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Abstract The aim of this study was to evaluate the effi-
cacy of treatment with mud pack in knee osteoarthritis
(OA) and to determine whether mud pack effects serum
levels of YKL-40 and high-sensitivity C-reactive protein
(hsCRP) which are reported to be biological markers for
articular damage or inflammation in patients with OA.
Forty-four patients with the diagnosis of knee OA assigned
into two groups were treated with local natural mineral-rich
mud pack or hot pack. Treatments were applied for 6 days
a week for 2 weeks as a total of 12 sessions. Patients were
assessed at baseline, post-treatment, and 3 months after the
treatment. VAS, range of motion, 15-m walking time,
WOMAC index, Nottingham Health Profile, serum YKL-
40, and hsCRP levels were the outcome measures. Pain
intensity and joint stiffness decreased in both groups at all
follow-ups. Physical activity status was found to persist for
3 months after treatment only in mud pack group. Serum
mean YKL-40 and hsCRP levels of the patients were
higher compared to healthy control group. Serum YKL-40
level increased significantly only in hot pack group
3 months after the treatment (P < 0.017). No significant
change was observed in hsCRP levels in both groups dur-
ing the whole follow-up periods (P > 0.05). Mud pack and
hot pack therapy were both demonstrated to be effective in
symptomatic treatment of knee OA until the end of the
2-week treatment period, whereas only mud pack therapy
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was shown to be effective in functional status over time.
In the hot pack group, increased serum YKL-40 level
3 months after the treatment might indicate persistence of
cartilage degradation. Maintenance of YKL-40 level in
mud pack therapy seems to slow down the progression of
knee OA.
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Introduction

Osteoarthritis (OA) is a chronic disease characterized by
progressive destruction of articular cartilage and subchon-
dral bone and synovial reaction. Abnormal and degraded
cartilage, inflamed and/or thickened synovial tissue, and
altered bone structure being the major presentation of OA
results in pain, mobility impairment, and disability [1].

Biochemical markers of arthritis are molecules detect-
able in synovial fluid (SF), serum, or urine that may reflect
the underlying degenerative or inflammatory joint disease
[2]. Such biochemical markers might be useful for the early
identification of patients with OA or patients at high risk
for progression and for assessing therapeutic response in
OA, because of their greater sensitivity compared to
radiographs [3, 4].

YKL-40 of which name comes from the one-letter code
for its first three N-terminal amino acids and from its
molecular weight of 40 kDa is also called human cartilage
glycoprotein-39 (HC gp-39) or chondrex [5, 6]. While the
function of YKL-40 is not clearly identified, some propose
that YKL-40 functions as a glycosidic bond hydrolase
involved in the tissue-remodeling process [6, 7]. YKL-40
in SF of an arthritic joint may originate from articular
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cartilage (chondrocytes), synovial membrane (synovial
cells, macrophages), or polymorphonuclear leukocytes [6,
8]. Increased serum and SF YKIL-40 levels are found in
patients with active rheumatoid arthritis (RA) or severe
knee OA compared to normal subjects [7, 9-11]. In OA,
YKL-40 expression is almost proportional to the severity
of the cartilage fibrillation [8]. Connor et al. [12] reported
enhanced expression of YKL-40 in osteoarthritic cartilage
and osteophytes which may reflect increased osteogenesis
as well as cartilage degeneration. Therefore, YKL-40
may be a useful marker for joint damage, joint inflam-
mation, and disease activity in patients with OA and RA
[7,9-11, 13].

Multiple studies have demonstrated that hsCRP is
modestly elevated in the plasma of patients with OA
compared to age-matched controls although hsCRP is a
non-specific marker of inflammation and has a limited use
as a diagnostic marker of OA [2, 14]. It is suggested that
both hip and knee OA are associated with elevated hsCRP
level and hsCRP level increases for each level of Kellgren—
Lawrence scoring system [14-16]. In addition, a relation-
ship among elevated plasma levels of hsCRP, elevated SF
levels of IL-6 and the presence of chronic synovial
inflammation in patients with idiopathic OA has been
demonstrated [17]. Higher CRP level is also found to be
associated with both prevalent and incident OA of knee
joint [15].

