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Clinical Efficacy of Mudpack Therapy
in Treating Knee Osteoarthritis
A Meta-Analysis of Randomized Controlled Studies

ABSTRACT

Xiang J, Wu D, Li J: Clinical efficacy of mudpack therapy in treating knee

osteoarthritis: a meta-analysis of randomized controlled studies. Am J Phys Med

Rehabil 2016;95:121Y131.

Objective: The objective of this study was to evaluate the clinical efficacy of

mudpack therapy for the treatment of knee osteoarthritis and identify the likely

factors associated with the high heterogeneity of combined studies.

Design: The Medline, Embase, and Cochrane Library databases were sys-

tematically searched for randomized controlled trials in which mudpack therapy

was used to treat knee osteoarthritis.

Results: Ten publications that reported the results from a total of 1010 sub-

jects were included in this meta-analysis. Meta-analysis of improvement in joint

function at the final follow-up visit suggested, given that the follow-up time was less

than 4 mos, that the combined effect size of four studies was j0.30 (j0.62 to

0.02) and the difference did not reach the level of statistical significance. When the

follow-up time reached 4mos, the combined effect size wasj1.10 (j2.07 toj0.14)

and the difference was significant. The I2 values of the two groups were 21.4%

and 93.8%.

Conclusion: Functional improvement of the knee joint in patients treated with

mudpack therapy was not significantly different from that of control subjects at the

end of the 4-mo follow-up. The quality of current publications was a factor causing

heterogeneity.
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Osteoarthritis (OA) is one of the most common
joint diseases seen by clinicians and mainly affects
patients_ knee and hip joints.1 Clinical manifesta-
tions of OA include pain, stiffness, and dysfunction
of diseased joints as well as joint space narrowing.2 A
variety of physiotherapies have been used as treat-
ment of OA, with common approaches including
mudpack therapy, balneotherapy, paraffin baths, and
hot-pack application.

As a traditional treatment, mudpack therapy
has a long history of use in Europe. The mud con-
sists of refined granular organics and inorganics
that are rich in minerals. The mud has therapeutic
effects that are partially attributed to its thermal
conductivity (transferring heat to the joints).3,4 On
the other hand, the organics contained in the mud
are probably the type of factors that mediate the
inflammatory response in the joints.5 When the
mud comes into contact with the human body, or-
ganic substances can be produced during the meta-
bolic processes of microorganisms. Sulfide glycolipids
can be produced by colonized microorganisms, which
may be the effective anti-inflammatory substances
involved in the therapy.6

The particular substances contained in the
mud vary between regions. Although standards of
classification of mudpack therapy have not been
established, the efficacy of the therapy in treating OA
has been reported frequently.7,8 The local applica-
tion of hot pack has been recommended by the
European League Against Rheumatism to treat hand
OA.9 However, this proposition was based on expert
opinion alone and the evidence level was reckoned
as IV by the European League Against Rheumatism.
Although local heat application is generally consid-
ered an effective and safe means of relieving pain,
evaluating its efficacy is problematic in a blinded
controlled design. Considering the larger contacting
area, hot pack may exert a better outcome in treating
knee OA than hand OA. Luckily, there were more
clinical articles of heat pack for knee OA than hand
OA. Differences in treatment approaches, duration of
treatment, follow-up time, and quality of publication
are probably responsible for the different results. Liu
et al.10 performed a meta-analysis and did not reach
any definite conclusion because of the insufficiency of
included literature and the high heterogeneity of
combined studies.

So far, there are no published meta-analytic
studies that draw a definite conclusion concerning
the efficacy of mudpack therapy. This meta-analysis
that included the latest randomized controlled trials
systematically assessed the efficacy of mudpack therapy

in treating knee OA and analyzed possible reasons
underlying the high heterogeneity of combined
studies.

MATERIALS AND METHODS
Systematic Literature Search

The meta-analysis was performed according
to the guidelines of the PRISMA statement.11 Publi-
cations included in Medline (1945-), Embase (1980-),
the Cochrane Central Register of Controlled Trials
(1970-), and the Cochrane Database of Systematic
Reviews and published before November 2014 were
searched using two approaches (MeSH terms and free
words). The English search words included mud,
peloid, pelotherapy, osteoarthritis, degenerative ar-
thritis, and osteoarthrosis. Only English publications
were included in this study. The references in each
article were used to extend the search range and
to identify further relevant publications. Reports of
systematic reviews and meta-analyses were searched
using the same strategy.

Inclusion and Exclusion Criteria
All randomized controlled trials that investi-

gated the clinical efficacy of mudpack therapy in
treating knee OA were included in this study. Any
studies that investigated other treatments for OA
but also contained a mudpack therapy group and a
control group were also included. Measures for ef-
fects of included studies involved relief of knee pain
and improvement of joint function. The results of
the included studies should be presented as mean
(SD) (Table 1). Studies that did not meet the in-
clusion criteria were excluded.

