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Objective. The aim of this study was to evaluate 
the therapeutic effects of hydrotherapy which com- 
bines elements of warm water immersion and exercise. 
It Was Predicted that hydrotherapy would result in a 
greater therapeutic benefit than either Of these C O m -  

ponents separately. 

lowup, hydrotherapypatients maintained the improve- 
ment in emotional and psychological state. 

Conclusions. Although all patients experienced 
some benefit, hydrotherapy produced the greatest im- 
provements. This study, therefore, provides some jus- 
tification for the continued use of hydrotherapy. 

Method. One hundred thirty-nine patients with 
chronic rheumatoid arthritis were randomly assigned 
to hydrotherapy, seated immersion, land exercise, or 
progressive relaxation. Patients attended 30-minute 
sessions twice weekly for 4 weeks. Physical and psy- 
chological measures were completed before and after 
intervention, and at a 3-month followup. 

Results. All patients improved physically and emo- 
tionally, as assessed by  the Arthritis Impact Measure- 
ment Scales 2 questionnaire. Belief that pain was con- 
trolled by  chance happenings decreased, signifllng im- 
provement. In addition, hydrotherapypatients showed 
significantly greater improvement in joint tenderness 
and in knee range of movement (women only). A t  fol- 
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INTRODUCTION 

The beneficial use of water in the treatment of joint 
complaints was advocated by Hippocrates, cultivated 
by the Romans, exploited by the spa enthusiasts of the 
Eighteenth Century, and channelled toward contem- 
porary practice as a result of the World Wars, when 
exercise was included in an attempt to speed up sol- 
diers’ recovery. Today, hydrotherapy remains a useful 
tool in the physiotherapist’s armory, and favorable 
claims made on its behalf are upheld by many patients 
(l), many of whom have rheumatoid arthritis (RA). The 
use of exercises in warm water is promoted because of 
the physical properties of the water, namely, buoyancy 
and temperature. The weight-relieving property of wa- 
ter immersion allows easier movement with less pain, 
which may also be attributed to the warmth of the 
water. However, despite its impressive history and con- 
tinuing popularity, the efficacy of hydrotherapy in the 
treatment of RA has not been adequately evaluated. 

Literature about the efficacy of hydrotherapy in the 
treatment of RA is scarce, prompting one investigator 
to propose practical difficulties and high financial cost 
as primary deterrents to its evaluation (2). Despite this, 
other investigators have risen to the challenge. Hydro- 
therapy has been shown to increase muscle strength 
(3), increase joint range of movement (2), improve aer- 
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obic capacity (4, reduce pain (2,4), and improve func- 
tion (2-4). The common theme underlying these stud- 
ies is the benefit of enhanced psychological function, 
which deserves fastidious attention in future studies 
(2,4,5). While these studies offer important insights into 
the use of water exercise, the conclusions remain 
equivocal, and to date, randomized, controlled trials 
using appropriate controls and measurement tech- 
niques have not been forthcoming. Hydrotherapy is an 
expensive procedure and, on economic grounds alone, 
demands serious evaluation. 

Hydrotherapy may be defined in terms of two im- 
portant components: warm water immersion and ex- 
ercise. The relative contributions of each to the overall 
therapeutic benefit should be questioned given recent 
research findings. In a randomized study comparing a 
group receiving 3 weeks of spa therapy to a waiting 
list control group, Guillemin et a1 showed that in the 
short term (26 days), the effects of a course of hot un- 
derwater showers (36°C) had positive effects on a range 
of outcome measures-pain intensity and duration, 
lumbar stiffness, disability, and drug consumption-in 
98 patients with chronic low back pain (6). Further- 
more, with the exception of disability, these improve- 
ments were maintained over 9 months. Here, the effects 
of warm water per se are beneficial for some musculo- 
skeletal disorders. Additionally, the immersion model, 
which was initially developed to study the physiolog- 
ical effects of weightlessness, has prompted questions 
about the authenticity of the ostensible rationale for 
hydrotherapy. Immersion to the suprasternal notch in 
warm water (35°C) results in a cascade of physiological 
reactions including diuresis, natriuresis, and inhibition 
of the sympathetic nervous system (7-10). The basis 
for these physiological effects is considered to be the 
hydrostatic pressure, which forces approximately 700 
ml of blood kom the lower extremities to the central 
compartment. Distension of the volume receptors by 
this central hypervolemia is regarded as the trigger for 
the physiological effects (7-10). 

The present study was designed to test the hypoth- 
esis that the combined effects of water immersion and 
exercise in hydrotherapy are therapeutically superior 
to either used singly. 

PATIENTS A N D  METHODS 

Design. A 4-cell parallel design was used. Following 
initial assessment, patients were randomly assigned by 
an independent coordinator to 1 of the 4 groups: hy- 
drotherapy or 1 of the 3 comparison groups of seated 
immersion, land exercise, or progressive relaxation. 
Random assignment was achieved using a random 

numbers table and groups of subjects in blocks, so that 
equal numbers of subjects were allocated to each of 
the 4 groups (11). 

Subjects. In order to estimate the sample size, data 
bom the pilot study were used. The mean pre- to post- 
difference and standard deviation for the Ritchie artic- 
ular index (5.0 % 9.4), together with alpha set at 0.05 
and power at 0.8, showed that a sample size of 140 
would be required (35 per group) (12). 

One hundred forty-eight patients with chronic RA 
(13) who met Steinbrocker functional class I, 11, or I11 
(14) were recruited bom outpatient clinics at the Royal 
National Hospital for Rheumatic Diseases (Bath, UK). 
Nine patients dropped out prior to the post-test, and 
all were replaced except for one who withdrew fol- 
lowing a myocardial infarction at the end of the data 
collection period. Reasons for sample attrition includ- 
ed transportation difficulties, shortage of time, and lack 
of interest. Thus, 139 patients completed the study, 
with the land exercise group consisting of 34 patients. 

