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UDC 613.96:616.62-002 Publicist material - a word from the editor

This issue is dedicated to Rakhmanbek Toichuev, a scholar, surgeon, and innovator whose research and clinical achievements
had significantly influenced the development of medicine and integrative approaches within the healthcare system of the Kyrgyz
Republic. The material included a contemporary perspective by a young researcher on the scientific legacy of R. Toichuev,
emphasising the scale of his contribution - from the training of generations of specialists and the development of new medical
techniques to the formation of scientific schools and the implementation of research findings into clinical practice. The
publication was intended to serve as a token of recognition of an outstanding specialist and as a source of inspiration for young
researchers who continued the development of Kyrgyz scientific traditions.
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Editor-in-Chief,
Journal of Human Biology and Clinical Medicine
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Rakhmanbek Toichuev was born on 29 November 1945
in the village of Burgondu (now Nokén District) of the

practice in 1971 at the Osh Regional Children’s Hospi-
tal, where he served as an intern doctor - the firstin the

Jalal-Abad Region of the Kyrgyz Republic. In 1964, he
completed Secondary School No. 2 named after Karl
Marx in the Lenin District (now Nokén District) of the
Jalal-Abad Region.In 1971, he graduated from the Kyrgyz
State Medical Institute in Frunze with a degree in paedi-
atrics. After graduation, R. Toichuev began his medical

Suggested Citation:

Kyrgyz SSR to specialise in paediatric surgery. For twen-
ty-three years (1972-1995), his professional activity
remained closely connected with this institution, where
he progressed from senior resident (1972-1976) to
head of the paediatric surgery department (1976-1977
and 1980-1995). During this period, he also fulfilled the

Argynbaeva A, Sakibaev K, Toichueva |. The greatness of a person reflected in their deeds: The role of Rakhmanbek Toichuev in
the integration of paediatric surgery, paediatrics, medical ecology, public health of the Kyrgyz Republic, and the development of
fundamental science (on the occasion of the 80t anniversary of his birth). ] Hum Biol Clin Med, 2025;1(1):8-10.
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duties of chief freelance paediatric surgeon of the Osh
Region, providing specialised surgical care to children
and contributing to the establishment of the paediat-
ric surgical service in the south of the Kyrgyz Republic.

For the performance of complex surgeries and the
saving of children’s lives in 1979-1980, a documentary
film entitled Pain was made about R. Toichuev by the
director Tynchtyk Razzakov and the cinematographer
Evgenii Baryshnikov, which was considered rare in the
Soviet period. In the years 1985-1989, he undertook
pLlostgraduate training at the Institute of Paediatrics of
the Academy of Medical Sciences of the USSR in Mos-
cow, specialising in paediatric surgery. On 8 January
1991, he defended his PhD dissertation “The biocenosis
of the gastrointestinal tract of pregnant women and pu-
rulent-septic diseases of newborns and infants” in two
specialties: Paediatric Surgery (14.00.35) and Paediat-
rics (14.00.09), under the supervision of the renowned
paediatric surgeon Professor L.M. Roshal (later Presi-
dent of the Research Institute of Emergency Paediat-
ric Surgery and Traumatology and Hero of Labour of
Russia). The clinical practice of Rakhmanbek Toichuev
was characterised not only by its scale but also by the
introduction of original, highly effective surgical and
paediatric techniques aimed at substantially improving
treatment outcomes in children.

During the period of active surgical practice, more
than 5,000 surgical procedures were performed by him.
The scope of R. Toichuev’s clinical work was exception-
ally broad and encompassed virtually all areas of paedi-
atric surgery, including neurotrauma and microsurgical
interventions for combined injuries such as urethral
rupture with immediate urethral reconstruction, as well
as trauma and orthopaedics, urology, oncology, dentist-
ry, and paediatric gynaecology, including the creation of
a urinary bladder and an artificial vagina using local tis-
sue. Numerous surgical techniques were developed and
implemented by him, including those for congenital
malformations. Among the most significant contribu-
tions were innovative approaches to the management
of purulent-inflammatory and traumatic conditions.

During his internship in 1971-1972, R. Toichuev
developed a method of prolonged thoracocentesis
that allowed a drain to be maintained at a single point
without suppuration of the thoracocentesis site for up
to 45 days. In 1972, when managing staphylococcal
pyopneumothorax, he introduced a “traction” drain-
age technique using running water and a compressor,
which ensured effective evacuation of purulent-necrot-
ic material. In cases of lung abscesses and pericarditis,
a puncture method for placing a micro-irrigator was
developed and applied by him, including through Lar-
rey’s point in purulent pericarditis. The use of these
technologies made it possible to reduce mortality in
purulent-destructive diseases of the lungs and peri-
cardium to 1.08%. Particular importance was attribut-
ed to the introduction, in 1975, of an osteoperforation
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method for acute haematogenous osteomyelitis in chil-
dren, which reduced the average duration of treatment
more than twofold and significantly decreased mortali-
ty rates. In April 1976, he introduced a bronchial block-
ade technique for bronchial fistulas, which markedly
reduced the need for thoracotomy and substantially
lowered mortality in this group of patients. In 1977, he
was awarded the highest qualification category in pae-
diatric surgery for his achievements.

On 24 November 1994, he was appointed as the or-
ganising director, and on 5 October 1995 he was elected
Director of the Institute of Medical Problems (IMP) of the
Southern Branch of the National Academy of Sciences
of the Kyrgyz Republic (NAS KR). The institute had been
established by Order No. 22/11 of 28 November 1994,
based on the resolutions of the Presidium of the NAS KR
dated 29 December 1993 (No. 3, “On the Establishment
of New Institutes”) and the decisions of the Bureau of
the Southern Regional Branch of the NAS KR dated 23
September 1991 (No. 5/6) and 28 November (No. 6/1).

While serving as Director from 1995 until Septem-
ber 2017, the Institute of Medical Problems developed,
under his leadership, a full production cycle for surgi-
cal suture materials made from the serosa of small and
large cattle (catgut) and from silkworm cocoons (silk).
The authors of this development were R. Toichueyv,
E. Tostokov, and N. Toichuev, all holding the degree of
PhD in Medical Sciences. These technologies were in-
troduced into industrial production, and he became the
only scientist who succeeded in transferring a scientific
development into full-scale manufacturing. According
to R. Toichuev, “As a scientific institute, we had to devel-
op the entire production cycle of catgut and silk from
scratch”. A patent and a full set of documents required
for establishing production and further implementa-
tion of the innovative products, carried out on a tender
basis, were obtained. In addition, under his supervi-
sion, a technology for producing bifidumbacterin and
colibacterin from local strains was developed.

Since February 2018, R. Toichuev had served as
a leading research fellow at the Institute of Mountain
Physiology and Medicine in the Department of Medical
Problems, and from April 2022 he was transferred to the
position of leading research fellow and, on a voluntary
basis, appointed Deputy Director of the Research Insti-
tute of Biomedical Problems. R. Toichuev had worked
in the healthcare system for more than fifty-five years.
During this time, he trained more than 170 specialists
in paediatric surgery, who subsequently practised in
the Federal Republic of Germany, Greece, Israel, and the
countries of the Commonwealth of Independent States.
Under his supervision, three individuals obtained the
degree of PhD in Medical Sciences, and during his ten-
ure as head of the Institute of Medical Problems, ten
doctoral dissertations and more than fifty PhD disser-
tations in various fields were defended. He published
scientific studies and their findings in six hundred
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scholarly works, including more than four hundred ar-
ticles abroad, among them in the United States of Amer-
ica, France, the Czech Republic, the Republic of Korea,
Ireland, Canada, Spain, Switzerland, Singapore, Turkey,
Romania, Belarus, Georgia, Moldova and other coun-
tries. He developed advanced integrative methods for
research and student training, and authored one mono-
graph and seven methodological guidelines.

R. Toichuev was the author of thirty inventions,
three of which had been developed upon the request
of the International Science and Technology Centre. He
received one hundred and thirty authorship certificates
and acknowledgements for more than one hundred
and twenty rationalisation proposals that had been in-
troduced into production and applied in practical med-
icine in the Kyrgyz Republic and the countries of the
Commonwealth of Independent States. He developed
more than seventy methods for the prevention and
treatment of various diseases using therapeutic agents
derived from local raw materials and biopreparations
obtained from local strains. He also created methods
for the treatment of typhoid fever and typhoid carrier
states, as well as techniques for eliminating chlorinat-
ed organic pesticides from the gastrointestinal tract,
which were applied in the treatment of children and
their mothers.

In addition, R. Toichuev proposed to the scientific
community the concept of a theoretical medico-biolog-
ical science, formulated the laws of renewal and equi-
librium of the relative relativity of the avatar and the
informational creator of the energy “Zhanai”, and fur-
ther elaborated the principles of triplicity. He was in-
cluded in a group of scientists under the World Health
Organization, consisting of forty-three leading special-
ists worldwide who worked on issues of primary health
care for patients with coronavirus infection. He also de-
livered scientific reports in more than forty countries
on topics related to medicine, ecology, biology, biosafe-
ty, biosecurity, and economics. In 2020, through the
General Assembly of the International Pollutants Elimi-
nation Network (IPEN) under the United Nations, R. To-
ichuev was included in a global working group of three
thousand leading scientists, prominent politicians, and
major business representatives who addressed issues
of climate change, environmental pollution, cyber- and
biosecurity, bio-protection, and the prevention of fu-
ture biological threats.

R. Toichuev served as a member of the editorial
board of the scientific journal Paediatric Surgery of
the Russian Federation and actively participated in the
work of leading professional communities and interna-
tional organisations. He was a member of the Associa-
tion of Paediatric Surgeons of Russia and the Common-
wealth of Independent States, as well as a member of
the international organisations ISES-ISEE, the General
Assembly of IPEN, and the Association of Infectious Dis-
ease Specialists of the Kyrgyz Republic. He also acted

as a representative of the International HCH and Pes-
ticides Association. In addition, he was part of the Ex-
ecutive Committee of the Association for Biosafety of
Central Asia and the Caucasus and was a member of the
Association for Bioethics of Eastern Europe, the Cauca-
sus, and Central Asia.

As of 2025, R. Toichuev engaged in the training and
education of young researchers, specialists, postgrad-
uate students, applicants, and students, applying his
own integrative methods developed at the intersection
of chemistry, physics, biology, mathematics, geometry,
informatics, the social sciences, and cognitive science.
These methods contributed to the development of per-
ceptiveness, logical thinking, and creative potential
among learners. For his international contribution and
outstanding achievements in medicine, as well as for his
active expert work, R. Toichuev was awarded a number
of honorary distinctions: in 2002, the honorary title of
Distinguished Worker of Science of the National Acade-
my of Sciences of the Kyrgyz Republic; in 2004, the hon-
orary title of Distinguished Worker of Healthcare of the
Kyrgyz Republic; in 2013, the academic title of Profes-
sor of the Russian Academy of Natural Sciences (Profes-
sor’s Diploma of the Academy of Natural Sciences, Mos-
cow); and in 2024, the badge “Excellence in Science”.

R. Toichuev together with the internationally re-
nowned paediatric surgeons of the Russian Federation,
L. Roshal - President of the Research Institute of Emer-
gency Paediatric Surgery and Traumatology, Professor
and Doctor of Medical Sciences, Academician - and
V. Shafranov, Professor of the Department of Paediatric
Surgery of the N. Pirogov Research Institute and Doctor
of Medical Sciences
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Abstract. The present study was aimed at identifying the factors and prevalence of urinary tract infections (UTIs)
among Indian students studying at Osh State University and Osh International Medical University in the Kyrgyz
Republic, as well as at assessing their patterns of seeking medical care. In March 2025, a cross-sectional study
was conducted using an anonymous online questionnaire completed by 178 medical students with a mean age of
20.9 years, enrolled across five years of study at two medical universities. Data were collected using structured
questionnaires that included demographic characteristics, the presence of symptoms, daily water intake,
satisfaction with the hygiene of toilet facilities, habits of delayed urination and self-reported history of a UTI
diagnosis. Approximately 20.79% of participants reported having previously been diagnosed with a UTI. Students
who were dissatisfied with the hygienic conditions of toilet facilities significantly more often reported having an
infection. The most common symptoms were burning sensation and pain during urination (33.15%), frequent
urges to urinate (31.46%) and passing small amounts of urine (31.46%). Many students managed their symptoms
on their own: 54.49% ignored them, and 38.20% resorted to self-medication. Only 2.81% sought medical care in
hospitals of the Kyrgyz Republic. The findings showed that, despite the fact that most students were aware of UTI
symptoms, their preventive and treatment measures remained unsatisfactory. Poor hygiene of sanitary facilities
markedly increased the risk of infection, whereas self-medication and ignoring symptoms could have led to
complications. The obtained results were considered potentially useful for the development of targeted prevention
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programmes, the improvement of sanitary and hygienic conditions and the enhancement of the effectiveness of
measures for early detection and prevention of urinary tract infections in organised populations

Keywords: risk factors; sanitary hygiene; urinary retention; self-medication; medical students

INTRODUCTION

Urinary tract infections (UTIs) were among the most
common bacterial conditions, affecting people of all age
groups and exerting a substantial impact on quality of
life and the functioning of the urinary system. Their de-
velopment was determined by a combination of micro-
biological, behavioural and environmental factors, and
the prevalence of the condition remained high both in
countries with well-developed healthcare systems and
in developing regions. In the context of changing envi-
ronmental conditions, lifestyle factors and differences
in sanitary and hygienic conditions, the investigation of
the causes of UTIs, approaches to their prevention and
patterns of seeking medical care became particularly
relevant, representing a key direction for improving the
effectiveness of public health measures [1].

UTI was a common bacterial infection that could
occur in any individual; however, women were more
susceptible. The study by V.F. Johny et al. [2] demon-
strated the prevalence of recurrent urinary tract in-
fections and key risk factors among women of repro-
ductive age working in a medical college in Kerala.
The authors showed that the high recurrence rate was
associated with behavioural and sanitary-hygienic
characteristics, which underlined the need for pre-
ventive measures in organised groups. The findings of
S.D. Advani et al. [3] indicated that 40-50% of women
and about 5% of men experienced a UTI at least once
in their lifetime. In the studies by S. Acharya et al. [4]
and A. Patjas et al. [5], it was shown that women en-
countered UTIs more frequently, with Escherichia coli
being the most common causative agent, and that in-
ternational students were additionally at risk because
of unfamiliar bacterial strains and unusual local sani-
tary and hygienic conditions. In the study by F. Tabas-
sum et al. [6], it was demonstrated that around 66% of
students who had lived abroad for less than two years
were not aware of the basic symptoms and signs of
UTIs. This gap in knowledge made students particu-
larly vulnerable during the first years of residence in
another country. Even as they adapted, they could con-
tinue to remain at risk.

In accordance with the findings of Z.A. Abdirasulo-
va et al. [7], differences in sanitary and hygienic con-
ditions, access to safe drinking water and behavioural
habits were able substantially to influence the preva-
lence of UTlIs, as evidenced by the higher frequency of
recurrent UTIs in India compared with the Kyrgyz Re-
public. In the study by C. Birimoglu Okuyan et al. [8],
it was reported that 15.7% of students regularly ex-
perienced UTlIs, and about 30% had various voiding
disorders; their impact on quality of life depended

substantially on the individual characteristics of stu-
dents and the severity of urological symptoms. Stud-
ies [9-11] showed that 20-65% of female medical stu-
dents had experienced UTI symptoms at least once. The
higher frequency of UTIs in this group was explained
by various risk factors, including clinical practice, long
hours of study, specific toilet habits and the type of toi-
lets used. Earlier, N. Kundu et al. [12] showed that 63%
of students did not perceive UTI symptoms as a serious
health problem. Such an attitude posed a serious dan-
ger, as many began to regard mild or recurrent symp-
toms as ‘normal’ and postponed seeking medical care.
This increased the risk of the infection spreading from
the lower to the upper urinary tract, which could lead
to more severe chronic conditions. The situation was
aggravated by the fact that many students in the Kyrgyz
Republic preferred not to consult local doctors when
UTI symptoms appeared, opting instead for self-med-
ication or remote consultations. Such behaviour led to
delays in correct diagnosis and hindered timely and ef-
fective treatment [13].

Against the background of the rapid increase in the
number of international students choosing medical ed-
ucation in the Kyrgyz Republic, the state implemented
special measures to support their adaptation and to
ensure safe sanitary and hygienic learning conditions,
which made the study of risk factors and the prevalence
of UTIs in this group particularly relevant [14]. How-
ever, there were very few data specifically devoted to
UTIs among international medical students in the Kyr-
gyz Republic. Thus, an important scientific and practi-
cal gap existed: the extent to which adaptation, living
and hygiene conditions and behavioural habits of inter-
national students in the Kyrgyz Republic influenced the
frequency and characteristics of UTIs had been insuffi-
ciently studied. The present study was intended to ad-
dress this gap by assessing the factors and prevalence
of UTIs among Indian students studying at medical
universities in the Kyrgyz Republic and by identifying
characteristic patterns of seeking medical care.

The aim of the study was to determine the preva-
lence of UTIs and the associated risk factors among in-
ternational medical students, and to assess the sanitary
and hygienic conditions of their living environment and
their behavioural patterns when symptoms occurred.

MATERIALS AND METHODS
Study population. A cross-sectional study was conduct-
ed using an anonymous Google Forms questionnaire, in
which 178 international medical students from years
1-5 in the city of Osh, Kyrgyz Republic, participated
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(140 students from the International Medical Facul-
ty of Osh State University and 38 students from Osh
International Medical University). The study was car-
ried out during March 2025 using a voluntary sam-
pling method open to all international students of
medical universities in Osh. Information about par-
ticipation was disseminated through official student
groups in messengers and WhatsApp channels. Par-
ticipation was entirely voluntary and involved no
material or academic incentives. Inclusion criteria
were: international medical student (years 1-5), age
17-30 years, ability to complete the questionnaire in-
dependently in English and provision of consent to
participate. Exclusion criteria were: pregnancy, pres-
ence of chronic kidney disease, indwelling urethral
catheter, current use of systemic antibiotics and di-
agnosed neurological conditions affecting urination.

The study complied with the principles of the
Declaration of Helsinki [15]. Approval was obtained
from the local ethics committee of Osh State Universi-
ty (No. 17 dated 03.02.2025). Additional clarifications
were provided that a cross-sectional design had been
selected to assess the prevalence of UTI symptoms
and risk factors at a specific point in time, which cor-
responded to the research aim. Informed consent was
obtained by asking participants to tick a dedicated field
before starting the questionnaire. Anonymity and con-
fidentiality of data were fully ensured. Data were stored
in a password-protected file accessible only to the re-
search team. The results were presented in aggregated
form to guarantee confidentiality and privacy of all par-
ticipants. A cross-sectional design was chosen because
it allowed rapid collection of data from a large group of
participants at a single time point.

Data collection. Data were collected using a de-
tailed structured questionnaire. The questionnaire
was developed on the basis of an analysis of publica-
tions in PubMed and included elements of validated
instruments (ICIQ-SF, UTI-SIQ-8) adapted for students.
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Before the main data collection, a pilot test of the ques-
tionnaire was carried out among 10 international stu-
dents. Based on the pilot results, the wording of several
questions was refined for greater clarity, and additional
explanations were added to some items.

The instrument comprised several key sections:

1. Demographic and anthropometric data: age, sex,
year of study, height (cm) and body weight (kg);

2. Exposure and risk factors: self-reported daily wa-
ter intake (litres), satisfaction with the level of hygiene
of toilet facilities and the habit of delaying urination for
along time;

3. Symptomatology: presence of complaints such
as burning during urination, frequent urges, cloudy or
foul-smelling urine, as well as participants’ awareness
that these signs indicated a UTI;

4. Behaviour in seeking medical care: actions taken
when symptoms appeared (ignoring, self-medication,
consulting a doctor in India or in the Kyrgyz Republic)
and history of a diagnosed UTI.

The questionnaire included items on both self-re-
ported symptoms and the presence of a UTI diagnosis
confirmed by a physician, including indication of a urine
test performed (general urinalysis and/or urine cul-
ture). In this way, subjective symptoms and objectively
diagnosed episodes of infection were distinguished.

Statistical analysis. Descriptive, comparative and
statistical analyses were performed using STATA SE 12.
Descriptive statistics included calculation of means,
standard deviations (SD) and absolute and relative fre-
quencies for the characteristics of the study population.
Categorical variables were compared using the x* (chi-
square) test, and numerical variables were compared
using the t-test.

RESULTS AND DISCUSSION
Table 1 presents the results of the initial analysis of the
sample, reflecting the socio-demographic characteris-
tics of the study participants.

Table 1. Socio-demographic characteristics of the study population

Variable N (%) Mean * SD p-value*
Age (years) 209+28 0.45
17-19 43 (24.16)
20-24 108 (60.67)
>25 27 (15.17)
Sex 0.0001
Female 98 (55.06)
Male 80 (44.94)
Height (cm) 167.5+9.5 0.08
Weight (kg) 64.1+112 0.05
Year of study
1st-2n year (junior) 71 (39.89)
3r-_5" year (senior) 107 (60.11)

Note: *p<0.05 - the association between variables was considered statistically significant

Source: developed by the authors
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Data from Table 1 indicated that most of the 178
participants were young adults, with a mean age of 20.9
years,and approximately 60.67% were in the 20-24-year
age group. More than half (55.06%) were women, which
was important, as the risk of UTIs was considerably
higher in females. The mean height of participants was

167.5 cm, and the mean body weight was 64.1 kg. Most
students were in years 3-5 of their studies, which implied
a longer stay in the local environment and, consequent-
ly, a higher likelihood of exposure to risk factors. Table 2
presents the association between selected risk factors
and the diagnosis of UTI among the study participants.

Table 2. Analysis of behaviour and environmental factors

Risk factor With UTI diagnosis N (%) Without UTI diagnosis N (%) | Total
Satisfaction with toilet hygiene (not satisfied) 16 (36.4) 28 (63.6) 44 0.001
Water intake (litre) 6(13.0) 40 (87.0) 46 0.29
Habit of delaying urination (yes) 7(5.1) 132 (94.9) 139 0.14

Note: *p<0.05 - the association between variables was considered statistically significant

Source: developed by the authors

According to Table 2, among students who reported
dissatisfaction with the hygienic condition of toilet fa-
cilities, 36.4% had been diagnosed with a UTI, whereas
63.6% had no diagnosis. This association was statisti-
cally significant (p = 0.001), suggesting that dissatis-
faction with sanitary conditions was an important risk
factor for the development of UTIs. With regard to daily
water consumption, 13.0% of students who reported
drinking two litres of water or less per day had been
diagnosed with a UTI, compared with 87.0% in whom
infection had not been detected. This association was
not statistically significant (p =0.29), indicating that low
water intake was not a major determinant in this sam-
ple. As for the habit of delaying urination, only 5.1% of
students who reported such a habit had a UTI diagnosis,
whereas 94.9% did not. This relationship was likewise
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not statistically significant (p = 0.14), suggesting that
delayed urination did not exert a substantial influence
on the incidence of UTIs in this group. Among students
who did not delay urination, the frequency of UTI diag-
nosis was slightly higher, which was possibly related to
the fact that individuals with recurrent UTIs were com-
pelled to void more frequently (Fig. 1). Among the par-
ticipants, burning during urination was reported by 59
students (33.15%), and 56 (31.46%) indicated frequent
urges to urinate. This was followed by passing urine in
small amounts, which was also reported by 56 students
(31.46%), whereas 7 (3.93%) noted cloudy or foul-smell-
ing urine. These findings reflected the distribution of the
most common urological symptoms among the surveyed
students. Figure 2 presents data on how participants re-
sponded to health problems or the onset of symptoms.

56
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|

Cloudy urine with
unpleasant odour

Frequent urination

Figure 1. Frequency of UTI symptoms

Source: developed by the authors
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Figure 2. Prevalence of health-seeking behaviours in response to UTI symptoms

Source: developed by the authors

Ignoring symptoms - 97 (54.49%): more than half
of respondents preferred not to pay attention to their
symptoms, which indicated a rather high level of ne-
glect in seeking medical care. Self-medication - 68

(38.20%): participants preferred to treat themselves
without professional advice, which might have reflect-
ed such issues as the availability and cost of medical
services or the level of trust in the healthcare system.
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Online consultation (India) - 8 (4.49%): this propor-
tion of participants resorted to online consultations,
which suggested a growing recognition of telemedi-
cine, as well as greater trust in healthcare professionals
in their home country than in local doctors. Hospital
visit (Kyrgyz Republic) - 5 (2.81%): this percentage
of respondents preferred to attend hospital, which
showed that a smaller proportion of students still fa-
voured traditional face-to-face medical care. Data on
the prevalence of conditions that had previously been
diagnosed and treated were presented in Figure 3.

B Not diagnosed

® Pyelonephritis

m Cystitis
Urethritis

B Prostatitis

Figure 3. Prevalence of UTIs among participants
Source: developed by the authors

In Figure 3, pyelonephritis, recorded in 28 partic-
ipants (15.73%), was the predominant diagnosis and
occurred markedly more often than other conditions.
The presence of urethritis in 3 students (1.69%), pros-
tatitisin 1 (0.56%) and cystitis in 5 (2.81%) indicated a
combination of infections of both the upper and lower
urinary tract. At the same time, most cases remained
undiagnosed and therefore unrecognised, with 141
participants (79.21%) falling into this category. Most
of the study participants were young adults aged 20-24
years, with a predominance of women, which in itself
increased the likelihood of developing a UTI. Studying
abroad was considered an additional risk factor due to
stress, environmental change and altered dietary hab-
its, as has been supported by previous research [1].

