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Abstract
The purpose of this study was to investigate the therapeutic and the chemical effects of balneological treatment (peloido-
therapy + hydrotherapy), and its effects on serum levels of interleukin-1beta (IL-1β), tumor necrosis factor-alpha (TNF-α), 
and insulin-like growth factor–1 (IGF-1) in patients with knee osteoarthritis (OA). Sixty-four (64) knee OA patients were 
randomly divided into study and control groups. Balneological treatment, consisting of hydrotherapy, and peloidotherapy 
were given to both groups. Unlike the study group, in the control group, the peloid was applied over a stretch film cover, 
preventing any contact between the skin and peloid. Clinical outcome measures of the study were pain degree, patient’s 
and investigator’s global assessment on visual analog scale (VAS-pain, VAS-PGA, VAS-IGA), and Western Ontario and 
McMaster Universities Osteoarthritis Index (WOMAC) (pain, stiffness, and physical function). Patients were evaluated at 
baseline, post-treatment (after 10th session), and 3 and 6 months after treatment. Blood samples were taken at baseline, 
post- treatment, and 6 months after treatment for analysis of IL-1β, TNF-α, and IGF-1 serum levels. When compared with 
the baseline, VAS measurements decreased significantly in almost all evaluation periods in both groups, and no difference 
was observed between the groups. In the study group, WOMAC scores showed significant improvement in all assessments. In 
the control group, pain and physical function subscores of WOMAC significantly decreased at post-treatment and 3 months 
after treatment. In group comparison, pain and stiffness subscores showed a significant difference in favor of the study group 
at 6 months after treatment. No clinically significant improvement was seen in levels of IL-1β and IGF-1 in both groups 
during the whole assessment period. Because of TNF-α kit failure, we could not evaluate the measurements. In conclusion, 
balneological treatment is an effective treatment option to improve the pain and functional capacity of patients with knee 
OA. The application of peloid by contact with the skin is superior in the long-term period, which means that in addition to 
the thermal effect, the chemical content of peloid can also contribute to the therapeutic effect.
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Introduction

Osteoarthritis (OA) is one of the most common chronic 
health problems and can lead to pain and disability as well as 
depression, sleep disturbances, cardiovascular disease, and 
death (Vina and Kwoh 2018). In a recent study, the pooled 
global prevalence of knee OA was reported 22.9% in those 
aged ≥ 40 (Cui et al. 2020). The main characteristics of 
OA are disruption of articular cartilage, subchondral bone 
remodeling, inflammation of the synovium, ligament and 
menisci injury, and periarticular muscle weakness (Güngen 
et al. 2016). Despite OA being classified as a non-inflamma-
tory joint disease, it is widely accepted that synovial inflam-
mation and innate immune responses are implicated in the 
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pathogenesis (Scanzello and Goldring 2012). Studies have 
shown that disease-associated molecular patterns (DAMPs) 
such as cartilage extracellular matrix breakdown products, 
intracellular alarmins, plasma proteins, and joint crystals 
have an important role in the pathogenesis of OA (Sokolove 
and Lepus 2013). DAMPs released after joint trauma and/
or overuse induce the expression of inflammation-related 
mediators and catabolic proteases via triggering intercellular 
signaling pathways (Sokolove and Lepus 2013; Griffin and 
Scanzello 2019). Proinflammatory cytokines such as IL-1β 
and TNF-α are among the mediators secreted in OA, and 
they promote the inflammatory cascade by stimulating the 
release of many other mediators along with them (Chow and 
Chin 2020). In vitro studies have shown that IL-1β leads 
to impairment by inhibiting the production of cartilage 
matrix molecules like aggrecan and collagen type II and IX 
(Sokolove and Lepus 2013). Moreover, it has been reported 
that inflammatory mediators produced in the articular tissues 
can be detected outside the joint, in the systemic circulation 
of OA patients (Ortega et al. 2017). IL-1β and TNF-α were 
found to be higher in blood samples of OA patients com-
pared to healthy subjects (Gálvez et al. 2017). Insulin-like 
growth factor-1 (IGF-1) is one of the growth factors defined 
in cartilage homeostasis and is suggested to be responsible 
for inadequate repair in the development of OA (Malemud 
2010). In many studies, it has been shown experimentally 
that it protects the cartilage matrix damaged by inflamma-
tory cytokines against degradation (Weimer et al. 2012). OA 
occurs as a result of the imbalance of all these anabolic and 
catabolic processes (Mueller and Tuan 2011).

