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Objective: To evaluate the effect of an aquatic therapy programme designed to

increase balance in stroke survivors.

Design: A randomized, controlled pilot trial.

Setting: Rehabilitation department of a university hospital.

Subjects: Ambulatory chronic stroke patients (n¼ 25):13 in an aquatic therapy group

and 12 in a conventional therapy group.

Interventions: The aquatic therapy group participated in a programme consisting of

Ai Chi and Halliwick methods, which focused on balance and weight-bearing

exercises. The conventional therapy group performed gym exercises. In both groups,

the interventions occurred for 1 hour, three times per week, for eight weeks.

Main measures: The primary outcome measures were Berg Balance Scale score and

weight-bearing ability, as measured by vertical ground reaction force during four

standing tasks (rising from a chair and weight-shifting forward, backward and

laterally). Secondary measures were muscle strength and gait.

Results: Compared with the conventional therapy group, the aquatic therapy

group attained significant improvements in Berg Balance Scale scores, forward and

backward weight-bearing abilities of the affected limbs, and knee flexor strength

(P50.05), with effect sizes of 1.03, 1.14, 0.72 and 1.13 standard deviation units and

powers of 75, 81, 70 and 26%, respectively. There were no significant changes in the

other measures between the two groups.

Conclusions: Postural balance and knee flexor strength were improved after aquatic

therapy based on the Halliwick and Ai Chi methods in stroke survivors. Because of

limited power and a small population base, further studies with larger sample sizes

are required.

Introduction

Stroke commonly results in residual physical
impairment in survivors.1 A frequent impairment
causing disability in such patients is motor
weakness, especially in a hemiparetic leg,
which may prevent independent ambulation and
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daily activities.2 Other common impairments are
poor balance and decreased loading of a hemipa-
retic leg.3 Deficits in balance control can contribute
to low performance in functional activities and to a
high incidence of falls in stroke survivors.3

To date, many therapeutic exercise interventions
have been used in attempts to prevent physical
inactivity and the resultant secondary complica-
tions in chronic stroke patients. Evidence for the
effectiveness of exercise programmes has been
reported in individuals with chronic stroke; bene-
fits include improvements in motor control,4

strength,5,6 upper extremity use,7,8 mobility9 and
aerobic capacity.10,11 Exercise interventions aimed
at improving balance (e.g. standing balance train-
ing12), task-oriented interventions,13 video game-
based exercises14 and compelled weight bearing15

have been suggested to be effective approaches.
However, few reports are available to guide clin-
ical practice with regard to training interventions
after stroke.16 In addition, most therapeutic exer-
cises in people with stroke have been conducted on
dry land.9�11,15,16

Water is an excellent medium for achieving
maximal exercise levels in those with or without
disabilities. Aquatic exercise therapy has now
advanced to therapeutic exercises in water envi-
ronments, taking advantage of the physical charac-
teristics of water and the interactions of the body
with water. It has been widely applied in various
therapeutic fields, including the treatment of
chronic conditions with disabilities such as arthri-
tis,17,18 neuromuscular diseases19–21 and cerebral
palsy.22–25 Among aquatic exercise techniques,
the Halliwick method uses fluid mechanics to
enable patients to achieve stability and controlled
movement in the water. Hydrodynamic elements,
including the metacentric effect, and moments of
inertia, are necessary to achieve equilibrium after
changes in gravity or buoyancy that cause imbal-
ances.26 The Ai Chi method, based on Asian ideas,
is a simple water exercise and relaxation pro-
gramme that uses a combination of deep breathing
and slow, broad movements of the arms, legs and
torso in continual flowing patterns.27 Regarding
the effects of aquatic therapy on stroke survivors,
one study described the effect of cardiovascular
fitness in chronic stroke patients after water-
based exercise.28 However, to our knowledge,
there is no report on the effects of aquatic therapy

on postural balance. Similarly, no previous study
has investigated whether aquatic exercise techni-
ques are any more effective than land-based tech-
niques in individuals who have suffered strokes.

We conducted a randomized, controlled pilot
study to compare the effects of an eight-week aqua-
tic exercise programme based on the Halliwick and
Ai Chi methods against a conventional gym exer-
cise programme in individuals who had suffered
strokes.

