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Summary 
Background and purpose: Exercise is frequently selected by 
physiotherapists to treat patients with low back pain (LBP) or with 
back and leg pain. Anecdotally a particular form of exercise, 
group hydrotherapy, is widely accepted as a beneficial and cost- 
effective method of management. This study was designed to 
investigate the claimed benefits of group hydrotherapy for 
subjects with chronic low back pain (CLBP) and back and leg pain. 

Subjects: A total of 109 adults with LBP or back and leg pain of 
more than three months duration were randomly assigned to 
either a hydrotherapy (experimental) or control (delayed 
hydrotherapy) group; 95 subjects completed the study. 

Methods: Before and after the four-week ‘intervention period’ 
the following measures were recorded for all subjects in both 
groups: the ranges of active lumbar flexion and extension and 
of passive straight leg raise; the levels of lower limb strength, 
reflex responses, light touch sensation, functional disability using 
the Oswestry Low Back Pain Disability Questionnaire, and pain 
using the McGill Pain Questionnaire. All measurements were 
made and recorded by an experienced physiotherapist unaware 
of the group assignment of subjects. 

Results: Analysis with chi-square showed a statistically significant 
greater number of subjects in the experimental group improved 
in their function and fewer deteriorated. Subjects whose condition 
improved on the other measures were typically in the experi- 
mental group, while those whose condition deteriorated were 
typically in the control group. 

Conclusion and discussion: The findings offer qualified support to 
anecdotal evidence that group hydrotherapy can benefit subjects 
with CLBP or back and leg pain. 

Introduction 
Management of low back pain(LBP) is the 
most common reason for visits to  out-patient 
physiotherapy departments (Jette et al ,  1994). 
Physiotherapists have a wide variety of options 
with which to treat people with LBP, and of those 
the prescription of exercise is the most frequently 
chosen (Jette et al,  1994). Exercises can be per- 
formed on land or in a pool in the form of indi- 
vidual or  group hydrotherapy. There is, how- 
ever, little research examining whether group 
hydrotherapy is an effective method of manage- 
ment for subjects with chronic low back pain 
(CLBP). 

Anecdotally, hydrotherapy generally benefits 
those with LBP (Davis and Harrison, 1988; 
Langridge and Phillips, 1988; Tinsley and Laing, 
1990). The warmth of the water is claimed to  
reduce striated muscle tone and pain (Franchi- 
mont et al, 1983) and the buoyancy to reduce joint 
compressive forces (Harrison and Bulstrode, 
1987). Buoyancy can also be exploited by thera- 
pists when increasing spinal and peripheral 
joint range of movement and muscle length, and 
when varying the grades of difficulty of exercise. 
Hydrotherapy is claimed to reduce anxiety 
(Levine, 1984; Robiner, 1990) and to increase feel- 
ings of well-being in patients (Robiner, 1990). 
Conducted in groups, hydrotherapy enables social 
interaction which can have positive effects for 
those with CLBP (Langridge and Phillips, 1988). 
Group hydrotherapy has an additional benefit of 
being cost-effective in direct staff time. For these 
reasons, hydrotherapy may be an  appropriate 
method of treating many patients with low back 
pain. 

The few published studies suggest there are some 
benefits for those with CLBP attending hydro- 
therapy programmes. For example, Langridge 
and Phillips (1988) reported 85% of participants’ 
pain levels were reduced and 96% experienced 
an improvement in quality of life. Woods (1989) 
reported that 17 out of 18 subjects investigated 
had improved muscle strength and range of 
motion, and levels of pain were reduced in four. 
Smit and Harrison (1991) reported significant 
increases in ranges of lumbar spine flexion, exten- 
sion, left and right lateral flexion and reductions 
in pain in subjects in the week after their partic- 
ipation in a hydrotherapy programme. An audit 
by Roberts and Freeman (1995) of patients having 
hydrotherapy also showed a statistically sign- 
ificant beneficial outcome when scores were 
combined for area and intensity of pain, range of 
lumbar spine movement, and ability to  perform 
activities of daily living. 

Published hydrotherapy studies tend, however, to  
have major methodological weaknesses. For 
example, they have used small subject numbers 
(Langridge and Phillips, 1988; Woods, 1989; Smit 
and Harrison, 1991), poorly defined outcome 
measures (Langridge and Phillips, 1988; Woods, 
1989), no control group (Langridge and Phillips, 
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1988; Woods, 1989; Smit and Harrison, 1991; 
Roberts and Freeman, 1995) o r  had the same 
therapist treat and examine the subjects (Smit 
and Harrison, 1991; Roberts and Freeman, 1995). 

