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when the hip and knee joints are affected.3 osteoarthri-
tis involves weight-bearing joints, especially the knee 4 
and may be associated with symptoms of pain, instabili-
ty, reduced range of motion and, consequently, impaired 
quality of life and function. this functional limitation 

osteoarthritis is a degenerative disease of the syno-
vial joints characterized by irreversible loss of ar-

ticular cartilage and hypertrophic bone changes.1, 2 its 
incidence increases with age, causing significant loss of 
work time and increase in health care costs, especially 
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a b s t r a c t
bacKGround: osteoarthritis is a degenerative disease associated with pain, reduced range of motion, and impaired function. balneotherapy 
or bathing in thermal or mineral waters is used as a non-invasive treatment for various rheumatic diseases.
aiM: to evaluate the effectiveness of hot sulfurous and non-sulfurous waters in the treatment of knee osteoarthritis.
dEsiGn: a randomized, assessor-blind, controlled trial.
sEttinG: a spa resort.
population: one hundred and forty patients of both genders, mean age of 64.8±8.9 years, with knee osteoarthritis and chronic knee pain.
MEthods: Patients were randomized into three groups: the sulfurous water (SW) group (N.=47), non-sulfurous water (NSW) group (N.=50), 
or control group (N.=43) who received no treatment. Patients were not blinded to treatment allocation. Treatment groups received 30 individual 
thermal baths (three 20-minute baths a week for 10 weeks) at 37-39 °C. The outcome measures were pain (visual analog scale, VAS), physical 
function (Western Ontario and McMaster Universities Osteoarthritis Index, WOMAC; Lequesne Algofunctional Index, LAFI; Stanford Health 
Assessment Questionnaire, HAQ), and use of pain medication. Patients were assessed before treatment (T1), at treatment endpoint (T2), and two 
months post-intervention (T3). Intra- and intergroup comparisons were performed at a significance level of 0.05 (P<0.05).
RESULTS: A significant decrease in VAS pain scores (pain during movement, at rest, and at night) and use of pain medication, and improvement 
in WOMAC, LAFI and HAQ scores were observed from baseline to T2 and T3 within treatment groups (P<0.001), and between controls and 
both treatment groups at T2 and T3 (P<0.001). No significant differences in these variables were observed between treatment groups at T2, but 
patients in the sW group reported less pain and better functional status than those in the nsW group at t3, showing a lasting effect of sulfurous 
water baths.
conclusions: both therapeutic methods were effective in the treatment of knee osteoarthritis; however, sulfurous baths yielded longer-
lasting effects than non-sulfurous water baths.
clinical rEhabilitation iMpact: baths in thermal waters, especially those in sulfurous waters, are effective in reducing pain and 
improving physical function in patients with knee osteoarthritis.
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mittee and registered at clinicaltrials.gov, number 
nct01920360. it was performed in accordance with 
the ethical standards of the 1975 declaration of hel-
sinki and its subsequent amendments. Written informed 
consent was obtained from all patients prior to their 
inclusion in the study. the study was conducted from 
february 2011 to July 2012, including data collection 
and interventions.

Eligibility criteria included adult patients of both 
genders with a mean age of 64.8±8.9 years, diagnosis 
of osteoarthritis of the knee according to the american 
College of Rheumatology (ACR) classification crite-
ria,12 having a Kellgren/Lawrence (K/L) radiographic 
severity grade of 2 or 3,13, 14 and chronic knee pain were 
recruited at the spa “Termas Antonio Carlos” in Poços 
de caldas, Minas Gerais, brazil.