The optimal management of knee OA requires a
combination of pharmacological treatment and non-
pharmacological modalities [18]. Balneotherapy is one of
the recommended non-pharmacological interventions for
its efficacy in OA by the European League Against
Rheumatism (EULAR) [19]. Mud is a therapeutic sub-
stance, which consists of various amounts of organic and
inorganic materials and provides heat transfer by con-
duction. The beneficial effects of mud in pain relief and
functional status improvement has been reported in
patients with OA [20, 21], RA [22, 23], psoriatic arthritis
[24], and fibromyalgia syndrome [25]. The beneficial
effects of mud pack are often attributed to its thermal
effect; however, a specific mode of action due to its
influence on bio-humeral mediators of the inflammatory
response may also be considered. To our knowledge, this
is the first study evaluating serum YKL-40 and hsCRP
levels in monitoring the efficacy of mud pack therapy
so far.

Denizli where the study was carried on is one of the
thermal spa centers in Turkey. The aim of this study is to
determine the effect of mud pack treatment obtained from
Saraykoy-Denizli on serum levels of YKL-40 and hsCRP,
biological markers for local inflammation and cartilage
degradation in patients with knee OA with respect to the
improvement in the functional status.
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Materials and methods
Patients

Fifty patients attending to Physical Medicine and Reha-
bilitation Clinic of Pamukkale University between January
and June 2008 ages between 45 and 75 years (18 men and
32 women) presenting knee pain and diagnosed as bilateral
knee OA according to American College of Rheumatology
Classification Criteria and with a radiographic evidence of
OA (Kellgren Lawrence score III or IV) were enrolled for
this study. Four and two patients dropped from the hot
pack—treated and mud pack—treated groups, respectively
(Fig. 1). The study was completed with 44 patients (21 and
23 patients in hot pack—treated and mud pack-treated
groups, respectively).

Patients with a previous history of operation for OA or
with intra-articular injection or secondary inflammatory
symptoms or having physical therapy/balneotherapy in the
last 6 months were not included to the study. Additionally,
patients with a dermatological lesion at the site of mud
pack application, diabetes mellitus, coronary artery disease,
liver dysfunction/cirrhosis, thyroid dysfunction, hypercho-
lesterolemia, cancer, peripheral vascular disease, infection,
cooperation difficulty, or on anti-inflammatory drugs were
not considered for this study. All women patients were
post-menopausal, and none of the patients were receiving
treatment that might interfere with bone metabolism.

Serum analysis results for YKL-40 and hsCRP of 26
healthy people ages between 44 and 65 years (6 men and
20 women) who were eligible in terms of inclusion and
exclusion criteria and who were previously enrolled for a
thesis study accepted as the control group for comparison
of serum biochemical analysis [26]. These participants
were also not given any medical and/or physical therapy.

The research protocol was approved by the Ethics
committee of Pamukkale University. Each participant was
informed about the study verbally and signed informed
consent.

Treatment protocol

All participants were screened by regular physical and
musculoskeletal examination as well as bilateral anterio-
posterior radiographs of knee, biochemical, and hemato-
logical analyses including blood count, erythrocyte
sedimentation rate, rheumatoid factor, liver function tests,
glucose, and lipid profile.

The study was planned as a prospective randomized
controlled clinical study. All knee OA patients were
assigned into groups using random number table. Both
modalities were applied on right and left knees for 20 min,
6 days a week for 2 weeks, as a total of 12 sessions. All
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Fig. 1 Flow diagram for the
number of patients dropped out
of our study

N:50
Knee osteoarthritis
patients

—

N:25 N:25
Hot pack Group Mud compress Group
n:4 patients
dropped at the 3rd
month follow-up n:2 patients
(1 patients had dropped at the 3rd
pulmonary emboli due month follow-up
to operation; (2 patients did not
2 patients did not visit; contact)
1 patient did not
contact)
N:21 N:23

patients were informed to take paracetamol in case of
intensive pain and were given a timetable to follow their
paracetamol consumption. All patients were evaluated at
baseline (pre-treatment), at the end of treatment (post-
treatment), and 3 months after the treatment.

