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Abstract The aims of this study were to evaluate whether
balneotherapy with mineral sulphate–bicarbonate–calcium
water could determine substantial symptomatic improve-
ment, and to detect any changes in the quality of life (QoL)
of patients with symptomatic knee osteoarthritis (OA). This
was a prospective randomized, single blind controlled trial.
Sixty outpatients with primary bilateral knee OA, according
to ACR criteria, were included in the study and randomized
to one of two groups: group I (30 patients) was treated with
a daily sulphate–bicarbonate–calcium mineral water bath;
group II (30 patients), the control group, continued their
regular outpatient care routine. At baseline, after 15 days
and after 12 weeks, patients were evaluated by Visual
Analogue Scale (VAS) for spontaneous pain, Lequesne and
Womac Index for gonarthrosis, SF-36, Arthritis Impact
Measurement Scale (AIMS) and symptomatic drugs con-
sumption. We observed a significant improvement of all
parameters at the end of the cycle of balneotherapy which
persisted throughout the follow-up period, whereas in the
control group no significant differences were noted. This
symptomatic effect was confirmed by the significant
reduction of symptomatic drugs consumption. The differ-
ences between the two groups were significant for all
considered parameters already from the 15th day and
persisted during follow-up. Tolerability of balneotherapy

seemed to be good, with light and transitory side effects.
Our results confirm that the beneficial effects of balneo-
therapy in patients with knee OA last over time, with
positive effects on the painful symptomatology, a signifi-
cant improvement on functional capacities and QoL.
Balneotherapy can represent a useful backup to pharmaco-
logical treatment of knee OA or a valid alternative for
patients who do not tolerate pharmacological treatments.
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Introduction

Osteoarthritis (OA) is the most frequently encountered
rheumatic condition, and its prevalence is rising due to the
increasing life span of the general population (Zhang and
Jordan 2010). The knee is the most commonly affected joint
and OA of the knee is a major cause of disability (Peat et al.
2001) that is destined to become an ever more important
healthcare problem (Guccione et al. 1990; Fautrel et al.
2005). Current treatment of OA includes both non-
pharmacologic and pharmacologic therapies (Jordan et al.
2003; Zhang et al 2007). To date, pharmacologic therapy has
largely been confined to analgesics, non-steroidal anti-
inflammatory drugs (NSAIDs) or selective cyclooxygenase-
2 (COX-2) inhibitors (coxibs). However, the use of NSAIDs
is limited by their negative side effects on the gastrointestinal
tract and on cartilage metabolism (Ofman et al. 2002;
Huskisson et al. 1995), while the use of coxibs is associated
with an increase in cardiovascular adverse events (AEs)
(Bresalier et al. 2005; Kearney et al 2006). Acetaminophen
is better tolerated than NSAIDs and coxibs but does not
always provide adequate pain relief (Zhang et al. 2004;
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Pincus et al. 2005). These reasons often prompt recourse to
other complementary or alternative therapies (Zochling et al.
2004). Spa therapy is one of the most commonly used non-
pharmacological approaches for OA in many European and
Middle Eastern countries. However, despite the long history
and popularity of spa therapy, its role in modern medicine is
still not clear (Verhagen et al. 2007). Various systematic
reviews and meta-analyses on balneotherapy for rheumatic
diseases have recently been published (Verhagen et al. 2007;
Falagas et al. 2009; Harzy et al. 2009). The authors conclude
that there is encouraging evidence to suggest that balneo-
therapy is effective and safe for the treatment of patients with
knee OA, although the results of the existing studies are not
strong enough to draw firm conclusions.

Materials and methods

Aim and design

The aims of the present study were to evaluate whether
balneotherapy with mineral water containing sulphate, bicar-
bonate, and calcium could determine substantial symptomatic
improvement, and to detect any changes in the quality of life
(QoL) of patients with symptomatic knee OA.

This was a prospective randomized, single blind con-
trolled trial. The study protocol followed the Principles of
the Declaration of Helsinki (1964) and later amendment
and was approved by the Ethics Committee of Siena
University Hospital (decision no. 30.11.07).