The present study was designed to overcome some 
of the limitations of existing studies. For this 
reason, a randomised, controlled design was 
selected. The set of outcome measures was 
designed to  include those frequently used by 
physiotherapists when evaluating subjects 
with low back pain. Specific tests had to be 
reliable, valid, and yet feasible without risking 
exacerbating pain. 

The selected measures included tests of the 
following: the range of active lumbar flexion and 
extension and of passive unilateral straight leg 
raise; the muscle strength, grade of reflex and 
light touch sensation in the regions supplied by 
identified lumbar and sacral nerve roots; the level, 
area and intensity of pain; and the functional 
status of subjects. The tests of muscle strength, 
grade of reflex and light touch sensation were 
designed t o  reflect changes in the neurological 
status of subjects. Although routinely used by 
physiotherapists assessing the neurological status 
of subjects with LBP or leg and back pain, neuro- 
logical tests had not previously been reported in 
studies of these subjects having group hydro- 
therapy. Prior to the study, for each measure 
examined, we identified the levels of change that 
might typically indicate a clinical improvement 
or deterioration in a subject's condition. 

Our hypothesis was that subjects with LPB 
who participated in group hydrotherapy would 
improve with respect to their functional ability, 
pain, and neurological levels, and their range of 
measured spinal movements. 

Method 
Subject Selection 
The subjects in this study all contacted a large 
metropolitan community care centre of a metro- 
politan hospital for treatment by hydrotherapy for 
LPB between February and September of the 
same year. This contact followed their referral for 
hydrotherapy by their medical practitioner or  
physiotherapist. For many, this followed the 
publication of an article about the study in their 
local newspaper. For others, the ostensible reason 
was that their practitioner felt they would benefit 
from a course of hydrotherapy. 

Before being accepted into a hydrotherapy 
programme at this centre, all patients are 
routinely screened by the physiotherapy depart- 
ment. A detailed medical history is taken, a 
physical examination performed, X-rays exam- 

ined, and the results of any current medical 
investigations are ascertained. These routine 
screening procedures are intended to exclude 
from group hydrotherapy subjects who were unfit 
(see table 1). In addition, for the purpose of 
this study, people who could not speak and read 
English, had a spondylolisthesis, had undergone 
lower limb joint replacement surgery, or who 
were receiving work or traffic injury-related 
compensation insurance were excluded. Those 
whose condition was so severely painful or irritable 
that they required individual hydrotherapy, or  
alternative physiotherapy or medical treatments 
were also excluded from the study. 

Table 1: Exclusion criteria for group hydrotherapy 

One or more of the following: 
0 Uncontrolled hypertension 
0 Severe postural hypotension 
0 Left heart failure 
0 Exercise induced angina 
0 Lung vital capacity of less than 1 'x litres 
0 Faecal or urinary incontinence 
0 Allergy to chlorine 
0 Tendency to antisocial behaviour such as can occur following 

0 Severe limiting airways disease 
0 Women in the first trimester of pregnancy 

a head injury 

Subject Description 
All subjects who met the criteria for both 
hydrotherapy and the study were approached to  
establish whether they were willing to participate 
in the study. The 109 who agreed were randomly 
allocated to one of two groups. The experimental 
(hydrotherapy) group comprised 20 men and 36 
women. The control group (delayed hydrotherapy) 
comprised 21 men and 32 women. All subjects had 
the study explained to them and all were required 
to sign an informed consent form approved by the 
ethics committees of the Alfred Group of Hospitals 
and La Trobe University. 

Of the 109 subjects who agreed to participate, 
95% completed all requirements of this study. 
These subjects comprised 17 men and 28 women 
in the experimental group, and 21 men and 29 
women in the control group (see table 2). The 
reasons of those who withdrew or were excluded 
ranged from being unable to  attend all sessions 
to not liking hydrotherapy. All subjects who 

Table 2: Subject description by group allocation 

Group Sex Age Height Weight Pain 
M F (years) (cm) (kg) duration 

(months) 

Expt 17 28 57.2 165.7 71.0 98.4 
(215.2) (28.9) (29.9) (+125.6) 

Control 21 29 58.4 166.3 72.8 144.9 
(+15.0) (k9.7) (216.5) (r150.6) 
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remained in the study were assessed within seven 
days of completing the four-week study period 
(mean 2.07 days). 

The age, height, weight and duration of LBP of 
subjects are shown in table 2. A two-tailed t-test 
for independent groups* demonstrated no signif- 
icant difference between the experimental and 
control groups with respect to  age (t = 0.71), 
height (t = 0.75), weight (t = 0.521, or duration of 
condition (t = 0.11). Similar patterns of use of 
analgesics and NSAIDs were identified in both 
groups of subjects at the start of the study. Many 
subjects had multiple diagnoses of their low back 
pain. The most common agreed diagnoses were 
degenerative spinal joint conditions or degenera- 
tive disc disease (82% of experimental subjects 
and 72% of controls). Thirty-four (76%) of the 
experimental group subjects had LBP and 11 
(24%) had LBP and leg pain at the start of the 
study. Thirty-nine (76%) of the control group 
subjects had LBP and 12 (24%) had LBP and leg 
pain at the start of the study. 

