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Abstract
This systematic review is aimed to evaluate the effects of balneotherapy with thermal mineral water for managing the 
symptoms and signs of osteoarthritis located at any anatomical site. The systematic review was conducted according to the 
PRISMA Statement. The following databases were consulted: PubMed, Scopus, Web of Science, Cochrane Library, DOAJ 
and PEDro. We included clinical trials evaluating the effects of balneotherapy as a treatment for patients with osteoarthritis, 
published in English and Italian language, led on human subjects. The protocol was registered in PROSPERO. Overall, 17 
studies have been included in the review. All of these studies were performed on adults or elderly patients suffering from 
osteoarthritis localized to knees, hips, hands or lumbar spine. The treatment assessed was always the balneotherapy with 
thermal mineral water. The outcomes evaluated were pain, palpation/pressure sensibility, articular tenderness, functional 
ability, quality of life, mobility, deambulation, ability to climb stairs, medical objective and patients’ subjective evaluation, 
superoxide dismutase enzyme activity, serum levels of interleukin-2 receptors. The results of all the included studies agree 
and demonstrated an improvement of all the symptoms and signs investigated. In particular, pain and quality of life were the 
main symptoms evaluated and both improved after the treatment with thermal water in all the studies included in the review. 
These effects can be attributed to physical and chemical-physical properties of thermal mineral water used. However, the 
quality of many studies resulted not so high due and, consequently, it is necessary to perform new clinical trial in this field 
using more correct methods for conducting the study and for processing statistical data.
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Introduction

By definition, osteoarthritis results from complex mechani-
cal, biological, molecular and enzymatic interactions, all 
finally leading to the articular tissue deterioration and affect-
ing the whole joint [1]. Osteoarthritis is considered one of 

the most common musculoskeletal diseases and one of the 
ten most disabling diseases in developed countries; it is esti-
mated that, worldwide, 7% of the population (more than 500 
million people) are affected by osteoarthritis, with a much 
higher risk for women. The number of people affected by 
this condition increased by 48% from 1990 to 2019, and in 
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2019 osteoarthritis was the 15th leading cause of years lived 
with disability [2].

In the United States, osteoarthritis afflicts more than 
32.5 millions of adults, and it is considered one of the most 
expensive disease in term of treatment [3]. Indeed, in 2013, 
osteoarthritis was reported as the second most expensive 
sanitary condition among those treated in US hospitals, 
determining a total expenditure of 16.5 billion dollars, 
which represents the 4.3% of all hospitalization costs [4]. 
In Italy, the situation does not differ from other countries: 
osteoarthritis represents, alone, the 72.6% of the musculo-
skeletal system diseases. The rate of osteoarthritis is directly 
proportional to age, especially when involving individuals 
ranging from 75 to 79 years of age; men are more affected 
than women up to the fifth decade of life, whereas, after 
menopause the trend is inverted with the latter having a 
higher prevalence [5].

Osteoarthritis can affect any moving joint but some spe-
cific forms of the disease have a selective localization as 
gonarthrosis (also called knee osteoarthritis), which is the 
osteoarthritis affecting one or both knees, which globally 
represents the most frequent localization, with a prevalence 
of 3.8% [6]. The therapy of the osteoarthritis includes con-
servative approaches (pharmacological and non-pharmaco-
logical) and/or surgical ones. The target of therapy consists 
in relieving the pain, maintaining the articular mobility and 
maximizing the articular and global function. Main non-
pharmacological conservative treatments consists of some 
physical measures as rehabilitation, support devices, exer-
cises to increase muscles strength, flexibility and endurance, 
yoga patient’s education through daily life suggestions and 
thermal therapy, which includes massages, hydrotherapy, 
mud therapy and balneotherapy [7–10]. Several studies 
compared balneotherapy with other osteoarthritis standard 
treatments, revealing that balneotherapy has greater long-
term effects on life quality in people with severe disability, 
decreasing pain sensation and articular stiffness and increas-
ing mobility of the limbs [11]. Balneotherapy, due to its 
several beneficial effects, has been recommended by The 
OARSI guidelines (Osteoarthritis Research Society Interna-
tional) as a complementary non-pharmacological treatment 
for gonarthrosis, coxarthrosis and polyarticular osteoarthritis 
[12].

Besides, balneotherapy is cited for its positive effects on 
osteoarthritis also in the EULAR (European League Against 
Rheumatism) recommendations for the health professional’s 
approach to pain management in inflammatory arthritis and 
osteoarthritis [13], while ARC (American College of Rheu-
matology/Arthritis Foundation) made a conditionally recom-
mendation for thermal intervention [14]. A recent systematic 
review and meta-analysis evaluated the effects of balneo-
therapy and spa therapy on knee osteoarthritis, but just focal-
izing the attention on the on quality of life of patients [15]. 

The present systematic review is aimed at evaluating the 
effects of balneotherapy as a treatment to manage symptoms 
and signs of osteoarthritis, considering all the possible ana-
tomical sites, in adults and elderly.

Methods

Research strategy

This systematic review was performed by PRISMA concep-
tual framework (Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses) Statement [16]. The follow-
ing bibliographic and citations databases were consulted: 
PubMed (Medline), Scopus, Web of Science (Science and 
Social Science Citation Index), Cochrane Library, PEDro 
(Physiotherapy Evidence Database) and DOAJ (Directory 
of Open Access Journals). The research was performed 
using predefined key words and MeSH terms and relying on 
Boolean operators AND–OR through the following string: 
“balneotherapy AND osteoarthritis”. The research consid-
ered all papers from each database consulted up to the 20th 
April 2023. The protocol was registered on the PROSPERO 
platform (reference number: CRD42021258598).

