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Abstract: Background: Rheumatoid arthritis (RA) is the most common inflammatory rheumatic
disease. RA symptoms make the disease disabling and strongly impact the quality of life of patients.
Among the available forms of treatment, balneotherapy seems to be one of the most common forms
of nonpharmacological treatment for rheumatic disease. The aim was to explore the effectiveness
of balneotherapy for improving the quality of life of patients with RA. Methods: Pubmed, Scopus,
Web of Science and The Cochrane library were searched for randomized or clinical controlled trials
published in English or Spanish until May 2021. Risk of bias of included articles were assessed using
the Cochrane tool. A total 535 records were retrieved, and seven met the inclusion criteria. All the
included studies showed statistically significant improvements in the quality of life of patients who
received balneotherapy treatment despite differences in treatment administration. Sessions should
be approximately 20 min long and use natural mineral waters enriched with elements, or mud, at
a water temperature between 35-38 °C. Conclusions: Balneotherapy benefits the quality of life of
people with RA. The obtained results show positive effects for both mineral bathing and immersion
in sand or mud on the quality of life of people who suffer from RA.

Keywords: balneotherapy; rheumatoid arthritis; quality of life

1. Introduction

Rheumatoid arthritis (RA) is one of the most common inflammatory chronic disease [1].
Globally, the proportion of prevalent cases in 2017 was 1.3%, but varies slightly across
countries [2]. RA is an autoimmune disease that predominantly affects peripheral joints [3]
and may even present extra-articular symptoms [4].

The clinical manifestations of RA depend on the patient, but RA is normally a sym-
metrical disease that initially affects small joints, such as proximal interphalangeal joints
and metacarpophalangeal joints, and then progresses to larger joints [5]. Among the risk
factors for RA, 60% are genetic and 40% are environmental factors. Environmental factors
include female sex, vitamin D deficit, infectious agents, silica exposure, smoking, obesity
and microbiota changes [6]. In RA, the bone and cartilage of affected joints are destroyed,
and tendons and ligaments are weakened: this joint damage causes joints deformities and
bone erosion that are extremely painful for patients and create an increased risk of falls
leading to severe fractures [7,8]. Characteristic symptoms of RA are morning stiffness of
the affected joints for more than 30 min, fatigue, tender joints, swollen and warm joints
and rheumatoid nodules under the skin. RA has remission and exacerbation periods, and
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the latter further deteriorate the quality of life (QoL) of patients, making RA an extremely
disabling disease [7,9].

Given the chronicity of the disease, there are pharmacological treatments to improve
the prognosis of the disease and control the symptoms, although there are now non-
pharmacological treatments to reduce the disability caused by RA [6]. One of the most
commonly used nonpharmacological treatments for rheumatological disease in European
countries is balneotherapy or spa therapy [10]: this therapy is used for osteoarthritis [11],
RA [12] or fibromyalgia [13]. Balneotherapy is defined as the use of mineral water, peloids
or gases for health promotion and prevention or treatment of diseases. Important features
of balneotherapy are the temperature of the mineral water used and the water composition,
which depends on the respective country. Mud packs or peloids can be used wet or dry (in
the form of sand), and their properties depend on their origin. Waters can be enriched with
gases, mainly CO; or radon. All these types of balneotherapy usually take the form of baths
for the whole body or the affected portion of the body [14]. The benefits of balneotherapy
included improved motion and reduced stiffness and pain. These benefits may have a
positive impact on RA symptoms, which could improve the quality of life of patients with
RA [14-16].

Systematic reviews have been published on the effectiveness of balneotherapy for
patients with RA. A review was published in 2002 by Brosseau et al. [12] and another
review was published in 2009 by Falaga et al. [17]; however, more than 10 years have
passed since the publication of these reviews, which are now out-dated. The Cochrane
Organization published a systematic review in 2015 [15] that updated information provided
in a systematic review in 2008 on balneotherapy and osteoarthritis [18]. Finally, the latest
systematic review was carried out in 2016 by Santos; however, it does not focus on any par-
ticular outcome, and new trials have been published [19]. The sparsity of reported scientific
evidence on the benefits of balneotherapy is due to none of the aforementioned reviews
being focused a specific outcome; instead, several outcomes have been simultaneously
explored. Thus, a current update of the scientific evidence is needed to achieve the best
response from RA patients. The present systematic review is a compilation of recent results
on the benefits or limitations of balneotherapy for the quality of life of patients with RA.

2. Materials and Methods

This systematic review has been registered in the PROSPERO International Prospective
Register of Systematic Reviews (registration number CRD42021231135). This review was
written according to preferred reporting items for systematic review initiatives and meta-
analysis [20].

2.1. Elegibility

This systematic review includes published articles on RA patients.

The inclusion criteria for the studies were as follows: (a) a methodological design for
clinical trials; (b) an eligible population consisting of adults with RA; (c) use of balneother-
apy or similar treatment; (d) assessment of the quality of life with any internationally
validated instrument; (e) written in English or Spanish; and (f) full-text articles (authors
were contacted otherwise).

The exclusion criteria were as follows: (a) any other type of manuscripts such as
reviews, guidelines, commentaries and/or case reports, and (b) inclusion of other rheumatic
diseases if the results were not analysed by group.

All these inclusion and exclusion criteria were chosen based on the PICO research
strategy and the international PRISMA guidelines, following clinical (AR is mainly an
adult disease with significant differences in the juvenile population; quality of life is one of
the most important variables affected by AR) and methodological criteria (the languages
included are those used by the authors, including English, which encompasses the majority
of scientific publications; the study design is that which guarantees the best possible
scientific evidence).
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2.2. Outcomes

Changes in the quality of life of patients with RA who received balneotherapy treat-
ment were analysed in this systematic review. Different scales were used: the Health
Assessment Questionnaire (HAQ) [21], Visual Analogue Scale (VAS), Arthritis Impact
Measurement Scales (AIMS) [22] and patient disease autoevaluation.

2.3. Information Sources

Systematic literature searches were conducted using the following electronic databases
to identify all relevant studies published up to the search date of May 2021: (a) MEDLINE
(via PubMed); (b) Scopus (c) Web of Science; and (d) The Cochrane Library. These four
academic and professional databases were chosen in consultation with a medical librarian
as being the most appropriate for this review.

2.4. Search Strategy

MeSH terms as well as free entry terms (both in English) were included in the search
strategy used in this review, combined with Boolean operators (AND, OR), and search
techniques, such as truncation, phrase marks or wildcards, adapting them to each database.
Terms for different categories were obtained by consulting previous reviews. Appendix A
shows the search equations used for the different databases.

