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Abstract To study the effect of thermal mineral water of
Nagybaracska (Hungary) on patients with primary knee
osteoarthritis in a randomized, double-blind clinical trial, 64
patients with nonsurgical knee joint osteoarthritis were
randomly selected either into the thermal mineral water or
into the tap water group in a non-spa resort village. The
patients of both groups received 30-min sessions of bathing,
5 days a week for four consecutive weeks. The patients were
evaluated by a blind observer immediately before and at the
end of the trial using Western Ontario and McMaster
Osteoarthritis (WOMAC) indices and follow-up assessment
3 months later. Twenty-seven patients of the 32 patients who
received thermal mineral water and 25 of the 32 of those
treated with tap water completed the trial. The WOMAC
activity, pain, and total scores improved significantly in the

thermal mineral-water-treated group. The improvement
remained also at the end of the 3-month follow-up. The
WOMAC activity, pain, and total scores improved signif-
icantly also in the tap water group at the end of the treatment
course, but no improvement was detected at the end of the
3-month follow-up period. The treatment with the thermal
mineral water of Nagybaracska significantly improved
activity, pain, and total WOMAC scores of patients with
nonsurgical OA of the knee. Even after 3 months, signif-
icant improvement was observed compared to the scores
before the treatment or to tap water treatment.
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Introduction

Thermal mineral water has been used to treat rheumatic
complaints since prehistorical times [1]. Indeed, rheuma-
tology practice and research began in European spas, such
as Bath, England, Strathpeffer, Scotland and Aix-les-Bains,
France. The spa-doctor, William Bruce (1835–1920),
probably described polymyalgia rheumatica [2] while
his fellow spa-doctor, Jacques Forestier (1890–1978) at
Aix-les-Bains, France, introduced gold treatment for
rheumatoid arthritis and described ankylosing hyperos-
tosis of the spine [3]. It is perhaps useful to define the
various terms employed in discussions of spa therapy.
Spa is an acronym for salus per aquam (health through
water). Most spas functions as holiday resorts, which
clearly may affect the results of any studies. Bálint [4]
has defined three areas for research: the first is hydro-
therapy which is based on the physical characteristics of
the water, the second is balneotherapy which is based on
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the chemical content of the minerals in the water, and the
third is the whole ambience of spa treatment.

Although supporters of thermal mineral water treatment
claim a special effect due to its solutes, there is little
evidence that thermal mineral water treatments have
different effects from hydrotherapy with heated tap water
[5, 6]. Most of the trials were performed at spas, and the
placebo effect of spa environments and concomitantly
applied physiotherapy cannot be ruled out [7, 8]. Only a
few randomized controlled trials have been performed with
thermal mineral water in non-spa environments [9]. The
purpose, therefore, of this study was to determine whether
thermal mineral water is any better than heated tap water.

Methods and patients

The thermal mineral water of Nagybaracska—a small
village in Southern Hungary—was used in this study. This
was chosen as it is a non-spa resort, which might influence
the results. The content of the mineral water is detailed on
Table 1.

According to Hungarian legislation, the term “mineral
water” can be used for natural spring waters or drilled
wells, if the sum of cations and anions is more than
1,000 mg/litre, the water does not contain nitrite and/or
nitrate anions, and the bacterial count does not exceed that
of clear drinking water. For some ions, such as iodine or
fluorine, the concentration of 1 mg/l is required for labeling
the water as iodine or fluorine water. Analysis is performed
and description of the water is issued by the Hungarian
National Institute of Public Health [10]. By definition,
thermal water has a temperature greater than 25°C in
winter.

Patients between the age of 50 and 75 years with
primary osteoarthritis of the knee (OA) according to the
American College of Rheumatology (ACR) criteria [11]
were selected for the trial. All patients had bilateral
“nonsurgical” knee joint OA. None of them had effusion

or knee joint instability either before or after the treatment
period and during the follow-up.

The patients lived locally within a radius of 20 km from
Nagybaracska. The inclusion and exclusion criteria are
shown on Table 2. Patients were randomly (using unre-
stricted randomization—simply tossing a coin to decide
which of two treatments will be given to the next patient
entering the trial) allocated either to treatment with mineral
water or to the control group treated with heated tap water.
The 32 patients in each group were comparable regarding
age, gender, and disease parameters. All patients gave their
written consent to participate in the study after full
discussion of its nature. This was approved by the local
and the regional Ethical Committee. Both the thermal

Table 1 The content of the mineral water of Nagybaracska

Anions mg/l Cations mg/l

Na+ 531 Cl− 443
K+ 35 Br− 0.89
NH4+ 6,70 J− 0.78
Ca++ 219 F− 2.8
Mg++ 65 HCO3 1,458.00
Fe+++ 1.89 NO2 0
Mn++ 0.08 NO3 0
Li+ 0.46
Total 859.13 1,905.47
Free CO2 864