Study selection

In this review we included all the original papers aimed at 
evaluating the effects of thermal water for balneotherapy as 
a treatment for the management of symptoms and signs of 
osteoarthritis, published in English and Italian language and 
performed on humans. We considered eligible observational 
studies, semi-sperimental and sperimental studies, while we 
excluded case reports, case series, letters to editors, com-
mentaries, editorials and other papers reporting studies with-
out new objective data. References of critical and systematic 
reviews and/or meta-analyses were assessed to find addi-
tional useful papers. No time limits were set. PICO model 
was used for structuring the research question, as follows:

Population Patients older than 18  years having 
osteoarthritis.

Intervention Balneotherapy.
Control Bathing in drinking water or procedures other 

than balneotherapy.
Outcomes Improvement of symptoms and signs of 

osteoarthritis.
The exclusion criteria led to reject all reports not fulfilling 

both the requirements of this review and the predetermined 
inclusion criteria.

All the references found by bibliographic research were 
transferred on Zotero software (Center for History and New 
Media (CHNM) at George Mason University (GMU)) for 
duplication removal and for assessing the relevance of each 
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paper. As a first step, four investigators (M.V., A.D.G., D.M., 
C.P.) independently verified the agreement to selection cri-
teria of any potential eligible study by reading title and 
abstract. Subsequently, all the papers considered potentially 
relevant were red in full-text. Any possible disagreement 
about the paper selection was solved through open-minded 
discussion.

Main outcome variables

We considered all the possible improvements in signs and 
symptoms of knee osteoarthritis during and after balneo-
therapy treatment evaluated in the included articles.

Risk of bias assessment

At the end of the review process, all the full-texts considered 
eligible were controlled clinical trials with the exception to 
one which not including a control group [17].

To date, no universally accepted checklist to evaluate the 
methodological quality of clinical trials testing non-phar-
macological therapeutic treatment is available. Thereby, 
following the results of some systematic reviews on non-
pharmacological treatment [18–20] or concerning the spe-
cific area investigated in the present review [21, 22], we 
evaluated the risk of bias of each included study using the 
CLEAR NPT checklist (Checklist to Evaluate a Report of a 

Non pharmacological Trial), specifically elaborated for non-
pharmacological clinical trials by an expert group through 
the Delphi method [23]. Moreover, we used also the check-
list elaborated by Forestier et al. [22] in a recent systematic 
review conducted to assess the effects of spa therapies on 
knee osteoarthritis.

Four investigators (M.V., A.D.G., D.M., C.P.) indepen-
dently assessed the quality of each study using both the 
checklists described above. Disagreements were solved by 
discussion between the investigators. As already established 
by other authors [22], a score between 10 and 8 represents 
a low bias risk, a score ranging between 7 e 5 stands for a 
medium risk and a score lower than 5 has to be considered 
a high bias risk. The evaluation of the quality of the study 
without the control group was performed according to a pre-
vious similar systematic review [24]: considering the scien-
tific value of the journal, the sample size and the methods 
used for patients’ assessment. However, due of the lack of a 
control group, the bias risk was considered high.

Results

Figure 1 shows the details of the review process. At the end 
of the selection process, 17 studies have been included in 
the review. The first research performed on PubMed, Sco-
pus, Web of Science, Cochrane Library, PEDro and DOAJ 

Fig. 1   Flow chart describing the 
research strategy
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databases produced 1242 bibliographic citations of which, 
after the duplicate removal 599 left; 573 were further 
excluded for not fulfilling the inclusion criteria by reading 
title and abstract.

The remaining 70 reports were examined in detail to 
exclude any other paper not respecting the inclusion crite-
ria. From this ulterior selection, additional 53 reports were 
rejected because they were proceedings, or because consid-
ering different effects than the osteoarthritis outcomes, or 
because considering other treatments (electrostimulation, 
physical exercise, hydrotherapy or mud therapy, etc.) alone 
or associated to balneotherapy. Some other reports were 
excluded for being systematic reviews or studies performed 
on animals or in vitro rather than on humans. The references 
of these reports were assessed to find any possible additional 
relevant citations, but none of them satisfied the previously 
described inclusion criteria.

For each report included in this systematic review the 
following data were summarized: essential bibliographic 
data, thermal center and belonging country, source of fund-
ing, study design, osteoarthritis localization, population/
patients’ features as gender and age, description of the main 
balneotherapy treatment and the control one, final results 
and original concluding remarks, bias risk. All these data 
are presented in Table 1.

Each of the 17 articles described a clinical trial, of which 
16 controlled [25–40] and 1 designed without control group 
[17]. 8 studies were performed in Hungary, 6 studies in Tur-
key and 3 respectively in France, Austria and Italy. The time 
of publication ranged from 1989 [25] to 2018 [40]. All the 
subjects considered in these trials were adults or elderly 
patients affected by osteoarthritis localized in various ana-
tomical sites, such as knees, hips, hands or lumbar spine.

Participants to some clinical trials [25, 26, 33, 34, 36, 37] 
continued to take some medications during the study, while 
others from other trials [17, 27, 39, 40] were not allowed to 
take any drugs. The remaining studies [28–32, 35, 37, 38] 
did not report specifics regarding the use of drugs during 
the trials.

The proposed treatment was balneotherapy, consisting 
of 20 or 30 min/day of bathing, once or twice a day, for 
2 to 3 weeks of total duration, coupled or not to other spa 
therapies, as magnetotherapy or physiotherapy only when 
homogeneously performed on both “sperimental” and “con-
trol” group.