Inclusion and exclusion criteria. Only those pa- 
tients who presented with involvement of at least 6 
joints and who were maintained on a stable drug regi- 
men for a period of 30 days in the case of nonsteroidal 
antiinflammatory drugs (NSAIDs) or 3 months for dis- 
ease-modifying antirheumatic drugs (DMARDs) were 
included in the trial. Patients who had received intra- 
articular corticosteroid injections or physiotherapy 
treatment within 30 days of assessment for the study 
were excluded, as were patients who had joint replace- 
ment surgery within 6 months. Patients with a history 
of any known condition contraindicating exercise ther- 
apy or immersion in water (i.e., recent myocardial in- 
farction, uncontrolled epilepsy, fear of water) were also 
excluded. 

Procedure. All interventions took place in the gym- 
nasium or hydrotherapy pool at the Royal National 
Hospital for Rheumatic Diseases. Patients were con- 
vened in small groups of 4 or 5. Three physiotherapists 
were trained to carry out the standardized exercise regi- 
men, relaxation program, and other interventions. In 
accordance with standard therapeutic practice, the ex- 
ercise sessions lasted for 30 minutes; the other inter- 
ventions were designed to last an equivalent length of 
time. Evidence fiom the pilot study suggested that 8 
sessions of hydrotherapy and land exercise would con- 
stitute a suitable course and be in line with existing 
clinical practice. For reasons of patient fatigue, all in- 
terventions were limited to 2 sessions per week. Pa- 
tients attended for 4 consecutive weeks. 

Exercises designed to increase the range of move- 
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ment of the key joints, namely, shoulder, elbow, wrist, 
hand, hip, knee, ankle, and foot, and to improve muscle 
strength of the main upper and lower limb groups were 
used for the two exercise groups (hydrotherapy and 
land exercise). The type, duration, and frequency of 
the exercises were standardized in consultation with 
the physiotherapists, and the speed and resistance 
were adjusted by the therapist in response to the in- 
dividual’s capabilities and progress. 

An adapted and updated version of Jacobsen’s pro- 
gressive relaxation technique (15), including some 
mental imagery tasks, was tailored for use with arthritis 
patients in the two non-exercise groups (seated im- 
mersion and progressive relaxation). At each session, 
the physiotherapist read from a relaxation script fol- 
lowing relaxation training. The progressive relaxation 
group relaxed in a quiet, darkened room on comfortable 
mats or exercise couches; patients could use pillows 
to support their heads and knees. The seated immer- 
sion group relaxed in the pool on weighted chairs with 
their legs dependent, in water at approximately 36”C, 
immersed to the suprasternal notch. 

Assessments. The measurements detailed below 
were taken on 3 occasions: before and after the course, 
and at the 3-month followup. They were carried out 
by an independent assessor who was blind to the in- 
tervention condition. Patients were assessed on each 
occasion at the same time of day to control for diurnal 
variations. The patients and the relevant physiother- 
apist also completed evaluations before, during, and 
after the course. 

Physical measures. The Ritchie articular index. The 
Ritchie articular index was used to assess joint ten- 
derness (16). The index has been shown to be sensitive 
to change in previous studies evaluating the efficacy 
of physiotherapy treatments (4,5,17). Additionally, the 
intra-rater reliability has been shown to be acceptable 
(18), and the test is quick and easy to perform. Scores 
range from 0 to 78. 

Morning stiffness. Morning stiffness is characteristic 
of RA, and variations in its duration are regarded as 
reflections of change in disease activity. Patients were 
asked to report the average duration of their morning 
stiffhess (in minutes) as experienced over the previous 
2 weeks. 

Grip strength. Grip strength was included both as a 
functional and disease activity measure (19~0) .  Under 
standardized conditions, the grip strength of the dom- 
inant hand was measured using a digital grip strength 
monitor inflated to 20 mm Hg. The mean of 3 readings 
was recorded. 

Active range of movement. Wrist and knee active 

range of movement in flexion and extension was eval- 
uated using a standard goniometer. These 2 joints were 
selected on the basis of the exercises performed, and 
the relative ease and reliability of measurement (21,22). 

C-reactive protein (CW). CRP, an acute-phase re- 
actant, is used routinely to monitor disease activity in 
RA. A high level (above 10 mg/liter) is associated with 
active inflammatory joint disease. At each assessment, 
a 5-ml sample of blood was taken. Serum samples were 
frozen at - 20°C within 2 hours of collection, and were 
subsequently tested in a single batch. 

Pain measures. The McGill Pain Questionnaire 
(MPQI. The MPQ (23) assesses the quantitative and 
qualitative aspects of pain. A shorter version of this 
questionnaire (24) adapted for use with RA was self- 
administered. This allowed patients unrestricted 
choice from 69 adjectives covering sensory, evaluative, 
and affective dimensions. A number of indices can be 
derived &om the results, but for this study, the weight- 
ed values for each of the 3 dimensions were divided 
by the number of words chosen in that category (25); 
a low number indicates mild pain and a high number 
indicates severe pain. 

The Beliefs in Pain Control Questionnaire (BPCQ). 
Previous research has suggested that beliefs about con- 
trolling pain may be as important in controlling pain 
as the pain control itself (26). Additionally, there is 
some evidence that strong beliefs in internal or per- 
sonal pain control are more often associated with better 
physical and psychological health than beliefs that 
pain is beyond personal control or is external (27). The 
BPCQ (28) has been standardized for use with patients 
with chronic RA and is relatively reliable and valid. Its 
13 items constitute 3 subscales. The internal scale mea- 
sures beliefs that pain is within one’s personal control; 
so, a high score indicates strong internality. The other 
2 scales measure beliefs that pain is controlled by factors 
which are beyond or outside one’s personal control: the 
powerful doctors scale examines beliefs that pain con- 
trol is in the hands of the doctors, and the chance hap- 
penings scale evaluates beliefs that pain is controlled 
by chance happenings or misfortune. High scores reflect 
high externality of each of these dimensions. 