Data Extraction
All related data were extracted and assessed

independently by two investigators. The extracted
information included the following: sample size of
included studies, treatment approaches in thera-
peutic groups and control groups, treatment cycle,
follow-up time, values of tests, quality of the pub-
lication, and whether the intention to treat was used
in the studies. Inconsistent data were addressed by
discussion.

Measures of Effects
Measures for effects included relief of pain and

improvement of the functions of the diseased knees
in patients treated with mudpack therapy. To re-
duce reporting bias, the measures of pain listed in
the highest rank of the Pain-Related Scale List were
chosen.18 Measures of pain included visual analog
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scale scores and the Western Ontario and McMaster
Universities Osteoarthritis Index (WOMAC) pain
scores.19 Functional improvement was assessed using
functional scores, including the Lequesne Index and
functional scores of WOMAC (WOMAC function). For
publications in which both WOMAC function and
the Lequesne Index were reported, the WOMAC
function was chosen because studies suggest that
the score of WOMAC function is more sensitive than
the Lequesne Index in monitoring the improvement
of symptoms.20

Quality Assessment of the Publications
The modified Jadad quality scale was used to

assess the quality of included publications (Table 2).21

Two investigators independently assessed each selected

report and inconsistent opinions were solved by dis-
cussion. Assessment included generation of random
sequence, allocation concealment, application of
blinding, and withdrawals and dropouts. Each study
was scored on a scale of 1Y7. A study was considered
to be of a high quality if the score was 4Y7 and low
quality if the score was 1Y3.

If intention-to-treat analysis was included in a
study, the result of intention-to-treat analysis was
used in this meta-analysis. For continuous vari-
ables, standardized mean difference of measures
acted as the effect size (ES) to improve compara-
bility among different results.22 ES was assessed
using the magnitude of the standardized mean dif-
ference put forward by Cohen.23 Standardized mean
difference values of 0.2, 0.5, and 0.8 were consid-
ered as small, medium, and large ESs of active

TABLE 2 Methodology quality assessment of included studies by modified Jadad score

Study Year Score Randomization
Allocation

Concealment
Double
Blinding

Withdrawals
and Dropouts

Tefner et al.8 2013 6 2 1 2 1
Espejo Antúnez et al.7 2013 3 2 1 0 0
Sarsan et al.12 2012 3 2 1 0 0
Güngen et al.13 2012 4 2 1 0 1
Forestier et al.14 2010 7 2 2 2 1
Fioravanti et al.15 2010 4 2 1 0 1
Mahboob et al.16 2009 4 2 2 0 0
Odabasi et al.17 2008 4 2 1 0 1
Evcik et al.3 2007 1 1 0 0 0
Flusser et al.4 2002 1 1 0 0 0

FIGURE 1 Flowchart of the selection of studies.
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therapy compared with placebo. According to the
data provided in the included studies, the results at
the end of the treatment and the last follow-up visit
were chosen. Subgroup analysis was performed
according to the types of treatment, follow-up time,
treatment approaches, and quality of studies. I2 was
calculated to evaluate the heterogeneity of com-
bined ES estimates.24 I2 is a value between 0% and
100%, with 25%, 50%, and 75% referring to low,
moderate, and high heterogeneity, respectively. The
Q statistic with significance set at P less than 0.05
was used as a second measure of heterogeneity. If
heterogeneity was not detected among included
studies, a fixed-effects model was used to perform
the meta-analysis; otherwise, a random-effects
model would be used.25 Publication bias was eval-
uated using the Egger test.26 All statistical analyses
were performed using STATA version 11.0 (Stata
Corp, College Station, TX).

RESULTS

The Process of Literature Screening and
Literature Characteristics

The process of literature screening is shown in
Figure 1. Among 108 publications obtained by pre-
liminary screening, 71 were excluded by looking
through titles and abstracts of the articles including
59 non-English publications. The remaining 37 pub-
lications were screened by reading the full text of the
articles. Among them, four studies were excluded be-
cause of lack of a placebo control group.27Y30 A further
11 studies that did notmeet the inclusion criteria were
excluded.31Y41 Four nonrandomized controlled trial

studies were excluded42Y45 and three studies were ex-
cluded because of insufficient data.46Y48 Five articles
were excluded because the subjects were not affected
by knee OA.49Y53

After screening, 10 studies were included in
this meta-analysis, which consisted of 1010 subjects
in total.3,4,7,8,12Y17 The year of publication was from
2002 to 2013. The smallest sample size was 27 and
the largest was 451. Among the included clinical
trials, the shortest duration was 2 wks and the
longest was 4 wks. The shortest follow-up time was
2 wks and the longest was 27 mos. There were eight
studies in which the treatment approach in the
therapeutic group was mudpack therapy alone, and
in two studies, the approach was mudpack therapy
in combination with hydrotherapy. Four publica-
tions were ranked as low quality on the modified
Jadad quality scale and another six publications
were ranked as high quality.