The purpose of treatment approaches in knee OA is to 
increase the quality of life and functional capacity by reduc-
ing pain (Sarsan et al. 2012). Balneological treatment is one 
of the non-pharmacological treatment options recommended 
for OA in the European League Against Rheumatism 
(EULAR) guideline (Karagülle et al. 2007). Peloidotherapy, 
balneotherapy, and hydrotherapy are the most widely used 
balneological methods in thermal medicine (Bender et al. 
2005). Vasodilation caused by thermal stimulation increases 
vasomotion, metabolism, and elasticity of connective tissue, 
resulting in relaxation in muscle tissue and reduction in pain 
(Sarsan et al. 2012). In addition, thermal stress provokes the 
release of adrenocorticotropic hormone (ACTH), cortisol, 
prolactin, and growth hormone without altering the circa-
dian rhythm (Fioravanti et al. 2017). The thermal stimu-
lus affects the hypothalamus-pituitary-adrenal axis, and 
the released corticosteroids and endorphins reduce edema, 
inflammation, and pain threshold (Fioravanti et al. 2017). 
Multiple studies have shown that balneological treatment 
improves pain level and functional conditions in various 
musculoskeletal diseases such as fibromyalgia, rheumatoid 
arthritis, and low back pain (Karagülle and Karagülle 2004). 

Although the researches are heterogeneous, considering 
the anti-inflammatory, antioxidant, and chondroprotective 
effects of balneological treatment, it has been shown that 
it can be effective as a complementary approach in various 
rheumatic diseases (Cheleschi et al. 2021).

Peloids (common name is mud) are therapeutic sub-
stances that are consist of organic and/or inorganic sub-
stances formed over many years by chemical and physical 
processes and provide heat transfer by conduction (Özkuk 
et al. 2017). The heat absorbed by the peloid is stored for a 
long time and released slowly, thereby providing a prolonged 
heat effect (Odabasi et al. 2008). The beneficial effects of 
peloid are generally considered as a consequence of the 
thermal effect; however, it is suggested that the chemical 
composition of the peloid is also involved in its therapeutic 
action (Odabasi et al. 2008). In vitro studies, it has been 
observed that mud extracts can pass through the skin in suf-
ficient amounts and can cause biological influence (Beer 
et al. 2003). However, the role of the transdermal permeation 
of chemical substances is not clearly explained (Odabasi 
et al. 2008).

As a result of many studies, after balneological treatment, 
a decrease in serum levels of proinflammatory molecules 
such as TNF-α, IL-1β, prostaglandin E2 (PGE2), leukotriene 
B4 ( LTB4), and C-reactive protein (CRP) and an increase in 
IGF-1 have been shown (Maccarone et al. 2021). This study 
aims to evaluate the effect of balneological treatment and 
chemical content of peloid on clinical symptoms and serum 
levels of IL-1β, TNF-α, and IGF-1 in knee OA patients.

Material and methods

Study design

The study was planned as a prospective, randomized-con-
trolled, parallel 1:1, single-blinded design. The study proto-
col was approved by the Clinical Research Ethics Commit-
tee of the institution and funded by the Scientific Research 
Projects Coordination Unit of Istanbul University, Project 
number: TTU-2018-30161

Subjects

A total of 339 patients who applied to the Department of 
Medical Ecology and Hydroclimatology with the complaint 
of knee pain were evaluated for eligibility by scanning the 
patient files. Sixty-four (64) patients met the criteria and 
agreed to participate in the study (Figure 1). Each subject 
was given information about the study.
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Inclusion criteria

• 40–70 years of age
• Diagnosed with knee OA according to American College 

of Rheumatology classification criteria
• Grade 2 or more according to the Kellgren-Lawrence 

score
• Accept to sign their written consent

Exclusion criteria

The patients were excluded if they have a previous history of 
knee surgery, decompensated organ failure, treatment for onco-
logical diseases, systemic inflammatory diseases, infectious 
diseases, intra-articular injection within the last 6 months; 
physical therapy or balneological treatment within the last 1 
year, and change in the drug routine within last 2 months.

