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Introduction serve as a key modulator of the gut-brain axis due to its

Chronic pain is one of the leading causes of reduced
quality of life and functional capacity of the population
worldwide. According to modern epidemiological
studies, its prevalence reaches 20-30 % among the adult
population, and a significant proportion of patients have
concomitant psycho-emotional disorders, in particular
depressive and anxiety symptoms [l]. Comorbidity
of chronic pain and depression is considered not only
as a clinical coexistence, but also as a mutually reinforcing
pathophysiological ~ process, = which  significantly
complicates the course of the disease and reduces
the effectiveness of rehabilitation interventions.

In the context of modern science, chronic pain is
a multifactorial phenomenon that encompasses numerous
biological, psychological and social factors contributing
to this pain syndrome [2]. Particular attention is drawn to
the role of central sensitization, which is characterized by
increased excitability of neurons of the central nervous
system and is associated with hypersensitivity to painful
and non-painful stimuli. It has been proven that patients
with signs of central sensitization demonstrate worse results
of physical therapy, higher levels of pain catastrophizing
and more pronounced levels of depression and anxiety [3].

In addition to neurophysiological mechanisms,
the role of the gut-brain axis, which provides
a bidirectional interaction between the central nervous
system and the intestinal microbiome, has been
actively investigated in recent years. Disturbances
in the composition of the intestinal microbiota are
associated with the development of systemic inflammation,
changes in neurotransmitter balance and increased
sensitivity to pain. In addition, the microbiome may

significant participation in the regulation of depression
through immune, neural and endocrine pathways [4].

Lifestyle factors, such as nutrition, physical activity,
sleep quality, and stress levels, are important modifiers
of both neurophysiological processes and the state
of the intestinal microbiome. In particular, unbalanced
nutrition, frequent use of antibiotics, and low levels
of physical activity can negatively affect the microbiome
and indirectly change the perception of pain and the adaptive
capabilities of the body. At the same time, the microbiota
regulates pain sensations by changing the structures
and functions of the brain [5].

Despite the growing number of studies, most of them
analyze separate aspects — either the neurophysiological
mechanisms of pain, or the psychoemotional
state, or the microbiome. At the same time,
an integrative approach that combines these components
in the context of the effectiveness of physical therapy
remains underdeveloped, especially in clinical practice.

In this regard, it is relevant to study the complex
influence of neurophysiological and microbiome-associated
factors on the results of physical therapy in patients with
chronic pain and depressive symptoms. The use of structured
assessment tools that cover pain, psychoemotional
state, manifestations of central sensitization, behavioral
characteristics and indirect markers of microbiome status
may contribute to a better understanding of individual
differences in response to therapy.

The aim of the study is to assess the influence
of neurophysiological and microbiome-associated factors
on the outcomes of physical therapy in patients with chronic
pain and depressive symptoms based on a comprehensive
questionnaire.
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Object, materials and research methods

The study was conducted at the Physical Therapy
and Rehabilitation Center in Dnipro (Ukraine) in the period
2024-2025. The subjects of the study were patients
with chronic pain syndrome of various localization,
accompanied by depressive symptoms, who underwent
a course of physical therapy. The study involved persons
aged 21 years and older with pain duration of more than
three months. A mandatory condition for inclusion was
the presence of signs of a depressive state according to
the survey results, as well as written informed consent to
participate. Exclusion criteria included acute inflammatory
or infectious diseases, severe mental disorders, oncological
diseases in the active phase, as well as the inability to
independently fill out the questionnaire.

86 patients with chronic pain syndrome participated
in the study, among whom women predominated (62.8 %),
which is consistent with modern epidemiological
data on the greater prevalence of chronic pain among
the female population. The average age of the subjects
was 38.7 + 11.3 years, which indicates that the majority
of the subjects were of working age. In most patients,
the duration of pain exceeded one year (58.1 %), which
indicates the established chronic course of the pathological
process and the potential involvement of central pain
regulation mechanisms.

Participants were selected sequentially among patients
who sought help and met the inclusion criteria. The sample
size was determined based on the availability of patients.
A total of 108 subjects were examined, of whom 24 did
not meet the inclusion criteria or refused to participate. No
participant losses were recorded during the study.

The study had an observational analytical design with
a prospective component and was carried out taking into
account the recommendations of the STROBE Initiative
(Strengthening the Reporting of Observational Studies
in Epidemiology). The assessment of indicators was
carried out twice: before the start of the physical therapy
course and after its completion, which made it possible to
assess the dynamics of clinical and psychophysiological
changes, as well as to identify factors associated with
the effectiveness of the intervention.