Mud pack application

Mud pack treatment was applied to group 1 patients (n = 23)
at Umut Thermal & Spa Resort, Saraykoy-Denizli, Turkey. It
has been classified as turf based on its physical, chemical, and
geological properties. It was rich in organic substances; its
lignin and humin content was 80.99 g/l. Heat retention and
water retention capacities (84%) were also high (Table 1).
Approximately 4-cm-thick mud pack at 45°C was laid on the
skin from 10 cm distal to the inferior border of patella to
10 cm proximal to the superior border of patella on both knees
by pleiodo therapists.

Hot pack application

Hot pack was applied to group 2 patients (n = 21) in
Physical Medicine and Rehabilitation Clinic at the Pam-
ukkale University in Denizli city center by the GG on both
knees. Hydrocollator hot packs (Chattonoga®) with di-
mentions of 25 x 50 cm at 42-45°C were used.

Biochemical analysis

Venous blood samples were drawn from the patients 12 h
after fasting in the morning hours between 8:30 and 10:30.

Samples were collected in serum separator tubes, allowed
to clot for 20 min, centrifuged at room temperature for
15 min at 3,000 g. The samples were stored at —20°C until
analyzed.

Serum YKL-40 levels were measured by commercial
“METRA YKL-40 EIA® (Quidel Corporation,CA, USA)”
kit, a sandwich enzyme immunoassay in a microtiter
stripwell format, according to the manifacturer’s instruc-
tions. The Fab fragment of a monoclonal anti-YKL-40
conjugated to biotin binds to streptavidin and captures
YKL-40 in the sample. A polyclonal anti-YKL-40 antibody
conjugated to alkaline phosphatase binds to the captured
YKL-40. Bound enzyme activity is detected with p-ni-
trophenly phosphate as substrate.

Serum hsCRP levels were measured by commercial “High
sensitivity C-reactive Protein Enzyme Immunoassay®
(BioMERICA Inc. CA, USA)” kit, a solid-phase enzyme
immunoassay in a microtiter stripwell format according to the
manufacturer’s instructions. In the monoclonal anti-CRP
antibody—coated wells, the second anti-CRP antibody in the
enzyme conjugate binds to the CRP in serum. Bound enzyme
activity is detected with tetramethylbenzidine as substrate.

Outcome measures
Pain Patients were questioned about the intensity of pain
at rest, at night, and during activity by visual analogue

scale (0-10).

Range of motion Degrees of flexion and extension of
knee were measured with a goniometer by same person,
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Table 1 Physical and chemical properties of mud used for therapy

Physical properties Findings

Color Dark gray

Odor Smells like petroleum
Thickness Fine

Homogeneity Fine

Sediments None

Coarse particles None

Other Plant root segments in small
amounts

Ph 6.76

Water retention capacity (at 83.60

105°C)

Chemical properties Results of analysis

Water content (%) (at 105°C) 51.51
Mineral content (%) (dry weight at 800°C) 70.47
Humic acid (g/1) 9.98
Butiminous substances(g/1) 3.22
Hemicellulose, cellulose(g/1) 38.83
Lignin, humin (g/1) 80.99
Pectin and carbohydrates (g/1) 9.49
Hydrogen sulphate (g/1) 0.28
Todine(g/1) 2.766
Total of inorganic substances (g/1) 593.55
Total of organic substances (g/1) 142.51

GG. While the patient is in supine position, the hip joint
was stabilized at the neutral position, and the arms of the
goniometer were placed parallel to the long axis of femur
and tibia.

15-m Walking time Patients were asked to walk for three
times on a flat smooth surface by the same commands.
Time to walk 15 m was measured by the same chronom-
eter. Mean of three trials was calculated and used for the
study.

Western Ontario and McMaster Universities multifunc-
tional (WOMAC) index, A disease-specific index, was used
to assess three dimensions; pain, stiffness, and physical
functional disability using a 5-point Likert scale (0 = no
pain, 1 = mild, 2 = moderate, 3 = severe, 4 = very
severe pain) as a grading system [27]. A total score was
calculated by summation of WOMAC total pain score (W-
TPS), WOMAC total stiffness score (W-TSS), and WO-
MAC total physical function score (W-TPES). Reliability
and validity of WOMAC in Turkish were shown by Tiiziin
et al. [28].