The outcomes considered were expressed in term of pain, 
palpation/pressure sensibility, articular tenderness, func-
tional ability, quality of life, mobility, deambulation, ability 
to climb stairs, medical objective and patient’s subjective 
evaluation, superoxide dismutase enzyme activity, serum 
levels of interleukin-2 receptors. These outcomes were 
assessed at the end of the treatment and/or after a 3 months’ 
follow-up period, compared to those presented before the 

treatment by the study group and/or by the control group. 
Some parameters as pain, the quality of life and functional 
ability have been determined by specific and validated 
scores, while others as the functional ability, sensibility to 
pressure or palpation and articular tenderness were deter-
mined by specific exercises or handlings. Serum levels of 
superoxide dismutase enzyme and interleukin-2 receptors 
have been determined in laboratory. All the study demon-
strated an improvement in the outcomes assessed following 
the balneotherapy treatment respect to those detected before 
the treatment and/or those of the control group. In particular, 
the main results of all the reviewed studies evidenced an 
improvement of patient’s conditions after balneotherapy in 
terms of:

1. significant reduction of pain (16/17 studies);
2. significant reduction of pressure/palpation sensibility 

(2/17);
3. significant reduction of articular tenderness (2/17);
4. significant improvement of functional ability, mobil-

ity, deambulation, ability to climb stairs and reduction of 
disability (2/17);

5. significant improvement of quality of life (8/17);
6. significant improvement according to the objective 

medical assessment (1/17);
7. significant improvement according to the subjective 

patient’s assessment (1/17);
8. significant reduction of superoxide dismutase enzyme 

activity (1/17)
9. significant reduction of serum levels of ilterleukin-2 

receptors (1/17).
According to the scores obtained applying the checklist 

CLEAR NTP, seven studies (including the non controlled 
study) showed a high bias risk, eight studies presented a 
medium bias risk and two studies a low bias risk. Further-
more, the quality assessment related to external and sta-
tistical validity of each included study highlighted some 
improvable methodological aspects. However, the matching 
outcomes reported by all the studies analyzed in this review 
attenuate the intrinsic relevance of bias, consolidating the 
whole scientific evidence. All the studies showed a sig-
nificant improvement of one or more specific osteoarthritis 
signs and/or symptoms.

Discussion

The most relevant finding of this review is that all the studies 
included demonstrated that balneotherapy improves signs 
and symptoms of osteoarthritis affecting different joints, 
increase the superoxide dismutase enzyme activity and the 
serum levels of interleukin-2 receptors. This result is in line 
with those reported by previous reviews [15, 24, 41]. In par-
ticular, a Cochrane review performed in 2008 [41] recovered 
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silver-level evidence about the beneficial effects of baths 
in thermal mineral water compared to no treatment, but 
highlighted that the scientific evidence produced until the 
period of the review was weak due to the poor methodologi-
cal quality and to the lack of an appropriate statistical analy-
sis and data presentation. The two more recent reviews in 
this field found that balneotherapy can significantly improve 
the quality of life of patients with osteoarthritis [15, 24] 
and reduce pain, non-steroidal anti-inflammatory drug use, 
and functional limitation [24]. However, both these reviews 
were conducted considering just knee osteoarthritis. We 
considered all the possible anatomical sites affected by this 
condition.

Beneficial effects associated to the balneotherapy are due 
both to physical and chemical properties of thermal mineral 
water used for this treatment. Indeed, balneotherapy with 
thermal water exerts clinically useful effects through a dou-
ble mechanism: the first is associated to the use of water 
(hydrotherapy) and it is determined by mechanical influ-
ences and hydrostatic pressure. The second one is related to 
the use of a specific type of mineral water (crenotherapy), 
and it depends on the chemical and physical–chemical prop-
erties of the water [42–45]. First of all, the high tempera-
ture of the thermal mineral waters used for the treatments 
of osteoarthritis exerts an analgesic action and influences 
muscle tone, promoting the relaxation of striated and smooth 
muscles. In particular, the effects of heat are characterized 
by an increase in the temperature of the skin, subcutaneous 
tissue and muscles, with a decrease in muscle tone [46]. 
High water temperature also influence the sensation of pain 
and induces sedation and muscle relaxation and increases 
mobility. Besides, immersing the body in mineral water 
allows for easier mobilization of the joints and facilitates 
muscle strengthening. In addition, hyperemia in periarticular 
sites (capsules, ligaments, tendon insertions), determined by 
heat stimulation, can contribute to the removal of inflamma-
tory cytokines and chemokines, reducing pain. Finally, high 
temperature determines a series of neuroendocrine reactions, 
stimulating the hypothalamic–pituitary–adrenal axis with 
the consequent release of adrenocorticotropic hormone and 
cortisol, well-known for their anti-edema and anti-inflam-
matory action [47, 48].

Another important factor contributing to the to the 
improvement of symptoms and signs of osteoarthritis is 
the presence, in thermal mineral water of sulfur both in 
the reduced form of hydrogen sulfide (also called hydro-
gen sulfide) and in the more oxidized form of sulfate ion. 
In a systematic review made by Cheleschi et al. [50], all 
the scientific evidences of in vitro studies were reported, 
and the results highlighted that sulfurous thermal mineral 
waters have several beneficial effects, in particular on the 
antioxidant system. In fact, oxygen and nitrous free radi-
cals production by polymorphonuclear leukocytes decreases 

after incubation of these cells in sulfurous thermal mineral 
water. Specifically, this water has a chondroprotective effect 
on chondrocytes and cartilage. In vitro, chondrocytes incu-
bation with sulfurous water inhibits the release of nitrous 
oxide, E2 prostaglandins, metalloproteinases, TNF-α, Inter-
leukine-6 and Interleukine-8, all molecules having a crucial 
role in the inflammatory processes and cartilage degradation 
in osteoarthritis [49].