Methods

Participants
Patients with unilateral limb weakness second-

ary to stroke were recruited for the study.
Inclusion criteria were that participants had
experienced a stroke at least six months before
enrolment, had hemiparesis secondary to a first
stroke, were able to walk independently (with or
without an assistive device), were medically stable,
had no previous myocardial infarction, and had
no significant musculoskeletal problems as a
result of conditions other than stroke. Exclusion
criteria were uncontrolled hypertension, arrhyth-
mia and unstable cardiovascular status. An invita-
tion letter was sent and a telephone interview was
conducted with 44 subjects who met the inclusion
criteria among poststroke survivors registered at
an outpatient clinic of Seoul National University
Bundang Hospital, Korea. Seventeen subjects
refused to participate because of time constraints
or unwillingness to visit the clinic. Two subjects
did not meet the inclusion criteria because of
unstable medical problems that had developed
recently. Twenty-five subjects agreed to partici-
pate and completed the baseline measures.

The study protocol was approved by the institu-
tional review board. All participants provided
written informed consent. The study was con-
ducted in accordance with regulatory standards
of Good Clinical Practice and the Declaration of
Helsinki.

Design and setting
Patients were randomized to the aquatic or

conventional therapy groups using a blocked
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randomization procedure that matched partici-
pants according to balance function and age.
Subjects were identified with respect to two levels:

� Stratum 1: Berg Balance Scale score less than
the group median/greater than or equal to the
group median

� Stratum 2: age559 and460 years.

The subjects were then randomly assigned, so
that the numbers of subjects in each stratum
were approximately equal between the aquatic
and conventional therapy groups. One researcher
performed the randomization and kept the
tables of patient allocation and random numbers;
the other researcher evaluated the subjects and did
not have access to these tables.

Outcome measures
Descriptive measures such as age, duration of

injury, type of stroke and severity of lower extre-
mity physical impairment were recorded for the
study subjects. Chedoke–McMaster Stroke
Assessment scores were used to measure the sever-
ity of lower limb physical impairment; this has
been shown to be a valid and reliable instrument
in stroke patients.29 The lower extremity
Chedoke–McMaster Stroke Assessment score
(maximum score 14) based on a structured physi-
cal assessment was the sum of a leg score, which
ranged from 1 (no active movement) through 7
(can complete normal age-appropriate complex
movements such as rapid stepping), and a foot
score, which ranged from 1 (no active movement)
through 7 (can complete normal age-appropriate
complex movements such as standing on tiptoe).
The primary outcome measures were the Berg

Balance Scale score and weight-bearing ability.
The Berg Balance Scale, which has been shown
to be a valid and reliable measure, consisted of
14 tasks that challenged balance while the subject
was sitting, standing or stepping (minimum
score¼ 0 and maximum score¼ 56, where higher
scores indicate better balance).30,31 Weight-bearing
ability was measured using an mtd-Balance
(mtd-Systems Inc., Neunburg v. Wald, Germany)
to measure stability, balance and static and dyna-
mic coordination in different positions. In the

measurement mode, the loads on the left and
right sensors in the forceplates were recorded as
force/time graphs in real time. Depending on the
measurement conditions, several parameters were
measured (e.g. power, stability, balance, coordina-
tion and motion limitation). Previous studies have
demonstrated the validity and reliability of this
method for evaluating weight-bearing ability.32–34

The following instructions for performing the
tasks were given by the same person: (1) rise
from a chair in a normal fashion but without
using the arms, (2) shift as much weight as possible
sideways onto the right or left leg, (3) shift as
much weight as possible forward onto the right
or left leg, and (4) shift as much weight as possible
backward onto the right or left leg. For the
weight-shifting tasks (tasks 2�4), subjects were
instructed to shift as much weight as possible
onto one limb without raising the other foot
from the ground and to hold the final position
for 2 seconds. Two trials were allowed per task.
Rests were provided as needed by the subjects, and
subjects performed the tasks bare-footed. A sub-
ject placed his or her feet at a comfortable distance
apart, one on each of the two forceplates. The
foot-to-foot distance (usually 15�20 cm) was
then fixed for all subsequent sessions and tasks
performed by that subject. For the forward and
backward weight-shifting tasks, the heel of the
front foot was aligned with the tip of the big toe
of the rear foot at the same foot width used for the
other tasks. To account for individual differences
in weight-bearing demands, the forceplate data
obtained during the weight-shifting tasks were
normalized to total body weight, and bilateral
tasks such as rising from a chair were normalized
to one-half of body weight.