Patients underwent a physical therapy course that
had a standardized structure with individual adaptation
in accordance with the biopsychosocial model. The program
included: therapeutic exercises; functional training;
elements of manual therapy; educational interventions;
recommendations for physical activity and lifestyle;
correction of behavioral factors (sleep, stress level, motor
activity). The duration of the course was 6 weeks with
a frequency of 3 times a week.

A structured  questionnaire  developed on
the basis of validated psychometric instruments widely
used in clinical and scientific research was used to collect
data. In particular, approaches based on the VAS (Visual
Analog Scale) [6; 7] and the Brief Pain Inventory (BPI)
[8] were used to assess pain intensity and its impact on

daily activities. Psychoemotional state was assessed using
adapted questions based on the PHQ-9 (Patient Health
Questionnaire-9) [9] and GAD-7 (Generalized Anxiety
Disorder-7) [10], which allowed determining the severity
of depressive and anxiety symptoms.

Neurophysiological features, including central
sensitization and cognitive-emotional aspects of pain
perception, were assessed using items from the Central
Sensitization Inventory (CSI) [11] and Pain Catastrophizing
Scale (PCS) [12]. Sleep quality and stress levels were
assessed using adapted approaches based on the Pittsburgh
Sleep Quality Index (PSQI) [13] and Perceived Stress
Scale (PSS) [14], respectively. Physical activity levels
and behavioral responses related to fear of movement
were assessed using the International Physical Activity
Questionnaire (IPAQ) [15] and Tampa Scale for
Kinesiophobia (TSK) [16].

An indirect approach was used to assess microbiome-
associated factors, including gastrointestinal symptoms,
dietary habits, and medication history. In particular,
the questionnaire included questions on the frequency
ofbloating, abdominal pain and stool disorders, as well as on
the regularity of consumption of foods rich in fiber and ultra-
processed foods. Nutritional assessment was based on
the principles of the Food Frequency Questionnaire (FFQ)
[17]. In addition, the fact of taking antibiotics in the past
six months was taken into account as an important factor
that may affect the state of the intestinal microbiome.

The effectiveness of physical therapy was
assessed using subjective indicators, including changes
in pain intensity, the degree of functional improvement
and the patient’s overall assessment of the results
of treatment, as well as the level of compliance with
the recommended program.

Statistical processing of the obtained data was carried
out using descriptive and analytical statistics methods.
Mean values (M) and standard deviations (SD) were used to
summarize the data. Normality of distribution was checked
using the Shapiro-Wilk test. Correlation analysis using
Spearman’s coefficient was used to assess the relationships
between variables. Multiple regression analysis was used
to determine independent predictors of the effectiveness
of physical therapy. Comparison of indicators before
and after the intervention was carried out using the paired
Student’s t-test. Cohen’s d was used to assess the effect
size of changes in indicators before and after the course
of physical therapy, which allowed assessing the clinical
significance of the results obtained. The effect size was
interpreted according to standard criteria: d = 0.2 — small
effect, d = 0.5 — medium effect, d > 0.8 — large effect.
The level of statistical significance was set at p < 0.05.

The study was conducted in compliance with
the ethical principles of biomedical research in accordance
with the provisions of the World Medical Association
Declaration of Helsinki (WMA Declaration of Helsinki)
[18]. All participants provided voluntary informed consent
to participate, and confidentiality of personal data was
ensured at all stages of the study.
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Research results

The study involved 86 patients with chronic pain
syndrome of various localization, including: women —
54 people (62.8 %), and men — 32 people (37.2 %). This
distribution is consistent with modern epidemiological
data on the higher prevalence of chronic pain among
the female population. The average age of the studied
was 38.7 = 11.3 years, which indicates the involvement
of mainly working-age people. Analysis of the duration
of the pain syndrome showed that in the majority
of'the studied patients (58.1 %), the pain lasted for more than
one year, which indicates the established chronic course
of the pathological process with the probable involvement
of central sensitization mechanisms. The initial assessment
of pain intensity, carried out using a visual analog scale
(VAS), showed an average value of 6.8 + 1.5 points, which
corresponds to a moderately high level of pain. The obtained
data indicate not only the significant severity of the pain
syndrome, but also its potential impact on the functional
state of patients. The assessment of the functional impact
of pain, carried out using the BPI scale, confirmed that
the pain syndrome significantly limits the daily activity
and quality of life of the subjects.

The psychoemotional state of the subjects before
the course of physical therapy was characterized by
a high level of stress: according to the PSS scale,
55.8 % of the subjects had indicators corresponding to
a high level of stress. In addition, according to the results
of the assessment of sleep quality using the PSQI, sleep
disorders were detected in 60.5 % of patients.

