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ABSTRACT

Objectives Toidentify literature reporting on thermal mineral
water and mud therapy effectiveness on pain, stiffness and
knee function in patients with knee osteoarthritis.

Design Systematic evidence scan of MEDLINE and PubMed
was performed to identify the randomized controlled trial stu-
dies published from 2004 to December 2018.

Study selection Papers reporting the effect of balneotherapy
and mud therapy for treating knee OA, a duration of =2 weeks
and in which Western Ontario and McMaster Universities Os-
teoarthritis Index (WOMAC) scores were used as an outcome
measure.

Data extraction Not RCT, Studies notin English.

Results A quantitative meta-analysis of ten studies (831 pa-
tients) was performed. Five clinical studies (407 patients)
measured effectiveness of balneotherapy and there was signifi-
cant difference between the groups in WOMAC pain score,
WOMAC stiffness score and WOMAC function score, with the
differences in favour of balneotherapy. Six clinical studies (500
patients) measured effectiveness of mud therapy and there was
significant difference between the groups in WOMAC pain
score, WOMAC stiffness score and WOMAC function score, with
the differences in favour of mud therapy.

Conclusion This meta-analysis indicates that balneotherapy
and mud therapy were clinically effective in relieving pain, stiff-
ness, and improving function, as assessed by WOMAC score.

ZUSAMMENFASSUNG

Ziel Systematische Literaturrecherche zur Effizienz von Balneo-
therapie und Peloidtherapie hinsichtlich Schmerzen, Steifheit
und Kniefunktion bei Patienten mit Kniearthrose.

Design Systematische Datenabfrage in MEDLINE und PubMed
zur ldentifizierung randomisierter kontrollierter Studien, die
zwischen 2004 und Dezember 2018 publiziert wurden.
Einschlusskriterien Artikel (iber die Auswirkungen von Balneo-
therapie und Peloidtherapie auf die Behandlung von Kniearthrose
bei einer Behandlungsdauer von >2 Wochen unter Verwendung
der WOMAC-Arthroseindizes der Universitaten Western Ontario
und McMaster.

Ausschlusskriterien Keine kontrollierten klinischen Studien,
Studien nicht in englischer Sprache vorliegend.

Ergebnis Eswurde eine Metaanalyse von zehn Studien (831
Patienten) durchgefiihrt. In finf klinischen Studien (407 Pa-
tienten) wurde die Wirksamkeit der Balneotherapie beurteilt.
Es fand sich ein signifikanter Unterschied zwischen den Grup-
pen hinsichtlich der WOMAC-Scores zu Schmerzen, Steifheit
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und Funktion zugunsten der Balneotherapie. In sechs klinischen
Studien (500 Patienten) wurde die Wirksamkeit der Peloidther-
apie beurteilt. Hier zeigte sich ein signifikanter Unterschied
zwischen den Gruppen hinsichtlich der WOMAC-Scores zu
Schmerzen, Steifheit und Funktion zugunsten der Peloid-
therapie.

Schlussfolgerungen Diese Metaanalyse zeigt die klinische
Wirksamkeit von Balneotherapie und Peloidtherapie bei der
Reduktion von Schmerzen und Steifheit und der Verbesserung
der Funktion, beurteilt anhand der WOMAC-Scores.

Osteoarthritis (OA) is the most common musculoskeletal disorder
in the world, especially in elderly; and in the next 20 years its prev-
alence is likely to increase due to aging and the growing rates of
obesity [1]. Knee osteoarthritis (KOA), the most common localiza-
tion of OA, is the major cause of ‘years lived with disability’ world-
wide. Approximately it affects 10 % of men and 18 % of women over
60 years old and leads to the chronic pain and functional impair-
ment with difficulty to perform activities of daily livings (ADLs) and
can cause a marked reduction in Quality of Life (QoL) of patients
[2-4].

According to evidence-based therapeutic recommendations,
management of KOA includes pharmacological and non-pharma-
cological modalities. Non-pharmacological treatment mainly in-
clude lifestyle modifications, spa therapy, physical therapy and
pharmacological therapy include the use of NSAIDs or selective
COX-2 inhibitors and analgesics (such as acetaminophen, narco-
tics) to control pain and to improve the joint function; however,
several adverse effects can occur especially in elderly patients [5, 8].

