17 men
(12.2%). Classes C4a and C4c showed a relatively even gen-
der distribution, with a slight predominance of women.
Higher classes (C5 and C6) were less frequent, although
the gender distribution remained relatively proportional.
Opverall, the data indicate a higher prevalence of chronic
venous insufficiency among women, particularly at the
stage corresponding to class C3 of the CEAP classifica-
tion. It was found that in both sexes, clinical signs of the
disease were most commonly observed at stages C3-C4a.
However, the proportion of women was higher than that
of men. The fewest women sought medical help for healed
venous ulcers (C5), whereas among men, the least common
presentation was lipodermatosclerosis (C4b). However,
the study by M. Kiguchi et al. [39] confirmed that female
patients presented with lower CEAP clinical classes at the
time of admission compared to males. Although chronic
venous diseases were more prevalent among women, men
were more likely to present with trophic ulcers. The ob-
tained results confirm that the distribution of CEAP clini-
cal classes among patients with CVD differs by sex, which
is consistent with the findings of K.P. Hong [40], who re-
ported a higher prevalence of CEAP class C4 among men.
This highlights the importance of considering sex-related
clinical features when assessing disease severity and plan-
ning treatment. Stratifying patients based on clinical stage
and gender may improve individual risk assessment and
inform the choice of optimal treatment modality, particu-
larly when determining indications for combined surgical
approaches. Moreover, understanding such patterns can
enhance early diagnosis and support the development of
targeted preventive strategies to limit progression to ad-
vanced stages of chronic venous insufficiency.

Conclusions

This study focused on assessing the prevalence and clini-
cal severity of CVD of the lower extremities using the in-
ternationally adopted CEAP classification system. A total
of 139 patients with CVD at stages C3-C6 were includ-
ed and analysed. The most frequently observed clinical
class was C3, accounting for 47.5% of patients, followed
by C4a (28.8%). More advanced forms of the disease (C5-
C6) were documented in 10.8% of cases. Female patients
comprised the majority of the study population (66.2%)
and predominantly presented with C3-C4a stages, where-
as male patients were more likely to present with C4b-C6
stages of the disease.

Throughout the study, the most relevant risk factors
associated with CVD progression were systematically
evaluated. A positive family history was present in 60.4%
of patients, confirming its role as the leading risk factor
in the development of venous pathology. Other common
contributors included sedentary lifestyle (59.7%), occupa-
tional exposure in the form of prolonged sitting or stand-
ing (49.6%), smoking (20.9%), prior thrombotic events
(20.1%), and obesity (13.7%). These findings are consistent
with global and Ukrainian epidemiological data and high-
light the multifactorial nature of CVD.

The CEAP classification proved to be an effective in-
strument for the clinical stratification of patients, offering
a practical and evidence-based approach to assessing dis-
ease severity and guiding the selection of optimal treat-
ment modalities. Its value is particularly evident when
determining indications for combined surgical treatment
strategies, where clinical stage, anatomical distribution
of reflux, and underlying risk factors must be considered
together. The study also contributes to a more detailed
understanding of the epidemiological profile of patients
with CVD in the stage of CVI. These data provide a foun-
dation for structured decision-making and support the
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implementation of standardised diagnostic and therapeu-
tic protocols in daily phlebological practice. The empirical

of multimodal combined surgical treatment approaches in
patients with advanced CVI remains a promising field for

findings reinforce the importance of addressing modifia-  continued clinical and translational research.

ble risk factors, such as lifestyle and occupational habits,
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Druzhkin

OuiHKa nowmpeHocTi Ta TsHkkocTi BAPUKO3HOI XBOpO6M
HWkHiIX KiHWiBOoK 3a CEAP

MukuTta OpyXkiH

AcnipaHT

3anopi3bKuit AepKaBHMI MeauKo-hapMaLeBTUYHMI YHiBepcUTeT
69035, 6ynbB. Mapii NprmayeHKo, 26, M. 3anopix:xa, YKpaiHa
https://orcid.org/0009-0009-6027-7750

AHoTauia. Bapukosna xBopob6a HykHiX KiHLiBok (BXHK) s3anuiraerbcsi OfHi€0 3 HaMMOMMPEHININX ITaTOIOTi
CYQVHHOI CMCTeMU, 1[0 CYTTEBO 3HIDKYE AKICTb XXUTTA IALi€HTIB i MoTpebye YiTKOro CTaHZAPTM30BAHOTIO MiIXOAY
mo ouinky ii TsKKOCTI Ta mommpeHocti. BupoBamxenna mixuapopnoi xknacudikanii CEAP (Clinical, Etiological,
Anatomical, and Pathophysiological) mo3ponse cucremaTmsyBaTy KIiHiUHI IposABUM XBOpoOM Ta OOIPYHTYBaTU
B16ip miKyBajbHOI TaKTMKM. MeTOI0 HOCTiIpKeHHA Oy/10 BU3HAUYeHH:A HMOIMMPEHOCTI Ta cTyneHsa TsokkocTi BXHK 3a
wiiniyaumy knacamy CEAP y manieHTiB i3 XpOoHIYHOI0O BeHO3HOIO HefOCTAaTHICTIO. Bymo ob6cTexeHo 139 manieHTiB
BikoM Big 18 mo 75 poxkis i3 BXHK y cragii C3-C6. 3ane)xHO Bif MpoBefeHOro MiKyBaHHA HAIli€HTiB pO3IOJiNeHO
Ha TpM KIIiHi4HI rpynu. Yci XBopi mpoiinuim KiiHiuHe Ta yIbTpasByKoBe 0OCTEKEHHS 3 IOA/IbLUIOK CTATUCTUYHOIO
06po6Kolo pesynbrariB. Hartuacrimum xriHivEMM ki1acoM 6yB C3, Axmit BUABIeHO y 47,5 % obcTexenux, knac C4a
BCTaHOBJIEHO V 28,8 %, a Tsoxki popmm C5-C6 cranowu e 10,8 % Bumankis. Y xiHok nepeBaxkanu ¢popmu C3-
C4a, Topi Ak y 4onoBikiB yacrime giarnocrysamm C4b-Cé6. Ceper ocHOBHMX (aKTOPIiB pU3UKY BUSHAYEHO 0OTAKEHMIA
cimertHmit anamHe3 (60,4 %), MasopyxmuBuii crioci6 xxutts (59,7 %), npodeciiiHe HaBaHTaXXeHHA Y BUIIA] TPUBAIOTO
CTOSIHHA 260 cupinHA (49,6 %), a TAKOXK KypiHH:, OXKVPIiHHA 11 TPOMOOTUYHI yCKIafHeHHA B aHaMHe31. CTaTUCTUYHO
TOCTOBipHOI Pi3HMII] y CTYIeHi KIiHiYHOI TSHKKOCTI 3aXBOPIOBAHHSA MiXK TPYIaMI TiKyBaHHA He BMABNIeH0. OTpuMaHi
PesyIbTaTy [O3BOJIAIOTh OKpeCaUTH emifgemionoriunmit npodine nauienris i3 BXHK y crapil xponiuHOi BeHO3HO]
HepocTarHOCTI (XBH), migTBepIKyl0Th BUCOKY IIOIINMpPeHICTh KIiHiuHOro Kiacy C3 Ta HafjaloTh eMIipUYHY OCHOBY
LA TIOfa/IBIINX OCTIIKeHb e()eKTVBHOCTI pisHNX BapiaHTiB KOMOIHOBaHOTO XipypriYHOro TiKyBaHHA 3 ypaxXyBaHHAM
tororpadii pedIokcy Ta aHaTOMIYHMX 0COOIMBOCTel BeHO3HOI naTosorii. [IpakTi4He 3HaYeHHA IIbOTO JOCTiIKeHHA
IIOJIAATA€ B IOKPAll[eHHi JiarHOCTMYHOTO Ta IIKyBa/IbHOTO IVIAHYBAaHHA IIUIAXOM cTpaTudikanii nanieHTis 3a KIiHiYHIM
xinacoM CEAP, mo fo3Bojsie nmpuitMaTy OiblI IlepcoHaNi3oBaHi Ta HAYKOBO OOIPYHTOBaHi TepaleBTUYHI pillleHHA

KniovoBi cnoea: XpoHiYHa BeHO3Ha HEJIOCTATHICTh; KIiHIYHI cTafiii; KOMOiHOBaHe TiKYBaHH:; eHTOBEHO3Ha a0JIALlif;
IYIUIEKCHE YIbTPasByKOBE JOCIi)KEHHA; XPOHIYHE 3aXBOPIOBAHHA BEH
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Abstract. Oral hygiene is an important component of overall human health, as its condition directly affects the
cardiovascular, endocrine, digestive and other systems of the body. Therefore, the aim of this study was outline effective
strategies for establishing and maintaining oral hygiene among adolescents, based on survey data on their oral hygiene habits.
An anonymous, face-to-face, cohort, cross-sectional survey of 55 adolescents aged 16-17 years was conducted. The results
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showed that the vast majority of adolescents brush their teeth twice a day and use fluoride toothpaste. However, only 3.6% use
electric toothbrushes, despite their potential to improve hygiene habits, and only 40% use dental floss. There were a number
of findings that require the attention of dentists to improve the situation: only 59.9% of respondents make preventive visits
to the dentist; 38% of teenagers reported bleeding gums; 9% reported bad breath. A comparison of the results of the previous
2021 study with the results presented in this article showed that there are good reasons to believe that some progress has been
made in introducing beneficial hygiene habits such as brushing teeth twice a day and using fluoride toothpaste. The results of
the study indicate areas in which adolescents and their parents should be informed about the role of the dentist as a mentor,
communicator and educator, as the main link in ensuring sustainable oral care and preventing systemic complications

Keywords: prevention of dental diseases; oral health; survey; testing of statistical hypotheses; adolescent hygiene

Introduction

Oral health is an important component of physical, mental,
social and economic well-being for both individuals and
society. Due to the increasing prevalence of periodontal
disease, the growing popularity of fast food and carbonated
sweet drinks, as well as a decline in preventive care and a
lack of adequate hygiene education among young people,
especially adolescents, there is a growing need for a sys-
tematic review of approaches to oral care. The formation of
sustainable oral care habits in adolescence is critically im-
portant, as it is during this period that behavioural patterns
are established that affect health throughout life. In this
regard, it has become relevant to introduce personalised
approaches to oral hygiene education, taking into account
individual needs, motivation levels, the availability of hy-
giene products, and the capabilities of digital technologies.
Such approaches should form the basis for improving the
effectiveness of preventive dental care.

Numerous studies, in particular the work of
N.I. Shovkova et al. [1], have emphasised the need to study
oral hygiene habits as a prerequisite for the development
of personalised approaches to hygiene education. The
state of oral hygiene is considered to be a reflection of the
overall health of the body. The publication by S.I. Boitsa-
niuk & M.O. Levkiv [2] states that the basic measures are
regular brushing of teeth with a fluoride toothpaste. The
modern literature covers a wide range of strategies for the
prevention of oral diseases. In particular, the research of
O.S. Almajed et al. [3] emphasised the role of social deter-
minants of health in the formation of hygienic behaviour.
The authors pointed out that educational level and access
to medical care significantly affect the level of oral hygiene.
The work of L.S. de Albuquerque et al. [4] analysed the
effectiveness of school hygiene education programmes
and emphasised their long-term impact on reducing the
incidence of caries. The study by A. Murariu et al. [5] em-
phasised that the use of mobile applications contributes to
improving hygienic behaviour among adolescents, espe-
cially when combined with individual consultations. These
conclusions are supported by data from studies by E. Vay-
rynen et al. [6] and S. Sharma et al. [7], which showed
that the use of digital platforms for feedback with patients
increases their responsibility for the condition of their oral
cavity, as well as increases the level of literacy in the field
of oral hygiene, improves oral health and, thus, plays a key
role in achieving overall health.

Numerous researchers have focused on the educational
aspects of oral hygiene in Ukraine. In particular, S.P. Jaro-
va et al. [8] pointed out the need to introduce a regional
preventive programme for adolescents aimed at improving
hygiene and monitoring the condition of the oral cavity,
since the main reason for adolescents seeking periodontal
care is catarrhal gingivitis, which is associated with poor
oral hygiene. The authors noted that awareness remains in-
sufficient and the frequency of preventive visits to the den-
tistis low. A study by I. Lisetska & M. Rozhko [9] confirmed
the negative impact of smoking, both traditional and alter-
native, on oral hygiene. The data obtained emphasised the
importance of systematic educational work by dentists to
promote healthy habits and motivation to quit smoking.
The publication by V.S. Melnyk et al. [10] also emphasised
the need to strengthen the motivational component in the
dentist’s work with patients.

Given the importance of an individual approach in
modern dentistry, more and more scientists and profes-
sional organisations are emphasising the need to adapt hy-
giene recommendations to the personal characteristics of
each patient. For example, the American Dental Associa-
tion (ADA) emphasises that no two people are exactly alike,
and therefore the approach to oral care must be individual-
ised [11]. Dentists should provide patients with personal-
ised recommendations, taking into account their age, health
status, existing diseases, lifestyle and level of motivation.
According to C. Gallione et al. [12], such recommendations
should be based on scientific evidence and take into account
the latest data on the effectiveness of hygiene products.

At the same time, the combination of traditional hy-
giene education methods with modern mobile technolo-
gies, as well as the impact of a personalised approach on
the level of compliance with hygiene recommendations
among adolescents, remains insufficiently studied. The
role of active communication by the dentist in this pro-
cess has also been little studied, taking into account the
patient’s psychological profile, level of motivation and
access to hygiene products. In this regard, the aim of the
current study was to determine the level of their aware-
ness of professional oral care and to justify the feasibility
of implementing personalised, motivation-oriented hy-
giene education programmes using modern digital tools.
The main tasks were: to conduct a survey of adolescents
with an analysis of current hygiene practices; to identify
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existing gaps in knowledge and motivation; to formulate
recommendations for improving approaches to oral hy-
giene education in dental clinics and educational events.

Materials and Methods

As part of career guidance events held by the I.Ya. Hor-
bachevsky Ternopil National Medical University of the Min-
istry of Health of Ukraine for prospective students (senior
high school pupils in the city of Ternopil), an anonymous,
in-person, cohort, cross-sectional survey was carried out
on adolescents aged 16-17 years (Years 10-11 of secondary
school), during September 2024 to February 2025. All pu-
pils present at the events were included in the study. A total
of 55 adolescents were surveyed, comprising 20 boys and 35
girls. Before participating in the study, all participants were
given detailed information about the research goals and
signed a consent form to confirm their willingness to take
part. Participation in the survey was voluntary. The research
was conducted with the informed consent of each individ-
ual in accordance with Ethics and data protection [13].

The questionnaire was developed independently by the
authors based on an analysis of studies [4, 14]. All ques-
tions required a descriptive answer, without predefined
answer options. The questionnaire included 11 questions
covering the main aspects of oral hygiene and dental care:

® Indicate your gender and age.

® Do you brush your teeth twice a day?

® What type of toothbrush do you use (manual or elec-
tric)?

® How often do you replace your toothbrush?

® What brand of toothpaste do you use?

® Do you use mouthwash?

® Do you use dental floss?

® Do you use additional oral hygiene products (inter-
dental brushes, single-tufted brushes, etc.)?

® How often do you visit the dentist for preventive
check-ups?

® Have you experienced bleeding gums when brushing
your teeth?

® Have you experienced bad breath that is not related
to eating?

The results were processed and graphically represent-
ed using MS Excel spreadsheets. Descriptive statistics were
used to analyse the results of this study [15]. A question-
naire was used to analyse the hygiene habits of adoles-
cents and determine their level of awareness of the forms,
methods and means of oral care. This made it possible to
identify shortcomings and gaps in the preventive and edu-
cational activities of dentists working with adolescent and
young adult patients.

Based on the results of the questionnaire, analysis of
the data obtained, and a summary of current scientific
sources on effective methods of doctor-patient commu-
nication, the main problems in the formation of hygiene
habits among adolescents were identified. In accordance
with these conclusions, a scheme for effective interaction
between dentists and patients and a generalised scheme for

oral care were developed, combining preventive and ed-
ucational approaches to maintaining the dental health of
adolescents. The schemes were created based on the analy-
sis of questionnaire data, clinical observations, and current
recommendations from leading professional organisations
(ADA, FDI). In addition, based on a review of the scien-
tific literature, the possibilities of using digital and mobile
technologies to improve the hygiene habits of adolescents
were studied. This information was integrated into the doc-
tor-patient interaction scheme as an additional element
that enhances the motivational component and promotes
the formation of sustainable hygiene habits in adolescents.