The totality of the obtained data indicates that
the studied sample before physiotherapy intervention
is characterized not only by a pronounced chronic
pain syndrome, but also by a significant involvement
of psychoemotional and behavioral factors that potentially
affect the course of the disease and the effectiveness
of physiotherapy interventions (Table 1).

Table 1
Characteristics of the study sample of patients
with chronic pain, (M + SD, 86)

Indicator Value

Age (years) 38,7+ 11,3
Women, n (%) 54 (62,8 %)
Men, n (%) 32 (37,2 %)
Pain duration >1 year, n (%) 50 (58,1 %)
Average pain level (VAS, 0-10), (points) 6,8+1,5

High stress level (>7/10), n (%) 48 (55,8 %)
Sleep disturbances (<5/10), n (%) 52 (60,5 %)

Analysis  of  the  psycho-emotional  state
of patients before the start of physical therapy showed
the presence of moderately pronounced depressive
symptoms. The average score on the Patient Health
Questionnaire-9 scale was 7.9 + 2.6 points, which
corresponds to a clinically significant level of depressive
manifestations. The level of anxiety on the GAD-7

scale was elevated — 6.1 = 2.1 points, which indicates
the presence of combined psycho-emotional stress in most
of the examined. Assessment of neurophysiological
characteristics revealed signs of increased central
excitability of the nervous system. In particular,
the average level of central sensitization on the CSI scale
was 11.4 £+ 3.8 points, which indicates the involvement
of mechanisms of central pain regulation.

The indicators of pain catastrophizing on the PCS
scale — 9.2 £ 3.1 points and kinesiophobia on the TSK —
5.3 £ 1.9 points indicate a significant role of cognitive-
emotional and behavioral factors in shaping the pain
experience of patients. The totality of the obtained data
demonstrates that chronic pain in the studied sample
has not only a peripheral, but also a pronounced central
and psychoemotional component, which is consistent with
the modern concept of central sensitization (Table 2).

Table 2
Psychoemotional and neurophysiological indicators
of patients before the start of physical therapy

(M £ SD, 86)
Indicator Value (points)
Depressive symptoms (PHQ-9), (0-12) 7,9+2,6
Anxiety (GAD-7), (0-9) 6,1 £2,1
Central sensitization (CSI), (0-20) 11,4+3,8
Pain catastrophizing (PSC), (0—16) 9,2+3,1
Kinesiophobia (TSK), (0-8) 53+1,9
It is noteworthy that more than two-thirds

of patients demonstrated increased central sensitization
and pain catastrophizing. This may indicate the formation
of persistent pathological patterns of pain information
processing, which limit the effectiveness of standard
rehabilitation approaches.

Analysis  of  microbiome-associated  factors
in patients before the start of physical therapy revealed
a high prevalence of gastrointestinal symptoms, which
may indicate the presence of functional disorders
of the gastrointestinal tract. In particular, frequent bloating
was noted in 57.0 % of the examined, while stool disorders
were observed in 47.7 % of patients. Abdominal pain was
characteristic of 44.2 % of the study participants.

The identified symptoms indicate a significant
involvement of the gastrointestinal system in the clinical
picture of patients with chronic pain syndrome and may
indirectly reflect a violation of the functional state
of the intestinal microbiome.

Analysis of dietary habits showed that most patients
had an unfavorable diet: low fiber intake was noted
in 61.6 % of the examined, and frequent consumption
of ultra-processed food — in 53.5 %. It is known that such
dietary features are associated with a decrease in microbial
diversity and imbalance of the intestinal microbiota.

In addition, 33.7 % of patients reported taking
antibiotics within the last six months, which is an additional
risk factor for microbiome disruption and may affect
metabolic and immune processes.
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The totality of the obtained data indicates a high
prevalence of factors potentially associated with dysbiotic
changes in the studied sample. Given the role of the gut-
brain axis, such disorders may be associated with both
the maintenance of chronic pain and the formation
of psychoemotional disorders, which emphasizes the need
for a comprehensive approach to physical therapy of this
category of patients (Table 3).

Table 3
Microbiome-associated factors in patients
before the start of physical therapy (n = 86)

Indicator n (%)
Frequent bloating 49 (57,0 %)
Abdominal pain 38 (44,2 %)

Improper bowel habits 41 (47,7 %)

Low fiber intake 53 (61,6 %)

Frequent consumption of ultra-processed foods | 46 (53,5 %)

Antibiotic use (<6 months) 29 (33,7 %)

After completing the course of physical therapy,
a statistically significant improvement in all main
clinical and psycho-emotional indicators was established.
The most pronounced positive dynamics were observed
in the intensity of the pain syndrome and its impact on
daily activity.