According to the study by S.B. Alwindy [16], the
overall incidence of UTIs was 63.9%, with approximate-
ly 68.2% of cases occurring in women, and the most
vulnerable group being those aged 20-22 years. In the
current study, UTIs were identified in only 20.79% of
participants, which was substantially lower than the fig-
ures reported by S.B. Alwindy. In the work of M. Mitite-
lu et al. [17], it was shown that unhealthy diet, excess
body weight, sedentary lifestyle and a tendency towards
self-medication significantly increased the frequency
and recurrence of UTIs, whereas adherence to a healthy
diet and adequate hydration was associated with rare or
absent infections. These findings were consistent with
the present study: among participants who reported ad-
equate water intake and rational voiding habits, the fre-
quency of diagnosed UTIs was lower, whereas dissatis-
faction with sanitary conditions and ignoring symptoms
were associated with an increased risk of infection.
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In the study by S. Youssef et al. [18], 40.2% of fe-
male students had significant bacteriuria, with about
33% having previously experienced UTIs; the most fre-
quent complaints in their medical history were urgency
(31%) and flank pain (26.6%). The authors also sug-
gested that the UTI rate might be higher in India; how-
ever, Indian students in Osh also experienced a high
burden of disease, in line with the present findings:
among international students in Osh there was a high
frequency of UTI symptoms, including burning during
urination (33.15%), frequent urges (31.46%) and pass-
ing small amounts of urine (31.46%), while a consid-
erable proportion of participants ignored symptoms
or resorted to self-medication. This confirmed that the
main risk factors were behavioural and environmental
rather than unique to this particular sample. Among
university students in Nigeria, the prevalence of UTIs
was relatively low (4.5%), which, according to J.D. Flor-
ence et al. [19], was attributed to a relatively high level
of knowledge and awareness regarding UTI prevention,
whereas among international students in Osh in the
present study, the frequency of UTI symptoms was con-
siderably higher.

In study [20] it was noted that the risk factors for
UTIs included living conditions in student dormitories,
non-compliance with sanitary and hygienic standards
and behavioural characteristics of students. These
data were consistent with the findings of the present
study: dissatisfaction with the hygienic condition of
toilet facilities was associated with a higher frequency
of diagnosed UTIs, whereas the habit of delaying uri-
nation and low water intake did not have a statistically
significant effect. The study by O. Olabimtan et al. [21]
showed that among junior students the prevalence of
UTIs reached 48%, with recurrent episodes occurring
significantly more often in female students, against a
background of low awareness (especially among male
students) and very low rates of seeking medical care,
which was in line with the findings of the current study.
One of the common risks was lack of knowledge of ap-
propriate hygiene practices. Ignoring symptoms and
self-medication were also reported in the study by
S. Muchukota et al. [22]. Many students sought advice
on the Internet before visiting a doctor, which led to
remote consultations or self-medication instead of ob-
taining an accurate diagnosis. As 66% of new students
were unaware of UTI symptoms, there was an obvious
need for structured educational programmes. These
conclusions were consistent with the results of similar
studies among students after the implementation of ed-
ucational interventions.

Taking into account the identified risk factors, stu-
dents’ behavioural patterns and the findings of oth-
er studies, it appeared necessary to develop a set of
practical measures aimed at reducing the prevalence
of UTIs among international medical students. The
implementation of such measures could substantially
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improve sanitary and hygienic living conditions, raise
the level of health literacy and reduce the frequency of
self-medication, which, according to the present data,
remained one of the most common patterns of behav-
iour when symptoms occurred. In this regard, it was
considered appropriate to distinguish the following di-
rections for preventive and organisational work:

® improvement of sanitary and hygienic living con-
ditions - ensuring regular cleaning and disinfection of
toilets and showers in student dormitories, as well as
monitoring the availability of sufficient sanitary and hy-
giene supplies;

® increasing students’ awareness - organisation of
educational seminars on the signs, symptoms and risk
factors of UTIs, as well as on appropriate voiding habits
and personal hygiene;

® encouraging timely health-seeking - establish-
ment of accessible in-person and online consultation
services for international students and provision of in-
formation on the risks of self-medication and possible
complications associated with delayed medical contact;

® preventive measures - promotion of adequate
water intake and regular urination, and implementa-
tion of preventive medical check-up programmes for
the early detection of UTIs;

® monitoring and further research - conducting
periodic surveys and analyses of risk factors among
international students, as well as investigating the
influence of seasonality, diet and stress on UTI inci-
dence.

Thus, the study findings showed that the preva-
lence of UTIs among international medical students
remained a significant problem directly related to san-
itary and hygienic living conditions and behavioural
characteristics. The most frequent symptoms were
burning during urination, increased urinary frequency
and passing small amounts of urine; however, the rate
of seeking medical care remained extremely low, which
contributed to the widespread practice of self-medica-
tion. At the same time, low water intake and the habit
of delaying urination did not demonstrate a statistically
significant effect, whereas dissatisfaction with the hy-
giene of toilet facilities showed a clear association with

CONCLUSIONS

In the present study among international students of
medical universities in the city of Osh, UTIs were found
to represent a noticeably common problem: 20.79%
of participants reported a previously diagnosed infec-
tion. The most pronounced risk factor was dissatisfac-
tion with the hygienic condition of toilet facilities, with
36.4% of students who expressed dissatisfaction with
sanitary conditions having a diagnosed UTI (p=0.001).
At the same time, such factors as the habit of delaying
urination (5.1% had a diagnosis, p=0.14) and low wa-
ter intake (13.0%, p=0.29) did not demonstrate a sta-
tistically significant effect on the prevalence of UTIs.

UTI symptomatology among students was mani-
fested mainly as burning during urination (33.15%),
increased urinary frequency (31.46%) and passing
small amounts of urine (31.46%), indicating a high
prevalence of typical urological complaints. Analysis
of behavioural responses showed that more than half
of respondents ignored their symptoms (54.49%), and
38.20% resorted to self-medication, which reflected
insufficient awareness and low health-seeking activity.
Seeking professional medical care remained extreme-
ly rare: only 2.81% of students visited hospitals in the
Kyrgyz Republic when symptoms occurred.

The findings highlighted the need to develop tar-
geted preventive programmes aimed at improving san-
itary and hygienic conditions in dormitories, increasing
students’ awareness of UTI risk factors and early symp-
toms, and fostering a culture of timely consultation
with healthcare professionals. Implementation of such
measures could substantially reduce UTI morbidity
among international students and improve their overall
health status. Prospects for further research included
expanding the sample by involving students from oth-
er regions and universities of the Kyrgyz Republic and
conducting longitudinal studies to assess the dynamics
of UTIs over time.
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AHHOTaumsA. Byn usunpeeHyH Makcatbl - Keiprei3 Pecny6aukaceiagarsl Our MaMJIeKETTUK YHUBEPCUTETH
»kaHa Ol 3J1 apaJibIK MeJJUIIMHAJbIK YHUBEPCUTETTEPHUH/E OKyraH HHJAUAIBIK CTy/JeHTTep apacblH/Ja 3aapa
YypIrapyyuy XouafopAyH uHeknusaapbiHblH (3Y2KH) TapasblliblH KaHa aHbl aHBIKTOO4YY GaKTOPJIOPAY
W3UJIJ166, OLIOH/0H 3J1€ aJlapiblH MeJUIIMHAJIBIK )KapaMra Kau pblIyy ®KYPYM-TYPYMyH 6aas100. 202 5-KbL1/ bl H
MapT aiibiHga 178 ctyaeHT (opTouo »xamibl 20,9 aml) KaTbhllIKaH KeCUJIUIITUK (cross-sectional) usuijee
KYPry3yazny. CypaMKbla00 9KU MeAUIIMHAIBIK YHUBEPCUTETTHH Gelll OKYY KbIJIbIHAATbI CTYA,eHTTEp apacbliH/a
OHJIAaH TYPYH/Z® aHOHUM/JYY aHKeTa apKbLIyy >KYprysyJzy. AHkeTaJa geMorpadussblKk MaajabIMaTTap,
6esrusep (CUMIOTOMAOD), KYHYM/YK CYy UUYY KeJIeMy, laapaTKaHaHbIH Ta3a/bIIblHa KAHAATTaHYy JeHI33J1H,
3aapaHbl KApMOO aaThl KaHa 63 ajJAbIHYa ouagupuared 3UXKH auarHosy Tyypasyy cypooJiop KaMTbIJIraH.
Kartprmyyuynapaeia 20,79 % wMypzAa 3aapa 4YbIrapyydyy KoJJOpAyH HHOQEKIUACbIHA YaJiJbIKKaHbIH
6uagupulikeH. JlaapaTkaHaHbIH Ta3aJjbITblHA Haapa3bl GOJIFOH CTYAeHTTepJie HHPeKLUusAra 4YaaablTyy
BIKTBIMaJIABITBI Kbli/1a )KOrOpy 3KeHU aHbIKTaA/bl. JH KeHUPHU TapasiraH 6esrujep — 3aapa Kblayy y4yypyHZAa
aublyycy xkaHa oopyycy (33,15 %), 3aapa kblLi1yyra Te3-te3 MyKTax 60syy (31,46 %) >kaHa 3aapaHbIH a3
enueMze GesyHymy (31,46 %) 6oany. KentereH cTyeHTTep Ge/rujep MeHeH €3 aj/iblHYa KYpOIIYLIKeH:
54,49 % anappl aTubapra ajnblikaH sMec, aja 3Mu 38,20 % e3 anzblHYA JapblIaHyyra apakeT KbLIbIIIKaH.
Boarony 2,81 % rana KbIpreisctaHzarbel oopykKaHaJjlapra KalpblabllIKaH. U3UJII66HYH >KbIABIHTHITBIH/A
Kkenuyayk ctyfeHTTep 34YXKHU 6enrnnepru 6UAreHU MeHeH, aJlap/bl aJ/iblH a/1yy *KaHa Tyypa JapblJlaHyy WII-
yapaJiapbl )KeTHUIICU3 9KeHU aHbIKTa//bl. [laapaTKkaHaHbIH Hayap FHrHeHaslblK abaibl HHOEKLUUAHbIH Nanja
60J1yy KOPKYHYUYH »OTOpYJIaTaT, aJl 3MH 63 aJIZibIHYa apblJIaHyy *KaHa 6eJIrnIepAu Ke3 Ka3AbIM/1a KaJAThIPYyy
Tepc HaTbliKajapra ajblll KeJWIIM MYMKYH. [MrHeHasIblK WApTTapAbl KaKIIbIPTYY, XKETULITYY CYy WYYy
»aHa o3 ybarelHJa Aapbirepre KaupolLiyy 600HYa MaaJblMAYYIYKTY apTThIPYY, OLIOHAON 3Jie 63 ajJblH4a
JlapblJIaHyyHY a3alTyy CTYAEHTTep apachlHJa MHOEKUUsIapJblH JEHI33JUH OJYTTYy TYpJe TeMeH/eTe
aJlaT. AJIBIHTaH >KbIMBIHTBIKTAp MaKcaTTyy aJJiblH ajyy HporpaMMaJiapblH HIITEN 4YbITYy, CAHUTapJbIK-
TUTHEeHaJbIK IapTTap/bl XKaKLUIBIPTYY XKaHa CTYAEeHTTep KaMaaTbIHbIH UUUH/Ie 3aapa YbIrapyy >K0J1J0PYHYH
WHOPEKIUAJAPbIH 3PTE aHBIKTOO KaHa a/I/iblH alyy 600HYA YapasapAblH HATBIMKaAYYJYyTYH )KOTOPYIaTyy
YYYH KOJIZJOHYJIYIy MYMKYH

Hernsru cespep: KopKyHydY $aKTOpJIOpy; CAHUTAPABIK Kakiap/blH TUTHEeHAChl; 3aapaHbl KapMal Typyy; 63
aJIibIHYa JapblIaHyy; MeAULIMHa/bIK OKYyY KalJapJblH CTyeHTTepU
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AHHOTaums. /laHHoe wuccieZijoBaHHe ObLIO HAaNpaBJeHO Ha BbisiBJeHHe (GAKTOPOB U PacHpOCTPAHEHHOCTH
nHpeknui MoueBblx nyTed (MMII) cpean MHAUMNACKUX CTYAEHTOB, o6y4yamouuxcs B OLUICKOM rocyilapCTBEHHOM
yHuBepcuTeTe U OLICKOM MeX/YHapoJHOM MeJMIIMHCKOM yHHUBepcuTeTe B KbIproi3ckoi Pecrybiinike, a Takxke
Ha OIIeHKY UX 0COGeHHOCTeHl obpalieHus 3a MeJUIMHCKOU momolnblo. B mapte 2025 roga 66110 MpoBeAeHO
nornepeyHoe (Kpocc-CEKIIMOHHOE) HCCAe[j0BaHUE C HCI0Jb30BAHHMEM AaHOHUMHOHN OHJIAWH-aHKEThI, KOTOPYIO
3anosHuAU 178 CcTy#eHTOB-MeAMKOB B Bo3pacTe B cpefHeM 20,9 jieT, o6ydaroluxcs Ha HATH KypcaxX JBYX
MeJIMIIMHCKUX BY30B. JlaHHbBIE COOGHPAMCh C IOMOLIbI0 CTPYKTYPUPOBAHHBIX OMPOCHUKOB, BKJIIOYAIOIINX
JleMorpaduyeckre CBe/leHHs], HaJlMiMe CUMIITOMOB, 06'bEM NMOTPebsieMON BOJbI B JIEHb, Y/I0BJIETBOPEHHOCTh
TUTMEeHOH TyaJIeTHBIX OMeIlleHU Y, MPUBbIYKH 33/IeP>KKHU MOYEHCIIYCKaHU S U caMOooLeHKy AuarHosa UMII. OkoJio
20,79 % y4acTHHUKOB COOOLIMJIM, YTO UM paHee OblI noctas/eH guarHo3 UMIIL. CTyneHThl, HEYA0BIETBOPEHHbIE
TUTUEHUYECKUM COCTOSIHUEM TyaJleTOB, 3HAYUTEJbHO dYalle COooOLasu O Haaudyuu uHdekiuu. Haunbosee
pacnpocTpaHEHHBIMU CUMIITOMaMH ObLIM KeHHe U 60Jib pu MovyercnyckaHuu (33,15 %), yacTble MO3bIBBI
K MoveucnyckaHuwo (31,46 %) u BblZesieHHe HeGOJIbIIOro KosindecTBa Mo4yd (31,46 %). MHorue CTyZEeHTBI
CHPaBJISLJIMCh C CHMIITOMaMU CaMOCTOSITebHO: 54,49 % nrHopupoBasu ux, a 38,20 % npuberasiy K caMose4eHHUIO.
Jlumb 2,81 % ob6paiasuchk 3a MeJUIUHCKON MOMOIIbI0 B 60JbHULBI KbIpreisckoit Pecny6snku. Pe3ysbraThl
HCCJIeIOBAaHUs MTOKAa3aJH, YTO, HECMOTPS Ha OCBEJAOMJIEHHOCTb OOJIBIIMHCTBA CTYAEHTOB 0 cuMnToMax UMII,
HX NMpoduIaKTUYEeCKHe U JiedeOHble Mepbl OCTAITCS Hey/0BJEeTBOPUTENbHBIMU. HU3KHUH ypOBEHb I'MI'HMEHBI
CaHHWTAPHBIX MTOMeEIIeHUH 3HAYUTENbHO MOBbILIAET PUCK UHPUIIMPOBAHUS, a caMoJiIeYeHHe U UTHOPUPOBaHUe
CUMIITOMOB MOTYT HNPHUBECTH K OCJOXHeHHUsM. [losiydeHHble pe3y/nbTaTbl MOTYT OBITh HCIOJIb30BaHbl IS
pa3paboTKH LiesIeBbIX TPOPUIAKTUIECKUX TPOTPAMM, COBEPILIEHCTBOBAHUA CAHUTAPHO-TUT'MEeHUYEeCKUX YCIOBUM
Y noBbIlIeHUs 3P PEKTUBHOCTHU MEPONPUSTUI 110 PaHHEMY BbISIBJIEHHI0 U NTPodUIaKTHKe NHPEKIUH MOYEBbIX
MyTel B OpraHU30BaHHbIX KOJIJIEKTUBAX

KnioueBble cnoBa: (GakToOpbl pPHUCKA; TUTMeHa CAaHUTApHBIX IOMELIeHWH; 3aJeplKKa MOYEHCIYCKaHMUS;
caMoJieYeHUe; CTYAEeHThl MeJULIMHCKUX BY30B
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Abstract. Desmin, which was expressed by muscle cells, myofibroblasts and certain pathological cells, remained
poorly investigated in the context of the morphogenesis of colorectal cancer - the third most common oncological
disease in the world. The aim of the study was to examine the characteristics of desmin expression in colorectal
carcinomas and to compare the intensity of this expression with tumour nodule size. During the study, 24
samples of malignant large-intestinal tumours were subjected to histological examination and were stained using
the immunohistochemical method with mouse monoclonal antibodies against desmin. Desmin expression was
identified in all analysed samples. Desmin was expressed both within tumour structures and in the surrounding
stromal tissue of the organ. Quantitative heterogeneity of desmin expression was revealed, ranging from extensive
to scarce across different samples. When the volumetric density of desmin was compared with tumour nodule
area, it was found that the overall amount of expressed desmin was statistically significantly higher in samples
with large tumour nodules. In addition, a tendency was observed towards an increase in the amount of desmin
localised within tumour structures with increasing tumour area. The study also included a comparison of the
presence of desmin in the tumour with the size of the tumour conglomerate. It was established that desmin was
present within the tumour considerably more often in large tumour nodules than in samples with small tumours.
The findings obtained in the course of the study indicated a potential possibility of using desmin to assess the risk
of tumour progression, as well as its potential use as a prognostic marker

Keywords: tumour volume; intermediate filament protein; stroma; immunohistochemical method; tumour nodule

INTRODUCTION
Colorectal cancer remained one of the most widespread  and treatment, the biological mechanisms determining
and socially significant forms of malignant neoplasms, tumour morphogenesis and progression continued to
occupying leading positions in both morbidity and be actively investigated. Particular interest was direct-
mortality. Despite substantial progress in diagnosis ed towards molecular and morphological markers ca-
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pable of reflecting the features of tumour growth and
its invasive potential. One such marker was desmin,
an intermediate filament protein that was expressed
in muscle cells and in a number of tumour structures,
for which new patterns of expression continued to be
identified in epithelial neoplasms, including colorectal
cancer.

According to F. Bray et al. [1], colorectal cancer was
the third most common malignant neoplasm, surpassed
only by lung cancer and breast cancer, with 1,926,118
new cases registered in 2022, accounting for 9.6% of
all forms. In addition, mortality from colorectal cancer
was among the highest: in 2022 this disease caused the
deaths of 903,859 individuals, representing 9.3% of all
cancer-related deaths, which placed it in second posi-
tion among all malignant neoplasms. Colorectal cancer
occurred with nearly equal frequency in men and wom-
en. The mean age at diagnosis was 68 years for men and
72 years for women.

Colorectal cancer was most frequently diag-
nosed at an age above 50 years. Opinions regarding
trends towards increasing or decreasing incidence of
large-intestinal cancer remained somewhat contra-
dictory. According to E. Morgan et al. [2], by 2040 the
number of newly diagnosed cases of colorectal cancer
would reach 3.2 million, and the number of deaths
would rise to 1.6 million. At the same time, E.M. Stoffel
& C.C. Murphy [3] reported an overall trend towards
a decline in the incidence of large-intestinal cancer
in the general population, while emphasising anoth-
er issue: colorectal cancer had become more common
among younger individuals. According to their data,
the incidence of colorectal cancer in the general pop-
ulation had decreased from 1990 to the present, yet
the number of registered cases in young patients had
almost doubled, a trend particularly evident in the 40-
49-year age group. This trend was further confirmed
by the study of L.-F. Hu et al. [4], which reported an an-
nual increase of 2% in new colorectal cancer cases in
patients younger than 50 years. The same study high-
lighted specific clinical features in this age group, such
as a predominance of poorly differentiated tumours,
left-sided localisation of the process and more fre-
quent diagnosis at advanced stages. The issue of rising
incidence of colorectal cancer was also addressed in
the study of S.G. Patel et al. [5], which noted an annu-
al increase in large-intestinal cancer among younger
patients and drew attention to the potential causes
underlying this trend. The annual rise in colorectal
cancer incidence among young individuals indicated
the relevance of this problem and the necessity of its
detailed investigation.

In the investigation of colorectal cancer, consider-
able attention was directed towards various clinical
and morphological indicators, such as tumour nod-
ule size. In malignant neoplasms of different locali-
sations, tumour nodule size was most often regarded
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as a poor prognostic factor. Tumour size frequently
correlated with the character and rate of its growth.
Large tumours generally demonstrated more aggres-
sive behaviour and a greater potential for invasion and
metastasis. Opinions regarding the prognostic role of
tumour nodule size in colorectal cancer remained
contradictory. According to the study by Y. Meng et
al. [6], no statistically significant correlation was
identified between tumour nodule size and patient
survival. For small tumours (less than 3.5 cm) and
large tumours (greater than 5 cm), patient prognosis
was equally poor, whereas tumours of intermediate
size (3.5-5 cm) were associated with better survival
outcomes. However, these findings were contradicted
by the study of S. Saha et al. [7], which demonstrated a
correlation between tumour size and patient survival
in colorectal cancer. When tumour nodules exceeded
6 cm, patient survival was significantly worse than in
cases with smaller tumours.

Desmin was an intermediate filament protein lo-
calised in sarcomeres near the Z-line. Since its discov-
ery, various functions had been attributed to desmin,
ranging from the regulation of myofibrillogenesis, the
establishment of mitochondrial positioning within the
cell and participation in their functioning, to deter-
mining the resistance of muscle cells to stretching [8].
Desmin attached the Z-disc to the cytoplasmic portion
of the muscle-cell membrane, which ensured the pres-
ervation of structural and mechanical integrity of the
muscle cell during contraction. Desmin was expressed
both directly by muscle cells and by tumour cells that
had acquired muscle-cell properties [9].

Desmin expression was most frequently examined
in tumours arising from muscle tissue; however, in re-
cent years the number of studies addressing the role
of desmin in the morphogenesis of tumours of epithe-
lial origin had increased. These were most common-
ly tumours of the gastrointestinal tract. Although the
number of studies on this topic had grown annually,
the role of desmin in the morphogenesis of colorectal
cancer remained far from fully understood. Most often,
desmin expression in colorectal carcinomas had been
compared with such clinical and morphological indi-
cators as tumour differentiation grade, disease stage
and depth of invasion. In the study by G. Arentz et
al. [10], desmin was found to be expressed more ex-
tensively at advanced stages of the disease than at the
first stage. In the study of M. Yoshida et al. [11], the au-
thors concluded that desmin was effective for assess-
ing the degree of tumour invasion in colorectal cancer.
All the above indicated the relevance of the topic and
the necessity of investigating the role of desmin in the
morphogenesis of colorectal cancer.

The aim of the study was to investigate the mor-
phological patterns of desmin expression in colorec-
tal cancer and to relate these patterns to a significant
morphological indicator, namely tumour nodule size.
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MATERIALS AND METHODS
A histological examination was carried out on materi-
al from 24 patients with diagnosed colorectal cancer.
Material selection was performed at the Voronezh Re-
gional Pathoanatomical Bureau (Russia, Voronezh).
Further processing and analysis of the material were
conducted at the Research Institute of Experimental
Biology and Medicine (Russia, Voronezh), as well as at
the Departments of Pathological Anatomy and Histolo-
gy of N.N. Burdenko Voronezh State Medical University
(Russia, Voronezh). The study was performed in ac-
cordance with the ethical standards of the Declaration
of Helsinki [12]. The study protocol was approved by
the local ethics committee of N.N. Burdenko Voronezh
State Medical University (Protocol No. 6 of 14.11.2022).
All participants were provided with written informa-
tion about the aims and procedures of the study, and
voluntary informed consent was obtained from each
participant prior to inclusion. Material collection was
conducted during 2023-2025. The analysed samples
were represented by segments of the large intestine
removed during surgical interventions. For this study,
only tumours localised in the sigmoid colon were se-
lected. Exclusively tumours not exposed to neoadjuvant
treatment were used, in order to exclude the potential
influence of treatment-induced pathomorphosis on the
results. According to histological type, all samples be-
longed to adenocarcinomas of various differentiation
grades: 12 well-differentiated (Grade 1), 9 moderate-
ly differentiated (Grade 2) and 3 poorly differentiated
(Grade 3) adenocarcinomas. To assess tumour size, its
area on the gross specimen was measured. Each sam-
ple was photographed in a single plane together with a
reference scale ruler. The tumour nodule area in square
centimetres (cm?) was calculated by a planimetric
method using Adobe Photoshop 2024, based on the
known scale. To detect desmin, the immunohistochem-
ical method was applied to paraffin sections using mon-
oclonal antibodies against desmin. Histological material
was fixed in 10% neutral buffered formalin immediate-
ly after sampling. Fixation was performed at room tem-
perature for 3 days, after which standard tissue pro-
cessing with paraffin embedding was carried out [13].
For histological examination of desmin (the cytoskel-
etal protein) expression, thin 2-pm paraffin sections
were prepared and subjected to standard processing.
Immunohistochemical detection was performed man-
ually according to a standard protocol [14]. Samples of
skeletal muscle tissue served as the positive control,
whereas lymph-node sections served as the negative
control. According to the protocol, primary monoclonal
rabbit antibodies Anti-Desmin antibody [Y66] (cata-
logue number #ab32362, dilution 1:2000, manufactur-
er: Abcam, United Kingdom) were applied and incubat-
ed for 12 hours, after which secondary Goat anti-rabbit
IgG H&L (HRP), conjugated with horseradish peroxi-
dase (catalogue number #ab205718, dilution 1:2000,

manufacturer: Abcam, United Kingdom), were applied.
Nuclear contrast was achieved by counterstaining with
Mayer’s haematoxylin. Desmin expression intensity and
its predominant localisation were assessed: in the stro-
ma or in close proximity to tumour structures (hereaf-
ter referred to as in the tumour or in tumour structures).
To quantify desmin expression, its volumetric density
(Ss) was calculated in each sample by determining the
ratio of the area occupied by desmin in a given region to
the total section area. In addition, the mere presence or
absence of desmin expression directly within tumour
structures was evaluated. For each sample, ten random
fields of view were selected. Images were captured
using a Carl Zeiss Primo Star microscope (Germany),
40x/0.45 objective. Volumetric density was calculated
using Adobe Photoshop 2024. Counting was performed
by two independent observers. For statistical analysis
of the obtained results, Microsoft Excel 2024 was used.
The normality of distribution of quantitative data was
assessed by graphical analysis (Q-Q plots) and the
Shapiro-Wilk test. In all cases, the significance thresh-
old for deviation from normality was set at p < 0.05.
Non-parametric statistical methods were applied for
data analysis. Differences between two independent
groups for quantitative variables were evaluated using
the Mann-Whitney U-test. Pearson’s x? test was used to
assess associations between qualitative variables.