Meta-Analysis of the Effects of Mudpack
Therapy on the Relief of Joint Pain in Knee
OA Patients

The effects of mudpack therapy in relieving
the joint pain of knee OA were assessed at the final
follow-up visits in these studies. As shown in Figure 2,
the I2 value from heterogeneity testing of included
studies was 83.0% (Q = 52.80, P G 0.001), implying
the presence of heterogeneity among these studies.
Therefore, a random-effects model was applied. The
high heterogeneity of the included studies might af-
fect the estimate of ES. Nine studies reported the
results of pain relief at the end of the trials (Fig. 3).
However, no definite conclusion could be reached

FIGURE 2 The effects of mudpack therapy in relieving the joint pain of knee OA at the final follow-up visits.
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because of the high heterogeneity of the included
studies (I2 = 85.6%, Q = 55.41, P G 0.001).

The authors attempted to perform subgroup
analyses to identify the factors associated with het-
erogeneity. To evaluate the effects of mudpack
therapy in relieving joint pain at the final follow-up
visit, subgroup analyses were performed in which
the grouping factors were follow-up time (Q4 mos
or G4 mos), treatment approach, and the quality of
publications. All of the I2 values were more than 50%
(Table 3) in subgroup analyses, which suggested that
no definite conclusion could be reached based on
combined ES. To evaluate the effects of mudpack
therapy in relieving joint pain at the end of the
clinical trials, subgroup analyses grouping factors
were the duration of the trial (Q2 wks or G2 wks),
treatment approach, and the quality of publications
(Table 4). The I2 values were still high, which sug-
gested that combining ES was inappropriate based
on the included studies.

Meta-Analysis of the Effects of Mudpack
Therapy in Improving Joint Functions of
Knee OA Patients

Data on the improvement of joint function at
the final follow-up visit were provided in eight
studies (Fig. 4). The I2 value of 87.3% (Q = 55.15,
P G 0.001), which suggested a high heterogeneity
among included studies, supported application of
the random-effects model. Data on the improve-
ment of joint function at the end of the treatment
period were provided in seven studies (Fig. 5).
However, high heterogeneity (I2 = 75.0%, Q = 23.98,

P = 0.001) suggested that it was inappropriate to
combine ES.

The process of subgroup analyses was described
above. The follow-up time of four studies was less
than 4 mos and the combined ES of these four
studies was j0.30 (j0.62 to 0.02) (Table 3). A
statistically significant difference and low hetero-
geneity (I2 = 21.4%, Q = 3.81, P = 0.282) suggested
that mudpack therapy produced no significant im-
provement of joint function in knee OA patients
within the 4-mo follow-up period. The combined
ES of two low-quality studies was j0.03 (j0.48 to
0.42) (Table 3). Heterogeneity was not detected in
these two studies. The result indicated that mudpack
therapy produced no significant improvement of
joint function in knee OA at the final follow-up visit.
The high heterogeneities in other subgroup analyses
implied that no definite conclusion could be drawn
based on the combined ES (Table 4).

No publication bias was detected by the Egger test.

DISCUSSION
This meta-analysis investigated the beneficial

effects of mudpack therapy on relieving joint pain
and improving joint functions of knee OA patients.
Ten studies were included in this meta-analysis.
High heterogeneity among the included studies
suggested that calculating combined ES based on
these 10 studies was inappropriate. Therefore, sub-
group analyses were performed to find the likely
reasons that lead to high heterogeneity. Mudpack
therapy is generally used in combination with hydro-
therapy. However, hydrotherapy is not necessarily

FIGURE 3 The effects of mudpack therapy in relieving the joint pain of knee OA at the end of the trials.
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combined with mudpack therapy. There were two
included studies in which mudpack therapy was
combined with hydrotherapy. A subgroup analysis
was performed between mudpack therapy alone and
mudpack therapy combined with hydrotherapy.
However, the heterogeneity did not change signifi-
cantly. This indicated that whether mudpack therapy
was used alone or in combination with hydrotherapy
was not a significant factor associated with the high
heterogeneity and highlighted the necessity of in-
cluding combination therapy.