Intervention

All patients were given bath therapy as immersion at 38 °C 
hydrotherapy pool (tap water) for 20 min. After that, peloid 
was heated to 43 °C in the microwave oven and performed to 
both knees for 20 min. Unlike the study group in the control 
group, peloid was applied over an impermeable stretch film. 
After peloid application, both knees were wrapped with a 
stretch cover and towel to decrease the heat loss. Patients 
were allowed to take only oral paracetamol if they need 
(maximum 2 g/day). The same treatment was performed 
during a total of 10 sessions for 2 weeks (not given at the 

weekends). We considered patients who received 8 out of 10 
sessions to have completed the treatment.

Peloid used in the study was a mixture of sepiolite clay and 
natural mineral water obtained from Tuzla Spa Resort, Istan-
bul (total mineralization of 3406 mg/L). The mineral water is 
defined as saline water because it contains high concentrations 
of sodium chloride (total mineralization 4145 mg/L).

Side effects

We evaluated the side effects based on the patient state-
ments. Except for local temporary skin irritation, no side 
effect was reported that would affect the therapy course.

Outcome measures

Patients were evaluated with questionnaire forms at base-
line, post-treatment, and 3 and 6 months after treatment. 
The pain Visual Analog Scale (VAS-pain), patient’s global 
assessment (VAS-PGA), investigator’s global assessment 
(VAS-IGA), and WOMAC (The Western Ontario and 
McMaster Universities Osteoarthritis Index) were used 
for clinical evaluations. The VAS is a 100-mm-long line 
which is a widely used method for evaluating the degree 
of pain. Subjects were asked to mark a point between 0 
(no pain) and 100 (intolerable pain). Lower scores indicate 
better patient status in terms of pain and global assessment 
(Price et al. 1983). Pain, stiffness, and physical function 
were evaluated by WOMAC. There is a 5-point Likert scale 

Fig. 1  Flow diagram of patients
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of 0 to 4 for each item, 0 indicates nothing and 4 indicates 
severe. For interpretation, the scores of the items in each 
domain are added to obtain subscores. The highest sub-
score for pain (PS) is 20, for stiffness (SS) is 8, for function 
(PFS) is 68, and higher scores indicate worse pain, stiff-
ness, or functional limitation(Bellamy et al. 1988).

Randomization and blinding

Randomization was made by using a computer-generated ran-
dom number list. The physician who conducted the study (TA), 
allocated the intervention groups according to the number list 
and was aware of the assigned groups. Baseline assessments 
and outcome evaluations were made by a physician (BA) who 
was blinded to the patient groups. All meetings were done face-
to-face, and questions were asked one by one. Patients were not 
blinded to the intervention regimens, and they were warned not 
to tell about their regimens. We were careful not to take differ-
ent groups together in the same room. An independent blinded 
statistician performed the analysis of the study results.

Biochemical markers

Blood samples were collected at baseline, after treatment, 
and 6 months after treatment to detect serum levels of IL-1β, 
TNF-α, and IGF-1. They were kept waiting at room tem-
perature for 15 min and then centrifuged at 3500 rpm for 10 
min. The isolated serum samples were stored at −80 °C until 
assay. Serum IL-1β and TNF-α were measured by a com-
mercial Diaclone ELISA (France) kit; serum IGF-1 levels 
were measured by a commercial LDN ELISA (Germany) kit. 
All samples were analyzed on the same day with the same 
kit to avoid inter-assay variations.

Statistical analysis

The data were analyzed by using the Statistical Package for 
the Social Sciences (SPSS) for Windows v21.0 (IBM Corp 
Released 2012) software based on per-protocol analysis. 
Sample size calculation was performed using G* Power 
3.0.10 program with 32 patients for each group (α = 0.05, 
effect size = 0.8, and power (1 − β) = 0.88). The normal dis-
tribution of the data was checked by using Shapiro-Wilk test. 
The data mostly showed abnormal distribution. If the data 
was normally distributed, paired sample t-test to determine 
the changes within each group and independent sample t-test 
for comparisons between the groups were used. When a nor-
mal distribution was not found, the Wilcoxon signed-rank 
test for compare differences within each group and Mann 
Whitney U test for comparisons between the groups were 
used. Pearson chi-square test was used for demographical 
variables. The outcomes and the variables of the change 
(baseline value minus follow-up value) were presented as 

median (25th–75th percentile). In intergroup comparisons, 
p < 0.05 were accepted as significant. The significance 
value of intragroup pairwise comparisons was corrected by 
Bonferroni method. p < 0.008 for clinical findings and p < 
0.0167 for laboratory findings were considered significant.