Subjects

Sixty outpatients of both sexes with primary bilateral knee
OA, who fulfilled the ACR criteria (Altman et al. 1986) and
were aged between 50 and 75 years, were included in the
study between 1 February 2008 and 30 June 2008. Patients
were recruited by the general practitioners in the rural area
within a 30-km radius of the “Buddha Spa” Resort (Siena,
Italy), and resided in the area near the spa, allowing them to
continue to live at home and carry out their daily routines
during the study period. All patients had been symptomatic
[visual analogue scale (VAS) >30 mm] for at least 3 months
prior to inclusion in the study. Radiological staging was
carried out using the Kellgren method (Kellgren and
Lawrence 1957); patients with a radiological score of I–III
were included in the study.

Exclusion criteria were severe co-morbidity of the heart,
lung, liver, cerebrum or kidney, acute illness, juvenile
diabetes, varices, systemic blood disease, neoplasm, preg-
nancy or nursing. Patients who had undergone thermal
treatments, joint lavage, arthroscopy or treatment with intra-
articular hyaluronic acid during the previous 6 months, or

who had been treated with intra-articular corticosteroids
during the past 3 months, were excluded, as were all
patients who had been treated with chondroprotective
agents less than 6 months prior to the study.

Interventions

Following confirmation that the patients fulfilled the
screening criteria as defined above and having obtained
written informed consent, the patients were randomized 1:1
and allocated to one of two groups using a computer-
generated table of random numbers: group I (30 patients)
was treated with a daily sulphate-bicarbonate-calcium
mineral water bath; group II (30 patients), the control
group, continued their regular outpatient care routine
(Fig. 1).

The block randomization list was kept by individuals
who had no contact with the investigators who assigned
patients to their randomized treatment, and who did not
perform any patient assessment or conducted the
statistical .

Patients allocated to the control group were offered spa
therapy at the end of the study in order to prevent
withdrawal from the study and for ethical reasons.

Group I patients were treated daily at the “Buddha Spa”
centre (Siena, Italy) with a sulphate-bicarbonate-calcium
(Table 1) mineral water heated at 38°C for 20 min in a
bathtub for a total of 12 applications carried out over a
period of 2 weeks.

Patients in both groups were advised to continue their
established pharmacological and non-pharmacological
treatments, with the exception of analgesic drugs (500 mg
acetaminophen tablets) and NSAIDs (150 mg Diclofenac
tablets, 20 mg Piroxicam tablets, 750 mg Naproxen tablets,
200 mg Aceclofenac), which were to be consumed as
required and noted daily in a diary. Furthermore, we asked
patients not to have corticosteroid or hyaluronic acid
infiltrations, arthroscopic surgery or joint lavage during
the study period, and not to begin treatment with new
chondroprotective agents. Further spa treatments were not
permitted during the follow-up period.

Assessments

All patients underwent general medical evaluation and
rheumatologic examination by the same physician (C.G.)
before the start of the study.

At the screening visit, blood samples were taken for
erythrocyte sedimentation rate (ESR), c-reactive protein
(CRP), electrolyte, creatinine and complete blood count
analysis; urinalysis was also performed.

All the demographic, patient history and clinical data
were collected through identical questionnaires.
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Following basal screening, each patient was examined 3
consecutive times; at baseline (T0), after 2 weeks (T1), and
after 3 months (T2) from the beginning of the study in the
Rheumatology Unit.

All assessments were performed by the same investiga-
tor (B.B.) who was blinded to which study arms the
patients belonged. The patients were also firmly instructed
not to reveal the type of treatment performed by the
investigators.

Clinical assessments at each examination included:

& Spontaneous pain on a 0- to 100-mm visual analogue
scale (VAS), with 0 representing the absence of pain;

& The Lequesne Index of severity for knee OA (Lequesne
et al. 1987);

& The Womac Index for knee OA evaluated patients’ total
pain score (W-TPS), total stiffness score (W-TSS) and
total physical function score (W-TPFS) (Bellamy et al.
1991; Salaffi et al. 2003). The VAS version of the index
was used, with the patient assessing each question on a
0- to 10-mm VAS and the total index score being
represented by the sum of the 24 component item
scores.

& Quality of life (QoL) was recorded on two different
scales, the Medical Outcomes Study 36-Item Short
Form (SF-36) (Ware and Sherbourne 1992; Apolone
and Mosconi 1998), which is the most popular generic
health status instrument, and the Arthritis Impact
Measurement Scales (AIMS), an arthritis-specific in-
strument (Meenan et al. 1980; Salaffi et al. 1991);

& Consumption of NSAIDs and analgesics was reported
in a daily diary given to each patient and calculated
according to the number of tablets taken weekly.