At the initial assessment, 44% of the experi- 
mental group and 50% of the controls had normal 
lower limb strength, while the remaining subjects 
had one or more muscles with reduced strength. 
At this same assessment, 47% of the experimental 
group and 54% of the controls had normal lower 
limb reflexes, while the remaining subjects had 
one or more absent or weak reflex responses. Also 
at this same assessment, 49% of the experimental 
group and 38% of the controls had normal lower 
limb light touch sensation, while the remaining 
subjects had sensory changes resulting in the 
sensation in one or  more dermatomes being 
classified as ‘absent’ or ‘increased‘. 

Procedure 
After agreeing to participate and completing the 
informed consent form, all subjects attended an 
initial measurement session. During this session 
details of the age, sex, duration of condition, 
current medication, and the generally agreed 
diagnosis (diagnoses) of the LBP of each subject 
were recorded by one of the investigators (BMcI). 
Physical measurements, including each subject’s 
weight, height, and selected ranges of movement, 
were made by a physiotherapist unaware of the 
group allocation of subjects and not involved in 
the hydrotherapy programmes. Standardised 
instructions, equipment and scoring sheets were 
used for all physical measurements following 
familiarisation and practice sessions conducted 
by one of the investigators (BMcI). 

*Microsoft Excel v 5.0 

twoolworths, Nepean Highway, Cheltenham, Victoria, Australia. 
*Anglefinder Plus Level. Dasco Pro, Rockford, Illinois, USA. 

Following the measurement session, each subject 
was asked to complete the McGill Pain Question- 
naire (Melzak, 1975) and the Oswestry Low Back 
Pain Functional Disability Questionnaire (Fair- 
bank et al, 1980). Subjects were then randomly 
assigned to either the experimental group or the 
control group by withdrawing a marked lottery 
ticket from a box. Equal numbers of tickets bore 
the letter ‘C’ for the control group and ‘E’ for the 
experimental group. 

Outcome Measures 
No single established clinical indicator is gener- 
ally accepted as a suitable outcome measure for 
subjects with LBP. For this reason, the study used 
a range of tests designed to measure the different 
physical and other parameters often examined by 
physiotherapists. The final battery included only 
those tests with a known reliability, as described 
below, and acceptability to  both the subjects and 
to therapists. 

Lumbar flexion and extension were measured 
using the modified Schober method (Macrae and 
Wright, 1969). Both measurements were made 
with the subject standing and facing away from 
the examiner. For flexion, the therapist marked 
the subject’s skin over each posterior superior iliac 
spine (PSIS) and then at the intersection of the 
spinal column and a horizontal line between each 
PSIS. The therapist then marked the skin 10 cm 
above and 5 cm below the intersection of the 
previously marked horizontal line. The subject 
was instructed to bend forward and the increase 
obtained by the examiner in length of the plastic 
tape measure? was recorded as the range of 
motion (ROM) of flexion in centimeters (eg 20.5 cm 
-15.0 cm = 5.5 cm). Lumbar extension was 
measured similarly, except that the distance was 
shorter because it was measured as the subject 
bent backwards (Beattie et al, 1987). 

Passive straight leg raise (SLR) was measured for 
each leg with the subject in supine and instructed 
to remain relaxed. A hydrogoniometer (with a 
360” dial)$ was attached to the subject’s extended 
knee using Velcro strapping. While maintaining 
the subject’s knee in extension the therapist 
carefully lifted the leg up until maximum 
tolerable pain was felt by the subject. The angle 
of lift indicated by the hydrogoniometer was 
recorded as the passive straight leg raise ROM 
(Hsieh et al, 1983). 

Tendon reflex grading: Quadriceps, hamstring 
and calf tendon reflexes were graded with the 
subject supine and relaxed on a treatment couch. 
The distal tendon of each muscle group was 
struck with a flexible patella hammer three times 
or until a consistent response was achieved. The 
examining physiotherapist rated the response as 
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absent, reduced, normal or increased and marked 
the scoring sheet accordingly. 

Strength grading: Strength of the following 
muscle groups was assessed for each leg by the 
physiotherapist with the subject in lying: hip 
flexors (L2); knee extensors (L3); ankle dorsi- 
flexors (L4); ankle evertors (L4/5); and great toe 
extensors (L5). Ankle plantarfl exors (Sl/'2) were 
each assessed with the subjects standing and 
rising unilaterally on to their toes. The examining 
physiotherapist rated each response using the 
0 to  5 Oxford rating scale (Hollis, 1976) as this 
rating scale is quick and easily applied in the clin- 
ical setting. 