Health status measures. The Arthritis Impact Mea- 
surement Scales 2 [ALMSZ). The original AIMS ques- 
tionnaire (29) was designed to assess health status in 
patients with rheumatic diseases. It has been found to 
be a reliable, valid measure that is sensitive to clinical 
change (30-32). The revised and expanded version of 
the self-administered questionnaire, the AIMS2 (33), is 
divided into 12 subscales: mobility level, walking and 
bending, hand and finger function, arm function, self- 
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care tasks, household tasks, social activity, support 
from family and fciends, arthritis pain, work, level of 
tension, and mood. Additional sections concern sat- 
isfaction with function, attribution of problems to ar- 
thritis, comorbidity, and designation of priority areas 
for improvement. Because it was anticipated that many 
of the patients in the study would be retired and/or 
their main form of work would be in the home, the 
work subscale of the A I M S 2  was adapted to differen- 
tiate between employment and housework by the ad- 
dition of 4 questions in which “housework’ was sub- 
stituted for the original “paid work.” While a reliable 
and valid abbreviated version of the AIMS is available, 
it lacks sensitivity to changes in mobility, pain, anxiety, 
and depression (34), and was therefore rejected for use 
in this study. 

To ensure its suitability for use with a British patient 
population, the language and spelling used in the ques- 
tionnaire were anglicized according to the work done 
by Hi11 et al(35) on the original instrument. Following 
normalization of the scores according to the method 
devised by Meenan et a1 (29), a low number indicates 
less impact of arthritis. 

Evaluation of interventions. Patients’ and physio- 
therapists’ perceptions of the interventions were mon- 
itored throughout the study, using quantitative tech- 
niques. 

Patients’ view of the intervention. Patients rated the 
course for effectiveness and enjoyment, using 2 sepa- 
rate scales. These were 5-point scales anchored by “not 
at all effective,” which scored 1 on the scale, and “to- 
tally effective,” which scored 5. These Likert-type 
scales were completed on 4 occasions: pre- and post- 
test to examine whether patient expectations were met, 
and twice during the course (after the fourth and eighth 
sessions). 

Patients’ view of the therapists. At the end of all 8 
sessions, patients also completed 5 rating scales which 
evaluated their therapist on a range of characteristics. 
Each scale was scored 1-5, anchored at 1 point and 5 
points as follows: warm-cold; caring-not caring; well- 

informed-lack of knowledge; interested-not interested; 
and enthusiastic-not enthusiastic. 

Therapists’view ofthe patients. To find out whether 
the therapists’ expectations of success for the interven- 
tion could affect patient outcomes, the physiotherapists 
rated each patient after the first and last sessions, ac- 
cording to their expectations of the effectiveness of the 
intervention. A 9-point scale (maximum adverse effect 
= 1, maximum benefit = 9) was used. 

Statistical methods. In this study we examined the 
hypothesis that hydrotherapy would give significantly 
more therapeutic benefit than the interventions con- 
sisting of the components of water or exercise alone. 
Data were analysed using the Statistics Package for the 
Social Sciences. 

A factorial between-and-within subjects multivariate 
analysis of covariance (MANCOVA) design with re- 
peated measures and for unweighted means was used 
to compare the 4 groups over the 3 time periods, and 
in relation to the covariates of disease duration, age, and 
education. To satisfy MANCOVA assumptions about the 
number of cases in relation to the number of dependent 
variables, the dependent variables were divided into 3 
groups of conceptually related measures for separate 
analysis (36). The first group considered the physical 
variables of the Ritchie articular index, grip strength, 
and wrist and knee range of movement; the second ex- 
amined the pain variables from the MPQ and the BPCQ, 
and the third consisted of the 5 composite health status 
scales fiom the AIMS2 questionnaire (31). 

Data screening. Prior to the MANCOVA, the data 
was checked for compliance with the assumptions of 
this statistical test. Box plots and tests for multivariate 
normality were carried out on all dependent variables. 
Non-normal variables were log-transformed (e.g., dis- 
ease duration, education, and grip strength) or square 
rooted (e.g., physical component scale of the AIMS2). 
Conventional methods of dealing with outliers were 
used in accordance with the usual procedures (36). 
Where appropriate, some variables were aggregated to 

Table 1. The sociodemographic characteristics of the 4 intervention groups 

Disease Functional 
Age, duration, class Ritchie 

Males: mean (SD) mean (SD] index, 
Group females years years I I1 111 mean (SD) 

Hydrotherapy 1 4 2 1  55.8 (12.5) 9.7 (7.7) 9 21 5 21.3 (10.6) 
Seated immersion 1124  58.7 (11.3) 12.2 (9.2) 5 28 2 19,9 (8.9) 
Land exercise 8:26 58.5 (11.0) 11.9 (8.2) 3 24 7 21.8 (0.5) 
Progressive relaxation 1095  59.8 (9.3) 12.2 (9.6) 9 19 7 21.4 (9.1) 



N
 

C
I 

0
 

Ta
bl

e 
2.

 
C

ha
ng

es
 i

n 
ph

ys
ic

al
 v

ar
ia

bl
es

, b
y 

st
ud

y 
gr

ou
p,

 m
ea

n 
(S

D
) v

al
ue

s 

O
ve

ra
ll 

(n
 =

 1
39

) 
H

yd
ro

th
er

ap
y 

(n
 =

 3
5)

 
Se

at
ed

 im
m

er
si

on
 (

n 
=

 3
5)

 
L

an
d 

ex
er

ci
se

 (
n 

=
 3

4)
 

Pr
og

re
ss

iv
e 

re
la

xa
tio

n 
(n

 =
 3

5)
 

z a, 
Pr

e 
Po

st
 

Fo
llo

w
up

 

R
itc

hi
e 

ar
tic

ul
ar

 
21

.1
5 

17
.3

* 
18

.1
 

in
de

x 
(9

.7
) 

(9
.4

) 
(1

0.
91

 
K

ne
e 

ra
ng

e 
of

 
24

9.
1 

25
1.