Results and Discussion

The survey results showed that 89.09% of schoolchildren
brush their teeth twice a day, in the morning and in the
evening, although a fairly high percentage - 10.9% - indi-
cated that they brush their teeth only once a day. None of
the students indicated that they brush their teeth less than
once a day (Fig. 1).
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Figure 1. Frequency of tooth brushing
Source: created by the authors

The frequency of toothbrush replacement is impor-
tant from a hygiene perspective. As the responses showed,
the vast majority of adolescents (about 85%) change their
toothbrushes regularly and frequently, with almost 42%
of all respondents doing so more often than required by
oral care standards — more often than every 2 months.
Almost a third of teenagers do so every three months
(Fig. 2). Only one in seven respondents (14.59%) replace
their toothbrush less frequently than recommended by ex-
perts. In particular, according to the recommendations of
the American Dental Association, manual toothbrushes
should be replaced every 3-4 months to ensure effective
cleaning of the teeth [16]. The frequent need to change
toothbrushes, reported by 41.81% of adolescents, may be
the result of improper brushing technique, excessive pres-
sure of the toothbrush on the teeth, or the wrong choice of
toothbrush. In this case, the use of an electric toothbrush
with a sensor would help.
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Less than
2 months

O

Figure 2. Frequency of toothbrush replacement
among survey participants
Source: created by the authors

® 2 months
u 3 months

m 6 months

The survey results showed that the vast majority of
respondents use regular toothbrushes, and only 3.63% of
them brush their teeth with an electric toothbrush. All
respondents also indicated that they use toothpastes con-
taining 1,400 ppm of fluoride, which should provide a
good caries-preventive effect. Almost half of the adoles-
cents (43.63%) use mouthwashes, but in their responses
they emphasised that they did not study the composition of
the products and chose them based on the aroma for “fresh
breath” (Fig. 3). In this regard, educational work should be
carried out, taking into account that the composition of the
rinse is important from a medical point of view, especial-
ly for adolescent patients. It should not contain alcohol or
parabens, as these have a negative effect on the microflora
of the oral cavity and periodontal tissue [17].
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Figure 3. Use of mouthwash by survey participants
Source: created by the authors

As for additional oral hygiene products (dental floss,
interdental brushes, single-tufted brushes), the study
showed that they are not very popular among adolescents.
In particular, less than half of respondents (40%) use dental
floss to clean between their teeth (Fig. 4). Only 7.27% of
schoolchildren use interdental brushes and single-tufted
brushes, and only those who have braces (Fig. 5).
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Figure 4. Use of floss
Source: created by the authors
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Figure 5. Use of additional oral hygiene products
Source: created by the authors

Such results indicate insufficient promotion of addi-
tional preventive measures to prevent the development
of caries and periodontal diseases, particularly among
school-age youth. At the same time, the survey showed
that the majority of respondents undergo regular preven-
tive dental examinations (Fig. 6). In particular, more than
a quarter of respondents (27.27%) undergo such examina-
tions twice a year, and 32.72% of students undergo them
once a year. At the same time, 40.1% of respondents visit
the dentist only when necessary. There is a need for educa-
tional work with both adolescents and parents, who need
to be made aware of the importance of regular preventive
check-ups, professional oral hygiene and the selection of
individual oral care products.

Twice a year
B Once a year
u Irregularly,
only when needed

Figure 6. Frequency of preventive dental check-ups
according to the survey results, %
Source: created by the authors
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Due to the above-mentioned problems, a significant
proportion of adolescents reported problems with per-
iodontal tissue (bleeding gums, bad breath). 38.18% of
adolescents indicated in the questionnaires that they ex-
perience bleeding gums, and 9.09% complained of bad
breath (Figs. 7, 8). The high frequency of bleeding gums in
adolescents may indicate the presence of an inflammatory
process in the periodontal tissues, most often the initial
manifestations of gingivitis.
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Figure 7. Presence of bleeding gums in respondents
Source: created by the authors
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Figure 8. Presence of bad breath
in the oral cavity in respondents
Source: created by the authors

Such changes may be caused not only by poor hygiene,
but also by pubertal hormonal fluctuations. During puber-
ty, increased sex hormone levels enhance vascularisation
and reactivity of gum tissue, leading to the development
of pubertal gingivitis even with relatively small amounts
of plaque accumulation in the cervical area of the teeth.
In addition, the risk of chronic gingivitis also increases in
patients undergoing orthodontic treatment, which also oc-
curs mainly in adolescence [18]. If these manifestations of
the disease are not addressed and individual oral care is not
adjusted, the disease will progress over time. The results ob-
tained in the study indicate the need to raise awareness of
dental care rules and the importance of regular visits to the
dentist. Therefore, the level of oral hygiene found among

schoolchildren in the city of Ternopil indicates a need for
improvement, which emphasises the importance of patient
education as a leading factor in the formation and mainte-
nance of healthy hygiene habits.

When analysing the results and comparing them with
existing data in the literature, an increase in the level of
dental literacy among children can be observed. Thus,
the results of a survey of schoolchildren by S.V. Lebedyk
& S.0. Konovalenko [19] showed that only about 30% of
schoolchildren brush their teeth twice a day, while in the
current study the percentage was more than 80%, which
may indicate the effectiveness of educational measures.
However, the different ages of the samples raise certain
reservations, so this difference requires further research.
In both cases, the percentage of schoolchildren who use
fluoride toothpaste was approximately the same. The re-
sults differed slightly with regard to preventive examina-
tions by a dentist. In the current case, 37% of respondents
visited once a year, while in the available literature data
from previous surveys, this figure was almost 50%. The
methodology of this study differs from that of S.V. Lebe-
dyk & S.0. Konovalenko [19], but some questions were
the same, in particular, question 2 about the number of
brushings per day and question 5 about the choice of
toothpaste. The questionnaire for schoolchildren pro-
posed in the current study did not contain questions re-
lated to mobile applications. The questionnaire conducted
by the aforementioned researchers also included ques-
tions related to harmful habits, in particular early smok-
ing and consumption of large amounts of sugar, whereas
in the current survey these aspects were not taken into
account, although the questionnaire was expanded and
included questions about awareness of various hygiene
products and the presence of early signs of periodontal
disease. Analysing various data from the literature on
anonymous surveys of schoolchildren, one can note the
importance of this study and the need to create expanded
questionnaires that include all questions that affect oral
health. At the same time, it is necessary to take a differen-
tiated approach to different age groups of schoolchildren,
including various risk factors inherent in different age pe-
riods (changing bite, puberty, etc.).

Oral health is important for overall human well-being,
as it determines the quality of chewing, speech, appear-
ance, and is associated with the prevention of systemic
diseases [20]. Scientific research by O. Denefil et al. [21]
has shown that diseases of the teeth and gums can have a
systemic effect on the cardiovascular, renal, cerebral, and
digestive systems, forming a bidirectional pathophysiolog-
ical link. Oral care is not only the key to a beautiful smile,
but also an integral part of overall health. In this context,
patient education takes on special significance, as dentists
have the opportunity not only to explain the technique of
brushing and flossing, but also to discuss the harmful ef-
fects of smoking, excessive sugar consumption and other
risk factors. In addition, the topic of patient hygiene edu-
cation is not limited to basic aspects and can cover a wider
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range of individual recommendations and approaches to
oral care, taking into account the patient’s age, health char-
acteristics, lifestyle and level of motivation.

Despite this, there are certain reasons that prevent
people from visiting the dentist: fear of dental procedures,
lack of time, financial difficulties, and underestimation of
the importance of prevention. This requires both educa-
tional work and a careful approach to communication, as
well as adaptive planning of visits [22]. Every visit to the
dentist is extremely important, because it is during the
examination that the doctor has the opportunity to teach
the patient individual oral hygiene skills, assess the level
of existing hygiene competencies, and explain in detail
the benefits of professional care. Although this process re-
quires considerable time, patience and a high level of com-
munication skills, the results of such work are worth the
effort. An analysis by B. Xiang et al. [23] showed that early

intervention in the formation of hygiene habits has a no-
ticeable positive effect on the condition of the oral cavity
in the long term. A study by N. Torlinska-Walkowiak et
al. [24] found that regular visits to the dentist in child-
hood are associated with a better perception of oral health
in adulthood. Patients with oral health problems often
seek optimal solutions for the treatment of dental diseas-
es. They rely on their dentists, who not only provide the
necessary treatment, but also teach effective oral care and
introduce modern methods of prevention.

Since each patient has a unique perception and differ-
ent learning styles, it is important to take a personalised
approach. Dentists can help patients master oral care skills
by taking their individual needs into account. This process
requires doctors to be accessible, actively listen, observe
carefully, ask relevant questions, and adapt their teaching
to each patient’s specific needs (Fig. 9).
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Figure 9. Diagram of effective interaction between dentist and patient

Source: created by the authors based on J.C.Y. Ho et al. [25]

As can be seen from the proposed scheme of commu-
nication with patients, the dentist must take a highly indi-
vidual approach to each person, taking into account, first
of all, their psycho-emotional state, how open and honest
the patient is in their complaints and the reason for their
visit to the doctor. This, in turn, will enable the dentist to
build a proper dialogue with the patient, which will allow
them to provide the patient with competent recommenda-
tions on oral hygiene. During regular check-ups, dentists
can discuss the main aspects of dental care, such as proper
brushing technique, flossing, and healthy diet. For exam-
ple, the choice of toothpaste is very important for oral hy-
giene - toothpastes with probiotics that support oral health
are especially popular today [26]. It is important to inform
patients about the various products available for individual
oral hygiene. The modern market offers a wide range of hy-
giene products [27]:

® manual and electric toothbrushes with different bris-
tle stiffness and pressure sensors [28];

@ toothpastes with fluoride, xylitol, enzymes, nano hy-
droxyapatite [29];

® alcohol-free mouthwashes (for children) or with
chlorhexidine [17, 30];

@® floss and interdental brushes for different interdental
spaces;

® specialised products for patients with braces (sin-
gle-tufted brushes, irrigators);

@® probiotic or enzymatic products to support micro-
flora [31].

These products allow for an individualised approach to
care depending on the patient’s needs. Regular and proper
brushing and a healthy diet improve the condition of teeth
and gums and help prevent oral diseases. Based on the re-
sults of the study, an oral care regimen was developed that
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included recommendations not only for patients but also
for dentists (Fig. 10). As can be seen in Figure 10, attention
was focused not only on the need for brushing teeth and
proper nutrition, but also on the importance of regular
visits to the dentist, oral cancer screening, etc. The pro-
posed actions form a closed cycle, emphasising a system-
atic approach to oral health prevention and maintenance.
To effectively convey this information to schoolchildren,
it is recommended to use interactive educational strate-
gies based on the principles of active learning and a per-
son-centred approach. In particular, it is worth combining

visual materials (posters, infographics), practical demon-
strations (e.g., toothbrushing techniques on models),
games (quests, quizzes), and introducing mini-lectures or
master classes with the participation of medical profes-
sionals. An important tactical step is to create associative
thinking, when oral care is perceived not as a routine ac-
tivity, but as an integral part of overall well-being and a
guarantee of self-confidence. It is also important to involve
teachers and parents to ensure a triangle of interaction:
student — school - family, which allows for the formation
of stable hygiene habits.

« Choose the correct toothbrush
(soft bristles, angled head)

« Brush teeth for the
recommended two minutes

« Use the correct technique
(short, circular motions)

/

Care before
and after the

« Inform patients about every
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« Give recommendations

. procedure
regarding post-procedure care
« Emphasise the importance of regular
dental visits
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Figure 10. Diagram of basic dental care and oral health maintenance

Source: created by the authors

Modern technological advances have opened up new
opportunities for the integration of mobile computing and
communication devices into the healthcare system and
public health sphere. According to the World Health Or-
ganisation (WHO) definition, mobile health, or mHealth,
encompasses the use of mobile technologies - including
smartphones, personal digital assistants and patient mon-
itoring devices — in the delivery of healthcare and public
health interventions. Scientists from the University of Hong
Kong have demonstrated the importance of using mobile
technologies to maintain oral health in elderly patients [32].
In their research, scientists A. Murariu et al. [5] assessed ad-
olescents’ awareness and use of various mobile applications
related to oral health. For example, applications that track the
time and technique of brushing teeth have proven to be ef-
fective in young people. These results are confirmed by stud-
ies conducted by other scientists. In particular, M. Alkilzy et

al. [33] showed in their studies how modern technologies
allow the use of smart toothbrushes that connect to mobile
applications and provide real-time feedback on brushing
technique. A randomised controlled study by J.EM. Scheer-
man et al. [34] in the Netherlands showed that using the
WhiteTeeth mobile application in combination with regular
care significantly improves oral hygiene in adolescents with
fixed orthodontic appliances. The application provided ed-
ucational materials and automatic coaching support, which
contributed to a reduction in plaque levels. Studies show
that mobile applications that track brushing time and tech-
nique are effective in improving oral hygiene among young
people. They promote good habits, increase motivation and
provide feedback, making them a valuable tool in the pre-
vention of dental disease. It is important to take an individ-
ualised approach, which allows for the development of pre-
vention programmes that address not only hygiene issues
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but also lifestyle in general. This, in turn, will help improve
oral hygiene skills and reduce the risk of dental problems.

Conclusions

The study was aimed at analysing the hygiene habits of ado-
lescents, assessing their awareness of professional oral care,
and justifying the feasibility of implementing personalised,
motivation-oriented oral hygiene education programmes.
It was found that the vast majority of adolescents brush
their teeth twice a day and use fluoride toothpaste. At the
same time, only 3.6% use electric toothbrushes, although
recent studies show certain advantages of using modern
tools in combination with phone applications. The survey
also revealed a number of findings that require the atten-
tion of dentists in order to improve the situation. In par-
ticular, only 59.9% of respondents make preventive visits to
the dentist. The following unsatisfactory facts were revealed
during the research: 38% of adolescents reported bleeding
gums; 9% reported bad breath. Given this, there is likely a
lack of knowledge about the importance of regular visits to
the dentist and professional oral hygiene.

Therefore, it can be assumed that the overall level of hy-
giene awareness and oral care among adolescents in general
may be lower than that recorded in the current study, since
the survey was conducted during career guidance events at
a medical university among respondents who were likely
to be more interested in their own health issues. This fac-
tor further emphasises the relevance and necessity of im-
plementing targeted educational strategies to develop oral
care skills among adolescents from different social groups.
Taking into account the results obtained, the authors

References

propose an educational strategy in the form of an oral care
plan containing recommendations for both patients and
dentists. It emphasises the need for a comprehensive ap-
proach that covers not only the formation of hygiene skills
and correction of eating behaviour, but also regular visits
to the dentist, including preventive examinations and oral
cancer screening. Systematic educational campaigns should
be conducted among schoolchildren and their parents to
foster a responsible attitude towards oral care from an early
age, which, in turn, can form the basis for the prevention of
dental diseases in the long term.