The secondary outcome measures were gait
ability and muscle strength. Modified Motor
Assessment Scale gait scores (range 0�6) were
used to evaluate gait ability. The Modified
Motor Assessment Scale has been shown to be a
valid and reliable instrument for use with stroke
patients.35,36 The isokinetic flexor and extensor
muscle strengths of affected and unaffected knee
(an angular velocity of 60�/second) and lumbar
joints (an angular velocity of 30�/second) were
measured using an isokinetic device (Biodex
Medical Systems, Inc., Shirley, NY, USA). These
muscle groups are believed to be largely activated
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by therapeutic programmes performed in water
and have been frequently used for the outcome
evaluation of other water-based training pro-
grammes in elderly women and individuals with
stroke.28 Subjects were asked to perform two sets
of five repetitions with a 30-second rest between
sets. They were asked to perform the test by exert-
ing maximum pressure on the isokinetic arm
through the entire range of movement. The con-
centric peak torque values (Nm) obtained from
five torque-angle curves of each set were used to
evaluate the flexion/extension muscle strengths of
knee and lumbar joints. Primary and secondary
outcome measures were performed before the
intervention and one month after the end of the
intervention to identify sustained or delayed
effects in the early phase. During this one-
month, post-therapy period, all subjects returned
to their normal life without individual physical
therapy. All assessments were graded by one clin-
ician who was blinded to group assignment.

Interventions
The aquatic therapy group participated in inten-

sive aquatic therapy for eight weeks (1-hour ses-
sion, three days/week) in a therapeutic pool
(Netherland, EWAC; water temperature 34�C;
water depth 115 cm). The main objective of the
aquatic therapy programme, based on the
Halliwick and Ai Chi methods, was to improve
balance function associated with postural control
in stroke patients. Two participants were treated
by one therapist at each session. Two therapists
trained in the Halliwick and Ai Chi methods per-
formed the aquatic therapy by turns. Aquatic ther-
apy consisted of 10 minutes of light warm-up in
the water (marching in place, forward and back-
ward walking), 20 minutes of the Halliwick
method, 20 minutes of rounding and balancing
according to the Ai Chi method, and 10 minutes
of a light cool-down (forward and backward walk-
ing). All those participating in the aquatic therapy
were habituated to the water environment through
warm-up periods at each session. The basic move-
ments of the Halliwick method for balance
restoration are sagittal rotation control (bending
from left to right or transferring weight while in an
upright position), transverse rotation control

(around the transverse axis with the subject
moving from standing to supine and returning to
a standing position), and combined rotation con-
trol (a combination of transverse sagittal and long-
itudinal rotations). The Ai Chi method focused on
weight bearing on the more affected side. The Ai
Chi movements consisted of rounding (forward
and backward horizontally, extending both arms
while flexing and extending one leg at the same
time) and balancing (flexing and extending both
arms while alternatively flexing and extending
one leg with the other leg bearing weight). To
enhance balance control, support provided by
the therapist’s hands and legs was gradually
decreased.

The conventional therapy group was assigned to
an eight-week gym exercise programme (1-hour
session, three days/week). Participants in the con-
ventional therapy group performed general condi-
tioning exercises, including a warm-up (e.g. calf
and hamstring stretches, shoulder and hand pas-
sive range of motion exercises, 10 minutes), lower-
extremity strengthening (e.g. bicycle, leg extensor),
upper-extremity strengthening (e.g. upper body
ergometer) and gait training (e.g. marching with
0.5-kg ankle weights for 10 minutes) for the same
amount of time as the aquatic therapy group spent
in the pool. Exercises in this programme were
designed with graded increments to meet the cap-
abilities of each subject and were supervised by a
physical therapist.