In many European and Middle Eastern countries, Spa therapy is
one of the most commonly used non-pharmacological approach-
es for OA and comprises a broad spectrum of therapeutic modali-
tiesincluding balneotherapy, hydrotherapy, mud therapy and phys-
iotherapy [6, 9]. In thermal spas several balneological treatment
methods are used; however, balneotherapy and peloid/ mud thera-
py are in the milestones of most treatments. Thermo-mineral wa-
ters are effective due to its thermal, mechanical, and chemical
properties and long-term effects can be achieved with such thera-
pies. Also, peloids/mud therapy are organic or inorganic materials
which are formed as a result of geological and/or biological pro-
cesses and mineral or salt water from sea or lakes, and can be used
in the forms of mud bath or mud packs for preventive, therapeutic,
or rehabilitative goals [7].

The current meta-analysis of recent RCTs was therefore per-
formed to determine the effectiveness of balneotherapy and mud
therapy on relieving pain, stiffness, and improving function in pa-
tients with knee osteoarthritis. The integration of independent
RCTs in this meta-analysis will reveal non-biased outcomes regard-
ing effectiveness of balneotherapy and mud therapy in the treat-
ment of knee OA.

Research Methodology and Methods
Systematic literature search

This meta-analysis was performed according to the PRISMA guide-
lines [11]. Search has been done through electronic database MED-
LINE via PubMed for the articles on balneotherapy and/or mud ther-
apy in the treatment of knee osteoarthritis in order to investigate

the evidence of efficacy of the treatment. The articles published
from 2004 to December 2018 were searched by using the key words
“balneotherapy”, “mud therapy”, and “knee osteoarthritis”. Publi-
cations obtained from Medical Subject Heading (MeSH) by using
Boolean operates using AND and OR were screened, The study flow

diagram according to PRISMA statement is reported in the > Fig. 1.

Inclusion and exclusion criteria

Studies were included that examined the effect of balneotherapy
or mud therapy alone or combined effect of balneotherapy with
mud therapy for treating knee OA for duration of =2 weeks. Stu-
dies were considered eligible if they met the following criteria: (1)
clinical trials with patients who had diagnosis of knee OA confirm-
ing by criteria of American College of Rheumatology (ACR); (Il) ran-
domized clinical trials (RCT); (Il) clinical trials who used Western
Ontario and McMaster Universities Osteoarthritis Index (WOMAC)
scores as the outcome measure; (IV) clinical trials whose main ob-
jectives were to analyse the effectiveness of balnoetherapy or mud
therapy. The studies that were excluded from the meta-analysis
were those: (1) that analysed the effect of balneotherapy or mud
therapy in the joints other than knee; (II) studies were review arti-
cles; (1) studies that were not in English; (1V) study method was
not described: (V) studies whose sample size was < 30 individuals.

Data extraction

All the data were extracted from the full text and assessed inde-
pendently. Each report was reviewed independently to identify the
criteria of study enrolment, sample size of the included studies,
type and characteristics of the treatment for the experimental and
control group, intervention period, characteristics of water and
mud, outcome measures, assessment points and follow up period
and also the quality of publication were assessed. Author did not
contact any of the authors of the trial.

Measures of effects

The outcome measures evaluated to determine the effectiveness
of treatment with balneotherapy and mud therapy on patients with
knee osteoarthritis included relief of pain, relief of stiffness and im-
provement of the functions of the diseased knees. The specific
scores used as an outcome in this meta-analysis for pain and relief
of stiffness were WOMAC pain and stiffness score. Functional im-
provement was assessed by using the WOMAC function score. In
most publications, functional improvement were assessed by both
WOMAC function score and Lequesne index; however, in this me-
ta-analysis WOMAC function score was chosen because studies sug-
gest that WOMAC function score is more sensitive than Lequesne
index in monitoring the improvement of the symptoms [12].

188 Raza HMA et al. Efficacy of Balneotherapy and ... Akt Rheumatol 2021; 46: 187-197 | © 2020. Thieme. All rights reserved.

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



Quality assessment of the publications

Cochrane risk of bias tool was used to access the risk of bias accord-
ing to the following parameters: randomization, allocation con-
cealment, blinding of participants and personnel, blinding of out-
come assessment, incomplete outcome data, selective reporting,
intention-to-treat (ITT) analysis and other bias [13]. The range of
possible score is 0 to 2; higher the score represent the more bias
(> Tab. 1). Ifintention-to-treat (ITT) was included in the study, the
results were used in this meta-analysis.