Table 2 The inclusion and exclusion criteria

Inclusion criteria

1. Female (in menopause) and male patients at the age of 50–75
2. Fulfilling the ACR criteria for OA of the knee
3. Pain, characteristic of knee joint OA for at least 3 months
4. No limitations of motion of the joint
5. Outpatients with no severe disability
6. Neither systematic nor intraarticular steroid treatment, any kind

of physiotherapy with the exception of home-exercise in the
last 2 months

Exclusion criteria
1. Any previous knee joint operation
2. Any hip joint or spine operation within 1 year before the study
3. Any trauma of one of the knee joints within 1 year before

the study
4. Arthroscopy of the knee joint within 3 months before the study
5. Intraarticular hyaluronan injection within 2 months before

the study
6. Patients with lumbar radiculopathy
7. Patients with palpable Baker cyst
8. Sedimentation rate higher than 30 mm in females and higher

than 20 mm in males
9. Patients with severe internal, urogenital or any other diseases
10. Non-compliant and psycho-neurotic patients

Table 3 Reasons for non-completion or exclusion

Thermal mineral
water group

Tap water
group

Acute febrile
condition

1 3
Hypertension

1 1
Family affairs

1 2
Unknown

2 1
All together

5 7
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mineral-water- and tap-water-treated patients were treated
in individual tubs, with the temperature of bath waters at
34C°. This temperature is regarded also as “indifferent”
similar to 36°C used in balneotherapy. We chose the lower
temperature to avoid any inflammatory reaction, which
might have been elicited by a higher temperature.

Because the heated tap water and the thermal mineral
water did not differ in appearance or odor, making the tap
water similar to the thermal water was not required, as had
been necessary in previous studies [5]. Neither the assess-
ing doctor (ÉS) nor the study doctor (AÁ) was aware of the
type of treatment the patient received. This was only known
to the study assistant, who provided thermal mineral water
or tap water for the patients according to randomization.
The patients had 30-min sessions, 5 days of the week for
4 weeks resulting in a 20-session treatment course.

The assessing physician (ÉS) was responsible for a
detailed history and physical examination of each patient,
confirming that the patient met the inclusion criteria and
completed the Western Ontario and McMaster Osteoarthri-
tis (WOMAC) score sheets. The same physician (ÉS)
performed the initial evaluation, the evaluation at the end
of the 4-week treatment and at the end of the 3-month

follow-up assessment. The patients were allowed to take
NSAID, analgesics in a standard dose during the trial and in
the follow-up period. Extra analgesics were allowed during
the trial but were recorded and reported by the patients.
None of the patients took symptomatic slow-acting drugs in
osteoarthritis (SYSADOA). Local injections or any other
kind of treatment was not allowed during the trial and in the
follow-up period, except regular exercises. The study
doctor (AA) supervised the treatment sessions regularly
measuring the pulse rate, blood pressure and also registered
unconventional events and use of extra analgesics. Statis-
tical analysis was performed by (IR) using paired t-tests and
Wilcoxon tests.

Results

Five patients of the thermal mineral water group and seven
patients of the tap water group did not finish the trial for
reasons shown on Table 3. Twenty-seven patients (ten
males and 17 females) of the thermal mineral water group
and 25 patients (nine males and 16 females) of the tap water
group finished the trial successfully, and their results have

Table 4 Results of the tap water group

Parameter Mean SD SEM T&Z value N P value

WOMAC activity score before treatment 31.68 2.76 0.55 – 25 –
WOMAC activity score after treatment 31.36 2.90 0.58 2.317 25 0.029
WOMAC activity score after 3 months 32.68 2.75 0.55 0.000 25 1.000
WOMAC stiffness score before treatment 2.80 1.08 0.22 – 25 –
WOMAC stiffness score after treatment 2.80 1.08 0.22 Z=0.000 25 1.000
WOMAC stiffness score after 3 months 2.80 1.08 0.22 Z=0.000 25 1.000
WOMAC pain score before treatment 8.80 0.91 0.18 – 25 –
WOMAC pain score after treatment 8.60 0.76 0.15 2.000 25 0.057
WOMAC pain score after 3 months 8.80 0.91 0.18 Z=0.000 25 1.000
WOMAC total score before 43.28 3.32 0.66 – 25
WOMAC total score after treatment 31.36 3.18 0.64 3.219 25 0.004
WOMAC total score after 3 months 43.28 3.32 0.66 0.000 25 1.000