Statistical analysis
The non-parametric Mann�Whitney U-test was

used to compare baseline variables in both groups
and to compare changes after the interventions in
both groups. The Wilcoxon signed rank test was
used to determine within-subject changes between
baseline and follow-up values. All statistical ana-
lyses were performed using SPSS (version 12.0 for
Windows, SPSS Inc., Chicago, IL, USA). An a
value of 0.05 was used to indicate significance.
Considering the small sample size, we determined
the effect sizes (Cohen’s d ) for the measures,
where d is defined as the difference between the
adjusted means of the aquatic therapy and conven-
tional therapy groups divided by the pooled
standard deviation (SD) of those means.37
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Results

Thirteen subjects were assigned to the aquatic
therapy group, and 12 to the conventional therapy
group. The demographic characteristics and func-
tional states of the participants are presented in
Table 1. There were no significant differences in
these parameters between the two groups. Three
patients in the aquatic therapy dropped out: two
for personal reasons and time constraints, and one
because of poor general condition. Two patients in
the conventional therapy dropped out: one
because of a hip fracture due to a fall during the
follow-up period, and one for incomplete partici-
pation (Figure 1). The baseline outcome measures
did not differ significantly between the groups,
except in the peak torque of the knee extensor
on the intact side (Table 2).
At the follow-up, the aquatic therapy group

showed improvements, compared with baseline
values, in the mean Berg Balance Scale score
(43.3 (5.2) versus 50.9 (2.8), baseline versus
follow-up, P¼ 0.012), rising from chairs (114.1
(14.4) versus 120.6 (17.7); not significant), forward
weight-shift to affected side (68.7 (6.5) versus 76.7
(10.2); P¼ 0.017), and backward weight-shift to
affected side (67.8 (11.5) versus 77.9 (10.1);
P¼ 0.024). However, there was no significant

change in lateral weight-bearing on the affected
side. The mean Berg Balance Scale score and
weight-bearing parameters did not change signifi-
cantly in the conventional therapy group
(Table 2). The improvement in the Berg Balance
Scale score was greater in the aquatic therapy
group than in the conventional therapy group
(P¼ 0.032; effect size 1.03). Among the weight-
bearing parameters, improvements in forward
(P¼ 0.044; effect size 1.14) and backward
weight-bearing abilities (P¼ 0.031; effect size
0.72) were greater in the aquatic therapy group
than in the conventional therapy group (Table 2).

Gait ability, as determined using the Modified
Motor Assessment Scale, was improved in both
the aquatic therapy (3.3 (0.5) at baseline versus
4.5 (1.2) at follow-up) and conventional therapy
groups (3.5 (0.5) versus 4.1 (0.9)); the difference
between the groups was not statistically signifi-
cant. The torque of the knee extensor was signifi-
cantly improved in both groups (aquatic therapy
group: 33.1 (15.9) at baseline versus 42.9 (21.7) at
follow-up, P¼ 0.017; conventional therapy group:
24.3 (9.6) versus 30.7 (8.9), P¼ 0.034); the differ-
ence between the groups was not statistically sig-
nificant. The change in the torque of the knee
flexor on the affected side was greater in the aqua-
tic therapy group than in the conventional therapy
group (P¼ 0.037; effect size, 1.13). When the
change in strength was normalized to the level of
baseline strength, the torque of the knee flexor on
the affected side showed an increase of 42.2
(16.2)% in the aquatic therapy group. There was
no significant difference in trunk muscle strength
between the groups (back extensor/flexor;
Table 2).

Discussion

The study demonstrated that eight weeks of aqua-
tic therapy, using a programme based on the Ai
Chi and Halliwick methods, was beneficial in
improving balance and the strength of the hemi-
paretic leg in stroke survivors, despite any neuro-
logically stable chronic conditions after stroke.