Nottingham Health Profile (NHP), assessing perceived
physical, social, and emotional health with 38 items, was
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answered as “yes” or “no” [29]. NHP includes physical
mobility, pain, emotional reaction, energy level, sleep, and
social isolation evaluation. Pain score (NHP-PS), physical
activity score (NHP-PAS), tiredness score (NHP-TS), sleep
score (NHP-SS), emotional reaction score (NHP-ERS), and
social isolation score (NHP-SIS) were calculated by
weighted score of the related question. The overall score
was obtained from sum of the scores in each six subscales.
The adaptation study of the Turkish version was also done,
and the questionnaire was reported to be valid and reliable
[30].

Statistical analysis

As the data did not show normal distribution characteris-
tics, Mann—Whitney U test was used to find the effective-
ness of therapy compared to control group. Friedman test
was used to determine the differences before and after
treatment in each therapy group. P values < 0.05 were
accepted as significant. Comparison of groups (baseline
and follow-up measurements) was performed by using
Wilcoxon test with Bonferroni correction for each group,
P < 0.017 was considered as significant. Spearman’s cor-
relation test was used for correlation. SPSS 10.0 program
was used for statistical calculations.

Results

Mean age of patients was 61.87 £ 6.73 years (50-74
years) in the hot pack group and 65.04 £ 7.11 years
(54-74 years) in the mud pack group. Twelve (%57) of
patients were female, and 9 (%42) were male in the hot
pack group; 13 (%56) of patients were female and 10
(%43) were male in the mud pack group. The mean body
mass indices were 27.60 £ 2.42 and 27.95 £ 2.83 in the
hot pack and mud pack groups, respectively. Ten (%47.8)
of patients were graded as Kellgren Lawrence (KL) stage
IIT and 11 (%52.2) of patients as stage IV in hot pack
group. There were 12 (%52.1) KL stage III patients and
11(%47.8) stage IV patients in mud pack group (Table 2).
Both groups did not show any difference in terms of any of
the measures considered for this study (YKL-40, hsCRP,
pain, range of motion for knee joint, 15-m walking
time, WOMAC, Nottingham Health Profile) in addition
to age and body mass index at baseline (P > 0.05)
(Tables 3, 4).

A significant difference in serum YKL-40 (131.35 +
90.91 vs. 114.16 % 43.73 ng/ml) and hsCRP (4.71 £ 3.65
vs. 1.85 + 1.57 mg/l) values was found between patients
with OA in both treatment groups compared to the values
of the age-matched healthy control (Table 5) (P < 0.05).
Serum YKL-40 level was not found to be correlated with
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age, sex, and BMI (P > 0.05). Pre-treatment serum hsCRP
level correlated with BMI (7: 0.345, P < 0.05) and pain at
night (r: 0.298, P < 0.05) but not with age (P > 0.05).

Table 2 Demographic characteristics of patients

Hot pack group Mud pack group

No of patients 21 23

Age, years (mean £ SD) 61.87 £ 6.73 65.04 + 7.11
Gender, F/M 12/9 13/10

BMI (kg/m?) (mean & SD) 27.60 £+ 2.42 27.95 + 2.83

Radiographic OA severity (Kellgren—-Lawrence Score)
111 10 (47.8%) 12 (52.1%)
v 11 (52.2%) 11 (47.8%)

The results and statistical comparisons for biochemical
and functional parameters of the pre-treatment, post-treat-
ment, and 3 months after the treatment in hot pack and
mud pack groups were shown in Table 3.

Although serum YKL-40 did not differ between the two
therapy groups at all follow-ups (P > 0.05), in the hot pack
group 3 months after the treatment compared to pre-treat-
ment values, a significant increase was demonstrated
(P < 0.017). On the other hand, the YKL-40 values of mud
pack group did not differ in the follow-up periods with
respect to pre-treatment values.

No significant changes were seen in hsCRP levels in
both groups during the whole follow-up period (P > 0.05).