2.5. Selection Process

After search results were obtained from all databases, duplicates were removed. Two
of the review authors independently selected trials by inspecting titles and abstracts,
and irrelevant studies were excluded. In the second screening phase, the complete text
of studies was perused, and eligibility criteria were assessed. Disagreements on study
eligibility were resolved by external review. Figure 1 shows a PRISMA flow chart for the
systematic reviews and meta-analyses [20] used in the selection process. COVIDENCE
(Covidence systematic review software, Veritas Health Innovation, Melbourne, Australia,
available at www.covidence.org, accessed on 30 July 2021) bibliographic management was
used to eliminate duplicates and screen and select the included studies.

Data extraction was performed to assess study quality. To facilitate the process of study
selection, extraction and analysis of results, a spreadsheet was designed, including (1) first
author, (2) year of publication, (3) design, (4) sample size, (5) intervention, (6) outcomes,
and (7) main results.

A narrative synthesis was carried out to comparatively analyse the included studies
(a quantitative synthesis was performed based on measures of central tendency, the risk
coefficient, 95% confidence intervals and the level of statistical significance of the p value,
as appropriate). Finally, recommendations for future research or trials were made based on
the evidence gathered in this review.

2.6. Risk of Bias

Two independent reviewers used the Cochrane Risk of Bias Tool 2 (ROB2) [23] to
examine the methodological quality of the included studies, where disagreements were
resolved by consensus, and a third reviewer was contacted if consensus was not reached.
This tool consists of five domains (a randomisation process, deviations from intended
interventions, missing outcome data, measurement of the outcome and selection of the
reported results), and the final decisions were low-risk, although there were some concerns
or a high risk of bias for the included studies.
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Figure 1. The detailed process of trial selection.

3. Results

A total of 7 studies were selected for this review. Table 1 shows the main characteristics
of the studies in terms of the design, number of participants, intervention used, measures
and results. Table 2 shows data extracted from the studies as means and deviation for
control and intervention groups with respect to the baseline data for post-treatment and
follow-up periods.
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Table 1. Main characteristic of selected studies.

Author, Year Desing Participant Intervention Scales Secondary Outcomes Results
All N.M., et al. [24] N =30 IG: Siwan therapy 7 days of hot sand baths for 20 The scale score were decreased significantly
am, .201.,8e ak RCT 1G;n =15 min and massage with olive oil HAQ Pain (VAS) compared with baseline in spa group but not
CGn=15 CG: standard physiotherapy treatment in control group
3—4 weeks of intervetion
N =98 IG: 12 total radon baths every 2 or 3 days in . There is a significant improvement in the
Annegretz,(i.,set al. [25] RCT IG; n =48 spedificil locations for 20 min a day HAQ Palsri:g]? S) HAQ scores of the intervetion group versus
CG;n=50 CG: 12 tap water baths with artificial CO, for 20 the control group
min
N = 60 4 weeks of intervetion Significant differences were found in terms
Annegret, F, et al. [26] RCT 1G: ;_ 30 IG: 15 total radon baths for 20 min a day AIMS Pain (VAS) of the improvement in the result of the AIMS
2000 G- n_: 30 CG: 15 baths in tap water baths with artificial CO, Keitel funcional test (KFI) scale in the intervention group at 3 and 6
! for 20 min months of follow-up.
N =37 2 weeks of intervetion Pain (VAS) HAQ scores were significantly reduced
Karagiille, M., et al. [27] RCT G n_= 15 IG: 12 balneotherapy sessions in mineral water for HAQ Disease Activity Score (DAS28) compared to baseline results in the
2017 CG,' n=22 20 min a day Patient global assessment (VAS) intervention group, but not in the control
! CG: standard drug treatment Biochemical analysis group
2 weeks of intervetion Pain (VAS) A significant difference was found in the
Karagiille, M., et al. [28] CRCT N first periqd =15 IG: 12 balneotherapy sessions in mineral water for HAQ Disease Activity Score (DAS28) intervention group at 3 morllths; however,
2018 N second period = 22 20 min a day Patient global assessment (VAS) there were no significant differences at 6
CG: standard drug treatment & months
21 days of intervention
IG: two treatments on alternate days. Treatment 1 Global health assessment (VAS)
Santos, I, et al. [29] N=44 consisted of sulphur baths of 30 min and Pain (VAS) HAQ improved significantly in the
016 RCT 1G; n=22 underwater exercises. Treatment 2 consisted of HAQ Quality of life (VAS) intervention group compared to the control
CG;n=22 sulphur baths of 20 min and underwater jets for 10 Fatigue (VAS) group
min in painful joints Disease Activity Score (DAS28)
CG: standard drug treatment
2 weeks fo intervetion
Group 1: daily mud packs in full body for 20 min a . Morning stiffness
Sukenik. S.. et al. [30 N =40 day Patient Fifteen metre walk time Significant improvements were found in
ukent ,19.9,0e al. [30] RCT 4 groups of 10 patiens Group 2: daily sulphur baths for 20 min a day agfiség;r: Circunference of proximal terms of the patient’s perception of the
each one Group 3: combination of daily mud packs and severity interphalangeal joints disease in the three treatment groups

daily sulphur baths
Group 4: control, without treatment

Activities of daily living

Note: RCT = randomized control trial; CRCT = crossover randomized controlled trial; N = sample size; IG = intervention group; CG = control group; HAQ = health assessment questionnaire; VAS = visual

analogue scale.
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Table 2. Data of the included studies.