All adverse events, whether reported spontaneously by
the patients or observed by the physician at the spa, were
reported in a diary, noting the severity and any possible
correlations with the treatment. The diary was handed to us

Table 1 Chemical-physical properties of the spa water used in the
study

Properties Unit of measure

pH — 8.1

Conductivity μS/cm 2,519

Fixed residue at 180°C mg/l 2,789

Sulphate (SO4–) mg/l 1,678

Bicarbonate (HCO3-) mg/l 323.3

Calcium (Ca++) mg/l 608.6

Magnesium (Mg–) mg/l 112.3

Sodium (Na+) mg/l 22.7

Potassium (K+) mg/l 2.1

Clorum (Cl-) mg/l 21.8

Fluorides (F-) mg/l 2.2

Strontium (Sr++) mg/l 9.5

Fig. 1 Flow of participants
throughout the study
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at the end of the study, whereas serious adverse events were
to be reported immediately to the University of Siena’s
Rheumatology Unit, and resulted in the patient’s exclusion
from the study.

Statistical analysis

Power analysis (α=0.05; β=0.80) determined that a sample
size of 30 patients in each group was needed to detect a
decrease in the VAS score≥15, with an SD of 20, at week
12 of the study.

All data are expressed as mean and standard deviation
(SD) or as median and interquartile range (IQR).

The differences in variables between the two groups
were calculated using a proportion test, Mann–Whitney test
or t test. For the time comparisons during the follow-up, the
Friedman test for repeated measures was applied, followed
by the Dunn post-hoc test, if necessary.

Drug consumption was assessed using the Friedman
test and the Dunn post-hoc test or the Mann–Whitney
test. Where the Dunn test was significant, a one-sided
Wilcoxon test was applied to identify the direction of
differences. For VAS pain and W-TPFS, the effect size is
equal to the mean change in score from baseline to
3 months, divided by the standard deviation of the
baseline score.

Response to treatment was analysed for all patients who
entered the randomized trial (Intention To Treat Analysis)
using the “last-observation-carried-forward” method. For
all tests, a p value of less than 0.05 was considered as
statistically significant. The computations were executed
using GraphPad Prism software, v. 5.0.

Results

Baseline comparison of the two groups showed no
statistically significant differences in demographic and
clinical characteristics or in radiological features (Table 2).
The objective examination and the clinical data obtained at
the basal visit showed the presence of some pathologies
associated with gonarthrosis. In particular, in the group
treated with balneotherapy, one patient had prostatic
hypertrophy, five presented arterial hypertension (well
managed with antihypertensive drugs), two patients had
scars at gastric ulcer sites, three had non-insulin-dependent
diabetes (controlled with oral antidiabetic agents) and two
patients suffered from migraine. In the control group, two
patients presented arterial hypertension (well managed with
pharmacological treatment), two had non-insulin-dependent
diabetes and two had prostatic hypertrophy. All patients
selected concluded the follow-up period.

The median parameters over time measured throughout
the follow-up (T0–T3) are summarized in Table 3.
Concerning the VAS pain scale, in group I we observed a
statistically significant (p<0.001) reduction of pain at the
end of treatment (T2), with a further improvement at T3 (p
<0.001). In the control group (group II) there were no
significant differences during the follow-up period (p=
0.40). The Lequesne index score for knee OA decreased
significantly (p<0.001) after 2 weeks in group I, with a
further improvement at the end of the follow-up period. The
control group showed no significant differences between
the basal time and all other times. The differences between
the two groups were already significant (p<0.001) at day
15 (T2) and persisted during the follow-up period (Table 3).

Group I Group II p

Number of patients 30 30 -

Sex F/M 12/18 18/12 0.09

Age (years) (mean±SD) 69.33±7.63 72.45±7.14 0.11

BMI (kg/m2) (mean±SD) 27.52±3 26.53±4 0.29

Disease duration (years) (mean±SD) 8.37±10.02 8.88±5.76 0.81

Radiological staging I 6 9

II 14 13

III 10 7

VAS for pain (0–100) 39 (31–60.2) 45 (30.75–55) 0.43

Lequesne index 9.5 (6.38–11) 11 (7.5–15.25) 0.06

W-TPS 37.5 (27.4–38.15) 41.8 (28.8–48.10) 0.17

W-TSS 14 (7–27.63) 27 (10.25–50.75) 0.06

W-TPFS 30.94 (19.59–36.81) 42.47 (18.36–57.88) 0.06

SF-36 PCS 40.2 (16.4–60.6) 35.2 (20.8–50.3) 0.04

SF-36 MCS 45.3 (30.9–62.4) 37.6 (27.1–48.2) 0.06

AIMS 2.42 (2.1–2.77) 2.58 (2.01–3.36) 0.08

Table 2 Demographic and
clinical characteristics of
patients enrolled in the study