Results

Flow diagram

Sixty-four patients who agreed to sign written informed 
consent and met the study criteria were given the treatment. 
Three patients in the control group were excluded because of 
missing treatment sessions. One did not communicate, and 
two patients had flu. Four patients did not come to follow-up 
in the 3rd month. All patients in the study group completed 
the treatment. Three patients were excluded because they no 
longer met the study criteria during the follow-up period (2 
knee injections, 1 knee replacement surgery). One patient 
did not contact us in the 6th month.

Baseline

The mean age of patients was 60.84 ± 7.76 years in the study 
group and 59.09 ± 9.15 years in the control group. Thirty-
one (%96.9) of patients were female, and 1 (%3.1) were male 
in both groups.

The mean BMI measures were 30.34 ± 4.33 and 31.25 
± 5.15 in the study and control groups, respectively. Three 
(%9.4) of patients were graded as Kellgren Lawrence (KL) 
stage II, 15 (%46.9) of patients as stage III, and 14 (%43.8) of 
patients as stage IV in the study group. There were 3 (%9.4) 
KL stage II patients, 19 (%59.4) KL stage III, and 10 (%31.3) 
KL stage IV patients in the control group. There are no sig-
nificant differences between the two groups regarding age (p 
= 0.412), sex (p = 1.0), body mass indices (BMI) (p = 0.444), 
and Kellgren–Lawrence (KL) scoring (p = 0.566) (Table 1).

The results and statistical comparisons of biochemical and 
functional parameters for baseline, post-treatment, and 3 and 6 
months after the treatment in the study and control groups were 
shown in Table 2. Both groups did not show any difference in 
terms of any of the baseline measures evaluated for this study 
VAS-pain, VAS-PGA, VAS-IGA, WOMAC-PS, WOMAC-SS, 
WOMAC-PFS, IL-1β, and IGF-1 levels at baseline (p > 0.05).

Outcomes

Except for the 3rd-month evaluation of VAS-PGA in the 
study group, all VAS measurements showed a significant 
improvement in both groups (p < 0.008). Between the 
groups, no significant difference was detected in any evalu-
ation period (p > 0.05).
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All assessments of WOMAC scores decreased significantly 
in the study group (p < 0.008). The control group showed a 
significant improvement in WOMAC pain and physical func-
tion subscores at the post-treatment and 3 months after treat-
ment (p < 0.008), but no significant improvement was seen 
after 6 months (p > 0.008). Between the groups, only the 
6th-month assessment of pain and stiffness subscores showed 
a significant difference in favor of the study group (p < 0.05).

There was no significant change in IL-1β in both groups 
during the entire follow-up period (p > 0.167). IGF-1 levels 
did not increase in both groups, and the statistically significant 
decrease seen in the control group was clinically insignificant 
(Table 3). There was no significant difference between the 
groups in any evaluation period (p > 0.05). We could not 
evaluate the samples due to the failure of the TNF-α kit.

Discussion

The mechanisms of balneological treatment in reducing the 
symptoms of OA and many other rheumatic diseases have 
not been fully elucidated yet (Fioravanti et al. 2017). The 
main factors that play a role in the formation of the total 
effect are mechanical, thermal, and chemical mechanisms 
(Gutenbrunner et al. 2010). Hydrostatic pressure and tem-
perature of the water can be effective in increasing the joint 
range of motion and reducing the severity of pain and mus-
cle spasms (Tenti et al. 2014). In our trial, the improvement 
in symptoms over time in both the study and control groups 
may be due to the thermal/physical properties of the peloid 
and hydrotherapy. At the same time, the results showed a 
better clinical outcome for patients treated with direct peloid 
application. These findings are consistent with the previous 
study results. In a study on this subject, Güngen et al. (2012) 
compared mudpack and hot pack treatment in knee OA 
patients. In both treatment groups, pain scores measured by 
VAS at rest, at night, during the activity were significantly 
lower at the end of the treatment and 3rd-month follow-up 
compared to baseline. There was no difference between the 
groups. Similarly, in our study, both groups showed statis-
tically significant improvement in almost all VAS scores. 
The thermal effect of balneological treatment increases the 
tensile strength and range of motion of collagen-rich tissues 

and reduces muscle spasms and pain, creating a feeling of 
comfort in the person (Fioravanti et al. 2011). It also stimu-
lates the release of molecules with analgesic effects, such 
as beta-endorphins, from the skin (Fioravanti et al. 2017).