Author, year Scales Baseline Evaluation Post-Treatment Evaluation Follow-Up
Control Int ti Control Int ti Control Int ti
Go rr:) ég n Er::fllplon é’:};g négi;’n Intragroup Intergroup Go::,é; n g::ﬁplon Intragroup Intergroup
Allam, N.M.,, p <0.05in P00 in
etal. [24] HAQ 1.82 +0.52 1.75 £ 0.58 1.58 + 0.67 0.82 £ 0.50 intervention int o t(') - - - -
2018 group mtervention
group
3 months = 3 months = 0.10
Annegret, F, p<0.05in 60.08((1.}.’131)_ . (0.4t2ﬁ _
etal. [25] HAQ 0.95 (0.62) 0.93 (0.52) 0.10 (0.29) 0.08 (0.39) intervention p>0.05 0115‘7’?0 4§)— 0“}‘7’1(10 357)— p>0.05 p <0.05
2013 % group 9 months = 9 months = 0.09
0.07(0.34) (0.45)
Annegret, F pf< 0.05in 3 months = —0.06 3 months = 0.41
o B B avor to (—0.34, 0.23) (0.06,0.75)
etZ%l(.)g%(v] AIMS 6.60 (1.10) 6.27 (1.33) p>005 intervention 6 months = —0.18 6 months = 0.41
group (—0.36, 0.20) (0.06, 0.74)
. 0.05 in
5 2 weeks post 2 weeks post p <0.05in ps
Iiarlag;‘yeégf; HAQ 143 +0.76 1.33 + 0.68 tto. tto. intervention intfear‘:,‘;rnﬁt‘i’on - -
etal. [27] 123 £ 075 0.79 + 0.64 group
group
Karagiille, M., 2 weeks post 2 weeks post p <0.05in p f;é)(.)(gSt(i)n 3 HES r515hsl :761).00 8 rr(lgri(t)h% 38‘60
etal. [28] HAQ 0.96 (0.66,1.99)  1.40(0.73,1.83) to. to. intervention int i 6 months = 1.10 6 months = 0.65
20182 1.10 (1.51,1.76)  0.08 (0.33,1.13) group ntervention months = 1. months =%
4 4 group (0.41, 1.55) (0.38,1.43)
Santos, L., et al. . Difference between groups
HAQ 1.34(0.97,1.7)  1.50 (1.24,1.76) Difference between groups _ p<0.05 at 3 months p <0.05
0.37 (0.09, 0.64)
20162 57 (0.09,0. 0.44 (0.15, 0.72)
3 months
Muc}L qacks Mud6 %acks Mud packs
’ ) 5.7
Sukenik, S., Patient’s self p <0.05 in the 3 months
etal. [30] assessment of 5.5 Sulphélg baths Sulphglz baths 6.1 three Sulphur baths 3 m50171ths
1990 P the disease : - treatment 6.3 .
groups 3 months
Combination Combination Combination
5.7
Note: ® mean change at 95% confidence; ® mean.
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3.1. Descriptive Study

Most of the studies included in this systematic review were conducted in Europe,
specifically in Turkey [27,28], Germany [25,26] and Portugal [29], and compared to studies
carried out in Egypt [24] in the African continent and Israel [30] in Asia.

The time distribution of the studies is quite heterogeneous; the earliest studies were
published in 1990 [30] and 2000 [26]. The other studies were published recently, in 2013 [25],
2016 [27,29], 2017 [28] and 2018 [24].

All the included studies were randomized controlled trials: in one study, in particular,
crossed samples were used throughout the investigation [28].

Similar sample sizes were used in the studies, where the smallest sample size corre-
sponded to a study based on groups of 10 subjects [30]. The largest sample size was approx-
imately 60 patients [26,28], and a sample size of 98 was used in another study [25]. The re-
maining studies were performed using a sample size of approximately 40 patients [24,27,29].
All the participants in the different trials had RA, with the exception of one trial in which
the effects of balneotherapy on different types of rheumatic diseases were evaluated [25].
Furthermore, an inclusion criterion for all trials was a minimum age of 18 years; the mean
age of the participants in all the studies was between 40 and 50 years.

3.2. Interventions

The studies selected for this review represent different interventions in terms of
treatment duration and characteristics.

Two of the selected studies were carried out at the same spa and were therefore
performed under similar conditions in terms of the temperature and composition of the
mineral water used [27,28]. These mineral waters were rich in sodium chloride and other
minerals, such as magnesium and calcium. The bath temperature was approximately
36-37 °C. Two studies were carried out using baths of mineral waters containing mainly
carbon dioxide and radon [25,26]. The temperature of these baths oscillated around
36-38 °C. The composition of the water used in for these two studies differed from that
of the other studies because the thermal waters were enriched with sulfur [29,30]. In one
of these two studies, whole-body sulfur baths at 34 °C with underwater exercises were
alternated with sulfur baths at 37 °C with underwater jets directed at painful joints for
10 min [29]. In the second of these two studies, sulfur baths at 37 °C and whole-body mud
packs at 42 °C were used [29]. In the last included study, whole-body sand baths were used
in conjunction with olive-oil massages [24]. The body was buried in sand at a temperature
ranging between 50 and 60 °C.

In all the included studies, each balneotherapy session had the same duration of
20 min. In only one study, one of the two interventions used was performed for 30 min [29].

Similar to the session duration in the studies, very similar numbers of sessions (mostly
12) were used in all the studies. The number of sessions was significantly higher (21) in
one study than for the other studies [29]; in other studies, 14 [30] and 15 [26] sessions were
performed, and 7 sessions were performed in only one study [24].

The balneotherapy sessions were distributed over time very similarly for all the trials,
that is, the sessions which were carried out on consecutive days until the total number of
sessions was reached (in some cases, no treatment was administered on Sundays). In the
two studies that deviated from this norm, sessions were performed every 2 or 3 days [25,26].

In most of the studies, the intervention group was compared with a control group
that only received the usual pharmacological treatment. In two of the included trials, the
control group was treated with artificially generated mineral water [25,26]. In one trial,
balneotherapy treatment was compared with standard physiotherapy [24], and in another
trial, the results of two types of interventions were compared against those of a control
group [30].
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All patients continued to receive the usual pharmacological treatment in addition to
balneotherapy treatment in all the included studies, because pharmacological treatment
was a requirement for participating in the studies.

3.3. Outcome

The quality of life was the outcome chosen in this systematic review to determine the
effectiveness of balneotherapy for patients with RA.

Most of the selected studies used the HAQ scale [21] to evaluate quality of life [24,25,27-
29]. In four studies, the VAS was used in addition to the HAQ to assess the general condition
of the patient [27-29]. In one study, the VAS was used as a quality-of-life measurement
tool [29].

In one trial, the AIMS [22], which includes questions related to quality of life, was
used. In another study, a different tool was used to measure quality of life, that is, the
patient’s self-assessment of the disease on a scale from 1 to 10 [30].

3.4. Risk of Bias

The risk of bias of the included studies was measured using the Cochrane Tool.
Figure 2 shows the risk of bias of each study, and Figure 3 shows see the global risk of bias.
A high risk of bias for found for the studies by Santos I et al. [29] and Sukenink S et al. [30].
The most repeated bias was the selection of the results because none of the studies included
a protocol for the statistical analysis. The next most repeated bias was deviation from the
intended intervention.

wv

Cc

9] o

= i =

= S

[ e} %)
E 2 - 2=
[=3%] c = 2
o a) - 9
wn £ € o9
5o 60 ST
50 5 2@
<] 20 9%
> 0 99 1)0
O = Q5 m%
ac =0 »n?