Pain intensity values during activity, at rest, and at night
measured by VAS were significantly lower at the end of the
treatment and 3 months after the treatment compared to

Table 3 Comparison of
biochemical and functional
parameters within each group
and between hot pack and mud
pack groups

Comparison of evaluations with
respect to pre-treatment

* P <0.017

#* P < 0.001 (Wilcoxon rank
sum test with Bonferroni
correction)

Comparison of evaluations
between hot pack and mud pack
groups

#P < 0.05 (Mann—Whitney

U test)

Measure Hot pack group (n = 21)  Mud pack group (n = 23)  Mann—Whitney
(mean + SD) (mean + SD) U test (P)

YL-40 (ng/ml)

Pre-treatment 130.69 £ 92.93 132 £+ 87.1 0.934

Post-treatment 128.74 £ 70.46 154.4 £ 102.9 0.482

3 months after treatment 189.95 £ 110.9* 161.1 + 82.3 0.528
hsCRP (mg/l)

Pre-treatment 54+4 3.8 +£34 0.252

Post-treatment 59 + 3.6 37+34 0.065

3 months after treatment 5+35 3.6 +34 0.182
VAS in activity

Pre-treatment 63+£19 6+ 2.1 0.673

Post-treatment 4.6 £ 2.4%* 3.8 £ 2.4%%* 0.273

3 months after treatment 5.2 £ 2.4% 4.5 £ 2.8%* 0.387
VAS at rest

Pre-treatment 4+£23 3.7+ 1.7 0.673

Post-treatment 2.8 £ 1.9%* 2.3 £+ 1.9%%* 0.339

3 months after treatment 2.9 4+ 2.5% 2.6 4+ 2.2%% 0.625
VAS at night

Pre-treatment 45 £2.7 39+24 0.255

Post-treatment 3.2 & 2.7%% 2.1 £ 2%* 0.357

3 months after treatment 3.5 +£2.7% 2.7 £ 2.9%* 0.180
15-m Walking time

Pre-treatment 154 £33 154 £ 2.8 0.884

Post-treatment 14.2 £+ 2.7* 13.7 &£ 2.2%%* 0.497

3 months after treatment 142 + 32 14 + 2.6%* 0.991
Degree of knee flexion

Pre-treatment 1354 £ 11.6 1322 + 7.8 0.529

Post-treatment 136 £+ 10.8 1322 £ 7.8 0.532

3 months after treatment 1354 £ 114 1323+ 7.9 0.526
Degree of knee extension

Pre-treatment 4 +42 3.5+4.0 0.730

Post-treatment 3.6 £3.8 3.54+4.0 0.992

3 months after treatment 38 +42 3.7+ 4.0 0.135
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Table 4 Comparison of quality
of life parameters within each
group and between hot pack and
mud pack groups

Statistically significant values
are given in bold

WOMAC Western Ontario and
McMaster Universities
multifunctional index, W-TPS
WOMAC total pain score, W-
TSS WOMAC total stiffness
score, W-TPFS WOMAC total
physical function score, NHP
Nottingham Health Profile,
NHP-PS pain score, NHP-PAS
physical activity score, NHP-SS
sleep score, NHP-ERS
emotional reaction score, NHP-
SIS social isolation score, NHP-
ELS energy level score

Comparison of evaluations with
respect to pre-treatment.

* P <0.017; ** P < 0.001
(Wilcoxon rank sum test with
Bonferroni correction)

Comparison of evaluations
between hot pack and mud pack
groups. # P < 0.05 (Mann—
WhitneyU test)

Measure Hot pack group (n = 21)  Mud pack group (n = 21)  Mann—Whitney
(mean £+ SD) (mean + SD) U test (P)

WOMAC TPS

Pre-treatment 159 +£43 145 £ 39 0.284

Post-treatment 12.6 + 3.4%%* 10.9 + 3.9%%* 0.136

3 months after treatment 13.6 £ 3.7** 12.3 £ 4.5%* 0.215
WOMAC TSS

Pre-treatment 6.6 £ 1.8 6+23 0.293

Post-treatment 5.2 4+ 1.8%% 4.1 + 1.8%%* 0.048"