In a study, Odabasi et al. (2008) used mud pack therapy 
in knee OA patients. In the study group, mud was applied 
directly to the skin; in the control group, mud was performed 
over an impermeable nylon pack. After 3 weeks of treat-
ment, patients were followed 24 weeks with 4-week inter-
vals. VAS-pain, VAS-PGA, and VAS-IGA scores in the 
study group showed better improvement compared to the 
control group during the whole post-intervention follow-ups. 
In the study, researchers defined the term of minimal clini-
cally important improvement (MCII) for interpreting clini-
cal meaningful results (−40.8% for pain, −39.0% for VAS-
PGA and VAS-IGA). This limitation likely overshadowed 
the improvement scores in the control group. In another 
study, Gyarmati et al. (2017) gave mud pack therapy to a 
group of hand OA patients to investigate the chemical effect 
of mud. One group received mud therapy directly on the 
hands; the other group was applied over nylon gloves. Both 
groups showed better improvement during the follow-up 
period. Three parameters showed better improvement at the 
4th-month follow-up in favor of the directly applied group. 
Similarly, in our study, two parameters (pain and stiffness) 
showed better long-term improvement in the study group 
when comparing the control group. Flusser et al. (2002) 
treated knee OA patients on 15 sessions of mud therapy. 
The treatment group received mud, and the control group 
received mineral-depleted mud. During the follow-up period, 
only the treatment group showed a significant decrease in 
pain. In our study and the studies mentioned, the cutaneous 
application of the peloid showed superiority in long-term 
periods in some clinical outcomes. This strengthens the idea 
that apart from the thermal effect, some chemical mecha-
nisms may also play a role in the effectiveness of peloid.

Peloids are formed by a combination of organic and inor-
ganic materials. Humic substances (HS), which are formed as a 
result of the separation of organic substances into their compo-
nents, are found in various soils, swamps, and sea sediments in 
nature. Various studies have revealed that HS has antiviral, anti-
inflammatory, and immune-modulatory effects (Gyarmati et al. 
2017). An in vitro study on humic acids, the humic acid content 

Table 1  Characteristics of the 
study population

Study group (n = 28) Control group (n = 25)

Age, years (mean ± SD) 60.84 ±  7.76 59.09 ± 9.15
Gender, F/M 31/1 31/1
BMI (kg/m2) (mean ± SD) 30.34 ± 4.33 31.25 ± 5.15
Radiographic OA severity (KL score)

  Grade II 3 (%9.4) 3 (%9.4)
  Grade III 15 (%46.9) 19 (%59.4)
  Grade IV 14 (%43.8) 10 (%31.3)
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Table 2  Comparison of clinical parameters within each group and between study and control groups

Change value means baseline minus follow-up value. p ≤ 0.008 compared with the baseline assessment. #p ≤ 0.05 comparison between the groups
PGA patient’s global assessment, DGA physician’s global assessment, WOMAC Western Ontario and McMaster Universities multifunctional 
index, WOMAC-PS WOMAC pain scale, WOMAC-SS WOMAC stiffness scale, WOMAC-PFS physical function scale, IQR interquartile 
 (25th–75th percentile) range

Study group (n = 28) Control group (n = 25) p#

Median (IQR) Change value median (IQR) Median (IQR) Change value median (IQR)

VAS-PGA
  Baseline 50.5 (40.5–61.25) 56 (48–70)
  Post-treatment 38 (26.5–49.5) 11 (−0.5 to 31.5) 36 (21.5–52.5) 28 (4.5 to 38) 0.13

p=0.001 p<0.001
  3 mo after treatment 41 (27–55.5) 9 (−3 to 28) 47 (32–55.5) 16 (−0.5 to 26.5) 0.46

p=0.018 p<0.001
  6 mo after treatment 42 (24.25–45) 12 (0 to 37.2) 46 (24–58) 13 (1.5 to 29) 0.99

p=0.007 p=0.001
VAS-pain

  Baseline 55 (49.25–75.75) 58 (52–73)
  Post-treatment 10 (2–48.75) 40.5 (19.2 to 55.2) 8 (2–50) 45 (17.5 to 54.5) 0.95

p<0.001 p<0.001
  3 mo after treatment 43 (17–65) 14 (−3 to 37.5) 36 (9–61) 19 (5 to 43) 0.37