The intensity of pain on the visual analogue scale
significantly decreased from 6.8 + 1.5 to 4.2 £ 1.3 points
(p < 0.001). The absolute decrease was 2.6 points, which
corresponds to a decrease of 38.2 %. The effect size
according to Cohen’s coefficient was very high (d = 1.85),
which indicates not only the statistical, but also the clinically
significant effectiveness of the course of physical therapy.

The impact of pain on daily activity also significantly
decreased: the indicator decreased to 3.9 + 1.5 points
(p < 0.001). The absolute difference was 2.4 points,
or 38.1 %. The effect size was large (d = 1.50), indicating
a significant improvement in the functional state of patients
after therapeutic intervention.

Positive changes were also recorded in terms
of psychoemotional state. The level of depressive symptoms
decreased to 5.1 + 2.2 points (p < 0.01), which corresponds
to a decrease of 35.4 %. The value of Cohen’s d = 1.16
indicates a large effect size and confirms the influence
of physical therapy not only on somatic, but also on
psychoemotional components of chronic pain syndrome.

The level of stress after a course of physical therapy
decreased by 23.9 % improvement. The effect size

also corresponded to a large level (d = 1.00), indicating
a decrease in psychophysiological stress in patients.

It should be noted separately that sleep quality
improved by 44.2 %, and the effect size was large
(d = 1.05). This indicates a positive effect of physical
therapy on the recovery processes and the general
psychophysiological state of patients.

Thus, theresults obtained demonstrate the complex effect
of physical therapy in patients with chronic pain syndrome
and depressive symptoms. The improvement included not
only a decrease in pain intensity, but also a decrease in its
functional impact, improvement of the psychoemotional
state, reduction of stress load and normalization of sleep
quality. High values of the Cohen coefficient confirm
the clinical significance of the changes obtained (Table 4).

Correlation analysis revealed statistically significant
relationships between baseline clinical characteristics
of patients and the effectiveness of physical therapy,
as assessed by the degree of reduction in pain intensity.

In particular, moderate negative correlations
were found between the level of central sensitization
(r = -0.52; p < 0.01), pain catastrophizing (r = —0.48;
p <0.01), and depressive symptoms (r = —0.44; p < 0.01)
and treatment effectiveness. This indicates that higher
levels of neurophysiological and psychoemotional stress
are associated with less pronounced reduction in pain
intensity after therapy.

Kinesiophobia also demonstrated a statistically
significant, although less pronounced negative relationship
with treatment outcomes (r = —0.39; p < 0.05), which
emphasizes the role of behavioral factors related to fear
of movement in shaping the response to therapeutic
interventions.

Instead, sleep quality indicators (r = 0.41; p < 0.01)
and physical activity level (r = 0.36; p < 0.05) had
a positive correlation with the effectiveness of treatment.
This indicates that a better functional state of the body
and a more active lifestyle are associated with a more
pronounced therapeutic effect.

The results obtained demonstrate that the effectiveness
of physical therapy in patients with chronic pain syndrome is
determined by the complex interaction of neurophysiological,
psychoemotional and behavioral factors.

At the same time, microbiome-associated
characteristics in this study were considered as potential
modifying factors of the course of the disease, however,
their direct relationship with the effectiveness of therapy
requires further research (Table 5).

Table 4
Dynamics of clinical and psycho-emotional indicators before and after a course of physical therapy (n = 86)
. Before therapy, | After therapy, Change, ,
Indicator M+SD M+SD A % P Cohen’s d
Pain (VAS), (0-10) 6,8+1,5 42+13 -2,6 -38,2 | <0,001 1,85
Pain Impact on Activity (BPI), (0—10) 6,3+1,7 39+1,5 2.4 -38,1 | <0,001 1,50
Depressive Symptoms (PHQ-9) 79+2,6 5,1£22 -2.8 -35.4 <0,01 1,16
Stress (PSS), (0-10) 7,1 £1,8 54+1,6 -1,7 -23,9 <0,01 1,00
Sleep Quality (PSQI), (0-10) 43+1,9 6,2+1,7 +1,9 +44,2 <0,01 1,05
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Table 5

Correlations between baseline indicators
and the effectiveness of physical therapy (n = 86)

Indicator r P
Central sensitization -0,52 | <0,01
Pain catastrophizing -0,48 | <0,01
Depressive symptoms -0,44 | <0,01
Kinesiophobia -0,39 | <0,05
Sleep quality 0,41 | <0,01
Physical activity level 0,36 | <0,05

Thus, the results of the study highlighted
the multifactorial nature of chronic pain syndrome
and demonstrated the significant role of neurophysiological,
psychoemotional and behavioral factors in shaping
the response to physical therapy. The revealed patterns
indicate a close relationship between the reduction
of pain intensity, improvement of psychoemotional state
and functional indicators.