RESULTS
A total of 24 samples of malignant large-intestinal neo-
plasms were examined. Desmin expression was identi-
fied in all analysed samples. The localisation of desmin
varied: in 9 samples, desmin expression was observed
exclusively in the surrounding stroma of the organ, and
no expression was detected within the tumour itself. In
8 samples, by contrast, desmin was present exclusively
in tumour structures, with no expression observed at
the tumour periphery. In 7 samples, desmin was pres-
ent both within the tumour and in the stroma. It should
be noted that the amount of desmin also varied: in some
cases, desmin occupied a large proportion of the section
area and was well distinguishable, whereas in others it
was barely visible. In samples where desmin was pres-
ent exclusively in the stroma, its expression was almost
always extensive (Fig. 1). However, samples with scant
stromal desmin expression were also present, although
they constituted a minority. In samples with desmin
expression only in tumour structures, its amount var-
ied considerably: in some cases, expression was exten-
sive and occupied a significant part of the field of view,
whereas in others desmin appeared as isolated depos-
its and was barely noticeable (Fig. 2). In addition, a pat-
tern of stromal desmin expression was often observed
in which the stroma appeared to “encircle” the tumour
structures. It should be noted that desmin expression
in areas of mucosa unaffected by tumour structures,
which were present in the analysed samples, had its
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own characteristics: desmin was located exclusively
within the muscularis mucosae. Its amount was ex-
tremely small and appeared as a thin band. No desmin
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expression was observed in the crypt regions of normal
mucosa. The described pattern was identical in all sam-
ples that contained areas of normal mucosa (Fig. 3).

Figure 1. Extensive desmin
expression in the tumour stroma
Note: immunohistochemical staining using
monoclonal antibodies monoclonal

against desmin;

magnification x100 magnification x400

Source: authors’ image

The relationship between desmin expression and
tumour nodule size was then examined. The area of the
tumour nodules ranged from 3.8 to 70.0 square centi-
metres. The mean nodule area in the sample was 30.4
square centimetres. For further analysis, the material
was divided into four groups: the first group includ-
ed samples with a tumour nodule area of less than 15
square centimetres; the second group included cases
with areas ranging from 15 to 30 square centimetres;
the third group comprised tumour nodules with ar-
eas from 30 to 45 square centimetres; and the fourth
group included material with tumour nodule areas of
45 square centimetres or more. Each group consisted
of 7, 6, 6 and 5 samples, respectively. For quantitative
assessment of desmin expression, the mean volumetric
density of desmin was calculated by determining the
ratio between the area occupied by desmin in a given
region and the total section area. Volumetric density
was calculated both for all desmin present in the sam-
ple, localised in the stroma and in tumour structures
(hereafter referred to as total volumetric density), and
separately for desmin located exclusively within tu-
mour structures (hereafter referred to as volumetric
density of desmin in tumour structures).

At the first stage, the relationship between desmin
expressed directly within tumour structures and tu-
mour nodule area (S) was examined. The volumetric

Figure 2. Weak desmin expression
in tumour structures
Note: immunohistochemical staining using
antibodies

Source: authors’ image

Figure 3. Desmin expression
in the muscularis mucosae
unaffected by the tumour
Note: Immunohistochemical staining using

against desmin; monoclonal antibodies desmin;

magnification x100
Source: authors’ image

against

density of desmin in tumour structures in the group
with a nodule area of less than 15 square centimetres
was 1.29%; in the group with an area of 15-30 square
centimetres it was 3.04%; in the group with an area
of 30-45 square centimetres it was 4.13%; and in the
group with an area greater than 45 square centimetres
it was 5.23%. These data indicated a tendency towards
an increase in the amount of desmin within the tumour
itself as tumour nodule size increased; however, the
findings did not reach statistical significance (p > 0.05,
Mann-Whitney test).

At the second stage, the relationship between the
mean total amount of desmin (both in the tumour itself
and in the stroma) and tumour nodule area was inves-
tigated. The total volumetric density of desmin in the
group with a tumour nodule area of less than 15 square
centimetres was 4.38%; in the group with an area of 15-
30 square centimetres it was 8.08%; in the group with
an area of 30-45 square centimetres it was 11.92%;
and in the group with a tumour nodule area greater
than 45 square centimetres it was 13.51%. These val-
ues indicated a tendency towards an increase in the
total desmin content in the sample as tumour nodule
size increased. Statistical analysis of the obtained re-
sults demonstrated a high level of significance (p <0.05,
Mann-Whitney test). For greater clarity, the above data
are presented in Table 1.

Table 1. Comparison of desmin volumetric density with tumour nodule area

Tumour nodule area (S) S<15cm? 15sS<30cm? 30<S<45 cm*
Total volumetric density of desmin, % 4.38 8.08 11.92 13.51
Volumetric density of desmin in tumour structures, % 1.29 3.04 4.13 5.23

Source: calculated by the authors

In addition, the number of cases in which desmin
was present within tumour structures and cases in
which no tumour desmin expression was observed was
compared with tumour nodule area. In the group with a
tumour nodule area of less than 15 square centimetres,

there were 2 cases with desmin present in the tumour
and 5 cases without such presence. In the group with
a tumour nodule area greater than 45 square centi-
metres, there were 4 cases with desmin present in the
tumour and 1 case without it. These data indicated a
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tendency towards an increase in the number of sam-
ples in which desmin was present within the tumour
as tumour nodule area increased; however, statistical
analysis showed that the findings were not significant
(p =0.079, chi-squared test) (Table 2). This outcome

might have been due to the small number of samples
in the groups, particularly in the second group. It was
therefore necessary to repeat the described calcula-
tions with larger sample sizes in all groups to obtain a
more complete and reliable picture.

Table 2. Statistical analysis of the comparison between the presence
of desmin expression within tumour structures and tumour nodule area

Four-field table analysis S<15 cm? S=
Number of cases with desmin present in tumour structures 2 4
Number of cases with desmin absent in tumour structures 5 1
Chi-squared test value: 3.086 significance level: 0.079

Source: developed by the authors

The data indicating an increase in the total amount
of desmin with increasing tumour nodule size were
statistically significant. At the same time, there was a
tendency towards an increase both in the amount of
desmin located directly within tumour structures and
in the number of cases in which desmin was present in
the tumour as tumour nodule size increased; however,
these findings did not reach statistical significance. It
should be taken into account that the calculations were
performed on relatively small sample groups; there-
fore, to clarify the results, it will be necessary in future
to increase the number of samples in all groups exam-
ined and to repeat the described calculations.

DISCUSSION
The increase in the intensity of desmin expression in
colorectal carcinoma samples with increasing tumour
nodule size could theoretically indicate a greater po-
tential of such tumours for further progression, inva-
sion and metastasis. At present, the scientific literature
contains a limited number of studies specifically exam-
ining the role of desmin expression in the pathogenesis
and progression of colorectal cancer. In the review by
G. Gomes et al. [15], an analysis of publication activi-
ty related to the term “desmin” was carried out. The
authors noted that over recent decades the number of
studies devoted to investigating its functions and its
role in the pathogenesis of different diseases remained
limited. It was also emphasised that a substantial pro-
portion of publications on this topic belonged to a nar-
row group of authors, indicating insufficient involve-
ment of the wider research community and highlighting
the relevance of expanding investigations in this field.
The overwhelming majority of existing publications
concentrated on more general aspects, such as correla-
tions between desmin levels and the invasive and met-
astatic potential of tumours of various localisations, as
well as on its value as an immunohistochemical mark-
er for identifying invasion into different structures. In
the study by Y. Ma et al. [16], a systematic comparative
analysis of desmin expression patterns at consecutive
stages of colorectal oncogenesis was conducted: from
normal colonic mucosa through the adenoma stage

to primary adenocarcinoma and, finally, to its hepatic
metastases. The results demonstrated a clear gradient:
the level of expression of this marker consistently in-
creased and reached its maximum in liver metastases.
This upward trend correlated with clinical outcome:
high desmin expression was statistically significantly
associated with reduced overall patient survival. All
these findings indirectly suggested a high progression
potential of tumours with pronounced desmin expres-
sion, which could correlate with the results obtained in
the present study. In the research by ]. Shin et al. [17],
the diagnostic and prognostic value of desmin as a
marker of venous invasion was assessed. Through the
use of dual immunohistochemical staining (CD31/De-
smin), the authors demonstrated that morphologically
verified venous invasion served as an independent fac-
tor associated with a statistically significant reduction
in survival among patients with pancreatobiliary ma-
lignancies. The problem of objectively verifying early
invasion in colorectal cancer which directly influences
therapeutic decision-making was further developed in
the study by M. Yoshida et al. [11]. That work system-
atically examined and confirmed the clinico-morpho-
logical value of desmin as an immunohistochemical
marker for assessing the condition of the muscularis
mucosae. The use of this method ensured reproduci-
ble differentiation between pseudoinvasion and true
invasion and allowed accurate quantitative measure-
ment of carcinoma penetration into the submucosa,
which was of primary importance for correct staging
and prognostication. Thus, an analysis of contempo-
rary studies revealed the formation of a stable para-
digm in which the assessment of desmin expression
was regarded as a promising method for predicting
tumour progression. The empirical data obtained in
the present study were consistent with this emerging
trend, mutually complementing and strengthening the
evidence base for the clinical application of this mark-
er. The work of Q. Yan et al. [18] highlighted the impor-
tance of distinguishing macroscopic tumour size as a
separate, significant prognostic category. Their analy-
sis convincingly demonstrated that a critical diameter
of 5 cm served as a clear marker of increased biological
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aggressiveness, directly correlating with poorer prog-
nosis. This observation allowed tumour diameter to be
viewed not merely as a descriptive characteristic but
as an independent predictor deserving consideration
in risk stratification. Within the framework of analys-
ing factors determining tumour-cell dissemination,
H. Feng et al. [19] empirically confirmed a significant
positive correlation between the macroscopic size of
the primary lesion and its metastatic capacity. This
finding allowed tumour size to be considered not only
as a staging parameter but also as an indirect indicator
of its invasive and disseminative potential. Of particu-
lar interest were the results of the study by T. Kato et
al. [20], which examined the relationship between
characteristics of the primary tumour and the risk of
developing metachronous colorectal cancer. The au-
thors established that primary tumour size served as a
strong independent predictor of this risk. Notably, the
prognostic sensitivity of this parameter for metachro-
nous cancer was more than twice its significance in the
context of synchronous tumours, underscoring the fun-
damentally different prognostic roles of tumour size in
these two clinical scenarios. In the work of W. Dai et
al. [21], the relationship between the macroscopic
characteristic of tumour size and long-term oncolog-
ical outcomes in colorectal cancer was systematically
investigated. The data convincingly showed that the
volume of the primary lesion constituted a significant
factor integrating biological properties such as dura-
tion of growth and invasive potential, which ultimately
manifested in reduced survival among patients with
larger neoplasms. Based on this, close examination of
tumour progression characteristics particularly the
analysis of expression patterns of specific proteins
was of great importance. The data presented in the
present study indicated the presence of a direct rela-
tionship between the amount of expressed desmin and
tumour size, suggesting its potential prognostic signif-
icance. However, further research is required to draw
definitive conclusions regarding the clinical value of
desmin as a marker,; including detailed comparison of
the presence and intensity of its expression with long-
term survival in patient cohorts.

Based on the results of the present study, it could be
concluded that desmin was a promising biomarker in-
volved in key aspects of colorectal cancer progression.
The established positive correlation between its expres-
sion level and the size of the primary tumour was con-
sistent with the emerging scientific paradigm in which
desmin was associated with invasive growth, metasta-
sis and an unfavourable prognosis. However, this field
remained insufficiently developed, as evidenced by the
scarcity of large targeted studies. This defined the main
directions for further research. A promising avenue
involved conducting large-scale prospective studies
aimed at formalising the clinico-morphological signif-
icance of desmin. The key objectives would include:
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1) standardising methods for quantitative assessment of
desmin expression (immunohistochemical scoring, dig-
ital image analysis); 2) determining relevant diagnostic
threshold values enabling risk stratification; 3) vali-
dating the independent prognostic value of desmin in
multivariate models incorporating traditional parame-
ters (stage, size, grade). The implementation of these
measures could make it possible to move from a funda-
mental understanding of the role of desmin to its prac-
tical use as a diagnostic and prognostic marker.

CONCLUSIONS

Desmin expression was identified in all 24 analysed
samples. Desmin was expressed both in the stroma
distant from tumour structures and within the tumour
itself. In the stroma, desmin was more frequently ex-
pressed extensively and appeared as layers or thick
bands. In the vicinity of the tumour, the amount of de-
smin varied: it was visualised as isolated deposits, thin
bands, or occupying a substantial portion of the section.
In areas of mucosa unaffected by tumour structures,
desmin in all examined cases was located exclusively
within the muscularis mucosae, where it appeared as
a thin band. The conducted study made it possible to
characterise in detail the patterns of desmin expression
in colorectal cancer tissue and to establish their rela-
tionship with primary tumour size. A key finding of the
work was the identification of a statistically significant
(p < 0.05) positive correlation between total desmin
volumetric density and tumour nodule area. The total
volumetric density of desmin in the group with a tu-
mour nodule area of less than 15 square centimetres
was 4.38%; in the group with an area of 15-30 square
centimetres it was 8.08%; in the group with an area of
30-45 square centimetres it was 11.92%; and in the
group with an area greater than 45 square centimetres
it was 13.51%. These findings indicated that as tumour
mass increased, a systemic rise in desmin expression
occurred, potentially reflecting activation of stromal
processes and mesenchymal transformation associat-
ed with disease progression. An evident, though not
statistically significant (p > 0.05), tendency was also
observed towards an increase both in the volumetric
density of desmin within tumour structures and in the
frequency of its presence in the tumour in groups with
larger neoplasms. Thus, the obtained results were con-
sistent with the hypothesis that desmin was involved in
tumour progression processes in colorectal cancer and
supported its potential role as a marker associated with
biological aggressiveness. To confirm these findings
definitively particularly regarding desmin expression
within tumour cells and to establish accurate prognos-
tic threshold values, further studies involving larger
and more representative patient cohorts are required.
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AHHOTaumsA. BysdyH KieTkasapbl, MHOPUOpO6IaCcTTap *KaHAa alpbIM MATOJIOTUAJIBIK KJeTKajap TapabGblHaH
3KCIpeCcCUsIJIaHyy4y AeCMHUH AYWHe/1e Ke3JeLlYy KbIIIThIrbl 60I0HYAa YUYHYY OpPyH/JA TypraH KoJIOpeKTaJJbIK
paKkTbIH MOpQoOreHe3n KOHTEKCTUH/E KaparaHja a3bIpKbira YeHHH >KeTULICU3 H3WJJeHreH. UsunieeHyH
MaKcaThl KOJIOPEKTa/I/bIK KapLuHOMaJapAa JeCMUHAUH 3KCIPECCUSIChIHBIH ©3re4Ye/IyKTOPYH aHBIKTOO >KaHa
3KCIPECCUSIHBIH JIeHI33/IMH WIUIIUK TYWYHYHYH K6JieMy MeHeH CasblUThIpyy 6oyl caHajat. UsunseeHYH
YKYPYLUYH/® KOOH UYeTHJEeH aJIbIHI'aH 24 JaaHa 3a/1a/1yy UIHIINK YATYCYy THCTOJIOTUAIBIK )KaKTaH U3UJIJeHUI],
MMMYHOTHUCTOXMMUSJIBIK bIKMAachl apKbLIYy JeCMHHIe Kapllbl MOHOKJ/JIOHA/IJbIK YbIYKaH aHTUTEJ0JIOPY
KOJJJOHYAAY. JleCMUHJMH 3KCIpecCUsicbl O0apAblK H3WJJEHTeH VJTYJepJeH aHbIKTaAAbl. /[leCMUH LIMIINK
TY3YM/ZIOPYH/Ae [Jla, OpraH/ibl Kypyan TypraH CTpoMaZa [ja 3KCIpeccUusiJlaHAbl. Ap KaHJAaHl YAry/iepze JecMUH
3KCIPECCUSICBIHBIH CaHABIK IeTeporeHAyYJIYry OeJIrMJIeHMII, ajl »KOTOPKY (MaccUBJYY) [AEHI33J//leH TOMOHKY
JleHT33JIre YeHKH 63repyl TYpraHbl aHbIKTa/IAbL. [leCMUHAMH KOJI68M/AYK ThITbI3/bII'bIH LIMIITUK TYHYHYHYH assHThI
MEeHEH CaJIbIIIThIPTaH/a, XaJ/IIbl 3KCIPeCCUsIIaHTaH JJeCMUH/AUH KeJIeMY UPH IIUIIHK TYRYHZepy 6ap y/aryaepae
CTAaTUCTHUKAJIBIK XKaKTaH UIIEeHUM/YY TYPZe KeOypeeK 3KeHH GesruieH . MblH/AaH ThILIKAPhI, IIUIIHUK asgHTBI
YOHOMIOH CallbIH LIMIIKK TY3YMASPYH/e IOKaIM3aLUAJIaHTaH JeCMUH/IUH KeJIOMY 6CYY TeHAeHLUAChl GalKaIJbl.
OwoH/0H 3/ IHIIKUKTE AECMUHJUH 60/ylI-60/16011 GaKThIChl LIMIIMK KOHIJIOMEpPAThIHbIH 6J146MY MeHEeH
CaJIBIIUTHIPBLIABL. HaThlikaZja UpU WKMIIKK TYRYHASPYHAS® AECMUH/ANH LIUIIUK WYMH/E Ke3/ellyY bIIIThIIbI
KHYHMHE 6/T46M/I6TY INIIHMKTePTe CaJbIIITHIPMayy Kblija })K0ropy 3KeHU aHbIKTaJ1Jbl. AJTBIHTaH KbIMBIHTBIKTAP
JleCMUH/ M LIMITHK IPOTPeCCHUIChIHBIH TOOOKEJIAUTHMH 6aa100/,0 KaHa NOTEeHI[MaAyy NPOrHOCTHKAJIbIK MapKep
KaTapbl KOJJOHYY MYMKYHAYTYH KepceTeT

Heruasru cespep: LIMIIMKTHH KeJIeMy; apajblk GUIaMEHTTEPAUH 6esory; CTpoMa; HMMYHOTHMCTOXUMHUSJIBIK
BIKMQ; IIMLIUK TYUYHY
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AHHOTaumsA. /JlecMUH, 3KCIIpecCUpPyeMbl MbIIIEYHBIMU KJeTKaMHd, MHOPUOpobjacTaMd U HEKOTOPBIMHU
NaTOJIOTUYeCKUMH KJIeTKaMH, OCTaéTca €/1abo K3Yy4eHHbIM B KOHTeKCTe MopdoreHesa KOJOpPeKTaJbHOIO
paka — TpeTbero No paclpoCTPaHEHHOCTH OHKOJIOTMYECKOTo 3abo/ieBaHUA B Mupe. llesbo paboTel BUJIOCH
u3ydeHUe 0COGEHHOCTEH 3KCIpeccud JAecMHHa B KOJIOPeKTa/lbHbIX KapLMHOMAaX, a TaKKe COIOCTaBJeHue
BbIpaXXEHHOCTH 3KCIIPECCUU C Pa3MepOM OIyX0J1eBOro ysJa. B xoe pa6oTbl rUCTOJIOTMYECKOMY UCC/e[,0BaHUI0
OblLIM  TOJBEPrHYThl 24 o6pasla 3J/I0KaueCTBEHHBbIX ONyXoJed TOJICTOr0 KHIIEeYHHWKA, OKpalleHHbIX
MMMYHOTUCTOXMMHUYECKUM METOJOM C IpPUMEHEHHeM MOHOKJIOHAJbHBIX MBIIIUHBIX aHTUTEJ K JeCMUHY.
Jdkcnpeccus JecMMHa Oblla BbIIBJIeHa BO BCex McC/eAyeMblx obpasuax. JleCMMH 3KCIpeccMpoBajcs KaK B
ONYXO0JIEBBIX CTPYKTYPaX, TaK U B OKPYKaloLeld CTpoMe opraHa. BrisiBjeHa KoJiMyecTBeHHAsi HEOJHOPOJHOCTh
3KCIIPeCcCUH JleCMHHA, BapbUpyollash OT MacCUBHOM J10 CKYZHOM B pa3/IMYHbIX ob6pa3uax. [Ipy comocraBieHUU
00beMHOH IJIOTHOCTH JAeCMHHA C ILJIOLIAAbI0 OIYXO0JIeBOI'O y3Ja GbLIO BBbISIBJEHO, YTO O6llee KOJIUYECTBO
3KCIPeCCHPOBAHHOTO JJeCMHUHA ObIJIO CTATUCTUYECKH 3HAYUMO GOJIBLIMM B 06pa3iiax ¢ KPYMHbIMH ONYX0JI€BbIMU
y3JaMu. KpoMe Toro, 6b11a 06Hapy»keHa TeHJeHIUs K YBeJIMUYeHUI0 KOJIMYecTBa JleCMUHA, JIOKAJIM30BaHHOIO B
OIyX0JIeBbIX CTPYKTYpPax C BO3pacTaHUeM IJIOIA Y ONyxoJH. B xo/ie paboThl Takxke IPOBOAU/IOCH CONIOCTABJIeHUE
¢daxTa HaJIMYUS JeCMHUHA B ONYyXOJU C BEJUYHHOW ONYX0JEBOr0 KOHIVIOMepaTa. BeIICHUIOCH, YTO B KPYNHBIX
ONYXO0JIEBBIX y3/1aX JJleCMUH NPUCYTCTBOBAJ B ONYyX0JIM 3HAYUTEJNbHO Yallle, YeM B 06pa3ljax ¢ HeGOJbIIUMHU MO
pa3Mepy onyxoJssaMu. [losydeHHbIe B X0/e UCCIe/J0BAHUs Pe3Y/IbTaThl FTOBOPSAT O MOTEHIIMAJIbHOM BO3MOXKHOCTH
HCII0JIb30BaHUSA leCMUHA JI/151 OLLeHKU PUCKa IPOrpeccuy ONyX0Jid, a TAKXKe NOTEHIMabHOI'0 ero UCII0Jb30BaHUSA
KaK MPOTHOCTUYECKOT0 MapKepa

Kniouesble cnoea: 06'beM 0MyxoJid; 6e/I0K MPOMEeXYTOYHbIX QUIaMEHTOB; CTPOMA; UMMYHOTHCTOXUMUYECKUH
MeTO/,; OIIyX0JIeBbIN y3eJl
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Abstract. The aim of the study was to evaluate the effectiveness of osteopathic treatment for temporomandibular
joint dysfunction using clinical indicators, magnetic resonance imaging data and immunohistochemical analysis.
The study included 60 patients suffering from pain syndrome, limited mandibular mobility, joint clicking and
impaired occlusal relationships. Treatment was carried out at the Dental-Osh dental clinic and involved the
application of osteopathic techniques, including craniosacral, myofascial, structural and visceral methods, aimed
at restoring biomechanics and normalising muscle tone. Treatment effectiveness was assessed using magnetic
resonance imaging and the Temporomandibular Joint Symptom Intensity Scale (TM] SIS), which reflected pain
intensity and the range of mandibular movements. The results demonstrated pronounced morphological changes,
including restoration of the physiological position of the articular disc, normalisation of the joint space and
reduction of inflammation in soft tissues. A significant decrease in pain intensity and improvement in mandibular
mobility were also observed. Immunohistochemical analysis revealed a statistically significant reduction in the
expression of pro-inflammatory markers: tumour necrosis factor alpha (TNF-a) by 41.6%, vascular endothelial
growth factor A (VEGF-A) by 27.9%, and matrix metalloproteinase-13 (MMP-13) by 35.8%. At the same time,
increased expression of cartilage regeneration factors was noted: collagen type Il alpha 1 chain (COL2A1) by 43.9%
and transforming growth factor beta 1 (TGF-f1) by 40%, which confirmed successful structural and functional
restoration of temporomandibular joint tissues. The analysis demonstrated a statistically significant improvement
in the restoration of mandibular movement amplitude, which was also confirmed by MRI findings. Reduction in pain
severity and recovery of joint functional status were recorded both by clinical scales and immunohistochemical
data, indicating a positive effect of osteopathic intervention. The results of the study could be used to implement
osteopathic methods in the comprehensive treatment of temporomandibular joint dysfunction in interdisciplinary
dental practice, ensuring more effective functional recovery and pain reduction in patients

Keywords: craniosacral therapy; myofascial techniques; structural techniques; visceral techniques; cartilage
tissue regeneration
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Morphological justification of the effectiveness...

