
Abstract. Background/Aim: To develop and validate an
easy-to-use and cheap method capable of producing placebo
from tap water for medicinal water efficacy trials. Patients
and Methods: Patients were divided into two groups,
medicinal water and tap water group. A single 20-minute-
long treatment was performed in bathtubs. Patients were
asked four times during the bath to tell if they were treated
with medicinal water, tap water, or could not decide. Patients
were scored, one point was given for each correct answer.
Results: A total of 174 patients were enrolled. No significant
differences were found either between the average scores or
the answers of the two groups. Being familiar with the
Harkány medicinal water did not influence the rate of
correct answers either. There was no statistically significant
difference in the number of changes of opinions between the
two groups. Conclusion: The used method is appropriate for
producing a validated placebo from tap water.

Natural waters with high mineral content (>1 g/l) have been
used for curative purposes since the Romans (1, 2).
Nowadays, medicinal waters are widely used in numerous
countries as non-pharmacological therapies of
musculoskeletal, dermatological and gynaecological diseases
(3). The unique medicinal water of Harkány originates at a
depth of around 70 metres and can reach 62˚C. Its mineral
content is 990 mg/L. For medical purposes, its most
significant mineral component is carbonyl sulphide (COS),
which is dissolved in the water under pressure. Depressurized
carbonyl sulphide immediately starts to decompose forming
H2S gas, giving the water its signature smell. The carbonyl

sulphide concentration of the water is around 12 mg/l, and has
a 150 times higher absorption rate than that of other sulphur
compounds (e.g., sulphates) in the water. Ninety % of patients
with musculoskeletal diseases suffer from degenerative joint
and spinal disorders. Absorbed by the cartilages, sulphur
compounds play an important role in regenerating the
damaged tissue (4, 5). Although, it has recently been
suggested that the measured healing effects of medicinal
waters were due to their biologically active organic substances
rather than the inorganic components (6-11). Table I shows the
inorganic compounds of the Harkány medicinal water (5).

Usually, medicinal water is administered in individual
bathtubs or pools in 20-30-minute-long sessions (3, 12).
Plenty of studies have been performed to prove the beneficial
effects of medicinal waters. As Hungary is rich in medicinal
waters, the beneficial effects of these waters have been
widely studied. Bender et al. (13) performed a meta-analysis
and systematic review to assess the effectivity of
balneotherapy in some diseases in Hungary.

Placebos have inert content, they are used as controls in
clinical trials and drug research where they look identical to
the drug or treatment, while the placebo effect is a complex
physical and psychological response following the
administration of a placebo. Placebo effect can be beneficial;
patients’ symptoms may improve, or they may develop side
effects to the placebo treatment. The objective of testing drugs
is to compare the new drug to the drug’s placebo to find out
whether the new drug is better than something without active
medication (14). The same principal should be applied to
medicinal waters as well. Each medicinal water can be
considered as a complex of organic- and inorganic compounds
much like a multi-component pill or tablet. As such, it should
be considered similar to the active ingredient of
pharmacological treatments. Therefore, before comparing
balneotherapy with other types of treatments (pharmacological
or non-pharmacological), it is reasonable to perform a study
with placebo control proving that the medicinal water is more
effective than the placebo control water. Implementing such a
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study can be challenging since the production of an
indistinguishable placebo water is much more difficult than that
of a placebo tablet [e.g., production of a placebo for the water
of the Dead Sea (15, 16) requires masking its buoyancy]. In
the case of placebo tablets, it is not necessary to examine
whether the patients could differentiate between the two similar
tablets (real, placebo), while with medicinal waters randomized
controlled trials (RCTs) are essential to validate the placebo
since environmental factors (e.g., ventilation, location) and
physical properties (e.g., volume, buoyancy, colour) influence
the identification of the placebo water.

Furthermore, when an effective treatment already exists
for a medical condition, that treatment cannot be disrupted
for the duration of the study for ethical reasons, in this case
the traditional treatment has to be administered both to the
medicinal water and to the control group, which also means
that only the additional effects of the medicinal water can be
studied. The following cited studies administered “placebo
treatment” to the control group, as generally required by
clinical trials, assessing the effectivity of a treatment.