Further research should focus on the development,
implementation and evaluation of the effectiveness of per-
sonalised educational programmes aimed at fostering a re-
sponsible attitude towards oral hygiene among adolescents.
Particular emphasis should be placed on involving parents
in such initiatives, as well as on studying the dynamics of
changes in hygiene behaviour as a result of targeted infor-
mation campaigns.
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6a3y104nch Ha JaHVUX OIMTYBAaHHA IOZO IX 3BMYOK IATPMMaHHA IirieHn poToBoi HopoxHUHM. [IpoBefeHO aHOHIMHe,
OYHe, KOTOPTHE, IONepeyHe aHKeTYBaHHA 55 MiliTKiB y Bimi 16-17 pokis. PesynbraTu mokasamm, o IepeBakHa
OUIPLIICTD MiTITKIB YMCTATD 3yOM ABiui Ha fleHb i KopucTyerbca ¢GTOpBMicHOIO mactolo. IIpy mpomy mume 3,6 %
3aCTOCOBYIOTD €/IEKTPMYHI IiTKM, IIONPHU iX MOTeHLia/ y MOKpalljeHH] ririeHiyHnx 3BUYOK, i muine 40 % KOpUCTYIOTbCA
¢drnocamu. € psAp pe3y/nbTaTiB, AKi BUMaraloTh yBaru JikapiB-CTOMATONOrIB IJI1 IOKpallleHHA cUTyalil: npodinakriyni
Bi3suUTM #O cTOMarosora 3filicHioe muiue 59,9 % pecnioHpeHTiB; 38 % MifIiTKiB 3a3HaYN/IN KPOBOTOUMBICTD siceH; 9 %
BKa3ajIy Ha HENPMEMHMI 3aM1ax i3 poTa. IIopiBHAHHA pe3ynbTaTiB IonepefHbOro focaiKeHHA 2021 poKy 3 pe3ynbTaTaMu
HaBEJEHMMU Y JaHiV CTaTTi, [I0Ka3aJy, 1110 € BaroMi IiJiCTaBy BBaXKaTM, 1110 JJOCATHYTO IIEBHOIO IIPOrPeCy y BIIPOBAKEHHI
KOPYICHVIX Tiri€HiYHMX 3BMYOK TAaKUX SAK YMIeHHA 3y0iB ABidi Ha JeHb, Ta BUKOPUCTAaHHA QTOPOBMICHUX 3yOHMX ITacT.
PesynbraTyt [OCTIPKeHHA IIOKa3YIOTh HAIIPAMKM, Y AKUX CJIL IpOBOAUTU iHPOPMYBaHHA HiIiTKIB Ta iX 6aTbKiB IpO
POJIb CTOMATOJIOTa SIK HACTaBHIUKA, KOMYHIiKaTopa 1 OCBITSAHIHA, AK OCHOBHOI JJAHKY Y 3a0e3Ie4eHHi CTaIoro NOITLANY 3a
POTOBOIO MOPOXHNHOIO Ta 3a106iraHHi CYCTeMHNM YCKTa[HEHHAM
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Abstract. Yeast extract, obtained from the intracellular contents of yeast, mainly Saccharomyces cerevisiae, is a promising
natural ingredient in functional foods. The relevance of its research was due to the growing global demand for sustainable,
nutritious and functional components, as well as its ability to improve the taste of products. Yeast extract production
often uses agro-industrial waste, such as spent brewer’s yeast, making it an environmentally friendly and cost-effective
alternative to traditional protein sources. The aim of this study was to systematise and analyse the available scientific
evidence on the nutrient profile, functional properties and mechanisms of action of yeast extract and its bioactive
components. Methods of analysis and synthesis of scientific literature data were used, covering the results of in vitro and
in vivo studies in animals and clinical trials in humans. The main results showed that yeast extract is an exceptional source
of high-quality protein with a complete amino acid profile that surpasses many traditional plant and some animal sources.
It is also rich in B vitamins, including B12, and a wide range of minerals, making it valuable for dietary enrichment,
especially for vegetarians and vegans. Studies have found that yeast extract contains biologically active compounds such
as beta-glucans, mannan-oligosaccharides, nucleotides and glutathione, each of which has proven functional properties.
The synergistic action of these components provides a comprehensive health effect that exceeds the effects of individual
ingredients. In addition, the ability of yeast extract to enhance umami flavour and mask bitterness is a critically important
functional attribute that contributes to consumer acceptance and the effectiveness of functional products. The practical
value of the work lies in substantiating the widespread use of yeast extract in functional foods and dietary supplements to
improve overall health and well-being, taking into account its safety profile and the need for further research to optimise
dosages and bioavailability
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Introduction
Yeast, single-celled eukaryotic fungi, has been known to
mankind for centuries, especially the species Saccharomyces
cerevisiae (baker’s or brewer’s yeast), which is key in bread
baking and alcoholic beverage production. Saccharomyces
cerevisiae is an important source of functional food addi-
tives. Yeast extractis a natural food ingredient obtained from
the intracellular contents of various yeast strains, mainly
Saccharomyces cerevisiae. Z. Tao et al. [1] indicated that its
production usually involves autolysis or enzymolysis, pro-
cesses that break down yeast cell walls to release a rich mix-
ture of soluble components. Various production methods
have been developed to obtain yeast extracts with specific
properties, including autolysis, plasmolysis, enzymatic hy-
drolysis, and mechanical disruption, as investigated in the
work of F. Demirgiil et al. [2]. Autolysis is the most common
method, based on the use of yeast cells’ own (endogenous)
enzymes, incubating yeast at a temperature of 45-50°C at
a controlled pH. According to research by E Karshioglu et
al. [3], one of the key aspects of production is the extrac-
tion method. Hydrolysis can be enzymatic (with additional
enzymes) or acidic, with the enzymatic approach consid-
ered to be gentler. Mechanical methods such as grinding,
high-pressure homogenisation or ultrasonic treatment
are effective for releasing intracellular components but
carry the risk of degrading heat-sensitive compounds.
The resulting extract is a complex matrix containing
high concentrations of proteins, peptides and free amino
acids (including essential and branched-chain amino ac-
ids), B vitamins (B1, B2, B6, B12, folate), various minerals
(magnesium, iron, zinc, potassium, phosphorus, calcium),
carbohydrates, lipids and nucleic acids [1]. H. Wang et
al. [4] investigated the properties of yeast extract in their
work, namely its ability to impart a savoury, umami taste
(due to natural glutamates, 5'-GMP and 5'-IMP, as well
as various amino acids and peptides) and modulate bitter
tastes in food products, its usefulness goes far beyond its
taste qualities. As shown in a study by M. Whatnall et al. [5],
yeast extracts can significantly improve the taste properties
of foods. Its rich and diverse biochemical composition po-
sitions it as a powerful functional ingredient capable of pro-
viding significant health benefits. As noted by Y. Fu [6], the
growing demand for natural and sustainable ingredients
has increased interest in yeast extract. An important advan-
tage of yeast extract is its production, which often utilises
agro-industrial waste such as spent brewer’s yeast. This was
pointed out by EE Jacob et al. [7]. It offers an environmen-
tally friendly and cost-effective alternative to traditional
protein sources, in line with the principles of the circular
economy, providing valuable nutrients and improving waste
treatment. The ability to recycle waste and create a valuable
product highlights its strategic importance in modern food
production, where sustainability and cost-effectiveness are
key factors, as also noted in the work of T. Upcraft et al. [8].
With growing demand for natural, functional and
sustainable food ingredients, research into yeast extracts
and their components is becoming particularly relevant.

Modern research confirms not only the taste but also the
significant functional properties of yeast extracts, in par-
ticular their potential as a source of proteins, beta-glu-
cans, mannan-oligosaccharides and nucleotides [3]. These
properties determine their use in various fields, from die-
tary supplements to animal feed [1]. For example, a study
by R. Pogranichniy et al. [9] showed that a probiotic feed
supplement based on yeast (“Immunobacterin-D”) has a
positive effect on the productivity of cows during lactation,
confirming the effectiveness of such components in veteri-
nary practice. In addition, the production of yeast extracts
from spent yeast contributes to the development of a cir-
cular economy and waste reduction [7]. Despite significant
achievements, questions remain regarding the optimisation
of methods for obtaining yeast extracts to maximise the pres-
ervation of biologically active components and the study of
their complex effects on the organism. As noted by I. Tei-
mouri et al. [10], continuous research is expanding under-
standing of the properties and applications of yeast extracts.
The aim of the current study was to comprehensively
analyse and systematise the latest scientific data on the nu-
tritional profile, functional properties and mechanisms of
action of yeast extract, in particular Saccharomyces cerevisi-
ae, and its key bioactive components. The objectives of the
study were to analyse the chemical composition and nutri-
tional value of yeast extracts, systematise their functional
properties, and justify the prospects for using the extract to
create functional foods and dietary supplements.
Forty-four peer-reviewed scientific articles were select-
ed for analysis. The search for sources was conducted in
the scientometric databases Scopus, Web of Science, Pu-
bMed, and the Google Scholar search engine. The inclusion
criteria covered publications that highlighted the nutrient
profile, production methods, functional properties, mech-
anisms of action of bioactive components (beta-glucans,
mannan-oligosaccharides, nucleotides, glutathione), are-
as of application, and safety aspects of yeast extract. The
search was conducted using the keywords: “yeast extract’,
“functional food”, “Saccharomyces cerevisiae”, “beta-glu-
cans, “mannan-oligosaccharides”, “nucleotides”, “glu-
tathione” and “immunomodulation”. Particular attention
was paid to relevant data, mainly published between 2015
and 2025, covering the results of in vitro and in vivo studies
on animals and clinical trials on humans. The methodology
consisted of systematising and comparatively analysing the
information obtained. The data was structured into themat-
ic blocks: nutrient composition, detailed consideration of
the functional properties of each key bioactive component,
practical application in various fields, and potential risks.
The synthesis method was used to form generalised con-
clusions about the complex effect of yeast extract on human
health and to identify promising areas for future research.

Nutrient profile of yeast extract
Yeast biomass is a significant natural source of nutri-
ents, rich in protein (including enzymes, peptides and all
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essential amino acids), carbohydrates, B vitamins and trace
elements, with a low lipid content [1, 2, 10]. It can replace
common allergens in food products. Regarding the aller-
genicity of yeast extract itself, it is important to note that
it is generally considered safe and has “generally recog-
nised as safe” (GRAS) status in many countries, including
the United States (FDA), as confirmed in the Agency Re-
sponse Letter [11]. However, scientific studies by X. Zon-
naetal. [12] and B. Sendid et al. [13] indicate the possibility
of individual hypersensitivity or, more rarely, true allergy
to yeast, in particular Saccharomyces cerevisiae and its ex-
tracts. There have been reported cases of allergic reactions,
ranging from gastrointestinal disorders and skin rashes to,
in very rare cases, anaphylaxis, are often associated with
sensitisation to certain yeast proteins, such as enolase, or
with cross-reactivity with other fungi. In addition, yeast
extract produced from spent brewer’s yeast may contain
traces of gluten (from barley), which is an important con-
sideration for individuals with coeliac disease or gluten
sensitivity. Although yeast extract is sometimes associated
with histamine intolerance, studies show that the extract
itself may not contain high levels of histamine and that the
problem may be related to other factors or contaminants.

When assessing the body’s needs, protein plays a cen-
tral role in the diet, being a fundamental structural and
functional element of cells. Its importance as a nutrient
lies in its supply of nitrogen and specific amino acids [6].
Although raw materials and food products are common
sources of protein and amino acids, yeast protein biomass
demonstrates a potentially higher protein content com-
pared to traditional sources such as plant and animal pro-
teins. G. Martin et al. [14] emphasise that the amount of
protein in yeast biomass is usually equal to or greater than
that in meat or soy protein and exceeds the protein content
of milk. Thus, the average protein content in yeast can be
29-65% of dry weight, while in meat it is about 45% and
in soybeans 35%. As noted by S. Lee et al. [15], this makes
yeast extract an important component for overcoming
protein deficiency and also highlights the high nutritional
value of yeast proteins.

Yeast extracts are an important source of B vitamins,
including thiamine (B1), riboflavin (B2), niacin (B3), pan-
tothenic acid (B5), pyridoxine (B6), biotin (B7) and folic
acid (B9). The amount of these vitamins may vary depend-
ing on the type of yeast and the specifics of production.
Some products are additionally enriched with vitamin
B12, which is especially valuable for vegetarians and ve-
gans, as this vitamin is mainly found in animal products.
B vitamins are critical for energy metabolism, nervous
system function and many other physiological functions.
Given their water solubility and inability to accumulate,
regular consumption of B vitamins with food is essential.
In this context, yeast extracts can be a convenient way to
provide the body with these important nutrients, espe-
cially for certain population groups, according to research
by E. Lee et al. [16]. The presence of B vitamins, especial-
ly B12, and a wide range of minerals indicates that yeast

extract may be a strategic ingredient for fortifying foods
and supplements, helping to address common dietary de-
ficiencies in certain population groups.

Yeast extracts contain a wide range of minerals and
trace elements, including potassium, sodium, calcium,
magnesium, iron, zinc, selenium, copper and phospho-
rus, as confirmed by research conducted by M. Mirzaei et
al. [17]. Research by A. Ritala et al. [18] shows that yeast
biomass is richer in nitrogen and ash than other microor-
ganisms (fungi, algae, bacteria). The ash content is usually
5-10%, varying depending on the cultivation conditions.
Thus, the presence of these minerals makes yeast extracts a
valuable source of important micronutrients for the body,
extending their significance beyond just improving taste.

The approximate nutrient content per 100 g of yeast
extract may include: protein 45-70 g, significant amounts
of B vitamins (B3 68.2-127.5 mg, B5 4.4-20.2 mg, B6 3.1-
55.0 mg, B7 99.0-139.2 mcg, B9 1.4-5.8 mcg, B12 0.03-
0.4 mcg) and minerals (potassium 1-2100 mg, sodium
1-3380 mg, magnesium 1.2-180 mg, iron 0.22-4.0 mg, zinc
0.13-4.2 mg, selenium 0.03-27.6 mcg), their amount var-
ies depending on the production conditions and yeast cul-
ture [1]. The high protein content, which is transformed
into free amino acids and peptides, including a complete set
of essential amino acids, makes extracts a valuable nutrient.
As T. Linder [19] pointed out in his work, the amino acid
profile is similar to that of meat broth, and glutamic acid
provides umami flavour. Thus, the lysine content in Sac-
charomyces cerevisiae protein is 65 mg/g, which is higher
than in wheat (28 mg/g) and comparable to eggs (63 mg/g).
In addition to the main nutrients, the extracts contain bi-
ologically active compounds: polypeptides, nucleotides,
beta-glucans (with immunomodulatory properties), glu-
tathione (antioxidant), mannans, chitin and ribose, which
give them additional functional properties.

Functional properties

and mechanisms of action

Yeast extract is a rich source of biologically active com-
ponents that give it unique functional properties and de-
termine its wide range of potential applications. Each of
these components — from complex polysaccharides to es-
sential amino acids and antioxidants — plays a key role in
supporting various body systems, as confirmed by numer-
ous scientific studies. Understanding the specific mecha-
nisms of their action at the cellular and systemic levels is
fundamental to the development of highly effective func-
tional foods and dietary supplements aimed at improving
health and well-being.

Beta-glucans

Beta-glucans are a heterogeneous group of non-starch
polysaccharides consisting of D-glucose monomeric units
linked by B-glycosidic bonds. Their biological activity de-
pends largely on the specific source, molecular weight,
degree of branching, and types of glycosidic bonds. Be-
ta-glucans obtained from yeast, in particular Saccharo-
myces cerevisiae, are characterised by a (-(1.3) backbone
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with B-(1.6) side chains. This specific structural conforma-
tion is largely responsible for their potent immunomod-
ulatory properties. In contrast, cereal beta-glucans (e.g.,
from oats and barley) predominantly contain 3-(1.3) and
B-(1.4) bonds and are mainly associated with metabolic
benefits such as cholesterol reduction and glucose regula-
tion. Fractions with higher molecular weight and specific
branching frequencies (0.20-0.33) are usually correlated
with greater biological activity.

According to studies by E.J. Murphy et al. [20] and
N.N.M. Habibullah et al. [21], understanding the source
of beta-glucans is critical to their targeted application. If
the product is aimed at supporting immune health, be-
ta-glucans derived from yeast would be the scientifical-
ly sound choice. Conversely, for cardiovascular health
(lowering cholesterol) or blood glucose control, cereal
beta-glucans would be more appropriate. This under-
standing allows for the creation of highly targeted and
effective functional foods.

Yeast beta-glucans are recognised by the immune
system as “pathogen-associated molecular patterns”
(PAMPs), triggering a strong immune response. As shown
in a study by P. Vuscan et al. [22], in vitro they bind to
immune cell receptors (Dectin-1, CR3, TLRs), activating
macrophages, NK cells, neutrophils, enhancing phago-
cytosis and cytokine secretion. Some studies suggest the
induction of a “trained immune response.” In vivo studies
in animals have shown modulation of immune responses,
increased resistance to infections, and antibody titres. This
was pointed out by M. Maturana et al. [23]: in dogs, yeast
products increased beneficial intestinal bacteria, which
may indirectly affect immunity.

Convincing clinical evidence in humans has con-
firmed the immunomodulatory effects of yeast beta-glu-
cans. A study conducted by a group of scientists led by
K. Zhong et al. [24] showed that oral administration,
usually at doses of 250 mg daily for at least 4 weeks, re-
duced the frequency and duration of upper respiratory
tract infections (URIs). Research by N.N.M. Habibullah et
al. [21] also confirmed a reduction in cold symptoms and
an improvement in mood and fatigue in athletes. It has
been demonstrated that the cell walls of brewer’s yeast
increase the level of immunoglobulin A (IgA) antibod-
ies (critical for mucosal immunity), prevent a decrease
in white blood cell count, increase the activity of natural
killer cells, and reduce fatigue in humans. Their 12-week
randomised, double-blind, placebo-controlled clinical tri-
al demonstrated the efficacy of yeast beta-glucans (1.3/1.6)
at reduced doses (120 mg and 204 mg) on symptoms of
respiratory infections, fatigue, immune markers, and gut
health in adults experiencing moderate stress. In turn, a
study by K. Zhong et al. [24] also confirmed the immuno-
modulatory properties of beta-glucans.