Exclusion criteria were fibromyalgia, respiratory dis-
eases, inflammatory autoimmune rheumatic diseases, 
uncontrolled thyroid diseases, other orthopedic injuries, 
psychiatric disorders or cognitive impairments, history 
of osteoporotic fractures, presence of tumors, infec-
tions, and pregnancy. patients who could not get into 
the bathtub because of physical limitations were also 
excluded from the study.

the sample size was calculated based on a pilot study 
with 26 patients. Means and standard deviations (SDs) 
of visual analog scale (VAS) pain scores were used to 
determinate the sample size for the present study. set-
ting the confidence interval at 95% (α=0.05) and the 
power of the sample at 90% (β=0.10), the sample size 
of 126 participants (42 patients per group) would be 
required to detect differences between groups. antici-
pating some dropouts, 140 patients were selected and 
randomly allocated to the study groups.

the participants were randomized into three groups: 
the sulfurous water (SW) group (N.=47), non-sulfu-
rous water (NSW) group (N.=50), and control group 
(N.=43). The allocation sequence was generated using 
a computer-generated randomization chart (www.ran-
dom.org) by a researcher not involved in the study. The 
sequence numbers were concealed in sealed, opaque en-
velopes. the envelopes were opened after each patient 
had been enrolled and initially assessed (baseline).

Patients in the SW and NSW groups received (free of 
charge) a 10-week treatment consisting of 30 individu-
al thermal baths (three baths a week, each bath lasting 
20 minutes) in either sulfurous water or non-sulfurous 

leads to an increased risk of morbidity and mortality.5, 6 
the management of this condition requires a multidis-
ciplinary approach. non-pharmacological measures in-
clude education programs, physical therapy, therapeutic 
exercises, and orthoses and walking aids.7

balneotherapy or bathing in thermal or mineral wa-
ters is used as a non-invasive treatment for various 
rheumatic diseases.8 this is one of the oldest treatment 
modality that is still recommended because of the thera-
peutic benefits of water, including reduction of edema, 
pain relief, and load reduction on joints affected by ar-
thritis.9 although the term balneotherapy, which comes 
from the Latin balneum (bath), has a different mean-
ing from hydrotherapy, both terms are accepted for 
all forms of water treatments. balneotherapy includes 
immersion baths using ordinary (tap) water, medicinal 
mineral waters (crenotherapics), and artificial mineral 
waters with addition of dissolved gases, chemicals or 
organic substances.10

crenotherapy is the use of properties of mineral waters 
and associated gases for therapeutic purposes. it is divid-
ed into: 1) hydropinic therapy — ingestion of medicinal 
mineral waters in specific dosages at regular intervals and 
directly from sources; 2) thermal therapy — treatment 
administered in a spa center, consisting of showers, sau-
nas, bubble baths, and immersion baths in bathing pools, 
tanks and whirlpools; 3) inhalation therapy — inhalation, 
fogging, mists, sprays and aerosols of mineral waters; 4) 
irrigations and washes — for the nose and ears; and 5) 
intracavitary irrigation — vaginal and intestinal.10

Mineral or thermal-water immersion baths have sed-
ative, decongestant, myorelaxant, analgesic, regenerat-
ing, and vasodilator actions.10 considering the trophic 
action of sulfur compounds on joint tissues and in re-
ducing rheumatic symptoms, sulfurous waters may be 
useful in the treatment of rheumatic disease, showing 
the importance of crenotherapy.10, 11

the aim of this study was to evaluate the effective-
ness of sulfurous and non-sulfurous thermal water baths 
in the treatment of knee osteoarthritis and their impact 
on pain intensity, physical function and use of pain 
medication.

Materials and methods

this randomized assessor-blind controlled trial was 
approved by the institutional research Ethics com-
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events were recorded. all questionnaires were admin-
istered by investigators (I.M.A. and M.C.R.) blinded to 
group assignment at three time points: T1 (baseline), 
T2 (treatment endpoint), and T3 (2-month follow-up). 
participants were not blinded to treatment allocation 
because those in the experimental groups were able to 
detect the presence or absence of the characteristic odor 
of sulfurous waters in their baths, and the control group 
received no treatment.