The present systematic review has some limitations. First 
of all, we did not carry out statistical analysis of the results 
of the studies included in the review because we considered 
all anatomical sites potentially affected by osteoarthritis and, 
thus, we did not compare possible changes in symptoms and 
signs in different sites. Besides, each of the included stud-
ies used different methodological approaches for conducting 
the trial and for assessing changes in symptoms and signs 
of osteoarthritis after the balneotherapy treatment. Besides, 
symptoms and signs of osteoarthritis are highly variable 
and this could cause heterogeneity in the results. Moreo-
ver, some symptoms and signs (pain or quality of life) are 
evaluated in many studies, while for other parameters, there 
is not enough number of articles to draw strong evidence. 
However, the present systematic review is the first describ-
ing a picture of the effects of balneotherapy in symptoms 
and signs of osteoarthritis affecting all the anatomical sites. 
Notice that participants to some clinical trials continued to 
take some medications during the study, generating a pos-
sible confounding on the real effect of balneotherapy on 
the improvement of symptoms and signs of osteoarthritis. 
Another limitation of the present review is related to the 
quality of the studies included: fifteen studies showed a 
medium or high bias risk, while just two studies presented 
a low bias risk. Nevertheless, the results of all the studies 
agree and demonstrated a significant improvement of one or 
more specific osteoarthritis signs and/or symptoms after the 
balneotherapy treatments.

In conclusion, the main finding of the present systematic 
review is that all the included studies found a significant 
improvement in signs and/or symptoms of osteoarthritis, 
whatever the anatomical location of the disease. In particu-
lar, pain and quality of life were the main symptoms evalu-
ated, and both improved after the treatment with thermal 
water in all the studies included in the review. For other 
parameters, the number of articles is not enough to draw 
strong evidence. However, the quality of the studies included 
are at medium or high risk of bias in many cases due to the 
not completely appropriate methodological approaches used 
to carry out the study and to elaborate the results. Conse-
quently, it is necessary to perform new clinical trials using 
more correct methods for conducting the clinical trials, more 
advances techniques for processing statistical data and con-
sidering also those signs and symptoms still little studied.



1608	 Rheumatology International (2023) 43:1597–1610

1 3

Author contributions  Conception and design of the work, CP and MV; 
acquisition of data for the work, CP, ADG, DM, ADC, NC, SC, MF 
and MV; analysis if data for the work, ADG, DM, ADC, NC, SC; 
interpretation of data, CP, MV and MF; drafting the work, ADG, DM, 
ADC, NC, SC; reviewing it critically for important intellectual content, 
CP, MV and MF. All co-authors have read and agreed to the published 
version of the manuscript. All co-authors take full responsibility that 
questions related to the accuracy or integrity of any part of the work 
are appropriately investigated and resolved.

Funding  Open access funding provided by Università degli Studi di 
Roma La Sapienza within the CRUI-CARE Agreement. This research 
received no external funding.

Availability of data and material  The data can be requested from the 
corresponding author.

Declarations 

Conflict of interest  The authors declare that they have no conflict of 
interest.

Ethics approval and consent to participate  Not applicable.

Consent for publication  All authors agree to publish in Rheumatology 
International. All authors take full responsibility for the integrity and 
accuracy of all aspects of the work.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

	 1.	 Man GS, Mologhianu G (2014) Osteoarthritis pathogenesis - a 
complex process that involves the entire joint. J Med Life 7:37–41

	 2.	 Hunter DJ, March L, Chew M (2020) Osteoarthritis in 2020 and 
beyond: a Lancet Commission. Lancet 396:1711–1712. https://​
doi.​org/​10.​1016/​S0140-​6736(20)​32230-3

	 3.	 Center for Disease Control and Prevention. Cost Statistics. https://​
www.​cdc.​gov/​arthr​itis/​data_​stati​stics/​cost.​htm#:​~:​text=​Cost%​
20of%​20Ost​eoart​hriti​s&​text=​In%​20that%​20year%​2C%​20it%​
20acc​ounte​d,combi​ned%​20cos​ts%​20for%​20all%​20hos​pital​izati​
ons.​&​text=​OA%​20was%​20also%​20the%​20mos​t,%​246.2%​20bil​
lion%​20in%​20hos​pital%​20cos​ts. Accessed 15 Nov 2022

	 4.	 Torio CM, Moore BJ (2016) Statistical Brief #204. National Inpa-
tient Hospital Costs: The Most Expensive Conditions by Payer, 
2013. Agency for Healthcare Research and Quality Rockville, MD

	 5.	 OsteoArtrosi.eu (2022) Epidemiologia. http://​www.​osteo​artro​si.​
eu/​paz_​epide​miolo​gia.​php. Accessed 12 Nov 2022

	 6.	 Cross M, Smith E, Hoy D, Nolte S, Ackerman I, Fransen M, 
Bridgett L, Williams S, Guillemin F, Hill CL, Laslett LL, Jones G, 
Cicuttini F, Osborne R, Vos T, Buchbinder R, Woolf A, March L 
(2014) The global burden of hip and knee osteoarthritis: estimates 

from the global burden of disease 2010 study. Ann Rheum Dis 
73:1323–1330. https://​doi.​org/​10.​1136/​annrh​eumdis-​2013-​204763

