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Abstract
Introduction and Objective. A study was conducted of the effectiveness of underground sulfide mineral waters from well 
No. 516-re of the village of Brusnytsia, Vyzhnytskyi district, Chernivtsi region, Ukraine, applied externally to villagers with 
osteoarthritis. �  
Materials and Method. The main group of 60 villagers (30 people) received baths with sulfide mineral water, the control 
group (30 people) the dynamics of pain syndrome was assessed using the visual analog pain scale (VAS) and the Leken 
algofunctional index, quality of life, using the standardized EuroQol-5D and ‘WAM’ (well-being, activity, mood) questionnaires. 
Results. In patients of the main group, joint pain during movements, as measured on the VAS scale, decreased by 2.2 
times, while pain at rest significantly reduced, whereas in the control group, this decrease was only 1.2 times (p< 0.05). 
In the main group, the total score on the Leken algofunctional index decreased almost twice, on the ‘WAM’ scale in the 
activity and mood categories, there was an improvement of 1.4 times, while in the control group, only 1.4 times and 1.2 
times, respectively (p<0.05). Assessment of quality of life on the EuroQol-5D scale showed significant positive dynamics in 
all indicators of vital activity in patients of the main group. �  
Conclusions. A course of external use of baths with underground sulfide boric medium-mineralized hydrocarbonate-chloride 
sodium waters in villagers with osteoarthritis of large joints contributed to increasing the effectiveness of rehabilitation 
treatment, and improving the quality of life.
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INTRODUCTION

Degenerative-dystrophic joint diseases continue to occupy a 
leading position in the category of temporary disability and 
causes of disability in people of working age. Osteoarthritis 
(OA) – the most common disease in this group – and is 
among the ten most disabling diseases in the modern world, 
and is associated with an increased risk of mortality [1, 2]. 
In a systematic analysis of the Global Burden of Disease 
study, the prevalence of osteoarthritis worldwide in 2020 
was 595 million people, which is equal to 7.6% of the world 
population. Also, according to this global study, compared to 
2020, an increase in cases of osteoarthritis of the knee joints 
by 74.9%, osteoarthritis of the hand joints by 48.6%, and hip 
joints by 78.6% is predicted by 2050 [3]. This is especially 
true for categories of people whose professional activities 
are accompanied by high physical exertion, which increases 

the risk of developing, in particular, osteoarthritis of the hip 
and knee joints [4, 5, 6].

A large number of rural residents have osteoarthritis-
related disability and a lower quality of life [7, 8]. Living 
conditions and occupational activities are also important risk 
factors, and correlate with overall health [9]. Rural residents 
have socio-economic disparities that impair their quality 
of life and lead to a significant number of chronic diseases 
with a complex and progressive course [9, 10]. An important 
difference in the course of osteoarthritis in rural residents is 
also insufficient access to services related to a healthy lifestyle, 
including a small number of medical specialists, which leads 
to long waiting times and long distances to travel to a doctor, 
low accessibility of pedestrian communication in the area, 
and limited availability of sports and recreational facilities 
[7, 8, 11]. Patients with OA suffer from joint pain, stiffness, 
and functional impairment, which significantly affects their 
quality of life [12]. According to a study by Messier et al., 
adult patients with obesity and knee osteoarthritis living in 
rural areas have more severe pain, poorer joint function and 
mobility, and a more pronounced decline in physical health-
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related quality of life than their urban peers [11]. Therefore, 
an important direction of the therapeutic approach for this 
category of patients is the search for effective methods of 
comprehensive recovery.

OA results from mechanical and biological influences that 
destabilize the normal process of degradation and synthesis 
of chondrocytes of articular cartilage, extracellular matrix, 
and subchondral bone. Pathological changes affect the 
entire joint, including articular cartilage, subchondral bone, 
pericapsular muscles, capsule, and synovial membrane. They 
initiate reactive inflammation (synovitis), which enhances 
degenerative changes in all joint structures and surrounding 
articular tissues. In the development of reactive synovitis, 
changes in chondrocyte activity, namely their proliferation, 
production of inflammatory cytokines, response to signalling 
molecules and structures of the extracellular matrix, play a 
leading role. The condition leads to cartilage loss, sclerosis of 
the subchondral bone, and the development of osteophytes 
and subchondral cysts [13, 14].

The WHO has declared 2021–2030 as the Decade of 
Healthy Aging, emphasizing the need to control diseases 
such as osteoarthritis, osteoporosis, etc., which greatly affect 
a person’s functional capabilities and quality of life. [3].