Statistical analysis

Analysis of variance (ANOVA) was performed to as-
sess the homogeneity of groups for quantitative vari-
ables and comparisons within groups at different time 
points. the parametric tukey’s t-test was used for mul-
tiple comparisons between groups. The confidence in-
terval was set at 95% and the significance level at 0.05 
(P<0.05).

intention-to-treat analysis was carried out maintain-
ing the patients in the groups to which they were ran-
domly assigned and using the last observed response 
for patients with missing data (last observation carried 
forward).

Data are expressed as mean±standard deviation (SD).

Results

A flow chart summarizing the distribution of partici-
pants during each stage of the study is shown in figure 
1. two hundred and twenty-three patients with knee os-
teoarthritis were evaluated; 140 patients were included 
in the study, 132 (42 in the SW group; 47 in the NSW; 
and 43 controls) completed the treatment, and 131 (41 
in the SW group; 47 in the NSW group; and 43 controls) 
attended the 2-month post-treatment follow-up.

the sociodemographic and clinical characteristics of 
the participants are listed in table i. Most participants 
in all three groups were women and the mean age was 
64.8±8.9 years, without significant differences in gen-
der and age between groups. There were significant dif-
ferences in Body Mass Index (BMI) between the NSW 
(29.7±4.6 kg/m2) and control (27.3±3.4 kg/m2) groups 
(P=0.01), and between the SW (27.8±3.5 kg/m2) and 
NSW groups (P=0.01). Time from onset of symptoms 
was 10±7.7 years in the control group, 6.6±4.5 years in 
the nsW group, and 6.9±5.6 years in sW group, with 

water (tap water) respectively, at temperatures ranging 
from 37 °C to 39 °C;11 and those in the control group 
received no treatment.

the baths were taken in individual 350-liter capac-
ity bathtubs, appropriately disinfected, filled with either 
sulfurous or non-sulfurous hot water. the sulfurous 
water had a pH of 9.66 and contained hydrogen sulfide 
(5.0 mg/L), sulfate (66.7 mg/L), carbonate (129 mg/L), 
fluoride (29.02 mg/L) and sodium (230.11 mg/L). The 
non-sulfurous water had a ph of 9.5 and contained chlo-
ride (5.9 mg/L), chlorine (0.68 mg/L), iron (0.03 mg/L), 
fluoride (0.22 mg/L) and manganese (0.03 mg/L). Pa-
tients were instructed to remain motionless during the 
bath and drink 300 mL of filtered water before and after 
bathing to prevent water imbalance.

all patients also received information on the disease 
and self-care strategies for knee pain management, and 
were instruct to take only paracetamol for pain relief, if 
necessary, and record their intake of pain relief medica-
tion in a home diary. results were analyzed based on 
the intake of paracetamol per patient during the study 
period. the participants did not receive any other osteo-
arthritis treatment.

patients in the control group were also instructed to 
maintain their daily routine during the study period. af-
ter completion of the study, the same treatment proto-
col of thermal baths in sulfurous waters was provided 
free of charge to all patients in the control group, in ac-
cordance with the standards of the brazilian national 
Health Council (CNS), which ensure to study partici-
pants access to the therapeutic procedures that showed 
to be the most effective. This justifies the high study 
participation rate in the control group.

patients were asked to complete the following ques-
tionnaires: the Western ontario and McMaster univer-
sities Osteoarthritis Index (WOMAC), consisting of 
24 items divided into three subscales (pain, stiffness, 
and physical function), a visual analog scale (VAS) for 
pain intensity;19 the lequesne’s algofunctional index 
(LAFI), which is composed of 11 items assessing pain, 
discomfort and functional disability;20 and the 20-item 
Stanford Health Assessment Questionnaire (HAQ), 
which evaluates physical dysfunction for activities 
of daily living, with each item scored from zero (no 
functional impairment) to three (unable to perform the 
task).21, 22 The patients also provided specific informa-
tion about the use of pain medication and all adverse 
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cant lower (P=0.000) in the SW group than those of the 
NSW group (Table II).