Discussion of research results

The results obtained confirm the multifactorial nature
of chronic pain and its response to physical therapy, which
is consistent with the modern biopsychosocial model [2;
19]. The revealed decrease in pain intensity, improvement
in functional status, sleep quality and psychoemotional
indicators after a course of physical therapy indicates
its complex effect not only on somatic, but also on
neuropsychological mechanisms.

At the same time, the results of correlation analysis
demonstrate that the effectiveness of therapy is largely
modulated by the initial characteristics of patients.
In particular, the established negative relationship between
the level of central sensitization and pain reduction
confirms the key role of central regulation mechanisms
in maintaining chronic pain syndrome. It is known that with
central sensitization, the sensitivity of neurons of the central
nervous system increases, which leads to increased pain
sensations even when the intensity of peripheral stimulation
is insufficient to cause pain sensations in healthy people
[20]. As noted by A. Gonzalez-de-la-Flor et. al [21], chronic
pain associated with central sensitization is characterized
by increased excitability and a reduced pain threshold,
which may hinder rehabilitation efforts.

Similar patterns have been found for pain
catastrophizing and depressive symptoms. Patients with
more severe cognitive-emotional impairments have
shown worse treatment outcomes, which is consistent
with the data of numerous studies indicating the influence
of negative expectations, anxiety, and depression on pain
perception and adaptive capacity of the body [22]. Pain
catastrophizing can increase attention to pain sensations,
form unique behaviors, and reduce adherence to therapy,
which generally limits its effectiveness [23].

An important result is the established relationship
between kinesiophobia and physical therapy outcomes.
Fear of movement is one of the key behavioral factors

that limit patients’ activity and contribute to the chronicity
of pain [24; 25]. The identified negative correlation
confirms the need to include educational and cognitive-
behavioral components in physical therapy programs.

Thepositiveassociationbetween sleep quality, physical
activity level, and treatment effectiveness emphasizes
the role of behavioral and restorative mechanisms. Sleep
disturbance is known to affect neuroendocrine regulation,
increase inflammation, and lower pain threshold, which can
complicate the course of chronic pain. At the same time,
regular physical activity contributes to the normalization
of the functioning of the nervous system, improve mood,
and reduce pain intensity.

Microbiome-associated factors deserve special
attention. Changes in the gut microbiota are known to be
associated with the use of antibiotics, food preservatives,
diet, and improved living standards and hygiene [26].
Antibiotic use depletes resident microbes, and early
exposure to antibiotic therapy leads to long-term immune
dysregulation and visceral hypersensitivity [27].

The high prevalence of gastrointestinal symptoms, low
fiber intake, and frequent consumption of ultra-processed
foods in the study sample suggest potential disruptions
in the composition of the gut microbiota. There is a complex
bidirectional communication system between the gut
microbiota and the brain, known as the microbiota-gut-brain
axis (MGBA) [28]. In the context of the gut-brain axis, such
changes in the composition of the gut microbiota may affect
the central nervous system through endocrine, immune,
and neural mechanisms [29]. Recent animal experiments have
further confirmed that germ-free mice exhibit “depressive”
behavior after transplantation of fecal microbiota from patients
with major depressive disorder [30], suggesting that gut
microbiota dysbiosis is not just a concomitant phenomenon
but also one of the key driving factors of the disease.
In particular, dysbiosis may contribute to increased systemic
inflammation, which, in turn, is associated with increased
pain and the development of depressive symptoms.

Although the microbiome assessment in this study
was conducted indirectly, the results obtained are consistent
with current ideas about the role of the gut microbiota
in the formation of pain and psychoemotional disorders
[31; 32]. This opens up prospects for further studies using
direct methods of microbiome analysis and assessment
of their impact on rehabilitation outcomes.

Thus, the results of the study confirm that an isolated
approach to the treatment of chronic pain is insufficient.
Effective physical therapy should take into account not
only local somatic factors, but also neurophysiological
mechanisms, psychoemotional state and behavioral
characteristics of the patient. In addition, the integration
of approaches aimed at modifying lifestyle and maintaining
a healthy microbiome is promising as a potential factor
in increasing the effectiveness of treatment.

