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Abstract Mud-bath therapy plays a primary role in the
treatment and prevention of osteoarthritis that has been
recognised since antiquity. Numerous studies have demon-
strated its clinical benefits and its effects on inflammatory
mediators (interleukins), the immune system, cenesthesic
factors (endorphins), and the diencephalic—pituitary—adrenal
axis. This study was conducted to assess the efficacy of
mud-bath therapy with mineral water from the Sillene
Spring at Italy’s Chianciano Spa in patients with osteoar-
thritis of the knee. Patients (n = 61) were divided into two
groups. Group A underwent three cycles of mud-based spa
therapy over a year’s time, whereas group B did not. Clinical
conditions, visual analogue scale pain ratings, and Lequesne
indexes of the two groups were compared. We also com-
pared these same parameters in the patients of the two
groups that were following the therapy with drugs and in the
patients of the group A before and after spa treatment. The
percentage of patients with no symptoms or mild symptoms
was higher in group A than in group B. Within group A, this
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percentage was higher after treatment than before spa ther-
apy. Even in the comparison between the patients of the two
groups that were following the therapy with drug, the results
was that in group A the percentage of patients with no
symptoms or mild symptoms was higher than in group B.
Statistical analyses based on various tests revealed that
almost all these differences were highly significant. No
adverse effects were observed in any of the patients in
group A. In conclusion, the mud-bath therapy performed at
Chianciano Spa with Sillene Spring water remarkably
improved the clinical conditions of patients with knee
arthritis and significantly reduces the frequency and severity
of symptoms and the disability they cause.

Keywords Spa therapy - Mud-bath therapy -
Osteoarthritis - Knee osteoarthritis

Introduction

Spa medicine is a branch of medicine that provides natural
forms of treatment (baths, mud packs, mineral waters, caves)
for a well-defined set of diseases. The therapeutic efficacy of
these approaches has been demonstrated in scientific studies.
A number of these studies have investigated aspects of mud-
based spa therapies (general and local effects, efficacy,
mechanisms of action) in patients with osteoarthritis (OA)
[1-15]. These treatments have been shown to modify plasma
levels of inflammatory and immune mediators, such as IL-1,
IL-6, PGE2, LTB4, TNFu, and to activate the diencephalic—
pituitary—adrenal axis, causing increased production of
ACTH and adrenocortical hormones and endogenous opi-
oids (cortisol, f-endorphin, insulin-like growth factor I).
Increases in blood flow induced at the application site by the
heat of the mud-pack might promote local clearance of
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inflammatory mediators and pain-producing substances.
These changes explain the analgesic and antiinflammatory
effects and the improved mobility observed in patients with
arthritis who have had mud-based therapy [16-23]. Mud
treatments also increase serum levels of GSH peroxidase,
which is the cell’s main defense against free-radical-induced
toxicity [24-26]. Some authors have reported that a single
cycle of standard mud-based therapy has positive effects at
the systemic level, as reflected by chondrocyte markers, and
these findings support the hypothesis that mud-based therapy
produces protective effects on the articular cartilage [27].
Mud treatments have also been shown to activate osteoblasts
without suppressing osteoclast activity, which suggests that
this approach can be used (or in any case is not contraindi-
cated) in patients suffering from osteoporosis [28, 29].

At Chianciano Spa in Italy, patients with OA are treated
with mud packs prepared with water from the Sillene Spring
and baths in the same water. The Sillene Spring is located
505 m above sea level, and its water is characterised by high
sulphate, bicarbonate, calcium, and magnesium contents, a
source temperature of 38.5°C, and a fixed residue of 2.956
g/L at 180°C. The mud used consisted of a solid argillaceous
component, predominantly inorganic, which had “matured”
for 6 months in mineral water from the Sillene Spring. The
water contains bicarbonate (816 mg/L) and sulphate anions
(1.648 g/L) and magnesium (150 mg/L) and calcium cations
(680 mg/L). After the 6-month maturation period, the
physical and chemical properties of the mud are stable.

Objectives

This study was conducted to evaluate the efficacy of the
mud-bath therapy offered at Chianciano Spa in patients
with symptomatic OA of one or both knees.