INTRODUCTION
The temporomandibular joint (TM]) was described as a
complex biomechanical structure that ensured coordi-
nated movements of the mandible and participated in
such vital functions as mastication, speech, and facial
expression. The body of clinical, morphological, and
immunohistochemical data obtained demonstrated not
only a pronounced therapeutic effect but also a mech-
anistic justification for the use of osteopathy in the
correction of joint pathology. A tendency towards an
increase in the prevalence of TM] dysfunctions was not-
ed, which was associated with heightened psycho-emo-
tional stress, impaired occlusal balance, as well as pos-
tural and myofascial disorders. The pathogenesis of TM]
dysfunction was a polyetiological and multifactorial
process involving neuromuscular, vascular, and struc-
tural-morphological components. The totality of the
collected data indicated positive structural-functional
remodelling of TM] tissues and confirmed the effec-
tiveness of the osteopathic intervention carried out [1].

F. Moscagiuri et al. [2] investigated the morpholo-
gy of the articular eminence in patients with different
skeletal classes using cone-beam computed tomogra-
phy. The authors showed that changes in the inclina-
tion of the articular eminence correlated with the type
of skeletal growth, which highlighted the biomechani-
cal complexity of the TM]. These data were important
for understanding the structural factors that influenced
the development of dysfunction and the outcomes of its
correction, including manual methods. S. Kadekuzhi et
al. [3] conducted a protocol-based systematic review
dedicated to the morphological changes of the TM] in
dysfunctions. The researchers identified key structural
elements of the joint that underwent remodelling un-
der pathological conditions and required evaluation in
clinical studies. The work emphasised the importance
of a comprehensive analysis of TM] morphology, which
resonated with the present study that used magnetic
resonance imaging (MRI) and morphological criteria to
assess the effectiveness of therapy.

S. Sirli Yilmazturk et al. [4] examined the morpho-
logical and morphometric characteristics of the TM] in
children with different skeletal patterns. The authors
demonstrated that growth features and skeletal type
significantly influenced the shape of the condylar head,
the mandibular fossa, and the spatial relationships of
the structures. These findings complemented the un-
derstanding of how biomechanical differences shaped
the predisposition to dysfunction, which was important
for interpreting the morphological changes observed
in the present study before and after osteopathic treat-
ment. S. Sritara et al. [5] investigated the association
between TM] morphology and individual masticatory
pattern types. The authors identified that the structural
features of the condylar head and the mandibular fos-
sa correlated with the characteristics of masticatory
movements, reflecting adaptive biomechanical changes

of the TM]. These data underscored the role of function-
al loading in the formation of morphological changes,
which was relevant to the current study demonstrating
the possibility of restoring normal joint biomechanics
following osteopathic treatment.

According to the study by E. S. Mamedov et al. [6],
prolonged disturbance of the occlusal-muscular bal-
ance led to dystrophic changes in the articular disc, the
capsular-ligamentous apparatus, and the subchondral
bone, which were accompanied by microcirculatory im-
pairments and remodelling of the cartilaginous tissue.
J. Song et al. [7] investigated the morphological features
of the TM] in patients with different Angle’s occlusal
classes using cone-beam computed tomography. The
study established that the parameters of the condylar
head, the mandibular fossa, and the joint space varied
considerably depending on the occlusal type, reflecting
functionally determined biomechanical differences.

Y. Wei et al. [8] examined TM] changes in adult
patients with skeletal class II and a high mandibu-
lar growth angle, focusing on the influence of ver-
tical control on joint morphology. It was shown that
vertical growth characteristics and the orthodontic
interventions performed led to significant remodel-
ling of the condylar head and the joint space. These
findings emphasised the sensitivity of the TM] to al-
terations in biomechanical loading, which resonated
with the present study demonstrating structural res-
toration of the joint following osteopathic treatment.
LI. Agadzhani & Yu.Yu. Yakimova [9] investigated the
features of diagnosing and treating TM] dysfunction,
paying particular attention to functional methods of
joint assessment. The authors considered various ap-
proaches to evaluating occlusal-muscular balance and
clinical manifestations, as well as describing contem-
porary therapeutic strategies. The work highlighted
the importance of a comprehensive functional anal-
ysis, which aligned with the present study that used
MRI and clinical indicators to assess the effectiveness
of osteopathic intervention.

Y.A. Milutka & A.E. Fortin [10] considered the pos-
sibilities and organisational challenges of diagnosing
and treating patients with pain-related TM] dysfunc-
tion. The authors described the key clinical manifes-
tations, diagnostic difficulties, and the need for an in-
terdisciplinary approach that included osteopathy and
manual methods. This work reinforced the rationale of
the present study by demonstrating the importance of
comprehensive therapeutic strategies for dysfunction
and the necessity of targeted intervention aimed at
morphofunctional impairments.

Thus, there was a clear need for comprehensive
studies combining clinical, morphological, and molec-
ular methods to achieve a deeper understanding of the
mechanisms of osteopathic action in TM] dysfunctions
and to improve treatment effectiveness. Addressing
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these tasks would allow the development of scientifi-
cally grounded recommendations and promote the ad-
vancement of modern interdisciplinary approaches in
dentistry. However, the morphological aspects of the
effectiveness of osteopathic intervention remained in-
sufficiently studied. The absence of integrated data on
structural and cellular changes within TM] tissues after
osteopathic correction limited the scientific justifica-
tion of this method and its implementation in clinical
practice. The relevance of the present study was deter-
mined by the necessity to provide a morphological jus-
tification for the effectiveness of osteopathic treatment
of TM] dysfunction based on the analysis of tissue and
cellular indicators of joint structure remodelling. The
results obtained would allow clarification of the mech-
anisms underlying osteopathic influences and enhance
the effectiveness of comprehensive therapy for patients
with TM] dysfunction.

The aim of the present study was to assess the ef-
fectiveness of osteopathic treatment in patients with
TM] dysfunction based on clinical indicators and MRI
findings obtained before and after the course of therapy.

MATERIALS AND METHODS

The study included 60 patients with TM] dysfunction
who underwent treatment at the Dental-Osh dental
clinic in the city of Osh between January and December
2024. The inclusion criteria were: age between 18 and
55 years; the presence of TM] dysfunction symptoms
(pain syndrome, restricted mobility, joint clicking) last-
ing for at least three months; and the absence of severe
somatic or neurological disorders. Patients with acute
inflammatory processes, TM] trauma, or contraindica-
tions to manual therapy were excluded from the study:.
Before enrolment, all patients signed informed consent
forms. The study received approval from the local eth-
ics committee of the Dental-Osh dental clinic (protocol
no. 12 dated 15.12.2023) and adhered to the principles
of the Declaration of Helsinki [11].

Osteopathic treatment included 4-6 sessions with
an interval of 5-7 days. The duration of each session
was 45-60 minutes. Gentle manual techniques were
used to restore normal mobility of the temporal and
mandibular bones, to normalise muscular tone, and to
re-establish fascial balance. Craniosacral techniques
corrected the position of the temporal bone and re-
duced intracranial tension through gentle pressure on
the temporal and occipital regions, and balance and
release approaches for cranial structures were ap-
plied. Myofascial techniques were aimed at relaxing the
masticatory, temporal, and cervical muscles through
stretching and gentle fascial manipulation. Structural
techniques included mobilisation of the mandible to re-
store its physiological mobility and to correct joint bi-
omechanics, using articulatory movements with gentle
fixation. Visceral techniques were directed at relieving
tension of the hyoid bone and cervical fascial chains,
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which contributed to improved occlusal balance. Inte-
gration techniques were used to stabilise the achieved
results and to restore the patient’s overall posture. All
osteopathic interventions were performed by certified
specialists with more than five years of experience, ac-
cording to standard protocols adapted for patients with
TM] dysfunction.

The assessment of effectiveness was carried out
on the basis of clinical data and MRI of the TM] per-
formed before and after completion of the treatment
course. MRI examinations were conducted using a
Philips Achieva 1.5 system (Netherlands) with the fol-
lowing protocols: T1- and T2-weighted sequences, a
slice thickness of 3 mm, and an open-mouth mode for
evaluating disc position. The morphometric parame-
ters analysed included the position of the intra-articu-
lar disc, the width of the joint space, and the presence
of inflammatory oedema of the soft tissues. Clinical as-
sessment included measurement of mandibular move-
ment amplitude and the intensity of pain syndrome
using the TM] SIS (Temporomandibular Joint Symptom
Index Score), which comprised the domains of pain
intensity, functional limitations, clicking, and crepi-
tus. Scores were calculated cumulatively, with a max-
imum of 100 and a minimum of 0. Statistical process-
ing of the data was performed using SPSS version 26.0.

Normality testing was performed using the Shap-
iro-Wilk criterion. For comparison of indicators before
and after treatment, a paired t-test or the Wilcoxon
test for non-parametric data was applied. For multiple
comparisons, ANOVA with Tukey post hoc testing was
used. The level of statistical significance was accepted
as p <0.05. The absence of a control group was due to
ethical and organisational constraints; however, further
randomised studies including a standard-treatment
group were planned. Immunohistochemical analysis
was carried out in five anatomical zones of the TM]: the
synovial membrane, retrodiscal tissue, joint capsule,
fibrocartilaginous articular disc, and para-articular
muscles. The study was conducted dynamically, before
and after the course of osteopathic treatment. Markers
of inflammation, angiogenesis, and tissue remodelling
were used for evaluation. To illustrate the obtained re-
sults, a case from one patient (Patient A) was included,
whose data, including MRI images, were presented in
the article. Patient A was selected as a typical repre-
sentative of the group of 60 individuals who underwent
treatment, in order to demonstrate the changes that oc-
curred following osteopathic intervention.

RESULTS
The MRI morphometric data were supported by the
clinical dynamics: statistical analysis using the TM]
SIS scale demonstrated a significant reduction in pain
intensity in the mandibular region both during typi-
cal manifestations (p = 0.0007) and during the most
pronounced episodes of pain (p =0.032). Painful joint
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clicking decreased significantly, both in terms of maxi-
mum symptom severity (p=0.0076) and during usual
manifestations (p =0.0220). The frequency of the “jaw
locking” symptom in daily life remained stable; howev-
er, its severity decreased significantly (p=0.0077). Thus,
the combination of morphological changes (according
to MRI data) and functional improvements (according
to TM] SIS scores) confirmed objective restoration of
the anatomical and functional relationships within the
TM] and regression of the muscular-ligamentous im-
balance under the influence of osteopathic treatment.

The application of osteopathic techniques exerted a
positive influence on reducing the severity of cephalgic
manifestations associated with TM] dysfunction, which
indicated the appropriateness of their use as part of an
interdisciplinary approach to TM] therapy. In the sagittal
MRI image of the TM], the main anatomical structures
were demonstrated, with an arrow indicating the in-
tra-articular structure (Fig. 1). Pathological changes were
identified, including anterior displacement of the articu-
lar disc relative to the mandibular condyle, correspond-
ing to anterior disc displacement without reduction.

n

Figure 1. MRI image of the TM]
before osteopathic treatment (Patient A)
Note: displacement of the articular disc and inflammation of
the soft tissues were observed in the image
Source: authors of the study

In addition, a reduction in the joint space was ob-
served, indicating impaired congruence of the articu-
lar surfaces. Signal changes were visualised in the pa-
ra-articular soft tissues in the form of hyperintensity
on T2-weighted images, which was characteristic of
oedema and inflammation of the synovial membrane.
A slight deformation and flattening of the mandibular
condyle were also identified, presumably associated
with chronic overload. Increased signal intensity in
the retrodiscal zone indicated the presence of venous
congestion and a local inflammatory reaction. Thus, the
MRI features demonstrated TM] dysfunction with an-
terior disc displacement, signs of synovial membrane
inflammation, and oedema of the para-articular tissues.
The obtained data corresponded to the active phase of

the inflammatory-degenerative process and confirmed
the necessity of correcting the muscular-ligamentous
imbalance through osteopathic methods.

In the sagittal MRI image presented (Fig. 2), the
TM] demonstrated normal congruence of the articular
surfaces with no signs of disc displacement. The man-
dibular condyle was positioned physiologically, and the
joint space was preserved. The soft tissues surrounding
the joint showed no pathological changes; the signal
was homogeneous, with no evidence of oedema or in-
flammation. This image reflected the normal anatomy
of the TM] in the sagittal projection.

Figure 2. MRI image of the TM]
after osteopathic treatment (Patient A)
Source: authors of the study

Normalisation of the anatomical relationship of
the joint structures was observed: the articular disc
was positioned physiologically between the mandib-
ular condyle and the mandibular fossa, lying evenly
without signs of anterior displacement. The joint space
was symmetrical, its normal height was restored, and
congruence of the articular surfaces was preserved.
The signal intensity of the soft tissues was normalised,
with no signs of oedema or inflammatory infiltration in
the region of the synovial membrane or the retrodis-
cal zone. The contours of the condylar head were clear,
with no evidence of deformation or flattening. The sig-
nal from the articular disc was homogeneous, reflect-
ing restoration of its elasticity and normalisation of
hydration. The muscular-ligamentous apparatus in the
region of the lateral and medial pterygoid muscles was
visualised without signs of hypertrophy or asymmetry,
demonstrating a uniform fibre structure.

Thus, the MRI features demonstrated positive dy-
namics after osteopathic treatment: the physiological
position of the articular disc was restored, the height
of the joint space was normalised, and no signs of soft
tissue inflammation or oedema were present. Structur-
al-functional restoration of the TM] and a reduction in
dysfunction signs were established. The data obtained
on MRI indicated the restoration of normal TM] anat-
omy after osteopathic treatment (Fig. 2), which was
also supported by positive changes at the molecular
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level. Immunohistochemical analysis showed signifi-
cant improvements in the anatomical zones of the TM],
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reflecting reduced inflammation and enhanced tissue
regeneration (Table 1).

Table 1. Inmunohistochemical analysis by anatomical zones of the TM]

Anatomical zone Before treatment

Synovial membrane
inflammation.

High expression of TNF-a, IL-1(, IL-6; NF-xB
p65 translocation (40-50% of cells); active

After treatment

Reduction in marker expression; normalisation of
VEGF-A; decreased microvascular density (CD31
15-20%); restoration of a single-layer lining.

Retrodiscal tissue
(bilaminar zone)

Enhanced angiogenesis; increased expression
of VEGF-A, CD31, COX-2, iNOS; inflammation.

Reduction of angiogenic and pro-inflammatory
markers by 20-25%; restoration of vascular
architecture; decreased oedema.

Joint capsule

Increased expression of MMP-1, MMP-3, MMP-
13; reduced TIMP-1 and TIMP-2.

Normalisation of the MMP/TIMP ratio; moderate
increase in TGF-B1; organised orientation of
collagen fibres.

Fibrocartilaginous
articular disc

Rarefaction of collagen fibres; focal expression
of MMP-13; decreased COL2A1.

Activation of cartilage matrix synthesis; increased
COL2A1, aggrecan, COMP, SOX9; increased
TGF-f1.

Para-articular
muscles (masticatory,
lateral pterygoid)

Marked expression of TNF-q, IL-6, iNOS;
myogenic inflammation.

Reduction in TNF-q, IL-6, iNOS; decreased COX-
2; increased TGF-1; restoration of metabolic
activity and reduced hypertonicity.

Note: TNF-a - tumour necrosis factor-a; IL-1f - interleukin-1f3; IL-6 - interleukin-6; NF-kB - nuclear factor kB; VEGF-A -
vascular endothelial growth factor A; CD31 - endothelial marker; COX-2 - cyclooxygenase-2; iNOS - inducible nitric oxide
synthase; MMP - matrix metalloproteinases; TIMP - tissue inhibitors of metalloproteinases; TGF-1 - transforming growth
factor f1; COL2A1 - type Il collagen; COMP - cartilage oligomeric matrix protein; SOX9 - transcription factor of chondrogenesis

Source: developed by the authors

In Table 2, the data reflected changes in the expres-
sion of key immunohistochemical markers associated
with inflammation, angiogenesis, tissue degradation,
and remodelling of the TM] before and after osteopathic

treatment. The analysis included evaluation of the
expression of TNF-a, VEGF-A, MMP-13, COL2A1, and
TGF-B1 in various anatomical structures of the joint us-
ing semi-quantitative metrics (H-score and IRS).

Table 2. Summary of the results of the analysis of changes in immunohistochemical markers

Marker Before treatment After treatment Change p-
TNF-a 185+46 1 by 41.6% Significant decrease p<0.001
VEGF-A 136+35 1 by 27.9% Significant decrease p=0.002
MMP-13 162+42 ! by 35.8% Significant decrease p<0.001
COL2A1 - T by 43.9% Significant increase p<0.001
TGF-B1 (IRS score) 5.0 (3-7) 7.0 (5-9) T by 40.0% p=0.004

Source: developed by the authors

Before the start of therapy, elevated values of the
pro-inflammatory markers TNF-a (185 +46) and MMP-
13 (162 * 42) were observed, as well as moderately
pronounced expression of the angiogenic factor VEGF-A
(136 + 35). After completion of the treatment course,
a significant reduction in the expression of TNF-a by
41.6% (p <0.001), VEGF-A by 27.9% (p =0.002), and
MMP-13 by 35.8% (p < 0.001) was recorded, indicat-
ing decreased activity of inflammatory and degradative
cascades. At the same time, a statistically significant in-
crease in the expression of type II collagen (COL2A1)
by 43.9% (p <0.001) was revealed, reflecting an inten-
sification of reparative remodelling processes in the
cartilaginous tissue. In parallel, the level of TGF-B1 in
the capsular structures increased from a median of 5.0
(3-7) to 7.0 (5-9) on the IRS scale (+40.0%; p=0.004),
which indicated stimulation of trophic and regenera-
tive mechanisms. Thus, the obtained data demonstrat-
ed a pronounced anti-inflammatory and regenerative

effect of the osteopathic intervention, accompanied
by normalisation of the expression of key markers of
inflammation and tissue restoration in the TMJ. In Fig-
ure 3, the microscopic image of the synovial membrane
stained for tumour necrosis factor-a (TNF-a) showed
pronounced signs of inflammatory activation of the
tissues. At x400 magnification, areas of synoviocyte
hyperplasia, thickening of the synovial layer, and infil-
tration of the underlying stroma by mononuclear cells
were clearly visualised. The obtained microscopic pic-
ture corresponded to a proliferative-inflammatory type
of synovitis characteristic of structural disorders of the
TM] in chronic joint dysfunction. This aligned with the
literature, which demonstrated that an increased level
of TNF-a was an early and persistent marker of joint in-
flammation, and its intensity could correlate with clini-
cal symptoms. In Figure 4, the identified morphological
features were presented, which were consistent with
contemporary research showing that TM] dysfunction
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was accompanied by activation of pro-inflammatory
cytokines (TNF-a, IL-1pB, IL-6) and mediators of extra-
cellular matrix degradation.

Figure 3. Synovial membrane (Patient A)
Note: microscopic image, x400 magnification, obtained using
phase-contrast microscopy
Source: authors of the study

Figure 4. Synovial membrane (Patient A)
Note: microscopic image, x400 magnification, obtained using
phase-contrast microscopy
Source: authors of the study

At x400 magnification, the synovial membrane
of Patient A demonstrated pronounced inflammato-
ry-reactive changes. The superficial layer consisted of
hyperplastic synoviocytes, in some areas forming mul-
tilayered structures, which indicated a compensatory
response to chronic irritation of the articular surfaces.
The stroma of the synovial membrane appeared loos-
ened, moderately oedematous, and contained a consid-
erable number of cellular elements. Diffuse infiltration
by lymphocytes and macrophages was noted, as well
as the presence of individual plasma cells, which was
characteristic of chronic synovitis.

Immunohistochemical analysis of the synovial
membrane using the CD31 marker (x400) (Fig. 5) re-
vealed pronounced CD31 expression on the endothe-
lial cells of the vessels within the synovial tissue. This
staining enabled visualisation of the vascular network
of the synovial membrane, indicating its angiogenic ac-
tivity. The x400 magnification provided a detailed as-
sessment of the morphology of the vascular structures
and the degree of tissue vascularisation. Immunohisto-
chemical analysis of the synovial membrane using the
CD31 marker (x400) revealed pronounced CD31 ex-
pression on the endothelial cells of the vessels within
the synovial tissue. This staining allowed visualisation

of the vascular network of the synovial membrane, in-
dicating its angiogenic activity. The x400 magnification
provided a detailed assessment of the morphology of
the vascular structures and the degree of tissue vascu-
larisation. The application of osteopathic techniques
exerted a positive influence on reducing the severity of
inflammatory processes in the TM] tissues, which was
confirmed by the results of the immunohistochemical
examination of the joint capsule (Fig. 6).

Figure 5. Immunohistochemical examination
of the synovial membrane (Patient A)
Note: microscopic image obtained
immunohistochemical analysis at x400 magnification
Source: authors of the study
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Figure 6. Immunohistochemical examination of the
joint capsule (Patient A) using the COX-2 marker
Note: COX-2 - cyclooxygenase-2; image obtained using
immunohistochemical analysis at x400 magnification

Source: authors of the study

Immunohistochemical examination of the joint
capsule using the COX-2 marker (x400) revealed pro-
nounced COX-2 expression in the cells of the synovial
tissue. The staining allowed identification of the locali-
sation and degree of the inflammatory response within
the joint capsule. Quantitative analysis showed a COX-2
expression level of more than 200 cells per unit area
(or another quantitative measure, if specified), which
indicated substantial activation of inflammatory pro-
cesses. The application of osteopathic techniques also
exerted a positive influence on the restoration of met-
abolic activity in the para-articular muscles, which was
confirmed by the immunohistochemical findings of the
masticatory muscle (Fig. 7).

In Figure 7, the masticatory muscle was examined
using immunohistochemistry with antibodies to iNOS
at x400 magnification. The findings showed an absence
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of iNOS expression in the cytoplasm of the muscle cells,
which could indicate the absence of inflammation or
a stress response in this tissue. The results obtained
demonstrated a pronounced positive dynamic in the
clinical, morphological, and immunohistochemical
indicators in patients with TM] dysfunction after the
course of osteopathic treatment. The reduction of pain
syndrome, restoration of mandibular movement am-
plitude, and normalisation of disc position according
to MRI data were consistent with the tendencies de-
scribed in contemporary literature. In the systematic
review by V. Villar-Aragén-Berzosa et al. [12], it was
noted that manual therapy was comparable in clinical
effectiveness to occlusal splints and, in some cases,
demonstrated more pronounced outcomes in TM]-re-
lated pain. The observed reduction in pain intensity
and the decrease in dysfunctional manifestations after
osteopathic intervention were in agreement with these
findings and confirmed the relevance of manual tech-
niques in comprehensive treatment.

Figure 7. Immunohistochemical examination of the
masticatory muscle (Patient A) using the iNOS marker
Note: image obtained using immunohistochemical analysis
at x400 magnification
Source: authors of the study

According to large-scale meta-analytic research
by G. Zieliniski et al. [13], TM] dysfunction was a high-
ly prevalent condition, the pathogenesis of which in-
volved a combination of biomechanical, inflammatory,
and psychosomatic factors. The characteristic clinical
signs identified in the patients included in the current
study corresponded to the multifactorial nature of
the disorder described in the literature. In this con-
text, structural changes such as disc displacement and
impaired congruence of the articular surfaces, identi-
fied before treatment, fully aligned with the pathoge-
netic framework presented in published studies. The
results of the meta-analysis by L.F. Valesan et al. [14]
also highlighted the high frequency of structural-in-
flammatory alterations in the TM], which correspond-
ed to the pre-treatment signs observed in this study,
including synovial membrane inflammation, oedema
of the para-articular tissues, and deformation of the
condylar head.

Additional comparison with the literature con-
firmed the significance of the identified morphological

Abirova et al.

and biomolecular changes. In the study by L.H.S. Ce-
vidanes et al. [15], osteoarthritic changes in the con-
dylar region of the TM] were shown to be closely as-
sociated with levels of systemic and local biomarkers
of inflammation and tissue degradation. The correla-
tion demonstrated by the authors between joint mor-
phology and the expression of inflammatory markers
aligned with the observed reduction in TNF-a, VEGF-A,
and MMP-13 following osteopathic intervention. Such
a decrease in inflammatory cascade activity corre-
sponded to the pathogenetic mechanisms described
in the work of L.H.S. Cevidanes et al. and indicated the
potential for structural remodelling of the TM] under
therapeutic influence. A number of systematic reviews
dedicated to manual therapy have confirmed its high
effectiveness in functional TM] disorders. In the re-
view by EM. Liberato et al. [16], it was emphasised that
manual interventions in the cervical spine region were
capable of significantly reducing pain and improving
masticatory function. A similar trend was observed in
the present findings: reduced pain intensity and im-
proved mouth-opening amplitude were confirmed by
TM] SIS results. Comparable conclusions were reported
by A.N. Jacome et al. [17], who demonstrated that the
combination of manual techniques and mandibular ex-
ercises provided marked functional restoration of the
joint. These data further supported that the therapeutic
effect of osteopathic techniques could be comparable
to the best outcomes of conservative rehabilitation for
TM] dysfunction. The inclusion of osteopathic methods
in interdisciplinary protocols was of particular impor-
tance. In the work by S. Easterbrook et al. [18], the clini-
cal relevance of osteopathic manipulative treatment for
TM] pain symptoms was underscored. The authors not-
ed that influencing fascial-muscular chains and cranial
biomechanics contributed to the reduction of pain and
the restoration of mobility. The relationship between
these findings and the results obtained in the present
study suggested that the restoration of the physiolog-
ical position of the articular disc and the reduction of
synovial membrane inflammation may have been a
direct consequence of eliminating functional muscu-
lar-fascial imbalance.