Light touch sensation: This was assessed by the 
physiotherapist lightly stroking the skin in each 
relevant dermatome with a paper tissue. The 
regions tested were as follows: proximal lateral 
thigh over the inguinal ligament (Ll); middle 
third of the anterior thigh (L2); medial side of the 
distal third of the thigh (L3); distal third of the 
medial side of the leg (L4); lateral side of the prox- 
imal third of the leg (L5); lateral border of the foot 
6%); and the sole of the heel 62 ) .  The examining 
therapist rated the response as absent, dimin- 
ished, normal, or  increased, and marked the 
scoring sheet accordingly. 

Reliability of Outcome Measures 
The reliability of all physical measures and tests 
of function and pain had previously been reported. 
The modified Schober method of measuring 
lumbar flexion had a 0.97 product moment corre- 
lation with radiographs (Macrae and Wright 
19691, and an intra-observer error as a coefficient 
of variation of 8.5% (Portek et al, 1983). Used to 
measure extension in subjects with significant 
LBP and leg pain, the method had a high level of 
reliability (intertherapist intraclass correlation 
coefficient (ICC) = 0.94) (Beattie et al, 1987). For 
SLR using goniometers, Hsieh et a1 (1983) demon- 
strated an  intersessional reliability (alpha 
coefficient) of 0.88" (standard deviation of 
measurement error = -e 2.8'>, and intrasession- 
ally, 0.95" (k 1.9"). The test-retest reliability of the 
Oswestry Low Back Pain Disability Question- 
naire had long been established with subjects 
with LBP (Fairbank et al, 1980) as had the McGill 
Pain Questionnaire (Melzak, 1975). 

Although each physical measure had a known 
level of reliability, one investigator (BMcI) 
conducted trials of this part of the test battery 
on 14 subjects with LBP. The intratherapist test 
results, using Pearson's T*, were 0.92 for flexion, 
0.81 - 0.91 for extension, and 0.94 - 0.95 for 
passive SLR. These levels of agreement were 
noticeably higher than those for intertherapist 
measurements. For this reason, the one therapist 

was used for all measurements in this study. 

Little evidence existed of the intra- or interrater 
reliability of lower limb neurological tests for 
subjects with LBP. The same investigator (BMcI) 
and a second therapist conducted reliability trials 
using 18 different subjects with low back pain. 
The intra- and interrater reliability of the neuro- 
logical tests was established using kappa statistic, 
K? a chance-corrected measure of percentage 
agreement. The intrarater values of K for the 
strength tests were from 0.6 to  1.0, for reflex tests 
from 0.53 to 0.88, and for light touch tests from 
0.64 t o  1.0. The interrater values of K for the 
strength tests were from 0.45 to  1.0, for reflex 
tests from 0.26 to  0.55, and for light touch tests 
from -0.06 t o  0.77. Values of K above 0.8 are 
accepted as representing excellent agreement? 
above 0.6 as substantial agreement, and 0.4 to  0.6 
as moderate agreement (Portney and Watkins, 
1993). These results supported the previous deci- 
sion to  have the same therapist perform all 
measurements of all subjects participating in 
the study. 

Intervention 
Subjects in the experimental (hydrotherapy) 
group each participated in 60-minute group 
hydrotherapy sessions twice weekly for four 
weeks. The control (delayed hydrotherapy) group 
subjects were placed on the existing four-week 
waiting list for hydrotherapy. Both groups were 
reminded not to  start any other treatment, 
medication or exercise programme for their 
LBP during this period. 

Each hydrotherapy session was.led by experi- 
enced pool volunteers with additional training in 
delivering the prescribed 20 spinal exercises (see 
panel). Ten repetitions of each prescribed exercise 
were included during each session. If a subject 
missed a session, an extra one was arranged. 
Any subject who missed more than one session 
in the four-week period was withdrawn from 
the study. 

Four weeks after presenting t o  the community 
care centre, each subject in the study was again 
assessed by the same physiotherapist at the same 
time of day as the initial assessment, when 
possible. After this, subjects in the control group 
began hydrotherapy. 

Data Analysis 
Stage 1 
The data were analysed in three stages. In the 
first stage the mean changes in the ranges of 

*Microsoft Excel v 5.0 
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Pool Therapy Exercises for General Classes 
1. Walk in water (not holding on). Do four widths (36 metres) of the pool in each direction. 

0 Forwards - put the opposite arm and leg forwards at the same time. 
0 Backwards - make sure that the hip stretches backwards behind the body. 
0 Sideways - stretch the legs apart gently. Move the arms up at the sides as the legs come apart. 