Szűcs et al. (17) claimed that “The colour of the
Püspökladány thermal water hardly differs from that of tap
water, therefore there was no need to use colouring agent to
ensure satisfactory placebo water”. However, this was not
proven by any preconception study. Furthermore, the
statement becomes very disputable when looking at the
colour of the Püspökladány medicinal water, the hue can also
be observed in commercially available photos (18). The
same issue comes up again in a different study performed by

Bálint et al. (19, 20). In another paper investigating the
therapeutic effects of a medicinal water on knee
osteoarthritis, the authors used “a mixture of tap water and
thermal water of negligible mineral content” as a placebo
preparation. Nonetheless, this statement was not supported
by any measurement or pilot study either (21).

The common issue in these studies is that it has never
been examined whether the patients could actually
differentiate between the two waters. If they realise which
treatment they receive, the patients could involuntarily alter
the results, thus the clinical trial will be of lesser value since
the single-blind setup criteria are conflicted. Consequently,
the beneficial effects of the medicinal water cannot be
distinguished from the placebo effect.

Karagülle et al. (3) performed a systematic review
summarizing the available evidences on the effectiveness of
balneotherapy on chronic low back pain (LBP). After
screening 138 potentially relevant articles, the authors could
only include 8 RCTs, which were generally low quality
(mainly due to methodical errors, e.g., lack of placebo). After
reviewing the evidence, Karagülle et al. concluded that the
“evidence on effectiveness of balneotherapy and spa therapy
as therapy options in the treatment of LBP is yet insufficient
and not conclusive (3).”

Forestier and Francon performed a similar review (22)
investigating the effect of balneotherapy on knee
osteoarthritis. The authors came to the very same conclusion,
namely that more and higher quality studies are needed to
prove the effectivity of medicinal waters. 
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Table I. Inorganic compounds of the Harkány medicinal water.

Chemical data mg/l

K+ 15.5
Na+ 158
NH4+ 1.88
Ca2+ 50
Mg2+ 11.2
Fe2+ 0.01
Mn2+ 0
Li+ 0
NO3– 0.4
NO2– 0
Cl– 105
Br– 0.61
I– 0.12
F– 1.39
SO42– 6.9
HCO3– 525
S2– 12.4
H2SiO3 55
CO2 242
O2 Not detectable

Table II. Chemical composition of the tap water.

Chemical data mg/l

Na+ 16
NH4+ <0.02
NO3– 11.1
NO2– <0.01
Cl– 10
F– <0.10
SO42– 1.1
S2– <0.05

μg/l

Fe2+ <20
Mn2+ <10
As3+ 1.1

˚dH

Total hardness 20.4



Taking these results into account, it seems to be essential
to perform placebo controlled RCTs to prove the
“medication-like” effects of medicinal waters. However, the
lack of proper placebo substance makes these investigations
impossible. To facilitate evidence-based balneology research,
we aimed to develop and validate an easy-to-use and cheap
method capable of producing placebo from tap water in the
case of the Harkány medicinal water (This study did not aim
to examine the “placebo effect”.)

Patients and Methods

Trial design. This was a randomised (1:1 for two groups) triple-
blind, controlled, parallel-group study conducted at the Harkány Spa
Hospital; Harkány, Hungary in the ISO 9001 accredited Balneology
Unit from January 2020 to March 2020.

Informed written consent to participate in the study and to publish
the collected data was obtained from every patient. The study protocol
was approved by the Regional Ethics Committee of University of
Pécs, Pécs, Hungary (Permission No.: 7740-PTE 2019), in accordance
with the Declaration of Helsinki. This trial was prospectively
registered at ClinicalTrials.gov (ID: NCT04290143).

Participants, randomization and blinding. Patients from Harkány
Spa Hospital, who met the inclusion and exclusion criteria, were
enrolled in the study.

Inclusion criteria were willingness to participate in the study, age
between 18-80 years. Patients physically unable to enter or exit the
bathtub, suffering from autoimmune diseases, any type of malignity,
ongoing acute inflammation, infection, acute coronary syndrome or
recent surgical interventions (6 months before enrolment) were
excluded. 

The patients were randomly divided into two groups, medicinal
water and tap water group. Coin flip method was used to generate
the random allocation sequence. The person responsible for the
randomization process was never in contact with the patients. A data
sheet containing medical history and demographical data was filled
in by another investigator.

Investigators who conducted the randomization, patient
coordination during treatment and statistical analysis had no contact
with each other. The study was performed in a triple-blind setup
where participants, data collectors and data analysts were all
unaware of the treatment the participant received. Although, the
question of the present study was to confirm if participant blinding
was successful regarding the similarity of the medicinal and the
control tap water.