Low risk of bias

Allam, N. 2018

Some concerns

Annegret, F. 2013

2
[0]
()
(o]
&
[
o
3
£
o]
el
=
O
(a4
Franke, A 2000 °

000

High risk of bias

Karagille, M. 2016

Karagille, M. 2017

< NONON < N < WO
QOO O O rsocomein
Q00000 ®

Santos, |. 2016

CONCONCACACRCONC)
0 o @ @ @ @ @ Overall Bias

©
©
o

Sukenik, S. 1990

Figure 2. Individual risk of bias [24-30].
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OVERALL BIAS

SELECTION OF THE REPORTED RESULTS

MEASUREMENT OF THE OUTCOME

MISSING OUTCOME DATA

DEVIATIONS FROM INTENDED INTERVENTIONS

RANDOMISATION PROCESS

714 14.3

57.1 4.3

14.3

85.7
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
B Low risk Some concerns W High risk

Figure 3. Global risk of bias.

4. Discussion

In this systematic review, the benefits of balneotherapy on the quality of life of patients
with RA is evaluated. The obtained results show positive effects for both mineral bathing
and immersion in sand or mud on the quality of life of people who suffer from RA. However,
in order to analyse the results of the studies included, it is valuable to mention that 3 out of
7 performed a sample size calculation and only two of them showed significant differences
between groups [24,26]. The other one did not reach the required sample size [25], so
it could be a possible explanation for the lack of significant differences between groups.
Additionally, there is probably a lack of statistical power in the significant mean differences
showed in Karagiille et al. 2017 and 2018, and Santos et al. 2016 due to the fact that
none of them calculated sample size before intervention. Therefore, their results could be
inconclusive [27,28].

Differences in treatment administration resulted from the water composition (due
to natural enrichment with radon or carbon dioxide) and whether water baths were
administered in conjunction with pressure jets or sand baths. Similar bath temperatures
were used in all the studies and ranged between 35 and 38 °C. The session duration was
homogeneous across studies at approximately 20 min. Statistically significant results were
found in all studies despite the treatment differences. This result may have been obtained
because the salient feature of balneotherapy is not the mineral enriching the water, but
rather that the water itself is natural, warm and produces a state of wellness that in turn
leads to a body response that improves both quality of life and pain, as has been reported
in previous reviews [17].

There were differences in administration protocols for balneotherapy treatment among
the studies, where a few sessions were used in some studies and treatment was adminis-
tered for 21 days in others; however, statistically significant results were obtained in all
studies with respect to the quality of life of patients with RA. Similar results have been
obtained in studies on the quality of life of the osteoarthritis population, as shown by the
review published by Verhagen et al. [18]. However, Kamioka et al. [31] published a review
in 2010 showing that no conclusions could be drawn on the efficacy of balneotherapy in RA.
We propose that this inference may have resulted from the low methodological quality of
the studies published on using balneotherapy to treat RA, which demonstrates the scarcity
of publications on this subject.

The instruments used to assess the main variable of this systematic review were highly
heterogeneous. The most commonly used questionnaire is the HAQ [24,25,27-29]. All
evaluations were performed post-intervention, except that Karagiille et al. [28] evaluated



Int. J. Environ. Res. Public Health 2021, 18, 13216 10 of 15

the quality of life at 3 months after treatment and at 6 months. These evaluations were
statistically significant for all studies post-intervention but not after 6 months. Short-term
results show that balneotherapy benefits the quality of life of patients, but these positive
effects may not endure over time. Studies on the long-term effects of balneotherapy for
patients with RA have not yet been carried out; thus, a systematic review should be carried
out in the future to gather new evidence on the effectiveness of balneotherapy treatment
several months after the intervention is performed.

Finally, the effects of thermal baths are partially related to temperature. Hot stimuli
may influence muscle tone and pain intensity, helping to reduce muscle spasm and to
increase the pain threshold in nerve endings. According to the “gate theory”, pain relief
may be due to the temperature and hydrostatic pressure of water on the skin. Thermal
stress provokes a series of neuroendocrine reactions. In particular, the heat stimulates the
release of adrenocorticotropic hormone (ACTH), cortisol, prolactin and growth hormone
(GH), although it does not alter the circadian rhythm of these hormones. The effect
of thermal stress on the hypothalamus-pituitary-adrenal axis seems to be particularly
important for the antiedemigenous and anti-inflammatory actions of corticosteroids, as
well as for the frequent alteration of the axis during some RDs28. The increase in beta-
endorphin demonstrated to occur with various spa therapy techniques has an analgesic
and anti-spastic effect that is particularly important in patients for whom pain is the
prevalent symptom, which will ultimately influence their quality of life [32]. Furthermore,
there seems to be evidence of the relationship and positive effects of balneotherapy in
limiting the production of pro-inflammatory cytokines, prostaglandins or even adipokines
in patients with RA [33]. It seems that balneotherapy has a capacity to regulate and reduce
the parameters of oxidative status in these patients [34] and, in addition, it seems that it may
also have an effect in reducing the main markers of bone and cartilage damage [35]. All
this, together with the positive clinical results presented in this review, highlights the need
to include this therapy as part of the non-pharmacological intervention for these patients.

4.1. Limitations and Strenghts

This systematic review is not without limitations. The heterogeneity in evaluating
the quality of life of patients with RA makes it difficult to study this topic in depth and
prevents quantitatively combining the results of the included studies. In fact, as reflected
in our initial PROSPERO registry, we initially intended to include studies that measured
quality of life using SF-36 or AIMS tools (AIMS was only used in one study [26] included
in this review); however, as other tools were used in studies of interest in the field, we
changed the inclusion criterion and finally included studies in which other tools, such as
HAQ or VAS, were used to evaluate quality of life. Another limitation is the lack of studies
in languages other than English or Spanish: some studies that met the inclusion criteria a
priori were not included in this review, because although the abstracts were in English, the
complete text was only available in German or Japanese. Finally, no specific age criterion
was set for inclusion criteria, leaving it open to adults with RA.