Patients in both treatment groups used significantly 
less pain medication during the study period than con-
trols (P=0.001). No significant difference in use of med-
ication was observed between treatment groups at t2, 
but patients in the SW group reported significant less 
use of medication (P=0.002) than patients in the NSW 
group at the follow-up visit (T3) (Table III).

A significant decrease in WOMAC scores on the pain, 
stiffness and physical function subscales from baseline 
to t2 and t3 was found in both the sW and nsW groups 
(P=0.000), and between both treatment groups and the 

significant differences between the control group and 
both the SW and NSW groups (P=0.014).

There was a significant decrease in VAS scores for 
pain on movement, at rest, and at night from baseline to 
T2 and T3 in both the SW and NSW groups (P=0.000) 
and between both treatment groups and the control 
group at T2 and T3 (P=0.000) (Table II). No signifi-
cant differences between treatment groups were found 
in Vas scores for pain at night and at rest at the treat-
ment endpoint (T2), but the mean VAS score for pain 
on movement was significant lower (less pain) in the 
SW group. At the 2-month-follow-up (T3), VAS scores 
for pain on movement, at rest, and at night were signifi-

Figure 1.—Flow chart showing the distribution of participants during each stage of the study.

Table I.—�Intergroup comparisons of patient characteristics.

Variables
Group Intergroup comparisons (P-value)

c nsW sW c vs. sW c vs. nsW sW vs. nsW

Women 39 43 33 0.083 0.084 0.029
Men 4 7 14 0.029 0.079 0.029
total 43 50 47
Age (years) 65.28±7.02 63.69±8.89 65.47±10.28 0.553 0.552 0.553
Weight (kg) 73.4±8.86 76.7±12.05 73.7±9.2 0.234 0.243 0.241
Height (m) 1.63±0.03 1.60±0.07 1.62±0.06 0.083 0.083 0.083
BMI (kg/m2) 27.3±3.4 29.7±4.6 27.8±3.5 0.082 0.01 0.01
Time from onset of symptoms (years) 10±7.7 6.6±4.5 6.9±5.6 0.014 0.014 0.08
bMi: body Mass index; nsW: non-sulfurous water group; sW: sulfurous water group; c: control group. data are expressed as mean±sd.
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control group at T2 and T3 (P=0.000) (Table IV). The 
mean scores on the three WoMac subscales were not 
significantly different between treatment groups at T2, 
but were significant lower (better outcome, P=0.000) in 
the SW group than those of the NSW group at T3 (Table 
IV).

A significant decrease in HAQ and LAFI scores was 
also found from baseline to t2 and t3 in both the sW 
and NSW groups (P=0.000) and between both treatment 
groups and the control group at T2 and T3 (P=0.000) 
(Table V). There were no significant differences in HAQ 
and lafi scores between treatment groups at t2, but 
patients in the NSW group reported significant higher 
HAQ and LAFI scores (worse outcome; P=0.000) than 
those in the SW group at the follow-up visit (T3) (Table 
V). No adverse effects were observed during the study.

Table II.—�Intra- and intergroup comparisons of mean VAS pain 
scores.

Groups Mean Vas pain scores
p-value

t1 t2 t3

pain on movement
control 8.3±0.8 (a) 8.5±0.9 (a) 8.4±0.8 (a) 0.08
nsW 8.0±1.3 (a) 4±1.6 (b) 4.3±1.6 (b) 0.000
sW 8.4±1.2 (a) 2.9±2.1 (c) 2.7±2.1 (c) 0.000

pain at night
control 7.8±1.1 (a) 7.9±1 (a) 8.0±0.8 (a) 0.07
nsW 7.5±1.5 (a) 2.8±1.9 (c) 3.8±1.6 (b) 0.000
sW 7.7±1.4 (a) 2.1±2.2 (c) 2.1±2.1 (c) 0.000

pain at rest
control 6.7±1.1 (a) 6.8±1 (a) 6.9±1.3 (a) 0.08
nsW 5.4±2 (b) 1.8±1.7 (d) 2.8±1.9 (c) 0.000
sW 6.8±1.2 (a) 1.3±2 (d) 1.4±2.1 (d) 0.000