p=0.002 p<0.001
  6 mo after treatment 40 (25–50) 20.5 (4 to 40) 44 (12.5–55.5) 22 (5 to 43) 0.72

p<0.001 p<0.001
VAS-DGA

  Baseline 52.5 (45.5–71.5) 57 (51–67)
  Post-treatment 25 (17.25–40.75) 27 (11 to 42.7) 22 (12.5–41) 37 (19.5 to 42) 0.17

p<0.001 p<0.001
  3 mo after treatment 37 (21–54.5) 17 (5.5 to 43.5) 30 (22.5–48.5) 23 (14.5 to 35) 0.29

p=0.001 p<0.001
  6 mo after treatment 36 (22.5–44.5) 19.5 (6 to 40.7) 39 (14.5–50) 23 (15.5 to 35.5) 0.51

p<0.001 p<0.001
WOMAC-PS

  Baseline 8 (6–11.75) 8 (6–11)
  Post-treatment 5.5 (2–9.75) 2.5 (0.25 to 6) 6 (1.5–9.5) 4 (−0.5 to 7) 0.09

p=0.002 p=0.002
  3 mo after treatment 6 (4.5–7) 3 (−1 to 7) 5 (2.5–8.5) 4 (−1 to 5.5) 0.85

p=0.003 p=0.002
  6 mo after treatment 5 (3–9.5) 4 (0 to 6) 8 (4–10.5) 1 (−2 to 3) 0.03#

p=0.004 p=0.134
WOMAC-SS

  Baseline 4 (2.25–5) 3 (1.25–4)
  Post-treatment 2 (1–4) 1 (0 to 3) 2 (1–4) 0 (−1 to 2) 0.14

p=0.001 p=0.19
  3 mo after treatment 2 (1–4) −2 (−5 to 0) 2 (0–4) −3 (−5 to 0) 0.49

p=0.002 p=0.24
  6 mo after treatment 2 (.25–3) 1 (0 to 3.5) 2 (1–4) 0 (−1.5 to 2) 0.04#

p=0.001 p=0.59
WOMAC-PFS

  Baseline 28.5 (19.25–39.75 28.5 (17.5–34.75)
  Post-treatment 18.5 (10–24.75) 10.5 (1.5 to 16.7) 17 (6–31) 8 (−0.5 to 12) 0.55

p<0.001 p=0.001
  3 mo after treatment 19 (11.5–26) 9 (4 to 19.5) 14 (9.5–25.5) 6 (−2.5 to 14) 0.43

p<0.001 p=0.007
  6 mo after treatment 17 (11.25–25) 13 (2.5 to 18) 18 (9–30.5) 4 (−2 to 11) 0.21

p<0.001 p=0.033
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of sea mud obtained as a result of tidal currents in the Boryeong 
region of Korea showed that HS has anti-inflammatory effects 
on human keratinocytes (Kim et al. 2010). In an experimental 
study on this subject, Beer et al. (2000) showed that fulvic and 
ulmic acids in peat extract stimulate spontaneous muscle activ-
ity of smooth muscle cells acting on α2-adreno and D2-dopa-
mine receptors. Although various studies have shown that the 
organic and mineral content have effects on the skin tissue, it 
is still a matter of curiosity whether it affects deeper tissues. 
Tateo et al. (2009) used the modified Franz-type diffusion cells 
to indicate the passage of chemical agents from thermal mud to 
adjacent tissue. As a result of the calculation made by assuming 
the whole-body application for 20 min, it has been argued that 
a significant supply amount of sodium, chlorine, calcium, and 
essential minerals can pass through the skin.

Cozzi et al. (2004) showed that 10 days of thermal mud 
and water treatment produced an anti-inflammatory effect 
by reducing circulating TNF-a and IL-1β levels in Freund’s 
adjuvant-induced arthritis in rats. Ortega et al. (2017) evalu-
ated the levels of IL-1β and TNF-α before and after 21 ses-
sions of whole-body peloid and spa therapy and observed 
that these cytokines decreased significantly after treatment. 
There may be some reasons why there was no significant 
change at the IL-1β level in our study. In the mentioned 
studies, the mud has a high sulfoglycolipid (SGL) content. 
SGLs are substances with anti-inflammatory properties and 
are produced after a 6–7 months “maturation” period dur-
ing which thermophilic microorganisms colonize (Gomes 
2018; Centini et al. 2015). In our study, the peloid is rich in 
inorganic substances predominantly sodium chloride, mag-
nesium, and calcium. In addition, the peloid was applied 
locally to the knees instead of the whole body.

