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Abstract The effects of balneotherapy on chronic shoulder
pain were studied. In this single-blind, randomized, follow-up
study involving 46 patients with chronic shoulder pain, one
group of patients received physiotherapy—exercise and trans-
cutaneous electrical nerve stimulation—and the other group
received balneotherapy in addition to physiotherapy for
4 weeks on 15 occasions. The following parameters were
recorded before treatment (at week 0) and after treatment (at
weeks 4, 7, and 13): Shoulder Pain and Disability Index
(SPADI), the Short Form (36) Health Survey (SF-36) and
EuroQuol-5D (EQ-5D) quality of life questionnaires, pain at
rest and on movement on the visual analog scale (VAS), and
active and passive range of motion. The SPADI pain, function,
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and total scores and the VAS scores at rest and on movement
significantly improved in both groups after treatments. A
greater improvement was observed in the balneotherapy
group compared to the control group; regarding some param-
eters (VAS score on movement and SPADI function score at
visit 2; VAS score at rest at visits 3 and 4), the difference
between the groups was significant. The improvement of SF-
36 and EQ-5D quality of life scores and the active range of
motion was more pronounced in the balneotherapy group, the
difference between the groups was not significant, except for
EQ-5D at visit 2. Improvement of passive range of motion
was not significant. Balneotherapy may have a beneficial
effect on the clinical parameters and quality of life of patients
with chronic shoulder pain. The number of patients should be
increased.

Keywords Balneotherapy - Controlled - Chronic shoulder
pain - Mineral water - Physiotherapy - Randomized -
Single-blind trial

Introduction

Balneotherapy has been defined recently as the use of natural
mineral waters, muds/peloids, and natural gases for therapy,
prevention, and rehabilitation. The possible methods of use
are immersion in mineral water, mud, and gases, drinking of
mineral water, and inhalation of mineral waters and gases.
Balneotherapy is traditionally used for the treatment of mus-
culoskeletal disorders in many European and non-European
countries [1]. The primary goal of balneotherapy is the treat-
ment of degenerative musculoskeletal disorders. Based on the
results of previous studies, balneotherapy has favorable effects
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on knee osteoarthritis [2, 3], chronic low back pain [4-6],
hand osteoarthritis [7], and fibromyalgia [8].

In addition to low back and neck pain, shoulder disease
(SD) is the third most common musculoskeletal disorder
patients seek medical care for [9]. The estimated yearly inci-
dence of SD in the USA is up to 7 %, its yearly prevalence in
different countries is between 20 and 51 %, and lifetime
prevalence is approximately 10 % in the average adult popu-
lation [9, 10]. In 40 % of patients attending primary health
care for a new episode of shoulder pain, symptoms can last
even up to 12 months [9, 10].

The painful limitation of shoulder motion affects hand
and arm motion as well; therefore, it significantly influences
work performance and everyday activities as well as the
quality of life. Therefore, the treatment of patients with
shoulder pain has major social and health economic impli-
cations [10, 11].

The diagnosis and classification of SD is not uniform [9,
11]. Shoulder pain is caused by periarticular, glenohumeral,
and regional (other than shoulder) disorders [10—12].

Biceps tendinitis is most often associated with other sur-
rounding shoulder pathologies such as degenerative rotator
cuff lesions and impingement syndrome as a secondary pro-
cess. Primary tendinitis is rare and has been estimated to
represent about 5 % of the cases [13].

Treating SD is a challenge also. The aim of the treatment is
to decrease pain and increase function [10]. Several accepted
conservative treatment options exist for shoulder pain. These
include pharmacotherapy (analgesics, nonsteroidal anti-
inflammatory drugs (NSAIDs), oral steroids, and steroid in-
jections), physiotherapy (including exercise therapy and the
application of physical modalities), mobilization, manipula-
tion, and health education. In cases resistant for conservative
therapy, hydrodilatation and surgery may be considered [10,
12].

