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Abstract The aim of the study was to demonstrate the
effectiveness of sulphurous water in patients with osteoar-
thritis of the hand. Forty-seven patients with osteoarthritis of
the hand were enrolled into the double-blind, randomized,
controlled study, satisfying ACR criteria. One group of the
patients (n024) received balneotherapy, bathing in sulphu-
rous thermal water for 20 min per occasion, 15 times in all
during a period of 3 weeks. The control group (n021) had a
bath exclusively in warm tap water. Assessments were car-
ried out in both groups on four occasions: at the beginning
and at the end of the treatment, and 3 and 6 months after the
beginning of the treatment. The parameters studied were the
following: pain in the hand, morning stiffness in the joints,
grip strength of both hands, and Health Assessment Question-
naire Disability Index (HAQ) and AUSCAN Hand Osteoar-
thritis Index and EuroQol quality of life questionnaire. At the
end of treatment, the improvement was more pronounced in
the patient group treated with the sulphurous water. After
3 months, significant improvement could be detected in all
parameters, except the morning stiffness and EQ5D. After
6 months, the values of pain, HAQ and AUSCAN continued
to be significantly better in comparison with the baseline
values. The improvement in quality of life was significant
only at the end of the treatment, 6 months later not any longer.
The difference between the two groups was significant after

3 months in point of pain and EQVAS. Balneotherapy and
within this the sulphurous spa water alone may be effective for
the attenuation of pain in patients with hand osteoarthrosis.
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Introduction

Symptomatic hand osteoarthritis is a common musculoskeletal
disorder, its prevalence being 15.9 % in women and 8.2 % in
men in a population aged 58.9 (±9.9) years [1]. This disease is
characterized by pain, stiffness and impairment in hand func-
tion, deterioration in handgrip strength, and the latter could
decrease below the 60 % of the normal value [2]. The disease
typically affects the distal and proximal interphalangeal, and
the first carpometacarpal joints.

The course of the disease is less clear, but available data
show that the whole joint is affected by osteoarthritis [3]. At
present there do not exist such therapeutic methods that are
able to modify the structure, and the studies related to
symptomatic treatment are scarce [4, 5]. Balneotherapy is
used usually only in countries rich in spa water. In recent
decades, numerous papers appeared which proves the effec-
tiveness of balneotherapy in musculoskeletal disorders
[6–9]. With the present study, the authors wish to evaluate
the effectiveness of balneotherapy in hand osteoarthritis.

Patients and methods

The outpatients of Mezőkövesd Musculoskeletal Rehabili-
tation Centre were enrolled into the study. Twenty-four
patients (male/female, 1:23) had bath in sulphurous water
(balneotherapy group), while 21 patients (male/female,
2:19) had bath in tap water (control group). The assessments
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took place on four occasions: at the beginning and at the end
of study, and 3 and 6 months after the therapy. Neither the
patients nor the investigators knew the distribution of the
two groups. A computerized randomization took place; the
patients got identification numbers when they were enrolled
into the study. The randomization was made by an indepen-
dent person. The result of the randomization was known
exclusively by the physiotherapy assistant working in the
bath who filled the bathtubs with spa water or tap water. The
bathtubs could be filled both with spa water and with tap
water, so balneotherapy could have happened in any bath-
tubs. Patients sitting in the bath were holding only their
heads out of the water while hands were kept in the water.
The sulphurous smell that could be perceived everywhere in
the bath was deceptive for the control group. Both the
balneotherapy group (n024) and the control group (n021)
spent 20 min per occasion in the bathtub, in all 15 times
during a period of 3 weeks. The temperature of the spa water
and that of the tap water was 37 °C. The period of balneo-
therapy was measured and certified by the physiotherapy
assistant. During the study period, the patients did not
receive any other physiotherapy on their hands.

Inclusion criteria

Osteoarthritis of the hand was diagnosed according to the
1990 criteria of the American College of Rheumatology
[10]. Inclusion criteria included Kellgren–Lawrence radio-
graphic grade ≥2 in at least two joints and ≥30 mm hand
pain as assessed by the visual analog pain scale [11].

Exclusion criteria

Patients younger than 45 years of age and older than 75 years
were excluded from the study. Further exclusion criteria
were: erosive or secondary hand osteoarthritis, inflammato-
ry rheumatic disorders, psoriasis, gout, carpal tunnel syn-
drome, trigger finger, tendovaginitis and fibromyalgia. The
patients could not receive balneotherapy in the last 9 months;
they could not get steroid injection into the small joints of
hands in the last 3 months, or injection of a hyaluronate in
the last 6 months; and they could not take symptomatic
slow-acting drugs in the last 3 months either. During the
study period, the patients did not get any other therapy for
hand pain than balneotherapy, they did not take non-steroid
drugs. For other pain occurring eventually, they were
allowed to take paracetamol or metamisole.