In addition to immune and metabolic effects, yeast
beta-glucans also exhibit significant antioxidant, antitu-
mour and antimicrobial properties, as shown in the work
of G. Gauterio et al. [25]. They function as prebiotics,

promoting the growth of beneficial intestinal bacteria,
which has a positive effect on the intestinal microflora and
the overall condition of the digestive system. This effect
on the intestinal microbiota is important for maintaining
overall health. In addition, beta-glucans have been shown
to have wound healing potential, which can accelerate re-
generation processes by stimulating cell proliferation and
collagen synthesis, especially in hard-to-heal ulcers. They
also promote the binding of mycotoxins, helping to detox-
ify the body by adsorbing these harmful substances. These
diverse properties highlight the multifunctionality of yeast
beta-glucans in supporting health and their potential for
use in functional foods and pharmaceuticals.
Mannan-oligosaccharides

Mannan-oligosaccharides (MOS) are low-molecular-
weight carbohydrates (mainly composed of mannose)
derived from the cell walls of Saccharomyces cerevisiae. A
distinctive feature of MOS that differentiates them from
certain other oligosaccharides is their resistance to diges-
tion by host enzymes in the upper gastrointestinal tract,
allowing them to reach the large intestine intact. They act
primarily through pathogen agglutination and immuno-
modulation. In vitro studies have shown that MOS pro-
mote the growth of Bifidobacterium and Lactobacillus spe-
cies and stimulate the production of short-chain fatty acids
(SCFAs), as noted by W. Zhao et al. [26]. In vivo studies in
animals have demonstrated that MOS bind to pathogens
(Salmonella, E. coli, Clostridia), preventing their adhesion
and colonisation, as reported by M. Kamal et al. [27]. They
also improve intestinal morphology, modulate the gut mi-
crobiota (for example, by reducing the Firmicutes/Bacte-
roidetes ratio in mice), alleviate obesity and metabolic syn-
drome, and lower cholesterol levels.

Although direct clinical data on the effects of man-
nan-oligosaccharides (MOS) in humans are still emerging,
existing studies on postbiotics derived from Saccharomyces
cerevisiae extracts show significant potential. Results from
a randomised pilot trial by I. Pinheiro et al. [28] demon-
strated that a yeast fermentate (EpiCor) can effectively re-
duce gastrointestinal discomfort, including bloating and
distension, in individuals suffering from constipation. The
authors attributed this effect to positive modulation of the
gut microbiota, including an increase in beneficial Bifido-
bacterium populations. The mechanisms underlying these
changes are partly explained by in vitro studies, such as
the work of C. Duysburgh et al. [29], which demonstrat-
ed that a postbiotic derived from Saccharomyces cerevisi-
ae alters microbial metabolism in the distal colon, thereby
generating immunomodulatory potential. The immuno-
modulatory action of such postbiotics is further support-
ed by research from N. Kango et al. [30], while a study by
R. Singh et al. [31] found that a yeast-based postbiotic was
effective in reducing symptoms of colds and influenza in
healthy children, indicating a systemic effect on immune
function. Moreover, MOS exhibit pronounced anti-inflam-
matory properties by modulating intestinal inflammato-
ry responses, as observed in various animal studies [27].
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They can suppress the production of pro-inflammatory
cytokines and activate anti-inflammatory pathways, there-
by supporting the integrity of the intestinal barrier. These
oligosaccharides also enhance the immunological func-
tions of animals by stimulating cellular, humoral, and mu-
cosal immunity through interactions with immune cells
associated with gut-associated lymphoid tissue (GALT).
Nucleotides

Nucleotides are the fundamental building blocks of de-
oxyribonucleic acid (DNA) and ribonucleic acid (RNA),
making them indispensable for all cellular processes as-
sociated with genetic information, including cell division,
protein synthesis, and gene expression. Beyond their
genetic roles, nucleotides are central to cellular energy
metabolism, serving as components of adenosine triphos-
phate (ATP) - the cell’s primary energy currency. They
also function as key signalling molecules (for example,
cyclic AMP and cyclic GMP) in a variety of intracellular
and intercellular signalling pathways, including those that
regulate immune responses.

Exogenous intake of nucleotides becomes important
during periods of rapid growth, stress, or illness, when
endogenous synthesis is insufficient — particularly for im-
mune and gastrointestinal cells, as noted by J. Gene-Mo-
rales et al. [32]. In vivo supplementation with nucleotides
supports growth and immunity by promoting the prolifer-
ation of T and B lymphocytes, NK cells, and macrophage
activity [16]. Given their critical functional roles, the Eu-
ropean Commission has approved the use of nucleotides in
infant nutrition. Clinical trials have provided compelling
evidence of their health benefits. Studies have shown that
infants fed formula enriched with nucleotides exhibited
higher production of natural killer (NK) cells compared
with breastfed infants. In adult women, nucleotide supple-
mentation (1.0 mg/day for four weeks) resulted in a twofold
increase in T lymphocytes (CD3 +, CD4 +, CD8 +), indicat-
ing an enhancement of cellular immunity [32]. According
to A. Singhal et al. [33], randomised controlled trials in
infants consistently demonstrated that the addition of nu-
cleotides (approximately 31 mg/L) promotes greater weight
gain and improved head growth (head circumference)
from birth to 8 weeks.

Nucleotides accelerate tissue repair following surgery
by playing a key role in cellular regeneration and DNA/
RNA synthesis for the restoration of damaged structures.
They also support muscle recovery and growth through
enhanced protein synthesis, making them beneficial for
physically active individuals and those recovering from ex-
ercise or injury. Of particular interest is their contribution
to neuroprotection and brain development, as nucleotides
play a crucial role in the formation of neuronal connections
and in processes related to learning and memory. This also
suggests potential in mitigating cognitive decline in older
adults by supporting nervous system health [32]. Thus, nu-
cleotides are multifunctional compounds that sustain vital
physiological processes throughout the human lifespan and
across different states of health and activity.

Glutathione

Glutathione (GSH) is a tripeptide (glutamine, glycine,
cysteine) and one of the most powerful endogenous anti-
oxidants. It exists in reduced (GSH) and oxidised (GSSG)
forms, and the GSH/GSSG ratio is a critical indicator of
cellular redox status and a marker of various diseases and
ageing processes. It neutralises reactive oxygen and nitro-
gen species (such as free radicals and hydrogen peroxide),
and its deficiency leads to increased oxidative stress, which
is associated with the pathophysiology of numerous chronic
diseases. J. Richie et al. [34] demonstrated that, in addition
to directly eliminating free radicals, GSH plays a central
role in detoxification processes by conjugating with various
electrophiles and maintaining the activity of key antioxidant
enzymes such as glutaredoxins and glutathione peroxidases.

Oral supplementation with GSH increases blood GSH
levels and reduces markers of oxidative damage in patients
with type 2 diabetes, especially in older individuals, where
a decrease in HbAlc (a key long-term marker of blood glu-
cose levels) and an increase in fasting insulin, indicating
its potential as an adjunctive therapy to traditional antidia-
betic treatments, as pointed out by A. Al-Temimi et al. [35]
in their study. Low GSH levels are closely associated with
various liver diseases, including hepatitis, cirrhosis, and
metabolically associated fatty liver disease, and it has been
shown that in such cases, GSH supplementation improves
blood protein, enzyme, and bilirubin levels.

Chronic inflammation, characteristic of autoimmune
diseases (e.g., rheumatoid arthritis, lupus), exacerbates ox-
idative stress. GSH helps alleviate this stress by modulating
the immune response and directly protecting cell mito-
chondria from free radical damage [35]. This helps reduce
tissue damage and maintain cellular health in conditions of
chronic inflammation. Although direct absorption of intact
GSH is limited, oral supplementation has positive results.
This is possible due to the absorption of amino acid pre-
cursors (especially cysteine), which are necessary for the
synthesis of glutathione in cells, as well as the stimulation
of endogenous GSH synthesis by the body itself. Thus, even
despite the peculiarities of absorption, glutathione supple-
mentation can effectively replenish its stores and support
the antioxidant system.

The synergistic action of yeast extract components
such as beta-glucans, mannan-oligosaccharides, nucle-
otides and glutathione provides a comprehensive health
effect that exceeds the effects of individual ingredients,
as demonstrated by H. Han et al. [36]. For example, be-
ta-glucans and MOS work together to support the immune
system and gut health, while nucleotides enhance cellular
repair and glutathione provides antioxidant protection.
This multi-component matrix allows yeast extract to have a
more powerful and comprehensive effect on the body than
would be possible from isolated compounds.

The use of yeast extract in various industries
The wide range of functional properties of yeast extract de-
termines its versatile application in various fields. Thanks
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to its rich biochemical composition and versatility, yeast
extract is widely used not only as a food supplement, but
also in pharmaceuticals, animal husbandry and agricul-
ture, demonstrating high efficiency in improving product
quality and maintaining health. This makes it a strategic
component in the development of innovative products
that meet modern consumer demand for natural, healthy
and functional solutions.

In the food industry, yeast extract is widely used as a
flavour enhancer, particularly to impart umami and sa-
voury notes. It also masks unwanted flavours and bitter-
ness, which is particularly valuable when creating products
with reduced salt, sugar and fat content, helping product
developers maintain flavour appeal, as demonstrated by
M. Ciudad-Mulero et al. [37], S. Yilmaz [38] and A. Alim et
al. [39]. Yeast extract is used in soups, sauces, snacks, meat
and vegetarian products, seasonings, and as a substitute
for monosodium glutamate. Due to its nutrient content,
it also serves to enrich products with protein, B vitamins
and minerals. Its use as a functional ingredient contributes
to the creation of products that are not only tasty but also
healthy. A well-known example of the widespread use of
yeast extract in the food industry is the Australian paste
Vegemite, developed in 1922. This thick, dark brown mix-
ture, made from yeast extract supplemented with vegetable
extracts and spices, is distinguished by its unique salty, bit-
ter umami taste [5]. This flavour profile is due to the natural
presence of significant amounts of free amino acids and nu-
cleotides, which are key components of yeast extract.

Yeast extract is a valuable component in pharmaceu-
ticals and dietary supplements due to its immunomodu-
latory, anti-inflammatory and antioxidant properties. The
beta-glucans and MOS contained in the extract are used
to boost immunity, support gut health and prevent infec-
tious diseases [21, 24, 27]. Nucleotides are key to tissue
repair, cell growth and immune function support, espe-
cially under conditions of stress or rapid growth, making
them important for infant formulas and restorative prepa-
rations [32, 33]. Glutathione, as a powerful antioxidant, is
used to reduce oxidative stress and support detoxification
processes in the body [34, 35]. These components make
yeast extract attractive for the development of functional
products aimed at improving overall well-being, increas-
ing the body’s resistance and supporting metabolic health.

In animal husbandry, yeast extract is an effective sup-
plement for improving animal productivity and health.
Adding it to feed improves immunity, reduces morbidity
and promotes better nutrient absorption. In addition, the
presence of proteins, amino acids and B vitamins contrib-
utes to better weight gain and overall health of animals. For
example, J. Sun et al. [40] found that yeast extract improves
growth performance and antioxidant capacity in young
flounder. This multifaceted effect makes yeast extract a val-
uable ingredient in the production of feed for farm animals,
aquaculture and pets.

Yeast extract is also used in agriculture to improve
plant growth and protection. The internal components of

yeast cells are rich in various amino acids that can form
complexes with trace elements, improving their bioavail-
ability to plants. Unlike other sources that contain only a
few amino acids, yeast extract obtained from certain strains
of Saccharomyces cerevisiae provides a balanced supply of
amino acids in a form that is easily absorbed by plants. A
study by M. Vargas Perucca et al. [41] has shown that it pro-
vides precise nutrition for crops, quickly overcomes nutri-
ent deficiencies, reduces stress from herbicides, maintains
yield potential, and protects the soil and the environment.
N. Gatti et al. [42] investigated the effect of a biostimulant
obtained from seaweed and yeast extracts on the secondary
metabolism of different apricot varieties and proved that
it had a positive effect on the biosynthesis of key biolog-
ically active compounds, such as polyphenols, flavonoids,
proanthocyanidins and anthocyanins, in both the flesh and
skin of apricots. Thus, the multifaceted properties of yeast
extract and its bioactive components make it not only an
effective nutritional biostimulant, but also an environmen-
tally sustainable solution for optimising crop productivity
and increasing their resistance to stress factors.

Risks and limitations of yeast extract use
Yeast extract has a high content of nucleic acids (RNA),
which can be metabolised into purines. Excessive con-
sumption of purines can increase blood uric acid levels,
which is a risk factor for the development of gout. This is
noted by W.S. Jeong et al. [43]. However, their study showed
that the increase in uric acid levels from yeast extract is less
pronounced than from meat or seafood. It should also be
noted that the purine content in yeast extracts varies sig-
nificantly depending on the yeast strains and processing
methods. This requires manufacturers to control the nucle-
ic acid content in products and inform consumers, espe-
cially those who are prone to gout or hyperuricaemia.

Yeast extract is not generally considered a major aller-
gen. However, in some cases, people with increased sensi-
tivity to yeast or its components may experience allergic re-
actions. According to EURaSYDP, yeast extract is not subject
to mandatory labelling as an allergen because it does not
contain proteins that cause allergic reactions. It should be
distinguished from active yeast. However, when manufac-
turing products, it is important to consider the individual
sensitivity of consumers and the possibility of cross-reac-
tions in rare cases.

Some yeast extracts may contain significant amounts
of sodium, which may be a problem for people on a
low-sodium diet. However, as noted by Z. Tao et al. [1],
there are also low-sodium yeast extracts on the market.
The use of yeast extract can reduce the overall salt con-
tent in foods due to its ability to enhance umami flavour,
which can compensate for sodium reduction without
compromising taste [38].

Research by H. Li et al. [44] showed that the use of yeast
extract can cause the excitation of neurogenic and myogen-
ic motor patterns in the large intestine of rats. Interestingly,
this effect was similar to that of monosodium glutamate
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and inosine monophosphate. Although this study was
conducted on animals, it highlights the need for further
study of the effects of yeast extract on the human gastro-
intestinal tract, especially in high doses. Such studies may
help to better understand potential side effects or mecha-
nisms of action beyond taste perception.

Yeast extract has “Generally Recognised as Safe”
(GRAS) status in the United States, allowing it to be used
as a food ingredient without prior FDA approval [11]. In
the European Union, its regulatory status depends on its
primary function in a food product: it can be classified as a
food ingredient with nutritional properties or as a flavour-
ing. If its primary function is to impart or modify taste
and/or smell, it falls under EU regulations on flavourings.
Importantly, yeast extract obtained by traditional meth-
ods is not a food additive but a natural ingredient, which
distinguishes it from synthetic flavour enhancers such as
monosodium glutamate [39].

Despite certain risks and limitations that have been
considered, such as the potential impact on uric acid levels
in susceptible individuals, rare allergic reactions, sodium
content, or possible effects on gastrointestinal motility at
high doses, yeast extract is generally recognised as a safe
ingredient. Its natural origin, the possibility of reducing
the salt content in products, and its regulatory status as a
natural ingredient rather than a food additive underscore
its advantages. Therefore, when used responsibly and with
consumer information, yeast extract remains a valuable
and safe ingredient in various industries.