Vas: Visual analog scale; nsW: non-sulfurous water group; sW: sulfurous water 
group; t1: baseline; t2: treatment endpoint; t3: 2-month follow-up; subscript let-
ters (a, b, c, and d) in parentheses = different letters in the same column indicate 
a significant intergroup difference in mean scores at the same time point for the 
different types of pain, and different letters in the same row indicate a significant 
intragroup difference in mean scores between time points for the different types of 
pain. tukey’s t-test at a level of significance α=0.05 (P<0.05). Data are expressed 
as mean±sd.

Table III.—�Intergroup comparisons of the mean number of times the patients in the three groups took medication for pain in the knees.

time points
use of pain relief medication Intergroup comparisons (P-value)

sW nsW c c vs. sW c vs. nsW sW vs. nsW

t2 3.27±0.57 3.63±0.83 9.86±1.50 0.001 0.001 0.08
t3 3.08±0.66 4.55±1.01 8.55±0.72 0.002 0.002 0.003
sW: sulfurous water group; nsW: non-sulfurous water group; c: control group; t2: treatment endpoint; t3: 2-month follow-up. data are expressed as mean±sd.

Table IV.—�Intra-and intergroup comparisons of mean WOMAC 
subscale scores.

Groups
time points

p-value
t1 t2 t3

WoMac pain subscale
control 60.1±6.9 (a) 61±9.3 (a) 59.8±9.6 (a) 0.08
nsW 59.9±13.3 (a) 19.3±11.5 (c ) 28.5±10.6 (b) 0.000
sW 64.2±14 (a) 17.3±16.3 (c) 18.5±15.9 (c) 0.000

WoMac stiffness subscale
control 66±11.4 (a) 65.4±9.8 (a) 62.2±12.3 (a) 0.06
nsW 65.9±14.2 (a) 19.1±14.2 (c) 28.7±13.3 (b) 0.000
sW 62.9±13.2 (a) 16.5±17.1 (c) 18.2±16.1 (c) 0.000

WoMac physical function subscale
control 54.2±9.4 (a) 55.7±9.7 (a) 53.6±9.3 (a) 0.07
nsW 52.9±14.1 (a) 18.6±10.3 (b) 22.1±11 (b) 0.000
sW 58.4±11.3 (a) 16.9±15.3 (b) 16.7±15.1 (b) 0.000

WoMac: Western ontario and McMaster universities osteoarthritis index; 
nsW: non-sulfurous water group; sW: sulfurous water group; t1: baseline; t2: 
treatment endpoint; T3: 2-month follow-up; subscript letters (a, b, c, and d) in 
parentheses: different letters in the same column indicate a significant intergroup 
difference in mean scores at the same time point for the different subscales, and 
different letters in the same row indicate a significant intragroup difference in 
mean scores between time points for the different subscales. tukey’s t-test at a 
level of significance α: 0.05 (P<0.05). Data are expressed as mean±SD.

Table V.—�Intra- and intergroup comparisons of mean HAQ and 
LAFI scores.

Groups
time points

p-value
t1 t2 t3

Mean haQ scores
control 1.4±0.3 (a) 1.4±0.3 (a) 1.4±0.3 (a) 0.582
nsW 1.4±0.3 (a) 0.4±0.3 (c) 0.6±0.4 (b) 0.000
sW 1.4±0.3 (a) 0.4±0.4 (c) 0.4±0.4 (c) 0.000