4 
25

2.
1 

m
ov

em
en

t, 
de

gr
ee

s 
(2

5.
6)

 
(2

6.
4)

 
(2

4.
1)

 
W

ris
t r

an
ge

 o
f 

16
7.

4 
17

2.
1 

17
4.

3 
m

ov
em

en
t, 

de
gr

ee
s 

(6
0.

3)
 

(5
9.

9)
 

(5
8.

8)
 

G
ri

p 
st

re
ng

th
, 

14
0.

4 
14

2.
6 

13
8.

9 
m

m
 H

g 
(7

5.
6)

 
(7

5.
5)

 
(7

0.
6)

 
M

or
ni

ng
 s

tif
fn

es
s,

 
41

.2
 

36
.9

 
33

.9
 

m
in

ut
es

 
(5

0.
7)

 
(5

1.
1)

 
(4

6.
4)

 

Pr
e 

21
.3

 
(1

0.
6)

 
24

8.
4 

(2
5.

9)
 

17
8.

5 

14
5.

8 

39
.0

 
(4

8.
6)

 

(5
4.

7)
 

(7
7.

5)
 

Po
st

 
Fo

llo
w

up
 

Pr
e 

Po
st

 
Fo

llo
w

up
 

Pr
e 

Ps
t 

Fo
llo

w
up

 
Pr

e 
Po

st
 

15
.5

t 
17

.9
 

(9
.4

) 
(1

2.
8)

 
25

2.
4 

25
2.

2 
(2

7.
0)

 
(2

3.
5)

 
18

1.
8 

18
6.

8 
(5

5.
0)

 
(5

4.
5)

 
15

2.
5 

15
2.

2 
(7

7.
9)

 
(7

0.
5)

 
39

.1
 

35
.3

 
(5

8.
0)

 
(4

9.
3)

 

19
.9

 
(8

.9
) 

24
8.

1 
(2

7.
4)

 
17

0.
9 

(5
6.

4)
 

13
4.

8 
(6

2.
5)

 
40

.9
 

(5
0.

5)
 

16
.8

 
(9

.7
) 

25
2.

3 
(2

5.
7)

 
17

9.
9 

(5
9.

6)
 

14
1.

7 
(6

0.
5)

 
39

.1
 

(5
7.

8)
 

18
.2

 

25
4.

9 
(2

6.
3)

 
17

6.
7 

(6
3.

9)
 

12
6.

6 
(5

0.
3)

 
31

.0
 

(9
.3

) 

(3
3.

9)
 

21
.8

 
(1

0.
5)

 
25

0.
8 

(2
5.

9)
 

16
1.

2 
(6

8/
0)

 
14

3.
9 

33
.8

 
(9

2.
0)

 

(4
3.

9)
 

18
.9

 

24
8.

7 
(2

8.
1)

 
16

6.
8 

(6
0.

9)
 

14
2.

0 

27
.2

 
(3

6.
6)

 

(9
.2

) 

(9
9.

0)
 

21
.4

* 
(9

.7
) 

24
8.

8 
(2

5.
7)

 
17

1.
3 

(5
9.

2)
 

13
7.

9 

24
.1

 
(3

6.
8)

 

(9
1.

9)
 

21
.4

 
1
8
.1

 
(9

.1
) 

(9
.6

) 
24

9.
0 

25
1.

9 
(2

4.
6)

 
(2

8.
5)

 
15

8.
3 

15
9.

6 
(6

2.
5)

 
(6

4.
2)

 
13

7.
5 

13
4.

2 
(7

1.
1)

 
(6

1.
5)

 
50

.3
 

41
.4

 
(5

8.
9)

 
(5

1.
8)

 

G
 

Fo
llo

w
up

 
m, E

 
19

.5
 

25
2.

8 
(2

1.
7)

 
16

1.
9 

(5
8.

4)
 

13
7.

3 
(6

3.
3)

 
44

.5
 

(1
1.

2)
 

(5
9.

9)
 

~ 

* 
A

t p
os

t-
te

st
, j

oi
nt

 t
en

de
rn

es
s 

w
as

 s
ig

ni
fi

ca
nt

ly
 l

ow
er

 th
an

 a
t p

re
-t

es
t (

F 
=

 9
.6

8,
 d

f 
=

 1
, 1

08
, P

 =
 0

.0
02

).
 

t 
H

yd
ro

th
er

ap
y 

pa
tie

nt
s 

ha
d 

th
e 

gr
ea

te
st

 r
ed

uc
tio

n 
in

 jo
in

t 
te

nd
er

ne
ss

 b
et

w
ee

n 
pr

e-
 a

nd
 p

os
t-

te
st

 (F
 =

 5
.0

5,
 d

f 
=

 1
, 

10
9,

 P
 =

 0
.0

3)
. 

* L
an

d 
ex

er
ci

se
 p

at
ie

nt
s 

m
ai

nt
ai

ne
d 

a 
si

gn
if

ic
an

t i
m

pr
ov

em
en

t i
n 

jo
in

t 
te

nd
er

ne
ss

 a
t f

ol
lo

w
up

 (
F 

=
 4

.9
, 

df
 =

 1
, 1

12
, P

 =
 0

.0
3)

. 

T
ab

le
 3
. 

C
ha

ng
es

 i
n 

kn
ee

 r
an

ge
 o

f 
m

ov
em

en
t 

an
d 

af
fe

ct
, b

y 
se

x,
 m

ea
n 

(S
D

) v
al

ue
s 

O
ve

ra
ll 

(n
 =

 1
39

) 
H

yd
ro

th
er

ap
y 

(n
 =

 3
5)

 
Se

at
ed

 im
m

er
si

on
 (

n 
=

 3
5)

 
L

an
d 

ex
er

ci
se

 (
n 

=
 3

4)
 

Pr
og

re
ss

iv
e r

el
ax

at
io

n 
(n

 =
 3

5)
 

Pr
e 

Po
st

 
Fo

llo
w

up
 

Pr
e 

Po
st

 
Fo

llo
w

up
 

Pr
e 

Po
st

 
Fo

llo
w

up
 

Pr
e 

Po
st

 
Fo

llo
w

up
 

Pr
e 

Po
st

 
Fo

llo
w

up
 

K
ne

e 
ra

ng
e 

of
 m

ov
em

en
t 

M
en

 
24

5.
4 

24
9.