Conclusions

A review of scientific evidence, covering reliable in vitro and
in vivo studies and increasingly convincing clinical trials in
humans, clearly substantiates the significant and growing
role of yeast extract and its key bioactive components in
functional nutrition. Yeast extract, as a natural, sustainable
and nutritious ingredient, provides a unique combination
of B-glucans, mannan-oligosaccharides, nucleotides and
glutathione. Each of these components provides distinct
but often synergistic health benefits, allowing for a more
comprehensive and powerful effect on the body than indi-
vidual ingredients alone. These benefits range from pow-
erful immune modulation and significant improvements
in gut health to metabolic regulation and crucial support
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for growth and recovery in various physiological states. In
particular, studies have shown that p-glucans activate im-
mune cells such as macrophages and NK cells, increasing
the body’s resistance to infections. Mannan-oligosaccha-
rides have been shown to improve intestinal morphology,
modulate its microbiota, and bind pathogens, promoting
a healthy digestive system. Nucleotides have been found
to be critical for immune cell proliferation and accelerat-
ed tissue repair, which is especially valuable during rapid
growth and after injury. Glutathione, as a central antioxi-
dant, effectively combats oxidative stress, supporting over-
all cellular integrity and detoxification processes. Although
considerations such as nucleic acid content require careful
formulation, the overall profile of yeast extract confirms it
as a valuable, multifunctional ingredient for the develop-
ment of innovative functional products aimed at improving
overall human health and well-being.

Despite compelling evidence, several areas require fur-
ther research to fully unlock the potential of yeast extract in
functional nutrition. Further clinical trials in humans are
needed to study the full range of benefits for the immune
system and other health parameters, namely: determining
optimal dosages, studying the bioavailability of exogenous
glutathione, gaining a deeper understanding of the molec-
ular mechanisms of structural differences in beta-glucans
and their impact on biological activity, and integrating an
understanding of the effects of yeast components on me-
tabolism and their immunomodulatory effects. Addressing
these issues will enable the development of more targeted
and effective functional foods. These research gaps are stra-
tegic priorities for future scientific research. Addressing
them will not only deepen the understanding of the mech-
anisms of action of yeast extract, but also enable the devel-
opment of more targeted, effective and scientifically sound
functional foods, contributing to progress in this field.
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AHoTauif. [IpbKIKoBUIT eKCTPaKT, OTPUMAHNUI 3 BHY TPIIIHbOKTITMHHOTO BMICTY APDK/KIB, TepeBakHO Saccharomyces
cerevisiae, € TIepCTIEKTMBHUM NPUPORHVM iHTpefiieHTOM y (YHKIiOHaTbHOMY XapuyBaHHI. AKTYalbHICTb JIOro
TOCTiKEHHs] 3yMOBJICHa 3POCTAIOYMM CBITOBMM IIOIMTOM Ha CTiiiKi, IIOXWBHI Ta (YHKLiOHa/IbHI KOMIIOHEHTM, a
TaKOXK JIOrO 3JIaTHICTIO IIOKpAallyBaTM CMAaKOBi SKOCTI IPORYKTiB. BUPOOGHUITBO APDKIYKOBOIO €KCTPAKTY YacTo
BUKOPYCTOBYE arpOIPOMICIOBI BifX0o/y, Taki AK BifllpaliboBaHi NVBHI APDKKI, 110 pOOUTD JIOTO eKOJIOTiYHO YMCTOIO
Ta €KOHOMIYHO BUTiTHOIO a/IbTEPHATIBOIO TPaJULIIIHIM IKepenaM 6inka. Meroro 1iiel po6oTu 6y1o cucremarusyBaTu Ta
IIpOaHa/li3yBaTy HasABHI HAYKOBi JOKa3y IIOJO HYTPi€EHTHOrO Ipodinio, GYHKIIIOHATbHIX BIaCTUBOCTEN Ta MeXaHi3MiB
il ApDKIPKOBOIO €KCTPAKTY Ta JI0oro 0i0aKTMBHUX KOMIIOHEHTIB. By/lo BUKOpyCTaHO MeTOM aHasIi3y Ta CUHTe3y JaHMX
HayKOBOI TiTepaTypH, L0 OXOIUTIOBAJIN Pe3y/IbTaTH JOCII/KeHb in Vitro Ta in vivo Ha TBapMHAX Ta KTIHIYHIX BULIPOOYBaHb
Ha mofsax. OCHOBHI pe3y/IbTaTy OKasay, o JPKPKOBIIL eKCTPAKT € BMHATKOBUM IXKePelIOM BYCOKOAKICHOTO OiIKy
3 IIOBHMM aMiHOKUCIOTHUM IIpodineM, KMl nepeBeplnye 6arato TpaguLiliHNX pOCIMHHNX Ta JeAKi TBapUHHI [pKepera.
Bin Takoxx 6araTmit Ha BitaMiHu rpymu B, Bmovatoun B12, Ta mmpokmii criekTp MiHepasiB, 1o poOUTbH JI0ro IiHHUM
W1 30aradeHHs palioHy, 0cOOIMBO [JIA BereTapiaHIiiB Ta BeraHis. [JOCIiPKeHHA BUABMIN, IO APDKIYKOBUI €KCTPAKT
MicTUTD 6i0/IOriYHO aKTUBHI CIIONTYKY, TaKi AK OeTa-I/II0KaHM, MaHaH-0/1irocaXxapyuan, HyKJIeOTUAM Ta [Ty TaTiOH, KOXKHA 3
AKX Ma€ joBefeHi GyHKIioHanpHi BracTuBocTi. CHHepriyHa #if yX KOMIIOHEHTIB 3a0e3Iedye KOMIUIEKCHMII BIUIUB Ha
3[0pOB’s, L0 IepeBeplIye edekTy okpeMux iHrpenienTis. KpiM TOro, 35aTHICTh ApDKIPKOBOrO eKCTPaKTY IOCUTIOBATY
CMaK yMaMi Ta MacKyBaTy TipKOTY € KPUTUYHO BaKIMBUM (PYHKI[iOHaJIBHUM aTpuOYyTOM, LIO CIPUSE IPUIHATTIO
CrIoXXyBavyaMy Ta e(peKTUBHOCTI PpyHKI[iOHaIbHUX IPORYKTiB. IIpakTyHa HiHHICTD poOOTH HOJATAE B OOIPYHTYBaHHI
HIMPOKOTO 3aCTOCYBAHHA IPDKJPKOBOTO eKCTPAKTY Y PYHKIIIOHA/IBHUX XapYOBMUX IIPOAYKTAX Ta AIETUYHUX JOOABKAX JId
IIOKpallleHHs 3ara/IbHOTO 3[I0pOB’s Ta foOPoOyTy, 3 ypaxyBaHHAM J0ro Ipodimo 6e3eky Ta HeoOXiTHOCT] IOgaIbIINX
TOCTiKeHb UL ONTHMi3alii fo3yBaHb Ta 6i0f0CTYIHOCTI

KniouoBi cnoBa: Saccharomyces cerevisiae; 6eTa-TTIOKaHM; MaHAH-ONIrOCaXapyuay; HYKJICOTHAW; TIyTaTioH;
IMYHOMOZY/IAL A
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Abstract. The study aimed to analyse scientific data on the use of virtual and augmented reality technologies in the
practical work of doctors. The main results of the study showed that virtual and augmented reality are actively transforming
the medical field, offering new opportunities to improve the quality of medical services. In particular, these technologies
are effectively used in dentistry for treatment and prosthetics, in ophthalmology for diagnosis and vision training, as well
as in psychiatry and psychological assistance for the treatment of phobias, post-traumatic stress disorder (PTSD) and
anxiety. In addition, VR and AR technologies have proven effective in the rehabilitation of patients after strokes, traumatic
brain injuries, and in the restoration of motor functions after orthopaedic surgery and amputations. Of particular note is
the role of VR and AR technologies in planning complex operations, where they can be used by surgeons to pre-model
interventions and receive visual cues in real time, reducing the trauma of operations and increasing their effectiveness. In
rehabilitation programmes, VR and AR are becoming crucial tools for the physical and cognitive rehabilitation of patients,
providing effective methods for restoring motor and cognitive functions. Another relevant aspect is the use of VR and AR
for training medical professionals, which can be used to practise in conditions close to real life without risk to patients,
thereby improving the level of professional training of doctors. This review not only showed how virtual tools can be
used to solve specific problems in medicine, but also encouraged a further analysis of the processes taking place in the
healthcare sector under the influence of the latest information and communication developments

Keywords: virtual technologies; non-drug treatment; patient rehabilitation; VR simulators

Introduction

At the beginning of the 21% century, virtual reality (VR)
and augmented reality (AR) have become an integral
part of the modern digital world, changing approaches to
learning, entertainment and professional activities. They
create new opportunities for interacting with informa-
tion, creating intuitive tools for analysis, visualisation and
learning. These technologies are substantial in healthcare,
where their application improves the quality of diagnosis,
treatment, and rehabilitation of patients. Studies demon-
strate the high potential of these technologies in medicine.
S. Bin et al. [1] described in detail the use of VR and AR
technologies in various biomedical fields, particularly
in surgical practice. For example, when planning opera-
tions, VR simulations help surgeons visualise and plan

Suggest Citation:

complex surgical procedures; in minimally invasive sur-
gery, AR technologies are used to superimpose images,
such as computed tomography (CT) or magnetic reso-
nance imaging (MRI) data, onto the patient’s actual body,
which improves the surgeon’s orientation during the op-
eration. Scientists have described how VR and AR can be
used to train medical students. For example, creating re-
alistic virtual simulations can be used to practice surgical
skills or diagnostics without risk to the patient.

The demand for such technologies is growing rapid-
ly. According to a report by Fortune Business Insights [2],
the global market for virtual reality in healthcare was
worth approximately 4.18 billion USD in 2024. The mar-
ket is projected to reach 46.37 billion USD by 2032, with a
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compound annual growth rate (CAGR) of 35.1%. This in-
formation demonstrates significant market growth, con-
firming the research relevance and the high demand for
these technologies in the medical field.

These technologies are key elements of the digital
transformation of healthcare systems. They are used to
overcome traditional barriers in the training of medical
professionals, communication with patients, and the or-
ganisation of treatment processes. Virtual and augmented
reality technologies are quite effective in projecting relevant
digital information (images, videos, text, graphics) outside
of device screens and combining relevant virtual objects
with the real environment. For instance, D. Oyekunle et
al. [3], researching the use of AR and VR in simulation
training in clinical education, confirmed that these tech-
nologies can be used by medical students and practising
specialists to gain a realistic experience of operations and
clinical scenarios, reducing the likelihood of errors during
real procedures. The study noted that VR/AR improve the
quality of diagnosis and treatment, enhances interaction
between doctors and patients, and contributes to savings in
training costs. Studies showed that VR simulations improve
information retention using virtual patients and the repro-
duction of real-life situations, which can be used for prac-
tice at any time. The study of augmented reality has been
included in the curricula of most medical specialities. Thus,
T. Tene et al. [4] conducted a review of the literature on this
topic and found a trend toward improved educational out-
comes when using VR/AR technologies in the training of
future doctors, although it was not statistically significant.

B.W. Munzer et al. [5] identified significant potential
for AR in three areas: user-environment interfaces, tele-
medicine and pre-hospital care, as well as medical edu-
cation and training of medical personnel. The study con-
cluded that AR can improve clinical care in various settings
(operating rooms, hospitals, and outpatient clinics) and
provide effective training, and that further research in this
area is crucial for the development of emergency medicine.

Specific examples of VR and AR use in practice con-
firm their effectiveness. For instance, these technologies are
used for preoperative planning and visualisation. Virtual
reality can be used by surgeons to create three-dimensional
models of a patient’s heart based on CT and MRI scans,
which improves awareness of complex anatomy before sur-
gery. .M. Castellanos et al. [6] described how VR was used
to plan a complex mitral valve replacement procedure,
providing a detailed assessment of the anatomy and prepa-
ration for surgery. S.V. Inozemtseva & 1.0. Malynina [7]
described an example of using the AccuVein AR device,
which can be used for real-time visualisation of the patient’s
venous network, reducing the number of venipuncture at-
tempts by 45%. With these tools, surgeons can plan pro-
cedures before making the first incision, and AR diagnos-
tic tools can simulate the patient’s condition after surgery.

VR and AR are also actively used for neurorehabilita-
tion and cognitive function improvement. D.D. Georgiev et
al. [8] emphasised the role of VR in the recovery of patients

after brain injuries, including after surgical interventions.
A.Y. Kafes et al. [9] demonstrated the effectiveness of a vir-
tual reality-assisted psychological intervention programme
for eliminating traumatic symptoms in people who had
survived an earthquake. Their study involved 17 people
who underwent a five-stage intervention programme using
VR technologies at the stages of rethinking, creating a safe
place, and developing problem-oriented coping strategies.
The results showed a significant increase in post-traumatic
growth and social support seeking, as well as a reduction in
trauma levels after the earthquake.

Similar results were obtained by R. Caceres-Matos et
al. [10] in an evaluation of the use of VR to reduce pain,
fear, and anxiety in children and adolescents during inva-
sive procedures (e.g., injections, blood sampling). The use
of VR was found to be statistically significantly associated
with a reduction in pain intensity, as confirmed by various
assessment scales (Wong-Baker Faces Pain Scale, Visual
Analogue Scale/Numerical Rating Scale). VR also showed
significant effectiveness in reducing anxiety and fear asso-
ciated with procedures. The effectiveness of virtual reality
is explained by its ability to distract patients’ attention from
pain stimuli through immersion in an interactive virtual
environment that activates several senses.

With VR and AR, healthcare professionals have access
to innovative training methods that simulate real clinical
situations, improving their skills and increasing their lev-
el of professional training. Patients, meanwhile, can re-
ceive personalised treatment and rehabilitation that was
previously unavailable or ineffective. This makes VR and
AR technologies not only useful but also necessary in the
context of the rapid digital transformation of healthcare.
Therefore, the study aimed to analyse scientific data on the
potential use of virtual and augmented reality in medical
education and clinical practice.

The material for this study included scientific articles
published in peer-reviewed medical and technical journals,
as well as conference materials related to virtual and aug-
mented reality in medicine. In addition, publications on
specialised news websites and blogs dedicated to medical
innovations were analysed to identify current trends and
practical implementation cases. The search for scientific lit-
erature covered the period from 2008 to 2025 and was con-
ducted using the following electronic search engines and
databases: Scopus, Web of Science, and Google Scholar. The
following keywords and their combinations in English and
Ukrainian were used to form search queries: “Virtual reali-
ty in healthcare”, “Augmented reality in public health”, “VR/
AR for health management”, “Immersive technologies in
medicine’, “Telemedicine and VR/AR”, “Rehabilitation with
VR/AR’, “Medical training VR/AR”, “Mental health VR/
AR”. The criteria for selecting literature were publications
directly related to the application of virtual or augmented
reality in any aspect of healthcare; studies containing em-
pirical data, literature reviews, meta-analyses or systematic
reviews; articles available in full-text format; publications in
English and Ukrainian. After the initial search, more than
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100 potentially relevant sources were identified. After care-
ful screening of titles and abstracts, and then full texts, 58
sources that best met the criteria and covered the topic of
the work were included in the detailed analysis. The select-
ed sources were analysed according to the following char-
acteristics: application of VR/AR field of use (diagnosis,
treatment, rehabilitation, surgery, training, psychological
assistance, public health prevention); description of tech-
nologies type of technology used (VR, AR), hardware and
software, functional capabilities; target audience categories
of patients or healthcare professionals for whom the de-
velopments are intended; research results quantitative and
qualitative indicators of effectiveness, authors” conclusions.

AR/VR in medicine:

Opportunities and differences

Virtual and augmented reality are key tools for the digital
transformation of modern medicine. Despite their close in-
terconnection, these technologies have fundamental differ-
ences in their mechanisms of operation and levels of user
immersion. AR involves superimposing digital informa-
tion (images, videos, text, graphics) onto the physical en-
vironment using specialised devices (smartphones, tablets
or AR glasses) without breaking the connection with the
real world. As noted by V. Volynets [11], one of the main
advantages of AR is the ability to integrate digital informa-
tion with data about the user’s surrounding reality in real
time. By using this method, medicine gains the ability to
visualise physical reality, supplemented or enhanced with
computer-generated perceptual data such as images, GPS
data, audio or video signals. This integration of digital data
with the user’s environment in real time is particularly val-
uable in healthcare for visualising clinical data, supporting
decision-making and training.

Virtual reality, on the other hand, creates a fully sim-
ulated three-dimensional environment that mimics both
physical impact and the user’s response to it. With the help
of VR devices and 360 ° visualisation, complete separation
from physical reality occurs by blocking signals from the

outside world, and the person is completely immersed in
virtual space, which provides the maximum effect of pres-
ence, providing the necessary visual, auditory and other
sensations. As emphasised by H. Guan et al. [12], this ap-
proach can be used to practise medical scenarios without
risk to the patient and to effectively use simulation tech-
nologies in the educational process. The complete isolation
from external stimuli contributes to enhanced learning and
the reproduction of clinical situations in a safe environment.