3 months after treatment 5.5 & 1.9%* 4.2 + 2.1%* 0.024"
WOMAC TPFS

Pre-treatment 544 + 13.1 47.1 &£ 14.7 0.107

Post-treatment 49.1 £ 13.8** 41.4 £ 14.3** 0.04%

3 months after treatment ~ 52.5 £+ 14.6 42.3 + 14.2* 0.049%
NHP-PS

Pre-treatment 78.5 £ 70.2 754 + 26.3 0.897

Post-treatment 54 + 25.7** 43.5 £ 33.7*%* 0.197

3 months after treatment  67.3 £ 28.8% 51.9 &+ 33** 0.132
NHP-PAS

Pre-treatment 453 £ 193 435 +£17.8 0.827

Post-treatment 38.8 + 19.4* 36 + 19.5* 0.92

3 months after treatment 39 £ 189 36.5 £ 18.6* 0.743
NHP-SS

Pre-treatment 33.6 £24.3 45.6 £ 29.2 0.108

Post-treatment 24.8 + 18.5 24.8 + 25.3*%* 0.562

3 months after treatment  31.4 £ 20.6 33.04 £ 27.4* 0.901
NHP-SIS

Pre-treatment 16.8 £ 30 25.6 + 26.8 0.11

Post-treatment 11.2 £ 245 7.2 £ 16.2* 0.688

3 months after treatment 143 £ 304 18.3 + 20.8 0.118
NHP-ERS

Pre-treatment 393 £35 44 + 38.1 0.617

Post-treatment 28.8 £+ 31.6%* 17.3 £ 24%* 0.311

3 months after treatment  34.4 4+ 35.8 34.3 4+ 35.4% 0.867
NHP-ELS

Pre-treatment 64 + 31.8 60 + 39.7 0.617

Post-treatment 56 £ 343 43.5 + 37.2% 0.311

3 months after treatment  58.7 £ 33.2 50.7 + 37.4* 0.867

pre-treatment values in both hot pack and mud pack groups
(P < 0.017) and were not different among both groups
(P > 0.05).

Although 15-m walking time did not differ between the
two groups, it was significantly shortened after the treat-
ment compared to pre-treatment scores in both hot pack
and mud pack groups. This difference persisted only in the
mud pack group 3 months after the treatment.

Degree of knee flexion and extension did not change
significantly in both groups compared to pre-treatment
levels (P > 0.05).
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The results and statistical comparisons of the pre-treat-
ment, post-treatment, and 3 months after the treatment
evaluations for quality of life parameters in hot pack and
mud pack groups were shown in Table 4. Significantly
lower scores were attained in WOMAC TSS and TPFES in
mud pack group compared to hot pack group. WOMAC
TPS, TSS, and TPFS decreased significantly at the end and
3 months after the treatment compared to pre-treatment
values in mud pack group. Except for lack of the persis-
tence of beneficial effects in WOMAC TPFS 3 months
after treatment, hot pack—treated group demonstrated
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Table 5 Comparison of serum YKL-40 and hsCRP values between patients with knee OA in both treatment groups and healthy control group

Hot pack and mud pack groups (n = 50)

YKL-40 ng/ml
hsCRP mg/1

131.35 4 90.91
471 £ 3.65

Control group (n = 20) P
114.16 £ 43.73 0.045*
1.85 + 1.57 0.028*

Mann-Whitney U test was used for comparison
* P <0.05

significant changes in other dimensions of WOMAC in all
evaluations.

All dimensions of NPH improved 2 weeks after the
treatment, and this improvement persisted for 3 months
after the treatment except for the NHP-SIS in mud pack
group. In the hot pack group, while NHP-PS persisted to be
significant for 3 months after the treatment, NHP-PAS and
NHP-ERS improved significantly only till the end of
treatment but no change was detected in NHP-SS, NHP-
SIS, NHP-ELS. All subscales of NHP were not signifi-
cantly different in both groups.

Discussion

The present randomized, controlled clinical study indicates
that pain intensity and joint stiffness decreased in both
groups at all follow-ups. Physical activity status was found
to persist for 3 months after treatment only in mud pack
group contrary to hot pack group in which this change
continued until the end of the treatment.