Among the limitations of the study, it should be
noted the use of indirect indicators to assess the state
of'the microbiome, as well as a relatively small sample size.
In addition, the use of shortened versions of psychometric

196

ISSN 2077-6594. YKPATHA. 3[JOPOB’SI HALIL. 2026. No 2 (84)



DI3UYHA TEPAIILYI TA PEABUIITALITA

yKPA'I'HA. .
3A0OPOB’S HAIILI
/Q?/

scales may affect the accuracy of measurements. In further
studies, it is advisable to envisage the use of laboratory
methods of microbiome analysis, larger samples and long-
term observation of patients.

Overall,theresultsofthestudyexpandtheunderstanding
of the mechanisms of response formation to physical
therapy and emphasize the need for an individualized,
multidisciplinary approach to the management of patients
with chronic pain and depressive symptoms.

Prospects for further research

The results obtained outline several key
directions for further research. First of all, it is
advisable to use metagenomic sequencing to further
analyze the role of the intestinal microbiome
and the gut-brain axis in the formation of chronic pain
and the response to therapy. An important direction remains
the study of neurophysiological mechanisms, in particular
the processes of central sensitization, using objective
instrumental methods of assessment and the development
of multidisciplinary approaches that combine physical
therapy with psychological and nutritional interventions.

Conclusions

The results obtained indicate that patients with chronic
pain syndrome, accompanied by depressive symptoms,
develop a complex clinical condition characterized
by high pain intensity, pronounced psychoemotional
disorders and signs of central sensitization. This confirms
the multifactorial nature of chronic pain and its close

connection with neurophysiological and psychological
mechanisms of regulation.

The course of physical therapy was associated with
a statistically significant improvement in the main clinical
indicators. In particular, a decrease in pain intensity
and its impact on daily activity, improved sleep quality,
as well as a decrease in the level of depressive and stressful
manifestations were noted. This indicates a complex
effect of physical therapy, which covers both somatic
and psychoemotional components of the patients’ condition.

It was found that a higher initial level of central
sensitization, pain catastrophizing and depressive symptoms
is associated with a less pronounced response to therapy.
In contrast, higher levels of physical activity and better
sleep quality are associated with more favorable treatment
outcomes. This emphasizes the need to consider individual
neurophysiological ~and  behavioral characteristics
of patients when planning rehabilitation programs.

Signs of microbiome-associated disorders, assessed
indirectly through gastrointestinal symptoms, dietary habits,
and antibiotic use, can be considered as potential modifying
factors in the course of chronic pain syndrome. Although
these results do not allow direct conclusions to be drawn
regarding the state of the intestinal microbiome, they are
consistent with current ideas about the role of the gut-brain
axis in the regulation of pain and psychoemotional state.

Overall, the results of the study confirm the feasibility
ofusing acomprehensive biopsychosocial approach in physical
therapy ofpatients with chronic painand concomitantdepressive
symptoms, as well as the need to consider neurophysiological,
psychological, and potentially microbiome-associated factors
to improve treatment effectiveness.
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Purpose: to assess the impact of neurophysiological and microbiome-associated factors on the outcomes of physical therapy in
patients with chronic pain and depressive symptoms.

Materials and methods. The study included 86 patients with chronic pain syndrome lasting more than 3 months and depressive
symptoms. The study had an observational analytical prospective design with an assessment of indicators before and after a course
of physical therapy. Adult patients of both sexes were involved. A structured questionnaire based on validated scales was used: VAS,
BPI, PHQ-9, GAD-7, CSI, PCS, PSQI, PSS, IPAQ, TSK. Microbiome-associated factors were assessed indirectly (gastrointestinal
symptoms, dietary habits, antibiotic use). Statistical analysis included correlation and multiple regression analysis; the level of statistical
significance was set at p < 0.05. The study complied with the ethical principles of the Declaration of Helsinki.

Results. After the course of physical therapy, a statistically significant decrease in pain intensity (by 38 %), a decrease in depressive
symptoms and stress, and an improvement in sleep quality were observed. It was found that higher rates of central sensitization, pain
catastrophizing, and depressive symptoms were associated with a less pronounced effect of therapy (r = —0.39—-0.52; p < 0.05). In
contrast, a higher level of physical activity and better sleep quality were associated with a more favorable response to treatment. An
improvement in functional activity was also noted in all main indicators.

Conclusions. The effectiveness of physical therapy in patients with chronic pain is determined by the complex interaction of
neurophysiological, psychoemotional, and behavioral factors, as well as potential microbiome-associated characteristics. The results
obtained substantiate the need for an individualized biopsychosocial approach and can be used to optimize physical therapy programs.