2 
24

8.
1 

24
4.

8 
24

5.
2 

24
3.

6 
23

5.
4 

24
3.

4 
24

3.
8 

25
4.

8 
25

6.
3 

25
3.

7 
24

6.
6 

25
2.

0 
25

1.
7 

(2
6.

8)
 

(2
8.

2)
 

(2
4.

6)
 

(2
3.

9)
 

(2
4.

3)
 

(2
3.

4)
 

(3
5.

4)
 

(3
4.

4)
 

(3
1.

3)
 

(2
7.

8)
 

(2
8.

1)
 

(2
4.

4)
 

(2
0.

3)
 

(2
6.

0)
 

(1
9.

5)
 

W
om

en
 

25
0.

7 
25

2.
6 

25
4.

1 
25

0.
7 

25
7.

3*
 

25
7.

9 
25

2.
5 

25
5.

3 
25

8.
7 

24
9.

4 
24

6.
1 

24
7.

1 
24

9.
9 

25
1.

9 
25

2.
7 

(2
5.

8)
 

(2
6.

3)
 

(2
4.

0)
 

(2
7.

6)
 

(2
8.

3)
 

(2
2.

4)
 

(2
3.

4)
 

(2
2.

2)
 

(2
4.

1)
 

(2
5.

8)
 

(2
8.

3)
 

(2
6.

6)
 

(2
6.

5)
 

(2
6.

4)
 

(2
3.

0)
 

2 
A

ff
ec

t, 
A

rt
hr

iti
s 

Im
pa

ct
 

co
 

Z 
M

en
 

2.
87

 
2.

89
 

2.
85

 
3.

5 
3.

5 
2.

98
 

2.
9 

2.
8 

2.
9 

1.
9 

2.
2 

2.
2 

3.
2 

3.
0 

3.
37

 
? 

(1
.4

) 
(1

.6
) 

(0
.8

) 
W

 

3.
05

 
3.

1 
3.

5 
3.

03
 

2.
9 

3.
3 

2.
9 

3.
1 

G
 

W
om

en
 

3.
5 

3.
04

t 
3.

0 
3.

6 
3.

2 
3.

03
 

3.
4 

(1
.3

) 
(1

.3
) 

(1
.3

) 
(1

.4
) 

(1
.5

) 
(1

.5
) 

(1
.1

) 
(1

.0
) 

(1
.1

) 
(1

.4
) 

(1
.3

) 
(1

.5
) 

(1
.5

) 
(1

.2
) 

(1
.3

) 
2 r
 

M
ea

su
re

m
en

t 
Sc

al
es

 2
 (1
.5

) 
(1

.5
) 

(1
.2

) 
(1

.5
) 

(1
.8

) 
(1

.6
) 

(1
.8

) 
(1

.5
) 

(1
.4

) 
(1

.5
) 

(1
.4

) 
(1

.1
) 

- +
 

co
 

co
 

rn
 

* 
W

om
en

 re
ce

iv
in

g 
hy

dr
ot

he
ra

py
 h

ad
 s

ig
ni

fi
ca

nt
ly

 i
nc

re
as

ed
 k

ne
e 

ra
ng

e 
of

 m
ov

em
en

t b
et

w
ee

n 
pr

e-
 a

nd
 p

os
t-

te
st

 (F
 =

 3
.9

8,
 d

f 
=

 1
, 9

8,
 P

 =
 0

.0
49

).
 

t 
A

t p
os

t-
te

st
, w

om
en

 r
ep

or
te

d 
th

e 
gr

ea
te

st
 i

m
pr

ov
em

en
t i

n 
af

fe
ct

 s
co

re
s 

(F
 =

 5
.8

, 
df

 =
 I
, 1
09
, P

 =
 0

.0
2)

. 



Arthritis Care and Research Hydrotherapy in RA 211 

provide conceptually viable composites and to accom- 
modate abnormal distributions. The evaluative and af- 
fective scales of the h4PQ were integrated, in line with 
previous research (25). Also, the physical variables of 
right and left knee range of movement and right and 
left wrist range of movement were summed. Distri- 
butions of the AIMS2 subscales tended to be abnormal, 
and so, the 5 composite scales recommended by Meen- 
an et al were used, since they exhibited relatively nor- 
mal distributions (33). The physical component scale 
required square root transformation. 

Morning stiffness and CRP failed to satisfy the nor- 
mality requirements for multivariate analysis and were 
therefore excluded from parametric analysis. These 2 
variables were examined using the Kruskal-Wallis non- 
parametric test. 

Following additional tests for linearity, homoscedas- 
ticity, and multicollinearity, some covariates were re- 
moved from the analyses. Multicollinearity was a par- 
ticular problem for education, income, and occupation: 
on statistical grounds, education was selected as the 
most representative of the 3. 

Pearson correlation coefficients were used to examine 
relationships between variables of interest over the 3 
assessments. Thus, a range of correlations is reported. 

Patients’ views of the interventions. Separate analyses 
of variance (ANOVAs) with repeated measures were used 
on the effectiveness and enjoyment rating scales. 

The 5 scales, which related to the patients’ views of 
their therapists, were subjected to principal components 
analysis. This revealed a single factor (eigenvalue = 4.2) 
that accounted for 83.4% of the variance and included 
all 5 scales. Factor scores were high, ranging from 0.89 
(caring) to 0.76 (informative). In view of the 1-factor 
solution, it was not possible to rotate the data to obtain 
a varimax solution. A one-way ANOVA using the factor 
scores was employed to test for group differences. 