Mean lafi scores
control 14.2±2.5 (b) 14.9±2.9 (b) 16.8±2.6 (a) 0.562
nsW 14.8±2.2 (b) 7.7±3.1 (d) 9.2±2.8 (c) 0.020
sW 14.6±3.0 (b) 6.8±4.1 (d) 6.7±4.0 (d) 0.000

haQ: stanford health assessment Questionnaire; lafi: lequesne algofunc-
tional index; nsW: non-sulfurous water group; sW: sulfurous water group; t1: 
baseline; T2: treatment endpoint; T3: 2-month follow-up; subscript letters (a, b, 
c, and d) in parentheses: different letters in the same column indicate a significant 
intergroup difference in mean scores at the same time point, and different letters in 
the same row indicate a significant intragroup difference in mean scores between 
time points. tukey’s t-test at a level of significance α: 0.05 (P < 0.05). Data are 
expressed as mean±sd.
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tion in VAS pain scores (P<0.001) and WOMAC scores 
(P<0.05) at the end of treatment and at the 3-month 
follow-up. The control group showed no significant dif-
ferences over time.24 improvements in WoMac scores 
were also reported by other similar studies on balneo-
therapy.19, 25, 30, 31

The clinical efficacy of balneotherapy in patients with 
knee osteoarthritis was also assessed using the Vas for 
pain intensity and a significant reduction in VAS pain 
scores was observed at the treatment endpoint. this re-
sult is in agreement with the findings of other studies 
using similar treatment protocols (two thermal baths per 
day for 2 weeks).8, 20, 24, 25, 29, 31, 32

the mechanisms by which balneotherapy relieves 
joint pain are yet to be well understood. it is reason-
able to suppose that pain relief is associated with me-
chanical, thermal and chemical factors. the absorption 
of salts through the skin appears to be limited, but there 
are no definitive studies on this subject. Therefore, the 
therapeutic effects of balneotherapy seem to be related 
to the local interaction between the mineral water and 
surface structure of the skin.33

the positive effects of balneotherapy on knee osteo-
arthritis may be attributed to specific effects of thermal 
waters and nonspecific effects of the hydrotherapy en-
vironment. the heat and buoyancy provided by thermal 
waters help reduce muscle tone, which may increase the 
pain threshold in nerve endings. another explanation 
for the pain relief provided by balneotherapy is based 
on the gate control theory of pain. the body surface is 
stimulated by the heat and pressure exerted by the water 
in a thermal pool and these stimuli contribute to pain 
relief. peripheral vasodilation occurs during immersion 
in thermal or mineral waters due to the effects of water 
temperature and chemical components present in these 
waters. observations of the effects of thermal baths on 
beta-endorphin levels are controversial. it has been re-
ported that beta-endorphin levels increase during a ther-
mal and mineral bath.34 on the other hand, it has also 
been reported that a three-week course of balneotherapy 
had no effect on plasma beta-endorphin levels in pa-
tients with osteoarthritis.35

the mechanisms of pain relief associated with im-
mersion in thermal mineral waters in rheumatic dis-
eases are not fully understood.36 it is probably the re-
sult of a combination of factors, including mechanical, 
thermal and chemical effects.30 thermal therapy may 

Discussion

our results indicated that hot baths were effective 
in reducing pain and improving physical function in 
patients with knee osteoarthritis. hot sulfurous water 
baths was the most effective treatment in reducing pain 
on movement at treatment endpoint and overall effects 
lasted longer than those of heated non-sulfurous water 
baths. These results are in agreement with the findings 
of previous studies conducted in European countries, 
where patients have reported significant improvement 
in their levels of pain and mobility after treatment in 
spas.19-24

an important aspect of this study is that we had 
control over the conditions of the thermal waters (tem-
perature and composition), used a true control group 
(patients who received no balneotherapy), and patients 
were randomized into treatment groups, which is con-
sistent with the design of previous studies.21-27