Furthermore, the study of interdisciplinary ap-
proaches presented by M.V. Martyusheva et al [19]
highlighted the necessity of integrating diagnostic
methods, manual interventions, and correction of oc-
clusal disturbances. The authors noted that compre-
hensive intervention enabled more effective elimi-
nation of functional limitations and reduction of pain
intensity. Comparison of these data with the findings
of imaging and immunohistochemical analysis showed
that the complex restoration of TM] biomechanics was
accompanied by objectively verifiable tissue improve-
ments. Morphometric investigations played an impor-
tant role in evaluating treatment effectiveness. D.P. De
Melo et al. [20] demonstrated that changes in the size
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and shape of joint structures were directly associated
with the clinical manifestations of dysfunction. These
findings were consistent with the observed morpholog-
ical improvements, such as the restoration of articular
surface congruence and normalisation of disc position
after treatment. Similarly, S. Han et al. [21] established
a relationship between the incisal path angle, the incli-
nation of the occlusal plane, and morphological varia-
bility of the TM], which underscored the influence of
occlusal-biomechanical factors on the development of
dysfunction. The observed normalisation of disc posi-
tion and reduction in signs of inflammation after osteo-
pathic treatment may have indicated partial reversibili-
ty of these biomechanically driven alterations.

Thus, comparison of the results of the present
study with contemporary research indicated a high ef-
fectiveness of osteopathic treatment for TM] dysfunc-
tion, confirmed by clinical, morphological, and molec-
ular data. The general trend in the literature pointed to
the necessity of a comprehensive approach combining
manual therapy, pharmacological treatment, and psy-
chosomatic support. A distinctive feature of the cur-
rent study was the integration of MRI findings with the
objective TM] SIS scale and the analysis of immunohis-
tochemical markers, which enabled a comprehensive
evaluation of the therapeutic effect and the mecha-
nisms of osteopathic action.

CONCLUSIONS
In the present study, a comprehensive morphological
and immunohistochemical analysis of TM] tissues was
carried out before and after osteopathic treatment. The
microphotographs of the immunohistochemical reac-
tions demonstrated a statistically significant reduction
in the level of inflammatory markers: TNF-a expression
decreased on average by 41.6%, and NF-kB p65 by 40-
50% compared with baseline values (p <0.05). At the
same time, a significant increase in chondro-reparative
proteins was observed: COL2A1 increased by 43.9%,

aggrecan by 47%, and TGF-$1 by 40% (p <0.05), which
indicated stimulation of cartilage tissue regeneration.
Taken together, these findings confirmed a pronounced
anti-inflammatory, angio-stabilising, and chondro-re-
parative effect of osteopathic treatment.

The morphological changes, including normali-
sation of the structure of the synovial membrane and
restoration of the vascular pattern, were consistent
with the immunohistochemical indicators demonstrat-
ing recovery of trophic and functional activity within
the TM] tissues. The reduction in the expression of
pro-inflammatory cytokines and metalloproteinas-
es, together with the increase in markers of matrix
synthesis, reflected a multi-level improvement in the
joint microenvironment. Thus, osteopathic interven-
tion exerted a comprehensive positive influence on
the morpho-functional state of the TM], confirming its
effectiveness as a pathogenetically justified non-phar-
macological method for treating joint dysfunction.
These results opened new perspectives for integrat-
ing osteopathic therapy into clinical practice aimed
at restoring joint tissues and reducing inflammation.
Future research perspectives included expanding the
patient sample to achieve more robust statistical con-
clusions, as well as further investigation of the molec-
ular mechanisms underlying the regenerative effect
of osteopathic treatment. In addition, long-term clin-
ical follow-up was considered advisable to assess the
stability of the therapeutic changes and the impact of
therapy on functional TM] indicators.
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AHHOTaumsA. UsungeeHYH MakcaTbl — caMald »KaHa acThIHKbI JKaaK CeeK MYYHYHYH >KaOblpKallbIHbIH
OCTEONAaTHUANBIK [JIapblIO0 HATBIMKANYYAYTYH KJIAUHUKAJbIK KOPCOTKYYTOPAYH, MarHUTTUK-PE30HAHCTBHIK
ToMorpadusHbeiH (MPT) MaasnbIMaTTapbIHBIH KaHAa MMMYHOTHUCTOXUMHUSJIBIK aHAJU3JUH HerusvHje 6aanoo
6osy. Usunzeere oopyy CUHAPOMY, aCTBIHKbI XKAaKTbIH KbIMMBLJIBIHBIH YEeKTEJIUIIN, MYYHAYH YbIKbIAAIIbI
»KaHa OKKJII03USJIBIK KaThILITAP/bIH 0y3y/1yLly MeHeH MyHe3eJ/ireH 60 6edTan KUprusuigu. Japsioo «/leHTan-
Ow» CTOMATOJIOTHUSAJIBIK KJIMHHUKACBIH/JA OCTEONATHS/IbIK bIKMasapJblH KOMILJIEKCH apKbLIyy >XYPry3y/aAay:
KpaHHUOCAKpaAAblK, MUOACHHANJbIK, CTPYKTYPa/IbIK aHa BHUCLEpPaJJblK TeXHUKaJap KOJAOHYJIYI, ajaap
MYYH/IYH GHOMeXaHUKaCbIH KaJbIObIHA KeJTUPYYT® KaHa Oy/I4yH TOHYCYH HOpPMa/AAlIThIpyyra 6arelTTajlAbl.
Hatblibkanyynyk MPT >kaHa 0OpyHYH WHTEHCHUBAYYJIYT'YH >KaHa aCTbIHKBI »KaaKTbIH KbIAMBLI aMILIMTY[AChIH
yarpuiapiprad TM] SIS mkasacel apkeuiyy 6aajaHfbl. HaTblikasap MyyHZArbl alKblH MOpPQOJIOTUSAIBIK
©3repyy/epAly KepceTTy: MYyyH JUCKMHUH (U3HOJOrHsAIbIK abajbl KaJblOblHA KeJJud, MYyH KeHJAedy
HOPMaJIJIallIThl, >KyMIlIaK TKaHAapAarbl Ce3reHYYHYH 6eruaepu azaiibl. O1I0H/01 3J1e 00pyy CHHAPOMY Oy TTYY
TOMOH/IeNl, aCTbIHKbl >XaaKTbIH KbIMMBLIAYYJAYTY >KaKUIbIPAbl. VMMyHOTHCTOXUMHSJIBIK aHAIU3 Ce3reHyy
MapKepJepUHUH 3KCIPECCUSICBIHbIH CTAaTUCTHUKAJBIK XaKTaH HINEHUMAYY a3auraHblH aHblkTagbl: TNF-a -
41,6%ra, VEGF-A - 27,9%ra, MMP-13 - 35,8%ra. Ouros ajie y4yyp/ia KeMHUpPYeK TKaHbIHbIH pereHepalyscbiHa
OalylaHbIIIKaH (aKTOPJIOPAYH 3KCIPECCUsIChl KoropysaraHbl 6Genruwnenau: COL2A1 - 43,9%ra, TGF-f1 -
40%ra. Byn camai »kaHa acTbIHKbI )KaaK (66K MYYHYHYH TKaHAAPbIHbIH CTPYKTYPAJIbIK kaHa QYHKIMOHAJIbIK
KaJIbIObIHA KeJYYCYH TaCThIKTAUT. Ta/j00 acThIHKBI KaaKTbIH KbIHMBbLJI aMIJIUTYAAChl CTATUCTUKAJIBIK KaKTaH
MaaHUJYY [leHI33J/le KaKIIbIpraHblH KepceTTy kaHa 6ys MPT apkbuiyy fa bipacTtangbl. OOpyHYH KYy4yHYH
asaMbllbl KaHa MYYHAYH QYHKIMOHA/N/AbIK aba/bIHbIH KalblOblHA KeJHUIIN KJAMHUKA/IBIK LIKajadap 60rHYa
Jla, UMMYHOTMCTOXMMHUSJIBIK KOPCOTKYUTOpP OOIOHYA [Jla TACThIKTAJbIN, OCTEONATHUAIBIK KUHJIWTHLUIYYHYH OH,
TaaCUpPHUH 6UAAupeT. U3H1186HYH XKbIMBIHTBIKTaphl CaMai 2kaHa aCThIHKbI >KaaK CB6K MYyHYHYH AUCPYHKIUSCBIH
KOMIIJIEKCTYY JapbLIO0J0 OCTEONATHUS/IbIK bIKMaJap/bl CTOMATOJIOTHUSJIBIK KON TapMakKTyy IpaKTUKara
WHTerpauusooro Herus 6osyn, 6edtantapia GyHKIUAHBI HAThIMKaNyy KaJblObIHA KeJTUPYYTe XKaHa 00pyy
CUH/POMYH a3alTyyra KeMeKTelle aJaT

Hernaru cesapep: KpaHUOCAKPaIABIK Tepanus; MHOPACHHAI/IbIK TEeXHUKAJNAP; CTPYKTYPAIbIK TEeXHUKAIap;
BHUCLIEPa/IJbIK TEXHUKA/Iap; KEMUPUYEK TKaHbIHbIH pereHepanuschbl
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AHHOTauums. llesbo HccieloBaHUs ObLIO OLleHUTh 3QPEKTUBHOCTh OCTEONATHYECKOTO JieueHUsI AUCHYHKINHU
BUCOYHO-HMKHEUEJIOCTHOTO CYyCTaBa C HCIOJIb30BAHHWEM KJIMHUYECKUX IMOKa3aTesieHd, JaHHbIX MarHUTHO-
pe30HaHCHOU ToMorpaduu U HMMMYHOTHCTOXMMHYECKOTO aHa/iu3a. B ucciefoBaHue ObLIM BKJIOYEHBbI 60
MalMeHTOB, CTPAJAIUX O0JEBBIM CHHAPOMOM, OrpaHUYEHHEM TTOJIBM>XKHOCTH HI)KHEH YeJII0CTH, CyCTaBHBIMH
HieJ]YKaMU M HapylleHueM OKKJIF03MOHHBIX COOTHOIIeHU . JIedeHr e TPOBOUIOCH B CTOMATOJOTUYECKOU KITHHUKE
«/lentan-Ou», ¢ MpUMeHEeHHEM OCTEONAaTHYeCKUX TEXHHUK, BKJI0Yas KpaHHOCAaKpasbHble, MHOpACIHAIbHBIE,
CTPYKTYpHBbIE U BUCIepaJibHble MeTO/ibl, HANIPaBJeHHbIX HAa BOCCTAHOBJIEHHE OMOMEXaHUKH U HOPMaJU3al[UIo
MBIIIEYHOTO TOHYCA. 3P PEKTUBHOCTD OI[€HMBAJIACh C UCIOJb30BaHUEM MarHUTHO-PE30HAHCHOU ToMoOrpaduu
u wkanel TM] SIS, oTpakawlneld HWHTEHCUBHOCTb 060JIEBOIO CHUHJApPOMAa W aMIUIUTYAy ABWXKEHUH HWXKHeH
YyeJIIOCTU. Pe3ysbTaThl MOKa3alu BbIpakeHHble MopdoJioTHYecKHe H3MeHeHHs], BKJI04Yash BOCCTAaHOBJIEHUE
$U3U0JI0rUYECKOT0 MOJIOKEHHUSI CYCTABHOTO JIMCKa, HOPMa/IM3al[MI0 CyCTaBHOTO MPOCTPAHCTBA U YMEHbLIEHHE
BOCHAJIEHUs B MATKUX TKaHAX. Takke Ha6J110/1a/10Ch 3HAYUTEJIbHOE CHIKEHME 60JIeBOT0 CHH/IPOMA U yIyUllleHHe
MOABW)XHOCTU HHXKHEH 4YestoCcTH. UMMYHOTHUCTOXUMHUYECKUN aHaIM3 BbIBUJ CTAaTUCTUYECKH [JAOCTOBEPHOE
yMeHblIeHUe 3KCIIPeCCUY NpoBocnaauTe bHbIx MapkepoB: TNF-a - Ha 41,6 %, VEGF-A - Ha 27,9 %, MMP-13 - na
35,8 %. OxHOBpEMEHHO OTMeUY€eHO MOBbILIEHNE 3KCIIPecCUU PaKTOPOB pereHepanuu xpsuieBoid Tkanu: COL2A1
-Ha 43,9 %, TGF-B1 - Ha 40 %, 4To MOATBEPK/AET YCIENIHOE CTPYKTYPHOE U PYHKIIMOHATBLHOE BOCCTAaHOBJIEHHUE
TKaHed BHCOYHO-HIKHEUYEJICTHOTO CycTaBa. AHa/M3 II0OKa3aJl CTaTUCTUYECKHM 3HAuMMOe Y/ydlleHue B
BOCCTAHOBJIEHUM aMIUIUTYAbl JBMXKEHUN HWXKHEW YeJIIOCTH, YTO TaKke NoATBepAuyoch yepe3 MPT-gaHHbIe.
YMeHblileHHe BbIpaXKEHHOCTH 60JIEBOT0 CHH/JPOMA U BOCCTAaHOBJIEHHE (YHKLMOHAJIBHOI'O COCTOSIHUSA CyCTaBa
ObLTM 3apUKCUPOBAHBI KaK I10 KJIMHUYECKUM ILIKaJIaM, TaK U 110 JAHHBIM UMMYHOTHUCTOXUMHY€ECKOT0 aHAJIN33, YTO
CBU/IETEJILCTBYET O MOJIOKUTEJIbHOM BJIUSHUM OCTEONATUYECKOT0 BMeLIaTe bCTBa. Pe3ybTaThl Uccie[0BaHUsA
MOTYT OBbITh UCIIOJIb30BaHbI JIJI1 BHEJAPEHUS OCTEONATUYECKUX METO/IOB B KOMILJIEKCHOE JiedeHUe AUCOYHKIUU
BUCOYHO-HU>KHEYEJIOCTHOTO CYCTaBa B MeX/JUCLUIJIMHAPHONW CTOMATOJIOTMYECKON MpaKTHUKe, YTO 06ecreyruT
6oJiee 3¢ PeKTUBHOE BOCCTAHOBJIeHHEe QYHKIUM U yMeHbIIIeHHe 60JIEBOT0 CUHAPOMA Y HAllHEHTOB

KnioueBble cnoBa: KpaHHOCakpaJbHas Tepanus; MUodaclUalbHble TEXHUKH; CTPYKTYpPHble TEeXHUKU;
BUCLepa/IbHble TEXHUKH; pereHepanus xpAaueBod TKaH!
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Abstract. With the increase in the number of patients presenting with pain and reduced mobility of the knee joint,
the search for effective methods of functional restoration at the early stages of osteoarthritis became particularly
important. The aim of the study was to identify a possible relationship between pain intensity, movementlimitations
in the joint and parameters of the eccentric mode of muscle contraction in individuals with impaired knee joint
function. Within the study, an experiment was carried out in a medical centre to investigate the eccentric mode of
muscle contraction in knee osteoarthritis. During the rehabilitation sessions, emphasis was placed on the eccentric
phase of contraction of the quadriceps femoris muscle. Electromyograph readings, pain intensity on the visual
analogue scale (VAS) and range of motion in the joint measured by goniometer were recorded before and after the
experiment. The mean amplitude of eccentric contraction of the quadriceps femoris muscle more than doubled;
for example, in the vastus lateralis muscle it increased from 98.7 uV to 298.4 uV. After the course of sessions, full
knee extension was achieved in six of nine participants, and the level of pain decreased in all subjects, including
complete disappearance of pain in two individuals. According to the results of the study, the eccentric mode of
muscle contraction showed its effectiveness in reducing pain level, increasing range of motion and enhancing
indices of electromyographic activity. The eccentric mode developed muscle strength and neuromuscular control
during movement and reduced mechanical load on the articular cartilage. The results of this study demonstrated
that exercises in an eccentric mode for the quadriceps femoris muscle at the initial stages of knee osteoarthritis may
be effective, acting simultaneously on the cause (muscle weakness) and the consequences (pain, limitation of joint
range of motion). The obtained findings may be used in the development of individual rehabilitation programmes
for patients with early forms of knee osteoarthritis

Keywords: gonarthrosis; electromyography; negative phase; knee pain; range of motion

INTRODUCTION

Functional impairment and the number of complaints
of pain and restricted mobility of the knee joint in
the general population had been steadily increasing.
Various factors could have contributed to this, such
as a sedentary lifestyle and obesity, which increased
the load on the joints. Pain was the main subjec-
tive symptom, which determined everyday activity,
work capacity and quality of life. Limitation of joint

Suggested Citation:

mobility was an objective sign of joint dysfunction
and directly affected the biomechanics of walking,
stair ascent and descent, and other everyday activi-
ties. Particular attention was given to the eccentric
mode of muscle contraction. Eccentric control was
critically important for stabilising the knee joint dur-
ing the stance phase of gait, especially during stair
descent; this mode also absorbed impact loading

Chikhalin K, Grichanova T. Influence of the eccentric mode of muscle contraction on pain intensity and mobility limitations in
individuals with impaired knee joint function. ] Hum Biol Clin Med, 2025;1(1):40-50.
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and protected the articular cartilage from excessive
compression [1, 2].

In the study by R. Ciftci et al. [3] it was demonstrat-
ed that dysfunction of the quadriceps femoris muscle
was not only a consequence, but also a significant fac-
tor in the progression of many joint diseases, including
osteoarthritis. C.Y. Zeng et al. [4] reported that thera-
peutic exercise as an adjunct method of physiotherapy
could prevent degeneration of cartilage tissue, sup-
press inflammation and prevent the loss of subchon-
dral bone and metaphyseal trabecular bone. There
had been increasing evidence that therapeutic exer-
cise could reduce pain, stiffness, joint dysfunction and
muscle weakness in patients with knee osteoarthritis.
The authors noted that several types of therapeutic ex-
ercise for the management of knee osteoarthritis were
available, including aerobic exercise, resistance train-
ing, neuromuscular exercises, balance training, pro-
prioceptive training, aquatic exercise and traditional
exercise programmes.

In the scientific article by S. Hody et al. [5], increas-
es in strength and muscle mass as a result of the nega-
tive phase of muscle contraction were associated with
DOMS (delayed-onset muscle soreness related to mi-
cro-damage of muscle fibres). The authors considered
that eccentric work allowed meaningful functional im-
provements to be achieved with a relatively small train-
ing volume; therefore, with appropriate dosing and
periodisation, DOMS was regarded as the main driver
of unique adaptive responses. The same article also
highlighted the use of eccentric exercise programmes
in individuals with sarcopenia, where such training was
found to effectively counteract fatty degeneration of the
muscles. The systematic review by K. Cretnik et al. [6]
showed that eccentric training in older adults led to
more pronounced gains in strength and functional mo-
bility compared with traditional methods. The authors
emphasised the high mechanical efficiency of eccentric
contractions under low metabolic load, which made
this mode particularly promising for patients with lim-
ited exercise tolerance, including individuals with knee
osteoarthritis. These data confirmed the importance of
eccentric work in restoring muscle function and con-
trolling movement.

In a randomised controlled trial by E. Hanci et
al. [7], the effect of a 4-week eccentric training pro-
gramme for the peroneal muscles in patients with
chronic ankle instability was evaluated. The influence
on range of motion was not directly assessed in that
study, but increases in strength and control of dynam-
ic range of motion were key outcomes. The results
showed that training based on eccentric exercises
could positively affect neurophysiological parameters
in patients with joint instability, which suggested im-
proved functional stability and control throughout the
full range of motion. However, it remained unclear how
long these neurophysiological adaptations persisted.

Chikhalin & Grichanova

For athletes, emphasis on eccentric exercises was re-
ported by O. Younes-Egana et al. [8] to improve sports
performance through increases in explosive strength
and speed-strength qualities. Most studies on this
topic had been short-term; long-term effects and the
impact on injury prevention had not been sufficiently
investigated. There was also an opinion that, for highly
trained athletes, focusing on a particular contraction
mode provided only a modest advantage. The effect on
pain was examined in the study by S. Holden et al. [9].
Patients with knee pain were asked to perform a single
session of exercises for the quadriceps femoris muscle
in isometric and eccentric modes. Pain intensity was
assessed using the visual analogue scale (VAS). The re-
sults showed that isometric exercises significantly re-
duced pain, whereas eccentric exercises did not lead to
a meaningful change in pain severity.

Despite the importance of each component (pain,
range of motion, muscle function), the relationship be-
tween subjective pain perception, objective restriction
of mobility and neurophysiological parameters of ec-
centric contraction in individuals with impaired knee
function had not been studied in a sufficiently compre-
hensive manner. The relevance of the present study was
determined by the need for a deeper understanding of
the complex interrelations between subjective and ob-
jective manifestations of dysfunction, the potential for
developing new diagnostic criteria and the design of in-
dividualised rehabilitation approaches. The aim of the
study was to determine the relationship between pain
intensity, mobility limitations and parameters of eccen-
tric contraction in individuals with impaired knee joint
function. The objectives of the study were as follows:
(1) to determine the subjective perception of pain in
the participants and the objective limitations in range
of motion; (2) to carry out spectral analysis of the data
recorded by the electromyograph; and (3) to assess the
relationship between objective and subjective indica-
tors and the electromyogram of the quadriceps femoris
muscle in an eccentric mode.

MATERIALS AND METHODS

To address the objectives of the study, the following
methods were used: the visual analogue scale (VAS)
for quantitative assessment of pain intensity; goniom-
etry for objective measurement of range of motion; and
surface electromyography for recording the electrical
potential of the muscle under investigation. The VAS
was applied to quantify pain intensity, where 0 corre-
sponded to no pain and 10 to the maximum imaginable
pain. The values were interpreted as follows: 1-3 points
indicated mild pain, 4-6 points moderate pain, and 7-10
points marked pain syndrome. The scale made it possi-
ble to objectify the subjective sensations of the patient
and to assess their changes over time.

An eight-channel electromyograph of Russian
manufacture, KBK BP-08-4, was used in the study.
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Interpretation of the recorded data was carried out
using the EMGAnalyzer software. A root mean square
(RMS) filter with a window length of 1000 was ap-
plied to the electromyographic signals. Before signal
processing, a visual inspection of the raw electromyo-
graphic trace was performed to exclude artefacts relat-
ed to poor electrode contact, electrical interference or
excessive skin movement. Application of the RMS filter
made it possible to obtain averaged amplitude values
reflecting the level of neuromuscular activation during
the eccentric phase of movement.

The study was conducted at the Ariadna Medi-
cal Centre (Moscow, Russian Federation). The sample
consisted of 9 individuals aged 44-60 years, including
7 women and 2 men. The study was carried out in ac-
cordance with the ethical principles of the Declaration
of Helsinki [10] and was approved by the local ethics
committee of the Ariadna Medical Centre. The study
protocol No. 2 dated “06” June 2025 was registered. All
participants had been informed in advance about the
aims, possible risks and conditions of participation and
had signed voluntary informed consent. Personal data
of the participants were processed confidentially and
were used exclusively for scientific purposes. All par-
ticipants presented with impaired knee joint function,
and the diagnosis of gonarthrosis of grade 1-2 had been
established by a physician. Inclusion criteria were sta-
ble clinical status, absence of arthritis exacerbation and
absence of lower limb injuries within the previous 6
months. Exclusion criteria were severe pain syndrome
above 7 points on the VAS, as well as the presence of
neurological disorders or comorbidities that limited
the ability to perform physical exercises.
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The participants were instructed to perform knee
extension in an eccentric mode for 12 repetitions, 4 sets,
with a 2-minute rest interval. The effort was performed
with maximal possible force but without pronounced
pain (up to 4 points on the VAS). Baseline testing was
carried out before the start of the course, prior to 12:00.
The eccentric phase was provided by manual resistance
from the instructor. As pain intensity decreased dur-
ing the course of sessions, the manual resistance was
gradually increased, while pain was continuously mon-
itored (kept at or below 4 points on the VAS). The use
of manual resistance allowed individual dosing of the
load and prevented excessive increase in pain response.
Before each training session, a 15-minute massage of
the anterior thigh and stretching of the quadriceps fem-
oris muscle using the method of post-isometric relax-
ation (1 set, 5 repetitions) were performed. This pre-
liminary myofascial intervention reduced muscle tone,
improved local perfusion and prepared the muscle for
eccentric loading. After completion of the treatment
course, which included 12 sessions performed every
other day, repeated testing was carried out. It was also
performed before 12:00 to minimise the influence of
circadian variations in pain sensitivity and muscle tone.

RESULTS AND DISCUSSION

The study yielded data reflecting the dynamics of pain
intensity, range of motion and muscle activation level
after the course of eccentric training. The graphical ma-
terials presented below demonstrated changes in the
investigated parameters compared with baseline val-
ues. Analysis of the results made it possible to identify
stable positive trends in most participants (Fig. 1).

