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Abstract
Objective
To evaluate the efficacy and safety of combined treatment of mud-bath therapy and glucosamine crystalline sulfate
(GIcN-S) in patients with knee osteoarthritis (OA).

Methods
This study was a randomised, controlled, crossover investigation. Patients were randomly assigned (1:1) by the
investigators to two groups, named group 1 and 2. Group I included twenty-three patients receiving oral GlcN-S
treatment from the beginning of the study (T0) to the end of the 3rd month of treatment (13) and a combined treatment
of both mud-bath therapy and GIcN-S from T3 to the end of the study at six months (T6).
Group 2 included twenty-two patients receiving a combined treatment of both mud-bath therapy and GlcN-S
Sfrom TO to T3 and that discontinued mud-bath therapy, receiving GlcN-S treatment alone, from T3 to T6.

Primary endpoints of the study consisted of evaluating OA severity and activity at baseline and at follow-up visits.

Results
All 45 patients, eligible for the study, completed the period of the crossover.
In group 1, no significant difference was shown in the comparison from TO to T3, while from T3 to T6 most variables
were significantly improved. In group 2, instead, the comparison between TO and T3 showed a significant difference in
different parameters. When comparing T3 and T6, despite an improvement of all the variables, no significant difference
was shown.

Conclusion
The association of GlcN-S and mud-bath therapy has a positive and safe role in improving pain, function and quality
of life in knee OA patients.
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Introduction

Osteoarthritis (OA) represents the
prevalent form of chronic joint disease,
leading progressively to severe physi-
cal impairment, disability and reduced
quality of life in adults from middle to
elderly age and mainly in people over
65 years of age (1).

The progressive damage of cartilage is
associated with bone remodelling and
the formation of new bone tissue in the
form of osteophytes and subchondral
sclerosis (1). These findings can be var-
iably associated with the concomitant
presence of synovitis and inflammation
of the whole joint’s structures involved
in the OA processes. The dreadful com-
plication of severe OA is represented
by massive joint damage and destruc-
tion leading to significant functional
impairment and the need for articular
prosthetic substitution (1, 2).

All joints may be affected by OA pro-
cesses and the knee represents one of the
most common localisation (1). diDDag-
nosis of knee OA relies on diagnostic cri-
teria showing high specificity and sensi-
tivity (3) and the Kellgren and Lawrence
grading scale represents a radiological
imaging classification ranging from
grade 1 to grade 4, on the basis of pres-
ence and severity of narrowing of joint
space, osteophytosis, sclerosis of knees
and deformity of bone extremities (4).
Over the past years, along with treat-
ment for pain relief, therapy with
non-steroidal anti-inflammatory drugs
(NSAIDs) has been often used in clini-
cal practice for OA. However, long-
term use of NSAIDs is avoided mainly
due to their gastrointestinal, cardiovas-
cular and kidney side effects (5, 6).
Glucosamine (GIcN), a natural amino
sugar, has been increasingly used in
the therapy of OA in different formula-
tions (7, 8). Several data derived from
randomised clinical trials (RCT) in
OA have highlighted the safety and ef-
fectiveness of glucosamine crystalline
sulfate (GIcN-S), due to its pharmaco-
logical, metabolic and mild anti-inflam-
matory properties and activities on the
cartilage and chondrocytes (9-20). Re-
cently, in addition to safety, GIcN-S has
shown to be effective in the improve-
ment of pain and functional impairment
consequential to symptomatic OA (7).
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Therapy of OA also includes non-phar-
macologic modalities, such as spa ther-
apy (5, 6). Mud packs and balneothera-
py represent two spa therapy modalities
that can be used alone or in combina-
tion. These are considered a potentially
successful therapeutic option in knee
OA patients improving function, per-
ceived pain and quality of life (21-25).
In particular, a mud pack is a natural
product providing a combination of
mineral water with organic or inorganic
material derived from geological and/
or biological processes. It is used in the
form of a mud wrap or bath and its main
indication consists in reducing mus-
culoskeletal pain and improving joint
motion, muscle strength and functional
mobility (21, 22). The effects of mud
packs, as well balneotherapy on OA, are
also strictly connected to specific physi-
cal-chemical characteristics (26, 27).
Until today, no RCT investigating com-
bined treatment of mud-bath therapy
and GIcN-S in patients with knee OA
has been performed. Thus, the aim of
this study was to evaluate efficacy and
safety of this combined therapy.