Previous studies have shown that mud pack treatment
alone or in combination with other balneologic treatments
is effective in OA [21, 24, 31, 32]. The beneficial effect of
mud pack treatment has been ascribed mainly to heat
especially for a relatively prolonged time [33]. Pain, and
muscle spasm diminish due to the increase in the extensi-
bility of collagen-rich tissues with thermal stimulation [34].
It was hypothesized that human skin can release opioid
peptides that may affect the threshold of pain under different
stimuli, such as heat or UV radiation [35]. These mechanisms
that relate to the high temperature of the mud therapy could
explain the short-term clinical efficacy. Because superficial
heat was given in hot pack and mud pack applications; heating
might be responsible for the analgesic effect which was
demonstrated by VAS and pain scales of both WOMAC and
NHP for both groups in our study.

Only mud pack therapy was able to influence NHP-ELS
scores and NHP-SS scores at all follow-ups compared to
pre-treatment. In the mud pack group, as the patients were
transferred to spa center all together, NHP-SIS was sig-
nificantly lower during the therapy, and on the other hand,
this parameter did not change for hot pack group for whom
the application was made individually. Degree of knee
flexion and extension did not change in both groups

compared to pre-treatment levels. This may be due to the
fact that patients did not do regular therapeutic exercise.

While a significant improvement was found in physical
activity status determined by 15-m walking time, WOMAC
TPFS, NHP-PAS, and NHP-ERS of the hot pack group
2 weeks after the treatment compared to pre-treatment
levels; improvement was found to persist only in mud pack
group as long as 3 months after the treatment. The results
of our trial confirm those reported previously in the liter-
ature for knee OA [20, 31]. Effects of mud pack on the
functional status over time might be related to its chemical
effect, a distinct property from hot pack.

Chemical effects of mud pack can be explained by
organic substances or minerals that are absorbed through
the skin. Mud used in our study which is similar to the one
used in Odabasi1 and colleagues’ study was rich in organic
substances with high lignin and humin content [31]. Ful-
mic, ulmic, and humic acids have definite effects on
spontaneous contractile activity of smooth muscle tissue
acting on the 2 adreno and D2 dopamine receptors [36,
37]. An anti-inflammatory compound of mud, sulphogly-
colipid, produced by colonized microorganisms during
maturation process, might contribute to the therapeutic
activity [33]. It was assumed that galic, vanilic, and pro-
catechic acid derivatives may have a role in chemical
effects of mud. Human skin possesses a selective perme-
ability for organic acid derivatives. However, it is not clear
which elements or organic substrates are essential and what
is the ideal concentration of these elements in order to
attain an optimal response to treatment [38].

It was demonstrated that mudpack treatment in OA
could reduce serum IL-1 and prostaglandin E2 (PGE2) and
leukotriene (LTB4) levels which are potent inflammatory
compounds [39, 40]. Bellometti et al. reported that mud
pack treatment decreases serum levels of matrix metallo-
proteinase-3 and tumor necrosis factor « (TNF-o) receptors
consequently reducing cartilage inflammation and damage
[41, 42]. Insulin-like growth factor-1, known to have car-
tilage protective properties, was found to be elevated after
mud pack therapy in patients with OA [43, 44]. Mud pack
treatment may have effects on cartilage homeostasis and
inflammatory reactions, influencing NO and decreasing
serum myeloperoxidase levels [45].

It was previously reported that direct mud pack appli-
cation is superior to nylon covered mud pack application in
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knee OA patients [38]. This finding underlines the contri-
bution of chemical properties of the mud pack treatment.
Similarly in our study, patients in both hot pack and mud
pack groups were exposed to thermal effects but only
patients with mud pack treatment maintained low levels of
YKL-40 which might be related with the anti-inflammatory
properties of mud.