Data are expressed as median
and interquartile range, unless
otherwise indicated

Group I balneotherapy, Group II
control group

VAS Visual Analogue Scale,
W-TPS Womac Total Pain
Score, W-TSS Womac Total
stiffness Score, W-TPFS Womac
Total Physical Function Score,
SF-36 PCS Physical Compo-
nents Summary, SF-36 MCS
Mental Component Summary,
AIMS Arthritis Impact
Measurement Scale
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Detailed assessment of pain (W-TPS), stiffness (W-
TSS) and physical function (W-TPFS) showed significant
improvements in group I, persisting throughout the
follow-up (p<0.001), whereas the control group showed
no significant difference from baseline (p=0.33 in W-TPS,
p=0.85 in W-TSS, p =0.75 in W-TPFS, respectively). The
differences between the two groups were significant
already from the 15th day and persisted during follow-up
(Table 3).

The effect size for VAS pain and W-TPFS is shown in
Table 4.

The results obtained from the SF-36 survey showed a
significant improvement (p<0.001) in both physical and
mental components, persisting throughout the follow-up
period (T0–T3) in group I. No significant modifications in
either components of the SF-36 survey were found in the
control group during the study period.

Concerning the AIMS score, there was a significant
reduction at the end of treatment (T2) in group I (p<0.001),
which lasted throughout the follow up period (p<0.001). In
contrast, the control group presented no significant differ-
ences during the follow-up period (p=0.87).

Regarding the use of symptomatic drugs, there was a
significant (p<0.001) reduction of NSAID and acetamino-
phen consumption in group I in T2–T3 period. In the control
group, there were no significant changes in drugs con-
sumption at any point in the follow-up (Fig. 2).

Concerning tolerability, in the group treated with balneo-
therapy, one patient had a febrile episode and suspended the
therapy for 2 days, and another had an episode of mild
hypotension, which however did not make it necessary to
interrupt the therapy. In the control group, 10% of patients
presented side effects, which were prevalently gastrointesti-
nal, such as epigastralgia and gastric pyrosis. This was
probably correlated to the higher use of symptomatic drugs
compared to the patients in group I.

Discussion

The present randomized single blind controlled trial
indicates that a cycle of sulphate–bicarbonate–calcium
mineral baths has significant beneficial effects on pain,
functional capacity and quality of life in patients with knee
OA. All evaluation parameters were significantly reduced at
the end of the balneotherapy cycle and remained stable for
12 weeks. In contrast, there were no significant modifica-
tions of the parameters measured throughout the follow-up
period in the group treated with conventional therapies
alone. The differences between the two groups were
significant for all considered parameters already from the
15th day and persisted during follow-up. Our results
showed actually high values of effect sizes in the
balneotherapy group for W-TPFS and VAS pain and they

Table 3 Median values (IQR) of considered variables during follow up

Variables Group T0 T1 T2

VAS (0–100) Group I 39 (31–60.2) 14 (0–46.25)*** ° 2.5 (0–32.75)*** °

Group II 45 (30.75–55) 42 (14–51) 45 (24–50.5)

Lequesne index Group I 9.5 (6.38–11) 5.25 (2.5–8.13)*** °°° 2.5 (1.5–6.5)*** °°°

Group II 11 (7.5–15.25) 11.5 (7–14.75) 10 (7.5–13.5)

W-TPS Group I 37.5 (27.5–38.15) 11.8 (2.7–27.3)** °° 10.7 (1.12–17.45)*** °°°

Group II 41.8 (28.8–48.10) 37.8 (20.10–47.8) 36.4 (21.848.8)

W-TSS Group I 14 (7–27.63) 11.5 (2.5–20.75) °° 3.75 (0–11.63)*** °°°

Group II 27 (10.25–50.75) 37 (12.75–50.75) 41.5 (12–49.75)