The main recommendations for the management of 
osteoarthritis are a combination of non-drug methods 
(physical therapy, lifestyle modification, education, 
pharmacological approaches (e.g., non-steroidal anti-
inflammatory drugs), and surgical treatment options. 
However, when using pharmacological treatments, problems 
arise with drug interactions, contra-indications, side-
effects, and drug intolerance, which necessitates the search 
for effective non-drug approaches, including the use of 
natural factors, including balneotherapy [2, 15, 16, 17]. The 
effectiveness of balneotherapy in patients with osteoarthritis 
of various localizations is actively discussed in many clinical 
studies that provide pathogenetic justification and clinical 
effectiveness of the specified factor in the complex treatment 
of osteoarthritis [2, 18]. In this aspect, the recreational use 
of natural mineral waters at resorts is of particular value, 
which is associated with (or is due to) the peculiarities of 
their physico-chemical composition. These are thermal 
mineral waters, radon mineral waters, sulfide mineral waters, 
and mineral waters with an increased content of organic 
substances [16, 19, 20].

OBJECTIVE

The aim of the study was to estimate the potential therapeutic 
effects of the external application of underground mineral 
waters (MW) of well No. 516-re, Brusnytsia village, 
Vyzhnytskyi district, Chernivtsi region, Ukraine, in villagers 
with osteoarthritis.

MATERIALS AND METHOD

Clinical studies were conducted at Sanatorium and Health 
Complex in the village of Brusnytsia, Vyzhnytsia district, 
Chernivtsi region (Ukraine) and at the State Non-Profit 
Ukrainian Research Institute of Rehabilitation and 
Balneology, Ministry of Health in Odessa, Ukraine. The study 
was performed according to the Declaration of Helsinki of 

the World Medical Association (Ethical Principles of Medical 
Research Involving Humans), approved by the Institutional 
Bioethics Commission under Protocol No. 3 of 05/03/2024 
from the Bioethics Commission of the Ukrainian Research 
Institute of Medical Rehabilitation and Balneology of the 
Ministry of Health in Odesa, Ukraine).

Participants. The study involved 60 villagers. The first main 
group consisted of 30 patients, and a second control group, 
also 30 patients, with osteoarthritis of the large joints – 32 
women (53.3%) and 28 men (46.7%) aged 56–67 years. Most 
patients were diagnosed with knee joint damage: 34 patients 
(56.7%), 16 patients (26.7%) had hip joint damage, and in the 
remaining cases the respondents (16.7%), had oligoarthritis 
(knee and hip joints affected). Unilateral osteoarthritis was 
present in 42 patients (70.0%), respectively, bilateral lesions 
were observed in 30.0% of cases. Usually, osteoarthritis was 
primary or secondary post-traumatic and dysplastic. Stage I 
osteoarthritis, diagnosed in most patients – 41 respondents 
(68.3%), stage II was diagnosed in 15 patients (25.0%), the 
rest showed manifestations of stage III, there were no patients 
with stage IV in the observation groups (Tab. 1).

The criteria for inclusion of patients in the observation 
groups were as follows: patient consent, adult patients under 
75 years of age, osteoarthritis of large joints (knee and/or hip) 
stages I-III in remission, patient’s ability to exercise, and self-
care. Exclusion criteria: osteoarthritis stage IV, osteoarthritis 
in the exacerbation stage, severe concomitant diseases in 
the decompensation stage (type 2 diabetes mellitus, arterial 
hypertension blood, chronic heart failure, chronic kidney 
disease, use of intra-articular injections).

All patients signed a written informed voluntary consent 
to  participate in the clinical study. (Protocol No. 3 of 
05/03/2024 from the Bioethics Commission of the State 
Institution «Ukrainian Research Institute of Medical 
Rehabilitation and Balneology of the Ministry of Health of 
Ukraine»).

Methods. The dynamics of pain syndrome (joint pain) was 
assessed using the visual analog scale of pain (VAS) and 
the Lequesne total algofunctional index. Assessment of 
the intensity of pain syndrome by VAS, in points, allowed 
determining the severity of the pain syndrome (0 points – 

Table 1. Characteristics of patients with osteoarthritis in the main and 
control groups

Categories Main group
N = 30

Control group 
N = 30

Age, years, (M±m) 59.5±1.57 62.3±1,64

Men, n (%) 12 (40.0) 16 (53.3)

Women, n (%) 18 (60.0) 14 (46.7)

Osteoarthritis of knee joints n (%) 16 (53.3) 18 (60.0)

Osteoarthritis of hip joints n (%) 8 (26.7) 8 (26.7)

Oligoosteoarthritis n (%) 6 (20) 4 (13.3)

Unilateral osteoarthritis, n (%) 22 (73.3) 20 (66.7)

Bilateral osteoarthritis, n (%) 8(26.7) 10(33.3)

Radiological stage I, n (%) 21 (70.0) 20 (61.1)

Radiological stage II, n (%) 7 (23.3) 8 (26.7)

Radiological stage III, n (%) 2 (6.7) 2 (6.7)
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no pain, 10 points – the most severe pain). To determine 
the severity of osteoarthritis of the knee and hip joints, The 
Lequesne algofunctional index is an open questionnaire 
for self-completion by patients. The following sections 
were assessed: characteristics of the pain syndrome or 
discomfort, maximum distance when walking without 
pain, and functional activity. The maximum sum of points 
for each section is 8 points, the total sum of points is 24, 
and the minimum – 0 points. The severity of osteoarthritis 
was assessed according to the resulting sum of points: 
1–4 points – mild osteoarthritis, 5–7 points – moderate 
severity, 8–10 points – severe osteoarthritis, 11–13 – very 
severe osteoarthritis, 14 or more points – extremely severe 
osteoarthritis [21].