Due to the diagnostic and classification difficulties, no
uniform, specific treatment protocol exists [10, 12]. Accord-
ing to the meta-analysis of Gaujoux-Viala, efficacy of local
steroid treatment is equal to that of NSAIDs in the acute and
subacute stage of shoulder tendinitis: compared to other treat-
ments (physiotherapy, wait and see, placebo), it decreases pain
and improves function. However, this effect is confirmed only
in studies with short term, and no long-term benefit was
shown [14].

It is important to note that due to gastrointestinal side
effects, pharmacological treatment (particularly NSAID ther-
apy) has its limitations with significant financial and health
economic consequences [15].

Several systematic reviews and meta-analyses have proven
the pain-reducing and function-improving effect of exercise
treatment in chronic shoulder pain [16—-19]. The efficacy of
transcutaneous electrical nerve stimulation (TENS) in shoul-
der pain is not proved [20].
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In some European and Asian countries, balneotherapy is
traditionally and widely used in the treatment of chronic
shoulder pain [1]. However, we have data only from one
Turkish study showing the beneficial effects of hot mud packs
in subacromial impingement syndrome [21]. The effect of
mineral water bathing on chronic shoulder pain has not yet
been studied.

Therefore, the aim of our study was to investigate the
effects of balneotherapy on chronic shoulder pain. Our prima-
ry objective was to find out whether balneotherapy has an
adjuvant beneficial effect on the clinical parameters of patients
suffering from chronic shoulder pain compared to the control
group. Our secondary objective was to evaluate the effect of
clinical improvement on the quality of life from the baseline
and compared to the control group.

Protocol and study parameters
Design

In this randomized, controlled, follow-up study, we evaluated
the effects of balneotherapy plus exercise versus exercise
alone on chronic shoulder pain in two patient groups. Both
groups received TENS treatment, as probably a placebo for
shoulder pain in lack of evidence.

Participants

This study was conducted at the Department of Rheumatology
and Physiotherapy of the Jozsefvaros Municipal Health Ser-
vice in Budapest (center 1) and at the Musculosceletal Reha-
bilitation Centre in Mezdkovesd (center 2), Hungary.

Patients with the following criteria were enrolled to the
study: outpatients with chronic shoulder pain, men and wom-
en between 30 and 75 years of age, complaints present for at
least 2 months, at least mild shoulder pain (25 on the visual
analog scale (VAS) scale) on movement, and tenderness along
the short or long head of the biceps brachii muscle possibly
causing the complaints. Before enrollment, anteroposterior
comparative shoulder X-ray and shoulder ultrasound exami-
nations were performed.

Exclusion criteria were: acute shoulder pain; rotator cuff
tear; glenohumeral disorders (inflammatory arthritis, osteoar-
thritis, osteonecrosis, cuff arthropathy, septic arthritis, adhe-
sive capsulitis, glenohumeral instability), regional disorders
(e.g., cervical radiculopathy, brachial neuritis, nerve entrap-
ment syndrome, sternoclavicular arthritis, reflex sympathetic
dystrophy, and neoplasms); shoulder pain probably caused by
internal organ disease; previous shoulder surgery; previous
shoulder fracture; complaints caused by obvious trauma; ap-
plication of local steroid injection on the shoulder within
3 months prior to the study treatment and within 1 months
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prior to the study treatment on other body parts; balneotherapy
within 2 months prior to the treatment; general contraindica-
tions of balneotherapy; TENS therapy was allowed up to
2 weeks prior to treatment; and exercises were allowed.

The study participants were patients under regular
outpatient care recruited according to the study protocol
by the rheumatologists of the Joézsefvaros Municipal
Health Service in Budapest and the Musculosceletal
Rehabilitation Centre in MezOkdvesd. Exercise therapy
and TENS therapy were performed at the local Physio-
therapy Department. Balneotherapy took place at the
Budapest Spa Plc. Széchenyi Spa in Budapest and at
the Zsory Spa in Mezokovesd. Study participants re-
ceived written information, and they signed an informed
consent form before the study. The study was approved
by the Scientific and Research Ethics Committee
(TUKEB).