Statistical analyses

All statistical analyses were performed by using the software Re-
view Manager, version 5.3. Treatment effect size is calculated by
dividing the difference in changes from baseline between groups
by the pooled SD of outcomes among participants and reflected
as standardized mean difference. According to the data provided
in the studies, the results of last follow-up visit were chosen in this
meta-analysis and the results of comparative effects are present-
ed by the standardized mean difference (SMD) estimates with the
95 % confidence intervals. Heterogeneity across studies was test-
ed with Cochran’s Q test with significance set at P<0.05 and meas-

Records identified in
MEDLINE

MeSH Terms: "balneology",
"osteoarthritis knee", "mud
therapy", "therapeutics”

(n=2805)

Records screened

(n=2805)

Full-text articles
assessed for eligibility

(n=40)

Studies included in
quantitative synthesis
(meta-analysis)

(n=10)

> Fig. 1 Study flow diagram of the selection process for included studies.

ure of inconsistency 12 statistics as a second measure of heteroge-
neity that represent the percentage of total variation across stud-
ies. 12is avalue between 0 and 100, with 0 % indicating no evidence
of heterogeneity and 25, 50, and 75 % referring to low, moderate,
and high heterogeneity, respectively. A P-value <0.05 was consid-
ered statistically significant. Fixed-effects model was used to per-
form the meta-analysis if heterogeneity was not detected among
included studies; otherwise, a random-effects model would be used
(p<0.050r 2=50%) [14, 15].

RESULTS

Literature screening and literature characteristics

Literature search initially identified 2805 citations, of which after
full text assessment ten [10] studies were considered eligible for
this meta-analysis [10, 16-24]. A study flow diagram indicating the
result of literature search and studies selection procedure for this
meta-analysis is presented in » Fig. 1. Main characteristics of all
the included studies are summarized in » Tab. 2 and 3. Efficacy of

Records excluded
(n=2765)
Reviews of OA (n=234)
Studies not in English (n=653)
Not human studies (n=391)
Not RCT (n=1254)

Articles studying other pathologies
and other joints (n=214)

Not full text available (n=19)

Full-text articles excluded
(n=30)

Articles which applied BT and mud
therapy but not isolated (n=4)

Did not use WOMAC score as an
outcome (n=7)

Not complete clinical data (n=8)

Not on clinical effect of
balneotherapy or mud therapy (n=5)

Sample size <30 (n=6)
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»Tab.1 Quality assessment of all included studies in this meta-analysis.

Study Design Rand- Con- Blinding
omiza- ceal- (participants
tion ment and personnel)

M. Tishler RCT 0 0 1

et al. 2004

A. Fioravanti RCT 0 1 1

etal. 2010

A. Faaza RCT 0 0 1

etal. 2014

B. Uysal RCT 0 1 1

etal. 2018

A. Hanzel RCT 0 1 0

etal. 2018

L. Espejo RCT 0 1 1

etal. 2012

G. Gungen RCT 0 1 0

etal. 2012

1. Tefner RCT 0 0 0

etal. 2013

A. Fioravanti RCT 0 0 1

etal. 2015

NA. RCT 0 0 1

Pascarelli

etal. 2016

RCT: randomized clinical trials, ITT: intention to treat.

balneotherapy and mud therapy was compared with the efficacy
of standard treatment.

Standard treatment was combination of pharmacological and
physical intervention which is characterized as drug based ap-
proach with the use of nonsteroidal anti-inflammatory drugs or
other analgesics. Forty publications passed the initial screening and
were further reviewed for their full text. Among those eight stud-
ies were excluded because of insufficient data, lack of control
groups and results were presented as median (min-max) [25-32].
Seven studies did not use WOMAC scores to measure outcome, so
they were also excluded [33-39].