Intervention. The patients were randomly divided into two groups,
medicinal water and tap water group. A single 20-minute-long
treatment was performed in bathtubs. Special attention was payed to
ask whether the participants were previously treated with Harkány
medicinal water. Both Harkány medicinal water and tap water were
coloured with commercially available water colouring tablets (Dm-
Drogerie Markt GmbH+Co. KG, DM-Platz 1, Karlsruhe, Germany,
LOT: L2999003). The pH of the tap water was measured (pH=6.41)
(Adwa AD11, ADWA Hungary) and no differences were found
compared to the pH of the medicinal water (pH=6.38), thus adjusting
was not required. Chemical composition of the tap water is shown in
Table II (data were provided by BARANYA-VÍZ Zrt., a water utility
service provider of Baranya County). The temperature of the tap
water was adjusted to the temperature of the medicinal water.
Considering the medicinal water’s sulphurous odour, the treatment
was given in the same room.

Outcomes. During the single 20-minute-long treatment in bathtubs,
patients were asked to tell if they were treated with a) medicinal water,
b) tap water, or c) cannot decide. This question was asked four times:
first before coming into contact with the water, only by inspection;
then in the tub 10 minutes later; after that, immediately after the
treatment; and finally, after having a shower with tap water (Table III).

Each time the patients answered correctly, they were scored with
1 point. Therefore, the maximum was 4 points. Differences in
answers between the two groups and the number of changes of
opinions were also assessed as outcomes.

Statistical analysis. Statistical analysis was performed by IBM
SPSS Statistics for Windows Version 26. Shapiro-Wilk test was
used to assess normality. Differences in clinical characteristic of
the two group were calculated with Independent-Sample t-test (for
age), Mann-Whitney test (for BMI) and Chi-square test (for the
rest). Differences in the scores of correct answers of the two
groups and the number of changes of opinions were investigated
by Mann-Whitney test. Differences in answers between the two
groups were examined by Chi-square test. Subgroup analysis was
performed in the age groups of 44-59, 60-69, and 70-84 using Chi-
square test. All p-values less than 0.05 were considered
statistically significant.

The sample size was calculated (23) based on our pilot study with
24 patients. Power analysis (α=0.05; β=0.90) determined that a sample
size of 72 patients in each group would be required to detect
differences in the scores of correct answers between the two groups
with a standard deviation (SD) of 1.073 (although in the present study
the anticipated result would be a non-significant difference between
the correct answers given by the two groups). Assuming a dropout rate
of 20%, at least 150 patients were required for the study.
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Table III. Questionnaire for patients.

Is there medicinal water or tap water in the bathtub?                                                                                              Answers 

Before treatment                                                                                                          Medicinal water                   Tap water                  Cannot decide 
10 minutes after the beginning of the treatment – submerged in water                   Medicinal water                   Tap water                  Cannot decide 
Immediately after the treatment                                                                                  Medicinal water                   Tap water                  Cannot decide 
After having a shower                                                                                                 Medicinal water                   Tap water                  Cannot decide 



Results

Overall, 189 patients were enrolled in the study. Eleven
patients were excluded, 178 were randomised, but four of
them missed the scheduled session (Figure 1). The average
age of the patients was 65.16±8.24 years. The detailed
clinical characteristics of the involved patients are presented
in Table IV. No significant difference was found between the
average scores of the two groups (p=0.128). Scores of the
two groups are shown in Table V. Regarding the differences
between the answers of the two groups, significant difference
was found only in the answers to the first question (before
treatment, p=0.048). Otherwise, there were no significant
differences between the answers of the two groups. The
summary of answers is presented in Figure 2.

As there was a significant difference between the age of the
two groups, a subgroup analysis was performed (patients were
grouped according to age in years from 44-59, 60-69, and 70-
84). The analysis revealed significant difference in the case of
the first question (before treatment) in age group 60-69 years
(27.9% of the patients treated with tap water answered
medicinal water vs. 7.5%. of the patients treated with medicinal
water answered tap water). Apart from the first question (before
treatment), the analysis did not reveal significant differences in

the answers of the two groups. Neither did the analysis show
differences in the answers given by different age groups. 

In the case of medicinal water group, 74% of the participants
were previously treated with Harkány medicinal water, while in
the case of the tap water group 79%. According to the statistical
analysis, being familiar with the Harkány medicinal water did
not influence the rate of correct answers (Table VI).
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Table IV. Clinical characteristics of the involved patients.