Also, the effectiveness of the use of MW of well No. 516-
re in the complex treatment of patients with osteoarthritis 
was assessed using standardized questionnaires of quality of 
life, EuroQol-5D-3L [22, 23] and WAM (well-being, activity, 
mood) [24]. The EuroQol-5D-3L questionnaire contains 15 
questions that assess the overall quality of life index and 
quality of life according to 4 factors: physical (mobility, self-
care); social (domestic activities); pain and psychological 
(anxiety, depression). The patient independently assessed 
his condition according to 5 parameters: mobility (mobility), 
self-care, usual daily activities, pain and discomfort, anxiety, 
and depression. For each category of questions, the patient 
provided one answer out of 3 options: 1 – no problem, 2 – 
there is a problem, 3 – a significant problem. The total number 
of points was calculated [22, 23].

The quality of life of the respondents was also assessed 
using the standardized psychological method WAM (well-
being, activity, mood), a questionnaire containing 30 pairs 
of opposite characteristics by which the subject’s condition 
is assessed. Each pair represents a scale (3, 2, 1, 0, 1, 2, 3), 
on which the patient determines the degree of severity 
(in numbers) of the characteristic of his condition. The 
results of the study were converted into points (1–7) on a 
correspondence scale, and the functional state determined by 
the averaged scores for each category of signs, and the nature 
of the relationships between them. The average score of the 
scale is 4. Scores above 4 points indicate that the patient feels 
well and is in a favourable state, while result below 4 points 
indicate an unfavourable state. A low level of these indicators 
indicates a maladaptive state of the patient.

The sum of the points for specific questions was calculated 
according to the key to the test for each category of the 
questionnaire. The total score for each category ranges from 
10–70, which is the assessment of the functional state at a 
given time: less than 30 – low score, 30–50 – average score, 
more than 50 – high score [24].

The stage of osteoarthritis was determined according to 
the radiological classification of D. Kellgren-Laurence: 0 – 
no stage of change; Stage I (minor changes) – significant 
narrowing of the joint space, the beginning of osteophyte 
formation; Stage II (minimal changes) – slight narrowing 
of the joint space, small osteophytes; Stage III (moderate 
changes) – moderate narrowing of the joint space, multiple 
osteophytes, slight subchondral sclerosis, moderate 
deformation of the articular surfaces; Stage IV (pronounced 
changes) – sharp narrowing of the joint space, multiple 
osteophytes, pronounced subchondral sclerosis, pronounced 
deformation of the articular surfaces [25].

Procedures. Depending on the type of rehabilitation 
treatment, patients were divided into 2 observation groups: 
the first (main) group included 30 (50.0%) patients who 
were given a course of baths with MW of well No. 516-re to 
the basic course of rehabilitation treatment (physiotherapy, 
massage, therapeutic gymnastics). The water temperature 
in the bath was 36–38 °С, duration of the procedure – 15 
minutes. The procedures were performed for 2 consecutive 
days with a day off; course of treatment – 12 baths.

Underground MW of well No. 516-re are characterized 
as sulfide (strongly sulfide, hydrosulfide), boric medium 
mineralized hydrocarbonate-chloride, sodium chloride, 
weakly alkaline-alkaline (pH 7.50–9.05), cold (T 14.0–16.0°С). 
Total mineralization of the well – 4.24 g/l – 5.49 g/l, hydrogen 
sulfide content (H2S+HS) – 130 mg/l-228 mg/l, boron content 
in the form of (H3BO3) – 42 mg/l-105 mg/l.

The second (control) group also included 30 (50.0%) 
patients who received a course of restorative treatment, in 
which instead of baths with MW of well No. 516-re, baths 
with fresh water were used according to a similar dosage 
regimen as for baths with MW.

Statistical analysis. The processing of statistical data was 
performed using the XLSTAT 2016 statistical software 
package. Compliance of the distribution of clinical trial 
data with the normal distribution law was checked using the 
Shapiro-Wilk test. To compare the quantitative data of the 2 
groups, the Student’s t-test was used. To describe the data, the 
mean value and the error of the mathematical mean (M±m) 
were used. The results of the comparisons were considered 
reliable if the error probability value was less than p<0.05.