The clinical studies included in this meta-analysis consisted of
435 balneotherapy and mud therapy cases and 396 control cases
in total [10, 16-24]. Among the included studies the smallest sam-
ple size was n=30 and the largest sample was n=121. The short-
est duration of intervention was 11 days and the longest duration
was 6 weeks. The shortest time to the last follow up was 11 days
and the longest time to follow up was 12 months (> Tab. 2 and 3.
There are 5 studies [10,21-24] in which treatment approachin the
therapeutic group were mud therapy and in four studies [17-20]
the treatment approach were balneotherapy. In one study the
treatment approach in the therapeutic group was mudpack ther-
apy in combination with the balneotherapy [16]. One study [24]
was the part of study [22]; however, it is also included in this

Blinding ITT Incom- Selective Other
(assess- analysis plete outcome bias
ment) outcome

2 2 0 0 1

0 0 0 0 0

0 2 0 0 1

0 2 0 0 1

2 0 0 0 0

2 0 0 0 1

1 2 0 0 0

1 0 0 0 0

0 0 0 1 0

0 0 0 1 0

meta-analysis because the last follow-up period in both studies was
different.

Meta-analysis of the effects of balneotherapy on
WOMAC in patients with knee OA

Among ten studies included in this meta-analysis, there were 5 clin-
ical studies [16-20], including 218 treatment cases and 189 con-
trol cases that measured effectiveness of balneotherapy in patients
with knee OA and measured WOMAC pain score as an outcome
(» Fig. 2).

The result of this meta-analysis indicate that balneotherapy re-
duced the pain score by -95 % when compared with the controls,
there was a significant difference between 2 groups (SMD =-0.95;
95%Cl-1.16to -0.74; p<0.000001). Statistical heterogeneity was
not observed (2=0%; p=0.73).

These same 5 studies (16-20) also measured the WOMAC stiff-
ness score as an outcome (> Fig. 3). The result of this meta-analy-
sis indicate that balneotherapy improve the rate of relieving stiff-
ness by -44 % when compared with the controls, there was signif-
icant difference between 2 groups (SMD=-0.44; 95 % C1 -0.80 to
-0.09; p=0.02). There was moderate degree of late statistical hete-
rogeneity was observed across the studies (12=62 %; p=0.03),
which supported the application of random effects model (15).
These same 5 studies [16-20] also measured the WOMAC function
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Balneotherapy Control Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean  SD Total Mean  SD Total Weight IV, Fixed, 95% Cl Year IV, Fixed, 95 % Cl

M. Tishler et al. 2004 -48 464 44 -12 538 24 163% -0.72[-1.24,-0.21] 2004 —

A. Fioravanti et al. 2010 -16.5 14.24 36-1.06 17.54 40 18.9% -0.95[-1.43,-0.48] 2010 —_—

A. Faazaetal. 2014 -88 93.96 96 8.6 84.46 87 44.5% -1.07[-1.38,-0.76] 2014 - -

B. Uysal et al. 2018 -1.08 092 16-0.11 083 14 7.2% -1.07[-1.85,-0.30] 2018 —_—

A.Hanzeletal. 2018 -2.52 3.64 26-0.04 3.01 24 13.0% -0.73[-1.30,-0.15] 2018 —_—

Total (95 % Cl) 218 189 100.0% -0.95[-1.16, -0.74] ‘

Heterogeneity: Chi2=2.02, df=4 (P=0.73); ’=0% ; } { }

-2 -1 0 1 2

Test for overall effect: Z=8.97 (P<0.00001) oo o c |
alneotherapy ontro

> Fig. 2 Forest plot of the mean differences in WOMAC pain scores with 95 % confidence interval between balneotherapy group and control group

to examine the effect of balneotherapy on pain relief in patients with knee OA.

Balneotherapy Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean  SD Total Weight IV,Random,95%Cl Year 1V, Random, 95 % Cl
M. Tishler et al. 2004 -1.7 198 44 -0.8 342 24 202% -035[-0.85,0.16] 2004 —
A. Fioravanti et al. 2010 -18.15 20.21 36 -3.3 21.31 40 21.4% -0.71[-1.17,-0.24] 2010 —_—
A. Faazaetal. 2014 -32.83 4326 96 -24.2 43.89 87 27.5% -0.20[-0.49,0.09] 2014 —+
A. Hanzel et al. 2018 -0.04 166 26 -0.04 1.69 24 185% 0.00 [-0.55, 0.55] 2018 ——
B. Uysal et al. 2018 -0.968 0.86 16 0.178 0.8 14 12.4% -134[-2.14,-0.53] 2018
Total (95 % Cl) 218 189 100.0% -0.44[-0.80,-0.09] ‘
Heterogeneity: Tau?=0.10; Chi?=10.66, df=4 (P=0.03); I’=62 % i | | i 3
Test for overall effect: Z=2.43 (P=0.02) —]2 —11 (; ; ;

Balneotherapy ~ Control

> Fig. 3 Forest plot of the mean differences in WOMAC stiffness scores with 95 % confidence interval between balneotherapy group and control
group to examine the effect of balneotherapy on stiffness relief in patients with knee OA.