Medicinal water Tap water p-Value
n=85 n=89

Age, mean (SD) 63.71 (8.22) 66.51 (8.11)         0.022
BMI, median (IQR) 28.41 (5.75) 28.73 (5.69)         0.948
Male, n (%) 37 (44) 36 (40)             0.681
Hypertension, n (%) 55 (65) 61 (69)             0.519
Diabetes mellitus, n (%) 17 (20) 22 (25)             0.456
Rheumatoid arthritis, n (%) 57 (67) 56 (63)             0.567
Psoriasis, n (%) 12 (14) 21 (24)             0.111
Previously treated with 63 (74) 70 (79)             0.481
Harkány medicinal water, n (%)

Bold value indicates statistical significance.

Figure 1. CONSORT flow diagram.



As a factor of uncertainty, the number of changes of
opinions was assessed. In the case of the tap water group,
31.5% (n=28) of the participants did not change the answer
during the questioning, 52.8% (n=47) changed the answer
once, 12.4% (n=11) twice, and 3.4% (n=3) three times. In
the case of the medicinal water group, 20% (n=17) of the
patients did not change their opinion, 61.2% changed (n=52)
once, 10.6% (n=9) twice, and 8.2% (n=7) three times.
Comparing the results of the two groups, there was no
statistically significant difference (p=0.199) in the number of
changes of opinions (Figure 3).

Discussion

The effectiveness of medicinal waters in rehabilitation and
treatment of several diseases has been described by
numerous papers (3, 12, 13, 17, 19, 21, 22). However, in
some countries balneotherapy and medicinal water is not
recognized as a financially supportable treatment method
(24). One reason for this is the lack of properly performed
placebo controlled RCTs in balneology research.

Most of the balneotherapeutic studies abroad have never
used a placebo control (15, 16, 25-37), despite the fact that
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Table V. Scores of the two groups.

Medicinal water, Tap water, p-Value
n (%) n (%)
n=85 n=89

0 score 33 (38) 45 (51)               
1 score 11 (13) 13 (15)               
2 score 11 (13) 9 (10)                
3 score 26 (30) 14 (16)               
4 score 4 (5) 8 (9)                 
Overall average score 1.49±1.39 1.18±1.43          0.128

Figure 2. Summary of answers of the two groups.

Table VI. Scores of the two groups previously treated with Harkány
medicinal water.

Medicinal water, Tap water, p-Value
n (%) n (%)
n=63 n=70

0 score 27 (42.9) 35 (50.0)             
1 score 6 (9.5) 10 (14.3)             
2 score 10 (15.9) 8 (11.4)              
3 score 18 (28.6) 9 (12.9)              
4 score 2 (3.2) 8 (11.4)              
Overall average score 1.40±1.37 1.21±1.46          0.431



this would be one of the most important steps in proving the
beneficial effects of medicinal waters. In Hungarian studies,
it is more common to use a placebo control (4, 7, 38-40). In
the field of balneotherapy, it is necessary to use only water-
based placebo controls. It should be noted how difficult it is
to mimic the characteristics of medicinal waters (scent,
colour, sensation, environment etc.) with tap water.

Even though the aforementioned studies used placebo
controls, the fact whether the patients could actually
distinguish between medicinal water and tap water was never
examined. To resolve this issue, a preconception study
should be performed to validate the placebo.

To the best of our knowledge, this is the first paper
reporting a validated placebo development method for
medicinal water-based rehabilitation research. Our goal was
to assess whether the participants could detect that they were
treated with medicinal water or tap water.

Regarding the average scores of the two groups no
significant difference was found (p=0.128).

Differences in answers (p=0.048) were only found in the
case of the first question (before treatment), where patients
had to choose from the following answers: tap water,
medicinal water or cannot decide - just by inspection. From
the tap water group, twice as many patients answered that
they were treated with medicinal water, which might be the
reason for the differences mentioned above. Apart from the
answers given to the first question (before treatment), in the
following three questions, no differences were found in the
right answers given by the two groups.

Most of the participants were previously treated with
Harkány medicinal water. Interestingly, this did not influence

the results of this study. In other words, being familiar with
the medicinal water did not result in higher rate of
identifying the medicinal water or tap water.

In the case of the tap water group nearly 70%, and in the
case of the medicinal water group 80% of the participants
changed their answer at least once. This is another proof that
the patients were quite uncertain whether they were treated
with medicinal water or tap water.

Based on our findings, our opinion is that a placebo
validation should be the first step before performing a
randomized, controlled, double-blind clinical trial in
balneotherapy research. The limitation of this trial is that this
method is appropriate to produce placebo water only for
Harkány medicinal water.
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Figure 3. Number of changes of opinions.
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