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Abstract
Theobjective of this review is to systematically evaluate the short-termefficacy ofmud therapy in the treatment of knee osteoarthritis (KOA).
Randomized controlled trials, in which treatment of KOA is mud therapy, were included by systematically searching the PubMed,

Embase, and the Cochrane Library databases.
According to inclusion criteria and searching method, 11 articles, containing a total of 1106 patients, were included in the study.

Our results showed significant differences in visual analog scale pain score and Western Ontario and McMaster Universities
Osteoarthritis Index (pain, stiffness, function). In addition, the heterogeneity of study included is lower (I2<25%).
According to the results of this meta-analysis, mud therapy can effectively alleviate the pain and improve joint function for KOA.

Abbreviations: KOA = knee osteoarthritis, RCT = randomized controlled trial, VAS = visual analog scale, WOMAC = Western
Ontario and McMaster Universities.
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1. Introduction

Knee osteoarthritis (KOA), known as musculoskeletal diseases
with degradation of the articular cartilage and narrowing of the
joint space, is common inmiddle-agedandelderlypeople agedover
50 years.[1,2] In general, pain, stiffness, and impaired function are
the main clinical symptoms of KOA. It is known that obesity, age,
occupation, and joint injury are high risk factors for KOA, but the
exact pathogenesis of KOA remains unclear.[3] There are studies
which have shown that proinflammatory cytokines such as IL-1b,
IL-6, IL-8, and TNF-a were closely related to the occurrence and
development of KOA.[4] The common treatments of KOA include
pharmacotherapy, patient education, lifestyle modification, and
joint-replacing procedures.[5]
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Mud therapy, one of the conservative treatments of KOA, was
used as approach to treat KOA many years ago in Europe.[6]

Mud, a natural substances, consists of various amounts of
organic and inorganic substances.[7] According to the report, the
KOA patients experienced relief in joint pain after mud
therapy.[8] The therapeutic effect of mud therapy has been
ascribed mainly to thermal and systemic anti-inflammatory
effect.[9,10] It plays an important role in treatment of KOA that an
increase of cartilage turnover induced by thermal stress.[11] On
the other hand, thermal stress could modify the expression of
microRNA, which were up-regulated in OA.[12,13] New study
showed mud therapy could relieve inflammatory reactions and
have an immune-modulating effect,[14,15] in which levels of the
proinflammatory cytokine IL-1b, TNF-a, IL-8, IL-6, and TGF-b
decreased and anti-inflammatory IL-10 increased after mud
therapy. In addition, mudbath, a combination of mud and
mineral baths, had the advantage of low cost and conve-
nience.[16–18]

Efficacy of mud therapy has been confirmed by a lot of
researches, but still has some controversy. For example, since it is
not clear which elements of mud are necessary and what is the
appropriate concentration of these elements,[35] results of Evcik
et al[28] and Gungen et al[23] showed efficacy of mud therapy was
not significantly better than other therapies in alleviating pain.
These inconsistent conclusions could affect clinical decision-
making. This meta-analysis that included the latest randomized
controlled trials (RCT) systematically evaluated the efficacy of
mud therapy in treating KOA and provided evidence-based basis
for clinical practice.
2. Materials and methods

2.1. Searching strategy

The meta-analysis was performed according to PRISMA guide-
lines.[19] This study does not need the approval of the ethics
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Figure 1. Flow diagram of included studies.
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committee because it is based on literature research. Two
investigators independently searched for three databases,
PubMed, Embase, and the Cochrane Library, by using
combination of MeSH terms and free words. There is no limit
Table 1

Basic characteristics of the included studies.

Study Year Country
Sample
size

Experimental
group

Control
group

T
poin

Tefner 2013 Hungary 53 Mudpack Hot-pack therapy

Espejo 2013 Spain 121 Mudpack Routine drug therapy

Sarsan 2012 Turkey 27 Mudpack Hot-pack therapy

Güngen 2012 Turkey 44 Mudpack Hot-pack therapy

Forestier 2010 France 451 Mudbath 3-d wellness package

Fioravanti 2010 Italy 80 Mudbath Routine drug therapy

Mahboob 2009 Iran 50 Mudpack Placebo therapy
Evcik 2007 Turkey 50 Mudpack Hot-pack therapy

Pascarelli 2016 Italy 103 Mudbath Routine drug therapy

Fioravanti 2015 Italy 95 Mudbath Routine drug therapy

Giannitti 2017 Italy 32 Mudbath Routine drug therapy

BMI = body mass index, SD = standard deviation, VAS = visual analog scale, WOMAC = Western O
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on the language and date of searching literature published before
July 20, 2019. The English search terms included mud,
pelotherapy, peloid therapy, knee osteoarthritis, etc.
2.2. Inclusion and exclusion criteria

Studies were included if satisfying the following criteria:
1.
ime
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ntario
Study was RCT.