The duration of follow-up varied between 2 wks
and 27 mos and the duration of treatment was be-
tween 2 wks and 4 wks. This relatively long time
span was one possible reason for the high hetero-
geneity. Subgroup analysis was based on the dura-
tion of follow-up. The combined ES of four studies

in which the duration of follow-up was less than
4 mos was j0.30 (j0.62 to 0.02) and was not sig-
nificantly different from that of the control group.
The low heterogeneity (I2 = 21.4%) among four
studies supported the reliability of the combined ES.
Based on the above data, within a 4-mo follow-up
period, there was no significant difference in the
improvement of joint functions of knee OA patients
between those who received mudpack therapy and
control subjects. Although the combined ES of four
studies in which the duration of follow-up was 4 mos
or more was j1.10 (j2.07 to j0.14), the high het-
erogeneity (I2 = 93.8%) might impair the reliability
of the combined ES. High heterogeneity still existed
in other subgroup analyses; thus, no conclusions
could be drawn based on the combined ES. Group
results were attempted according to other time

FIGURE 4 The effects of mudpack therapy in improving joint functions of knee OA at the final follow-up visits.

FIGURE 5 The effects of mudpack therapy in improving joint functions of knee OA at the end of the trials.
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spans but heterogeneity could not be avoided (data
not shown).

Among the 10 studies included in this meta-
analysis, only 2 applied the double-blind design
correctly. A study has shown that low-quality pub-
lications often overestimate the efficacy of thera-
pies.54 The modified Jadad quality scale was used
to assess the quality of included publications. A
meta-analysis conducted by Liu et al.10 showed
that mudpack therapy was superior to placebo. Al-
though the same methodological quality scale as
Liu et al._s research was used, there were some
discrepancies in assessing the identical included
articles. Liu was attempted to be contacted but
there was no reply. Considering the discrepancies
with Liu et al._s research, the quality of included
articles was assessed repeatedly and has resulted
to these outcomes. The authors then performed a
subgroup analysis according to the quality of the
publications. The combined ES of two low-quality
publications was j0.03 (j0.48 to 0.42) and no
heterogeneity was detected. This suggested that
quality of study is one of the factors that can cause
heterogeneity.

There are some limitations to this meta-
analysis. First, mudpack therapy is extensively used
for treating OA in Europe. However, a number of
nonYEnglish language publications were not in-
cluded in this meta-analysis, which is likely to cause
bias. Second, the standards for evaluating pain and
joint function in the original publications were in-
consistent, which is a possible reason for heteroge-
neity. The authors improved the comparability among
the various studies by using the standardized mean
difference method. Third, 10 publications were in-
cluded in this meta-analysis, and more studies will
be needed to perform subgroup analyses to identify
the factors causing heterogeneity.

CONCLUSION
There was no significant difference in the im-

provement of joint function over the 4-mo follow-up
period between the knee OA patients treated with
mudpack therapy and control subjects. The quality of
current publicationsmay be one cause of heterogeneity.

Supplementary Checklist
PRISMA Checklist: http://links.lww.com/PHM/A149;

PRISMA Flow Diagram: http://links.lww.com/PHM/A150
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27. Bostan B, Sen U, Günes$ T, et al: Comparison of intra-
articular hyaluronic acid injections and mud-pack
therapy in the treatment of knee osteoarthritis. Acta
Orthop Traumatol Turc 2010;44:42Y7

28. Vaht M, Birkenfeldt R, Ubner M: An evaluation of the
effect of differing lengths of spa therapy upon patients
with osteoarthritis (OA). Complement Ther Clin Pract
2008;14:60Y4

29. Cantarini L, Leo G, Giannitti C, et al: Therapeutic
effect of spa therapy and short wave therapy in knee
osteoarthritis: A randomized, single blind, controlled
trial. Rheumatol Int 2007;27:523Y9

30. Elkayam O, Wigler I, Tishler M, et al: Effect of spa ther-
apy in Tiberias on patients with rheumatoid arthritis
and osteoarthritis. J Rheumatol 1991;18:1799Y803

31. Loi A, Lisci S, Denotti A, et al: Bone mineral density in
women on long-term mud-bath therapy in a Salus per
Aquam (SPA) environment. Reumatismo 2013;65:121Y5

32. Joki( A, Sremcevi( N, Karagülle Z, et al: Oxidative
stress, hemoglobin content, superoxide dismutase
and catalase activity influenced by sulphur baths and
mud packs in patients with osteoarthritis. Vojnosanit
Pregl 2010;67:573Y8

33. Benedetti S, Canino C, Tonti G, et al: Biomarkers of
oxidation, inflammation and cartilage degradation in
osteoarthritis patients undergoing sulfur-based spa
therapies. Clin Biochem 2010;43:973Y8

34. Bagnato G, De Filippis LG, Morgante S, et al: Clinical
improvement and serum amino acid levels after mud-
bath therapy. Int J Clin Pharmacol Res 2004;24:
39Y47

35. Poensin D, Carpentier PH, Féchoz C, et al: Effects of
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