	 7.	 Fernandes L, Hagen KB, Bijlsma JW, Andreassen O, Christensen 
P, Conaghan PG, Doherty M, Geenen R, Hammond A, Kjeken I, 
Lohmander LS, Lund H, Mallen CD, Nava T, Oliver S, Pavelka K, 
Pitsillidou I, da Silva JA, de la Torre J, Zanoli G, Vliet Vlieland 
TP (2013) European League Against Rheumatism (EULAR). 
EULAR recommendations for the non-pharmacological core man-
agement of hip and knee osteoarthritis. Ann Rheum Dis 72:1125–
1135. https://​doi.​org/​10.​1136/​annrh​eumdis-​2012-​202745

	 8.	 Kolasinski SL, Neogi T, Hochberg MC, Oatis C, Guyatt G, Block 
J, Callahan L, Copenhaver C, Dodge C, Felson D, Gellar K, Har-
vey WF, Hawker G, Herzig E, Kwoh CK, Nelson AE, Samuels J, 
Scanzello C, White D, Wise B, Altman RD, DiRenzo D, Fontana-
rosa J, Giradi G, Ishimori M, Misra D, Shah AA, Shmagel AK, 
Thoma LM, Turgunbaev M, Turner AS, Reston J (2020) American 
College of Rheumatology/Arthritis Foundation guideline for the 
management of osteoarthritis of the hand, hip, and knee. Arthri-
tis Care Res (Hoboken) 72:149–162. https://​doi.​org/​10.​1002/​acr.​
24131

	 9.	 Rausch Osthoff AK, Niedermann K, Braun J, Adams J, Brodin N, 
Dagfinrud H, Duruoz T, Esbensen BA, Günther KP, Hurkmans E, 
Juhl CB, Kennedy N, Kiltz U, Knittle K, Nurmohamed M, Pais S, 
Severijns G, Swinnen TW, Pitsillidou IA, Warburton L, Yankov 
Z, Vliet Vlieland TPM (2018) 2018 EULAR recommendations 
for physical activity in people with inflammatory arthritis and 
osteoarthritis. Ann Rheum Dis 77:1251–1260. https://​doi.​org/​10.​
1136/​annrh​eumdis-​2018-​213585

	10.	 Bernetti A, Mangone M, Alviti F, Paolucci T, Attanasi C, Murgia 
M, Di Sante L, Agostini F, Vitale M, Paoloni M (2020) Spa ther-
apy and rehabilitation of musculoskeletal pathologies: a proposal 
for best practice in Italy. Int J Biometeorol 64:905–914. https://​
doi.​org/​10.​1007/​s00484-​019-​01731-z

	11.	 Fioravanti A, Karagülle M, Bender T, Karagülle MZ (2017) Bal-
neotherapy in osteoarthritis: Facts, fiction and gaps in knowledge. 
Eur J Integr Med 9:148–150. https://​doi.​org/​10.​1016/j.​eujim.​2017.​
01.​001

	12.	 Bannuru RR, Osani MC, Vaysbrot EE, Arden NK, Bennell K, 
Bierma-Zeinstra SMA, Kraus VB, Lohmander LS, Abbott JH, 
Bhandari M, Blanco FJ, Espinosa R, Haugen IK, Lin J, Mandl LA, 
Moilanen E, Nakamura N, Snyder-Mackler L, Trojian T, Under-
wood M, McAlindon TE (2019) OARSI guidelines for the non-
surgical management of knee, hip, and polyarticular osteoarthritis. 
Osteoarth Cartil 27:1578–1589

	13.	 Geenen R, Overman CL, Christensen R, Åsenlöf P, Capela S, 
Huisinga KL, Husebø MEP, Köke AJA, Paskins Z, Pitsillidou 
IA, Savel C, Austin J, Hassett AL, Severijns G, Stoffer-Marx M, 
Vlaeyen JWS, -de-las-Peñas CF, Ryan SJ, Bergman S (2018) 
EULAR recommendations for the health professional’s approach 
to pain management in inflammatory arthritis and osteoarthritis. 
Ann Rheum Diseases 77:797–807

	14.	 Kolasinski SL, Neogi T, Hochberg MC, Oatis C, Guyatt G, Block 
J, Callahan L, Copenhaver C, Dodge C, Felson D, Gellar K, Har-
vey WF, Hawker G, Herzig E, Kwoh CK, Nelson AE, Samuels 
J, Scanzello C, White D, Wise B, Altman RD, DiRenzo D, Fon-
tanarosa J, Giradi G, Ishimori M, Misra D, Shah AA, Shmagel 
AK, Thoma LM, Turgunbaev M, Turner AS, Reston J (2020) 2019 
American College of Rheumatology/Arthritis Foundation guide-
line for the management of osteoarthritis of the hand, hip, and 
knee. Arthritis Rheumatol 72:220–233

	15.	 Antonelli M, Donelli D, Fioravanti A (2018) Effects of balneo-
therapy and spa therapy on quality of life of patients with knee 
osteoarthritis: a systematic review and meta-analysis. Rheumatol 
Int 38:1807–1824. https://​doi.​org/​10.​1007/​s00296-​018-​4081-6