The WOMAC is a tool specifically designed to assess 
patients with hip or knee osteoarthritis.28, 29 yurtkuran 
et al.8 conducted a study with a methodology similar to 
the present study, using the WoMac to assess physi-
cal function in patients with knee osteoarthritis treated 
in a pool with either spa water or heated non-sulfurous 
water as a control. these authors found that both treat-
ments were effective according to the three WoMac 
subscales, and no significant differences in joint stiff-
ness were observed between groups at 12 weeks post-
treatment.8 in our study, patients treated with either 
sulfurous or non-sulfurous water baths reported im-
provement in pain, joint stiffness, and physical function 
(evidenced by decreased scores on all WOMAC sub-
scales) after receiving 30 thermal baths. At the 2-month 
follow-up, the same general results were observed in 
both treatment groups; however, the results were less 
satisfactory for patients treated with heated non-sulfu-
rous water bath, indicating that the positive effects of 
this therapy were not long-lasting. fioravanti et al.24 
evaluated the therapeutic effects of mud baths in the 
treatment of patients with bilateral knee osteoarthritis. 
for that purpose, clinical assessments were performed 
7 days before enrollment (screening visit), at the time 
of enrollment, 2 weeks later, and after 3, 6, 9, and 12 
months after the beginning of the study. the primary 
efficacy outcomes were global pain score measured us-
ing a Vas and the WoMac physical function score. 
Patients treated with mud baths had a significant reduc-
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tional status.8 some authors have proposed that sulfur, 
which is an element found in cartilage tissues, passes 
through the skin during the thermal bath and, after dif-
fusing through soft tissues and extracellular spaces, 
is carried by the blood, penetrates into the connective 
tissue and is incorporated into mucopolysaccharides, 
which have a protective action on the cartilage.11, 46, 47

adherence to therapy is an essential factor in the 
treatment of pain caused by osteoarthritis of the knee. 
of the 140 participants, 132 completed the treatment, 
and 131 attended the 2-month post-treatment follow up. 
Only 9 (6.4%) patients dropped out of the study, and 
therefore adherence to therapy was satisfactory. all pa-
tients received detailed information concerning the dis-
ease and its treatment, and self-care education. baths 
sessions were rigorously monitored in both treatment 
groups.

there are several clinical trials investigating the ef-
fects of balneotherapy using different number of ses-
sions, postures, follow-up period, comparative inter-
ventions, and especially different conditions. in most 
studies, the small sample size and lack of a random-
ized design and blind review affect the interpretation of 
results. some of these studies compared baseline and 
post-intervention measurements, but had no control 
group. studies without control group and case reports 
provide questionable conclusions. still, the information 
found in the literature identifies the use of sulfurous wa-
ters as a promising therapeutic option for a variety of 
musculoskeletal conditions, including osteoarthritis of 
the knee.

in the present study, some variables that may be re-
lated to patient improvement could not be controlled. 
for example, some participants had adopted a seden-
tary lifestyle, reducing the functional activity of mus-
cles around the knee due to osteoarthritis symptoms; the 
trip to the spa resort may have had an effect on muscu-
lar activity, with consequent improvement in function. 
also, osteoarthritis may lead patients to depression and 
a reclusive life, which in turn may exacerbate pain. par-
ticipants may have experienced improvement in these 
aspects after the beginning of treatment due to their 
contact with other patients and the attention received 
from therapists involved in the study. some patients re-
ported weight loss, which could be derived from their 
stay in the spa environment, noting that obesity is a risk 
factor for osteoarthritis 28 and that weight loss may lead 

have beneficial effects on muscle tone, joint mobility 
and pain intensity. immersion in water to neck level at 
35°C results in a cascade of reactions, such as increased 
diuresis, natriuresis, and cardiac output.37 prostaglandin 
E2 (PGE2) and leukotriene B4 (LTB4) are important 
mediators of inflammation and pain. Studies have re-
ported a decrease in circulating levels of prostaglandin 
E2 (PGE2) and leukotriene B4 (LTB4) in patients with 
osteoarthritis or fibromyalgia treated with mud baths 
or balneotherapy.38, 39 in addition, patients with osteo-
arthritis treated with a cycle of spa therapy showed a 
non-significant trend toward increased plasma leptin 
concentrations and a significant decrease in adiponectin 
levels at the end of the mud-bath therapy cycle. these 
adipocytokines play an important role in the pathophys-
iology of osteoarthritis. there is some evidence that ad-
iponectin may have pro-inflammatory effects in skeletal 
joints and be involved in cartilage degradation.40-43