Compared with the conventional therapy group,
the aquatic therapy group exhibited greater
increases in Berg Balance Scale scores and the

Table 1 Characteristics and functional state of the partici-
pants (n¼ 25)

Characteristic Aquatic
therapy
group

Conventional
therapy
group

n¼13 n¼ 12

Gender (M/F) 7/6 4/8
Age (years) 61.9 (10.1) 66 (11.4)
Time since stroke (years) 2.8 (3.8) 1.6 (1.7)
Body weight (kg) 63.5 (15.8) 61.6 (6.19)
Height (cm) 162 (8.4) 159 (7.5)
Type of stroke

(ischaemic/haemorrhage)
6/7 7/5

Affected side (L/R) 6/7 7/5
Mobility aid

(walker/cane/none)
0/4/9 0/3/9

CMSA score (out of 14) 8.9 (3.0) 7.8 (3.1)

CMSA, Chedoke–McMaster Stroke Assessment.
None of the subject characteristics was significantly different
between the groups (P40.05).
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forward and backward weight-bearing abilities on
the affected side. The improvement (17.6%) in the
Berg Balance Scale score after aquatic therapy was
somewhat higher than the improvement range
reported previously (4.0�7.36%) in stroke
patients after fitness, mobility, stretching and com-
munity-based group exercises.38,39 Eng et al.40

reported that patients with stroke could shift
weight most easily in the lateral direction, followed
by the backward direction, and had the greatest
difficulty in forward weight-shifting. Even though
anterior–posterior weight-shifting is difficult for

many stroke survivors, the significant improve-
ment in this weight-shifting may be a major con-
tributor to the high Berg Balance Scale score of
the aquatic therapy group, compared with the
conventional therapy group.

This study was unable to determine the mechan-
ism underlying the significant improvements
observed in postural balance after aquatic therapy.
However, because balance capacity was closely
related to lower extremity function, including
strength, range of motion, and pain, functional
benefits in these aspects may contribute to

Subjects who met the
inclusion criteria among

post-stroke survivors
registered at outpatient

clinic (n=44)

Refusal to participate because of
time constraints or unwillingness to

visit the clinic (n=17)
Under unstable medical problems

(n=2)

Completed baseline
measures and random
assignments (n=25)

Aquatic therapy
group (n=13)

Conventional therapy
group

(n=12)

Drop-out (2) 
Hip fracture during follow-up (1) 
Incomplete participation (1) 

Drop-out (n=3)
  Incomplete participation (2)
  Poor condition (1) 

Aquatic therapy group
at follow-up (n=10)

Conventional therapy group
at follow-up (n=10)

Figure 1 Study flowchart. Twenty-five individuals were enrolled in the study and were randomly assigned to the aquatic

therapy (n¼ 13) or conventional (gym exercise) therapy (n¼ 12) group.
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increased postural balance after aquatic exercise.
Suomi et al. suggested the role of reflex systems in
the water environment to explain the effect of
aquatic exercise on postural control in women
with arthritis.41 In addition, increased balance
function may be associated with the Ai Chi tech-
nique, which consists of motions similar to those
of Tai Chi on dry land.27 Rounding and balancing
in Ai Chi involve movements in the forward and
backward directions. In particular, the flexed knee
during forward weight-shifting requires eccentric
knee control, which can be for stroke survivors
because movements in the forward direction are
the most difficult weight-shifting movements.33,34

Furthermore, the buoyancy of the water may
allow stroke patients to move with less effort
and in movement planes that would be impossible
on land without assistance.42 Thus, the subjects
may be able to perform some activities in the

water more readily than they would on dry land.
Repeated and intensive movement training in the
water environment could produce substantial
changes, leading to improved balance control.

Of the muscle strength measurements in our
study, the change in knee flexor strength was sig-
nificantly greater in the aquatic therapy than in
the conventional therapy group. In previous stu-
dies, significant improvements in knee flexors
rather than knee extensors were reported after an
aquatic exercise programme in people with brain
injuries,43 late poliomyelitis21 and post stroke.28

The primary activities of the aquatic exercise pro-
grammes in those studies were marching on the
spot, walking (forward, backward and sideways),
and running. Judging from these results, walking,
stepping and running activities in water were
more effective in knee flexors than knee exten-
sors on the paretic side. Regarding our aquatic

Table 2 Changes in outcome measures related to balance function (primary outcome) and gait outcome/strength (secondary
outcome) after aquatic or conventional therapy