	16.	 Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, 
Mulrow CD (2021) The PRISMA 2020 statement: an updated 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/S0140-6736(20)32230-3
https://doi.org/10.1016/S0140-6736(20)32230-3
https://www.cdc.gov/arthritis/data_statistics/cost.htm#:~:text=Cost%20of%20Osteoarthritis&text=In%20that%20year%2C%20it%20accounted,combined%20costs%20for%20all%20hospitalizations.&text=OA%20was%20also%20the%20most,%246.2%20billion%20in%20hospital%20costs
https://www.cdc.gov/arthritis/data_statistics/cost.htm#:~:text=Cost%20of%20Osteoarthritis&text=In%20that%20year%2C%20it%20accounted,combined%20costs%20for%20all%20hospitalizations.&text=OA%20was%20also%20the%20most,%246.2%20billion%20in%20hospital%20costs
https://www.cdc.gov/arthritis/data_statistics/cost.htm#:~:text=Cost%20of%20Osteoarthritis&text=In%20that%20year%2C%20it%20accounted,combined%20costs%20for%20all%20hospitalizations.&text=OA%20was%20also%20the%20most,%246.2%20billion%20in%20hospital%20costs
https://www.cdc.gov/arthritis/data_statistics/cost.htm#:~:text=Cost%20of%20Osteoarthritis&text=In%20that%20year%2C%20it%20accounted,combined%20costs%20for%20all%20hospitalizations.&text=OA%20was%20also%20the%20most,%246.2%20billion%20in%20hospital%20costs
https://www.cdc.gov/arthritis/data_statistics/cost.htm#:~:text=Cost%20of%20Osteoarthritis&text=In%20that%20year%2C%20it%20accounted,combined%20costs%20for%20all%20hospitalizations.&text=OA%20was%20also%20the%20most,%246.2%20billion%20in%20hospital%20costs
https://www.cdc.gov/arthritis/data_statistics/cost.htm#:~:text=Cost%20of%20Osteoarthritis&text=In%20that%20year%2C%20it%20accounted,combined%20costs%20for%20all%20hospitalizations.&text=OA%20was%20also%20the%20most,%246.2%20billion%20in%20hospital%20costs
http://www.osteoartrosi.eu/paz_epidemiologia.php
http://www.osteoartrosi.eu/paz_epidemiologia.php
https://doi.org/10.1136/annrheumdis-2013-204763
https://doi.org/10.1136/annrheumdis-2012-202745
https://doi.org/10.1002/acr.24131
https://doi.org/10.1002/acr.24131
https://doi.org/10.1136/annrheumdis-2018-213585
https://doi.org/10.1136/annrheumdis-2018-213585
https://doi.org/10.1007/s00484-019-01731-z
https://doi.org/10.1007/s00484-019-01731-z
https://doi.org/10.1016/j.eujim.2017.01.001
https://doi.org/10.1016/j.eujim.2017.01.001
https://doi.org/10.1007/s00296-018-4081-6


1609Rheumatology International (2023) 43:1597–1610	

1 3

guideline for reporting systematic reviews. BMJ 372:71. https://​
doi.​org/​10.​1136/​bmj.​n71

	17.	 Kiliçoğlu O, Dönmez A, Karagülle Z, Erdofan N, Akalan E, 
Temelli Y (2010) Effect of balneotherapy on temporospatial gait 
characteristics of patients with osteoarthritis of the knee. Rheu-
matol Int 30:739–747. https://​doi.​org/​10.​1007/​s00296-​009-​1054-9

	18.	 Kamioka H, Tsutani K, Mutoh Y, Okuizum H, Ohta M, Handa S, 
Okada S, Kitayuguchi J, Kamada M, Shiozawa N, Park SJ, Honda 
T, Moriyama S (2011) A systematic review of nonrandomized 
controlled trials on the curative effects of aquatic exercise. Int J 
Gen Med 4:239–260. https://​doi.​org/​10.​2147/​IJGM.​S17384

	19.	 Alkaduhimi H, Saarig A, van der Linde JA, Willigenburg NW, 
van Deurzen PDF, van den Bekerom MPJ (2018) An assessment 
of quality of randomized controlled trials in shoulder instability 
surgery using a modification of the clear CLEAR-NPT score. 
Shoulder Elbow 10:238–249. https://​doi.​org/​10.​1177/​17585​
73218​754370

	20.	 Liu F, Cui J, Liu X, Chen KW, Chen X, Li R (2020) The effect 
of tai chi and Qigong exercise on depression and anxiety of 
individuals with substance use disorders: a systematic review 
and meta-analysis. BMC Complement Med Ther 20:161. https://​
doi.​org/​10.​1186/​s12906-​020-​02967-8

	21.	 Santos I, Cantista P, Vasconcelos C (2016) Balneotherapy in 
rheumatoid arthritis-a systematic review. Int J Biometeorol 
60:1287–1301. https://​doi.​org/​10.​1007/​s00484-​015-​1108-5

	22.	 Forestier R, Forestier FBE, Alain Francon A (2016) Spa therapy 
and knee osteoarthritis: a systematic review. Ann Phys Rehabil 
Med 59:216–226. https://​doi.​org/​10.​1016/j.​rehab.​2016.​01.​010

	23.	 Boutron I, Moher D, Tugwell P, Giraudeau B, Poiraudeau B, 
Nizard R, Ravaud P (2005) A checklist to evaluate a report of a 
nonpharmacological trial (CLEAR NPT) was developed using 
consensus. J Clin Epidemiol 58:1233–1240. https://​doi.​org/​10.​
1016/j.​jclin​epi.​2005.​05.​004

	24.	 Fraioli A, Mennuni G, Fontana M, Nocchi S, Ceccarelli F, Per-
ricone C, Serio A (2018) Efficacy of spa therapy, mud-pack 
therapy, balneotherapy, and mud-bath therapy in the manage-
ment of knee osteoarthritis. A systematic review. Biomed Res 
Int. https://​doi.​org/​10.​1155/​2018/​10425​76

	25.	 Szucs L, Ratko I, Lesko T, Szoor I, Genti G, Balint G (1989) 
Double-blind trial on the effectiveness of the Puspokladany 
thermal water on arthrosis of the knee- joints. J R Soc Health 
109:7–9. https://​doi.​org/​10.​1177/​14664​24089​10900​104