Despite their differences, AR and VR complement each
other in the context of medical applications. AR maintains
a connection with the real environment while enhancing it
by providing adaptive information display. It requires less
cumbersome equipment than VR, making it convenient for
use in surgery, diagnostics, and telemedicine. For instance,
the review article by J. Silva et al. [13] provided a detailed
overview of the literature exploring new and promising
areas of application for virtual reality technology in cardi-
ology. In particular, the authors analysed how VR can ex-
tend the scope of the entertainment industry and become
a powerful tool for medicine. The study highlighted the
significant potential of virtual reality for training medical
students and interns. The study demonstrated how VR sim-
ulations create realistic 3D models of the heart and vascular
system, which can be used for the visualisation of complex
pathologies such as congenital heart defects or atheroscle-
rosis. This provides practice for future cardiologists of in-
vasive procedures, such as catheterisation or stenting, in
a safe virtual environment, significantly improving their
skills before working with real patients. Researchers note
that VR is an effective tool for improving communication
between doctor and patient. Patients can use a VR headset
to view a 3D model of a heart, perceive the nature of their
disease, and visualise the treatment process. This not only
improves awareness but also increases trust in the doctor
and promotes greater patient adherence to recommenda-
tions. Therefore, increased demand necessitated a review
and the formation of new areas of application for VR and
AR in healthcare (Table 1).

Table 1. Main areas of application for VR and AR in healthcare

Area Description
- . Use of VR and AR to visualise internal organs,
Diagnostics . . - .
improve diagnostic accuracy and reduce the risk of errors.
Surgery Simulation of operations in a virtual environment and use of real-time prompts during operations.

Personalised treatment

Adapting medical procedures to individual patient needs using VR and AR.

Rehabilitation

Physical and cognitive rehabilitation of patients using interactive games and virtual exercises.

Educational simulations
for healthcare professionals

Training medical personnel in conditions close to real life, using VR and AR to practise emergencies.

Source: compiled by the author based on O. Kovalchuk et al. [14]

Due to the rapid development of technology, augment-
ed reality studies have been included in the curricula of
many medical specialities [12]. One of the key aspects is
their use for visualising the patient’s internal organs, which
provides medical professionals with a three-dimensional
view of anatomical structures and pathological changes.

Such capabilities significantly improve diagnostic accuracy,
reduce the risk of errors, and provide a more detailed analy-
sis of the patient’s condition [15]. Thus, AR and VR technol-
ogies create new opportunities in healthcare, particularly
in the areas of personalised treatment, simulation training,
clinical training, and improving the patient experience.
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Industry applications of AR and VR
inmedicine: Surgery, dentistry, ophthalmology
The active introduction of virtual and augmented reality
into medical practice demonstrates significant potential in
highly specialised areas of healthcare. They not only con-
tribute to improving the accuracy of diagnosis and the ef-
fectiveness of treatment, but also shape new approaches to
surgery, rehabilitation and care for patients with sensory
impairments. This section addressed examples of the suc-
cessful use of AR and VR in surgery, dentistry and ophthal-
mology, fields where accuracy, visualisation and modelling
are critical to the quality of medical care.

In surgery, VR and AR technologies can provide vol-
umetric and surface visualisation of organs and structures
of the body, section boundaries, and display information,
so they can be used in minimally invasive intra-abdominal
surgery. R. Vavra et al. [16] provided a review of the litera-
ture on the use of augmented reality in surgery. The study
demonstrated that surgeons’ interest in the use of AR is
growing. This technology has the potential to improve the
safety and effectiveness of operations. For instance, the use
of AR technologies provides intraoperative guidance to
surgeons and can quickly identify hidden objects and crit-
ical structures: foreign bodies, neoplasms, organs, nerves,
veins, vessels, etc. In addition, VR and AR in surgery are
becoming crucial tools for planning and performing com-
plex operations. Thanks to these technologies, surgeons
can pre-model surgical interventions, practise them in a
virtual environment, and receive visual cues during the
operation in real time. This minimises the trauma of in-
terventions, reduces the duration of the operation, and
improves treatment outcomes.

In addition, these technologies contribute to the im-
provement of minimally invasive surgery methods, which is
particularly relevant in the context of modern requirements
for the quality of medical care. Thus, S. Bernhardt et al. [17]
analysed laparoscopy (minimally invasive surgery), where
AR is considered a particularly promising technology. The
study authors addressed various aspects, from technical
implementations to clinical trials. The study concluded
that AR technology can be used by surgeons to superim-
pose preoperative 3D models of organs, tumours, blood
vessels or nerves onto live video images from a laparoscope.
This significantly improves the visualisation and awareness
of the patient’s anatomy, especially in the case of complex
structures that are difficult to distinguish on a 2D screen.
The studies reviewed in the review showed that AR can help
surgeons reduce errors, shorten surgery time, and increase
the accuracy of interventions. For example, one study
showed that AR navigation can significantly reduce the er-
ror of tumour localisation in a phantom model of the liver.

The Remote Interactive Surgery Platform (RISP),
which uses Microsoft HoloLens 2 glasses, was described
by Y. Kalbas et al. [18]. It can be used by a remote consult-
ant to observe the field of view of the operating surgeon
and provide advice using 3D annotations, medical imag-
es, and voice communication. E.L. Wisotzky et al. [19]

described the implementation of a scalable remote solu-
tion called TeleSTAR (Telepresence for Surgical Assistance
and Training using Augmented Reality). The study ex-
plained in detail how the system, which uses a digital sur-
gical microscope, enables surgical training and assistance
in the operating theatre. The low-latency of TeleSTAR 3D
video transmission, which can be used to observe the same
view as the surgeon and use AR tools for annotations and
measurements, was noted.

Several software solutions can be used to perform the
necessary remote consultations in real time using a standard
Internet connection, helping surgeons who are performing
the operation. The core concept of these systems is the use
of an AR headset (such as Microsoft HoloLens) or camer-
as installed in the operating theatre to broadcast live vid-
eo from the surgeonss field of view to a remote consultant.
The remote expert can view the operation, overlay annota-
tions, pointers, and 3D models of organs on the image, and
provide voice instructions. For example, Y.S. Shpryakha et
al. [20], analysing the application of augmented reality tech-
nologies in training programmes for surgeons in Ukraine,
mentioned the following software solutions and platforms:

@ Touch Surgery and Proximie are simulation plat-
forms that combine augmented reality and artificial intel-
ligence technologies with real-time video streaming. They
feature a virtual operating theatre where surgeons can vir-
tually “scrub in” (join the operation) to provide expert sup-
port and relevant advice. They are used in the United States;

® HoloMed is a local initiative for modelling simple
surgical procedures;

® Medivis SurgicalAR is a tool that provides real-time
visualisation of anatomical structures;

® Anatomy is a tool designed for interactive anatomy
learning;

® Augmedix is a medical student training system de-
veloped in Italy.

These platforms make it possible to bridge the gap be-
tween medical theory and practice and provide high-qual-
ity services in local medical institutions. AR visualisation
facilitates the planning of surgical procedures, reducing the
duration of operations and patient recovery time. They pro-
vide the ability to safely simulate procedures and improve
learning of anatomy through interactivity. These platforms
make modern education accessible not only in leading
medical centres but also in local educational institutions.
They help surgeons operate with greater confidence and
students learn more effectively, creating conditions for safer
and higher-quality medicine. Thus, VR and AR technolo-
gies are gradually becoming key tools in modern surgery,
providing not only improved visualisation and intraopera-
tive guidance, but also new opportunities for remote con-
sultations and training.

The main area of application for AR technologies in
dentistry is maxillofacial surgery and oral surgery. Most of-
ten, such technologies are used during specific procedures,
in particular, the installation of dental implants, orthog-
nathic surgery, etc. AR technology is also increasingly used
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in such areas of dentistry as endodontics, restorative den-
tistry, and orthodontics. For instance, V. Faus-Matoses et
al. [21] compared the accuracy of endodontic access for-
mation using an AR device with the traditional technique.
The results showed that AR systems can be used to perform
this procedure more safely and accurately. D. Dolega-Do-
legowski et al. [22] described the development of a holo-
graphic AR system using HoloLens 2 glasses to study the
anatomy of root canals. This demonstrated how AR can be
an efficient teaching tool for students. S. Fahim et al. [23]
described the potential of AR and VR in various fields,
including restorative dentistry; in particular, how AR can
improve communication with patients by visualising the
expected results of treatment (e.g., smile design or pros-
thetics) directly on the patient’s teeth. As noted by E. Roy et
al. [24], traditional teaching methods in dentistry, which
rely on phantom models and mannequins, have certain
shortcomings that VR simulators can effectively address.
For example, traditional phantom classes cannot always ful-
ly reproduce the anatomical features and complexity of real
clinical cases. In addition, they do not support real-time
tracking of student progress and do not provide instant
feedback on the procedures performed. Instead, according
to the study, VR simulators can eliminate these shortcom-
ings. They provide training for complex procedures with-
out risking damage to real patient tissue; they can adapt the
level of difficulty, ensuring accessibility for students with
different levels of training to learn at desired pace; they can
automatically analyse student movements, the force of in-
strument pressure and the accuracy of actions, providing
detailed reports for skill improvement. In addition, thanks
to haptic feedback, VR simulators can mimic the sensation
of tissue resistance, making training as close as possible to
a real clinical situation. The authors conclude that the in-
troduction of VR simulators is a substantial step towards
improving the quality of dental education. This does not
mean a complete abandonment of traditional methods, but
VR can significantly complement them, providing further
mastery of anatomy and practice of the skills necessary for
successful clinical practice.

VR and AR are significant assistance to people with
visual impairments. Augmented reality glasses improve
the ability to view everyday objects and enhance visual
function using 3D recognition software, as demonstrated
by M. Iskander et al. [25]. Such glasses assist individuals
with vision loss and patients with severe visual impair-
ments in locating lost items, recognising people, and easily
navigating their surroundings. However, the use of VR and
AR in ophthalmology does not replace traditional meth-
ods of treatment and rehabilitation but can only be an ad-
ditional tool for ophthalmologists to improve the quality
of medical care. For example, D.L. Fortenbacher et al. [26]
analysed how VR can be an effective addition to tradition-
al methods of treating visual impairments. In contrast to
conventional therapy, VR games and simulations make the
process more engaging and motivating for patients, espe-
cially children. The publication emphasised the concept of

dichoptic training, which involves showing different imag-
es to each eye. This stimulates both eyes to work together,
which is key in treating conditions such as amblyopia (lazy
eye) and strabismus (crossed eyes). The study highlighted
a specific VR system called “Vivid Vision”, which uses a
virtual reality headset to conduct training. The system is
designed to help specialists personalise exercises for each
patient and objectively track progress, which is a big ad-
vantage over traditional methods.

The use of AR and VR in surgery, dentistry, and oph-
thalmology demonstrates a high level of effectiveness, safe-
ty, and technological feasibility. These innovations not only
improve clinical outcomes but also expand the capabilities
of physicians in planning, performing, and monitoring
medical interventions. Thus, the use of AR/VR is becom-
ing an essential component of modern personalised med-
icine, contributing to the transformation of the traditional
healthcare system.

Virtual and augmented reality in psychiatry

In psychiatry, virtual reality is used to simulate the subjective
experiences of patients to increase empathy and awareness
on the part of specialists and relatives. A study by E. Vass et
al. [27] emphasises that VR can be efficient for improving
cognitive skills in patients with schizophrenia. Although
the study addressed therapy, its findings support the idea
that VR can simulate social interactions, which is key to the
research of mental states. Their study confirmed that VR
interventions can help patients better recognise and inter-
pret emotions, which in turn also contributes to the aware-
ness of their condition by both specialists and loved ones.

VR is also used in exposure therapy to create virtu-
al environments that can simulate real-life situations that
cause fear and difficulty for patients. Exposure therapy is
one of the most effective methods of treating anxiety dis-
orders, and virtual reality is a safe and controlled way to
show patients their fears. For example. I.H. Bell et al. [28]
noted that VR is a promising technology that can improve
assessment and therapy in mental health. It can be used to
immerse people in interactive virtual worlds that are com-
pletely controlled by the researcher or clinician. This ability
is key to the use of VR in both the assessment and treat-
ment of mental disorders. The article also discusses the use
of virtual reality to create controlled environments, which
is the basic principle of exposure therapy. In this context,
VR systems can be used by clinicians to immerse patients
in simulated situations to help them overcome phobias,
anxiety or post-traumatic stress disorder (PTSD), which is
the essence of exposure therapy.

At the same time, meditation programmes that use
augmented reality have become efficient in reducing stress
and anxiety levels. AR integrates virtual elements into the
real world, allocating focus to deep relaxation and medita-
tion techniques in a familiar environment. This approach
stimulates psychosocial adaptation and improves overall
psycho-emotional state, helping to reduce symptoms of
anxiety disorders and alleviate psycho-emotional stress.
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This practice is called relaxation therapy. A.L Igbal et
al. [29] confirmed that VR and AR technologies signifi-
cantly improve the patient experience and the quality of
medical education by creating engaging and interactive
environments for learning and practice. For instance,
VR is used for pain management, anxiety reduction, and
surgical simulation. The study also notes that “relaxation
and meditation in various VR applications are becoming
increasingly common for treating patients at home or in
hospitals”. VR can be effective in creating a calm environ-
ment and applying relaxation techniques to significantly
reduce stress in intensive care units (ICUs). The study also
discussed the use of VR for pain relief, which is closely
related to relaxation. In particular, the use of VR games
has proven effective in reducing acute pain, for example, in
patients with burns. The combination of VR with hypnosis
(known as virtual hypnosis, or VRH) is also mentioned,
which has shown promise in reducing pain and anxiety.
Therefore, the authors of the article conclude that VR is
efficient for relaxation therapy.

Meditation programmes using augmented reality can
create interactive visual and audio stimuli that reduce dis-
tractions and increase concentration on relaxation process-
es. The integration of virtual elements into the real envi-
ronment helps patients immerse themselves more deeply
in meditative practices, which reduce stress and anxiety
more efficiently. This technology is particularly relevant for
people who are unable to practise traditional meditation
due to external factors or concentration difficulties. AR
can be used to create customised meditation sessions that
increase the effectiveness of treatment, as the programmes
are tailored to the user’s personal preferences and needs.
For example, R. Jackson et al. [30] compared the effect of
a mobile AR meditation app with a “point-to-point” dis-
traction technique on 37 participants. The results showed
that the group using AR had a more significant anxiety re-
duction and perceived stress compared to the distraction
group. This confirmed that short AR meditation practice
can improve aspects of negative mental health.

In addition, virtual reality can be used to treat phobias.
The main method of treating phobias is exposure therapy.
It involves the patient gradually confronting their fear un-
der the supervision of a therapist. VR makes this process
safe, controlled and accessible. In contrast to the real world,
where circumstances are unpredictable (for example, it is
not always possible to “accidentally” reach a height or be
near a spider), in VR simulation, the psychotherapist has
complete control over the situation. They can adjust the
level of “scariness” of the situation, starting with the least
alarming stimuli and gradually increasing them. The pa-
tient recognises the safety of the situation, even if the brain
reacts to the virtual stimulus as if it were real. This is used to
learn emotion and physiological control (heart rate, breath-
ing) without any real threat to health. In addition, the sim-
ulation can be repeated as many times as necessary, which
is impossible in real life. For example, for a patient with
aerophobia (fear of flying), an unlimited number of “virtual

flights” can be created, which accelerates the process of de-
sensitisation (reducing sensitivity to the stimulus).

Numerous studies confirm that VR exposure thera-
py is as effective as or even more effective than traditional
exposure. A study by G. Albakri et al. [31] reviewed data
from various studies that used virtual and augmented re-
ality technologies to overcome common fears such as ac-
rophobia (fear of heights), arachnophobia (fear of spiders),
aerophobia, and claustrophobia (fear of enclosed spaces).
The main method discussed in the article is exposure ther-
apy. The authors considered three types of exposure thera-
py: classical exposure therapy (in vivo) involves controlled,
gradual contact between the patient and the object of their
fear in real life; VR exposure therapy (VRET) uses virtual
reality to create a simulated environment, in which patients
can interact with their fear in a safe, controlled environ-
ment, which can be used to customise and avoid unpre-
dictable factors of the intensity level; AR exposure therapy
uses augmented reality, where virtual elements are super-
imposed on the real environment (e.g., a virtual spider on a
real table), which can also be used for control of the process.
The study concluded that VR and AR are effective tools for
conducting exposure therapy to treat most phobias.