Intervention

One group received individual, physiotherapist-led exercise
therapy and TENS therapy for painful shoulder joint two to
three times a week for 4 weeks on a total of 10 occasions, and
the other group received the same treatment plus
balneotherapy. Balneotherapy involved bathing in a 120-cm
deep, 32 °C water for 4 weeks in a total of 15 sessions, for
30 min per occasion. During balneotherapy sessions, patients
were allowed to move, swim, stand, and sit in the water. Both
mineral waters contain a significant amount of sodium, calci-
um, hydrogen carbonate, and sulfate.

The therapists who supervised the exercise were
trained. Exercise therapy was performed on the basis
of an agreement reached prior to the study between
the physiotherapists and was adjusted to the individual
status of the patient. Exercises included passive mobili-
zation, gradual introduction of active exercises (muscle
strengthening and joint mobilization), and active joint
exercises taking into account the patient's actual range
of motion. Patients received educational material, which
included advices and a series of exercises to be done at
home for at least 5 days a week. TENS was applied on
the anterior and posterior aspects of the joint for 15 min
with a mean frequency of 100 Hz and with 15 mA
amplitude.

Adherence of patients to the treatment was registered in a
checklist signed by the physicians on each occasion. The
signed checklist of balneotherapy was controlled by the rheu-
matologists supervising the balneotherapy after the last
balneotherapy session (one person in each center), and the
signed checklist of the exercise and TENS was controlled at
visit 2 (one person in each center). The patients were asked not
to have any other concomitant treatments, and if they had,
they were asked to report it at the visits.

Outcomes

Disease assessment was performed before treatment (week 0),
after the last treatment session (week 4), then 3 and 10 weeks
after the end of treatment (weeks 7 and 14, respectively).
Disease assessments included, as the primary objective, the
evaluation of the VAS pain scores on movement and at rest,
and the completion of the Shoulder Pain and Disability Index
(SPADI) questionnaire.

The SPADI was developed to measure current shoulder
pain and disability [22, 23]. Initially, it was tested in a mix
diagnosis group of patients reporting shoulder pain [22] and
has since been used, among others, in rotator cuff disease [23].
The minimal clinically important difference has been reported
to be 8 points, and the minimal detectable change (MDC
95 %) is 18 points [23]. The questionnaire is validated in
Hungarian in chronic shoulder pain [24].

As secondary objective, the completion of the Short Form
(36) Health Survey (SF-36) and EuroQol-5D quality of life
questionnaires were performed. All questionnaires were self-
reported. Active shoulder girdle range of motion and passive
glenohumeral range of motion were measured by a goniome-
ter and the results were recorded. The assessors were trained.
Both assessors (each one in each center) carried out examina-
tions on the basis of an agreement reached prior to the study.

In addition to the above, a detailed medical history was
taken at each visit. At the same time, inclusion and exclusion
criteria were checked, and possible side effects were recorded.

Randomization and blinding

The person randomizing the patients used a computer program
for the randomization, and made a random number order. He
received patient information via e-mail. Randomization was
stratified by each center, separated. After randomization, an
independent person assigned the patients to the appropriate
group. The independent investigators blinded to the treatment
on the basis of an agreement reached prior to the study
examined the patients before treatment, at the end of treat-
ment, and during the follow-up visits. As the patient cannot be
blinded for the treatment, they were expressly asked not to tell
the assessor in which group they were treated. The patients
were examined by the same physician, which means one
person in each center.