Therapists’ views of intervention effectiveness. The 
therapists’ perceptions of effectiveness between the in- 
terventions at pre-test were examined using a one-way 
ANOVA. Pre- and post-test rating scales were compared 
within each intervention group using paired t-tests. 

RESULTS 

Sample characteristics. Of the 139 patients with 
chronic RA who completed the study, 96 were women 
and 43 were men; their mean age was 58.2 years (SD 
11.1). The patients had a disease duration of 11.5 years 
(SD 8.7), and 66% were in Steinbocker functional class 
11, indicating that despite a “handicap of discomfort or 

limited motion at one or more joints,” the patients were 
able to function adequately for normal activities (14). 
Table 1 details some of the demographic features, 
showing that the intervention groups were comparable. 

At the pre-test interview, 29.5% of patients reported 
one or more comorbidities on the AIMS:! question- 
naire. These mainly related to cardiorespiratory prob- 
lems ( eg ,  high blood pressure, asthma, angina). As 
these patients were evenly distributed throughout the 
intervention groups, no attempt was made to control 
for comorbidity in the analysis. 

At baseline 73% of patients were prescribed 
DMARDs and 83% NSAIDs: 5.8% were taking oral ster- 
oids. The patients and their physicians were asked to 
maintain the type and dosage of pre-entry medications 
as far as was ethically possible during the study period. 
At each assessment, patients were questioned about 
their current medications. Ninety-seven percent of pa- 
tients had been able to maintain pre-entry medications 
at post-test. By followup, this number had dropped to 
79%, and 12.2% required an intraarticular corticoste- 
roid injection. Changes in drugs and requirements for 
intraarticular injections were evenly spread throughout 
the intervention groups. 

Is the effect of hydrotherapy significantly better than 
the other conditions? Physical variables. When hy- 
drotherapy was compared with the other conditions 
for the group of physical variables, all patients, re- 
gardless of intervention, showed significant improve- 
ments in joint tenderness between pre- and post-test, 
as measured by the Ritchie index (from 21.15 to 17.3, 
P = 0.002). Hydrotherapy patients had the greatest re- 
duction in joint tenderness, with a mean decrease of 
27% between pre- and post-test (from 21.3 to 15.5, P 
= 0.03) (Table 2). 

Analysis by sex showed that in women who received 
hydrotherapy, the total combined knee range of move- 
ment had significantly increased by 6.6” by the end of 
the course (P = 0.049). Although this improvement was 
maintained at followup, it was no longer statistically 
significant (Table 3). 

Grip strength, wrist range of movement, duration of 
morning stiffness, and CRP levels did not change sig- 
nificantly. 

Pain variables. All patients demonstrated a signifi- 
cant reduction in their evaluative/affective pain scores 

.bet.weqore,md, Dost-test [P = 0.0051, but this was 
not mainfain6d af ttjllowup7l’here were no ’signhcaht 
changes in sensory pain. 

All patients reported significant pre- to post-test re- 
ductions in the belief that pain is controlled by chance 
happenings or misfortune (P = 0.049) (Table 4), but 
this was not maintained at followup. No differences in 
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Table 4. Changes in pain variables, by study group, mean (SD) values* 

Overall Hydrotherapy Seated immersion Land exercise Progressive relaxa- 
(n = 139) (n = 35) (n = 35) (n = 34) tion (n = 35) 

Follow- FolIow- Follow- Follow- Follow- 
Pre Post up Pre Post up Pre Post up Pre Post up Pre Post up 

Sensory pain 

Evaluative/ 
1MpQI 

affective pain 
(WQI 

(BPCQI 

(BPCQI 

(BPCQI 

Internal scale 

Powerful doctors 

Chance happenings 

2.48 2.59 2.45 
(0.6) (0.7) (0.8) 

2.16 1.8t 2.0 
(1.7) (1.5) (1.8) 
2.7 2.6 2.7 

(0.8) (0.8) (0.8) 
3.8 3.89 3.96 

3.44 3.37* 3.3 
(0.9) (0.9) (0.9) 

(0.9) (0.9) (0.9) 

2.55 
(0.6) 

2.64 
(0.7) 

2.46 2.4 2.7 2.45 2.53 2.57 2.5 2.4 2.4 2.4 
(0.8) (0.6) (0.7) (0.8) (0.6) (0.7) (0.7) (0.7) (0.6) (0.8) 

2.06 2.4 1.9 2.06 2.1 1.3 1.7 1.6 1.8 2.3 
(1.8) (1.9) (1.6) (1.7) (1.6) (1.2) (1.6) (1.5) (1.4) (2.0) 
2.8 2.8 2.75 2.7 2.6 2.5 2.6 2.8 2.6 2.6 

(0.7) (0.8) (0.9) (0.8) (0.8) (0.7) (0.8) (0.8) (0.8) (0.7) 
3.87 3.9 3.9 4.06 3.7 3.8 3.75 3.87 3.96 4.1 

(1.1) (0.8) (0.9) (0.8) (0.9) (1.0) (0.9) (0.8) (0.9) (0.9) 
3.4 3.5 3.3 3.2 3.4 3.2 3.1 3.48 3.5 3.65 

(0.9) (0.8) (0.8) (0.7) (0.9) (0.8) (0.8) (0.9) (0.9) (1.0) 

* MPQ = McGill Pain Questionnaire; BPCQ = Beliefs in Pain Control Questionnaire. 
t All patients reported a reduction in evaluative/affective (MPQ) between pre- and post-test (F = 8.2, df = 1, 118, P = 0.005). * All patients reported a reduction in beliefs that pain was controlled by chance happenings between pre- and post-test (F = 3.96, df = 1, 109, P = 0.049). 

the patients’ beliefs in pain control by powerful doctors 
and in the personal control of pain (internal scale) were 
noted between groups or over time. 