Composition of the thermal water

The spa water of Mezőkövesd belongs to the group of sul-
phurous spa waters, its content of sulphide ion (13.2 mg/L) is

the highest in Hungary [12]. In addition, this spa water con-
tains a significant amount of calcium, magnesium, bicarbo-
nate and sodium chloride as well (Table 1). The permission
necessary to carry out the study was received from the
regional ethics committee (license number: 01-03-2009).

Study parameters

The parameters studied were as follows:

Hand pain measured by visual analogue scale (0–100),
morning joint stiffness (MJS) based on the self-report
of patients (in minutes) and the grip strength of hands
measured by Dyna-9 dynamometer (in newtons).
The grip strength of both hands was measured three times;
the final result was the average of three measurements [13].

In addition, completion of the following questionnaires
took place:

Health Assessment Questionnaire Disability Index
(HAQ-DI), Australian/Canadian Osteoarthritis Hand
Index Likert-scaled Format (AUSCAN LK3.1) and
EuroQol (EQ-5D/EQ VAS), and quality of life question-
naire. The Health Assessment Questionnaire (HAQ) is
the functional index of rheumatoid arthritis; however, it is
usable in hand osteoarthritis, as well [11, 14].
The AUSCAN is a three-dimensional, self-administered
questionnaire specific for the osteoarthrosis of the hand.
A higher score indicates greater impairment [15]. The
AUSCAN can be used only with license. We have re-
ceived the authorization necessary to use the Hungarian
version of the questionnaire. The EQ-5D quality of life
questionnaire consists of two parts. The first part contains
items referring to five dimensions of life quality; the
second part is a visual analog scale (EQVAS), by which
patients self-report their actual health state [16].

Table 1 The composition of thermal water

Cation mg/L Anion mg/L

Na+ 250 NO3
− <1.0

K+ 69 NO2
− <0.02

Li+ 1.68 Cl− 254

NH4
+ 5.6 Br− 1.08

Ca2+ 280 I− 0.17

Mg2+ 48.2 F− 2.9

Fe2+ 0.54 SO4
2− <10

Mn2+ 0.41 HCO3
− 1420

PO4
3− 0.15

S2− 13.2

Total concentration—2347 mg/L
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Primary endpoint is that the pain decreases, and hand
functions increase at the end of treatment, and 3 and
6 months later.
Secondary endpoint is to improve quality of life.

Statistics

The statistical analyses were made using SPSS 15.0 soft-
ware. Regarding the data gained at the beginning of the

study, the Kolmogorov–Smirnov test was used as a normal-
ity test, and the Mann–Whitney test was used as homoge-
neity test. The changes in state were assessed comparing
the data to the baseline data or the data gained earlier
(Wilcoxon test).

Comparison of data of the two groups was done by
Mann–Whitney test and GLM repeated measures analysis.
Taking into account the Bonferroni correction significant
result, we appplied p value <0.008 (5 %/600.8 %).

Fig. 1 The disposition of
patients

Table 2 The baseline character-
istics of patients Patients in spa water (n024) Patients in tap water (n021) p

Age (years) 58 (47–71) 61 (50–73) 0.356

BMI (kg/m2) 29.25±4.025 29.97±4.204 0.413

Pain (VAS) 59.96±16.643 52.57±11.378 0.158

MJS (min) 16.75±18.536 10.62±8.698 0.435

Grip strength—right hand (N) 141.54±47.404 158.43±59.513 0.439

Grip strength—left hand (N) 121.58±41.740 144.27±49.319 0.130

HAQ-DI 1.56±0.543 1.61±0.366 0.945

AUSCAN 36.75±9.336 36.57±6.376 0.649

Pain 12.62±2.961 12.38±1.962 0.407

Stiffness 2.75±0.676 2.90±0.768 0.429

Physical functions 21.38±6.639 21.29±5.051 0.820

EuroQol

EQ5D 0.495±0.2061 0.470±0.2080 0.679

EQVAS 48.92±15.929 49.71±13.488 0.820

Clin Rheumatol (2012) 31:1437–1442 1439



Results

Patients were recruited by the family doctor in theMezőkövesd
rural area and sent to Mezőkövesd Muscolosceletal Rehabili-
tation Center, where the rheumatologist screened 60 patients
for the study. The recruitment period was between May 2009
andMay 2010. A total of 47 patients (male/female, 4:43) were
randomised, of which 2 subjects dropped out during the treat-
ment process for family reasons. Balneotherapy did not have to
be interrupted because of side effects in any case (Fig. 1).
During the whole period of the study, adverse event was not
reported.

The data of the two groups at the beginning of the study
are indicated in Table 2. The baseline characteristics were
similar between the two groups. The balneotherapy group
showed significant improvement in every parameter under
the scope of the study at the end of the treatment. The
improvement was pronounced also regarding pain, MJS,
the grip strength, the AUSCAN, the HAQ and the EQVAS
(p<0.001). After 3 months, the improvement remained sig-
nificant with the exception ofMJS and EQ5D. After 6months,
all the parameters still showed significant improvement in
comparison with the baseline, except the MJS, the grip
strength and the EuroQol.