Some medical start-ups propose using VR technologies
to help elderly people improve their memory and cognitive
functions, facilitate rehabilitation, and increase their social
activity. For instance, the research protocol by E. Gambel-
la et al. [32] described the evaluation of the effectiveness
of a combined approach to the treatment of Alzheimer’s
disease. The evaluation addressed the efficiency of an inte-
grated intervention that included computerised cognitive
training and aerobic physical exercise using virtual reality,
in people with early-stage Alzheimer’s disease, as well as to
investigate whether such a combined therapy, combining
cognitive and physical exercises, can provide greater stabili-
ty of cognitive functions, improved mood and quality of life
compared to physical exercise alone. The study involved 78
patients with mild Alzheimer’s dementia. The experimental
group underwent cognitive training using Brainer software
on a tablet and aerobic training using the jDome® BikeA-
round™ system. This system combines an exercise bike with
a dome-shaped projector and Google Street View technol-
ogy, providing virtual bike rides through places from their
memories. The control group underwent cognitive training
using Brainer software on a tablet and aerobic training on
a standard exercise bike. The intervention consisted of 16
sessions of 60 minutes each, twice a week for 8 weeks. Each
session included 30 minutes of cognitive training and 30
minutes of physical exercise. The study believes that their
intervention, which combines virtual reality with physi-
cal and cognitive exercises, will be effective in combating
Alzheimer’s disease, leading to improved cognitive func-
tion and quality of life for patients.

Portuguese scientists J. Oliveira et al. [33] suggest-
ed using appropriate training for people with moderate
Alzheimer’s disease, linked to the development of basic
skills. Patients with this disease struggle with skills such as
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morning hygiene, cooking, going to the shop or pharmacy,
etc. However, with the help of modern technology, these
patients can train or even “relearn” actions that were once
familiar to them. Patients perform all manipulations within
the virtual apartment and city.

Post-traumatic stress disorder (PTSD) is a type of
nervous disorder that affects millions of people world-
wide. This disorder can arise for various reasons, such as
war, acute conflict, etc. VR can be used to create specially
designed environments that simulate real-life situations,
helping patients to gradually confront their fears or trau-
matic memories in a controlled setting. This approach re-
duces the intensity of symptoms and helps patients devel-
op coping mechanisms.

Since 1997, the University of Southern California’s In-
stitute for Creative Technologies has been using virtual re-
ality technology to treat PTSD. Various simulations, mainly
based on military scenarios, are used to help most veterans
successfully overcome the symptoms of the disorder. For in-
stance, O.D. Kothgassner et al. [34] evaluated the effective-
ness of VRET in comparison with control groups (waiting
in line) and active comparators (other treatment methods).
The study conducted a literature search that identified nine
controlled studies involving 296 participants. The primary
outcomes were assessed by the severity of PTSD symptoms,
as well as secondary outcomes such as symptoms of depres-
sion and anxiety. VRET showed significantly better results
in reducing PTSD symptoms and depressive symptoms, in-
dicating that virtual reality therapy is more effective than
no treatment. However, no statistically significant differ-
ence was found between VRET and other active treatments
(e.g., traditional exposure therapy) in reducing PTSD and
depression symptoms, suggesting that the effectiveness of
VRET is comparable to other recognised therapies.

The experience of Ukrainian scientists also shows
positive changes in reducing the symptoms of PTSD and
depression when using virtual reality in treatment. For in-
stance, K.A. Kosenko et al. [35] studied and summarised
modern innovative approaches to the diagnosis, therapy
and rehabilitation of patients with post-traumatic stress
disorder, especially among military personnel who partic-
ipated in combat operations. In the context of the ongoing
military conflict in Ukraine, this problem is particularly
relevant. The study described traditional and innovative
methods of treating PTSD. Traditionally, PTSD treatment
includes psychotherapeutic approaches such as cognitive
behavioural therapy (CBT) and pharmacological inter-
vention. The study emphasised that pharmacological in-
tervention cannot cure PTSD, but it increases the effec-
tiveness of psychotherapy, especially in patients from risk
groups. At the same time, the study noted that modern
technologies, such as virtual reality, which is used to sim-
ulate stressful scenarios, are substantial in treatment, help-
ing patients gradually process traumatic events in a safe,
controlled environment.

B.V. Kichak et al. [36] investigated the potential of
video games and virtual reality technologies as innovative

tools in the treatment and rehabilitation of patients with
post-traumatic stress disorder, especially in the context of
military conflicts. The study emphasised the need to intro-
duce new, accessible methods to help victims. The study
discusses several substantial aspects of the application of
gaming technologies:

® controlled exposure VR content developers can cre-
ate simulated environments that are used to relieve patients
of traumatic memories in a safe and controlled setting. This
helps to lessen their emotional impact in the future;

® a combination of CBT video games and VR technol-
ogy should be used as a supplement to traditional methods.
This combined approach helps patients overcome negative
thoughts, develop coping strategies, and gradually desensi-
tise themselves to triggers;

@ regulation of physiological responses: the game for-
mat can be used to help patients learn to control physio-
logical responses such as heart rate and breathing, which is
particularly useful for managing anxiety and stress associ-
ated with PTSD;

® social support — the authors emphasise the impor-
tance of communicating with people who have had similar
experiences. Multiplayer games and online communities
can be used as a platform for creating support networks
where patients can help each other and share their thoughts.

The researchers concluded that although game therapy
cannot replace traditional approaches such as psychother-
apy and medication, its implementation can significantly
improve the effectiveness of PTSD treatment. Continu-
ous technological developments and new research open
new opportunities for the further application of computer
games in this field. Thus, the use of VR for the treatment
of anxiety and PTSD has a wide range of advantages, in-
cluding the creation of a safe and controlled environment
for patients, which can be used for exposure therapy with-
out the need for real-life physical situations. Thanks to
deep immersion in the virtual environment, patients can
gradually adapt to stressful or traumatic situations, which
reduces fear and anxiety levels. Virtual reality can also be
adjusted by doctors in real time to change the intensity and
complexity of situations, which helps tailor treatment to
each patient’s individual needs.

Possibilities for using VR

and AR during rehabilitation

Rehabilitation is a crucial stage in restoring health after
injuries, illnesses, or surgical interventions. Physical and
cognitive rehabilitation programmes are designed to re-
store bodily functions and improve patients’ quality of
life. Physical rehabilitation includes a set of exercises that
help restore motor functions, increase physical endur-
ance and improve overall well-being. Cognitive rehabili-
tation focuses on restoring memory, attention, language
and cognitive functions that are critical for normal func-
tioning in everyday life. Games that can stimulate both
motor and brain activity are essential components of re-
habilitation programmes.
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The use of games in rehabilitation programmes not
only restores physical abilities but also activates cognitive
processes, contributing to comprehensive health recovery.
Games designed to develop motor skills and brain activ-
ity can be used to improve coordination, memory, con-
centration, and other cognitive functions. For example,
K.E. Laver et al. [37] studied the effectiveness of virtual
reality and interactive video games in the rehabilitation
of stroke patients. The authors analysed 72 randomised
controlled trials. The study compared groups of patients
who received rehabilitation using VR with groups who
underwent traditional therapy. The study emphasised that
virtual reality has potential, especially as a supplement to
standard therapy, to help increase the total rehabilitation
time. However, further research is needed to draw more
conclusive conclusions and to clearly identify which types
of VR interventions are most effective and for which pa-
tient groups. In turn, N. Ahmadpour et al. [38] examined
the potential of VR as a non-pharmacological treatment
for acute and chronic pain. The study argued that virtual
reality is an effective complementary or even alternative
method of pain relief that does not require medication.
Its effect is based on distracting the patient’s attention
from pain sensations by immersing them in an immersive
virtual environment. In their opinion, VR demonstrates
high effectiveness in cases of acute pain arising during
medical procedures. For example, burn wound care (VR
games such as SnowWorld can be used to distract patients
from pain during dressing changes), dental procedures,
and pre- and post-operative procedures (VR helps reduce
anxiety and pain). The study also believes that VR has sub-
stantial potential for treating chronic pain.

Rehabilitation is not only a medical but also a social
process that includes supporting patients in restoring
their ties with society, family and workplace. Successful
rehabilitation requires an interdisciplinary approach that
involves various specialists, including doctors, physio-
therapists, psychologists and social workers. A substantial
aspect is an individual approach to each patient, consider-
ing their physical condition, psychological characteristics,
age factors, and social conditions. Psychological support
and motivation of patients are essential for achieving
high rehabilitation results, as without proper emotional
support, the recovery process can be significantly slowed
down. In this context, the role of cognitive rehabilitation,
which contributes to the improvement of intellectual abil-
ities and neuropsychological functions, cannot be over-
estimated. Programmes that address memory, language
skills, and cognitive abilities help patients adapt to chang-
es caused by disease or injury, which is crucial for their
social functioning.

As such, H. Bateni et al. [39] considered virtual real-
ity as an innovative and promising tool for rehabilitation.
This technology can create immersive and motivating en-
vironments that help patients do physical exercises, which
can be boring in traditional settings. The cited studies
confirm that VR improves motor function, balance, and

coordination. In addition to treatment, VR is also consid-
ered a valuable diagnostic tool. With VR systems, therapists
can objectively assess a patient’s movements and function-
ality in a controlled virtual environment; measure key indi-
cators such as reaction time, movement accuracy and range
of motion, which is difficult in traditional clinical practice;
create realistic scenarios to assess how a patient responds
to different situations, which is relevant for determining
fall risks and planning rehabilitation. The study discusses
the use of VR in the rehabilitation of patients with various
conditions, including Parkinson’s disease, stroke, and other
neuromuscular disorders. The study emphasised that VR
can be beneficial for patients who have lost the ability to
perform certain tasks independently, as the virtual envi-
ronment facilitates safe and fear-free training.

V.V. Kormiltsev & A.M. Chyhyrynskyi [40] systema-
tised the experience of foreign studies on the use of virtual
reality technologies in physical therapy for patients after
an acute cerebrovascular accident (CVA), or stroke. The
study believes that the use of VR in physical therapy for
patients after ACIS has led to statistically significant im-
provements. Improvements in upper limb motor function,
range of motion, muscle strength, and independence in
daily activities were noted, and VR training has a positive
effect on patients’ ability to walk. VR-based rehabilitation
also has a positive effect on neural plasticity. This includes
improved interhemispheric balance, enhanced cortical
connectivity, and activation of areas in the frontal cortex,
which correlates with improved behaviour. The study noted
that VR systems are divided into specialised and commer-
cial game consoles that can be adapted for clinical practice.
In Ukraine, there are also VR trainers, such as VR NOW,
which are designed based on clinical experience to restore
movement and overcome complications.

T. Rutledge et al. [41] described the development and
initial results of research on the use of VR for the treat-
ment of phantom limb pain. Phantom limb pain (PLP) is a
common and debilitating condition that is difficult to treat.
It occurs in people who have undergone amputation and
is felt as pain in the missing part of the body. The study
developed a new VR programme to help reduce PLE and
conducted a pilot study to assess its viability, i.e. its feasi-
bility and safety. Ten patients with lower limb amputations
who suffered from phantom pain participated in the exper-
iment. The VR intervention was based on the principle of
mirror therapy, but instead of a physical mirror, a virtual
reflection was used. Patients saw a virtual version of their
missing leg moving along with their healthy leg. Partici-
pants underwent 10 sessions of VR therapy over 5 weeks.
This study showed a positive trend towards a reduction in
the intensity of phantom pain in most participants.

The gaming methods used in rehabilitation can include
both traditional board games that stimulate cognitive ac-
tivity and interactive computer programmes that use vir-
tual exercises and tasks to train various mental and phys-
ical functions. The use of such methods improves motor
skills, perception and concentration, which contributes to
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the restoration of nervous system functions and facilitates
the adaptation of patients to new living conditions [42]. In
turn, the integration of such games into a comprehensive

rehabilitation programme reduces stress levels, promot-
ing psycho-emotional recovery [43], which is a substantial
component of successful rehabilitation (Table 2).

Table 2. The role of VR and AR in rehabilitation

Type of rehabilitation

Description

Physical rehabilitation

Exercises to restore motor functions and improve endurance.

Cognitive rehabilitation

Exercises to restore memory, attention, language and cognitive functions.

Motor functions development games

Use of interactive games to improve coordination and motor function development.

Cognitive activity games

Stimulation of cognitive processes through games to improve concentration and memory.

Source: compiled by the author based on L. Atukunda [44]

It is worth noting that the use of VR in the rehabil-
itation of patients with cerebral palsy (CP) demonstrates
a high level of effectiveness. The main clinical manifesta-
tions of this disease are movement disorders (paresis, pa-
ralysis), impaired muscle tone, and poor coordination of
movements. The main goal of rehabilitation therapy for
patients with CP is to correct these motor disorders. Thus,
D.K. Ravi et al. [45] provided evidence of the effectiveness
of VR rehabilitation in improving sensory and motor skills
in children with CP. The analysis covered 31 studies with a
total of 369 participants. The study showed that VR reha-
bilitation is a promising intervention for improving balance
and overall motor development in children and adolescents
with CP. The authors emphasised that virtual reality, espe-
cially in the form of games, increases children’s motivation
and engagement in therapy, which is a key factor in achiev-
ing better results. This makes the rehabilitation process
more enjoyable and less monotonous.

Notably, scientists have convincingly demonstrated the
potential of virtual reality and computer games in the reha-
bilitation of patients with cerebral palsy (CP). For instance,
an experimental study by ER.C. Machado et al. [46] found
that the targeted use of computer games as a therapeutic
tool significantly increases activity and improves the func-
tionality of the upper limbs in children with paretic CP.
This indicates the promise of interactive approaches in the
restoration of motor functions. In addition, S.S. Korney et
al. [47] emphasise that virtual reality is a valuable technique
for expanding the range of motor tasks for the upper limbs.
It can be effectively used in both clinical and home settings,
as well as in educational institutions, providing flexibility
and accessibility of rehabilitation. In general, as shown by
the research of J.H. Do et al. [48], interactive virtual reality
programmes have proven effective in improving hand dex-
terity and coordination in children diagnosed with hemi-
plegic CP, creating new opportunities for their adaptation
and improving their quality of life.

Although the main application of virtual reality in
rehabilitation is the correction of motor disorders, its
potential is not limited to this. Immersion in immersive
virtual environments also demonstrates high effectiveness
in relieving pain syndrome, which creates new prospects
for non-drug treatment. An example of this is the devel-
opment of a VR product with an analgesic effect. G. Hoft-
man et al. [49] described an experiment in which patients

with burns were immersed in a virtual winter wonder-
land, where they had the opportunity to shoot snowballs
at snowmen. According to the data obtained, this signifi-
cantly reduced pain during dressing changes and was more
effective than opioid analgesics.

H. Deng et al. [50] also confirmed the distraction the-
ory. The study used near-infrared functional spectroscopy
to assess brain activity and found that VR reduces pain
perception by modulating cortical processing of pain sig-
nals. When the brain is busy processing visual and cogni-
tive tasks in a virtual environment, it has fewer resources
to process pain impulses. R. Gopalan et al. [51] confirmed
that distraction was the most effective mechanism for pain
relief using VR, which was proven in 86.9% of the stud-
ies they examined. According to these scientists, VR out-
performs other non-pharmacological methods (such as
watching television) due to its high immersiveness, which
completely captures the patient’s attention. The review in-
dicated that VR offers an innovative way to manage acute
pain while minimising the side effects and risks associated
with traditional pharmacological approaches, such as nau-
sea, addiction or even overdose.

In conclusion, VR and AR are key innovative instru-
ments of modern rehabilitation programmes, as they offer
an effective complement to traditional therapy methods.
These technologies help restore physical and cognitive
functions after strokes, injuries, neuromuscular disorders,
and cerebral palsy. Due to their immersive nature, VR
technologies provide high patient motivation and increase
their engagement in training, which is critical for achiev-
ing positive results. In addition, VR is effectively used as a
non-pharmacological means of pain relief, as it distracts the
brain from pain sensations. Studies also confirm that VR
systems are valuable diagnostic tools that can be used for
objective assessment of patients’ conditions, contributing
to comprehensive health recovery and social adaptation.