Patients and methods

This study was a randomised, con-
trolled, crossover investigation, with
the aim of evaluating the short-term
efficacy and safety of combined treat-
ment providing mud-bath therapy in
combination with oral GlcN-S in adults
patients with knee OA.

Patients selection

Sixty consecutive patients (M/F: 26/34;
mean age: 68.34+8.54 years) present-
ing bilateral knee pain were observed
at the Orthopaedic Unit of Rizzoli
Hospital, Ischia, Naples (Italy) during a
eight-month period.

Inclusion criteria were represented by
diagnosis of knee OA (3) and a baseline
standing knee radiographs score rang-
ing from 1 to 2 using the Kellgren meth-
od (4). Therefore patients with mild/
moderate disease. The clinical visit was
performed by one of rheumatologist. It
was required that radiographs had been
performed no longer than 3 months be-
fore the recruitment visit.

Exclusion criteria were represented by:
concomitant occurrence of autoimmune
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diseases and arthropathies other than
OA, fibromyalgia, history of knee trau-
ma and surgery, subjective intolerance
or diseases contraindicating mud-bath
therapy. Other exclusion criteria were
previous use of knee intra joint hyalu-
ronic acid and/or corticosteroid injec-
tion, use of chondroprotective agents,
vitamin D, bisphosphonates, hormonal
treatment, systemic corticosteroids. An-
other exclusion criteria was treatment
with systemic and topic NSAIDs, and
analgesic agents within the past week
prior to the study and during the study
period, and mud-bad therapy, physio-
therapy and massages within the past 6
months prior to the study.

Design

Among the overall 60 patients observed,
a total of 45 patients (M/F: 20/25; mean
age: 65.44+748 years, range: 51-81
years) with a diagnosis of established
knee OA according to the American
College of Rheumatology Classification
Criteria of OA (3) were included in the
study for randomisation.

Patients were randomly assigned (1:1)
by the investigators to two groups,
named group 1 and 2. All subjects
underwent follow-up visits every 3
months. Allocation to the group was al-
ternative, starting with group 1, and per-
formed at the time of recruitment visit
by the reumatologist.

Group 1 included twenty-three patients
receiving oral GIcN-S treatment from
the beginning of study (TO) to the end
of the 3™ month of treatment (T3) and
a combined treatment of both mud-bath
therapy and GlcN-S from T3 to the end
of the study at six months (T6). Group 2
included twenty-two patients receiving
a combined treatment of both mud-bath
therapy and GIcN-S from TO to T3 and
that discontinued mud-bath therapy, re-
ceiving GIcN-S treatment alone, from
T3 to T6 (Fig. 1).

Crystalline GIcN-S formulation at the
dose of 1500 mg once daily (Rottap-
harm, S.p.A., Monza Italy) was admin-
istered orally once-daily in the form of
packets of powder for oral solution.
On the island of Ischia (South of Italy),
near the Gulf of Naples, several craters
are located above huge layers of tuff
and are characterised by a mild volcan-
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ic activity, conferring peculiar physi-
calchemical characteristics to the mud
and water of this area. In particular, all
the waters contain a significant amount
of sodium (Na+) and chloride (Cl-)
(28, 29). Besides, mineral water drawn
from the locality “Ischia Porto-Lido”
near the sea, presents saline-alkaline
sulfate properties and characteristics
due to underground leaked-in seawater.
The average temperature is above 31°C
at the source and fixed residue at a tem-
perature of 180°C is of 6315 mg/L and
concentrations of chloride and sodium
ions are 3199 and 1689 mg/L, respec-
tively (28, 29). Another element is
represented by sulfate anions (SO4-)
(239.6 mg/L) (28, 29).

Ischia mud is composed of volcanic-
derived clay containing algae, micro-
organisms, and minerals mixed with
local thermal water (28, 29). Mud-bath
therapy was a combination of mud
packs applied on both knees, up to a
thickness of 10 cm at a temperature
of around 47°C for 20 min and, when
the mud was wiped off, patients were
washed in mineral water, in a bathtub,
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at a temperature of around 38°C for
more than 15 minutes. A total of 12
mud-bath applications, each biweekly,
were carried out over a 3-month period
in each group.