RESULTS

Analysis of the study results showed the advantages of using 
a complex restorative treatment with baths with MW of well 
No. 516-re for patients with osteoarthritis. Thus, a decrease 
in the manifestations of pain syndrome during movements, 
at rest, and during palpation was determined in patients of 
both observation groups. However, in patients of the first 
group, in whom baths with the study MW were used in the 
complex restorative treatment, the dynamics of the pain 
syndrome was more pronounced: pain in the joints during 
movements according to VAS decreased by 2.2 times, while in 
the control group the improvement in the patients’ condition 
occurred only by 1.2 times. Also, in patients of the second 
group, a slight decrease in the intensity of the pain syndrome 
was observed at rest and during palpation, while in the main 
group, patients determined a significant improvement in 
the condition of the joints and a pronounced decrease in 
the pain syndrome, especially at rest (p<0.05). Under pain 
syndrome elimination conditions, patients’ functionality 
was restored and the volume of active movements in the 
joints improved. Improvement was determined to a greater 
extent in patients with osteoarthritis of the knee joints of 
radiological stages I and II. Accordingly, in patients with 
hip joint damage and with oligoosteoarthritis (knee and 
hip joint damage), a decrease in the manifestations of pain 
syndrome was determined at stage I of the disease (Tab. 2).

Arthrological status was assessed using the Lequesne 
algofunctional index. In both groups, the severity of 
osteoarthritis was assessed before and after the use 
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of restorative treatment. Before treatment, patients in 
both observation groups were diagnosed with moderate 
osteoarthritis. Pathological changes were observed in all 
categories of the questionnaire: patients noted the presence 
of pain syndrome, decreased motor and daily activity.

Assessment of the Lequesne index in patients with 
osteoarthritis of large joints revealed the benefits of using 
MV baths as part of a comprehensive restorative treatment, 
and improved the condition of patients. When assessing 
the categories of the first section of the questionnaire 
(characteristics of pain or discomfort), a decrease in night 
pain, pain when walking and sitting was determined to 
a greater extent; in the second group of indicators, the 
maximum distance of pain-free walking increased and the 
functional activity indicators of patients improved. In the 
control group, the severity of osteoarthritis was assessed 
as moderate, despite improvements in all categories of 
the questionnaire. In the first group, patients experienced 
significant improvements in the functional activity category 
(Tab. 3).

Changes in the functional state of patients during the study 
were assessed using the WAM questionnaire in the categories 
of well-being, activity, and mood. Patients in both groups had 
an average assessment of functional status; however, during 
the observation period, patients in the first group in the 
activity (mobility, speed, pace) and mood (emotional state) 
categories experienced significantly significant improvements 
(1.5 times), and the score was already high compared to the 
functional status of patients in the control group, in whom 
the improvement was only 1.2 times, and the overall score 
remained average. In the category of well-being (strength, 
health, and drowning), improvements were also found in 
patients in both groups, but to a greater extent in patients 
in the first group (Tab. 4).

According to the assessment of the quality of life on the 
EuroQol-5D scale, patients of both observation groups 
showed positive dynamics in all indicators of vital activity 
(walking, self-care, daily activity, pain/discomfort, anxiety/

depression) under the influence of the applied treatment 
complexes. At the end of balneotherapy, patients of the main 
group had significantly better indicators of ‘Walking’, ‘Pain/
discomfort’, and ‘Anxiety/depression’ on the EuroQol-5D 
scale, compared to the data of patients of the control group 
(p<0.05). In the categories of the questionnaire ‘Self-care’ 
and ‘Daily activity’, improvements were also determined to 
a greater extent in patients of the first group (Tab. 5).

The results indicate that the course of external application 
of MW has a positive effect on the clinical course of the disease 
and functional indicators in patients with osteoarthritis of 
the knee and hip joints, and improves the quality of life.

DISCUSSION

The obtained therapeutic effect can be associated with 
both the general and specific effects of the applied natural 
therapeutic MW. The general effects of balneotherapy are 
considered to be thermal, mechanical (hydrostatic), and 
chemical effects on the human body [20]. The chemical 
composition of chloride-sodium waters has its specific 
properties, namely, when applied externally the physico-
chemical properties of the cellular elements of the skin and 
the mechanoreceptors located in it change. This leads to 
a decrease in excitability and neuro-reflex conductivity, a 
decrease in tactile and pain sensitivity, activation of factors 
of the blood anti-coagulant system, normalization of the 
activity of the sympatho-adrenal system, acceleration of 
oxidative phosphorylation, accumulation of the number 
of macroergs in internal organs, and a decrease in sodium 
reabsorption from primary urine, which contributes to an 
increase in diuresis [26]. Sodium chloride MWs contain 
specific biologically-active components and compounds 

Table 2. Dynamics of pain syndrome according to VAS in patients with 
osteoarthritis of the main and control groups, points, (M±m)

Indicators Main group
N = 30

Control group 
N = 30

before after before after

Joint pain during movement 6,9±1,2 3,2±1,1* 6,8±1,3 5,6±1,1

Joint pain at rest 6,7±1,1 2,4±1,3* 6,8±1,2 5,3±1,2

Joint pain on palpation 6,5±1,2 2,5±1,2* 6,3±1,1 5,4±1,2

* – p≤0.05, compared with the indicators of control group patients after treatment

Table 3. Dynamics of the Lequesne index in patients with osteoarthritis, 
of the main and control groups, (M±m)