The independent physicians supervising the treatment were
available during the treatments and they observed the possible
side effects. The side effects of balneotherapy were supposed
to be evaluated by the physicians supervising the treatments
and finally by the rheumatologists working in the baths (one
person in each center) by means of a list (a blank sheet) on
which, in case of the emergence of any side effect, the emer-
gence was indicated (description of the side effect). The side
effects of physiotherapy were evaluated by the physicians and
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finally by the rheumatologists supervising the treatments (one
person in each center) by means, again, of a list (a blank sheet)
on which, in case of the emergence of any side effect, the
emergence was indicated (description of the side effect). Sta-
tistical analysis was performed by an independent person.

Statistical analysis

Statistical analysis was performed by using IBM SPSS Statis-
tics 20. Distribution was assessed by the Kolmogorov-
Smirnov test. Nonparametric methods were used in statistical
calculations, due to the sample size. Data were analyzed by
Mann-Whitney test and Friedman test. Bonferroni correction
was made; the level of significance was calculated by dividing
0.05 by the number of the independent variables in the tests.
So, the level of significance given by Bonferroni correction
was 0.025 for VAS pain scores on movement and at rest, for
SPADI and for EuroQuol-5D quality of life questionnaires,
the level of significance given by Bonferroni correction was
0.006 for SF-36 quality of life questionnaires, and 0.005 for
clinical examination (active shoulder girdle range of motion
and passive glenohumeral joint range of motion).

The effect sizes between the two groups were estimated
with a 95 % confidence interval (CI). Regarding the Friedman
test, the concordance was calculated and given by Kendall's
coefficient (w). The results were evaluated by intention-to-
treat analysis (ITT).

Results

Fifty-four patients were assesed for eligibility, four patients
did not meet inclusion criteria, and four patients declined to
participate. Forty-six patients were randomized: 23 patients to
the balneotherapy group (20 patients in center 1; 3 patients in
center 2) and 23 patients to the control group (20 patients in
center 1; 3 patients in center 2).

This study was conducted between December 2010 and
June 2013. The patients were recruited continuously from
December 2010 to March 2013. Participants attended visits
at baseline at weeks 4, 7, and 13.

Patients participated in at least 80 % of the treatment
sessions. During the follow-up period, one patient in the
balneotherapy group required periarticular steroid therapy
for increasing pain at visit 3 and therefore this patient was
excluded from the study. Due to issues with compliance, one
patient in the balneotherapy group and four patients in the
control group did not attend visit 4. No side effects were
observed during the treatment period or the follow-up period.
All patient data were analyzed according to the intent-to-treat
principle (Fig. 1). The statistical analysis performed was
planned; no other statistical analysis was performed.
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At the beginning of the study, the demographic character-
istics and measured parameters of the two groups were com-
parable. This study included 17 male and 29 female patients.
The average age was 59.7+£8.3 and 57.4+11.1 years in the
balneotherapy and control groups, respectively.

Tenderness was noted in all patients along the initial seg-
ment of the long head of the biceps brachii muscle. In 30 of the
46 patients (17 patients in the balneotherapy group and 13
patients in the control group), ultrasonography confirmed
tendovaginitis of the long head of the biceps brachii muscle.
Ultrasound examination showed rotator cuff tendinopathy in
12 patients (nine patients in the balneotherapy group and three
patients in the control group), and chronic subacromial bursi-
tis and/or subdeltoid bursitis in 13 patients (five patients in the
balneotherapy group and eight patients in the control group).
Physical examination revealed impingement syndrome in 17
patients (eight patients in the balneotherapy group and nine
patients in the control group). Out of these patients, ultraso-
nography showed rotator cuff tendinopathy in six patients
(four patients in the balneotherapy group and two patients in
the control group), chronic subacromial bursitis and/or deltoid
bursitis in six patients (one patients in the balneotherapy group
and five patients in the control group), and long head
tendinopathy of the biceps brachii muscle in nine patients
(seven patients in the balneotherapy group and two patients
in the control group; Table 1).

The SPADI total pain, total disability, and total scores
significantly improved from baseline to the end of treatment
in both groups, and further improvement was observed during
the follow-up period. The improvement was greater in the
balneotherapy group. A significant difference was seen be-
tween the two groups in the SPADI total disability score at
visit 2 (Table 2).