The primary endpoints of the study
consisted of evaluating OA severity
and activity at baseline and at follow-
up visits by measurements of knee
circumferential diameter and ranges
of motion, and questionnaires on OA
severity and activity, pain intensity, pa-
tient’s health, functional status, therapy
preferences, satisfaction and quality of
life, anxiety and social dysfunction, at
baseline and at follow-up visits.

The secondary endpoint verified the
safety of mud-bath therapy and GIcN-S
alone and/or in combination in patients
with knee OA.

Clinical assessment

For each patient, data included personal
history, physical examination with re-
cording of measures of OA severity and
activity: knee circumferential measure-
ments, active knee extension range of
motion (ROM) and active knee flexion
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Table I. Characteristics of the study population.

Characteristics Group 1 Group 2 p-value*
N 23 22
F/IM 10/12 10/13 0.878
mean age + SD 64.38 + 10.68 66.07 +9.51 0.688
BMI, mean + SD 2599 + 6.58 27.88 +10.42 0419
Disease duration of Knee OA, mean + SD 11.54 + 591 12.57 £ 6.21 0.754
Comorbidities, n° patients (%)
Hypertension 6 (26.09) 5 (22.73) 0.793
Osteoporosis 7 (31.82) 8 (34.78) 0.753
Diabetes Mellitus 5 (21.74) 7 (31.82) 0.445
Dyslipidaemia 8 (34.78) 5 (22.73) 0.372
Hypo-, hyperthyroidism 3 (13.04) 5 (22.73) 0.396

*p value by sample t-test.

N: number; F: female; M: male; SD: standard deviation; BMI: Body Mass Index; OA: osteoarthritis.

ROM. In particular, knee circumferen-
tial measurements were performed in
correspondence of midpatella area with
an ordinary tape measure (30). Active
knee extension and flexion range-of-
motion of patients was measured by
universal goniometer (31). Pain in-
tensity, OA severity and activity were
also evaluated by the use of the West-
ern Ontario and McMaster Universi-
ties (WOMAC) Osteoarthritis Index,
Lequesne algo-functional Index (32,
33), and visual analogue scale (VAS)
(34). The Health Assessment Question-
naire (HAQ) was used for the evalua-
tion of functional status (35, 36).

For the evaluation of somatic symptoms,
anxiety, social dysfunction and depres-
sion, the 28-item General Health Ques-
tionnaire (GHQ-28) was used (37, 38).
For each considered variable, data were
recorded and evaluated at enrolment
and at each 3-month follow-up visit.
All the outcome measures were evalu-
ated by a trained rheumatologist with

expertise in osteoarthritis. In addition,
the outcome assessor was blinded to
treatment assignment.

The study protocol was approved by
the Ethics Committee of the Local
Health Unit (Naples, Italy) (protocol
number: 12/CE). All patients signed
and approved the informed consent.

Statistical analysis

Statistical analysis was performed us-
ing the SPSS software, v. 18 (SPSS inc,
Chicago, Ill). Continuous data were
expressed as means+SD, categorical
variables as percentages. Continuous
variables were compared by an inde-
pendent sample #-test and by ANOVA
analysis when needed. For values
with a skewed distribution, the Mann-
Whitney test was used to compare non-
parametric continuous variables. The
chi-square test was used to analyse cat-
egorical data and, when the minimum
expected value for categorical data was
<5, the Fisher exact test was used.

Results

All 45 patients, eligible for the study,
completed the period of the crossover.
Demographic and clinical characteris-
tics of two groups of patients are re-
ported in Table I.

At baseline, no significant differences
concerning the severity of knee osteo-
arthritis were present between group 1
and 2.

Results on indices of OA severity and
activity showing active knee flexion
ROM, active knee extension ROM and
knee circumferential measurement are
summarised in Table II.

Results on indices of pain intensity, OA
severity and activity including WOM-
AC OA Index, Lequesne algo-func-
tional index and VAS are summarised
in Table III.

Results on indices of quality of life and
psycho-social status: HAQ, GHQ-28
are summarised in Table I'V.