Balneotherapy Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean  SD Total Mean SD Total Weight 1V, Random, 95% Cl Year 1V, Random, 95 % Cl
M. Tishleretal. 2004 ~ -16.8 11.27 44 -3.8 1273 24 19.9% -1.09[-1.62,-0.56] 2004 ——
A. Fioravanti et al. 2010 -18.19 17.71 36 -5.06 20.63 40 21.3% -0.67[-1.14,-0.21] 2010 _
A. Faaza et al. 2014 -237 3209 96 -215.6 355.74 87 24.7% -0.06[-0.35,0.23] 2014 ——
B. Uysal et al. 2018 -0.79 0.82 16 0.26 0.92 14 14.9% -1.18[-1.96,-0.39] 2018 _—
A. Hanzel et al. 2018 -6.08 1253 26 -0.14 13.21 24 19.2% -0.45[-1.02,0.11] 2018 ——
Total (95 % Cl) 218 189 100.0% -0.64 [-1.09, -0.19] <»
Heterogeneity: Tau?=0.19; Chi*=16.56, df=4 (P=0.002); I’=76 % . - ; : :

-2 -1 0 1 2

Balneotherapy  Control

Test for overall effect: Z=2.79 (P=0.005)

> Fig. 4 Forest plot of the mean differences in WOMAC function score with 95 % confidence interval between balneotherapy group and control
group to examine the effect of balneotherapy on improvement of physical function in patients with knee OA.
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Mud-therapy Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean  SD Total Mean SD Total Weight IV, Random,95%Cl Year 1V, Random, 95 % CI
A. Fioravantietal. 2010 -16.5 1424 36 -1.06 17.54 40 16.4% -0.95[-1.43,-0.48] 2010 ——
L. Espejo et al. 2012 -3.8 39 61 -0.15 448 60 18.0% -0.86[-1.24,-0.49] 2012 ——
G. Gungen et al. 2012 -2.2 4.21 23 -23 4.03 21 14.6% 0.02 [-0.57, 0.62] 2012 —_—
I. Tefner et al. 2013 -26.87 16.99 27 -16.95 2097 26 153% -0.51[-1.06,0.03] 2013 —_—
A. Fioravanti et al. 2015 1.3 4.07 53 011 479 50 17.8% 0.27 [-0.12, 0.65] 2015 ——
N.A. pascarelli et al. 2016 -2.75 2.38 53 -1.22 4 50 17.7% -0.46[-0.86,-0.07] 2016 —
Total (95 % Cl) 253 247 100.0% -0.42 [-0.83, -0.02] .
Heterogeneity: Tau2=0.20; Chi2=24.54, df=5 (P=0.0002); I?=80% i ] ; ] ;
-2 -1 0 1 2

Test for overall effect: Z=2.04 (P=0.04)

Mud-therapy Control

> Fig. 5 Forest plot of the mean differences in WOMAC pain scores with 95 % confidence interval between mud therapy group and control group to
examine the effect of mud therapy on pain relief in patients with knee OA.

Mud-therapy Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl Year 1V, Fixed, 95 % Cl
A. Fioravanti et al. 2010 -18.15 20.21 36 -33 21.31 40 14.7% -0.71[-1.17,-0.24] 2010 —
G. Gungen et al. 2012 -1.8 22 23 -1.1 1.84 21 8.9% -0.34[-0.93,0.26] 2012 —_—

L. Espejo et al. 2012

-145 272 61 -0.09 22 60 24.0% -0.55[-0.91,-0.18] 2012 ——

I. Tefner et al. 2013 -22.69 20.86 27 -18.76 23.76 26 10.9% -0.17[-0.71,0.37] 2013 L

A. Fioravantietal. 2015 -0.1 1.77 53 0.06 22 50 21.2% -0.08[-0.47,0.31] 2015 ——

N.A. pascarelli et al. 2016 -1.53 1.26 53 -0.58 1.9 50 20.3% -0.59[-0.98,-0.19] 2016 ——