Shoulder pain at rest and on movement significantly im-
proved from baseline to the end of treatment in both groups,
and further improvement was observed during the follow-up
period. Pain decreased more pronounced in the balneotherapy
group than in the control group. A significant difference in
pain at rest was seen between the two groups at visits 3 and 4
and in pain on movement at visit 2 (Table 2).

The role limitations due to physical health, energy/fatigue,
and pain domains measured by the SF-36 quality of life
questionnaire significantly improved in both groups. This
improvement was greater in the balneotherapy group com-
pared to the control group. The difference was not significant.
Physical functioning, emotional well being, and general health
improved significantly in the balneotherapy group only; the
difference between the two groups was not significant. The
improvement of the role limitations due to emotional prob-
lems and social functioning was not significant in any of the
groups (Table 3).

The EuroQuol-5D (EQ-5D) index and VAS general health
score of the EuroQol-5D quality of life questionnaire
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Fig. 1 The disposition of the
patients

Patients assessed for eligibility (n=54) |

Excluded (n=8)
not meeting inclusion criteria (n=4)
declined to paticipate (n=4)
other reasons (n=0)

Patients randomly allocated to treatment (n=46) |

v v

Allocated to the intervention group
(n=23, center 1: n=20; center 2: n=3)
Received allocated intervention
(n=23, center 1: n=20; center 2: n=3)

Allocated to control group

(n=23, center 1: n=20; center 2: n=3)
Received allocated intervention
(n=23, center 1: n=20; center 2: n=3)

v v

Refused and stopped treatment (n=0)

| | Refused and stopped treatment (n=0)

v v

Lost to follow-up

(n=2, center 1: n=2, center 2: n=0)
(1: required peri-articular steroid therapy for
increasing pain after Visit 3;
1: lack of complience at Visit 4)

Lost to follow-up
(n=4, center 1: n=4, center 2: n=0)
(4: lack of complience at Visit 4)

v v

Analyzed intention to treat
(n=23, center 1: n=20; center 2: n=3)

Analyzed intention to treat
(n=23, center 1: n=20; center 2: n=3)

significantly improved in both groups. Improvement was
more pronounced in the balneotherapy group. The difference
between the two groups was not significant except for EQ-5D
index at visit 2 (Table 4).

Active anteflexion and active retroflexion significantly
improved in both groups. Active abduction and active
outer rotation improved significantly in the balneotherapy
group only. The improvement of the active adduction was
not significant in any of the groups. The difference in the
active range of motion was not significant between the
two groups at any visits (Table 5). Regarding the passive
glenohumeral joint range of motion, the improvement was
not significant in any of the groups after treatment
(Table 5).

Discussion

Our study showed that balneotherapy may have a beneficial
effect on the clinical parameters and quality of life of patients
with chronic shoulder pain.

Previous reports have demonstrated the beneficial effects
of exercise therapy [16—19]. In our study, this benefit is
observed in the changes of the control group. According to
the results of our study, balneotherapy combined with exer-
cises and TENS provided better results regarding pain, shoul-
der function, and quality of life than exercises plus TENS,
notwithstanding the statistical power of the study was low.

Despite the fact that balneotherapy is a widely used thera-
peutic method in the treatment of chronic shoulder pain, our

Table 1 The clinical and ultra-
sonographic data of the patients in
the two groups at baseline

Clinical data

Ultrasonographic data Number of patients

Groups

Treated (n=23)  Control (n=23)

Tenderness along the initial segment

of the long head of the biceps
brachii muscle

Impingement syndrome

Long head tendinopathy of the 17 13
biceps brachii muscle

Rotator cuff tendinopathy 9

Chronic subacromial bursitis 5 8
and/or subdeltoid bursitis

Long head tendinopathy of 7 2
the biceps brachii muscle

Rotator cuff tendinopathy 4

Chronic subacromial bursitis
and/or subdeltoid bursitis
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Effect size
(95 % CI)