Indicators Main group
N = 30

Control group 
N = 30

before after before after

Characteristics of pain or discomfort 2.7±0.2 1.3±0.1 2.8±0.2 1.9±0.1

Maximum distance when walking 
without pain

1.8±0.2 0.8±0.1 1.8±0.2 1.6±0.2

Functional activity 3.2±0.2 1.8±0.2 3.1±0.2 1.9±0.2

Total points 7.7±0,2 3.9±0.2* 7.7±0.2 5.4±0.2

* – p≤0.05, compared with the indicators of control group patients after treatment

Table 4. Dynamics of assessment of quality of life using the WAM 
questionnaire, in patients with osteoarthritis of the main and control 
groups, points, (M±m)

Indicators Main group
N = 30

Control group
N = 30

before after before after

Well-being
assessment

32.4±1,2
average

43.7±1.2*
average

29.6 ±1.1
low

36.6±1.3
average

Activity
assessment

33.4±1,4
average

51.1±1.0*
high

32.7±1.5
average

38.8±1.3
average

Mood
assessment

32.8±1,4
average

50.5±1.1*
high

34.4±1.9
average

40.5±1.6
average

* – p≤0.05, compared with the indicators of control group patients after treatment

Table 5. Dynamics of quality of life assessment according to the EuroQol-
5D scale, in patients with osteoarthritis of the main and control groups, 
points, (M±m)

Categories Main group
N = 30

Control group
N = 30

before after before after

Mobility 2.0±0.13 1.2±0.12* 2,0±0,16 1.8±0.11

Self-care 1.8±0.14 1.4±0.12 1.9±0.18 1.7±0.11

Normal daily activities 1.6±0.12 1.7±0.13 1.7±0.13 1.5±0.12

Pain/discomfort 2.6±0.18 1.4±0.13* 2.5±0.2 1.9±0.14

Anxiety/depression 1.9±0.11 0.7±0.12* 1.9±0.13 1.3±0.11

* – p≤0.05, compared with the indicators of control group patients after treatment
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in various concentrations: bromine, iodine, orthoboric 
acid, metasilicic acid, hydrogen sulfide, carbon dioxide. 
It is believed that the physiological and therapeutic effect 
of MWs on the human body, when applied externally, is 
determined by both their macro-component composition 
and the presence of specific biologically-active components 
and compounds [27, 28].

The trace element boron, which is part of the chemical 
composition of the MWs used in the current study, determines 
their specific effect [29, 30, 31] and affects the functioning of 
joints, helps prevent the development of osteochondrosis, 
osteoarthritis, and osteoporosis in adults and the elderly, and 
has an anti-inflammatory effect. A low boron profile has been 
associated with a poor immune response, the development of 
osteoporosis, deterioration of cognitive functions, and even 
premature mortality [30]. This element is especially important 
for women during menopause, the population group most 
prone to the development of osteoarthritis and osteoporosis.

The close interaction of boron with other minerals, in 
particular, magnesium, calcium, and fluorine, is associated 
with its biological role in the body [31]. Boron is involved 
in the regulation of calcium-phosphorus metabolism, has a 
beneficial effect on functions such as calcium reproduction 
and metabolism, bone formation, brain function, insulin and 
energy substrate metabolism, immunity and the function of 
steroid hormones (including vitamin D and estrogens), and 
promotes the transition of the inactive form of vitamin D to 
the active one under the influence of sunlight [31, 32]. Signs 
of boron deficiency in the body are similar to the phenomena 
of hypovitaminosis and osteoporosis: slight pain in the joints 
during exercise, increased development of degenerative-
dystrophic pathology of the spine and joints, and decreased 
immunity. More often, boron deficiency is chronic, without 
the manifestation of clear symptoms and worsens the course 
of other pathological processes, deepening dystrophic 
processes in connective and bone tissues in degenerative-
dystrophic pathology of the spine and joints.

Several clinical studies have shown a positive effect of 
boron compounds in patients with osteoarthritis by reducing 
symptoms of the disease due to the anti-inflammatory effect 
[33]. According to the data presented, the normalization 
of boron levels in the body is a component of the overall 
therapeutic effect of MW. Hydrogen sulfide (H2S) also plays 
an important role in the therapeutic effect of MW. It is one 
of the mediators that can induce/inhibit immunological 
reactions (immunomodulatory effect), playing a role in 
inflammatory and autoimmune diseases, neurological 
disorders, and bronchial asthma. Both endogenous and 
exogenous H2S modulate numerous important cellular 
signalling pathways [34]. In monocytes, polymorphonuclear 
and T cells, H2S affects activation, survival, proliferation, 
polarization, adhesion pathways, and modulates cytokine 
production and sensitivity to chemokines, i.e. plays the role of 
a natural buffer capable of maintaining a functional balance 
between Th1, Th2, Th17 immunological responses over time 
which, in turn, has an anti-inflammatory effect that leads to a 
decrease in pain, an increase in the volume of movements in 
the joints, and an improvement in the quality of life [35]. In 
addition, the literature provides data on the high therapeutic 
effects of the use of hydrogen sulfide MWs in diseases such 
as myalgia, rheumatic diseases (osteoarthritis, rheumatoid 
arthritis, fibromyalgia), as well as respiratory, dermatological 
and cardiovascular diseases [36].