2. Marching on the spot. Bring the right knee towards the chest and down again. Then the left. Do ten 
times alternately with each leg. 

3. Hold the rail and bob down in the water - bring both knees up to the chest ten times. 

4. In shallow water face the rail, hold the rail lightly with the hands. Stand with the legs wide apart. 
Bend the right knee slowly and lunge to the right, keep the spine upright. Reverse and lunge to the left. 
Repeat slowly ten times to right and left. 

5. Stand at the rail in chest deep water. Hold rail with the right hand. Keep the knees straight and 
swing the left leg forwards and backwards ten times. Keep body upright and still. Turn around and repeat 
with the right leg ten times. 

6. Stand facing the rail. Hold the rail with both hands. Keep your knees straight. Lift your right leg up to 
the side parallel with the pool wall as far as it will go. Repeat with the left leg. Alternate legs until you 
have done ten lifts with each leg. 

7. Kneel at the rail. Keep the knees together. Bend the arms and let them rest on the rail. 

0 Rock the pelvis in and out from the wall ten times. 
0 Keep the knees and ankles together. Lift both legs up to the right side with thighs against the pool 

wall, like the pendulum of a clock.The movement comes from the waist. Reverse to the left. 
Do ten times to each side. 

8. Stand facing the pool rail. Hold the rail with both hands, arms stretched at full length. Arch the body so 
the stomach comes in and touches the pool wall while keeping the arms straight. Reverse and take the 
bottom away from the wall as far as possible. Repeat ten times. 

9. Lie on the back at the rail with a hip float on (and collar on if needed for comfort) 

0 Bicycle the legs vigorously for ten cycles. 
0 Keep the knees straight and take the legs apart and together ten times. 
0 With the knee kept straight push one leg down towards the bottom of the pool. 

0 Keep the legs straight, take both legs to the right just under the surface of the pool. 
Repeat with the other leg. Do ten times each leg. 

Repeat to the left. Do ten times each way. 

10. Stand up in shoulder-deep water. Hold the arms out to the side in line with the body. Keep the feet 
still. Rotate the body to the right fully and then to the left. Push your arms as hard as you can through the 
water. Do ten times each way. 

11. Stand up in chest-deep water. Hold a kickboard in both hands. 

0 Push and pull the kickboard in front of you ten times. Push as hard as you can while 
keeping the body still. 

0 Push the kickboard down into the water and pull it up again as hard as you can ten times. 

12. Stand in shoulder-deep water with hand paddles on. Start with hands on the surface of the pool. 

0 With palms facing downwards push the paddles down through the water past your hip and down 
behind you. Turn the paddles around and pull them up through the water again. Keep your body 
still while pushing as hard as you can with the paddles. Repeat this cycle ten times to the 
front and back. 

0 With the palms facing each other take the arms apart just under the surface of the water out to 
the side of the body. Bring them together again. Keep the body still while pushing as hard as 
you can with the paddles. Repeat ten times. 
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active and of passive movements were calculated 
for both groups of subjects. Then, analysis of 
covariance* (ANCOVA) was used to investigate the 
change in range (change scores) of active lumbar 
spine flexion and extension, unilateral passive 
straight leg raises, the Oswestry Disability Ques- 
tionnaire (ODQ) raw score, and the McGill Pain 
Questionnaire (MPQ) scores. By using ANCOVA 
the relation between the hydrotherapy interven- 
tion and each of the different measures obtained 
could be analysed, while, at the same time 
controlling for the confounding effects of the 
covariates. The covariates tested were diagnosis, 
duration of condition, sex, age, height and 
weight. 

The four different sections of the MPQ were 
analysed separately. The present pain intensity 
(PPI) was calculated using a 1 to 5 scale on which 
subjects marked the word which best described 
their pain. One on the scale represents mild pain, 
and 5 excruciating pain. The other scales, pain 
rating index (scale) (PRI(S)), pain rating index 
(rank) (PRI(R)), and number of words chosen 
(NWC), were calculated after the subjects marked 
those words from a list of 78 which best described 
their present pain. The words were arranged in 
groups and subjects were instructed to mark the 
one word in each group that best described their 
pain, and to leave out any group of words that was 
not relevant to  their condition. Each word had a 
weight assigned to it. The sum of the scale values 
or  weights for all the words chosen represented 
the PRI(S). The rank placement of each word 
within each group was summed to  calculate the 
PRI(R). The number of words chosen from the list 
was added to calculate the NWC score. 

Disability was scored using the ODQ. Each section 
of the ODQ was scored on a 0-5 scale, with 5 repre- 
senting the greatest disability, and 0 no disability. 
If one section was not completed, the score was 
adjusted accordingly. 