A strength of this review is the inclusion of only randomized controlled trials, which
are studies based on scientific evidence. Thus, all studies that scientifically evaluated the
quality of life were considered, regardless of the measurement tool used. The progress of
science depends on the development of versions where there is consensus on the current
scientific evidence. This consensus is created, among others, by the development of
methodologically sound systematic reviews, to clarify the state of knowledge and identify
starting points for future research. Reviews provide, at the very least, a quick way to
become familiar with the topic and the main findings on the subject, as well as providing
useful syntheses of the research findings [36]. Our purpose was writing a readable synthesis
of the best resources available in the literature for this area of research. Our review methods
have been critical because we provided an unbiased point of view for the reader regarding
the current topic.
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4.2. Clinical Implications

Six [24,25,27-30] of the seven included studies show statistically significant intra-group
differences in the intervention group (seventh shows inter-group differences [26]), as well
as five [24,26-29] of the six studies reporting inter-group data show statistically significant
differences in favour of the experimental group. Therefore, it appears that the combination
of balneotherapy with pharmacological treatment shows improvements in the quality of
life of these patients compared to receiving only pharmacological treatment, receiving
standard physical therapy or receiving artificially generated mineral water in balneotherapy
treatment. Despite the low methodological quality of studies in this field, we were able to
use the results of the studies included in this review to design an effective balneotherapy
treatment, although a field study to corroborate this design has not been performed. Based
on the results of this systematic review, sessions should be approximately 20 min long and
use natural mineral waters enriched with an element, such as radon, or carbon dioxide.
Each session should consist of whole-body immersion in these waters, without moving
the body or performing any type of exercises, at a water temperature between 35-38 °C.
Hot sand baths could be used instead of mineralised waters, or even a combination thereof,
as both water and sand have beneficial effects. The total number of sessions should
be approximately 15, and the sessions should be performed on consecutive days. The
maintenance of pharmacological treatment is essential for balneotherapy treatment to
be effective.

5. Conclusions

Balneotherapy seems to improve the quality of life of patients with RA. This is due to
the results showed in studies, because in all of them the scores regarding quality of life are
improved after balneotherapy treatment. Despite being beneficial, balneotherapy continues
to be investigated. Therefore, it is necessary to carry out field investigations to clarify the
uncertainties that still exist regarding treatment efficacy, such as determining the type of
mineral water that is most beneficial for RA, not only in terms of quality of life, but also
regarding pain or functionality. Additionally, research is needed to determine the best form
of balneotherapy for patients with RA, by selecting between baths of mineral waters versus
mud or sand. Based on the results of this systematic review, which point to the benefits
of this technique in this population, as well as the few RCTs and their methodological
analysis, there is a critical need to develop more RCTs with a larger sample size and to
overcome some of the biases detected, analysing in depth the benefits of this technique in
rheumatoid arthritis.
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Appendix A. Search Strategy
Appendix A.1. Pubmed

(ceccccccccccccccccececcccccc((balneology[MeSH - Terms]) OR - (ammotherapy[MeSH
Terms])) OR (baths[MeSH Terms])) OR (mud therapy[MeSH Terms])) OR (steam
bath[MeSH Terms])) OR (balneology|[Title / Abstract])) OR (ammotherapy|[Title/ Abstract]))
OR (baths[Title/ Abstract])) OR (“mud therapy”[Title/ Abstract])) OR (“steam bath”[Title/
Abstract])) OR (Balneotherapy[Title/Abstract])) OR (“natural mineral water”[Title/
Abstract])) OR (spa[Title/ Abstract])) OR (“health spa”[Title/Abstract])) OR (“health
spas”[Title/ Abstract])) OR (“Wellness Centers”[Title/Abstract])) OR (“Wellness Cen-
ter”[Title/ Abstract])) OR (“Wellness Centre”[Title/Abstract])) OR (“Sand Bath”[Title/
Abstract])) OR (“Sand Baths”[Title/ Abstract])) OR (Sandbath[Title/Abstract])) OR
(Sandbaths[Title / Abstract])) OR (Fangotherapy[Title/ Abstract])) OR (“Mud Pack”[Title/
Abstract])) OR (“Mud Packs”[Title/Abstract])) OR (“Peat Therapy”[Title/Abstract]))
OR (“Peloid Therapy”[Title/ Abstract])) OR (“Mud Bath”[Title/Abstract])) OR (“Mud
Baths”[Title/ Abstract])) OR (“Sweat Lodge”[Title/ Abstract])) OR (“Finnish Bath”[Title/
Abstract])) OR (Sauna[Title/ Abstract])) OR (“Finnish Sauna”[Title/ Abstract])) OR (“Spa
therapy”[Title/ Abstract])) OR (“spa therapies”[Title/ Abstract])

AND

((((arthritisyMeSH Terms]) OR (arthritis, rheumatoid[MeSH Terms])) OR (“rheumatoid
arthritis”[Title/ Abstract])) OR (arthritis[Title/ Abstract])) OR (rheumatoid [Title/ Abstract])

AND

(CCC((“randomized controlled clinical trial”[Title/ Abstract]) OR (“randomised
controlled clinical trial”[Title/ Abstract])) OR (“randomized controlled trial”[Publication
Type])) OR (controlled clinical trials, randomized[MeSH Terms])) OR (clinical trial[MeSH
Terms])) OR (randomized controlled trial[MeSH Terms])) OR (randomized controlled trials
as topic[MeSH Terms])) OR (“randomized controlled trial”[Title/ Abstract])) OR (“ran-
domised controlled trial”[Title/ Abstract])) OR (“clinical controlled trial”[Title/ Abstract]))
OR (“controlled clinical trial”[Title/ Abstract])) OR (“clinical trial”[Title/ Abstract])) OR
(“random allocation”[Title/ Abstract])) OR (“randomly allocated”[Title/Abstract])) OR
(“comparative study”[Title/ Abstract])) OR (comparative study[Publication Type])

AND

“Quality of Life”[Mesh Terms] OR (“Quality of Life”[Title/Abstract]) OR (QOL[Title/
Abstract]) OR (“Health Related Quality Of Life”[Title/Abstract]) OR (“Health-Related
Quality Of Life”[Title/ Abstract]) OR (HRQOL[Title/ Abstract]) OR (“Life quality”[Title/
Abstract])