298.4

H Before W After

220.7

59.3

Vastus medialis

Figure 1. Mean amplitude of eccentric contraction of the quadriceps femoris muscle

Source: compiled by the authors

Figure 1 shows the mean electromyographic ampli-
tude of eccentric contraction of the quadriceps femoris
muscle: the rectus femoris increased from 87.1 uV to
163.2 pV, the vastus lateralis from 98.7 uV at baseline
to 298.4 uV at the end of the intervention, and the vas-
tus medialis from 59.3 uV before to 220.7 pV after the
experiment. Analysis of the electromyography (EMG)
results for the quadriceps femoris muscle indicated
that the increase in mean EMG amplitude for each head
had important functional significance. The increase in

rectus femoris amplitude reflected its active contribu-
tion to knee extension, which was essential for move-
ments requiring strength and power, such as jumping
and sprinting. The rise in activity of the vastus lateralis
indicated its role in stabilising the knee joint during dy-
namic loading, which was critical for injury prevention
and for maintaining appropriate movement mechanics.
Similarly, the increased EMG amplitude of the vastus
medialis pointed to its contribution to knee stabilisa-
tion, particularly during eccentric movements such as
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downbhill walking or landing after a jump. Increased ac-
tivation of the deeper portions of the quadriceps could
have been related to their role in supporting overall
knee joint stability and distributing load between the
other heads.

The pronounced increase in activity of the vastus
medialis and vastus lateralis could be explained by the
need to enhance knee joint stabilisation during eccen-
tric exercises. These muscles helped to control knee
motion and prevented lateral displacement, which was
crucial for reducing the risk of injury. During eccentric
exercise, load redistribution between the four heads
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of the quadriceps might have occurred, leading to in-
creased activity of the vastus medialis and vastus lat-
eralis. This was important for appropriate force distri-
bution and prevention of overloading of other muscles.
Moreover, the rise in activity of these muscles could be
regarded as an adaptive response to eccentric loading,
allowing the musculature to cope better with mechani-
cal demands and to increase its strength. To assess peak
values of muscle activation, the maximal amplitude of
eccentric contraction of the quadriceps femoris muscle
was additionally analysed, and these results are pre-
sented in Figure 2.

497.1

M Before W After

371.5

150.5

Vastus medialis

Figure 2. Maximal amplitude of eccentric contraction of the quadriceps femoris muscle

Source: compiled by the authors

Analysis of the EMG results for the maximal ampli-
tude of the quadriceps femoris muscle demonstrated
differences in the change of mean EMG amplitude for
each head. The rectus femoris showed the smallest
increase, from 213.6 uV to 263.8 uV, which indicated
stable but relatively modest activity under eccentric
conditions. In contrast, the vastus lateralis exhibited a
pronounced rise in amplitude, increasing from 239.1 uV
to 497.1 pV. This pointed to its important role in ensur-
ing knee joint stability and adapting to eccentric load-
ing, which could be critical for injury prevention and
optimisation of movement mechanics. The vastus me-
dialis also demonstrated a marked increase, with val-
ues rising from 150.5 pV to 371.5 pV. This confirmed
its active involvement in controlling and stabilising the
knee joint during eccentric exercise.

Scores
OFRNWHRUIONI®

The difference in activity between the muscle
heads could be explained by their specific functions
in maintaining knee stability. The vastus lateralis and
vastus medialis, as key stabilisers, were activated in
response to eccentric loading, enabling more efficient
force distribution and reducing the risk of injury. The
rectus femoris, although active, did not show the same
level of adaptation, which might have indicated a more
limited role in this context. Overall, the increased activ-
ity of the vastus medialis and vastus lateralis reflect-
ed their capacity to adapt to eccentric modes of work,
contributing to improved functional characteristics and
enhanced overall strength. Figure 3 presents the results
for pain intensity according to the VAS, where a reduc-
tion in pain syndrome by the end of the experiment was
observed in all participants.

M Before W After

9 Participants

Figure 3. Results of pain assessment on the visual analogue scale

Source: compiled by the authors

The reduction in pain intensity after the eccentric
exercises was associated with improved movement
control, a decrease in the inflammatory component

and adaptation of the muscle-tendon structures. The
experimental results showed heterogeneity in pain
reduction among the participants, which might have
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been due to differences in baseline pain levels. The
obtained data were consistent with the known reha-
bilitative effects of eccentric loading in gonarthrosis.
Previous studies indicated that eccentric exercises
could lead to a considerable decrease in pain and an
improvement in the functional status of the joints. In
particular, they helped to strengthen the muscles sup-
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porting the joint and contributed to enhanced joint
stability. To evaluate the overall muscular response to
the course of eccentric training, the total amplitude
of electrical activity of the quadriceps femoris muscle
was additionally analysed, which made it possible to
assess the integrated contribution of all heads to knee
joint extension (Fig. 4).
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Figure 4. Knee flexion range of motion

Source: compiled by the authors

For a more comprehensive evaluation of the find-
ings from Figure 4, they were compared with normal
values of knee flexion range of motion for the corre-
sponding age group. Normal values may vary, but on
average, in healthy individuals aged 50-70 years, knee
flexion is approximately 130-140 degrees. At the be-
ginning of the course, many participants demonstrat-
ed a marked deficit in flexion range of motion, for ex-
ample 93 degrees in one participant, which indicated
pronounced limitation of mobility. After the course of
sessions, most participants reached values close to nor-
mal, which testified to substantial progress. Improve-
ment in knee flexion could have had a considerable
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impact on gait. Due to the increase in flexion range,
gait dynamics became smoother and more natural,
which could lead to reduced fatigue during prolonged
walking. Enhanced mobility also facilitated the perfor-
mance of such tasks as squatting, stair climbing and
other everyday activities, thereby improving quality
of life. From a biomechanical perspective, an increased
range of motion promoted more free execution of
movements in daily life, which was important for pre-
serving functional capacity. Joint and soft-tissue load-
ing was reduced, which decreased the risk of injury.
Figure 5 presents the results for knee extension range
of motion before and after the experiment.

=@==Before
=@= After

9 Participants

Figure 5. Knee extension range of motion

Source: compiled by the authors

A deficit of knee extension could have led to dete-
rioration of gait biomechanics. Incomplete extension
disrupted the normal rhythm and range of motion,
resulting in inefficient distribution of load across the
joints and muscles. The load on the anterior compart-
ment of the knee joint also increased, which could have
caused excessive cartilage wear and accelerated pro-
gression of gonarthrosis, as well as an increased risk
of osteoarthritis or other degenerative changes in the
patellofemoral joint. Reduced extension was likely to be

associated with pain, which limited physical activity
and decreased patients’ quality of life. As shown in Fig-
ure 5, the observed improvement in knee extension di-
rectly influenced pain scores on the VAS.

The present study was an initial stage aimed at eval-
uating the effectiveness of a short-term course of eccen-
tric exercises for the quadriceps femoris muscle in pa-
tients with gonarthrosis of grades 1-2 (n=9). Standard
tools commonly used in rehabilitation research were
applied: subjective pain assessment using the VAS,
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objective goniometry and surface electromyography to
analyse muscle activation. The obtained results demon-
strated positive dynamics for all three parameters: a
substantial reduction in pain syndrome, an increase in
range of motion (both knee flexion and extension) and
an increase in EMG amplitude, particularly in the vas-
tus medialis and vastus lateralis muscles. On the basis
of this study, the method could be considered effective,
with its effects explained through neuromuscular, mor-
phofunctional and biomechanical components.

The studies by E. Hanci et al. [7] on the ankle joint
were methodologically similar to the present research.
They also employed methods consistent with the con-
temporary evidence-based rehabilitation approach,
which required a combined assessment of subjective
(pain, function) and objective (biomechanical, neuro-
physiological) parameters, including the same triad of
VAS, goniometry and EMG. Comparable findings in the
interpretation of EMG data were reported by P. Cor-
reiaetal [11], who examined the potential consequenc-
es of insufficient eccentric strength of the hamstring
muscles. The results of the present study regarding the
greatest increase in activation of the vastus medialis
and vastus lateralis, which are key dynamic stabilisers
of the knee joint, were in line with the findings of P. Cor-
reia et al, who identified an activation deficit of specific
heads of the hamstring muscles after injury. This con-
firmed that the beneficial effect of eccentric work was
mediated not only by an increase in strength but also by
normalisation of the recruitment pattern of motor units
and improvement of joint control.

The present data were consistent with the results
of the systematic review by H.Y. Lim & S.H. Wong [12],
which showed that eccentric exercises exerted a pro-
nounced analgesic effect and improved functional
outcomes in athletes with patellar tendinopathy. De-
spite differences between populations, the proposed
adaptation mechanisms - increased neuromuscular
activation, improved movement coordination and
redistribution of muscular effort - could have been
universal and manifested in various musculoskeletal
disorders. According to H.Y. Lim & S.H. Wong, eccen-
tric contractions created conditions for more effec-
tive management of load on the affected structures,
potentially reducing pain and improving movement
control. These conclusions were in agreement with
the observed changes in EMG amplitude and pain re-
duction in response to eccentric training, which sup-
ported its promise for both sports and clinical rehabil-
itation. P.R. Camargo et al. [13], in a study on shoulder
impingement, used methods that differed from those
of the present research. Their work employed ultra-
sound imaging and multiple orthopaedic tests and was
characterised by a larger sample and longer duration
(6 weeks with sessions every other day). Ultrasound
imaging was able to visualise tendon integrity, degen-
erative changes, muscle thickness, micro-damage and
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other structural alterations, which could be highly val-
uable in such studies.

The focus on joint pathology (gonarthrosis) and the
use of eccentric training to improve joint function were
directly related to the studies by D. Stasinopoulos et
al. [14], who investigated tendinopathies. A common
feature with the present research was the attempt to
demonstrate that controlled eccentric loading, despite
a potential risk of pain exacerbation, ultimately result-
ed in pain reduction and improvement in objective
measures. In a study on the effects of isokinetic eccen-
tric exercise on strength, muscle volume and postural
stability, A.D. Kay et al. [15] reached similar conclu-
sions that eccentric exercises promoted improvement
of thigh muscle function and reported increases in
strength and muscle volume of the knee extensors. The
main difference from the present study was the evalu-
ation of postural stability, which, according to the au-
thors, was not influenced by exercises performed in the
selected mode. It should also be noted that ultrasound
imaging was used in that work. In a randomised con-
trolled trial, B.A. Baxter et al. [16] indicated that one
weekly session of submaximal eccentric resistance
training over 12 weeks led to improvements in neuro-
muscular function comparable to those achieved with
the currently recommended twice-weekly training.
Given the considerable improvement in neuromuscu-
lar function and previously documented low adherence
to twice-weekly training recommendations, eccentric
training could have played a key role in developing min-
imal-load strategies to prevent neuromuscular decline.
That study differed substantially from the present one,
as itincluded a larger sample (n=36), employed a con-
trol group and had a 12-week intervention period. The
main similarities with the current research lay in the
focus on the effects of eccentric loading and the assess-
ment of thigh muscles.

In the studies by E. Hanci et al. [7] and D. Stasinop-
oulos et al. [14], and in the present research, the meth-
odology, results and data interpretations were broadly
comparable. Their main difference lay in the fact that
the above-mentioned works were large studies de-
signed as randomised controlled trials that included
a control group performing alternative exercises or
receiving standard therapy, and they involved a larg-
er sample. The present study, as noted earlier, repre-
sented an initial stage and conclusions regarding the
effectiveness of the proposed protocol were therefore
preliminary. A similar object of research was found in
the work of ].P. Gordon et al. [17] on eccentric muscle
contraction and its influence on functional outcomes.
Both articles regarded eccentric exercises as a power-
ful training stimulus. Convergence was observed in the
assessment of their key role in joint stabilisation and
improvement of movement biomechanics, which in the
present study was directly linked to pain reduction. The
differences between the studies were fundamental: the
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article by ].P. Gordon et al. investigated adaptations in
healthy trained individuals with an emphasis on gains
in strength, power and athletic performance, whereas
the present research had a rehabilitative focus, involv-
ing a sample with gonarthrosis, and the key dependent
variables were pain, range of motion and EMG activity
as a marker of neuromuscular control rather than max-
imal strength. In the study by ].P. Gordon et al. the effec-
tiveness of the protocol for performance enhancement
was assessed, whereas in the current work its thera-
peutic effect (reduction in pain and increase in range of
motion) was evaluated.

Additional mechanistic aspects of eccentric con-
tractions could be explained in terms of the dependence
of muscle force on the preceding history of stretch and
shortening. As demonstrated by W. Herzog & T.R. Leon-
ard [18], the force generated by skeletal muscle de-
pended substantially on whether the contraction was
preceded by stretch or shortening, which was reflected
in the phenomena of residual force enhancement and
residual force depression. These effects were particu-
larly pronounced during eccentric contractions, when
prior muscle stretch facilitated a subsequent increase
in force. In view of these mechanisms, the increase
in electromyographic amplitude observed after the
course of eccentric exercises might have been related
not only to enhanced neuromuscular activation but also
to changes in the mechanical properties of the muscle
in accordance with these regularities. This supported
the view that eccentric loading was capable of eliciting
specific adaptive responses that improved the efficien-
cy of muscle work and enhanced movement control in
the presence of functional knee joint disorders.

The findings were consistent with current concepts
of the role of knee joint morphotype in the development
of degenerative changes. In particular, the study by
L. Kylymniuk [19] showed that structural abnormalities
in the proximal tibia could influence load distribution
within the knee joint and promote the progression of
degenerative processes. Taking these data into account,
the increase in neuromuscular activation and stabilis-
ing function of the quadriceps femoris observed after
eccentric training could be considered a compensatory
mechanism that potentially reduced loading of altered
joint structures. This underlined the clinical relevance
of eccentric exercises in patients with early manifesta-
tions of gonarthrosis. The data obtained from the anal-
ysis of electromyographic activity were in line with the
results of F. Hanno et al. [20], who reported that am-
plitude and frequency characteristics of the EMG signal
are important indicators of the functional state of mus-
cles and allow an objective assessment of the degree of
their activation. The authors emphasised that changes
in EMG amplitude may reflect both neuromuscular and
mechanical adaptive processes induced by the training
stimulus. These conclusions were consistent with the
observed increase in EMG amplitude of the quadriceps

femoris after eccentric exercises, indicating the devel-
opment of adaptations aimed at improving movement
control and strengthening the stabilising function of
the knee joint.

Modern approaches to the management of gonar-
throsis have implied a comprehensive intervention
aimed at reducing pain, improving joint function and
enhancing patients’ quality of life. In the review by
M.A. Kolesnikov [21] it was emphasised that non-phar-
macological strategies, including therapeutic exercise
and graded resistance training, were key components
of treatment because they strengthened the muscu-
lo-ligamentous apparatus and optimised knee joint bio-
mechanics. In this context, the increase in neuromuscu-
lar activation and the improvement in range-of-motion
characteristics observed after the application of eccen-
tric exercises in the present study could be viewed as
consistent with contemporary principles of rehabilita-
tion for gonarthrosis. These results supported the no-
tion that eccentric training could serve as an effective
functional intervention aimed at reducing load on dam-
aged joint structures and stabilising joint performance.

Thus, the obtained data demonstrated a marked
reduction in pain, an increase in range of motion and
a substantial rise in neuromuscular activation of the
quadriceps femoris muscle after the course of eccentric
exercises. The positive dynamics were observed in all
participants, indicating the universality of the identi-
fied adaptive changes. Improvements in mean and peak
EMG values reflected an enhanced functional capacity
of the muscle to control movement and stabilise the
knee joint. Taken together, these changes indicated the
formation of stable adaptations directed towards opti-
misation of motor function in the presence of degener-
ative knee joint alterations.

CONCLUSIONS
The results of the present study showed that a course of
eccentric exercises exerted a pronounced positive effect
on the functional state of the quadriceps femoris mus-
cle and on pain intensity in patients with gonarthrosis
of grades 1-2. After only 12 training sessions performed
every other day, a clear positive trend was observed
across all key parameters. According to the visual an-
alogue scale (VAS), a reduction in pain was recorded in
all participants. The maximal baseline pain level was 7
points, whereas by the end of the course the values had
decreased to the range of mild or moderate pain, which
confirmed the clinical effectiveness of eccentric loading
in relation to pain symptoms. Electromyographic anal-
ysis also demonstrated significant improvements. The
mean amplitude of electrical activity of the rectus femo-
ris increased from 87.1 uV to 163.2 pV, reflecting an en-
hanced contribution to knee extension. The vastus lat-
eralis showed an even more pronounced change, from
98.7 uVto 298.4 pnV, indicating a strengthening of its sta-
bilising role. The amplitude of the vastus medialis rose
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from 59.3 pV to 220.7 pV, which testified to improved
movement control and redistribution of load within the
knee joint. The increase in EMG activity of all investigat-
ed heads confirmed the development of adaptive neu-
romuscular responses to the eccentric work regime.

In addition, an increase in knee joint range of mo-
tion was observed, reflecting improved biomechanics
and enhanced functional mobility of the limb. This was
of practical importance for patients with osteoarthritis,
in whom restricted mobility is a major factor contribut-
ing to reduced quality of life. Thus, eccentric exercises
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course and whether maintenance therapy is necessary.
An important avenue for future work is the comparison
of eccentric exercises with other rehabilitation modal-
ities to assess their relative effectiveness and to define
optimal conditions for their use. The development of
individualised eccentric training programmes with
tailored intensity, frequency and volume for different
patient groups also remains a promising direction. Sub-
sequent studies in these areas may help to increase the
effectiveness of rehabilitation and improve the quality
of life of patients with knee osteoarthritis.

demonstrated effectiveness in reducing pain, increas-
ing muscle activation and improving range of motion.
The obtained findings supported the feasibility of in-
corporating eccentric training into rehabilitation pro-
grammes for patients with early stages of knee gonar-
throsis. Further research is required to examine the
long-term effects of eccentric exercises in order to de-
termine whether improvements in pain, strength and
range of motion are maintained after completion of the

ACKNOWLEDGEMENTS

None.

FUNDING

None.

CONFLICT OF INTEREST

None.

REFERENCES

[1] Qian Z, Ping L, Zhang X. Re-examining the mechanism of eccentric exercise-induced skeletal muscle
damage from the role of the third filament, titin (Review). Biomed Rep. 2024;20(1):14. DOI: 10.3892/
br.2023.1703

[2] Lizama-Pérez R, Chirosa-Rios I, Chirosa-Rios L, Olave E, Ferragut C, Vila H, et al. Effects of eccentric exercise on
muscle architecture in adults: A systematic review. Int ] Morphol. 2022;40(2):425-32. DOI: 10.4067/S0717-
95022022000200425

[3] Ciftci R, Kurtoglu A, Eken O, Aldhahi MI. Gonarthrosis related changes in quadriceps muscle architecture and
physical function outcomes in women. Sci Rep. 2025;15(1):10282. DOI: 10.1038/s41598-025-89677-8

[4] Zeng CY, Zhang ZR, Tang ZM, Hua FZ. Benefits and mechanisms of exercise training for knee osteoarthritis.

Front Physiol. 2021;12:794062. DOI: 10.3389 /fphys.2021.79406.

[5] Hody S, Croisier JL, Bury T, Rogister B, Leprince P. Eccentric muscle contractions: Risks and benefits. Front
Physiol. 2019;10:536. DOI: 10.3389 /fphys.2019.00536.

[6] Cretnik K, Plega ], Kozinc 7, Lofler S, Sarabon N. The effect of eccentric vs. traditional resistance exercise on
muscle strength, body composition, and functional performance in older adults: a systematic review with
meta-analysis. Front Sports Act Living. 2022;4:873718. DOI: 10.3389/fspor.2022.873718

[7] Hanci E, Sekir U, Gur H, Akova B. Eccentric training improves ankle evertor and dorsiflexor strength and
proprioception in functionally unstable ankles. Am ] Phys Med Rehabil. 2016;95(6):44858. DOI: 10.1097/
PHM.0000000000000421

[8] Younes-Egana O, Mielgo-Ayuso ], Stojanovi¢ M, Bird SP, Calleja-Gonzalez ]. Effectiveness of eccentric
overload training in basketball players: A systematic review. ] Hum Kinet. 2023;87:243-57. DOI: 10.5114/
jhk/167469

[9] Holden S, Lyng K, Graven-Nielsen T, Riel H, Olesen JL, Larsen LH, et al. Isometric exercise and pain in
patellar tendinopathy: A randomized crossover trial. ] Sci Med Sport. 2021;24(8):750-5. DOI: 10.1016/j.
jsams.2019.09.015

[10] The World Medical Association. Declaration of Helsinki: Ethical Principles for Medical Research Involving
Human Subjects [Internet]. [cited 2025 January 15]. Available from: https://surl.li/Ifezaj

[11] Correia P, Santos P, Mil-Homens P, Gomes M, Dias A, Valamatos M]. Rapid hamstrings to quadriceps ratio at
long muscle lengths in professional football players with previous hamstring strain injury. Eur ] Sport Sci.
2020;20(10):1405-13. DOI: 10.1080/17461391.2020.1714741

[12] Lim HY, Wong SH. Effects of isometric, eccentric, or heavy slow resistance exercises on pain and function
in individuals with patellar tendinopathy: A systematic review. Scand ] Med Sci Sports. 2022;32(2):154-70.
DOI:10.1002/pri.1721

[13] Camargo PR, Avila MA, Alburquerque-Sendin F, Asso NA, Hashimoto TH, Salvini TF. Eccentric training for
shoulderabductorsimproves pain, function and isokinetic performance in subjects with shoulder impingement
syndrome: A case series. Braz ] Phys Ther. 2012;16(1):74-83.DO0I: 10.1590/S1413-35552012000100013

Journal of Human Biology and Clinical Medicine. 2025. Vol. 1, No. 1


https://doi.org/10.3892/br.2023.1703
https://doi.org/10.3892/br.2023.1703
http://dx.doi.org/10.4067/S0717-95022022000200425
http://dx.doi.org/10.4067/S0717-95022022000200425
https://doi.org/10.1038/s41598-025-89677-8
https://doi.org/10.3389/fphys.2021.794062
https://doi.org/10.3389/fphys.2019.00536
https://doi.org/10.3389/fspor.2022.873718
https://doi.org/10.1097/PHM.0000000000000421
https://doi.org/10.1097/PHM.0000000000000421
https://doi.org/10.5114/jhk/167469
https://doi.org/10.5114/jhk/167469
https://doi.org/10.1016/j.jsams.2019.09.015
https://doi.org/10.1016/j.jsams.2019.09.015
https://surl.li/lfezaj
https://doi.org/10.1080/17461391.2020.1714741
https://doi.org/10.1002/pri.1721
https://doi.org/10.1590/S1413-35552012000100013

Influence of the eccentric mode...

[14] Stasinopoulos D, Stasinopoulos I, Pantelis M, Stasinopoulou K. Comparison of effects of a home exercise
programme and a supervised exercise programme for the management of lateral elbow tendinopathy. Br ]
Sports Med. 2010;44:579-83. DOI: 10.1136/bjsm.2008.049759

[15] Kay AD, Blazevich A], Fraser M, Ashmore L, Hill MW. Isokinetic eccentric exercise substantially improves
mobility, muscle strength and size, but not postural sway metrics in older adults, with limited regression
observed following a detraining period. Eur ] Appl Physiol. 2020;120(11):2383-95. DOI: 10.1007/s00421-
020-04466-7

[16] Baxter BA, Baross AW, Ryan D], Tkadlec S, Kay AD. Effects of once- versus twice-weekly eccentric resistance
training on muscular function and structure in older adults: A randomised controlled trial. Sci Rep.
2024;14(1):9638. DOI: 10.1038/s41598-024-59788-9

[17] Gordon JP, Thompson B], Crane |S, Bressel E, Wagner DR. Effects of isokinetic eccentric versus traditional
lower body resistance training on muscle function: Examining a multiple-joint short-term training model.
Appl Physiol Nutr Metab. 2019;44(2):118-26.D0OI: 10.1139 /apnm-2018-0333

[18] Herzog W, Leonard TR. The history dependence of force production in mammalian skeletal muscle following
stretch-shortening and shortening-stretch cycles. ] Biomech. 2000;33(5):531-42. DOI: 10.1016/S0021-
9290(99)00221-3

[19] Kylymniuk L. Peculiarities of degenerative changes in the proximal tibia according to knee joint morphotype.
Bull Med Biol Res. 2025;7(3):18-25. DOI: 10.63341 /bmbr/3.2025.18.

[20] Hanno E Laura S, Daniel F. Phonemiography and electromyography: Relationships and differences with
amplitude and frequency parameters. Pedagog Psychol Med Biol Probl Phys Cult Sport. 2018;13(4):144-49.
DOI: 10.14526/2070-4798-2018-13-4-144-149

[21] Kolesnikov MA. Treatment of gonarthrosis: Modern principles and approaches. Pract Med. 2010;(47):97-9.