Stage 2 
In the second stage, data were examined to iden- 
tify those subjects who had changes in their range 
of flexion, extension, or of SLR, or in their levels of 
pain or  of function that would be defined in the 
physiotherapy context as clinically relevant. The 
levels of change were defined by an experienced 
clinician prior to a chi-squared analysis of 
the relevant data sets." Changes in physical 
measures indicative of an improvement in a 
patient with low back pain include an increase 
in the range of lumbar flexion of more than 1 cm; 
an increase in lumbar extension of more than 
0.5 cm; or an increase in passive straight leg raise 

*SPSS v.6.0 

of more than 10". Changes in MPQ suggesting a 
clinical improvement in a patient with low back 
pain include a decrease in MPQ scores (in PRI(S) 
and PRI(R) of more than ten points; in NWC of 
more than five points; and in PPI of more than one 
point). Any decrease in the area of pain marked by 
the subject on the body chart was classified as an 
improvement, as was an increase of more than ten 
points in ODQ score. Subjects whose data indi- 
cated changes in the opposite direction for any of 
these measures were identified, and their condi- 
tion categorised as having deteriorated. 

Stage 3 
The third stage of the data analysis investigated 
the neurological test data, which included 
outcomes of tests of reflexes, strength and light 
touch sensation. The percentage of subjects in 
each group who experienced clinically important 
changes in the neurological tests of strength, 
reflexes, and light touch sensation were analysed 
using a 2 x 3 Pearson's chi-square analysis.* 
Improvement was defined for each neurological 
test as follows: for strength, as an improvement in 
the strength of muscles in one or  more myo- 
tomes of one or more grades of muscle strength; 
for reflexes, as an improvement in one or  more 
reflexes; and for light touch sensation, as an  
improvement in the light touch sensation in 
one or more of the dermatomes initially tested. 
Deterioration was similarly defined in terms 
of the deterioration in the respective category of 
one of more of muscle strength, reflex or light 
touch sensation. Those subjects whose condition 
included some evidence of improvement and some 
of deterioration were categorised as having a 
mixed outcome. 

Results 
Stage 1 
The results of the analysis of covariance 
(ANCOVA) for the physical measures, of the 
changes in all the outcome measures, with the 
covariates of diagnosis, duration of condition, sex, 
age, height and weight showed no significant 
differences between the groups for the examined 
variables except for one measure. The results 
for PPI of the MPQ were significant only for 
weight at the 0.05 level. 

Stage 2 
Subject data were examined to  identify which 
subjects had clinically relevant levels of change, 
as defined by an  experienced clinician prior to 
data analysis. Table 3 shows the percentage of 
subjects in each group whose condition improved 
or deteriorated, with respect to  the physical 
measures, over the course of the study. The table 
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Table 3: Percentage of subjects in each group with changes in physical measures 
~ 

Flexion * Extension f Right SLR# Left SLR# 

Expt Control Expt Control Expt Control Expt Control 

Improved 11 6 7 14 13 10 29 26 
Deteriorated 9 2 9 24 11 16 11 20 

Note: Some subjects had changes in more than one measure 
*Change in range of flexion of more than 1 cm. 
tChange in range of extension of more than 0.5 cm. 
*Change in range of straight leg raising of more than 10". 

Table 4: Percentage of subjects in each group with changes in pain and functional disability measures 

Pain area Present Pain Pain Number Oswestry 
pain intensity" rating index rating index of words Disability 

( r a W t  (scale)t chosen$ Questionnaire f §  

Expt Control Expt Control Expt Control Expt Control Expt Control Expt Control 

27 8 I mproved 66 42 33 22 7 6  11 8 7 0  
Deteriorated 16 16 11 20 7 16 9 12 7 6  2 10 
Unchanged 8 36 

Note: Some subjects had changes in more than one measure. 
*Change of more than 1 point. 
tChange of more than 10 points. 

*Change of more than 5 points. 
§Raw data significant at 0.05 level. 

shows that for most of these measures, the 
subjects who improved were in the experimental 
group. Table 3 also shows that most of those 
subjects whose condition deteriorated were in the 
control group. Analyses of the raw data with 
Pearson's chi square showed no significant differ- 
ence between the groups for flexion (p = 0.96, 
Yates correction used), extension (p = 1.0, Yates 
correction used), right SLR (p = 0.43) or left SLR 
(p = 0.30). 

Table 4 shows the percentage of subjects in each 
group whose pain or  functional status changed 
over the course of the study. The table shows that 
most of the subjects whose pain status improved 
were in the experimental group. Conversely, for 
three of the five pain measures used in this study, 
higher percentages of subjects from the control 
group deteriorated. Analysis of the raw data using 
chi square showed the differences between groups 
were not significant for pain area (p = 0.06), PPI 
(p = 0.131, PRIW (p = 0.82, Yates correction used), 
or for PRI(R) (p = 0.68, Yates correction used). 