	26.	 Nguyen M, Revel M, Dougados M (1997) Prolonged effects of 
3 week therapy in a spa resort on lumbar spine, knee and hip 
osteoarthritis: Follow-up after 6 months. A randomized con-
trolled trial. Br J Rheumatol 36:77–81. https://​doi.​org/​10.​1093/​
rheum​atolo​gy/​36.1.​77

	27.	 Ekmekcioglu C, Strauss-Blasche G, Holzer F, Marktl W (2002) 
Effect of sulfur baths on antioxidative defense systems, peroxide 
concentrations and lipid levels in patients with degenerative 
osteoarthritis. Forsch Komplementarmed Klass Naturheilkd 
9:216–220. https://​doi.​org/​10.​1159/​00006​6031

	28.	 Kovács I, Bender T (2002) The therapeutic effects of 
Cserkeszölö thermal water in osteoarthritis of the knee: a dou-
ble blind, controlled, follow-up study. Rheumatol Int 21:218–
221. https://​doi.​org/​10.​1007/​s00296-​001-​0167-6

	29.	 Odabaş EI, Karagülle MZ, Karagülle M, Turan M, Karagülle 
O (2002) Comparison of two traditional spa therapy regimens 
in patients with knee osteoarthritis: An exploratory study. Phys 
Medizin Rehabilitationsmedizin Kurortmedizin 12:337–341. 
https://​doi.​org/​10.​1055/s-​2002-​36188

	30.	 Yurtkuran M, Yurtkuran M, Alp A, Nasircilar A, Bingöl U, 
Altan L, Sarpdere G (2006) Balneotherapy and tap water 
therapy in the treatment of knee osteoarthritis. Rheumatol Int 
27:19–27. https://​doi.​org/​10.​1007/​s00296-​006-​0158-8

	31.	 Alp A, Yurtkuran M, Ilcol YO (2007) Effects of balneotherapy 
on serum interleukine-2 receptors, inflammation markers and 
cortisol levels in knee osteoarthritis. Phys Medizin Rehabili-
tationsmedizin Kurortmedizin 17:215–219. https://​doi.​org/​10.​
1055/s-​2007-​973851

	32.	 Bálint GP, Buchanan WW, Adám A, Ratkó I, Poór L, Bálint PV, 
Somos E, Tefner I, Bender T (2007) The effect of the thermal 
mineral water of Nagybaracska on patients with knee joint oste-
oarthritis–a double blind study. Clin Rheumatol 26:890–894. 
https://​doi.​org/​10.​1007/​s10067-​006-​0420-1

	33.	 Evcik D, Kavuncu V, Yeter A, Yigit I (2007) The efficacy of bal-
neotherapy and mud-pack therapy in patients with knee osteoar-
thritis. Jt Bone Spine 74:60–65. https://​doi.​org/​10.​1016/j.​jbspin.​
2006.​03.​009

	34.	 Fioravanti A, Giannitti C, Bellisai B, Iacoponi F, Galeazzi M 
(2012) Efficacy of balneotherapy on pain, function and quality of 
life in patients with osteoarthritis of the knee. Int J Biometeorol 
56:583–590. https://​doi.​org/​10.​1007/​s00484-​011-​0447-0

	35.	 Horváth K, Kulisch Á, Németh A, Bender T (2012) Evaluation of 
the effect of balneotherapy in patients with osteoarthritis of the 
hands: a randomized controlled single-blind follow-up study. Clin 
Rehabil 26:431–441. https://​doi.​org/​10.​1177/​02692​15511​425961

	36.	 Kovács C, Pecze M, Tihanyi Á, Kovács L, Balogh S, Bender T 
(2012) The effect of sulphurous water in patients with osteoar-
thritis of hand. Double-blind, randomized, controlled follow-up 
study. Clin Rheumatol 31:1437–1442. https://​doi.​org/​10.​1007/​
s10067-​012-​2026-0

	37.	 Kulisch Á, Benkö Á, Bergmann A, Gyarmati N, Horváth H, 
Kránicz Á, Mándó ZS, Matán Á, Németh A, Szakál E, Szántó 
D, Szekeres L, Bender T (2014) Evaluation of the effect of Lake 
Hévíz thermal mineral water in patients with osteoarthritis of the 
knee: a randomized, controlled, single-blind, follow-up study. Eur 
J Phys Rehabil Med 50:373–381

	38.	 Sahin-Onat S, Tasoglu O, Ozisler Z, Demircioglu Guneri F, Ozgir-
gin N (2015) Balneotherapy in the treatment of knee osteoarthri-
tis: a controlled study. Arch Rheumatol 30:292–297. https://​doi.​
org/​10.​5606/​ArchR​heuma​tol.​2015.​5484

	39.	 Kovács C, Bozsik Á, Pecze M, Borbély I, Fogarasi A, Kovács L, 
Tefner IK, Bender T (2016) Effects of sulfur bath on hip osteoar-
thritis: a randomized, controlled, single-blind, follow-up trial: a 
pilot study. Int J Biometeorol 60:1675–1680. https://​doi.​org/​10.​
1007/​s00484-​016-​1158-3

	40.	 Hanzel A, Berényi K, Horváth K, Szendi K, Németh B, Varga C 
(2019) Evidence for the therapeutic effect of the organic content 
in Szigetvár thermal water on osteoarthritis: a double blind, ran-
domized, controlled clinical trial. Int J Biometeorol 63:449–458. 
https://​doi.​org/​10.​1007/​s00484-​019-​01676-3