In group 1, no significant difference
was shown in the comparison from TO
to T3. When considering for group 1
the interval between T3 and T6, Flex-
ion ROM (p:0,041), Extension ROM
(»:0.0006), Lequesne algo-functional
index (p=0.002), and HAQ (p=0.005)
were significantly improved. In the
comparison between TO and T6 in group
1, a significant difference was recorded
in the following parameters: Flex-
ion ROM (p=0.049), Extension ROM
(»:0.002), Lequesne algofunctional in-
dex (p:0.0007), VAS (p=0.017), HAQ
(p=0.004) and GHQ-28 (p=0.004).

On the other hand, in group 2, the com-
parison between TO and T3 showed
already a significant difference in the

Table II. Indices of severity and osteoarthritis activity at baseline and at each follow-up three-month visit of the two groups after randomi-

sation.

Variables

GROUP 1

GROUP 2

TO T3

T3 T6 TO T6 TO

T3 T3 T6 TO T6

Active knee flexion
ROM (grade)

12254274 122.64254 122.6£254 136.8+21.3 122.5+274 136.8+21.3 128.9+13.6 137.2+11.2

1372+112 138.649.1 1289+13.6 138.649.1

P 0.987 0.041* 0.049* 0.036* 0.664 0.009*
Active knee extension 35423 32424 32424  55+19 35423 5.5+1.9 3.5+2.1  54%25 5425 58+19 3.5+2.1 5.8+1.9
ROM (grade)
P 0.673 0.0006* 0.002* 0.011* 0.534 0.0005*
Knee circumferential 41.7+8.2 40.8+8.1 40.8+8.1 379+74 41.7+82 379+74 412449 39.5+4 39.5+4 39+3.7 412449  39+3.7
measurement (cm)
p 0.691 0.199 0.093 0.239 0.674 0.115

ROM: range-of-motion.
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Table III. Indices of pain intensity and osteoarthritis severity at baseline and at each follow-up three-month visit of the two groups after

randomisation.
GROUP 1 GROUP 2
Variables TO T3 T3 T6 TO T6 TO T3 T3 T6 TO T6
WOMAC OA index 32.3+22.1 31.9+21.2 31.9+21.2 20.8+19.8 32.3+22.1 20.8+19.8 35+22.5 16x11.5 16£11.5 159+122 354225 159+122
P 0.951 0.067 0.064 0.001* 0.967 0.001*
LEQUESNE algo 112453 104+4.8 104448 6+4.7 11.2+5.3 6+4.7 11.3+44 55442 5.5+4.2 7+4.5 113+44 7x45
functional index
P 0.569 0.002* 0.0007* 0.0001* 0.255 0.004*
VAS 4284239 37.3+18.7 37.3x18.7 27+20.3 42.8+239 27+203  41.6+2 22.4+16.7 22.4+16.7 23.7+19.6 41.6+£2 23.7x19.6
P 0.379 0.073 0.017* 0.001* 0.82 0.005*

WOMAC: Western Ontario and McMaster Universities; VAS: visual analogue scales.

Table IV. Indices of quality of life and psycho-social status at baseline and at each follow-up three-month visit of the two groups after

randomisation.
GROUP | GROUP 2
Variables TO T3 T3 T6 TO T6 TO T3 T3 T6 TO T6
HAQ 08+0.63 08+0.6 0806 0304 0806 0304 0706 03204 03204 02+03 07206 0203
P 0.977 0.005* 0.004* 0.007* 0.959 0.003*
GHQ28 2+0.5 1.7£0.5 1.7£0.5 1.6£0.5 2+0.5 1.6£0.5 1.9+0.5 1.5£0.4 1.5+£0.40 1.6£0.5 1.9+0.5 1.6£0.5
P 0.074 0.261 0.004* 0.007* 0.448 0.07

HAQ: Health Assessment Questionnaire; GHQ-28: 28-item General Health Questionnaire.

following parameters: Flexion ROM
(p=0.036), Extension ROM (p=0.011),
WOMAC index (p=0.001), Lequesne
algo-functional index (p=0.0001), VAS
(»p=0.001), HAQ (p=0.007) and GHQ-
28 (p=0.007). When comparing T3 and
T6 in group 2, despite improvement of
all the variables, no significant differ-
ence was shown. In the comparison be-
tween TO and T6 in group 2, a significant
difference was shown in the following
parameters: Flexion ROM (p=0.009),
Extension ROM (p=0.0005), WOMAC
(»:0.001), Lequesne algo-functional
index (p=0.004) and VAS (p=0.005).
Knee diameter was the only vari-
able which never showed a significant
change in either group.