The control group showed significant improvement in ev-
ery parameter, except pain, HAQ, EuroQol (EQ5D+EQVAS),
at the end of the treatment; however, this improvement was
less expressed than in the balneotherapy group. After 3 and
6 months, no improvement could be detected in any parameter
in the group that had bath in the tap water.

The difference between the two groups was significant
after the bath in point of pain (VAS) and 3 months later both
in point of pain (VAS) and of health state (EQVAS), but it
was not significant in the point of MJS, grip strenght, HAQ-
DI, AUSCAN and EQ5D (Table 3). In the aspect of pain, a
significant difference was experienced in the course of this
assessment betweeen the two groups by GLM repeated
measures analysis (Table 4). The number needed to treat
(NNT) is 5,6 patients [95 % CI 2.28–10].
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Table 4 Comparison of data of the two groups (GLM repeated measures
analysis)

Measures F p value Effect size

Pain 7.421 <0.001 0.358

MJS 1.458 0.241 0.099

Grip strength/right hand 0.732 0.539 0.052

Grip strength/left hand 0.087 0.296 0.087

HAQ 3.177 0.034 0.192

AUSCAN 2.854 0.049 0.176

EQ5D 0.978 0.413 0.068

EQVAS 4.073 0.013 0.234
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Discussion

Our double-blind, randomized, controlled follow-up study
results suggest that balneotherapy is a succesful treatment in
the osteoarthritis of the hand as well, since the pain in the
hands of patients who had bath in spa water improved even
during 3 months. No improvement could be detected in
quality of life after 6 months. Forestier et al. [9], using the
SF-36, came to the same conclusion regarding knee
osteoarthritis.

Mineral water has been used for ages for the alleviation of
musculoskeletal pain. The beneficial effects of balneotherapy
were studied and proven in a variety of rheumatological dis-
eases in the past decades. In osteoarthritis of the knee, pain and
musculoskeletal dysfunction improved in the short to medium
term [6–9]. Unfortunately there are not so many studies that
support conservative therapy interventions for osteoarthritis of
hand, as for osteoarthritis of the hip and knee [17].

Low-level laser therapy (LLLT) is no better than the
placebo in improving subjects hand function or decreasing
hand pain or morning stiffness [18]. Balneotherapy seems
more efficient than LLLT treatment.

There are some modest evidence that hot wrap and steam
alleviate pain and increase the grip strength of the hand in
hand osteoarthritis [17]. At the EULAR task force’s recom-
mendation, local application of heat is the beneficial treat-
ment, but level of evidence is low [19].

This positive effect—which can be explained by the hot
temperature and other physical effects of the water—was
detected in the patients who had bath in tap water at the end
of the treatment period. Longer lasting improvement, how-
ever, could be detected in the patients that had bath in the
sulphurous spa water; this refers to the positive role of the
sulphur content in the water.

The exact mechanism of action of balneotherapy is not
known, but the minerals absorbed from the water can have a
therapeutic role, in addition to the physical properties of the
water [20, 21]. It is difficult to analyse the effects of each
component of spa waters seperately, probably a complex
effect occurs. In the spa water used in the present study,
the high sulphide ion (S2−) content is dominant. The sulphur
can get into the body through the skin and the airways. The
hydrogen sulphide (H2S) gas has a known antioxidant effect
in the cells [22]. The results of Benedetti et al. [23] also
demonstrated this antioxidant effect, as when the sulphurous
mud baths were used in combination with the drinking of
sulphurous water, the quantity of the biomarkers of oxidative
stress and that of biomarkers indicating inflammation and
cartilage degradation decreased to a great degree in the blood.

It is assumed that this antioxidant effect of sulphurous
mineral water protects against the oxidative damage of
cartilage tissue in osteoarthritis [24, 25]. In addition, the
sulphide ion (S2−) content is beneficial for the de novo

proteoglycan synthesis in the cartilage tissue, counteracting
the degradation of the cartilage. It is a remarkable fact that in
41 % of patients with knee osteoarthritis, hand osteoarthritis
was found as well, so it can be assumed that balneotherapy
could be effective in the case of generalized osteoarthritis,
too [26].

Limitation of the study

Sample size has not been calculated, so this may cause lack
of statistical power. The difference in colour between the
mineral water and the tap water might have influenced the
patient blinding. The consumption of analgesics was not
studied and patient global assessment was not estimated.
Other more objective outcome variables should be included
into the study protocol, e.g. the pinch strength and the range
of movements in the joints affected.

Conclusions

Balneotherapy and within this the sulphurous spa water
alone may be effective for the attenuation of pain in patients
with hand osteoarthrosis.

Disclosures None.
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