Total (95 % Cl) 253 247 100.0% -0.42[-0.60, - 0.24] ’

Heterogeneity: Chi?=6.47, df=5 (P=0.26); 1’=23% : . - - .
Test for overall effect: Z=4.63 (P<0.00001) =2 Mud-;h1erapy 0 Cor:trol 2

> Fig. 6 Forest plot of the mean differences in WOMAC stiffness scores with 95 % confidence interval between mud therapy group and control
group to examine the effect of mud therapy on stiffness relief in patients with knee OA.

score as an outcome (> Fig. 4). The result of this meta-analysis in-
dicate that balneotherapy improve the rate of functional improve-
ment by -64 % when compared with the controls, there was signif-
icant difference between 2 groups (SMD = -0.64; 95% Cl -1.09 to
-0.19; p=0.005). There was higher degree of |ate statistical heter-
ogeneity was observed across the studies (12=74%; p= 0.002),
which supported the application of random effects model [15].

Meta-analysis of the effects of mud therapy on
WOMAC in patients with knee OA

Among ten studies included in this meta-analysis, there were 6 clin-
ical studies [10, 16,21-24], including 253 treatment cases and 247
control cases that measured effectiveness of mud therapy in pa-
tients with knee OA and measured WOMAC pain score as an out-
come (> Fig. 5).

The result of this meta-analysis indicate that mud therapy re-
duced the pain score by =42 % when compared with the controls,
there was a significant difference between 2 groups (SMD = -0.42;
95% Cl1 -0.83 to -0.02; p< 0.04). There was higher degree of late
statistical heterogeneity was observed across the studies (12=80 %;
p= 0.0002), which supported the application of random effects
model [15].

These same 6 studies [10, 16, 21-24] also measured the
WOMAC stiffness score as an outcome (» Fig. 6). The result of this
meta-analysis indicate that mud therapy improve the rate of re-
lieving stiffness by -42 % when compared with the controls, there
was significant difference between 2 groups (SMD = -0.42; 95 % Cl
-0.60 to -0.24; p=0.00001). There was low degree of statistical
heterogeneity was observed (12=23 %; p= 0.26).
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Mud-therapy Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean  SD Total Mean SD Total Weight IV, Fixed, 95% CI Year 1V, Fixed, 95 % Cl
A. Fioravanti et al. 2010 -18.19 17.71 36 -5.06 20.63 40 14.7% -0.67[-1.14,-0.21] 2010 —_—
G. Gungen et al. 2012 -4.8 1446 23 -19 13.8 21 89% -0.20[-0.79,0.39] 2012 — =
L. Espejo et al. 2012 -4.32 1257 61 048 16.52 60 244% -0.33[-0.68,0.03] 2012 -
|. Tefner et al. 2013 -19.86 22.26 27 -13.79 21.05 26 10.7% -0.28[-0.82,0.27] 2013 = =
A. Fioravanti et al. 2015 4.18 10.66 53 3.6 1429 50 21.1% 0.05 [-0.34, 0.43] 2015 B
N.A. pascarelliet al. 2016 -9.24 8.62 53 -2.24 14.02 50 20.1% -0.60[-1.00,-0.21] 2016 e
Total (95 % Cl) 253 247 100.0% -0.34[-0.51, -0.16] ¢
Heterogeneity: Chi?=7.76, df=5 (P=0.17); =36 % _}2 _‘I 1 0 1’ i
Test for overall effect: Z=3.73 (P=0.0002) Mud-therapy Control

> Fig. 7 Forest plot of the mean differences in WOMAC function score with 95% confidence interval between mud therapy group and control group
to examine the effect of mud therapy on improvement of physical function in patients with knee OA.

These same 6 studies [10, 16,21-24] also measured the
WOMAC function score as an outcome (> Fig. 7). The result of this
meta—-analysis indicate that mud therapy improve the rate of func-
tional improvement by =34 % when compared with the controls,
there was significant difference between 2 groups (SMD = -0.34;
95% Cl-0.51 to —-0.16; p=0.0002). There was low degree of late
statistical heterogeneity was observed across the studies (12=36%;
p=0.17).