W-TPFS Group I 30.94 (19.59–36.81) 10.91 (7.59–26.24)** °°° 5 (2.94–20.45)*** °°°

Group II 42.47 (18.36–57.88) 44.18 (23–57.52) 42.47 (28.56–58.26)

SF-36 PCS Group I 40.2 (16.4–60.6) 65.1 (20.3–75.4)*** °°° 63.2 (19.8–78.3) °°°

Group II 35.2 (20.8–50.3) 34.3 (19.9–49.8) 30.6 (19.7–46.2)

SF-36 MCS Group I 45.3 (30.9–62.4) 57.2 (17.4–68.3)*** °°° 47.3 (21.5–42.5) °°°

Group II 37.6 (27.1–48.2) 35.2 (18.7–46.5) 30.3 (18.8–41.2)

AIMS Group I 2.42 (2.1– 2.77) 1.75 (1.39–2.0)*** °°° 1.78 (1.41–2.1)*** °°°

Group II 2.58 (2.012–3.36) 2.65 (2.18–2.78) 2.63 (1.75–3.16)

Group I balneotherapy, Group II control group

VAS Visual Analogue Scale, W-TPS Womac Total Pain Score, W-TSS Womac Total stiffness Score, W-TPFS Womac Total Physical Function
Score, SF-36 PCS Physical Components Summary, SF-36 MCS Mental Component Summary, AIMS Arthritis Impact Measurement Scale

**p<0.01, ***p<0.001: T0 vs T1, T0 vs T2; °p<0.05, °°p<0.01, °°°p<0.001
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are very different from the results reported by other authors
(Forestier et al. 2010). This discordance may be related to
the different profiles of the patients at baseline and to the
different length of the follow-up. Furthermore, our results
demonstrated higher values of effect sizes compared to
those for other treatments of knee OA, including hyaluronic
acid, paracetamol and NSAIDs (Arrich et al. 2005; Neame
et al. 2004; Bjordal et al. 2004). In our opinion, this
difference may be due to the favorable psychological
impact of “spa therapy”

The reduction in symptomatic drug consumption shown
in the group treated with balneotherapy appeared to be
particularly evident until week 12 of the follow–up period.
Conversely, in the control group, there was no significant
change in the consumption of symptomatic drugs. The
reduction in the consumption of symptomatic drugs
(acetaminophen and NSAIDs) induced by balneotherapy
is particularly important, above all for the elderly, consid-
ering the toxicity of NSAIDs (Ofman et al. 2002;
Huskisson et al. 1995; Bresalier et al. 2005; Kearney et
al. 2006), as well as their cost, given that their use is often
coupled with gastro-protective therapies.

The results of our trial confirm those of studies
previously reported in the literature on OA. Nguyen et

al. (1997) reported that spa therapy of 3 weeks duration
had a beneficial symptomatic carryover effect (6 months)
in patients with lumbar spine, knee and hip OA. In a large
multicentre randomized prospective clinical trial in
patients with knee OA, Forestier et al. (2010) reported
that a 3-week course of spa therapy, together with home
exercises and the usual pharmacological treatments, offer
benefits after 6 months. Our previous trial (Fioravanti et
al. 2010a) demonstrated that the beneficial effects of spa
therapy in patients with knee OA last over time (9 months)
and are related to positive effects on the painful symp-
tomatology and a significant improvement in functional
capacities.

Verhagen et al (2007) emphasized the importance of
quality of life indexes as outcome measurements in spa
studies. Although there have been a number of spa studies
on knee OA, few of them have included any type of
quality of life assessment (Nguyen et al. 1997; Yilmaz et
al. 2004; Evcik et al. 2007; Gaál et al. 2008; Fioravanti et
al. 2010a). In this study, we used two different QoL scales,
the SF-36 (Ware and Sherbourne 1992), which is the most
popular generic health status instrument, and the AIMS, an
arthritis-specific instrument (Meenan et al. 1980), both in
their validated Italian versions (Apolone and Mosconi
1998; Salaffi et al. 1991). The statistically significant
improvement observed in both the QoL indexes assessed
in the group treated with balneotherapy, both at the end of
treatment and at the 3-month follow-up, is an evident
demonstration of the efficacy of this therapy on the
various aspects that characterize OA. Furthermore, our
results regarding SF-36 score are in line with those
obtained by Ylmaz et al. (Yilmaz et al. 2004).