2.
 Patients were diagnosed with KOA.

3.
 Clinical results included one of VAS andWestern Ontario and

McMaster Universities (WOMAC) Osteoarthritis Index in
early stage.
4.
 Experimental group must contain mud therapy and control
group was not limited except mud therapy.

Relatively, studies will be excluded if they cannot meet the
inclusion criteria.
2.3. Data extraction

All data were extracted independently by 2 investigators after
reading and screening in detail. Data included the following:
name of first author, year of publication, sample size, country,
interventions of experimental groups and control groups, time
out, outcome measures, age of patients, and BMI index. If
different opinions arise, the third researcher will participate in the
discussion and make decision.
k)
Outcome
measures

Age, mean
(SD),yr

BMI, mean
(SD), kg/m2

WOMAC (function Pain Stiffness) M/F:63.42
(8.86)/63.55

(9.53)

NA

VAS I/C:69.13
(5.60)/73.08

(8.90)

I/C:30.38
(4.59)/27.87

(4.41)
VAS

WOMAC (function
Pain Stiffness)

I/C:52.4
(5.2)/53.6
(8.0)

I/C:31.8
(4.4)/32.9
(4.2)

VAS
WOMAC (function
Pain Stiffness)

I/C:65.04
(7.11)/61.87

(6.73)

I/C:27.95
(2.83)/27.60

(2.42)
VAS

WOMAC (function)
I/C:63.0
(9.1)/64.3
(10.4)

I/C:30.7
(5.9)/29.0
(4.6)

WOMAC (function Pain Stiffness) I/C:69.06
(5.11)/71.3 (4.91)

I/C:25.92
(4.17)/26.78 (4.11)

WOMAC (function Pain Stiffness) NA NA
VAS

WOMAC (pain)
I/C:57.4
(9)/59.6
(9.2)

I/C:30.6
(4.1)/30.4
(4.9)

VAS
WOMAC (function Pain Stiffness)

I/C:68.49
(9.01)/69.66

(11.1)

NA

VAS
WOMAC (function Pain Stiffness)

I/C:68.12
(8.97)/69.70
(10.32)

I/C:26.09
(3.40)/26.89 (3.67)

VAS
WOMAC (function Pain Stiffness)

I/C:69.52
(7.17)/69.36
(11.29)

I/C:27.09
(2.48)/27.36

(3.29)

and McMaster Universities.



Figure 2. Risk of bias summary of included studies.

Figure 3. Forest plot of visual analog scale pain score. CI = confidence interval, SD = standard deviation.
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2.4. Quality assessment

Methodological quality of RCT which were included were
assessed by Cochrane risk of bias tool.[31] Assessment included 6
aspects: generation of random sequence, concealment allocation,
application of blinding, integrity of outcome data, selective
reporting, and other bias. According to assessment, the types of
bias are divided into “high risk”, “unclear risk,” and “low risk.”
Figure 4. Forest plot of Western Ontario and McMaster Universities pain index. C
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2.5. Statistical methods

Data which were combined in this meta-analysis were analyzed
by using RevMan 5.3 software (Cochrane Collaboration,
Oxford, UK). Homogeneity of studies was quantified by using
the I-squared statistic (I2).[20] Author used fixed-effects model to
generate the standardized mean difference (SMD) if there is not
significant heterogeneity (I2<50%). On the contrary, when
I = confidence interval, SD = standard deviation, VAS = visual analog scale.

http://www.md-journal.com


Figure 5. Forest plot of Western Ontario and McMaster Universities stiffness index. CI = confidence interval, SD = standard deviation.
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heterogeneity is significant (I2>50%), random effects was
used.[21] Publication bias was evaluated by funnel plots
graphically. It was considered with the absence of bias if funnel
plots are symmetric.
3. Results

3.1. Literature selection

The process of literature screening is presented in Figure 1.
According to required search terms, 2 investigators searched for
256 articles. Among 256 articles, 190 articles were excluded after
looking through title and abstracts of articles. At last, 2
investigators read full text of the remaining 38 articles in detail,
deciding to include 11 articles.

3.2. Literature characteristics

Characteristics of the 11 articles included are shown in Table 1.
Among 11 articles included, there were 10 English
articles[11,12,22–29] and 1 Spanish article,[30] in which 4 articles
were from Italy, 3 articles were from Turkey, and the remaining 4
articles were from France, Hungary, Iran, and Spain.
A total of 1106 patients were included, in which 565 were in

the experimental group and 541 in the control group. The largest
sample size was 451 and the smallest was 27. In the experimental
group, intervention method of 6 groups[22,23,26,28–30] was
mudpack therapy, and for remaining 5 groups[11,12,24,25,27]

was mudbath therapy.
Figure 6. Forest plot of Western Ontario and McMaster Universities join
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3.3. Quality assessment of literature

According to Cochrane risk of bias tool,[31] the assessment results
are shown in Figure 2. The literature included were RCTs,
in which 10 studies[8,9,22–27,29,30] described specific method
of random, 2 studies[22,24] used allocation concealment, 2
studies[24,29] applied double blind methods, and 5 stud-
ies[22,24,26,28,30] reported absence of cases. It was not clear
whether there was selective reporting in all. There were no
statistically significant differences between the study groups in
terms of baseline characteristic.