Discussion

This meta-analysis included 5 clinical trial studies (16-20) showing
the effect of balneotherapy and 6 clinical trial studies [10, 16,21~
24] showing the effect of mud therapy on pain relief, stiffness and
functional improvement for patients with knee OA as measured by
WOMAC pain, stiffness and function scores. Many previous studies
have found that balneotherapy, with or without mud therapy had
asignificant effect on pain relief, stiffness and functional improve-
ment. A meta-analysis on mud therapy for patients with knee OA
indicated that weather mudpack therapy, used alone or in combi-
nation with hydrotherapy, was not a factor significantly associated
with high heterogeneity; the meta-analysis also highlighted the
necessity of including combination therapy [40].

Ten clinical trial studies were included in this meta-analysis.
There is a high heterogeneity among studies which measure the
effect of balneotherapy (0-76 %) and among the studies which
measure the effect of mud therapy (23-80%). First of all, there is a
clinical heterogeneity that is due to different interventions, meth-
ods, different intervention time periods, different control groups
as well as a difference in follow-up periods. Another relevant factor
is the difference in the components of mud, used for mud therapy
as well as components of mineral water used for balneotherapy;
one study [20] even did not disclose the ingredients of water. The
location of the hot springs and the country in which it resides may
also affect heterogeneity. In addition, the treatment of the control

group varied study to study and included no intervention, tap water
and hot packs.

In case of balneotherapy the follow-up time for evaluating the
WOMAC pain, stiffness and function scores outcomes were range
from 1 to 12 months, although the period of intervention was
about 2 to 6 weeks. For mud therapy, the follow-up time for eval-
uating the WOMAC scores outcomes were range from 11 days to
12 months, although the period of intervention was about 11 days
to 2 weeks.

The last follow-up time after the intervention is important in
determining the continuing effect of mud therapy and balneother-
apy. Only one study [22] in this meta-analysis did not show signi-
ficant improvement in WOMAC pain and WOMAC function scores
after treatment with mudpack therapy; because the last follow-up
time was 12 months and this relatively long time span was one pos-
sible reason. In this meta-analysis it is believe that these factors
may be related to the resulting differences and impact the overall
effects and heterogeneity.

Results of this meta-analysis favoured balneological interven-
tions compared to standard treatment alone when evaluating ef-
fects on pain relief, stiffness and functional improvement in pa-
tients with knee OA. Findings showed that real balneological inter-
ventions such as hot mineral baths or mud/peloid packs were
significantly better than tap water immersion or hot packs in im-
proving pain, stiffness and function. This difference is due to spe-
cific hydro-mineral and crenotherapeutic mechanisms of action of
thermal mineral waters and chemo-physical properties of thera-
peutic muds/peloids, which can modulate endocrinological chang-
es responsible for reduction of pain and inflammation [16].

A major strength of this meta-analysis is that, all the studies in-
cluded in this meta-analysis used a randomized controlled design
(RCT), thus minimizing the selection bias. Moreover, studies were
excluded in which balneotherpy and mud therapy combined with
the other interventions. However, there are some limitations to
this meta-analysis. First, potential limitation of this meta-analysis
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is relatively small number of included studies using the same out-
come measure i.e. WOMAC, which makes it difficult to draw a firm
conclusion. Second, is substantial heterogeneity among the stud-
ies for WOMAC stiffness and function scores in balneotherapy, and
WOMAC pain score in mud therapy studies; therefore, to identify
the factors causing heterogeneity additional studies would be
needed to perform subgroup analyses. Third, each study had a dif-
ferent protocol for mud therapy and balneotherapy treatment and
spas were located in different areas and in different countries.

Conclusion

In conclusion, this meta-analysis confirm that existing clinical tri-
als that evaluated the effectiveness of balneotherapy and mud ther-
apy found that it seems to have a role in the treatment of knee OA
and it is significantly associated with a reduction in pain, stiffness
and functional improvement in patients with knee OA.

The improvement reported in some clinical trials lasts over time,
so balneotherapy and mud therapy can represent a useful backup to
pharmacologic treatment of knee OA patients or an alternative for pa-
tients who are unable to tolerate pharmacologic treatments. Howev-
er, in this meta-analysis there are relatively small numbers of studies
that have been undertaken to investigate effectiveness of balneother-
apy and mud therapy in knee OA, so it is difficult to make definitive
conclusions. Additional high quality, randomized controlled trials need
to be conducted to explore the issues furtherin order to obtain strong
evidence on the effects of balneotherapy and mud therapy.
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