It was also found that after balneotherapy with sulfuric 
water in rheumatic diseases, oxidative stress decreased, which 
can contribute to a decrease in inflammatory and catabolic 
status, which indicated the clinical effectiveness of sulfuric 
MWs in the treatment of patients with osteoarthritis and 
rheumatoid arthritis [37].

In this aspect, the concept of hormesis should be 
mentioned. The biological mechanisms of the restorative 
effect of external application of MW in the rehabilitation 
of some pathologies have not yet been fully studied. During 
balneotherapy, neuroendocrine and immunological reactions 
are involved, which cause anti-inflammatory, analgesic, 
anti-oxidant, chondroprotective and anabolic effects in the 
aggregate of neuroendocrine-immune regulation in various 
pathological conditions. Hormesis can play a crucial role in 
all these biological effects and mechanisms of effectiveness. 
The hormesis effects of balneotherapy can be associated with 
non-specific factors, such as heat, which causes a heat shock 
reaction (synthesis and release of heat shock proteins), as 
well as with specific biochemical components, for example, 
H₂S in sulfuric water [38, 39, 40]. This means that hormesis 
can play a leading role in the biological mechanisms of the 
corrective action of sulfide MW. The overall therapeutic effect 
of the MWs used in the current study can be described by 
the concept of hormesis, i.e. it is a two-phase ‘dose-response’ 
phenomenon in which the impact on a cell or organism 
of a low dose of a chemical agent (in this case, hydrogen 
sulfide and boron), or conditions (temperature, pressure, 
radiation) causes stimulation or adaptive beneficial effects, 
while higher doses, or higher temperature, or longer duration 
of procedures cause inhibition or toxic effects [38].

The data presented on the biological effects of the 
components of sulfide MWs indicate the pathogenetic 
validity and feasibility of using sulfide MWs in balneological 
and clinical practice, including in chronic joint diseases.

CONCLUSIONS

Rural residents with osteoarthritis have more severe pain, 
poorer joint function and mobility, and a more pronounced 
decline in physical health-related quality of life than urban 
residents. Rural residents have socio-economic disparities 
that worsen their quality of life, and lead to a significant 
number of chronic diseases, including osteoarthritis. 
Threy also have insufficient access to services related to a 
healthy lifestyle, a small number of medical specialists, poor 
accessibility for pedestrian traffic, and limited access to sports 
and recreational facilities.

The course of external use of baths with underground 
sulfide boron medium mineralized hydrocarbonate-chloride 
sodium waters in patients with osteoarthritis contributes to 
increasing the effectiveness of restorative treatment of the 
specified contingent of patients.

Balneotherapy with the studied mineral water in the 
complex restorative treatment of patients with osteoarthritis 
of large joints contributes to more effective restoration of the 
patient’s functionality and improvement of the volume of 
active movements in the joints, which leads to a reduction in 
pain syndrome during movements by 37.0% and at rest – by 
43.0% according to VAS.

The inclusion of baths with sulfide mineral water 
in the complex restorative treatment of patients with 
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osteoarthritis of large joints significantly improves the 
quality of life of patients (according to the EuroQol-5D-3L 
scale), and contributes to increasing the adaptability of the 
body. According to the Lequen algofunctional index, the 
improvement in the condition of patients in the main group 
occurred by 19.5%, compared to the data of the control group, 
and according to the SAN questionnaire, the functional 
condition of patients in the categories ‘Activity’ and ‘Mood’ 
had a high score (p<0.05).

REFERENCES

1.	Allen KD, Thoma LM, Golightly YM. Epidemiology of osteoarthritis. 
Osteoarthritis and Cartilage. 2022;30(2):184–195. doi.org/10.1016/j.
joca.2021.04.020

2.	Voloshyna O, Balashova I, Dukova O, et al. Possibilities of using 
combined kinesiotherapy in patients with coxarthrosis. J Physical 
Educ Sport. 2023;23(2):492–501. doi.org/10.7752/jpes.2023.02061

3.	GBD 2021 Osteoarthritis Collaborators. Global, regional, and national 
burden of osteoarthritis, 1990–2020 and projections to 2050: a 
systematic analysis for the Global Burden of Disease Study 2021. Lancet 
Rheumatol. 2023;5(9):508–522. doi.org/10.1016/S2665-9913(23)00163-7

4.	Unverzagt S, Bolm-Audorff U, Frese T, et al. Influence of physically 
demanding occupations on the development of osteoarthritis of the 
hip: a systematic review. J Occup Med Toxicol. 2022;17(1):18. doi.
org/10.1186/s12995-022-00358-y