No adverse events were reported in ei-
ther group.

When considering the entire study pop-
ulation, between TO and T3, a signifi-
cant improvement was found for the
parameters WOMAC index (p=0.039),
Lequesne algo-functional index
(p=0.003), GHQ28 (p=0.002) and VAS
(p=0.007). Between T3 and T6, the
entire study population showed a sig-
nificant improvement in Flexion ROM
(p=0.043), Extension ROM (p=0.0043)
and HAQ (p=0.023).

The comparison between TO and T6
showed a significant improvement for
the following parameters: Flexion ROM
(p=0.004), Extension ROM (p=0.0001),
Knee circumferential measurement
(»=0.025), HAQ (p=0.0001), WOM-
AC index (p=0.0005), Lequesne algo-
functional index (p=0.0001), GHQ28
(p=0.0008), and VAS (p=0.0003).

Discussion

The objective of this study was to de-
termine the efficacy and safety of mud-
bath therapy and GIcNS alone and/or
in combination in patients with mild/
moderate knee OA.

This work is the first attempt to evalu-
ate this approach which may represent
a relevant advance in knee OA patient
management.

The results of the present randomised,
controlled, crossover study showed
that in group 1 which included twenty-
three patients receiving GIcN-S treat-
ment from TO to T3 and a combined
treatment of both mud-bath therapy in
association with GIcN-S from T3 to
T6, the only significant changes in the
variables considered were found in this
latter study period. In fact, a signifi-
cant improvement of all the evaluated

622

parameters was detected in the period
between and T3 and T6, except for
knee circumferential measurements,
WOMAC, VAS and GHQ28.

In group 2 in which twenty-two patients
received a combined treatment of both
mud-bath therapy and GIcN-S from TO
to T3 and that discontinued mud-bath
therapy receiving GIcN-S alone from
T3 to T6, a significant improvement of
all the evaluated parameters was veri-
fied in the period TO to T3, except for
knee circumferential measurements.
This result remained stable at T6, with
no further significant improvement.

In summary, group 2 showed globally
better outcomes at the end of the first pe-
riod and remained in a stable state dur-
ing the following three months, while
group | had best outcomes in the period
T3 to T6. Therefore, the results indicate
that greater improvement was obtained
when patients were using GIcN-S in
combination with mud-therapy as com-
pared to therapy with GIcN alone.
Some of the variable modifications ob-
tained are limited from a clinical point
of view. However, they indicate a trend
that deserves attention and further eval-
uation, mainly in a field as osteoarthri-
tis with limited therapeutical options.
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However, in Group 2, treatment with
GIcN alone was able to maintain the
positive results of the first phase of
combined therapy. Instead, in Group
1, it did not correlate with significant
improvement of outcomes. In addi-
tion, due to the spa therapy effects in
osteoarthritis, lasting 4-6 months, the
improvement observed in patients of
group 2 from T3 to T6 could be at least
partially related to the long-term effects
of mud treatment.

At present, the literature data show ef-
ficacy and safety of GIcN in knee OA
patient, even if most available RCTs
demonstrate that GlcN was not more ef-
fective than placebo in OA (7, 8, 15-17,
20). The therapeutic effect of mud-bath
therapy in knee OA has been evaluated
in different studies, showing a significant
improvement for patients that received
mud therapy in comparison with the
control group (39, 40). The data derived
from the present RCT suggest that the
association of GlcN and mud-bath thera-
py has a positive and safe role in improv-
ing pain, function and quality of life in
knee OA patients. This effect could be
related to the peculiar physico-chemical
properties of Ischia spa therapy.

A major limitation of the study was the
lack of blindness for the patient, which
is particularly difficult to achieve given
the characteristics of mud-bath therapy.
In addition, GIcN-S may exert its best
effect when continuously used for more
than 6 months. Therefore, further stud-
ies should be planned with longer dura-
tion and follow-up.

In conclusion, the characteristics of
Ischia natural mineral water and mud
used in therapy represent an important
therapeutic approach in OA patients, in
combination with GIcN-S, and should
be taken into account in further studies
and in future re-evaluation of treatment
guidelines for knee OA.
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