Journal of Human Biology and Clinical Medicine. 2025. Vol. 1, No. 1


https://doi.org/10.1136/bjsm.2008.049759
https://doi.org/10.1007/s00421-020-04466-7
https://doi.org/10.1007/s00421-020-04466-7
https://doi.org/10.1038/s41598-024-59788-9
https://doi.org/10.1139/apnm-2018-0333
https://doi.org/10.1016/S0021-9290(99)00221-3
https://doi.org/10.1016/S0021-9290(99)00221-3
https://doi.org/10.63341/bmbr/3.2025.18
https://cyberleninka.ru/article/n/fonomiografiya-i-elektromiografiya-vzaimosvyazi-i-razlichiya-s-parametrami-amplitudy-i-chastoty/viewer
https://cyberleninka.ru/article/n/lechenie-gonartroza-sovremennye-printsipy-i-podhody

Chikhalin & Grichanova

SKCUEHTPUKanNbIK pe)XxuMmae 6ynuyH, XXbIMpPbUTYYCYHYH TU3€ MYYHYHYH
dyHKuMaCbI 6y3ynraH agaMaapaa OOpyHYH MHTEHCUBAYYYIrYHO XXaHa
KbIMMbINAbIH YEKTEeNULIMHE TUMrM3reH Taacupu

Kupunn Ynxanuxn

AcnypaHT
«JleHUH opJieHiYY MaMyiekeTTHK 60pOOPAYK AeHe TapOust HHCTUTYTY» Poccust CopT YyHUBEPCUTETH
105122, CupeHeBbI# 6-p, 4, MockBa 111, Poccusa @egeparusicobl
ORCID

TaTbsina 'puyanoBa

Buosiorust uMMIepUHUH KaHUAATHI, IOLEHT
«JleHWH opeH Yy MaMJieKeTTHUK 60pOOpAYK JleHe TapOusi UHCTUTYTY» POCCHsI CHOPT YHUBEPCUTETH
105122, CupeHeBbI# 6-p, 4, MockBa 111., Poccusa @egeparusicobl
https://orcid.org/0000-0001-7359-4338

AHHOTaums. Tyuse MyyHyH/1a 00pY »KaHa KbIAMbLI/IbIH YEKTEJUIIN MeHeH Kalpblrad 6edTanTap/blH CAaHbIHbIH
6CyIly OCTe0apTpO3AyH OallTanKbl CTaAUANApbIHAA QYHKLMSAHBl KaJblOblHA KeJATHPYYHYH 3pdeKkTUuBAyy
bIKMaJIapbIH U3/166/16H 63T646 MaaHUTe 33 Kbl/1/1bl. U31/1166HYH MaKcaThl - TU3€ MYyHYHYH QYHKLIUSCHI 6y3y/raH
ajlamM/iap/ia OOpYHYH MHTEHCHUBJAYYJYTY, MyYH/JAArbl KbIAMbLIABIH YeKTEJUIIN KaHa OYJIYYH KbIAPbLIYYCYHYH
3KCLIEHTPUKaJIbIK PeXUMHU 6OI0OHYA NMapaMeTpJiepUH OPTOCYHJArbl MyMKYH 60JIrOH GalJIaHBILIThl aHBIKTOO
60JiroH. U3ni1/1e6HYH ajKarblHAA MeJUIUHAJIBIK 60p6OpL0 THU3e OCTE0apTPO3yHJA OY/I4yH *KbIHPBLIYYCYHYH
3KCLIEHTPUKAJIbIK PEXUMU H3WJIJIEHUI, 3KCTIEPUMEHT KYPry3Yy/areH. PeabuautanusiblKk ceccusiiap y4ypyHzaa
CaH COBTYHYH TOPT O6alITyy OY/IUYHYHYH XbIHPBLIYYCYHYH 3KCLIEHTPHUKAJbIK pa3acblHa 63reue KeHYJ 6ypyJIraH.
JKCcrepuMeHTKe YeHHH KaHa aH/JaH KUUUH 3JIeKTPOMUOrpadThIH KOPCOTKYITOPY, OOPYHYH MHTEHCUBAYYIYTY
BU3YIJbIK aHA/IOTAYK ImKasa (BAIL) 6oroHYa, OIIOHA0H 3/1€ MyYHAATBI KbIMMbLI aMILIMTYAaCchl TOHUOMETP/IUH
’KapZilaMbl MeHeH KaTTajraH. CaH CeeryHyH TepT 6alTyy OYy/JYYHYHYH 3KCLEHTPHUKAJIBbIK >KbIMPBLIYYCYHYH
OpPTOY0 aMIUIMTYJAchl 3KU 3CeJleH alllblK 6CKOH; MHCaJIbl, JaTepal/blK KeH OyJ4yHJa KepceTKyuTep 98,7
MkBpaH 298,4 MmkBra ueiiuH »oropysnaraHs. CabakTap KypcyHaH KMWHMH TOI'Y3 KaTbILIYYYYHYH aJThICBIH/A TH3€
MYYHYH TOJIYK 3Ka3yy KaJIbIOblHA KeJITUPUJIHII, Oap/bIK U3UJIJeHTeHIep/ie O0OPYHYH JIeHI'33JIM a3airaH, aJap/iblH
3KeeH/]® 00py TOJIYTy MeHEH >KOToJIFOH. M3W/I@eHYH KbIMBIHTBIKTApbl OGOIOHYA OY/I4YH >KbIAPBLIYYCYHYH
3KCLEeHTPUKAJIBIK PEXKUMU OOPYHYH JIeHT33JIMH TOMOH/OTYY/A6, KbIMMbLI aMIVIMTYAACBIH XKOTOpyJIaTyyAa »aHa
3JIeKTPOMHUOTrPadUSAIbIK aKTUBAYY/AYKTYH KOPCOTKYYTOPYH KY4eTYYA® 3PPeKTUBJLYY 3KEHU KOpCOTYJ/IIeH.
JKCLUEHTPUKAIBIK PEKUM OY/IUYH KYUYH KaHa KbIHMbLJI y4ypyH/iarbl HEHPOMYCKYJIalblK KO36MeJIZY OHYKTYPYII,
MYYH KeMUpYerruHe TYLIKOH MEeXaHUKaJIBbIK )KYKTY a3alTThIL. ByJ1 U3U/1186/16 a/IbIHTaH HAaThIM>Kasap CaH COeryHYH
TOPT GalTyy OYJYYHY Y4YH SKCLEHTPHUKAJIbIK peXHM/e aTKapblIraH KOeHYTYYy/ep TH3e OCTe0apTpPO3YHYH
GallTanKbl CTaAMusAJapblHAAQ OY/I4yH aJsIChI3JbITbI CBHIIKTYy CceOenTepre >kaHa OOpY, MyyHZarbl KbIAMbLJI
aMIJINTYZAChIHBIH YEKTEHUIIN ChIIKTYY KecelleTTepre 6Up y6aKTa Taacup 3TYy apKbl1yy addeKTUBLYY 60y1y
MYMKYH 3KEHUH KOpPCOTTY. AJIbIHTAH MaaJibiIMaTTap THU3€e OCTe0apTPO3yHYH 3pTe popmasiapsl 6ap GedTantap
YYYH UHAMBUAYAIbIK peabuJInTalUAIbIK IPOrpaMMaliapbl UIITEN YbITYY/Aa KOJJOHYIYLY MYMKYH
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AHHOTaums. C pocToM yMcIa NaLMEeHTOB ¢ 60J€eBbIM CHHAPOMOM U OrpaHUYEHHEM MOJBUKHOCTHU KOJIEHHOTO
cycrtaBa 0coboe 3HayeHHe NpuoOpeTaeT MOUCK 3QQPEKTHBHBIX METOJOB BOCCTAHOBJIEHUS (YHKIUU TNPHU
HayaJbHbIX CTaJUAX oOcCTeoapTpo3a. llesbio wucciefoBaHUsS OblJIO BbIIBUTh BO3MOXHYK B3aUMOCBS3b
WHTEHCHUBHOCTH 6014, OrpaHUYeHUH IBMXKEHUH B CycTaBe U NapaMeTPOB 3KCLEHTPHUYECKOT'0 COKPAILeHHUs Y JIUL]
C HapyleHueM QYHKI UM KOJIEHHOTO CycTaBa. B paMkax MpoBeeHHOT0 UCCJIeJ0BaHUsI Ha 6a3e MeJUIIMHCKOrOo
L[eHTpa NpPOBeJleH 3KCIEPUMEHT MO0 H3yYEeHHUI0 3KCLEHTPHUYECKOr0 peXHMMa MbILIEYHOTO COKpallleHUsI MpPHU
0CTe0apTpo3e KOJIEHHOTO CycTaBa. Bo BpeMs peaGU/IMTAIMOHHBIX CECCUU Jes1a/ICsl yIOP Ha 3KCLEHTPUYECKYIO
¢dasy cokpalleHHs YeTbIpexIiaBod MbIIbl 6efpa. OLleHMBaNIUCh MTOKa3aHUS Muorpada, YpoBeHb 6OJH MO
BU3yaJIbHO-aHAJIOMOBOM LIKajJe U aMIUIMTYAA JBU)KEHHUsI B CycTaBe NpPH MOMOIIM TOHHUOMETPA A0 M IOCIe
akcrepuMeHTa. CpefHsAs aMIUIMTY/AA 3KCLLEHTPUYECKOr0 COKpALleHUs YeThIPEXTJIABOM MBILIIbI YBEJUYUIACh
OoJiee YeM B /[Ba pasa: HapUMep, V JlaTepaJbHON IUPOKOX MbIIIIbI — ¢ 98,7 MKB g0 298,4 MkB. Ilocsie Kypca
3aHATUH Y LIECTH U3 JieBSATH YYaCTHUKOB ObIJIO JJOCTUTHYTO MOJIHOE pa3rubaHue B KOJIEHHOM CYCTaBe, a yPOBEHb
60JIeBOTO CUH/JpOMa CHU3UJICS ¥ BCEX UCNBITYEMbIX, BKJIIOYas MI0JHOe HCYe3HOBeHHe 60N ¥ JIBYX yesioBek. [1o
pe3yJibTaTaM UCCaeJOBaHUS IKCIEHTPUYECKUH PEKUM MBIILIEYHOT'0 COKpaLleHUsI T0Ka3aJs CBOw 3pPeKTUBHOCTh
B CHW)XKEHHWU YpOBHA 060JM, MOBBILIEHWM aMIUIUTYAbl [JBIKEHUH, a TaKKe yBeJUYeHHUs] MoKasaTeJeH
3JleKTpoMUorpadpuyecKkol aKTUBHOCTH. JKCLEHTPHUYECKUH PEXHUM pPa3BUJ CUJIY MbILIL, HEHPOMBIIIEYHbIH
KOHTpPOJIb NMPU [BUKEHUAX, CHHXKAET MeXaHWYeCKyl HarpysKy Ha CyCTaBHOH xpsul. PesysbTaThl JaHHOIO
HCCIel0BaHUsl MPOJEMOHCTPUPOBAJIM, YTO YINPa)KHEHHsS B 3KCLEHTPUYECKOM peXHMe [JIs YeThIpeXIJIaBoH
MBIIIIEl Gefjpa, IPU Haya/JbHBIX CTAJUAX OCTE0ApTpPo3a KOJEHHOrO CYyCTaBa, MOTYT ObITb 3QQPeKTUBHBI,
BO3/IEHCTBYSI OAHOBPEMEHHO Ha NPUYUHY (MbIllIedyHast cJ1aboCTh) U cieACcTBUe (60J1b, OrpaHUYEHHE AMILIUTYbI
JBM)KeHUH B cycTaBe). [losiyyeHHBIE pe3y/IbTaThl MOTYT ObITh HCII0/1b30BaHbI IPU pa3paboTKe UHAMBUAYAJIbHBIX
peabuINTALMOHHBIX TPOTPaMM [IJisl MAIlMEHTOB C HaYa/IbHBIMU GOPMaMHU OCTE0APTPO3a KOJIEHHOTO CyCTaBa
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Abstract. The aim of the study was to examine the characteristics and composition of the diet, including macro-
and micronutrients, of Indian students adhering to a vegetarian lifestyle while residing in the Kyrgyz Republic,
taking into account the duration of their stay, and to compare these indicators with a control group residing in
India. The study included three groups of 50 participants each: newly arrived students in the Kyrgyz Republic
(Group 1), students residing in the Kyrgyz Republic for more than four years (Group 2), and a control group
living in India. Dietary assessment was performed using a 30-day food diary method. Based on the collected
data, average daily energy intake, consumption of proteins, fats and carbohydrates, as well as dietary diversity,
were analysed. Using food composition reference tables, the approximate intake of macronutrients and selected
micronutrients in the participants’ diets was calculated. The results demonstrated that both Group 1 and
Group 2 showed reduced intake of proteins and fats, as well as a lower proportion of legumes and dark green
vegetables, compared with the control group from India. Adequate overall caloric intake was achieved mainly
through increased carbohydrate consumption, including foods with low nutritional value (snacks, sweets),
particularly among newly arrived students. In Group 1, reduced dietary intake of iron, vitamin B,, and vitamin
A was also observed. Students who had resided in the Kyrgyz Republic for a longer period demonstrated a
tendency towards dietary improvement; however, diet quality remained inferior to that of the control group.
Conclusions drawn from the obtained data indicated a risk of developing protein-energy and vitamin-mineral
deficiencies. This highlighted the need to develop adapted dietary patterns with increased diversity of plant-
based foods to prevent deficiencies and improve the health status of foreign students during the adaptation
period. The study results could be used in the development of adapted diets for foreign vegetarian students
aimed at preventing nutritional deficiencies
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INTRODUCTION

A significant proportion of international students from
India, due to cultural and religious traditions, adhered
to a vegetarian dietary pattern. Vegetarianism, despite
certain positive aspects, was associated with a number
of potential risks and specific features that needed to
be taken into account when organising adequate nutri-
tion. An unbalanced vegetarian diet was often charac-
terised by a deficiency of several key nutrients, such as
proteins, essential amino acids, iron, and vitamins, par-
ticularly vitamin B, ,. A lack of these elements could lead
to deficiency states, reduced immunity, deterioration of
general well-being, and decreased work capacity [1].

In the study by R.M. Dzhumaev et al. [2], the impact
ofavegetarian diet on the development of protein-ener-
gy and vitamin-mineral deficiencies in Indian students
studying abroad was examined. It was demonstrated
that an unbalanced plant-based diet was accompanied
by reduced intake of protein, iron, and several vitamins,
which increased the risk of nutritional deficiencies and
deterioration of overall health status. At the same time,
in India, the majority of the population obtained ap-
proximately 60% of protein from cereal crops. Howev-
er, even with adequate availability of legume products,
the requirement for certain individual amino acids
might not have been fully met [3].

A number of studies also emphasised that relo-
cation was accompanied by changes in diet and po-
tential health risks. In the article by R. Ysmailova et
al. [4], the socio-psychological aspects of adaptation
of international students in the Kyrgyz Republic were
examined. The influence of nutrition and unfamiliar
foods on students’ health and academic performance
was also noted. In the study by [.A. Lesser et al. [5], the
relationship between acculturation and dietary habits
among immigrants from South Asia (including India)
who had relocated to Canada was investigated. It was
shown that with increasing length of residence in the
host country, the diet of the surveyed participants
changed: consumption of local vegetables and fruits
increased, food preparation methods improved, but at
the same time intake of processed foods, ready-to-eat
meals, and sugar-sweetened beverages rose. As a re-
sult, both positive and negative dietary changes were
demonstrated. However, the conclusions were limited
to Western settings and did not identify vegetarians as
a separate group. In the study by L.S. Panchenko [6],
the nutrition of international students studying in
Volgograd was analysed. The study showed that many
students retained previous dietary habits typical of
a tropical climate; however, these diets were insuffi-
cient in terms of protein-fat composition and vitamin
content, especially during the cold season in a sharply
continental climate, which was also characteristic of
the Kyrgyz Republic. As a consequence, students ex-
perienced difficulties with physiological adaptation.
J.V. Varre et al. [7] emphasised that after relocation,

migrants’ habitual diets changed: among represent-
atives from South Asia, consumption of tradition-
al whole grains, legumes, vegetables, and fibre-rich
foods decreased, while the intake of processed foods
increased. Dietary changes were influenced by fac-
tors such as length of residence, food availability, and
socio-economic status. These changes also led to ad-
verse outcomes, including an increased risk of obesity
and metabolic diseases, confirming potential health
problems during dietary adaptation. T.P. Yurochko et
al. [8] reported that the diet of international students
in Ukraine changed after relocation; dietary compo-
sition, types of foods, and frequency of consumption
were assessed. Most students confirmed changes in
their diet; however, no comparative “before/after”
analysis was conducted. At the local level in the Kyr-
gyz Republic, A. Murzalieva & M. Manivannan [9] iden-
tified that international students faced problems of
undernutrition and unbalanced diets. However, the
study was predominantly descriptive and did not in-
clude dietary intake analysis, highlighting the need for
more detailed research. In the study by E. Filipchen-
ko et al. [10], the adaptation of Indian students in the
Kyrgyz Republic was examined. It was demonstrated
that adaptation affected physiological health and body
condition, and that nutrition, through dietary charac-
teristics, was considered a possible influencing factor.
This reinforced the importance of studying diet and
eating habits. However, it should be noted that the
article did not provide a detailed dietary analysis and
assessed only indirect biomarkers, namely the con-
dition of the buccal epithelium and teeth. The study
by A. Moldobaeva et al. [11] revealed that after relo-
cation, students of medical universities in the south-
ern part of the Kyrgyz Republic experienced dietary
changes. Most students showed reduced consumption
of fruits, vegetables, and whole-grain products, in-
dicating a potential deficiency of essential vitamins,
minerals, and dietary fibre. In addition, a large pro-
portion of students relied on eating outside the home,
which created difficulties in controlling food choices.
Problems in finding healthy and preferred foods after
relocation were also identified. This study highlight-
ed that the nutrition of international students in the
Kyrgyz Republic required special attention. Students
faced the need to adapt to a new food environment, or-
ganise their own meals, and cope with limited access
to familiar foods. Moreover, in the studies mentioned
above, vegetarianism was not identified as a separate
research group. Given that a vegetarian diet with an
established system for compensating potential defi-
ciencies (for example, through legumes and spices)
was widespread in India, while the cuisine of the Kyr-
gyz Republic predominantly emphasised meat-based
dishes with limited variety of plant foods, it could be
assumed that international students from India who
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continued to adhere to vegetarian diets under new
conditions encountered difficulties in maintaining
their previous nutritional balance.

The aim of the present study was to assess the diet
of Indian vegetarian students residing in the Kyrgyz
Republic, including the dietary content of macronutri-
ents, iron, and vitamins B, and A, taking into account
the duration of their stay, as well as to compare these
indicators with a group continuing to reside in India.
The study hypothesis was that the characteristics and
quality of the diet of students from India underwent
changes during residence in the Kyrgyz Republic, which
could lead to reduced intake of key nutrients, primarily
protein, iron, and vitamins B 1 and A.

The objectives of the study were as follows:

® to conduct a comparative analysis of the actual
dietary intake of three groups: students and employees
residing in India (control group), students from India
in their first-second year of study in the Kyrgyz Repub-
lic, and students from India in their fourth-fifth year of
study in the Kyrgyz Republic;

® to assess changes in the intake of key nutrients
(protein, vitamins Bi, and A, and iron) depending on
the duration of residence in the Kyrgyz Republic;

® to analyse possible causes and factors hindering
adherence to a habitual vegetarian diet abroad (food
availability, dietary preferences, and eating conditions).

MATERIALS AND METHODS
Participant recruitment, data collection, and data anal-
ysis were conducted from October 2022 to May 2023.
Based on data reported in the studies by R.S. Bhatnagar
& 0.1. Padilla-Zakour [12] and S. Agrawal et al. [13] indi-
cating a substantial proportion (>29%) of the vegetar-
ian population in India, fourteen research publications
were reviewed using the scientific electronic library
eLibrary and the biomedical literature search engine
PubMed to examine the impact of an unbalanced vege-
tarian diet on population health. An analysis of the risks
of development and consequences of protein-energy
malnutrition, as well as mineral and vitamin deficien-
cies, was carried out.

Subsequently, an assessment of the diets of three
groups of 50 individuals each was conducted using the
dietary record method to evaluate actual food intake.
Participants who adhered to a vegetarian diet with per-
mitted consumption of eggs and dairy products were
selected. The first group consisted of newly arrived stu-
dents from India in the Kyrgyz Republic, while the sec-
ond group included students who had been residing in
the Kyrgyz Republic for more than 4-5 years. Students
of both sexes aged 18-34 years who were studying at
Osh State University at the International Medical Fac-
ulty were selected. The third group served as a control
for the first two groups and consisted of students and
employees from various sectors residing in India and
consuming a traditional plant-based diet. This group
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included individuals living in different states and cities
of India corresponding to the regions of origin of stu-
dents in the first two study groups: the states of Tamil
Nadu, Sikkim, Uttar Pradesh, Bihar, West Bengal, Telan-
gana, Puducherry, Karnataka, the city of Delhi, and the
Kashmir region. This group comprised students and
workers from the educational, banking, and industrial
sectors aged 19-42 years. The control group included
individuals without severe chronic diseases and not ex-
periencing material deprivation.

All participants provided voluntary informed con-
sent to participate. The collected data were anonymised
to ensure confidentiality. Study participants were asked
to keep dietary records designed to be completed over a
30-day period. Each day was divided into four sections,
in which all foods consumed at breakfast, lunch, dinner,
and during snacks were to be recorded. The diaries list-
ed mixed dishes as well as individual foods and bever-
ages consumed during the day. For more accurate data
analysis, participants were encouraged to specify the in-
dividual ingredients comprising mixed dishes; however,
this clarification was not a mandatory requirement. For
dishes for which full ingredient composition was not
indicated, data from open sources on ingredient con-
tent were used. The study was conducted in accordance
with the ethical principles of the Declaration of Hel-
sinki [14] and was approved by the Ethics Committee
of the International Medical Faculty of Osh State Uni-
versity (Protocol No. 16, 07.10.2022). All participants
provided voluntary informed consent, and the collect-
ed data were anonymised to ensure confidentiality.

The foods consumed by the study participants were
classified into main food groups using the minimum di-
etary diversity recommendations, which included the
following categories: (1) potatoes, (2) beans, peas, and
other legumes, (3) nuts and seeds, (4) dairy products,
(5) eggs, (6) dark green leafy vegetables, (7) root vege-
tables, (8) other vegetables, (9) fruits, and (10) cereals
and bakery products. Based on the dietary diary data
provided, indicators such as average daily energy in-
take, quantitative protein consumption, and dietary
diversity were analysed. Dietary diversity was defined
as the sum of food categories consumed from the ten
groups proposed in the present study. In addition, a sep-
arate supplementary group of foods was identified that
was not included in the calculation of minimum dietary
diversity. This group comprised sugar-sweetened bev-
erages, sweets, chocolate, cakes, biscuits, chips, snacks,
and other products with high sodium and sugar con-
tent. In the present study, these products were consid-
ered not to meet healthy requirements for macro- and
micronutrients. A 10-point scale was used to assess die-
tary diversity, corresponding to the ten main food group
categories, excluding unhealthy products and oils. The
collected data on food consumption formed the basis
for assessing macronutrients (proteins, fats, and carbo-
hydrates) and three micronutrients (iron, vitamin By,
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and vitamin A), deficiencies of which vegetarians were
most susceptible to. Data on the average nutritional
value and micronutrient composition of each food item
were obtained from the food composition tables edited
by .M. Skurikhin [15] and the U.S. Department of Agri-
culture, Agricultural Research Service [16].

To assess the statistical significance of differences
between the study groups, a one-way analysis of vari-
ance (ANOVA) was performed. This method allowed the
full set of observations within each group to be taken
into account when calculating the F-statistic and deter-
mining whether significant differences existed between
groups in terms of protein, fat, carbohydrate, vitamin
B1,, iron, and vitamin A content. The selected signifi-
cance level was a=0.05. The critical F value was 3.06.

Carbohydrates

74
Fats 4
58
. 72
Proteins 49
62

0 50 100 150 200

No statistically significant differences were identified
for mean daily energy intake (F-statistic=2.25). In con-
trast, for the remaining indicators (protein intake, pro-
portion of unhealthy foods, iron content, vitamin By,,
and vitamin A), the differences were statistically signif-
icant (F-statistic exceeded the critical F value, p<0.05).

RESULTS AND DISCUSSION

Within the framework of the study, the mean daily en-
ergy intake of the diets of three groups was assessed:
the control group (residing in India), newly arrived
students from India studying in the Kyrgyz Republic
(Group 1), and students from India who had been re-
siding in the Kyrgyz Republic for more than 4-5 years
(Group 2) (Fig. 1).

429
398
H Control group
B Group 1
u Group 2
250 300 350 400 450

Figure 1. Mean daily nutritional value of the diet, g

Source: developed by the authors

The average daily caloric intake of the control
group was 2,426 kcal, in Group 1 - 2,308 kcal, and in
Group 2 - 2,362 kcal. Despite a slight decrease in the
energy value for students residing in the Kyrgyz Repub-
lic, the results of one-way analysis of variance (ANOVA)
did not reveal any statistically significant differences in
caloric intake between the groups. This indicates that
the overall energy provision for the students remained
at a comparable level. However, when analyzing aver-
age protein consumption, significant differences were
observed. In the control group, the average daily pro-
tein intake was 72 g, in Group 1 - 49 g (68% of the con-
trol group), and in Group 2 - 62 g (86% of the control
group). ANOVA showed the statistical significance of
these differences: the calculated F-statistic was 103.7.
This indicates a significant reduction in protein con-
tent in the diet of students who arrived in the Kyrgyz
Republic, especially during the early stages of the ad-
aptation period. Thus, despite maintaining overall ca-
loric intake, there was a substantial change in the ma-
cronutrient balance, with a decrease in protein and an
increase in carbohydrates, which may indicate a risk of
protein deficiency among students, particularly during
the initial stages of living in a new country. Next, the
mass consumption of products from different catego-
ries was studied (Fig. 2). The products were divided
into 12 categories: potatoes, legumes, nuts and seeds,
dairy products, eggs, dark green leafy vegetables, root

vegetables, other vegetables, fruits, grains and bakery
products, oils, and unhealthy foods with high added
sugars and sodium.