Appendix A.2. Scopus

((TITLE-ABS-KEY (balneology) OR TITLE-ABS-KEY (ammotherapy) OR TITLE-ABS-
KEY (baths) OR TITLE-ABS-KEY (“mud therapy”) OR TITLE-ABS-KEY (“steam bath”) OR
TITLE-ABS-KEY (“natural mineral water”) OR TITLE-ABS-KEY (spa) OR TITLE-ABS-KEY
(“health spa”) OR TITLE-ABS-KEY (“wellness center”) OR TITLE-ABS-KEY (“wellness
centers”) OR TITLE-ABS-KEY (“wellness centre”) OR TITLE-ABS-KEY (“wellness centres”)
OR TITLE-ABS-KEY (“sand bath”) OR TITLE-ABS-KEY (“sand baths”) OR TITLE-ABS-
KEY (sandbath) OR TITLE-ABS-KEY (sandbaths) OR TITLE-ABS-KEY (fangotherapy) OR
TITLE-ABS-KEY (“mud pack”) OR TITLE-ABS-KEY (“mud packs”) OR TITLE-ABS-KEY
(“peat therapy”) OR TITLE-ABS-KEY (“peloid therapy”) OR TITLE-ABS-KEY (“mud bath”)
OR TITLE-ABS-KEY (“mud baths”) OR TITLE-ABS-KEY (“sweat lodge”) OR TITLE-ABS-
KEY (“finnish bath”) OR TITLE-ABS-KEY (sauna) OR TITLE-ABS-KEY (“finnish sauna”)
OR TITLE-ABS-KEY (“spa therapies”) OR TITLE-ABS-KEY (“spa therapy”))) AND ((TITLE-
ABS-KEY (“arthritis rheumatoid”) OR TITLE-ABS-KEY (“rheumatoid arthritis”) OR TITLE-
ABS-KEY (arthritis) OR TITLE-ABS-KEY (rheumatoid))) AND ((TITLE-ABS-KEY (“Ran-
domised controlled clinical trial”) OR TITLE-ABS-KEY (“Randomized Controlled clinical
Trial”) OR TITLE-ABS-KEY (“randomized controlled trial”) OR TITLE-ABS-KEY (“ran-
domised controlled trial”) OR TITLE-ABS-KEY (“controlled clinical trials ranzomized”)
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OR TITLE-ABS-KEY (“clinical trial”) OR TITLE-ABS-KEY (“controlled clinical trial”) OR
TITLE-ABS-KEY (“clinical controlled trial”) OR TITLE-ABS-KEY (“random allocation”)
OR TITLE-ABS-KEY (“randomly allocated”) OR TITLE-ABS-KEY (“comparative study”)))
AND ((TITLE-ABS-KEY (“Quality of Life”) OR TITLE-ABS-KEY (qol) OR TITLE-ABS-KEY
(“Health Related Quality of Life”) OR TITLE-ABS-KEY (“Health-Related Quality Of Life”)
OR TITLE-ABS-KEY (hrqol) OR TITLE-ABS-KEY (“Life quality”)))

Appendix A.3. Web of Sciencie

(“balneology” OR “ammotherapy” OR “baths” OR “mud therapy” OR “steam bath”
OR “natural mineral water” OR “spa” OR “health spa” OR “wellness center” OR “wellness
centers” OR “wellness centre” OR “wellness centres” OR “sand bath” OR “sand baths” OR
“sandbath” OR “sandbaths” OR “fangotherapy” OR “mud pack” OR “mud packs” OR
“sandbath” OR “peat therapy” OR “peloid therapy” OR “mud bath” OR “mud baths” OR
“sweat lodge” OR “finnish bath” OR “sauna” OR “finnish sauna” OR “spa therapies” OR
“spa therapy”)

AND

(“arthritis rheumatoid” OR “rheumatoid arthritis” OR “arthritis” OR “rheumatoid”)

AND

(“Randomised controlled clinical trial” OR “Randomized Controlled clinical Trial” OR
“randomized controlled trial” OR “randomised controlled trial” OR “controlled clinical
trials ranzomized “ OR “clinical trial” OR “controlled clinical trial” OR “clinical controlled
trial” OR “random allocation” OR “randomly allocated” OR “comparative study”)

AND

(“Quality of Life” OR “QOL” OR “Health Related Quality Of Life” OR “Health-Related
Quality Of Life” OR “HRQOL” OR “Life quality”)

Appendix A.4. Cochrane Library

“balneology” OR “ammotherapy” OR “baths” OR “mud therapy” OR “steam bath”
OR “natural mineral water” OR “spa” OR “health spa” OR “wellness center” OR “wellness
centers” OR “wellness centre” OR “wellness centres” OR “sand bath” OR “sand baths” OR
“sandbath” OR “sandbaths” OR “fangotherapy” OR “mud pack” OR “mud packs” OR
“sandbath” OR “peat therapy” OR “peloid therapy” OR “mud bath” OR “mud baths” OR
“sweat lodge” OR “finnish bath” OR “sauna” OR “finnish sauna” OR “spa therapies” OR
“spa therapy” in Title Abstract Keyword

AND

“arthritis rheumatoid” OR “rheumatoid arthritis” OR “arthritis” OR “rheumatoid” in
Title Abstract Keyword

AND

“randomised controlled clinical trial” OR “Randomized Controlled clinical Trial” OR
“randomized controlled trial” OR “randomised controlled trial” OR “controlled clinical
trials ranzomized “ OR “clinical trial” OR “controlled clinical trial” OR “clinical controlled
trial” OR “random allocation” OR “randomly allocated” OR “comparative study” in Title
Abstract Keyword-(Word variations have been searched)

AND

“Quality of Life” OR “QOL” OR “Health Related Quality Of Life” OR “Health-Related
Quality Of Life” OR “HRQOL” OR “Life quality” in Title Abstract Keyword

References

1. Almutairi, K.; Nossent, J.; Preen, D.; Keen, H.; Inderjeeth, C. The global prevalence of rheumatoid arthritis: A meta-analysis based
on a systematic review. Rheumatol. Int. 2021, 41, 863-877. [CrossRef] [PubMed]

2. Safiri, S.; Kolahi, A.-A.; Cross, M.; Hill, C.; Smith, E.; Carson-Chahhoud, K.; Mansournia, M.A.; Almasi-Hashiani, A.; Ashrafi-
Asgarabad, A.; Kaufman, J.; et al. Prevalence, Deaths, and Disability-Adjusted Life Years Due to Musculoskeletal Disorders for
195 Countries and Territories 1990-2017. Arthritis Rheumatol. 2021, 73, 702-714. [CrossRef] [PubMed]

3. Woolf, A.D,; Pfleger, B. Burden of major musculoskeletal conditions. ERD Work. Pap. Ser. 2002, 81, 646—656.

4.  Smolen, ].S.; Aletaha, D.; McInnes, I.B. Rheumatoid arthritis. Lancet 2016, 388, 2023-2038. [CrossRef]


http://doi.org/10.1007/s00296-020-04731-0
http://www.ncbi.nlm.nih.gov/pubmed/33175207
http://doi.org/10.1002/art.41571
http://www.ncbi.nlm.nih.gov/pubmed/33150702
http://doi.org/10.1016/S0140-6736(16)30173-8