In particular, the objective of the study was to verify the
efficacy of mud-bath therapy in reducing the severity of OA
symptoms, thereby improving the quality of life, and in
preventing progression of the disease and the onset of dis-
ability (secondary prevention). We also evaluated the pos-
sibility that in patients receiving drug therapy, the addition of
mud packs and thermal baths, which are generally not
associated with adverse side effects, might produce more
favorable results than those achieved with drugs alone.

Methods

The study population consisted of 61 patients with knee
OA, who were divided into two groups. Group A under-
went three full cycles of mud-bath therapy at the Chi-
anciano Spa over 1 year’s time, and group B patients did
not receive this treatment. Each cycle of therapy included
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12 daily treatments. Patients were treated after an overnight
fast. A 10-cm thick layer of mud was applied to the knee at
a temperature of 47°C and left in place for 20 min, after
which the knee was bathed for 15 min at 37°C in Sillene
Spring water.

There were not significant differences between the two
groups in terms of age or sex distributions or the patients’
clinical characteristics (i.e., severity and extension of OA)
when treatment began. In both groups, patients receiving
other types of therapy (NSAIDs and/or analgesics) for OA
were allowed to continue these treatments for the duration
of the study.

The patients who were already being treated with anti-
inflammatory agents and analgesics were divided into two
groups: the first group also underwent spa therapy, and the
second did not.

We also conducted a longitudinal observational study on
the patients of group A, before and after completion of the
treatment protocol, which consisted in three cycles of mud-
bath therapy.! The prolonged period of observation
(1 year) and the fact that patients underwent three cycles of
spa therapy are important factors for an appropriate
assessment of the effects of mud-based spa therapy.
Enrolment was carried out using the following inclusion
criteria: knee pain, age >50 years, stiffness after rest las-
ting < 30 min, presence of joint crepitus, bony tenderness,
bony enlargement, and no palpable warmth [30, 31].
Candidates were excluded if they had any of the following:
recent surgery, intra-articular steroid injections within the
preceding 3 months, arteriopathy, active thrombophlebitis,
severe venous insufficiency, neoplastic disease, febrile
diseases, uncontrolled hypertension, uncontrolled diabetes
mellitus, other rheumatic diseases, current or past heart
failure, ischaemic heart disease.

Each patient enrolled in the study underwent the fol-
lowing assessments:

e physical examination of the knee joint focusing on the
principal symptoms of the disease;

e visual analogue scale (VAS) assessment of pain;

e tests comprised the Lequesne Algofunctional index.

The physical examination of each knee included the
ascertainment of pain on palpation (presence/absence) and
the capacity for flexion/extension, which was rated as
complete and pain free, complete but painful, limited, or
impossible.

For each of these two clinical variables, as reported in the
Tables 2, 3 and 4, the percentage of patients where the pain

! For personal reasons, three of the patients in group A were unable
to complete the second cycle of treatment scheduled 6 months after
the first, but all three completed the third cycle, which began 1 year
after the first. .
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Table 1 Lequesne Algofunctional index

1 Pain or discomfort

(a) Nocturnal bed rest

(b) Duration of morning stiffness or pain after getting up

(c) Remaining standing for 30 min increases pain

(d) Pain on walking

(e) Getting up from a sitting position without using the arms causes pain or discomfort

2 Maximum distance walked
0 = Unlimited
1 = Slight over 1 km but with limitations
2 = About 1 km (about 15 min)
3 = About 500-900 m (about 8—15 min)

4 = 300-500 m
5 = 100-300 m
6 = <100 m;

7 = With the aid of one walking stick or crutch

8 = With the aid of two walking stick or crutches
3 Activities of daily living

Can you go up a standard flight of stairs?

Can you go down a standard flight of stairs?

Can you squat?

Can you walk on irregular ground?

0 = None or insignificant

1 = Only on movement or in certain positions
2 = Without movement

0 = <1 min

1 = <15 min

2 = 15 min or more

0 = No
1 = Yes
0 = None

1 = Only after walking a certain distance
2 = Immediately after starting

0 = No

1 = Yes

For each of the latter items, the score assigned expresses the level of difficulty: easy = 0; with three levels of increasing difficulty = 0.5-1-1.5;

impossible = 2

on palpation was present or absent was calculated and the
capacity for flexion/extension was rated as complete and
without pain, complete but painful, limited or impossible.