5.	Hulshof CTJ, Pega F, Neupane S, et al. The effect of occupational 
exposure to ergonomic risk factors on osteoarthritis of hip or knee 
and selected other musculoskeletal diseases: A systematic review 
and meta-analysis from the WHO/ILO Joint Estimates of the Work-
related Burden of Disease and Injury. Environ Int. 2021;150:106349. 
doi.org/10.1016/j.envint.2020.106349

6.	Unverzagt S, Bergmann A, Denny K, et al. Physically demanding 
occupations among females and sex-related differences to develop 
osteoarthritis of the hip: a systematic review and meta-analysis. J 
Occup Med Toxicol. 2024;19(1):14. doi.org/10.1186/s12995-024-00415-8

7.	Siripongpan A, Sindhupakorn B. A Comparative study of 
osteoarthritic knee patients between urban and rural areas in knee 
severity and quality of life. Health Psychol Res. 2022;10(3):35466. doi.
org/10.52965/001c.35466

8.	Desilet LW, Pedro S, Katz P, et al. Urban and Rural Patterns of Health 
Care Utilization Among People With Rheumatoid Arthritis and 
Osteoarthritis in a Large US Patient Registry. Arthritis Care Res 
(Hoboken). 2025;(3):412–418. doi.org/10.1002/acr.25192

9.	Sun F, Zimmer Z, Brouard N. Rural-urban residence and life 
expectancies with and without pain. Health Place. 2024;103305. doi.
org/10.1016/j.healthplace.2024.103305

10.	Hageman PA, Eisenhauer C, Mroz JE, et al. A web-based intervention 
is feasible for supporting weight loss and increased activity in rural 
women with arthritis. J Public Health Res. 2021;11(1):2164. doi.
org/10.4081/jphr.2021.2164

11.	Messier SP, Monroe MG, Callahan LF, et al. Disparities Between 
Rural and Urban Communities: Response to 18 Months of Diet and 
Exercise Versus Control for Knee Osteoarthritis and Overweight or 
Obesity. Arthritis Care Res (Hoboken). 2025; (1):69–76. doi.org/10.1002/
acr.25448

12.	Roškar S, Hafner-Bratkovič I. The Role of Inflammasomes in 
Osteoarthritis and Secondary Joint Degeneration Diseases. Life (Basel, 
Switzerland). 2022;12(5):731. doi.org/10.3390/life12050731

13.	Nowicki G, Polak M, Ślusarka BJ. Comparison of anthropometric 
indicators related to overweight and obesity by place of residence in a 
local community with a high social deprivation rate – a cross-sectional 
study. Ann Agric Environ Med. 2024;31(2):248–254. doi.org/10.26444/
aaem/178180

14.	He Y, Li Z, Alexander PG, et al. Pathogenesis of Osteoarthritis: Risk 
Factors, Regulatory Pathways in Chondrocytes, and Experimental 
Models. Biology. 2020;9(8),194. doi.org/10.3390/biology9080194

15.	Richard MJ, Driban, JB, McAlindon TE. Pharmaceutical treatment of 
osteoarthritis. Osteoarthritis and Cartilage. 2023;31(4),458–466. doi.
org/10.1016/j.joca.2022.11.005

16.	Polshchakova T, Gushcha S, Bevz L, et al. The use of radon baths 
in the rehabilitation of patients with osteochondrosis. Eur Rev 
Medical Pharmacol Sci. 2022;26(17):6107–6109. doi.org/10.26355/
eurrev_202209_29627

17.	Adıgüzel T, Arslan B, Gürdal H, et al. Evaluation of the therapeutic 
and the chemical effects of balneological treatment on clinical and 
laboratory parameters in knee osteoarthritis: a randomized, controlled, 
single-blinded trial. Inter J Biometeorol. 2022;66(6): 1257–1265. doi.
org/10.1007/s00484-022-02274-6

18.	Protano C, Fontana M, De Giorg, A, et al. Balneotherapy for 
osteoarthritis: a systematic review. Rheumatol Inter. 2023;43(9):1597–
1610. doi.org/10.1007/s00296-023-05358-7

19.	Mormile I, Tuccillo F, Della Casa F, et al. The Benefits of Water from 
Nitrodi’s Spring: The In Vitro Studies Leading the Potential Clinical 
Applications. Inter J Molecular Sci. 2023;24(18):13685. doi.org/10.3390/
ijms241813685

20.	Ma T, Song X, Ma Y, et al. The effect of thermal mineral waters on pain 
relief, physical function and quality of life in patients with osteoarthritis: 
A systematic review and meta-analysis. Medicine. 2021;100(4):e24488. 
doi.org/10.1097/MD.0000000000024488

21.	Lequesne MG. The algofunctional indices for hip and knee osteoarthritis. 
J Rheumatol. 1997;24(4):779–781. pubmed.ncbi.nlm.nih.gov/9101517/