	41.	 Verhagen A, Bierma-Zeinstra S, Lambeck J, Cardoso JR, de Bie 
R, Boers M, de Vet HCW (2008) Balneotherapy for osteoarthritis. 
A cochrane review. J Rheumatol 35:1118–1123. https://​doi.​org/​
10.​1002/​14651​858.​CD006​864

	42.	 Forestier R, Françon A (2008) Crenobalneotherapy for limb osteo-
arthritis: systematic literature review and methodological analysis. 
Jt Bone Spine 75:138–148. https://​doi.​org/​10.​1016/j.​jbspin.​2007.​
06.​009

	43.	 Fraioli A, Mennuni G, Grassi M, Fontana M, Nocchi S, Tanzi 
G et al (2011) SPA treatments of diseases pertaining to internal 
medicine. Clin Ter 161:e63–e79

	44.	 Fioravanti A, Cantarini L, Guidelli GM, Galeazzi M (2011) Mech-
anisms of action of spa therapies in rheumatic diseases: what sci-
entific evidence is there? Rheumatol Int 31:1–8. https://​doi.​org/​
10.​1007/​s00296-​010-​1628-6

	45.	 O’hare JP, Heywood A, Summerhayes C, Lunn G, Evans JM, Wal-
ters G et al (1985) (1985) Observations on the effects of immer-
sion in Bath spa water. Br Med J (Clin Res Ed) 291:1747–1751. 
https://​doi.​org/​10.​1136/​bmj.​292.​6516.​343-b

https://doi.org/10.1136/bmj.n71
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1007/s00296-009-1054-9
https://doi.org/10.2147/IJGM.S17384
https://doi.org/10.1177/1758573218754370
https://doi.org/10.1177/1758573218754370
https://doi.org/10.1186/s12906-020-02967-8
https://doi.org/10.1186/s12906-020-02967-8
https://doi.org/10.1007/s00484-015-1108-5
https://doi.org/10.1016/j.rehab.2016.01.010
https://doi.org/10.1016/j.jclinepi.2005.05.004
https://doi.org/10.1016/j.jclinepi.2005.05.004
https://doi.org/10.1155/2018/1042576
https://doi.org/10.1177/146642408910900104
https://doi.org/10.1093/rheumatology/36.1.77
https://doi.org/10.1093/rheumatology/36.1.77
https://doi.org/10.1159/000066031
https://doi.org/10.1007/s00296-001-0167-6
https://doi.org/10.1055/s-2002-36188
https://doi.org/10.1007/s00296-006-0158-8
https://doi.org/10.1055/s-2007-973851
https://doi.org/10.1055/s-2007-973851
https://doi.org/10.1007/s10067-006-0420-1
https://doi.org/10.1016/j.jbspin.2006.03.009
https://doi.org/10.1016/j.jbspin.2006.03.009
https://doi.org/10.1007/s00484-011-0447-0
https://doi.org/10.1177/0269215511425961
https://doi.org/10.1007/s10067-012-2026-0
https://doi.org/10.1007/s10067-012-2026-0
https://doi.org/10.5606/ArchRheumatol.2015.5484
https://doi.org/10.5606/ArchRheumatol.2015.5484
https://doi.org/10.1007/s00484-016-1158-3
https://doi.org/10.1007/s00484-016-1158-3
https://doi.org/10.1007/s00484-019-01676-3
https://doi.org/10.1002/14651858.CD006864
https://doi.org/10.1002/14651858.CD006864
https://doi.org/10.1016/j.jbspin.2007.06.009
https://doi.org/10.1016/j.jbspin.2007.06.009
https://doi.org/10.1007/s00296-010-1628-6
https://doi.org/10.1007/s00296-010-1628-6
https://doi.org/10.1136/bmj.292.6516.343-b


1610	 Rheumatology International (2023) 43:1597–1610

1 3

	46.	 Weston CFM, O’Hare JP, Evans JM, Corrall RJM (1987) Haemo-
dynamic changes in man during immersion in water at different 
temperatures. Clin Sci 73:613–616. https://​doi.​org/​10.​1042/​cs073​
0613

	47.	 Cozzi F, Lazzarin P, Todesco S, Cima L (1995) Hypothalamic-
pituitary-adrenal axis dysregulation in healthy subjects undergo-
ing mud-bath applications. Arthritis Rheum 38:724–726. https://​
doi.​org/​10.​1002/​art.​17803​80530

	48.	 Vescovi PP, Gerra G, Pioli G, Pedrazonni M, Maninetti L, Passeri 
M (1990) Circulating opioid peptides during thermal stress. Horm 
Metab Res 22:44–46. https://​doi.​org/​10.​1055/s-​2007-​10048​46

	49.	 Kuczera M, Kokot F (1996) Influence of spa therapy on endocrine 
system. Part I: hormones of stress reaction. Pol Arch Med Wewn 
95:11–20

	50.	 Cheleschi S, Gallo I, Tenti S (2020) A comprehensive analysis 
to understand the mechanism of action of balneotherapy: why, 
how, and where they can be used? Evidence from in vitro stud-
ies performed on human and animal samples. Int J Biometeorol 
64:1247–1261. https://​doi.​org/​10.​1007/​s00484-​020-​01890-4

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1042/cs0730613
https://doi.org/10.1042/cs0730613
https://doi.org/10.1002/art.1780380530
https://doi.org/10.1002/art.1780380530
https://doi.org/10.1055/s-2007-1004846
https://doi.org/10.1007/s00484-020-01890-4

	Balneotherapy for osteoarthritis: a systematic review
	Abstract
	Introduction
	Methods
	Research strategy
	Study selection
	Main outcome variables
	Risk of bias assessment

	Results
	Discussion
	References