Increased serum and SF YKL-40 levels are found in
patients with knee OA compared to normal subjects [7, 9,
11]. Higher CRP level is also found to be associated with
both prevalent and incident OA of knee joint [15]. In our
study, serum mean YKL-40 and hsCRP levels of the
patients were higher compared to healthy control group.
Although serum levels of YKL-40 did not differ between
the therapy groups, it was increased significantly only in
hot pack group 3 months after the treatment. In our study,
although serum YKL-40 level was not found to be corre-
lated with hsCRP level, in a report, it was suggested YKL-
40 may be a marker for joint inflammation in OA because
of correlation between YKL-40 and CRP levels [10]. The
production of CRP by hepatocytes, the main source of this
acute-phase reactant [9], appears to be regulated primarily
by the proinflammatory cytokines interleukin-6 (IL-6) [46]
and interleukin-1 (IL-1) [17]. In OA, increased hsCRP
levels have been demonstrated to be associated with dis-
ease progression as well as with clinical severity [14].
Higher levels of IL-1, IL-6, and TNF-« in the SF of persons
with knee OA have been reported to be related with joint
destruction [47-49].

In our study, pain at night was found to be correlated
with hsCRP levels before treatment. Increased synovial
infiltration is reported to correlate with elevated hsCRP
levels in OA patients. None of the patients included to this
study had active joint inflammation neither at the beginning
of the treatment nor during follow-ups. No significant
change was seen in hsCRP levels in both groups during the
whole follow-up period. This might be the explanation of
why temporary elevation was not observed in hsCRP level.

BMI that was found correlated with hsCRP level in our
study might be responsible for the persistence of elevated
levels [50]. As a limitation of our study, hsCRP level was
not corrected for BMI or regression analysis was not
applied.

YKL-40-positive cells were found in synovial mem-
brane lining and stromal cells (macrophages) of OA
patients. A correlation among the number of YKL-40-
positive cells and the severity of the synovitis was reported
[9, 13]. This finding was also confirmed by the correlation
of SF YKL-40 level with the synovial membrane cells and
the joint effusion volume determined by magnetic reso-
nance imaging [9]. It was shown that whereas there was no
YKL-40 mRNA expression in normal human cartilage
chondrocytes of the hip joint, a high number of YKL-40-
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positive chondrocytes were detected in articular cartilage
from the hip joint of patients with OA [8]. YKL-40-posi-
tive chondrocytes were noticed to locate particularly in the
superficial and middle layer of the cartilage and especially
in areas of the joint with a considerable biomechanical load
[8]. Johansen et al. [5] suggested that YKL-40 in SF and
serum might reflect human articular cartilage degradation
and synovial inflammation in severe knee OA and RA.
Connor et al. [12] reported that YKL-40 is expressed in
osteoarthritic human cartilage and osteophytes.

SF YKL-40 level was found to be higher than serum
YKL-40, and a relationship exists among the both levels [5,
9], suggesting that in patients with both OA and RA most
of the serum YKL-40 originate from the joint tissues [5].
High serum YKL-40 levels in OA patients in our study
were considered to reflect degenerative changes in the knee
joint cartilage.

Serum level of YKL-40 was found to reflect local
articular changes in response to medical treatment. For
instance, intra-articular glucocorticoid injection results
with a decrease in clinical signs of synovitis and a decrease
in serum YKL-40 [9]. Decreased YKL-40 values indicated
the clinical improvement in patients treated with disease-
modifying antirheumatic drug therapy [5]. Similarly, serum
YKL-40 level was not elevated in knee OA patients treated
with mud pack 3 months after therapy in our study which
might indicate that mud pack retarded the -cartilage
degeneration or synovial inflammation in the joint.

Functionally improved status together with low levels of
YKL-40 for the long term might indicate beneficial effects
of mud pack distinct from hot pack treatment in patients
with knee OA.

Mud pack and hot pack therapy were both demonstrated
to be effective in symptomatic treatment of knee OA until
the end of the treatment period. Whereas only mud pack
therapy was shown to be effective in functional status over
time. This is the first study using YKL-40 and hsCRP in
monitoring efficacy of mud pack therapy. Increased serum
levels of YKL-40 3 months after the treatment might
indicate persistence of cartilage degradation in the hot pack
group. Maintenance of YKL-40 level in mud pack therapy
seems to slow down the progression of knee OA in long-
term follow-up.

As a conclusion, our study demonstrated the superiority
of mud pack therapy compared to hot pack therapy in the
treatment of knee OA, probably due to the specific effects
of the minerals found in this mud. Treatment with mud
pack may relieve pain and improve the function; moreover,
it may decrease the ongoing cartilage loss in patients with
knee OA as evidenced by YKL-40 levels.
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