VAS are often used to measure the intensity of pain
associated with a given disease. This method involves the
assignment of a score ranging from O (complete absence of
pain) to 10 (very intense/unbearable pain) [32-36].

The Lequesne index was also calculated for each patient.
For this purpose, a score was assigned for each of the tests
conducted in accordance with indications reported in the
literature. An overall score representing the sum of the scores
for each test was also calculated [37, 38]. This overall score
ranged from O (indicating that the patient could carry out all
activities without difficulty) to 24 (a situation characterised
by maximum-intensity pain, discomfort, and inability to
carry out the activities of daily life) (Table 1).

Statistical analyses were based on the use of Pearson’s
%* test for comparing frequency distributions (number of
patients in each group with the clinical conditions

considered in the study) and Student’s ¢ test for paired data
(comparison of mean severity scores for the clinical con-
ditions of the participants at different times or under dif-
ferent circumstances) or Student’s ¢ test for unpaired data
(comparison of mean values calculated for the patients of
group A before and after therapy). P < 0.05 was consid-
ered statistically significant [39—41].

Results

Part [-—comparison of treated and untreated patient
groups

Physical examination of the knee joints
As far as pain on palpation was concerned, the vast

majority of the right knees in group A were asymptomatic
after completion of the mud-bath treatments; similar
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Table 2 Physical examination of the knee joints: pain on palpation

Group A no. pts.*  Group B no. pts.® Test > P
Right knee®
Absent 11 (68.7%) 10 (23.3%) 8.64 0.003
Present 5 (31.3%) 33 (76.7%)
Left knee
Absent 12 (70.6%) 11 (25.0%) 8.99 0.003
Present 5 (29.4%) 33 (75.0%)
Right and left knees
Absent! 10 (58.8%) 6 (13.7%) 14.65 0.001
Present® 4 (23.5%) 10 (22.7%)
Present” 3 (17.7%) 28 (63.6%)

? Patients who had completed three cycles of mud-bath therapy
® Patients who did not undergo mud-bath therapy

¢ In two patients right-knee pain could not be assessed due to the
presence of a prosthetic joint

9 The symptom was not present in either knee
¢ The symptom was present in one knee only
f The symptom was present in both knees

findings emerged for the left knees in this group. The
reverse was true in group B patients, who did not undergo
mud-bath therapy: pain on palpation was present in the
majority of the right and left knees. The percentage of
group A patients with no pain in either knee also exceeded
the percentage of those with tenderness in one or both
knees; again, the reverse was observed in group B. All of
these intergroup differences proved to be highly significant
at the Xz test (Table 2).

Table 3 Clinical assessment: knee flexion/extension

The other parameter evaluated in the physical examina-
tion was flexion/extension (F/E) of the knee (Table 3). After
mud-bath therapy, the vast majority of patients in group A
could flex and extend their right knees without pain or
limitation, and similar findings emerged for the left knees in
this group. The exact opposite was observed in group B.
Similar pictures emerged when the two legs were consid-
ered together. Frequency distributions in the two groups
were significantly different (3> test) only for the left knee
and for both knees. The difference between findings for the
right knee was not significant (Table 3). The latter finding
might be related to the number of right knees. In fact,
flexion and extension of the right knee was not evaluated in
two patients who had prosthetic joints in the right leg.

Statistical analysis was also carried out to evaluate dif-
ferences in the percentages of knees with both symptoms
(pain on palpation + limited and/or painful flexion/exten-
sion), one of the two symptoms, or neither of these
symptoms at physical examination. Regardless of whether
the right and left knees were considered separately or
together, the y° test revealed significantly higher percent-
ages of patients with neither symptom in group A than in
group B (Table 4).

VAS assessments of pain

Patients were asked to rate the intensity of knee pain by
means of a VAS in which maximum intensity was rated 10.
After treatment, the mean value reported in group A was
significantly lower than that reported in group B (3.53 vs.
5.73); P = 0.000 (Student’s ¢ test).