the therapeutic effects of immersion baths is en-
hanced due to the physical-chemical composition, 
mineralization and possible absorption of compounds 
dissolved in medicinal mineral waters.37 sulfur com-
pounds, which are the main active agents in sulfurous 
waters, have desensitizing and vasodilator actions and 
are present in the cartilage structure (e.g., chondroitin 
sulfuric acid).44

The HAQ and LAFI scores, reflecting the level 
of functional status of the participants in this study, 
showed that the effects of hot sulfurous baths were 
more pronounced than those of the heated non-sulfu-
rous water bath at the 2-month follow-up. this is in 
agreement with the findings of other studies with simi-
lar designs.23, 45 The increase in blood flow is a well-
known physiological response to the heat associated 
with balneotherapy. The extra-blood flow to inflamed 
tissues removes noxious substances, promotes tissue re-
pair due to an increased oxygen supply, removes free 
radicals, and has counter-irritant effects that relieve 
pain. thermal stimulation provides temporary relief of 
pain by inhibiting sensory nerve endings. pain returns 
after the treatment, but muscle relaxation prolongs the 
duration of the analgesic effect. heat and buoyancy of 
the thermal bath can also increase mobility and induce 
sedation, having an effect on muscle tone and pain. in 
addition, thermal waters increase the flexibility of soft 
tissues and may lead to a reduction in pain and spasms, 
increased collagen elasticity, and improvement in func-
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in the treatment groups reported better results than those 
who received no treatment. at the 2-month follow-up, 
patients treated with hot sulfurous water baths reported 
significantly less pain and improved physical function 
compared with those treated with heated non-sulfurous 
water baths.
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to symptom improvement (this comment made by pa-
tients was not assessed in the study, thus it is necessary 
to investigate this hypothesis in future studies).

there is a need for further double-blind randomized 
clinical trials with a larger number of patients from 
multiple centers, involving more treatment sessions, 
the chemical analysis of the waters and evaluation of 
physical factors affecting the experiment to better un-
derstand the impact of thermal waters on osteoarthritis 
of the knee. in addition, the effects of treatment should 
be evaluated not only in patients with chronic pain, but 
also in those with subacute and acute pain, as well as in 
patients with symptoms of osteoarthritis in other joints, 
such as the spine, hip and hands. it is also necessary to 
compare results with those of other treatment methods 
and investigate other outcomes using postural evalua-
tion and imaging techniques.

We acknowledge that the participants were not blind-
ed to treatment allocation because those in the experi-
mental groups were able to detect the presence or ab-
sence of the characteristic odor of sulfurous waters in 
their baths, and the control group received no treatment, 
which is a limitation of the study. also, it is not clear in 
this study whether the positive therapeutic effect result-
ed from the chemical or thermal characteristics of the 
waters. our results showed that both interventions were 
effective in reducing pain in patients with osteoarthri-
tis of the knee, improving their functional status. both 
treatment groups had similar results after 30 treatment 
sessions; however, the benefits of treatment were better 
maintained in patients treated with hot sulfurous water 
at 2 months post-intervention. thus, one may infer that 
the two interventions can be used to treat osteoarthritis 
and that hot waters have a significant therapeutic effect, 
but hot sulfurous waters are more effective than heated 
non-sulfurous waters. it is also important to note that 
therapy with hot sulfurous water has a low cost and easy 
access to the general population in cities with spa re-
sorts, making it a highly relevant adjuvant therapy in the 
conservative treatment of osteoarthritis.

Conclusions

both the thermal sulfurous and non-sulfurous water 
bath therapies were effective in relieving pain, improv-
ing physical function and reducing the need for pain 
medication in patients with knee osteoarthritis. patients 
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