Table 4 also shows an improved functional status 
(ODQ score) of significantly more subjects in the 
experimental than in the control group. The table 
also shows a poorer functional status for more 
subjects in the control group than in the experi- 
mental group. Analysis of the raw data with chi 
square, using Yates correction, showed that the 
differences between groups was significant a t  
the 0.05 level for ODQ ( x2 = 3.9; p = 0.04). 

Table 5: Percentage of subjects in each group with 
changes in neurological tests 

Light touch 
sensation Strength Reflexes 

Expt Control Expt Control Expt Control 

I mproved 27 20 24 12 31 18 
Deteriorated 13 26 33 34 11 20 
Mixedoutcome 7 10 7 6  20 34 

Note: Some subjects had changes in more than one test. 

Stage 3 
Table 5 summarises the changes in the neurolog- 
ical status of subjects in each group over the four 
weeks. The table shows the percentage of subjects 
in each group with clinically relevant changes in 
the neurological tests of strength, reflexes, and 
light touch sensation. Table 5 shows that a 
greater percentage of the subjects in the ex- 
perimental than in the control group had 
improvements in each of the neurological tests 
over the four-week study. The table also shows 
that, for each type of neurological test, a greater 
percentage of those whose condition deteriorated 
for each category of neurological test were in the 
control group. Subjects with mixed outcomes were 
distributed among both groups. A 2 x 3 Pearson's 
chi-square analysis of the raw data showed no 
significant difference between the experimental 
and control groups in the changes to subjects' 
strength (p = 0.32), reflexes (p = 0.49), or light 
touch sensation (p = 0.11) over the four weeks. 
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Discussion 
Significant improvement in function (ODQ) 
occurred in the subjects in the hydrotherapy 
group. However, the differences between subjects 
in the experimental and control groups were not 
significant for the other measures of pain, light 
touch, reflexes, strength, or for the ranges of 
flexion, extension and SLR. 
There are two possible interpretations of this 
finding. One interpretation is that a real differ- 
ence in other outcome measurements might have 
existed but that the sample size was too small for 
them to reach significance (a type I1 error), a 
design problem. Another interpretation is that  
hydrotherapy makes little difference to most 
subjects with LBP and low back and leg pain of 
longer than three months’ duration. 

Possibly the limited evidence of significant differ- 
ence between the groups relates to aspects of the 
design of the study. Had the sample size been 
larger, perhaps the differences in outcome for 
each group would have reached significance and 
supported anecdotal reports and existing studies 
which show that hydrotherapy can benefit people 
with LBP. Had different measures been used, 
perhaps a different outcome might have been 
identified. 

A power analysis to  determine the size of sample 
necessary to demonstrate significance and to  
avoid the occurrence of a type I1 error was not 
made before the study. Such a calculation 
requires advanced knowledge or estimates of four 
of the following: the significance criterion, the 
sample variance, effect size, sample size, and 
power (l-beta) (Portney and Watkins, 1993). The 
researchers made, and used, estimates of what 
would be a reasonable effect size clinically, but 
had no empirical basis for making estimates of 
variance prior to  finalising the sample. After the 
study was completed, a power analysis was done 
to check whether the sample size was sufficiently 
large. This analysis demonstrated that, given the 
pre-selected effect sizes, and the level of intra- 
group variance, the sample was sufficiently large 
to demonstrate signficance at the 0.05 level if 
hydrotherapy had had a significant effect on the 
dependent variables other than function (ODQ). 
This justified the initial decision regarding the 
sample size but does not help in interpreting the 
relevance of a finding of a significant improve- 
ment with function, but not with any other 
measure. 

Alternative outcome measures might have better 
identified differences between the two groups of 
subjects. There are problems in selecting an  
appropriate outcome measure in studies of LBP, 
as no single measure currently has general accep- 

tance. This study used a battery of clinically used 
tests that  are known to  be reliable and also 
designed and tested protocols for neurological 
testing. Previous studies have either not under- 
taken and reported neurological testing or  have 
excluded from their study any subjects with 
neurological signs and symptoms (eg Sjogren, 
1994). Given the prevalence of neurological symp- 
toms associated with LBP, and their use as 
outcome indicators by physiotherapists treating 
it, this seems an  omission. However, the differ- 
ences in outcome for the neurological tests in this 
study were, as for most other measures, not 
significant but with a beneficial trend associated 
with participating in group hydrotherapy. 
Perhaps these measures are not sufficiently sensi- 
tive to  change, or perhaps they measure 
parameters that could not reasonably be expected 
to change, given the subject population, the dura- 
tion of treatment, and the use of group rather 
than individual hydrotherapy. 