Features of training medical professionals

to work with VR and AR

The process of training medical professionals using VR is
crucial. For example, A. Alaraj et al. [52] described the de-
velopment and evaluation of the usefulness of a new virtual
reality simulator with tactile feedback for training neuro-
surgeons to clip aneurysms. The study created a simulator
for clipping aneurysms of the middle cerebral artery using
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the ImmersiveTouch platform, which provides realistic
3D images and tactile sensations, simulating mechanical
impact on virtual tissues. A study involving scientists from
three institutions (the University of Illinois at Chicago,
the University of Chicago, Weill Cornell Medical College,
USA), showed that the simulator is a useful tool for pre-
paring for real operations, improving knowledge of anat-
omy and assisting in the planning of surgical approaches.
As aresult, a virtual reality room was created at Weill Cor-
nell Medical College (New York, USA), where simulators
for surgeons were installed. The system was equipped not
only with the appropriate graphics headset but also with
tactile feedback devices. Doctors could feel the mechan-
ical impact on the relevant organs of the “patient” With
the help of such a simulator, it is possible to acquire the
necessary skills for successful operations at a much lower
cost. The work also highlighted the potential of such VR
systems to improve patient safety and the effectiveness of
neurosurgical training.

D. Mistry et al. [53] emphasised that VR provides
unique learning opportunities, offering students and
healthcare professionals an immersive, safe and controlled
environment for practising their skills. Therefore, it is pos-
sible to train without risk to real patients and increase the
confidence of future specialists. The study covered a wide
range of VR applications, including clinical skills training
(the ability to practise diagnostic procedures, manipula-
tions and communication with patients), surgical train-
ing (the ability to practise complex surgical procedures,
improving motor skills and decision-making), studying
anatomy and physiology (interactive 3D models for fur-
ther awareness of the human body), interpersonal skills
and empathy (the ability to simulate complex scenarios of
interaction with patients and develop empathy). The study
highlighted existing barriers and challenges to the imple-
mentation of VR in medical education. These include the
high cost of equipment, the need for specialised content,
possible motion sickness in users, and the need to integrate
VR programmes into existing curricula. Future directions
for the development of VR technologies and their potential
for further transformation of medical education were also
analysed, including hardware improvements, the develop-
ment of more realistic simulations, and wider accessibility.

C. Cao & R.J. Cerfolio [54] addressed the use of vir-
tual and augmented reality to improve surgical education
and planning. The study investigated the use of VR simu-
lators for practising surgical skills, including visualisation
of anatomy, planning access trajectories, and simulating
complex procedures. This improves the skills of novice
and experienced surgeons in a safe and controlled virtual
environment. The study discussed the possibilities of AR
overlaying digital information onto the real world, which
can be used for more intuitive learning, such as displaying
anatomical structures or step-by-step instructions during
simulation. The study emphasised that VR and AR can
be used by surgeons to visualise complex patient anato-
my in 3D, based on real medical images (e.g., CT, MRI).

This improves analysis of the pathology, planning of the
optimal surgical approach, and prediction of possible com-
plications. AR and VR technologies can also be used to
“rehearse” the operation, which can be used by surgeons
virtually practice all stages of the procedure, increasing the
accuracy and efficiency of the actual operation.

S. Patil et al. [55] analysed the effectiveness of devices
with tactile (haptic) feedback in the preclinical training of
dental students. The study conducted a systematic search
of several large databases (PubMed, Embase, Web of Sci-
ence, Scopus) and found that tactile devices significant-
ly improve the psychomotor and manual skills of dental
students. The use of such devices increases students’ con-
fidence in performing procedures. Tactile feedback sys-
tems help develop more precise movements and a greater
awareness of how instruments interact with tissues, which
is fundamental to dental practice. Tactile feedback makes
simulation more realistic and immersive, which contrib-
utes to more effective learning. The study noted that these
simulators let students repeat procedures many times and
get instant feedback, which significantly reduces the num-
ber of mistakes in real-life situations.

In 2008-2009, a series of studies on virtual reali-
ty simulation and local anaesthesia was conducted at the
University of Aachen (Germany). For example, a study by
S. Ullrich et al. [56] described a virtual reality-based med-
ical training application for local anaesthesia procedures,
which includes simulation of electrical impulse transmis-
sion to activate the motor response of nerves. O. Grottke et
al. [57] developed a VR simulator for local anaesthesia that
considers the individual anatomy of the patient, which is
relevant for realistic training.

Educational simulations for healthcare professionals
are essential tools for improving qualifications and practi-
cal skills in conditions that are close to real life. The use of
virtual environments can be used for practice of healthcare
professionals in a variety of situations that require quick
and accurate decisions, without risk to patients. Such sim-
ulations can be used by medical staft to improve their skills
in managing emergencies, developing the ability to adapt
quickly under stressful conditions [1, 44]. Such training
in virtual reality can provide experience that is difficult or
even impossible to obtain in real-life situations due to the
rarity of certain emergencies or limitations in training re-
sources. They also help reduce stress levels during real in-
cidents, as medical professionals can deal with potentially
traumatic situations in a safe environment, which signifi-
cantly increases their confidence in their actions [4, 3].

Thus, the integration of virtual simulations into train-
ing programmes for medical professionals, particularly
in emergencies, achieves high training effectiveness. This
approach maintains high-quality medical services even
when practical experience in real-life situations is limited
or insufficiently available. A key aspect is that virtual sim-
ulations can be used for training not only technical skills,
but also cognitive and emotional responses to stressful sit-
uations, which are necessary for quick decision-making in
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extreme conditions. Training through virtual simulations
has great potential to improve the quality of medical practice,
particularly in emergencies where accuracy and speed of ac-
tionarerelevant.Itmaintainsskillsatahighleveland prepares
medical professionals for any challenges in the real world.

Benefits and drawbacks

of using VR and AR in medicine

The introduction of virtual and augmented reality tech-
nologies into medicine faces several challenges and limi-
tations, among which financial costs, technical limitations,
and ethical issues are substantial. Thus, the financial costs
of introducing VR and AR into medical practice can be
significant. The cost of technological equipment, software,
and training medical staff to use these tools effectively re-
quires significant investment. Most medical institutions,
especially in countries with limited financial resources,
may face difficulties in securing the necessary funding to
implement such technologies.

In addition, the high hardware requirements for VR
and AR, the need to constantly update equipment to sup-
port new software versions and improve technologies can
be a barrier to the widespread use of these technologies in
medical institutions. Furthermore, ensuring proper com-
patibility with existing medical systems and databases can
also require significant technical effort. Systems must not
only be functional but also safe for patients, which requires
thorough testing and verification. Insufficient accuracy,
data errors, or delays in real-time can have substantial con-
sequences, increasing the risk of using these technologies.

Ethical issues related to the use of VR and AR in med-
ical practice are a crucial part of this process. In particu-
lar, the use of these technologies for patient treatment, re-
search, or training may raise questions about the security
and confidentiality of patients’ personal data. It is necessary
to determine in which cases the use of VR/AR is ethical-
ly justified, whether these technologies can be relied upon
in the treatment process, and what potential risks exist
for patients who require special attention in terms of psy-
cho-emotional impact. In addition, the issue of technology
accessibility for the general population is also necessary.
On the one hand, the use of VR and AR can improve the
quality of medical services and make them more accessible,
especially for patients in remote or hard-to-reach regions.
However, on the other hand, the high cost of such technol-
ogies may create inequality in access to modern medical
services. This could lead to a gap between patients who can
afford VR/AR treatment and those who cannot.

In addition to the aspects listed above, there are other
challenges that need to be addressed when implementing
VR and AR in medical practice. One of these is the need
for medical professionals to adapt to new technologies.
This requires significant efforts in staff training, as the use
of modern technologies requires specific knowledge and
skills. In addition, training must be integrated into existing
medical programmes, which can be difficult due to changes
in educational standards and programme materials [3, 58].

Another aspect is patient acceptance of new technologies.
Not all patients are ready to accept and trust treatment or
diagnostic methods based on virtual or augmented reali-
ties. This is true for older people or those with limited ex-
perience with technology. Problems with trust in new treat-
ment methods can lead to delays in the implementation of
such innovations.

Conclusions

Virtual and augmented reality are actively changing the
medical field, offering fundamentally new and unprece-
dented opportunities to improve the quality of medical ser-
vices at all stages, from diagnosis to rehabilitation. Their
use has led to significant improvements in the diagnosis,
treatment and rehabilitation of patients, creating new ho-
rizons for personalised medicine and increasing the effec-
tiveness of therapeutic interventions. The key role of VR
and AR technologies in planning complex surgical opera-
tions should be highlighted. These innovative systems can
be used not only to pre-model interventions with high ac-
curacy, but also to receive visual cues and holographic pro-
jections in real time, directly during the operation. This sig-
nificantly reduces the trauma of operations, minimises the
risk of errors and significantly increases their overall effec-
tiveness and safety for the patient. The ability to study the
patient’s anatomical features in detail in 3D format before
the operation can be used for the development of an opti-
mal strategy and preparation for any unexpected situations.

In rehabilitation programmes, VR and AR are be-
coming crucial tools for the physical and cognitive reha-
bilitation of patients. These technologies provide effective
methods for restoring motor and cognitive functions by of-
fering patients interactive and engaging exercises. Thanks
to gamification and simulations integrated into these tech-
nologies, patients are actively encouraged to engage in dai-
ly training and recovery, which is relevant not only from a
medical but also from a social point of view, as it promotes
faster reintegration of patients into society by increasing
their motivation and self-esteem.

The use of VR and AR to support mental health de-
serves special attention. Modern technologies can create
safe and fully controlled virtual environments for treating
various disorders, including anxiety disorders, phobias, and
PTSD. Thanks to virtual reality exposure therapy, patients
can gradually adapt to stressful situations, overcoming their
fears and anxiety in a safe environment, which reduces anx-
iety levels and improves overall emotional well-being.

Another relevant aspect is the use of these technologies
for training and improving the skills of medical profession-
als. They can be used for training in conditions that are as
close as possible to real clinical situations, but without any
risk to real patients. This applies to both learning new sur-
gical techniques and practising skills for interacting with
patients and making quick decisions in crises. Thus, VR/AR
significantly improve the level of professional training and
competence of doctors and all medical personnel, which is
a guarantee of high-quality medical services in the future.
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At the same time, augmented/virtual reality requires
further study by scientists, researchers, experimenters,
and inventors, because the fast-paced world of modern
post-information space on a global scale will only accel-
erate its progress, and the world of new technologies will

integrating virtual/augmented reality with existing medical
information systems and the development of standards for
data exchange, which will ensure the effective implementa-
tion of these technologies in healthcare practice.
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Virtual and augmented reality in healthcare...

BipTyanbHa Ta AONOBHEHA PEANIbHICTb B MEXAHI3MAX yNpaBniHHA
OXOPOHMU 3A0POB’A WOoAO0 NIATPUMAHHA F(POMAACDLKOro 3A0poB’a:
ornap niteparypm

Ninia MyHTaH

KaHamaaT TeXHIYHMX HayK, JOLEHT

YopHOMOPCHKMI HallioHaIbHUI YHiBEpcUTET iMeHi MeTpa Moruau
54003, Byn. 68 AecaHTHuKiB, 10, M. MMKonaiB, YKpaiHa
https://orcid.org/0000-0001-8456-4564

AHoTauis. MeTol [aHOrO ROCTKeHHS Oyl10 IpOBENeHHA aHa/lidy HAayKOBUX BiIOMOCTell ILIOAO BMKOPUCTaHHA
BipTyaZbHUX T€XHOJIOTIN Ta TeXHOOTIN JOMOBHEHOI peaTbHOCTI B IPAKTUYHIN AiANbHOCTI NiKapiB. OCHOBHI pe3ynbTaTn
TOCTiDKeHHs IIOKasaju, IO BipTyaJbHa Ta [OIOBHEHAa PpeabHICTb aKTUBHO TPaHC(HOPMYIOTb MemudHy cdepy,
IIPOIIOHYIOYY HOBI MOXUIVIBOCTI /IS IIOKpAIljeHHA AKOCTI HalaHHA MEIMYHUX IIOCTYT. 30KpeMa, Lii TeXHOJIOTi1 e(heKTUBHO
3aCTOCOBYIOTBCSI B CTOMATOJIOTIT [/1A JIiKyBaHHA i IpOTe3yBaHH:A, B OPTaNIbMOJIOTII — /LA NiarHOCTUKY Ta TPeHYBaHHA
30py, @ TAKOXX B IICKXiaTpii Ta IICUXONOTiYHii OIIOMO3i — Iy Tepamii ¢o6ilt, HOCTTpaBMaTUYHNUX CTPECOBUX PO3/IajiB
(ITTCP) Ta 60poTn6m 3 TprBororo. Kpim roro, rexuonorii VR ta AR posenu cBoio edeKTHBHICTDb B peabinitanii malieHTis
mic/A IHCY/IBTIB, 4YeperHO-MO3KOBMX TpaBM, a TaKOX IIpYM BiHOBIEHHI PyXoBMX (YHKIIN Iic/id OpTOIeSUYHMX
omepaniit Ta amnyranin. Oco6mo cmig BupimuTy ponb VR Ta AR TexHONIOrIN y IUIaHyBaHHI CKIaHUX Ollepalliii, ae
BOHM JIO3BO/IAIOTh XipypraM IIOIEPEeSHbO MOJENIOBATH BTPYYaHHS Ta OTPUMYBAaTU Bi3ya/bHi IiKa3K/M B peabHOMY
Yaci, 3HVDKYI0Y) TPaBMAaTUYHICTD ollepaliil i migBuiyoun ix epektuBHicTb. ¥ peabinitaniiinux nporpamax VR ta AR
CTAIOTh He3aMiHHVIMM iHCTpyMeHTaMu 11 GisudyHOl Ta KOTHITMBHOI peabimiTanil manienTis, 3abesneuyroun edekTuBHi
METOJM BiJIHOBJICHHA PYXOBUX i Ni3HaBa/IbHMUX QYHKIiN. BasKIMBUM aclleKTOM € TakoX BukopuctanHa VR Ta AR mia
HaBYaHHA MEIVMYHMX NPAl[iBHUKIB, 11O JO3BO/IAE TPEHYBATUCA B YMOBAX, HAOVDKEHUX 10 pPeabHUX, 0e3 PUSUKY Jid
IIAIli€HTiB, TUM CaMUM MiIBUIIYI0OYY piBeHb IpodeciitHoi miaroTosky nikapis. [IpoBefeHNit OIIAL He TiIBKY IT0Ka3aB, AK
BipTya/IbHi IHCTPYMEHT) MO>KHA BUKOPUCTOBYBATHU JyIA PO3B’A3aHHA KOHKPETHMX IIPOO/IeM Y MeIMLIMHI, a i CIIOHYKa€e
IO [IMOLIOro IIPOHMKHEHHS Y CYTHICTb IIpoLeciB, AKi BiffOyBaloThbcsA B cdepl 0XOpOHU 3[0POB’A IIiJ BIVIMBOM HOBITHIX
iHpopMaliiTHO-KOMYHIKaLliTHIX pO3pOOOK

Knio4voBi cnoea: : BipTya/ibHi TeXHOJIOTi]; HeMelMKaMeHTO3He TiKyBaHH:; peabimitanis nanienris; VR-TpeHaskepu

50 Ukrainian Journal of Medicine, Biology and Sports, 2025, Vol. 10, No. 3


https://orcid.org/0000-0001-8456-4564

YKPAIHCbKU )XYPHAN
MEQWNUNHW, BIONOrIi TA CNIOPTY

Tom 10, Ne 3
2025

(AHIIIICHKOI0 MOBOIO)

BignosimanpHuii pegakTop:
B. ITmmnuenko

Iignucano go apyky 03.09.2025
®opmar 60*84/8
YM. IpyK. apk. 6,1
Haxnap 100 mpum.

KonTakTHa afpeca:
54003, By:. 68 [lecanTHMKiB, 10, M. MuKonais, Ykpaina
Tern.: +38(0512)500333
E-mail: info@uajmbs.com.ua
https://uajmbs.com.ua/uk


https://uajmbs.com.ua/uk

UKRAINIAN JOURNAL
OF MEDICINE, BIOLOGY AND SPORTS

Volume 10, No. 3
2025

Managing Editor:
V. Pshychenko

Signed to the print 03.09.2025
Format 60*84/8
Conventional Printed Sheet 6.1
Circulation 100 copies

Address for contacts:
54003, 10 68 Desantnykiv Str., Mykolaiv, Ukraine
Tel.: +38(0512)500333
E-mail: info@uajmbs.com.ua
https://uajmbs.com.ua/en