Int. J. Environ. Res. Public Health 2021, 18, 13216 14 of 15

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Conforti, A.; Di Cola, I; Pavlych, V.; Ruscitti, P.; Berardicurti, O.; Ursini, F.; Giacomelli, R.; Cipriani, P. Beyond the joints, the
extra-articular manifestations in rheumatoid arthritis. Autoimmun. Rev. 2021, 20, 102735. [CrossRef]

Smolen, ].S.; Aletaha, D.; Barton, A.; Burmester, G.R.; Emery, P.; Firestein, G.S.; Kavanaugh, A.; Mclnnes, I.B.; Solomon, D.H.;
Strand, V,; et al. Rheumatoid arthritis. Nat. Rev. Dis. Prim. 2018, 4, 1800. [CrossRef]

Bullock, J.; Rizvi, S.A.A.; Saleh, A.M.; Ahmed, S.S.; Do, D.P,; Ansari, R.A.; Ahmed, J. Rheumatoid arthritis: A brief overview of
the treatment. Med. Princ. Pract. 2019, 27, 501-507. [CrossRef]

Stanmore, E.K.; Oldham, J.; Skelton, D.A.; O’Neill, T.; Pilling, M.; Campbell, A.J.; Todd, C. Fall incidence and outcomes of falls in
a prospective study of adults with rheumatoid arthritis. Arthritis Care Res. 2013, 65, 737-744. [CrossRef]

Rosa-Gongalves, D.; Bernardes, M.; Costa, L. Quality of life and functional capacity in patients with rheumatoid arthritis—Cross-
sectional study. Reumatol. Clin. 2018, 14, 360-366. [CrossRef]

Morer, C.; Roques, C.-F; Francon, A.; Forestier, R.; Maraver, F. The role of mineral elements and other chemical compounds used
in balneology: Data from double-blind randomized clinical trials. Int. ]. Biometeorol. 2017, 61, 2159-2173. [CrossRef]

Kirdly, M.; Kévari, E.; Hodosi, K.; Balint, P.V.; Bender, T. The effects of Tiszasiily and Kolop mud pack therapy on knee
osteoarthritis: A double-blind, randomised, non-inferiority controlled study. Int. J. Biometeorol. 2020, 64, 943-950. [CrossRef]
Brosseau, L.; Robinson, V.; Léonard, G.; Casimiro, L.; Pelland, L.; Wells, G.; Tugwell, P. Efficacy of Balneotherapy for Rheumatoid
Arthritis: A Meta-analysis. Phys. Ther. Rev. 2002, 7, 67-87. [CrossRef]

Fioravanti, A.; Manica, P; Bortolotti, R.; Cevenini, G.; Tenti, S.; Paolazzi, G. Is balneotherapy effective for fibromyalgia? Results
from a 6-month double-blind randomized clinical trial. Clin. Rheumatol. 2018, 37, 2203-2212. [CrossRef]

Gutenbrunner, C.; Bender, T.; Cantista, P.; Karagtille, Z. A proposal for a worldwide definition of health resort medicine,
balneology, medical hydrology and climatology. Int. J. Biometeorol. 2010, 54, 495-507. [CrossRef] [PubMed]

Verhagen, A.P,; Bierma-Zeinstra, S.M.; Boers, M.; Cardoso, ].R.; Lambeck, J.; de Bie, R.; de Vet, H.C. Balneotherapy (or spa therapy)
for rheumatoid arthritis. Cochrane Database Syst. Rev. 2015, 2015, CD00051. [CrossRef]

Fioravanti, A.; Cantarini, L.; Guidelli, G.M.; Galeazzi, M. Mechanisms of action of spa therapies in rheumatic diseases: What
scientific evidence is there? Rheumatol. Int. 2011, 31, 1-8. [CrossRef]

Falagas, M.E.; Zarkadoulia, E.; Rafailidis, PI. The therapeutic effect of balneotherapy: Evaluation of the evidence from randomised
controlled trials. Int. J. Clin. Pract. 2009, 63, 1068-1084. [CrossRef]

Verhagen, A.P,; Bierma-Zeinstra, S.; Lambeck, J.; Cardoso, J.R.; De Bie, R.; Boers, M.; De Vet, H.C.W. Balneotherapy for
osteoarthritis. A cochrane review. J. Rheumatol. 2008, 35, 1118-1123. [PubMed]

Santos, I.; Cantista, P.; Vasconcelos, C. Balneotherapy in rheumatoid arthritis-a systematic review. Int. J. Biometeorol. 2016, 60,
1287-1301. [CrossRef] [PubMed]

Moher, D.; Shamseer, L.; Clarke, M.; Ghersi, D.; Liberati, A.; Petticrew, M.; Shekelle, P.; Stewart, L.A.; Estarli, M.; Barrera, E.S.A.;
et al. Preferred reporting items for systematic review and meta-analysis protocols (PRISMA-P) 2015 statement. Rev. Esp. Nutr.
Humana y Diet. 2016, 20, 148-160. [CrossRef]

Bruce, B.; Fries, ].F. The Stanford Health Assessment Questionnaire: Dimensions and practical applications. Health Qual. Life
Outcomes 2003, 1, 20. [CrossRef] [PubMed]

Hill, J.; Bird, H.A.; Lawton, C.W.; Wright, V. The arthritis impact measurement scales: An anglicized version to assess the outcome
of British patients with rheumatoid arthritis. Rheumatology 1990, 29, 193-196. [CrossRef]

Sterne, ].A.C.; Savovi¢, J.; Page, M.].; Elbers, R.G.; Blencowe, N.S.; Boutron, I.; Cates, C.J.; Cheng, H.-Y.; Corbett, M.S.; Eldridge,
S.M.; et al. RoB 2: A revised tool for assessing risk of bias in randomised trials. BMJ 2019, 366, 14898. [CrossRef]

Allam, N.M.; Koura, GM.R.; Alrawaili, S.M.; Hamada, H.A.; Khater, H.A.; Balbaa, A.A. The effect of siwan therapy in
management of patients with rheumatoid arthritis: A single blind randomized controlled trial. Biomed. Res. 2018, 29, 1400-1406.
[CrossRef]

Annegret, F,; Thomas, F. Long-term benefits of radon spa therapy in rheumatic diseases: Results of the randomised, multi-centre
IMuRa trial. Rheumatol. Int. 2013, 33, 2839-2850. [CrossRef] [PubMed]