Perhaps the results obtained using alternative 
outcome measures, such as of subject satisfaction, 
might have been consistent with the demon- 
strated improvement in function in the 
hydrotherapy subjects. The investigators chose 
measures from those that are used conventionally 
in physiotherapy practice and that are known to 
be reliable, that cater for a wide range of levels 
of performance, and that were practical given the 
restriction of time that subjects with pain could 
spend in a measurement session. The mixed 
results, given the findings and the post-study 
demonstration of an acceptable sample size, 
suggest alternative measures possibly might have 
produced a different outcome. This possibility 
does not help to interpret these findings but 
suggests alternative measures might be more 
appropriate in future studies of subjects with 
CLBP having hydrotherapy. 

The alternative interpretation of the findings of 
this study is that hydrotherapy makes little differ- 
ence to subjects with LBP or LBP and leg pain of 
greater than three months duration. The results 
show that the experimental and control groups 
were initially not significantly different with 
respect to  the duration of problem for individuals, 
or t o  their age, height or weight. They also used 
similar levels and types of medication. The results 
also show at the end of the study the two groups 
differed significantly only in function, previously 
shown t o  improve with hydrotherapy (Roberts 
and Freeman, 1995). This interpretation ignores 
the trends within the results that are indicative of 
group-related differences. 

In the second and third stages of data analysis, 
the subjects whose pain, function, or physical or  
neurological status had changed by a pre-defined 
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level were identified. The data show that many 
subjects in both groups changed little over the 
four weeks. The data from those who had changed 
indicate a distinct trend. Those whose condition 
improved were typically in the experimental 
group, and those whose condition deteriorated 
were typically in the control group. These differ- 
ences were not statistically significant and may 
represent a Hawthorne effect. 
Those in the experimental group began 
hydrotherapy within a very short time of initially 
being assessed and might have ‘improved’ more by 
virtue of the additional attention they received 
before the final measurement session. Subjects 
in the delayed hydrotherapy group waited four 
weeks to  a final assessment before their hydro- 
therapy programme began. That is, those in the 
hydrotherapy group may have demonstrated 
a Hawthorne effect in that they expected to  
improve (Portnoy and Watkins, 1993). However, 
all subjects signed a consent form after the study 
was explained to them and they agreed to partic- 
ipate. This form highlighted the fact that  the 
typical wait for hydrotherapy a t  that  time 
was four weeks. This was necessary to  ensure 
informed consent, and the investigators hoped 
this would minimise the effects of subjects’ expec- 
tations once their group allocation was known. 
Given that many subjects self-referred, this was 
particularly important. Not all subjects who 
had hydrotherapy attended the same sessions, 
providing fewer opportunities for them to discuss 
the study with each other. This was also expected 
to  help reduce the possible impact of subject 
expectations and a Hawthorne effect, as should 
the use of the same therapist for taking all 
measurements. The measuring therapist 
remained unaware of the group allocation of 
subjects throughout the study. 
The two interpretations of the results obtained 
in this study are both plausible. The sample size 
was adequate to demonstrate significance if it 
existed, but the mixed results suggest that  a 
different finding might possibly have been made 
had different measures been used. Also, given the 
particular subject sample, there is reason to 
believe that hydrotherapy is unlikely to  produce 
significant and measurable benefits for many 
subjects with such CLBP and leg pain over a one- 
month treatment period. The pain of subjects in 
this study had a mean duration of 98.4 months 
(more than eight years). That is, their pain was 
chronic and typical of the 1% to  2% of LBP 
patients whose problem does not resolve within 
the usual six t o  12 months following onset 
(Lageard and Robinson, 1986; Quinet and 
IIadlern, 1979). Little is known about the natural 
history of such chronic LBP, including the extent 
to  which it is responsive to  treatment. For these 

reasons, given the significant functional improve- 
ment and the trend to improvement on other 
measures, the current findings should be viewed 
as indicative of a possible beneficial role of 
hydrotherapy for subjects with LBP of long dura- 
tion. These findings are consistent with anecdotal 
reports and with existing studies that show that 
hydrotherapy can benefit subjects with LBP. 
Because only limited evidence of significance 
was obtained, however, the results must remain 
qualified. 

Clinical Implications 
The findings of this study suggest that  group 
hydrotherapy can contribute to  the management 
of patients with CLBP. Subjects had pain of 
considerable duration. In spite of that, subjects 
in the hydrotherapy group had a significant 
improvement in their level of function, as 
measured by ODQ. Other measures did not reach 
statistical significance, but those subjects who did 
improve were typically in the hydrotherapy group. 

Group hydrotherapy can offer a relatively low cost 
method of treating subjects with LBP in terms of 
direct staff time. Whether individually tailored 
programmes might enhance the effects demon- 
strated in this study remains to  be investigated. 
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