3.4. Meta-analysis
3.4.1. VAS pain score. Visual analog scale pain scores of 8
articles[11,12,22–24,27,28,30] were combined and analyzed to assess
the short-term efficacy of mud therapy in alleviating pain. As
shown in Figure 3, the result showed it was significantly different
in characteristics of the experimental and control groups [SMD =
–0.74, 95% CI (–1.08, –0.41), P< .0001], implying the use of
mud therapy can effectively alleviate pain symptoms when
compared with other intervention methods. On the other hand,
(I2=15%, P= .31) presented heterogeneity of combined data was
low.

3.4.2. WOMAC Osteoarthritis Index (pain, stiffness, func-
tion). We combined and analyzed WOMAC Osteoarthritis
Index[32] in this study. There are 10 articles which reported
WOMAC Osteoarthritis Index, in which 9 articles[11,12,22,23,25–
29] provided WOMAC pain index, 8 articles[11,12,22,23,25–27,29]
t functions index. CI = confidence interval, SD = standard deviation.



Figure 9. Funnel plot of Western Ontario and McMaster Universities stiffness
index. SMD = standardized mean difference, SE = standard error.

Figure 7. Funnel plot of the visual analog scale pain score. SMD =
standardized mean difference, SE = standard error.
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WOMAC stiffness index, and 9 articles[11,12,22–27,29] WOMAC
joint functions index. As shown in Figures 4–6, all statistical
analysis applied fixed-effects model due to lower heterogeneity
(I2<25%). It is shown in Figure 4 that patients in the
experimental group had significantly lower WOMAC pain index
[SMD=–0.53, 95% CI (–0.71, –0.36), P< .00001]. There
was significant difference in characteristics of the experimental
and control groups [SMD=–0.50, 95%CI (–0.68, –0.31),
P< .00001] (Fig. 5). Similarly, patients who had mud therapy
showed significantly lower WOMAC joint function index
[SMD=–0.43, 95% CI (–0.57, –0.29), P< .00001] (Fig. 6).

3.5. Publication bias

According to results of funnel plots (Figs. 7–10), studies may have
certain publication bias because symmetry of funnel plots is
unsatisfactory.
4. Discussion

This meta-analysis, including 11 trials, systematically assessed
the beneficial effects of mud therapy in treating KOA. According
to result of our meta-analysis (Figs. 3 and 4), patients who
Figure 8. Funnel plot of Western Ontario and McMaster Universities pain
index. SMD = standardized mean difference, SE = standard error.
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received mud treatment significantly relieved pain compared with
other treating methods. As shown in Figures 5 and 6, the
application of mud therapy can significantly improve joint
functions compared to the control group. On the other hand,
heterogeneity of all studies was low.
At present, Liu et al[33] and Xiang, Wu, and Li [34] showed that

it is possible to alleviate pain and improve function by the use of
mud therapy, but their meta-analyses have some drawbacks. At
first, the conclusion of study is unstable because of high
heterogeneity of combined studies. In addition, Flusser et al[10]

and Odabasi et al,[35] in which the experimental and control
groups both have mud therapy, were unable to judge the
difference between the mud therapy and other treatments.
Compared with previously published meta-analyses, this

review has some advantages. First, this review includes more
articles. Secondly, the outcome indicators of study are more
comprehensive. Finally, the conclusions of study are stable due to
low heterogeneity.
This review has limitations. First, according to result of quality

assessment, there are biases in studies to influence experimental
results. For example, some studies did not use allocation
concealment, others did not blind methods because of specific
characteristics of mud therapy, but the conclusion of studies was
still credible due to low heterogeneity. Secondly, long-term
Figure 10. Funnel plot of Western Ontario and McMaster Universities joint
functions index. SMD = standardized mean difference, SE = standard error.

http://www.md-journal.com
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efficacy of mud therapy in treatment of KOA is unclear because
this meta-analysis only made an early observation. However,
compared with observation of long-term efficacy, the observation
of short-term efficacy can more truly reflect the efficacy of mud
therapy because long-term efficacy may be influenced with other
interfering factors. Hence, the observation of short-term efficacy
is more in accord with the purpose of this study.
5. Conclusions

Based on existing evidence, the short-term efficacy of mud
therapy was significant in relieving pain and improving joint
functions for patients with KOA.
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