22.	EuroQol Research Foundation. EQ-5D-3L User Guide. 2018. https://
euroqol.org/publications/user-guides

23.	Janssen MF, Szende A, Cabases J, et al. Population norms for the EQ-5D-
3L: a cross-country analysis of population surveys for 20 countries. Eur 
J Health Econ. 2019;20(2):205–216. doi.org/10.1007/s10198-018-0955-5

24.	Spivak LM, Osmanova AM. Psychodiagnostics in clinical psychology: 
a teaching manual. Kyiv. University (Ukraine), 2023. [in Ukrainian]. 
https://deps.snu.edu.ua/media/filer_public/05/0f/050f8127-e00a-
475f-b4d5–52bbda4cfe7a/osmanovapsikhodiagnostika_v_klinichnii_
psikhologiyi_posib.pdf

25.	Kohn MD, Sassoon AA, Fernando ND. Classifications in Brief: 
Kellgren-Lawrence Classification of Osteoarthritis. Clin Orthop Relat 
Res. 2016;474(8):1886–1893. doi.org/10.1007/s11999-016-4732-4

26.	Carbajo JM, Maraver F. Salt water and skin interactions: new lines 
of evidence. Int J Biometeoro. 2018;62(8):1345–1360. https://doi.
org/10.1007/s00484-018-1545-z

27.	Gushcha S, Nasibullin B, Nikolaieva G, et al. External use of radon 
and sulfide mineral waters in the treatment of experimental arthrosis. 
Balneo PRM Res J. 2022;13(4):528. http://bioclima.ro/Balneo528.pdf

28.	Varzaityte L, Kubilius R, Rapoliene L, et al. The effect of balneotherapy 
and peloid therapy on changes in the functional state of patients with 
knee joint osteoarthritis: a randomized, controlled, single-blind pilot 
study. Inter J Biometeorol. 2020;64(6):955–964. doi.org/10.1007/
s00484-019-01785-z

29.	Kan F, Kucukkurt I. The effects of boron on some biochemical 
parameters: A review. J Trace Elements Med Biol. 2023;79:127249. 
doi.org/10.1016/j.jtemb.2023.127249

30.	Khaliq H, Juming Z, Ke-Mei P. The Physiological Role of Boron on 
Health. Biol Trace Elem Res. 2018;186(1):31–51. doi.org/10.1007/s12011-
018-1284-3

31.	Khaliq H. Exploring the role of boron-containing compounds in 
biological systems: Potential applications and key challenges. J Trace 
Elem Med Biol. 2025;87:127594. doi.org/10.1016/j.jtemb.2025.127594

32.	Nielsen FH, Eckhert CD. Boron. Advances in Nutrition. 2020;11(2):461–
462. doi.org/10.1093/advances/nmz110

33.	Li G, Cheng T, Yu X. The Impact of Trace Elements on Osteoarthritis. 
Front Med. 2021;8:е771297. doi.org/10.3389/fmed.2021.771297

34.	Han Y, Shang Q, Yao J, et al. Hydrogen sulfide: a gaseous signaling 
molecule modulates tissue homeostasis: implications in ophthalmic 
diseases. Cell Death Dis. 2019;10(4):293. doi.org/10.1038/s41419-019-
1525-1

35.	Pozzi G, Gobbi G, Masselli E, et al. Buffering Adaptive Immunity by 
Hydrogen Sulfide. Cells. 2022;11(3):325. doi.org/10.3390/cells11030325

36.	Amado FML, Silva EAF. Healing Sulfurous Thermal Waters in Health 
Resort Medicine: Therapies, Indications, and Contraindications. In: 
Gomes C, Rautureau M, editors. Minerals latu sensu and Human 
Health. Springer, Cham.2021. doi.org/10.1007/978-3-030-65706-2_15

37.	Burguera EF, Vela-Anero A, Magalhães J, et al. Effect of hydrogen 
sulfide sources on inflammation and catabolic markers on interleukin 
1β-stimulated human articular chondrocytes. Osteoarthritis Cartilage. 
2014;22(7):1026–35. doi:10.1016/j.joca.2014.04.031

38.	Gálvez I, Torres-Piles S, Ortega-Rincón E. Balneotherapy, Immune 
System, and Stress Response: A Hormetic Strategy? Inter J Molecular 
Sci. 2018;19(6):1687. doi.org/10.3390/ijms19061687

39.	Cheleschi S, Tenti S, Seccafico I, et al. Balneotherapy year in review 
2021: focus on the mechanisms of action of balneotherapy in rheumatic 
diseases. Environ Sci Pollut Res Int. 2022;29(6):8054–8073. https://doi.
org/10.1007/s11356-021-17780-0

40.	Song Y, Wu S, Zhang R, et al. Therapeutic potential of hydrogen sulfide 
in osteoarthritis development. Front Pharmacol. 2024;15:1336693. doi.
org/10.3389/fphar.2024.1336693

AAEM Annals of Agricultural and Environmental MedicineONLINE FIRST

ONLINE FIRST

ONLINE FIRST

ONLINE FIRST