Group A no. pts.* Group B no. pts.h Test ;(2 P
Right knee®
Complete F/E without pain 11 (68.8%) 17 (39.6%) 4.77 n.s.
Complete F/E with pain 5 (31.2%) 21 (48.8%)
Limited F/E - 5 (11.6%)
Left knee
Complete F/E without pain 13 (76.5%) 15 (34.1%) 9.05 0.01
Complete F/E with pain 3 (17.6%) 25 (56.8%)
Limited F/E 1 (5.9%) 4 (9.1%)
Right and left knees
Complete F/E without paind 10 (58.8%) 14 (31.8%) 7.60 0.02
Complete F/E with pain® 4 (23.5%) 5 (11.4%)
Limited F/Ef 3 (17.7%) 25 (56.8%)

 Patients who had completed three cycles of mud-bath therapy
® Patients who did not undergo mud-bath therapy

¢ In two patients F/E could not be assessed due to the presence of a prosthetic joint

9 In both legs, %in one leg, limited movement in one leg or complete F/E with pain in both legs; F/E flexion and extension
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Table 4 Physical examination: knee pain and knee flexion/extension

Group A no. pts.? Group B no. pts. Test > P
Right knee®
Absence of both symptoms 10 (62.5%) 8 (18.6%) 10.60 0.005
Presence of one of the two symptomsd 2 (12.5%) 11 (25.6%)
Presence of both symptoms® 4 (25.0%) 24 (55.8%)
Left knee
Absence of both symptoms 12 (70.6%) 8 (18.2%) 15.35 0.001
Presence of one of the two symptoms‘ll 1 (5.9%) 10 (22.7%)
Presence of both symptoms® 4 (23.5%) 26 (59.1%)
Right and left knees
Absence of both symptoms 9 (52.9%) 4 (9.1%) 14.77 0.001
Presence of one of the two symptomsd 1 (5.9%) 12 (27.3%)
Presence of both symptoms® 7 (41.2%) 28 (63.6%)

4 Patients who had completed three cycles of mud-bath therapy
® Patients who did not undergo mud-bath therapy

¢ In two patients F/E could not be assessed due to the presence of a prosthetic joint

4 Pain on palpation or limited and/or painful F/E, °pain on palpation and limited and/or painful F/E

Lequesne Algofunctional index

Total index The overall Lequesne indexes were markedly
different in the two groups of patients. After completion of
the mud-bath therapy, the mean index for the patients of
group A was 6.82 versus 11.43 for those of group B. Stu-
dent’s ¢ test revealed that this difference was highly sig-
nificant (¢t = 3.30, P = 0.002).

Stratification of participants according to their overall
Lequesne index also confirmed the efficacy of the mud-bath
therapy. Patients whose indexes were extremely low (<3)
represented 35.3% of those in group A, but only 2.3% of
those in group B, whereas values >12 were recorded for
23.5% of group A and 43.2% of those in group B. The y* test
revealed that these intergroup differences were significant.

Scores for individual items in the Lequesne index Marked
intergroup differences also emerged for the single-item
scores in the index. For all items, the mean scores in group
A after completion of the mud-bath therapy were lower
than those of group B patients, who had not undergone this
therapy. Student’s ¢ test showed that these differences were
significant for all items except those related to increased
pain after 30 min of standing and the ability to walk on
irregular ground.

The mean scores for each item in groups A and B are
shown below with data regarding their statistical
significance:

e pain or discomfort during nocturnal bed rest 0.53—0.91;
t=201; P=0.04

e morning stiffness 0.41-0.77; t = 2.08; P = 0.04

e remaining standing for 30 min increases pain 0.53—

0.75;t = 1.68; P = n.s.

pain on walking 0.65-1.11; r = 2.36; P = 0.02

pain or discomfort when rising from a sitting position

without using the arms 0.35-0.82; r = 3.87; P < 0.001

e maximum distance walked 1.47-2.84; t=2.11;
P =0.04

e can you go up a standard flight of stairs? 0.56-0.96;
t=12.54; P =001

e can you go down a standard flight of stairs? 0.79-1.04;
t=12.19; P = 0.03

e can you squat? 0.82-1.27; t = 2.41; P = 0.02

e can you walk on irregular ground? 0.79-0.94; t = 0.83;
P =ns.