Mean+SD p

Effect size
(95 % CI)

Mean+SD p

Effect size
(95 % CI)

P Effect size Mean+SD p
(95 % CI)

Mean + SD

0.36

0.27 (0.09 to 0.44) 0.786+0.202 0.038 0.31 (0.13 to 0.48) <0.001

0.762+0.214  0.071

0.636+0.253

0.27 (0.09 to 0.44) 0.755+0.124 0.012 0.37

23) 0.584+0.183 0.058
23)  0.455+0.243

23)

Treated (n

EQ-5D

0.331
0.44
0.28

<0.001

0.650+0.269

(0.19 to 0.55)

0.598+0.217

55.65+18.43 0.860 0.03 (-0.15t0 0.2) 70.00+16.18 0.491

Control (n

EQ VAS Treated (n

74.57£19.34 0395 0.13(-0.05t00.3) 81.43+£15.94 0.066 0.25(0 08 to 0.43) <0.001

(-0.07100.28) 695741934

0.1

0.001

68.43+23.63

63.96+19.74

23) 52.74+21.98

Control (n

study is the first randomized, controlled study, which evalu-
ated the efficacy of mineral water treatment in patients with
chronic shoulder pain.

Until now, only one uncontrolled Turkish balneotherapy
study has been published about evaluating the effects of hot
mud packs on shoulder pain. In this study, Sen et al. enrolled
29 patients suffering from subacromial impingement syn-
drome for at least 3 months. Patients received 45 °C mud
packs on their painful shoulders for 30 min once a day for
15 days. A significant improvement in pain was observed
during rest, night, and activity as well as in joint function [21].

The treatment of chronic shoulder pain has not been
established yet. Evidence exist that exercise decreases pain
and improves function in chronic periarticular shoulder pain
[16-19]. However, little data is available concerning the effect
of electrical therapy [20].

Kromer et al. published in 2009 that moderate evidence
exists that physiotherapist-led exercises and surgery have
similar efficacy in the treatment of impingement syndrome
in the long term. These data indicate the importance of con-
servative therapy before surgery. Home-based exercise pro-
gram is as effective as combined physiotherapy (exercise:
centering training, mobilization; electric therapy) in the short
and long term. Also, there is moderate evidence that manual
therapy combined with exercise is superior in pain relief
compared to exercise alone. Moderate evidence exists that
passive treatments (ultrasound, magnetotherapy, and laser)
are not effective compared to placebo [18].

Marinko et al. meta-analyzed on 17 randomized controlled
trials (RCTs) involving patients with painful shoulder. Exer-
cise had positive effects on pain and function compared to
other treatments. However, the change in range of motion was
inconclusive [17].

The systematic review of Hanratty et al. published in 2012
included 16 RCTs involving 1,162 patients. Strong evidence
was shown that exercise improved pain and function in
subacromial impingement syndrome in the short term. There
ismoderate evidence that exercise has positive effects on
mental status in the short term and improves physical
function in the long term. Based on the results of the
meta-analysis of six studies, the authors concluded that
exercise had small positive effect on rotator cuff muscle
strength in the short term and small positive effect on
long-term function [16].

TENS therapy is widely used in the treatment of rheumatic
conditions (e.g., chronic low back pain and osteoarthritis of
the knee) and nonrheumatic disorders (e.g., diabetic neuropa-
thy and cancer pain); the efficacy of TENS is still controver-
sial [25].

In a study involving 40 patients with rotator cuff tendinitis,
Eyigor et al. found that although intra-articular steroid de-
creased pain and improved function more pronouncedly com-
pared to TENS therapy especially in the first weeks of
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0.877

Passive inner rotation

0.

0.533

treatment, TENS therapy alone was also effective in improv-
ing activity, function, and quality of life in the long term [20].