Franke, A ; Reiner, L.; Pratzel, H.G.; Franke, T.; Resch, K.L. Long-term efficacy of radon spa therapy in rheumatoid arthrirtis—A
randomized, sham-controlled study and follow-up. Rheumatology 2000, 39, 894-902. [CrossRef] [PubMed]

Karagiille, M.; Kardes, S.; Karagtille, O.; Disci, R.; Avci, A.; Durak, I; Karagiille, M.Z. Effect of spa therapy with saline
balneotherapy on oxidant/antioxidant status in patients with rheumatoid arthritis: A single-blind randomized controlled trial.
Int. J. Biometeorol. 2017, 61, 169-180. [CrossRef]

Karagiille, M.; Kardes, S.; Disci, R.; Karagiille, M.Z. Spa therapy adjunct to pharmacotherapy is beneficial in rheumatoid arthritis:
A crossover randomized controlled trial. Int. J. Biometeorol. 2018, 62, 195-205. [CrossRef]

Santos, I.; Cantista, P.; Vasconcelos, C.; Amado, J. Balneotherapy and rheumatoid arthritis: A randomized control trial. Isr. Med.
Assoc. |. 2016, 18, 474-478.

Sukenik, S.; Buskila, D.; Neumann, L.; Kleiner-Baumgarten, A.; Zimlichman, S.; Horowitz, J. Sulphur bath and mud pack
treatment for rheumatoid arthritis at the Dead Sea area. Ann. Rheum. Dis. 1990, 49, 99-102. [CrossRef]

Kamioka, H.; Tsutani, K.; Okuizumi, H.; Mutoh, Y.; Ohta, M.; Handa, S.; Okada, S.; Kitayuguchi, J.; Kamada, M.; Shiozawa, N.;
et al. Effectiveness of aquatic exercise and balneotherapy: A summary of systematic reviews based on randomized controlled
trials of water immersion therapies. J. Epidemiol. 2010, 20, 2-12. [CrossRef] [PubMed]


http://doi.org/10.1016/j.autrev.2020.102735
http://doi.org/10.1038/nrdp.2018.1
http://doi.org/10.1159/000493390
http://doi.org/10.1002/acr.21892
http://doi.org/10.1016/j.reuma.2017.03.002
http://doi.org/10.1007/s00484-017-1421-2
http://doi.org/10.1007/s00484-019-01764-4
http://doi.org/10.1179/108331902125001879
http://doi.org/10.1007/s10067-018-4117-z
http://doi.org/10.1007/s00484-010-0321-5
http://www.ncbi.nlm.nih.gov/pubmed/20532921
http://doi.org/10.1002/14651858.CD000518.pub2
http://doi.org/10.1007/s00296-010-1628-6
http://doi.org/10.1111/j.1742-1241.2009.02062.x
http://www.ncbi.nlm.nih.gov/pubmed/18464302
http://doi.org/10.1007/s00484-015-1108-5
http://www.ncbi.nlm.nih.gov/pubmed/26607275
http://doi.org/10.1186/2046-4053-4-1
http://doi.org/10.1186/1477-7525-1-20
http://www.ncbi.nlm.nih.gov/pubmed/12831398
http://doi.org/10.1093/rheumatology/29.3.193
http://doi.org/10.1136/bmj.l4898
http://doi.org/10.4066/biomedicalresearch.29-17-2906
http://doi.org/10.1007/s00296-013-2819-8
http://www.ncbi.nlm.nih.gov/pubmed/23864139
http://doi.org/10.1093/rheumatology/39.8.894
http://www.ncbi.nlm.nih.gov/pubmed/10952746
http://doi.org/10.1007/s00484-016-1201-4
http://doi.org/10.1007/s00484-017-1441-y
http://doi.org/10.1136/ard.49.2.99
http://doi.org/10.2188/jea.JE20090030
http://www.ncbi.nlm.nih.gov/pubmed/19881230

Int. J. Environ. Res. Public Health 2021, 18, 13216 15 of 15

32.

33.

34.

35.

36.

Fioravanti, A.; Cheleschi, S.; Tent, S. Mechanisms of Action of Balneotherapy in Rheumatic Diseases: The Scientific Evidence. Cad.
Naturologia e Ter. Complement. 2014, 3, 63. [CrossRef]

Ortega, E.; Galvez, I.; Hinchado, M.D.; Guerrero, J.; Martin-Cordero, L.; Torres-Piles, S. Anti-inflammatory effect as a mechanism
of effectiveness underlying the clinical benefits of pelotherapy in osteoarthritis patients: Regulation of the altered inflammatory
and stress feedback response. Int. J. Biometeorol. 2017, 61, 1777-1785. [CrossRef] [PubMed]

Kuciel-Lewandowska, ].; Kasperczak, M.; Paprocka-Borowicz, M. Assessment of Changes in the Hemoglobin Level under the
Influence of Comprehensive Spa Therapy Using Therapeutic Radon-Sulfur Waters and Its Correlation with Free Radical Reactions.
Evid. Based. Complement. Alternat. Med. 2020, 2020, 4637129. [CrossRef] [PubMed]

Cucu, A.; Shreder, K.; Kraft, D.; Riihle, PF; Klein, G.; Thiel, G.; Frey, B.; Gaipl, U.S.; Fournier, C. Decrease of Markers Related to
Bone Erosion in Serum of Patients with Musculoskeletal Disorders after Serial Low-Dose Radon Spa Therapy. Front. Immunol.
2017, 8, 882. [CrossRef]

Suter, G.W. Review papers are important and worth writing. Environ. Toxicol. Chem. 2013, 32, 1929-1930. [CrossRef]


http://doi.org/10.19177/cntc.v3e5201463-70
http://doi.org/10.1007/s00484-017-1361-x
http://www.ncbi.nlm.nih.gov/pubmed/28456879
http://doi.org/10.1155/2020/4637129
http://www.ncbi.nlm.nih.gov/pubmed/32774419
http://doi.org/10.3389/fimmu.2017.00882
http://doi.org/10.1002/etc.2316

	Introduction 
	Materials and Methods 
	Elegibility 
	Outcomes 
	Information Sources 
	Search Strategy 
	Selection Process 
	Risk of Bias 

	Results 
	Descriptive Study 
	Interventions 
	Outcome 
	Risk of Bias 

	Discussion 
	Limitations and Strenghts 
	Clinical Implications 

	Conclusions 
	Search Strategy 
	Pubmed 
	Scopus 
	Web of Sciencie 
	Cochrane Library 

	References