In a study, Sarsan et al. (2012) compared mud pack and 
hot pack treatment in knee OA and the patients were fol-
lowed post-treatment and 3 and 6 months after treatment. 
There was no significant difference in levels of TNF-α and 
IL-6 in intra-group evaluations and between-group com-
parisons. A significant increase in IGF-1 was seen only in 
the mud pack group at 3rd-month follow-up, and there was 
a significant difference between the groups in favor of the 
mud pack group. In our study group, no significant increase 
in IGF-1 was detected after treatment and 6 months after 
treatment, and there was no difference between the groups. 
Although mud was applied locally in both studies, it is note-
worthy that, unlike our study, mud with high organic content 
was used in the aforementioned study.

In our study, the participants are mostly obese (mean BMI 
> 30). A survey of the studies investigating the relationship 
between obesity and OA has not been able to come to a 
definitive conclusion that overweight is a causal factor (Asp-
den 2011). In addition, obesity is thought to be mostly asso-
ciated with increased pro-inflammatory cytokines (IL-1β, 
TNF-α, IL-6) and abnormal levels of hormones and growth 
factors, higher bone mineral density, and other metabolic 
mediators (Wang and He 2018). Even though the effect of 
the link between obesity and metabolic factors on the devel-
opment of OA cannot be fully explained (Pottie et al. 2006), 
it may have an impact on the results of our study.

Limitations

A small number of male patients and involving mostly 
obese subjects are limitations of this study in terms of 

Table 3  Comparison of laboratory results within each group and between study and control groups

Change value means baseline minus follow-up value. p ≤ 0.0167 compared with the baseline assessment. #p ≤ 0.05 comparison between the 
groups
IQR interquartile  (25th–75th percentile) range

Study group (n = 28) Control group (n = 25) p#

Median (IQR) Change value median (IQR) Median (IQR) Change value median (IQR)

IGF-1
  Baseline 78.83 (44–103.37) 90.21 (68.52–121.1)
  After treatment 82.62 (53–95.63) −6.5 (−20.6 to 11.4) 71.76 (59.77–94.86) 14.1 (−3.7 to 38.4) 0.002#

p=0.175 p=0.007
  6 mo after treatment 64.53 (45.7–79.8) 8.8 (−15.9 to 38.9) 71.09 (43.75–92.81) 32.1 (−13 to 62.8) 0.27

p=0.304 p=0.008
IL-1β

  Baseline 3.6 (.53–6.43) 4.395 (1.52–7.48) 0.53
  After treatment 3.33 (1.44–4.85) 0 (−0.6 to 2.1) 4.24 (1.21–6.67) 0.3 (−1.2 to 1.5) 0.24

p=0.12 p=0.558
  6 mo after treatment 3.2 (2.03–5.2) 0 (−2.1 to 2.6) 4.87 (2.2–6.53) 0.1 (−1.6 to 2.4) 0.68

p=0.77 p=0.506
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generalizability. The absence of a control group without 
treatment is one of the weaknesses of this study. Also, the 
control group did not blind to the treatment. Using a deminer-
alized type of peloid in the control group, which has the same 
properties as the peloid applied to the study group in terms 
of appearance and heat conduction, will help for obtaining 
more specific results. If we wash the minerals in the peloid, 
this will change the heat retention and transmission capacity 
of the peloid. In this case, the question of what the applica-
tion temperature and time should be for the demineralized 
peloid arises. It will be useful for future studies to establish 
mineral amount-heat capacity measurements of peloid to be 
obtained with laboratory analyses for this subject. Due to the 
limited study budget, we were unable to evaluate laboratory 
parameters 3 months after treatment. Because of the limited 
data on long-term biomarker evaluation in the literature, we 
chose to perform analysis 6 months after treatment.

Conclusion

Our study demonstrates that balneological treatment has 
beneficial effects on knee OA. Peloidotherapy is an effective 
method for improving the patient’s status whether applied 
directly or not. Clinical results show that the chemical prop-
erties of the peloid may play a role in this effect. Studies with 
more patients and precise methods are required for investi-
gating the effects of this treatment on biomarkers of OA.
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