Several authors have studied the effect of mechanism of
balneotherapy on musculoskeletal diseases. The mechanical
and heat effects of hydrotherapy predominate during
balneotherapy as well [26]. The gate control theory of pain
acting via heat receptors and mechanoreceptors has been
described [27]. Under hydrostatic pressure, circulation be-
comes centralized, which via the stretching of the volume
receptors leads to increased diuresis, and finally to decrease
of joint swelling and edemas [26, 28]. During immersion,
circulation of the deep muscle structures and oxygen supply
of the tissues increase, which may facilitate the healing of
muscle, joint, or bone injuries [29]. Data exist that during
water immersion, neuromuscular function is modified com-
pared to the non-immersed control; however, some results are
inconsistent [30, 31].

Several authors have studied the role and the mechanism of
heat therapy in decreasing pain and inflammation [26, 32, 33].
In response to heat, elasticity of collagen-rich tissues in-
creases, muscle spasm decreases (which presumably reduce
pain), and joint function improves [26]. Heat may also be able
to influence the hypothalamic adrenal axis, and may increase
serum cortisol, adrenocorticotropic hormone, and beta-
endorphin levels, which is followed by pain reduction in
fibromyalgia syndrome [34].

In our study, water temperature was in the
thermoneutral zone; therefore probably the mechanical ef-
fects were predominant. Inferring from other studies,
balneotherapy modified the level of inflammatory media-
tors (e.g., interleukin-1 alpha, leukotriene B4, prostaglan-
din E2, tumor necrosis factor alpha, insulin-like growth
factor 1, and transforming growth factor beta) [26, 35],
and had a positive effect on the markers of antioxidant
status [36-38] and cartilage degradation (e.g., adiponectin
and matrix metallopeptidase 3) [26, 39].

Mineral water may also have a specific chemical effect.
Several authors have described the significantly better effects
of balneotherapy on pain, mobility, and quality of life com-
pared to hydrotherapy in knee [40—42] and hand osteoarthritis
[7] and chronic low back pain [4-6].

There is hardly any data about the transcutaneous absorp-
tion of mineral water components [43]. It has already been
reported that hydro- and balneotherapy have beneficial effects
on anxiety, depression, and mood. It may also play a role in
the alterations of pain experience and in the improvement of
quality of life [44].

TENS uses analgesic currents, and while its mechanism of
action is not completely understood, it is thought that it serves
to release endogenous opiates in specific areas of the central
nervous system [45].

Since no uniform diagnostic and classification criteria
exist, we established arbitrary criteria. Based on the
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inclusion and exclusion criteria, the X-ray and ultra-
sound examinations made the establishment of relatively
homogeneous patient groups. This study is considered
to be a pilot study. According to its results, with sample
size calculation and determination of the main criteria
for a future study, the expansion of the number of the
patients would be promising.

Limitation of the study

A single-blind method was used; therefore, the patients
knew which treatment they received. Being all self-
reported questionnaires, the assessor was the patient
and blinding of assessor was not possible and the in-
fluence of the placebo effect could be increased. The
lack of blinding of therapists may overestimate the
treatment effect. The procedure evaluating the side ef-
fects might be able to underestimate it in both groups.
In spite of the fact that concomitant treatments were not
reported, it is difficult to evaluate it. Continuous out-
come can lead to a significant placebo effect. Being a
small study, the treatment effect might be overestimated.
The effect of balneotherapy and hydrotherapy cannot be
distinguished in our study. Expansion of the number of
patients would be promising.

Conclusions

As primary objective of the pilot study, we have shown that
balneotherapy combined with exercise and TENS therapy
may provide significantly better results than exercise and
TENS alone on the clinical parameters of patients suffering
from chronic shoulder pain with a possible improvement in
the quality of life of patients as well. Based on our results, we
can conclude that balneotherapy may be a possible therapeutic
option in the treatment of chronic shoulder pain. The number
of patients should be increased.
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