Key words: chronic pain, depressive symptoms, physical therapy, central sensitization, microbiome, gut-brain axis, psycho-
emotional factors.
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Merta. MeToro gociimkeHHs Oyio OIIHUTH BIUTUB HelipodizionoridHux Ta MikpobioM-acoliioBannx GakTopiB Ha ePpEeKTHBHICTH
¢iznyHOl Tepamii y MaIieHTiB i3 XPOHIYHUM OOJILOBHM CHHIPOMOM, IO CYHPOBOMKYETHCS ENPECUBHUMU CUMIITOMaMHU. AKTyallb-
HICTH POOOTH 3yMOBIICHA BUCOKOIO ITOIIMPEHICTIO KOMOPOITHOCTI XPOHITHOTO 000 Ta aeKTUBHHUX PO3JAJiB, IO CYTTEBO 3HIKYE
SIKICTB KHTTS, YCKIATHIOE peadimiTaliiHuid mpolec 1 MiIBUILYE PU3HK XPOHi3awii cuMnToMiB. OcoOnmBa yBara MpUAisIIacs poii
LEHTPAIBHOI CEHCUTH3ALlii, ICHXOEMOLIHHOTO CTaHy, MOBEAIHKOBHX XapaKTEPUCTHK Ta HENPSAMHX MOKA3HHMKIB CTaHY KHIIKOBOTO
MIKpOOiOMy SIK MTOTEHIIHHIX MOAN(IKYIOUNX YUHHUKIB PE3yJIbTaTiB peadiTiTaliiHuX yTpydaHb.

Marepiann i Mmetoau. Jlocni/ukeHHST Masio oOcepBaliifHUi aHANITHIHUH AN3aiH 13 MPOCHEKTHBHUM KOMIOHEHTOM. Y HBOMY
B3sUTH Y4acTh 86 MAIlieHTIB BikoM Bix 21 pOKy 3 XpOHIYHAM OOJBOBUM CHHAPOMOM TPHUBAIICTIO MOHAJI TPH MICSIl Ta HASBHICTIO
JCTIPECUBHHIX CUMIITOMIB Pi3HOTO CTYIEHs BUpaxeHOCTi. KpurepisiMu BKiIIOueHHs! Oy CTaOUIbHUN KIIHIYHHUNA CTaH Ta MOXKIUBICTh
y4acTi y 6-TrkHeBil nporpami ¢i3uyHoi Teparnii; KpuTepii BUKITIOUSHHS BKIIIOYAIH TSDKKI TICUXIaTPpUYHI pPO3JIau, TOCTPi COMAaTHYHI
CTaHU Ta 3MiHy (hapmakoTepartii mig gac gocuimkeHHs. [Iporpama ¢isndHOI Teparmnii BKIIIOYaIa TepareBTHYHI BIIPaBH, (QyHKI[IOHATBHI
TpEeHYBaHHs, MaHYyaJIbH1 TEXHIKH, OCBITHI iHTepBEHIIi1 Ta Moaudikarito criocoly KuTTs. OMiHIOBaHHS MPOBOIMIIOCS 10 Ta MICIs BTPY-
YaHHs i3 3aCTOCYBaHHIM BajigoBanux mkaia: VAS i BPI — aust ouinku 6omro, PHQ-9 ta GAD-7 mis ncuxoemottiiinoro crany, CSI ta
PCS — st oniHky HeHTpanbHOT ceHcuTH3alil Ta karacrpodizarii, PSQI ta PSS — nust sikocti cHy 1 piBHs ctpecy, IPAQ ta TSK — nust
piBHs (bi3ndHOT aKTUBHOCTI Ta KiHe3iodoO6il. MikpobioM-acoriiioBaHi (pakTopy BH3HAYAIHCS OMOCEPEKOBAHO Uepe3 aHaii3 racTpo-
IHTeCTHHAJIBHUX CHMIITOMIB, Xap4OBHX 3BHUOK (30KpeMa, CIIOKMBAHHS KIITKOBUHH Ta YABTpanepepoOIeHNX MPOIYKTIiB) i aHaMHE3
antubioTnkoTepanii. CTaTUCTUYHMI aHAII3 BKJIIOYAE OMMCOBY CTATUCTHKY, KOPEILILIHHHUN 1 perpeciiiuuil anami3, mapHuii t-kpurtepii
CThro/ICHTA Ta OIIHKY BeH4YrHU eekTy 3a koedinientom KoeHa.