Table 5 Results of the thermal mineral water group

Parameter Mean SD SEM T&Z value N P value

WOMAC activity score before treatment 31.70 2.20 0.42 – 27 –
WOMAC activity score after treatment 29.22 2.15 0.41 6.424 27 0.000
WOMAC activity score after 3 months 31.22 2.03 0.39 2.801 27 0.009
WOMAC stiffness score before treatment 2.63 0.93 0.18 – 26 –
WOMAC stiffness score after treatment 2.37 0.79 0.15 1.568 26 0.129
WOMAC stiffness score after 3 months 2.52 0.75 0.14 Z=1.342 26 0.180
WOMAC pain score before treatment 8.74 1.16 0.22 – 27 –
WOMAC pain score after treatment 7.22 1.12 0.22 7.257 27 0.000
WOMAC pain score after 3 months 8.37 1.04 0.20 3.058 27 0.005
WOMAC total score before treatment 43.04 3.47 0.67 – 27 –
WOMAC total score after treatment 38.85 3.18 0.61 5.893 27 0.000
WOMAC total score after 3 months 42.11 2.91 0.56 2.712 27 0.012
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been evaluated and analyzed. The two groups remained
comparable (data not shown).

The changes of outcome measures before and after the
trial and at the end of the 3-month follow-up are shown on
Tables 4 and 5. As shown in Table 5, the WOMAC activity,
pain, and total scores significantly improved in the thermal
mineral-water-treated group by the end of the treatment and
remained so at the end of the three-month follow-up. The
WOMAC activity, pain, and total scores also significantly
improved in the tap water group at the end of the treatment
course, but no significant improvement could be seen at the
end of the 3-month follow-up period. There was no change
in WOMAC stiffness scores in either group. No change of
treatment was required during the trial in either group, and
no extra analgesics were used. Two patients complained
about increased pain in the thermal mineral water group
after six to seven sessions, which lasted only for 2–3 days.

Two patients in the thermal mineral water group and one
patient in the tap water group complained about itching
after two to three treatment sessions, lasting only a few
days. Three patients in the thermal mineral water group and
two in the tap water group complained about increased
diuresis. This latter complaint is a well-known consequence
of head out immersion. One patient in the tap-water-treated
group had mild diarrhea for 2 days, not requiring
interruption of treatment.

Discussion

The treatment with the thermal mineral water of Nagyba-
racska significantly improved all the activity, pain, and total
WOMAC scores of patients with nonsurgical OA of the
knee. Even after 3 months, significant improvement could
be registered compared to the scores before the start of the
treatment. The stiffness score of WOMAC did not improve;
it is well-known that this index is not very sensitive to
change [12]. The WOMAC scores significantly improved
in the tap-water-treated group at the end of the treatment.
This finding is not unexpected as hydrotherapy, per se, is
not placebo treatment and is an effective analgesic [13, 14].
No improvement of the tap-water-treated patients was
observed after 3 months. Several studies have reported that
thermal mineral water treatment is effective in reducing
joint pain in osteoarthritis [5, 15–18]. In the first published
controlled trial on the effect of balneotherapy, the pain was
significantly decreased in the treatment group but the long-
term effect was not studied [5]. Verhagen et al. [19]
systematically reviewed numerous trials of balneotherapy
and spa treatment in OA or rheumatoid arthritis and
concluded that most trials reported positive findings (the
absolute improvement in measured outcomes ranged from 0
to 44%), but most were methodologically flawed.

There is increasing number of reports on the use of
balneotherapy in various rheumatic disorders. For example,
Franke et al. [20] conducted a double-blind study and
claimed the beneficial effect of the radon spa in rheumatoid
arthritis. Sukenik et al. [21] have reported improvement (for
a period of up to 3 months) in most of the clinical indices
studied in patients with rheumatoid arthritis treated with
sulfur baths and/or mud packs at the Dead Sea area.
Beneficial effects of balneotherapy or spa treatment were
also reported in patients with ankylosing spondylitis [22],
fibromyalgia [23, 24], and psoriatic arthritis [25]. Further-
more, the cost effectiveness of combined spa–exercise
therapy in ankylosing spondylitis was proven in a random-
ized controlled trial [26].

Our study has shown that thermal mineral water
provides significant pain relief in nonsurgical osteoarthritis
of the knee, and this was greater than that of tap water at
the same temperature. This improvement persisted for
3 months after the trial was completed. The reason why
thermal mineral water was superior has yet to be deter-
mined. Further studies comparing the results of thermal
mineral water treatment and standard analgesics are now
indicated.

In summary, we believe that there is sufficient evidence
that natural thermal spa therapy can be used with good
effect in patients with osteoarthritis [27, 28]. However,
more research is required, especially large-scale trials, to
properly establish not only the clinical benefits and
limitations but also the cost–benefit of such treatment. It
remains to be determined why thermal mineral water is
better than ordinary tap water at the same temperature.
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