For patients in the hydrotherapy group, there were 
no additional benefits in terms of pain relief or beliefs 
concerning pain. 

Health status measures-AIMSZ. All patients sig- 
nificantly improved their physical capacity (by 4.8%) 
after treatment (P = 0.007), and further improvement 
was noted on this outcome measure at followup (P = 
0.008) (Table 5). 

Significant improvement in mood and tension oc- 
curred for all patients after treatment, as represented 

by a reduction in affect scores (P  = 0.003). Further- 
more, women reported the greatest improvement (P = 
0.02) (Table 3). At followup, all patients continued to 
show significant improvement in mood and tension (P 
= 0.001). However, patients receiving hydrotherapy 
demonstrated the greatest effect (P = 0.03) (Table 2). 

These two AIMS2 scales, physical capacity and af- 
fect, were positively and significantly correlated at all 
assessments (P values between 0.01 and 0.001), sug- 
gesting that physical and psychological well-being are 
closely related. 

No differences between groups or over time were 
observed in the social or work subscales. 

Table 5. Changes in scores on the Arthritis Impact Measurement Scales 2 variables, by group, mean (SD) values 

Overall Hydrotherapy Seated immersion Land exercise Progressive relaxa- 
(n = 139) (n = 35) (n = 35) (n = 34) tion (n = 35) 

Follow- Follow- Follow- Follow- Follow- 
Pre Post up Fre Post up Pre Post up Pre Post up Pre Post up 

Physical capacity* 2.57 2.4 2.4 2.3 2.25 2.1 2.4 2.2 2.1 2.7 2.4 2.5 2.9 2.7 2.8 
(1.8) (1.9) (1.9) (1.9) (2.1) (1.8) (1.5) (1.7) (1.7) (2.1) (1.9) (2.1) (1.8) (1.9) (1.7) 

Affectt 3.3 3.0 2.9 3.5 3.3 3.0 3.2 2.98 3.0 3.2 2.8 2.7 3.3 2.9 3.2 
(1.4) (1.3) (1.3) (1.4) (1.6) (1.5) (1.3) (1.2) (1.2) (1.5) (1.3) (1.4) (1.4) (1.3) (1.2) 

Social 3.4 3.52 3.54 3.6 3.5 3.6 3.4 3.4 3.5 3.38 3.5 3.4 3.39 3.5 3.6 
(1.1) (1.2) (1.3) (1.2) (1.3) (1.3) (1.2) (1.2) (1.2) (1.2) (1.3) (1.4) (1.0) (1.1) (1.1) 

Pain* 4.48 4.47 4.49 4.9 4.8 4.8 4.3 4.3 4.5 4.1 3.8* 3.8 4.5 4.8 4.7 
(2.2) (2.2) (2.3) (2.2) (2.7) (2.5) (2.2) (2.2) (2.4) (1.9) (1.8) (1.9) (1.9) (1.9) (2.2) 

Work 3.17 2.8 2.97 3.05 2.4 2.8 2.79 2.8 2.5 3.09 3.1 3.3 3.1 2.9 3.2 
(2.3) (2.2) (2.3) (1.9) (1.9) (2.5) (2.3) (2.3) (2.1) (2.8) (2.3) (2.7) (2.2) (2.2) (2.0) 

* Physical capacity increased significantly at post-test for all patients (F = 7.6, df = 1, 115, P = 0.007); the improvement in physical capacity was maintained 
at followup for all patients [F = 7.3, df = 1, 113, P = 0,008). 
t Levels of mood and tension decreased for all patients at post-test fF = 9.3, df = 1, 113, P = 0.003); the improvement in the affect scores was maintained 
at followup for all patients (F = 10.8, df = 1 , 1 1 2 ,  P = 0.001). At followup, hydrotherapy patients had significantly lower affect scores compared to the other 
groups (F = 4.6, df = 1, 112, P = 0.03). * At post-test, land exercise patients had significantly less pain compared to other groups (F = 4.2, df = 1, 105, P = 0.04). 
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Other group findings. No additional benefits were 
observed for patients receiving seated immersion. Pa- 
tients in the land exercise group were the only patients 
to maintain their improvement in overall joint tender- 
ness between post-test and followup (P  = 0.03). In ad- 
dition, these patients had a significant reduction in 
pain on the AIMS2 between pre- and post-test (P = 
0.04) (Table 2). However, this was not maintained at 
followup, and, as with the other patients in the study, 
there was a slight but significant increase in pain on 
this scale ( P  = 0.04). Despite the overall finding that 
affective/evaluative pain decreased significantly in the 
sample as a whole between pre- and post-test, the pro- 
gressive relaxation group actually experienced a 12.5% 
increase in their pain (P = 0.02), and this persisted at 
followup ( P  = 0.028). Additionally, beliefs that pain is 
controlled by chance happenings were found to have 
been strengthened in the progressive relaxation group 
at followup (from 3.48 to 3.65, P = 0.015). 

Perceptions of the interventions. Patients’ views. 
All groups reported similar perceptions of the effec- 
tiveness of the interventions at pre-test, which did not 
change significantly over time. This score was high, 
with overall mean ratings (on a 1-5 scale) of 3.6 (SD 
0.9) at pre-test and 3.4 (SD 1.15) at post-test. Similarly, 
ratings on intervention enjoyment were stable between 
groups and over time. At pre-test, the overall mean 
rating was 4.5 (SD 0.7), and at post-test, 4.7 (SD 0.6). 
A positive and significant correlation between effec- 
tiveness and enjoyment was observed at post-test (r = 
0.35, degrees of freedom [dfl = 110, P = O.OOOl), sug- 
gesting that enjoyable treatment may be effective treat- 
ment. 

All patients, regardless of the intervention, consid- 
ered their therapist to be relatively warm, caring, in- 
formative, interested, and enthusiastic. Patients’ views 
of intervention effectiveness were not significantly cor- 
related with their views of the therapist (r = 0.08, df 
= 110, P = 0.2). However, patients’ enjoyment of the 
intervention was significantly and positively correlated 
with their view of the therapist at all time points (P 
values range from 0.05 to 0.001). 