The mechanism by which spa therapy improves the
symptoms of OA is still not fully understood (Sukenik et al.
1999; Fioravanti et al. 2010c).

The net benefit is probably the result of a combination of
factors, among which the mechanical, thermal and chemical
effects are most prominent.

Buoyancy, immersion, resistance and temperature all
play important roles. According to the gate theory, pain
relief may be due to the pressure and temperature of the
water on skin; hot stimuli may also influence muscle
tone and pain intensity, helping to reduce muscle spasm
and to increase the pain threshold (Melzack and Wall
1965). However, seeing that experimental evidence avail-
able in this field is scarce (Shani et al. 1985), it is
impossible to hypothesise whether the clinical effects
observed were actually caused by the minerals present in
the waters used.

Mud-bath therapy increases plasma β-endorphin levels
and the secretion of corticotrophin, cortisol, growth
hormone and prolactin (Kuczera and Kokot 1996; Cozzi
et al. 1995).

Fig. 2 Symptomatic drug consumption (intake in weekly number of
tablets), ***p<0.001 T0 vs T1, T0 vs T2, °p<0.05, °°p<0.01 group I
vs group II

Table 4 Effect size (95% CI) for VAS and W-TPFS in both groups

Group I Group II p Value

VAS 1.2 (1.5–0.80) 0.4 (0.10–0.75) <0.001

W-TPFS 1.024 (1.2–0.75) 0.1 (−0.12 to 0.40) <0.001

Group I balneotherapy, Group II control group

VAS Visual Analogue Scale, W-TPFS Womac Total Physical Function
Score
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It has recently been demonstrated that thermal mud-pack
therapy induces a reduction in circulating levels of
Prostaglandin E2 (PGE2), Leukotriene B4 (LTB4),
Interleukin-1β (IL-1β), Tumour Necrosis Factor-α (TNF-
α), Matrix Metalloproteinases-3 (MMP-3) and Adiponec-
tin, which are important mediators of inflammation and
cartilage degradation in OA (Bellometti and Galzigna 1998;
Ardiç et al. 2007; Bellometti et al. 2002, 2005; Fioravanti et
al. 2010b).

Spa therapy has been found to cause an increase in
Insulin-like Growth Factor-1 (IGF-1) (Bellometti et al.
1997), which stimulates cartilage metabolism, and an
increase in Transforming Growth Factor-β (TGF-β), a very
potent immunomodulating and anti-inflammatory cytokine
(Shehata et al. 2006).

Mud-packs and thermal baths have also been shown to
exert positive effects on the oxidant/antioxidant system,
resulting in a reduced release of reactive oxygen (ROS) and
nitrogen (RNS) (Ekmekcioglu et al. 2002; Bender et al.
2007; Braga et al. 2008; Benedetti et al. 2010).

Many other non-specific factors may also contribute
to the effects observed after spa therapy, including
changes in the environment, the pleasant scenery and
the absence of work duties (Sukenik et al. 1999;
Fioravanti et al. 2010c). In our study, however, in order
to temper these factors, all the patients selected lived in
the area surrounding the spa, continued working and did
not modify their lifestyles. Another aspect that often
contributes to amplifying the effects of spa therapy is its
frequent association with physio-kinesiotherapy. These
treatments were excluded from the protocol of this study
if they had not already begun and were not already
established.

Finally, the tolerability of spa therapy seemed to be
good, with light and transitory side effects even in the
patients who presented pathologies associated with
gonarthrosis.

Some aspects of our study are criticizable and could
constitute a potential bias. The main limitations of this study
are the small number of the patients enrolled, the short term of
the follow-up and the lack of a double-blind-placebo design.
However, the persistence of a positive clinical effect at
3 months from baseline suggests that an additional benefit
over placebo was obtained.

Conclusions

In conclusion, albeit within the above mentioned limita-
tions, our results show the beneficial effects of a cycle of
sulphate–bicarbonate–calcium mineral water baths on the
pain management, functional capacity and quality of life
parameters in patients with knee OA. This therapy also

proved to have long-lasting effects during the follow-up
period (3 months). Our results confirm that balneotherapy
may therefore be a useful aid, alongside the usual
pharmacological and physio-kinesiotherapies, and may
represent an alternative treatment in patients with OA with
a high risk of drug-related side effects.
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