The analysis showed that the main component of
the diet in all groups was cereal products. Their con-
sumption among students residing in the Kyrgyz Re-
public was significantly higher than in the control
group, especially during the initial adaptation period
(Group 1), where a 25% increase was observed. In
Group 2, this indicator decreased but remained 11%
higher than in the control group. At the same time, the
consumption of most other product categories (leg-
umes, dark green leafy vegetables, fruits, other vegeta-
bles, potatoes, root vegetables) among students in the
Kyrgyz Republic was lower compared to the control
group. A noticeable decrease in the consumption of leg-
umes and dark green leafy vegetables was particularly
evident, which may indicate limited diversity and a lack
of certain nutrients in the diet of Group 1. Dairy prod-
ucts were consumed at approximately the same level as
in the control group, and the consumption of eggs and
oils was slightly reduced. An interesting feature was the
higher consumption of “unhealthy” products with high
added sugar and sodium content among students in the
Kyrgyz Republic, especially among newcomers, which
was statistically significant. The results of the one-way
analysis of variance showed high statistical significance
of the differences (F-statistic =11.7), indicating an in-
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crease in the proportion of unhealthy food in the diet of
foreign students, particularly during the early stages of
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adaptation. Additionally, the average daily diversity of
the students’ diet was assessed (Fig. 3).
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Figure 2. Average daily consumption of products in the specified categories in grams

Source: developed by the authors
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Figure 3. Average daily diet diversity
Source: developed by the authors

The assessment of the students’ diet diversity
on a 10-point scale revealed differences between the
groups. In Group 1, the students who had just arrived
in the Kyrgyz Republic, the average diversity score
was 5.7, indicating a limited range of consumed prod-
uct categories. Students in Group 2 demonstrated a
higher level of diversity - 6.4, reflecting the gradual
adaptation of their diet and an expansion of the range
of consumed products with an increasing length of
stay. This may be related to foreign students becom-
ing more familiar with the local food assortment over
time, as well as a loss of initial caution towards un-
familiar products and cooking methods. The control
group, which continued to live in India, maintained
the highest level of diversity at 7.8, which corresponds

to a traditional diet with a broad range of food cate-
gories. Thus, long-term stay in the Kyrgyz Republic
contributes to a more balanced and diverse diet, but
the diet still requires adjustments, especially con-
cerning the consumption of legumes and dark green
vegetables. Using food composition and micronutri-
ent reference books, the approximate content of the
main micronutrients, which are predominantly found
in animal products, was calculated. The consumption
of these nutrients is limited for lacto-ovo-vegetarians
due to the absence of meat in their diet. Figures 4-6
present the average daily consumption values of iron,

vitamin B,, and vitamin A.
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Figure 4. Daily iron consumption, mg
Source: developed by the authors
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Figure 5. Daily vitamin B,, consumption, pg
Source: developed by the authors
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Figure 6. Daily vitamin A consumption, mcg
Source: developed by the authors

The recommended daily intake of iron was taken
as the average value between the consumption recom-
mendations for women and men, which is 18 mg. The
diet of the control group fully meets the body’s iron
needs with 18.2 mg. Meanwhile, in Group 1, the average
daily iron intake was only 10.3 mg, which is significant-
ly lower than the recommended intake and indicates
a risk of iron deficiency. In Group 2, iron consumption
was higher (13.1 mg), but still insufficient to fully meet
the body’s needs. The analysis of vitamin B,, consump-
tion showed that none of the groups reached the rec-
ommended daily intake of 3 ug. The highest intake was
observed in the control group - 2.2 pg, which is about
73% of the recommended value. Students in Groups 1
and 2 received only 46% (1.4 pg) and 60% (1.8 pg) of
the recommended intake, respectively, which indicates
a possible risk of vitamin B12 deficiency. The minimum
recommended intake of vitamin A is 900 pg. The aver-
age vitamin A content in the diet of the control group
exceeded this value by 72 pg, which is still below the
upper limit for vitamin A consumption. However, in
Groups 1 and 2, there is a deficiency of vitamin A: the
average consumption is 552 ug and 661 pg, respective-
ly, which is below the recommended value and may
indicate a risk of hypovitaminosis. The data obtained
demonstrate that students from India living in the Kyr-
gyz Republic, especially in the early years of their stay,
experience significant changes in dietary habits and

food intake compared to the control group remaining
in India. Despite comparable total caloric intake, stu-
dents living in the Kyrgyz Republic show a decrease in
protein, vitamin (B, ,, A), and essential micronutrient
intake, such as iron.

The main reason for the change in the quality
of the diet is related to the limited availability of leg-
umes, which are typical in Indian cuisine, as well as a
limited range of vegetables and fruits, particularly in
the autumn and winter periods. In the Kyrgyz Repub-
lic, replacing familiar plant-based proteins is difficult
due to the smaller selection of legumes, which can be
explained by differences in food traditions - eat is the
primary source of protein in the local diet, which reduc-
es the demand for and availability of legume products.
Furthermore, seasonal fluctuations in the availability of
fresh vegetables and fruits exacerbate deficiencies in vi-
tamins and minerals. An additional factor contributing
to changes in the diet is adaptation to a new lifestyle.
Studying, practical training, stress, and other everyday
circumstances influence eating habits and food choices.
Itis noticeable that students who have been living in the
Kyrgyz Republic for more than 4-5 years have a more
balanced diet, indicating gradual adaptation to the new
conditions. However, despite the improvements, the
diet of all students living in the Kyrgyz Republic still re-
quires adjustments and rationalisation.

The study of the eating habits of the investigated
groups of vegetarian students from India revealed de-
ficiencies and potential risks associated with the lack
of macro- and micronutrients, as well as imbalances in
energy provision. To gain a deeper understanding of
the dietary characteristics of vegetarians, it is advisable
to compare the results of this study with the findings of
D.O. Gorbachev et al. [17], which examined the actual
content of macro- and micronutrients in the diet and
biochemical status of vegetarians in Samara. The study
focused on vegetarians without specifying their status
as immigrants, while the current study focused on the
diet of foreign students. Nevertheless, comparing the
two studies allowed us to observe which nutrients were
actually deficient according to the biochemical markers
in the blood of vegetarians. The protein consumption
analysis showed that vegetarian students from India
had insufficientintake (49 g/day and 62 g/day), which is
below the control group value (72 g/day). These results
are consistent with the findings of D.O. Gorbachev et al.,
where vegetarian consumption was 57-58 g/day. As for
micronutrients, the deficiency of vitamin B, and iron
was observed in all groups, with the lowest levels in
Group 1 (B,, - 1.4 ug/day, iron - 10.3 mg/day). A simi-
lar situation was observed in Samara, where most veg-
etarians had lower levels of vitamin B, , and iron in their
blood. The concentration of retinol in plasma was close
to the lower limit of the norm, which correlates with
the results of the current study, as a clear decrease in
retinol in the blood is only observed after its reserves
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in the liver are depleted. Thus, the comparison of the
data shows that regardless of geographical and social
context (Samara vs immigrant students), the diet of
vegetarians can lead to deficiencies in protein and key
vitamins, particularly B ,, iron, and vitamin A. In the
study by D.S. Yasakov et al. [18], the impact of a vegetar-
ian diet on nutrient status, health, and deficiency risks
was analysed. This article identified typical deficiencies
common among vegetarians - iron, vitamins A, B ,, and
others - which confirms the relevance of the micronu-
trients selected for investigation in the current study.
The paper states that lacto- and lacto-ovo-vegetarian
diets can fully provide adequate protein intake, which
aligns with the fact that the protein consumption in the
control group was indeed normal (72 g/day). Addition-
ally, the study by D.S. Yasakov et al. highlighted differ-
ent types of vegetarianism and identified other micro-
nutrients (zinc, vitamins D, B,), which vegetarians are
particularly deficient in but were not addressed in the
current study.

In the study by L.D. D’Aloisio et al. [19], the adapta-
tion of the diet of migrants and its impact on changes in
gut microbiota due to lifestyle changes was examined.
The authors showed that among Indians maintaining a
traditional diet, the bacteria Prevotella spp., which are
associated with the breakdown of complex carbohy-
drates, dominated. In contrast, immigrants demonstrat-
ed a transitional flora: a decrease in Prevotella spp. and
an increase in bacteria typical of Western populations,
which correlated with an increase in the consumption
of processed foods, unhealthy foods, and a reduction in
dietary fibre intake, as observed in the current study
when evaluating changes in the consumption of differ-
ent product categories among the groups. Such data
underscore that changes in diet can lead not only to
biochemical changes but also shifts in the microbiome,
which can alter nutrient absorption, metabolism, and
mineral and vitamin status.

The review by G. Holmboe-Ottesen & M. Wan-
del [20] provided a deeper understanding of the mecha-
nisms underlying the observed changes in the diet of In-
dian students after migration. The review showed that
after the migration of South Asians to Europe, eating
habits almost always changed, including a decrease in
the consumption of traditional sources of dietary fibre
(legumes, vegetables, whole grains) and a reduction in
the content of vitamins and minerals in the diet. How-
ever, the study did not specifically examine vegetarians.
Nevertheless, the results of the current study logically
align with the findings of the review: the transition to
anew food and social environment leads to a reduction
in the consumption of familiar foods that are key sourc-
es of micronutrients in India (legumes, various vegeta-
bles, spices). At the same time, migrants faced limited
access to familiar products, which is reflected in the
decrease in the variety of food categories consumed by
students arriving in the Kyrgyz Republic. This review
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confirms that the observed changes in diet are part of a
larger process of dietary restructuring when changing
geographical and socio-cultural environments.

In the study by A.S. Vorontsova et al. [21], the change
in folate levels among Indian students in Arkhangelsk
was examined depending on the duration of their stud-
ies. Notably, the serum folic acid levels of first-year
students were higher than those of sixth-year students
(10 ng/ml vs. 4 ng/ml), which was associated with a de-
crease in vegetable consumption, as well as an increase
in smoking and alcohol consumption. In contrast, the
current study observed a gradual improvement in the
diet as the length of stay increased. This comparison
highlights that the consumption of different nutrients
may either increase or decrease as the duration of stay
in the new country lengthens. It also underscores that
deficiencies are formed not only under the influence of
diet but also due to other lifestyle factors.

The study found that Indian students living in the
Kyrgyz Republic experience significant changes in their
diet compared to the control group from India. Despite
maintaining overall caloric intake, students in their ear-
ly years of stay showed a marked decrease in the con-
sumption of protein, iron, vitamins B;, and A, as well as
a reduction in dietary diversity and an increase in the
proportion of refined foods and those with lower nutri-
tional density. For students who had been living in the
Kyrgyz Republic for more than 4-5 years, partial com-
pensation for these changes was observed; however,
their diet still lagged behind the control group in terms
of quality. These results confirm the hypothesis that
adaptation to the new food environment in the Kyrgyz
Republic leads to a reduction in the consumption of key
nutrients and a shift in the dietary structure of Indian
vegetarian students. The data obtained underscore the
need for targeted measures to optimise the diet of for-
eign students during their adaptation period.

CONCLUSIONS
The research hypothesis regarding the reduction in
the consumption of protein, iron, vitamins B;, and A
among Indian students living in the Kyrgyz Republic
was confirmed by quantitative data. It was found that
the average daily protein consumption in the control
group was 72 g, whereas in Group 1 it decreased to 49 g,
and in Group 2 to 62 g. A similar trend was observed
for micronutrients: iron consumption decreased from
18.2 mg in the control group to 10.3 mg and 13.1 mg in
Groups 1 and 2, respectively; vitamin B4, - from 2.2 ug
to 1.4 pg and 1.8 pg; vitamin A - from 972 pg to 552 pg
and 661 pg. Dietary diversity was also significantly low-
er among students who had recently arrived in the Kyr-
gyz Republic (5.7 points compared to 7.8 in the control
group), while students with over 4-5 years of residence

showed partial recovery to 6.4 points.
The structure of food groups demonstrated a de-
crease in the consumption of legumes and dark green
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leafy vegetables in both groups of students residing in
the Kyrgyz Republic, as well as a statistically significant
increase in the proportion of foods with low nutrition-
al density. Despite comparable caloric intake (2,308
and 2,362 kcal compared to 2,426 kcal in the control
group), a marked change in the macronutrient balance
was observed, with relatively higher carbohydrate con-
sumption and reduced intake of protein and fats. How-
ever, students who had been living in the country for
more than 4-5 years showed improvement in several
indicators, although their diet still did not reach the
control group values.

The prospects for further research include several
directions. A more detailed analysis is required of the
factors determining the reduction in dietary diversity
among Indian migrants during the early stages of their
stay in the Kyrgyz Republic. Special attention should be
given to issues such as the availability of plant-based
products specific to tropical regions, local limitations
in the food assortment, and the related barriers in
forming a balanced diet. It would also be reasonable
to delve deeper into studying the dynamics of dietary
adaptation among vegetarians in the Kyrgyz Republic
in the long term. It is important to assess whether the
recovery of dietary habits, followed prior to migration,
is taking place or if a stable adaptation to the local food
assortment is forming. Such an approach will allow for

a clearer understanding of the dietary mechanisms of
vegetarians in the context of long-term residence in
a different food environment. Another promising di-
rection is the expansion of the range of evaluated in-
dicators affecting the nutrient status of students. Spe-
cifically, it would be prudent to include an analysis of
other micronutrients, such as vitamin D, zinc, folates,
etc. Furthermore, it is essential to assess the factors in-
fluencing their levels, such as behavioural, psychologi-
cal, and other aspects that potentially affect adherence
to and the quality of a vegetarian diet. Additionally, a
significant potential lies in including the analysis of
biochemical markers for the body’s macro- and micro-
nutrient status. This would allow for a comparison of
the data on the composition of the actual diet with ob-
jective physiological indicators, thus providing a more
accurate evaluation of the potential changes in dietand
their impact on health status.
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AHHOTaumsA. UsnnieeHnyH MakcaTel - Kbiprei3 Pecny6sivKachl »kalllaraH KaHa BereTapUaH/bIK TaMaKTaHYY
pPeXUMUH CaKTaraH MH/JAMUSJIBIK CTYAEHTTEPAMH PallMOHYHYH MYHO3YH ’KaHa KypaMblH, aHbIH WYMH/le MaKpo-
’KaHa MUKPOHYTPUEHTTEp/H, aJapAblH 6JIKe/e >KalllaraH MeeHeTYH 3CKe ajllyy MeHeH 6aaJioo, OLIOHJO0M 3je
6ys1 KepceTKyuTepAy UHAusAAA Kallarad KOHTPOJIAYK TOIl MEHEH CaJbIIUTBIPYy 60syn caHauaT. U3uiageere 50
aJlaM/laH TypraH y4 TON KaTbIUThI: KbIprei3cTaHra »kaHpl KeJireH cTyfeHTTep (1-Tom), esike/ie 4 KbljiJlaH alllbIK
KallaraH CTyZeHTTep (2-Tom) »aHa MHuaa xKalarad KOHTpoIAyK Toll. TaMakTaHyyHy 6aasioo yuyH 30 KyHAYK
a3bIK-TYJYK KYHZBJYTYH KYPry3Yy bIKMachl KOJIZOHY/AAY. AJBIHFAH MaaJbIMaTTap/blH HETM3UH/Ie CyTKaJbIK
KaJIOPUSAJIBIK HapK, 6eJI0K, Mal, yIJIeBOALOPAYH KepeKTeJUIIHN KaHa PaljMOHAYH ap TYPAYYAYTY aHaIU3eH .
TaMak-alTBIH XUMHUSJIBIK KypaMbl 6OIHYA MaaJibIMJlaMasapZblH >KapJaMbl MeHEH palUoHZOry MakKpo-
’)KaHa alpbIM MHUKPOHYTPUEHTTEPAUH OGOJDKOJIAYY KeJsieMy 3cenTesnau. HaTelibkasmap kepceTkeHael, 1 »kaHa
2-tonTopAo MHAuaaarel KOHTPOJIYK TOIMKO CaJbILITBIPMaayy 6esoK >kaHa Mall KepeKTeeCYHYH TOMOHJelY,
O6yypyak eCyMAYKTeOpYy MEHEH KOy alllblJ KaJObIPAKTYy KallblI4aJapAblH YJIYLIYHYH a3albllibl 6aliKa/iraH.
Kannbl KanopUaIyyNyK HErM3WHEH YIJIeBOAJ0PAY, aHbIH MUMH/E a3bIKThIK 6aa/yyJIyry TOMOH NPOAYKTYIap/bl
(3akyckaJsiap, TaTTyy/nap) KeOYpPeeK KEPEKTOOHYH 3CeOHHEH KaMChI3/Ja/iTaH, alpbhIK4a KaHbl KeJITeH CTyeHTTep
apacbit/a. Ouonso# e 1-TonTo TeMUP/IKH, B,, BATAMUHUHUH XaHa A BATAMUHUHUH KEPEKTOOCY TOMOH/I6/Y.
KbIprel3cTanza y3ak KallaraH CTyleHTTep palMoHAY KaKIIbIPTYY TeHJEeHLHsCbIH KOPCOTKOHY MEHEH, aHbIH
camaThl Jjarbl 3J1e KOHTPOJIAYK TOMKO KeTHEeNT. AJIbIHTaH MaasbIMaTTap 6e/I0K-3HepreTUKaJbIK XKaHa BUTaMUH-
MUHEpPaJIJbIK }KeTHLICU3/IUK KOPKYHYYYH KOpCOTOT. ByJ1 UeT eJIKeJIYK CTyleHTTepANH aJjalTalys [apTTapblHAa
JleH COOJIYTYH »KaKIIbIPTYY KaHa AePULUTTEPAUH aJJbIH alyy YYYH 6CYMAYKKe HerusjesreH TaMakK-allThIH
ap TYPAYYJYTYH Ke6GeHTKeH ajanTalusJaHTaH PalUoOHJOPAY HLITEN YbIIYYHYH 3apbLIAbITbIH aUTHHENeNT.
U3ui/1eeHYH )KbIABIHTBIKTAPbI YT 6JIK6JIYK BereTapuaH CTYAeHTTep Y4YH HYTPUTUBUK AeULUTTEPUH a1 /|bIH
ajyyra 6arbITTajJraH aJanTalysajaHradH TaMaKTaHyy NporpaMMasapblH TY3YY/Ae IPAaKTHUKaJAbIK KOJIJOHYIYIIY
MYMKYH

Hernaru cespep: aueTa; TaMaKTaHyy palUoOHY; O6eJIOK-dHepTreTHKaJIbIK »KEeTHUIICU3JUK; BUTAMHH >KaHa
MUHepaIJbIK 1eQUIUT; TAMAKTaHYyTa alanTalys

Journal of Human Biology and Clinical Medicine. 2025. Vol. 1, No. 1


https://orcid.org/0009-0006-2129-4943
https://orcid.org/0000-0002-5465-2528
https://orcid.org/0009-0002-1158-6142

Dzhumaev et al. B

CpaBHUTENbHbIA aHaANU3 NULLEBOro crtatyca
MHOMNCKUX CTYAECHTOB-BEreTapuaHLeB C pasHbIM CPOKOM npebbiBaHusA
B Kbiproizckou Pecnyb6nuke u NnoCcToAHHbIX Xxuteneun UHpum

Papman6ek JI>kymaeB

KanguaaT MegUIMHCKUX HAYK, JOLEHT
Ouickui MeXAyHapoJHbIA MeJUIIUHCKUN YHUBEPCUTET
723500, ysn. Anbim6ek JlaTka, 428, r. Om, Keipreisckas Pecny6snka
https://orcid.org/0009-0006-2129-4943

JlazokaTxaH JI>)kymaeBa

KanguaaT MeAUIMHCKUX HAYK
OuickHui rocyapCTBEHHbIN YHUBEPCUTET
723500, yn. Anbimbek JlaTka, 331, r. Om, Keipreisckas Pecniy6inika
https://orcid.org/0000-0002-5465-2528

Hacu6a JI>kymaeBa

CtygeHT
OuICKU# rocylapCTBEHHbIN YHUBEPCUTET
723500, yn. AnbiMbek JlaTka, 331, r. Omi, Keipreisckas Pecniy6iinka
https://orcid.org/0009-0002-1158-6142

AHHOTaums. llenbio HccaefoBaHUS ObIO M3y4YeHHE XapaKTepa M COCTaBa paluoHa, BKJYasg Makpo-
W MHUKPOHYTPHUEHTBl, HWHAUHCKUX CTYJEeHTOB, NpoxuBamiux B Kbipreisckoil Pecny6iuke U BeAymux
BereTapvaHCKUH 06pas }KU3HH, C YYETOM JAJIUTENbHOCTH UX NPEOBIBaHUS, @ TAK)KE CPAaBHEHME 3TUX TOKa3aTe el
C KOHTPOJIbHOW IpymnmoH, npoxkupatouiell B UHANM. B ucciesoBaHUM NPUHSAM ydacTHe TpU rpynnbl mo 50
yeJIOBEeK: HOBONpHUObIBIIMe B Kbiproidckyto Pecny6snky ctyaeHTbh! (1 rpynmna), CTYAEeHTBI, NPOXUBAKOILHE B
Keipreizckoii Pecriy6uiike 6os1ee 4 et (2 rpynna), 1 KOHTpoJIbHas Tpymna, npoxuBatouias B Unauu. [lis onjeHKH
MUTAHUA HUCNOJb30BAJICA MeTOJ BeJeHUs NUIEeBOro AHeBHUKa B TedeHUe 30 aHel. Ha ocHOBe moJiydeHHBIX
JlaHHBIX aHAJIM3UPOBAJIUCh CPEJHECYTOYHAsI KaJIOPUMHOCTB, MOTpebieHre GeIKOB, }KUPOB, YIJIEBOJOB, a TAKXKe
JlueTH4yeckoe pazHoobpasue. C UCII0JIb30BaHMEM CIPABOYHHUKOB 10 XUMHUYECKOMY COCTABY MPOAYKTOB NUTAHHUS
ObIJIO PACCYUTAHO MPUMEPHOE COZlep>KaHUe MAaKpO- U HEKOTOPBhIX MUKPOHYTPUEHTOB B PallUOHE UCCIeAYEMBIX.
PesysnbTaThl NoKasaay, YTo B 1 U 2 rpynnax HabJ/0/ aJ0Ch CHIXKEHUE NOTpebIeHUs1 6eIKOB U KHUPOB, a TaKKe
yMeHbIlleHHe 011 6060BBbIX U TEMHO-3eJIeHbIX OBOLIEN 10 CPAaBHEHUIO C KOHTPOJIbHOM rpymmnod us UHauu.
YnoBseTBOpUTebHAsA 06Ias KaJOPUHHOCTb AOCTUrasach B OCHOBHOM 3a CYET yBeJMYeHHUs MOTpebJieHUs
YIJIEBOZOB, B TOM YHCJIe MMPOJAYKTOB C HU3KOM MUTATEJNbHON LIEHHOCTBhIO (CHEKH, CJIafi0CTH), 0OCOGEHHO Cpeau
HeJJaBHO NPUOBIBUIMX CTYyAeHTOB. Takke y 1 Tpynnbl CHUXKEHO COZlepXKaHHUe JKesle3a, BUTaMMHa B ,, BUTaMuHa
A B pauuone. CTyneHTsl, npoxuBiuve B Kbipreiackoil Pecny6iivke A/UTe/NbHOE BpeMsl, JJeMOHCTPUPOBAJIU
TEeHJEHLUIO K YJIy4YLUIeHUI0 PAallMOHa, OJJHAKO ero KadeCcTBO BCE ellé yCcTynaeT KOHTPOJIbHOM rpymnmne. BeiBozbl
Ha OCHOBE IOJIyYEHHBIX JaHHBIX YKa3blBalOT HAa PHUCK Pa3BUTHUS OGeJKOBO-3HEPreTHUYeCKOM U BUTAMHHHO-
MUHEpPaJbHOM HEAOCTAaTOYHOCTU. JTO CBHUJETEJbCTBYET O HEOOXOAUMOCTH pPa3paboTKH afalTUPOBAHHBIX
paLMOHOB C yBeJHYeHHEM pPa3Hoo6pasusl PacTUTEbHBIX NMPOAYKTOB AJs NpeJoTBpalleHus JepUIUTOB U
YJIy4LIEHUS] COCTOSIHUS 3/J0POBbsSI MHOCTPAHHBIX CTY/IEHTOB B YCJIOBUAX aZanTanuy. Pe3ybTaThl UcC/iel0BaHUSA
MOTYT OBITh MCIOJIb30BaHbl INpPHU pa3paboTKe aJaNTUPOBAHHBIX DPAILMOHOB NUTAHUSA JJ HHOCTPAHHBIX
CTy/leHTOB-BereTapuaHIleB B Ie/IX NPOPUIAKTUKU HYTPUTHUBHBIX 1ePULUTOB

KnioueBble cnoea: AWeTa; paluOH MUTAHHUA; 6eJIKOBO-3HepI‘eTI/I‘-IECKaH HeJO0CTAaTOYHOCTb; ,L[e(l)I/II.U/IT BUTAaMHWHOB
W MHUHEPaJIOB; aJallTallud MUTaHUA
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