Part [I—patients who continued drug therapy

We also compared the subgroups of patients who con-
tinued to take antiinflammatory agents and analgesics
during the study (total 40 patients), and the findings that
emerged were quite interesting. Analysis of clinical
findings showed that the number of patients who were
symptom free was higher in group A (those who had
undergone spa therapy) than in group B (no spa therapy).
Student’s ¢ test for unpaired data also revealed significant
differences between groups A and B in terms of mean
VAS scores (3.75 and 5.85, respectively; P = 0.004) and
mean Lequesne indexes (9.78 and 17.04, respectively;
P = 0.005).
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Part III—comparison of data collected before and after
spa therapy in patients of group A

The clinical conditions of group A patients were com-
pared before they initiated spa therapy (time 0 = TO)
and after completion of the treatment (time 3 = T3),
which included three cycles of mud-bath therapy dis-
tributed over a year’s time (for personal reasons, three of
the patients missed the second cycle, which was sched-
uled 6 months after the first, but all three completed the
first and third cycles).

This comparison was based on the same symptoms used
for comparison of the two groups of patients. A total score
was calculated as the sum of the values reflecting the fre-
quency or severity of each of these symptoms:

1. Physical examination of the knee—values ranging
from O (no symptoms present) to 4 (all symptoms
present at maximum severity).

2. VAS pain rating—scores ranging from 0 (no pain) to
10 (maximum pain, unbearable).

3. Lequesne index—values ranging from O (no symptoms
present) to 24 (all symptoms present at maximum
severity).

For each symptom rating or test result, group mean
values were compared, and differences were evaluated for
statistical significance with the r test for paired data.
Standard error (SE) was calculated for each mean value.

Physical examination of the knee joints

Assessment of the patients’ right knees in terms of the
symptoms reported above yielded significantly different
results at TO (before treatment) and T3 (after completion of
the therapeutic protocol).

The total scores for the group and the mean scores for
the single patient decreased appreciably after treatment for
the right knees, the left knees and both knees, and ¢ testing
for paired data showed that all of these differences were
significant.

Analysis of the scores for each symptom in both knees
revealed similar results (Table 5). The mean score for pain
on palpation displayed a more substantial decrease after
treatment than the score for flexion/extension, but in both
cases the change proved to be significant (¢ test for paired
data) (Table 5).

VAS
Patients VAS ratings of pain intensity also decreased
appreciably from TO (before treatment) to T3 (after three

cycles of mud-bath therapy). Mean scores (+SE) were
TO = 5.56 + 0.44 (mean score = SE) T3 = 3.53 £ 0.60
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Table 5 Physical examination of the knee joints

Total
scores®

Time
point

Mean t Test for paired P
score = SE data

Overall scores

Right knee
TO 22 137 £ 0.18"  3.00 0.009
T3 10 0.62 + 0.22°

Left knee
TO 26 1.53 £ 0.23 3.24 0.005
T3 10 0.59 £ 0.24

Right and left knees
TO 48 2.82 £ 0.33 3.51 0.003
T3 20 1.18 £ 0.35

Single-item scores®

Pain on palpation
TO 26 1.53 + 0.17 3.57 0.003
T3 10 0.59 £ 0.19

Flexion/extension
TO 22 1.29 £ 0.24 2.40 0.03
T3 10 0.59 £+ 0.19

Scoring system used for each leg: 0 =no pain on palpa-
tion + complete flexion /extension without pain, 1 = pain on pal-
pation + complete flexion /extension without pain or no pain on
palpation + complete flexion /extension with pain, 2 = pain on pal-
pation + complete flexion /extension with pain or no pain on pal-
pation + limited flexion /extension, 3 = pain on palpation + limited
flexion /extension

T0 before beginning mud-bath therapy, 73 after completion of three
cycles of mud-bath therapy, NB the total score for both knees rep-
resents the sum of the scores for each knee

* Sum of the scores for all patients in the group

® Mean of 16 scores; one patient with a prosthetic joint was excluded
from assessment

¢ Calculated for both knees

(mean score + SE). The difference between the two scores
was highly significant (P = 0.007, ¢ test for paired data).