PesyabTaTn. [lo nouarky Teparmii NanieHTH BiJ3Ha9aIn BHCOKY IHTEHCHBHICTB Oomro (6,8 + 1,5 6ana), 3Ha4HUI BIDIMB 0010 Ha
TiIBUIIIEHy aKTUBHICTB, MiIBUIEHUH piBeHb cTpecy (55,8 %) i mopymenns cHy (60,5 %). BusBneno Oinbmn BupakeHi JempecuBHi
(7,9 2,6 6ana) Ta TpuBoxHi cumnToMu (6,1 + 2,1 6ara), a TakoK 03HAKH LeHTpanbHOT ceHenTr3alii (11,4 + 3,8 6ana). 3HauHa yacTHHA
MaIieHTiB IEMOHCTPYBaia karacTpodizaliiro 600 Ta KiHe310(h006ir0. AHaI3 HENPSIMUX MiKpOOIOM-acOliHOBaHUX MOKA3HUKIB BUSBUB
BHCOKY YacTOTYy TacTpOIHTECTHHAIBHUX CKapT, HEJIOCTATHE CIIOXKUBAHHS XapYOBHUX BOJIOKOH, HA/JIMIpHE BKHBAHHS YIIbTparepepooie-
HUX TPOAYKTIB 1 yacTuii mpuitom aHTHO10THKIB. [lichs kypcy (i3myHOl Teparmii BCTAHOBICHO CTATUCTUYHO 3HAYYIIE MMOKPAIIEHHS BCiX
MOKa3HUKIB: IHTEHCUBHICTH 005110 3HM3MIacs Ha 38,2 %, BIuIMB 600 Ha akTUBHICTh — Ha 38,1 %, nenpecuBHi cumnToMu — Ha 35,4 %,
piBeHb cTpecy —Ha 23,9 %, a skicTh cHy nokparimiacs Ha 44,2 % (p < 0,01-0,001). Bennuuna edekry Oyna Benukoro (d = 1,00-1,85),
10 MiATBEP/KYE KIHIYHY 3Ha4yNIicTh 3MiH. Kopemnsiiiinuii anai3 mokasas, 10 BAIII PiBHI IEHTPaIbHOI CEHCUTH3AIIi1, KaracTpodi-
3amii 0ouro, Aenpecii Ta KiHe310¢00i1 OB’ A3aHi 3 MEHIII BUPAKEHIM 3HIKEHHAM OO0, TOJII SIK Kpalla sIKiCTh CHY Ta BHIIHNA PiBEHb
(13U4HOT AKTMBHOCTI aCOIIOIOTHCS 3 OUIBII €(PEeKTUBHUMU PE3YJIbTaTaMU JIIKyBaHHS.

BucnoBku. XpoHiuHHH 0071b0BHIT CHHIIPOM Y TIOEHAHHI 3 AENPECUBHUMH CUMIITOMAMHU Ma€ KOMITIEKCHUH MYJIBTH()AKTOPHUI
XapakTep, 10 BKJIIoYae HelpodizionaoriuHi, IICHX0eMOIIiHHI Ta MoBeAiHKOBI KoMIoHeHTH. Di3uyHa Teparist € eeKTHBHIM METOIOM
JIiKyBaHHS, SKH 3a0e31edye 3Ha9HE MOKPAICHHS IHTCHCUBHOCTI 00ITI0, (DYHKITIOHABHOTO CTaHY, ICHXOEMOIIMHUX MMOKAa3HHUKIB 1 SIKO-
cTi cHy. EQeKTUBHICTD yTpy4aHHS 3aJeKUTh Bijl IHAUBIAYyaIbHHX XapaKTEPUCTUK MAIli€HTIB: HETATUBHUMH MIPEIUKTOPAMH € BUCOKUI
piBEeHB IEHTpaIBHOI CEHCHTH3ALLIT, KaTacTpodizamis 600 Ta Aenpecii, TOAI K MO3UTHBHUMH — JIOCTaTHIN piBeHb (i3HYHOI aKTHB-
HOCTI Ta SIKICHUH coH. MikpoOioM-acoriifoBaHi HOPYIIEHHs] MOXKYTh PO3NIISIATUCS SIK JOJATKOBI (h)aKTOpPH, IO BILIMBAIOTH Ha epedir
00ITI0 Ta 3arajJbHUH CTaH, IMiIKPECTIOI0YH HEOOXiHICTh KOMIUIEKCHOTO 010TICHX0COMIATBHOTO MiAX0My 10 (Gi3HyHOI Teparii.

KurouoBi ciioBa: xpoHiunuii Oinb, A€NpPecHBHI CUMNITOMH, (Di3UUHA Teparlisi, EHTpaJibHa CEHCUTU3ALlis, MIKPOOiOM, BiCh «KHIII-
KIBHUK — MO30K», IICHXOEMOIIiiHi (haKTOpH.
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