Therapists’ views. At the start of the study, therapists 
expected that patients in the seated immersion group 
would benefit more than those in the land exercise 
group (F = 3.06, df = 3, P = 0.03). This view was 
maintained throughout the study period (t = -1.35, df 
= 120, P = 0.2). 

DISCUSSION 

The present study shows that hydrotherapy has val- 
ue-added benefits for the physical and emotional as- 

pects of rheumatoid arthritis. These occur in addition 
to the physical and psychological benefits of “placebo 
attention” seen in all the intervention groups used in 
this study. The results suggest an enhancement effect 
in the interaction between exercise and the water, with 
minor emphasis on the former. 

While all groups experienced improved joint ten- 
derness over the 4 weeks, the hydrotherapy group ex- 
perienced the most relief. This confirms reports by pre- 
vious investigators, who noted improvement in clini- 
cally active joints after a pool program but not after a 
land program (4). Given that joint tenderness and pain 
may be similar constructs (37), it seems plausible, with- 
in the terms of current theory about pain, that the 
warmth of the water facilitates a closure of the “gate” 
in the spinal cord, and in enhancing the blood flow, 
relieves the pain (38). Given that hydrotherapy is used 
as a pain-relieving treatment, it is surprising that it was 
only the land exercise patients, who in addition to 
reductions in evaluative/affective pain (in common 
with other groups), experienced a similar reduction in 
pain scores on the AIMS2. However, as these 2 vari- 
ables are significantly and positively correlated at all 
time points, it seems likely that both were measuring 
similar aspects of the pain experience (r = 0.25-0.41, 
P 5 0.05-0.01). An alternative theory is that the re- 
duced joint tenderness seen in the hydrotherapy group 
may be attributed to the reduction of joint loading oc- 
casioned by the buoyancy. In addition, the hydrostatic 
pressure of water immersion is considered to reduce 
edema (39), and this may have been one of the factors 
in decreasing joint tenderness and increasing range of 
movement. The unexpected finding that the increase 
in knee range of movement was gender-specific may 
be due to the small number of men in the sample, 
which despite adjustment for the unequal numbers in 
the analysis, did not provide the most robust test of 
this feature. Further studies should seek to test an equal 
number of men and women. It may also be related to 
the severity of edema at study entry. Due to the un- 
reliability of available measures, knee swelling was not 
assessed, and it is therefore unknown whether women 
presented with greater edema than did men, and hence 
had greater capacity for improvement. Given that sig- 
nificant and negative correlations were noted between 
the Ritchie articular index and knee range of movement 
(r = 0.43-0.63, P 5 0.05-0.01), this finding may be 
important for future trials. 

The fmding that mood and tension, measured by the 
affect scale (AIMSZ), were significantly enhanced at 
followup in hydrotherapy patients is also worth com- 
ment, particularly because significant positive corre- 
lations were noted between the Ritchie index at post- 
test and affect at followup (r = 0.63, P 5 0.001). It 
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therefore seems plausible that improvements in ten- 
derness which occurred by the end of treatment but 
which were not altogether maintained at followup 3 
months later, may have primed improvements in mood 
which had already begun by the end of treatment. 
While a causal relationship cannot be established by 
correlations, these findings are in line with some re- 
sults from cognitive therapy, which show that psycho- 
logical improvement often takes longer to develop than 
physiological change, and tends to follow it. This ap- 
pears to demonstrate that important psychological 
changes may follow physiotherapy treatments and it 
is one of the values of longitudinal studies that include 
the measurement of psychological variables. Given that 
a recent paper showed psychosocial variables to be as 
important as disease and pain in determining function, 
this is an extremely important finding (40). 

The finding that the seated immersion group had no 
benefits additional to those found in the other groups 
confirms the hypothesis that the exercise component 
of hydrotherapy is of central importance. Additionally, 
the finding that the progressive relaxation group had 
increased evaluative/affective pain at post-test and fol- 
lowup, whereas the exercising and seated immersion 
groups had decreased pain at post-test, supports the 
theory that both components of hydrotherapy are re- 
quired for effective benefit. The finding that chance 
happenings scores were higher at followup in the pro- 
gressive relaxation group cannot be attributed to sim- 
ilar increases in pain, as these 2 variables were not 
significantly correlated in this group. It is therefore dif- 
ficult to explain why relaxation on land strengthens 
beliefs that pain is controlled by misfortune. This find- 
ing is all the harder to explain in view of the findings 
that patients in the progressive relaxation group en- 
joyed their course equally as well as those in the other 
groups, liked their therapist as much, and judged their 
progress to be equally efficacious. 

This study represents the largest examination, to 
date, of hydrotherapy and its components in patients 
with RA. While quantitative improvement was small, 
but nonetheless significant, the clinical significance 
needs to be addressed. The literature suggests that de- 
monstrable objective improvement with hydrotherapy 
is small ( 2 4 ) .  Stenstrom et a1 noted few significant 
differences between a hydrotherapy training and a con- 
trol group (5). The authors suggest that limitations of 
present outcome measures are a factor, given the pa- 
tients’ enthusiasm to participate. In the study reported 
here, responses from hydrotherapy patients suggested 
that the water and the exercise together increased their 
confidence to move fieely. A further influence on the 
outcome may be the limited duration of treatment, and 
extending the treatment time may have resulted in 

greater therapeutic effect. Future studies examining 
both the therapeutic effects and the mediating actions 
are required to address these current limitations. 

In conclusion, this controlled trial investigating the 
effects of hydrotherapy-a combination of water and 
exercise-showed that hydrotherapy gave superior 
benefits in terms of physical and psychological func- 
tioning compared to the benefits experienced simply 
as a result of participation in the study. While these 
results are moderate in effect, they provide some jus- 
tification for continuing investment in this type of treat- 
ment. 
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