Lequesne index

The Lequesne index is widely used in rheumatology to
quantify the severity of symptoms and the degree of dis-
ability caused by OA of the knee. In the present study, we
calculated the total score and the mean score for each
group of symptoms. The analysis of these data with the
t test for paired data revealed:

— mean scores for the first and third groups of symptoms
(pain/discomfort and activities of daily life) indicated
remarkable decreases in severity from TO to T3, which
were highly significant (¢ test for paired data);

— mean scores for the second group of symptoms
(maximum distance walked) also decreased appreciably
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from TO to T3, but this difference did not reach
statistical significance because the data are expressed as
the number of meters walked, and this is difficult to
estimate at a subjective level without a specific system
to measure the distances.

Analysis of the total Lequesne indexes (which reflect the
two symptoms and all of the activities) also revealed
remarkable decreases from TO to T3, and this difference
was highly significant (P = 0.000 ¢ test for paired data)
(Table 6).

Discussion

Osteoarthritis is a chronic degenerative disease with a high
incidence and prevalence, and it clearly requires thera-
peutic interventions and primary and secondary prevention
strategies that are multidisciplinary, involving drug ther-
apy, physical therapy, spa therapy and climatotherapy.

Our study was based on the assessment of clinical
symptoms by medical specialists and by the patients
themselves (e.g., VAS ratings of pain intensity, Lequesne
index scores for functional disturbances).

A similar method has been used recently in a study
conducted in the Netherlands on patients with non-
traumatic knee pain, who were re-examined 1 year after
enrolment to determine the prognostic significance of the
symptoms observed at baseline. The authors concluded that
the symptoms characteristic of this condition (duration and
intensity of pain, limitation of daily activities and social
interaction) and their persistence after 1 year have an
important predictive value. The treatment of knee

Table 6 Lequesne index—scores for groups of symptoms

Total
scores®

Time
point

Mean t Test for paired P
score = SE data

Pain or discomfort

TO 83 488 £027 456 0.000
T3 42 247 £ 053

Maximum distance walked
TO 34 2.00 £ 0.54 1.16 n.s.
T3 25 1.47 £ 0.46

Activities of daily life
TO 71 417 £050 278 0.001
T3 49 2.88 £ 045

Total index (all symptoms)
TO 188 11.06 £ 099  4.21 0.000
T3 116 6.82 £ 1.36

T0 before beginning mud-bath therapy, 73 after completion of three
cycles of mud-bath therapy

? Sum of the scores for all patients in the group

symptoms required further study to identify the most
effective approach for ensuring favourable long-term evo-
lution of these symptoms [42].

We compared clinical parameters in patients who had
undergone three cycles of mud-bath therapy over the past
year (group A) and controls, who had not undergone this
type of therapy (group B). Moreover, this analysis was
carried out only on patients of groups A and B who had
continued to receive drug therapy during the study. Finally
in the patients of group A, the same parameters were also
analysed before and after mud-bath therapy. The percentage
of patients with no symptoms or mild symptoms was higher
in group A than in group B. Within group A, this percentage
was higher after treatment that before spa therapy. It is
important to note that patients in group A treated with drugs
and spa therapy achieved better results than group B
patients who used drug therapy alone. Our findings confirm
the results of controlled clinical trials, which have docu-
mented the positive effects of mud-bath therapy in patients
with OA [4, 5, 7]. The therapeutic efficacy of this approach
can be attributed to its documented effects on the dience-
phalic—pituitary—adrenal axis, which result in the release of
cortisol and endorphins and inhibition of inflammatory
mediators (IL-1, IL-6, PGE2, LTB4, TNFx). The local
vasodilatation produced by the mud-pack also favours the
removal of proinflammatory and algogenic substances.

It should be stressed that this type of therapy has vir-
tually no known adverse effects and can be combined with
other types of therapy and other rehabilitation modalities
(i.e. physical therapy etc.) commonly used for the man-
agement of osteoarthritis [43].
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