Variable AT group (n¼10) CT group (n¼ 10)

Baseline After therapy Changes Baseline After therapy Changes

Berg Balance Scale (max¼ 56) 43.3 (5.2) 50.9 (2.8)b 7.6 (6.2)c 42.3 (7.3) 44.5 (6.7) 2.2 (4.0)
Balance assessment
Rising from a chair Affected 114.1 (14.4) 120.6 (17.7) 6.4 (22.6) 104.5 (17.7) 96.5 (11.9) –7.9 (15.9)

Intact 153.1 (24.7) 153.3 (27.4) 0.1 (13.2) 156.8 (15.3) 155.4 (10.6) –1.4 (15.2)
Weight-shift laterally Affected 77.6 (6.7) 77.9 (6.0) 0.2 (7.4) 70.9 (15.8) 71.4 (12.6) 0.4 (20.3)

Intact 87.1 (5.9) 87.3 (7.2) 0.2 (9.3) 82.7 (11.0) 83.5 (6.3) 0.8 (8.8)
Weight-shift forward Affected 68.7 (5.8) 76.7 (10.2)b 8.0 (8.9)c 63.6 (14.6) 62.9 (10.3) –0.7 (6.1)

Intact 78.5 (10.1) 82.1 (7.0) 3.6 (10.2) 77.4 (11.4) 76.8 (8.4) –0.7 (10.3)
Weight-shift backward Affected 67.8 (11.5) 77.9 (10.1)b 10.1 (12.0)c 64.2 (18.2) 65.2 (11.3) 1.0 (13.3)

Intact 79.9 (7.6) 81.8 (7.3) 1.9 (8.6) 79.7 (7.3) 77.9 (5.1) –1.7 (6.9)

Modified Motor Assessment Scale (max¼ 6) 3.3 (0.5) 4.5 (1.2)b 1.2 (1.1) 3.5 (0.5) 4.1 (0.9)b 0.6 (0.7)
Strength measures (Nm/kg)
Knee Extensor Affected 33.1 (15.9) 42.9 (21.7)b 9.7 (13.0) 24.3 (9.6) 30.7 (8.9)b 6.5 (5.0)

Peak torque
(Nm)

Intacta 73.5 (19.8) 80.1 (52.7) 6.6 (9.7) 51.8 (18.9) 52.7 (22.4) 0.8 (14.4)

Flexor Affected 7.2 (7.3) 9.9 (8.9)b 2.8 (4.2)c 6.9 (3.6) 5.4 (5.0) –1.5 (3.3)
Peak torque
(Nm)

Intact 35.2 (19.1) 41.3 (11.4) 6.0 (10.0) 22.7 (7.4) 22.9 (10.8) 0.3 (10.0)

Back Extensor 80.3 (26.2) 102.1 (29.9) 21.8 (25.2) 58.5 (34.2) 68.6 (36.6) 10.1 (23.8)
Flexor 61.1 (20.7) 63.0 (14.8) 1.9 (15.4) 40.5 (14.9) 40.7 (33.6) 0.6 (12.3)

aP50.05, significantly different between aquatic therapy and conventional therapy at baseline.
bP50.05, significantly different between before and after in each group.
cP50.05, significantly different between the changes in the aquatic therapy and conventional therapy groups.

To account for individual differences in weight-bearing demands, the forceplate data obtained during the weight-shifting tasks
were normalized to total body weight, and the data for bilateral tasks such as rising from a chair were normalized to one-half of
body weight.
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therapy programme, dominant changes in knee
flexors resulted from the repetitive flexion and
extension movements in the sagittal plane during
rounding and balancing movements, which are the
main components of the Ai Chi technique.
Training in these controlled movements may
enhance the strength of weak muscles by using
eccentric contractions during flexion–extension
movements, such as a one-leg squat or by stimu-
lating dyssynergic patterns to activate individual
movements in the water.26 Finally, these move-
ments may provide active use for unused muscles
in stroke survivors. However, despite the signifi-
cant change in knee flexor strength (from 7.23 to
9.98Nm), this level of strength still indicated a
weakened state compared to the unaffected side.

Evidence for the effectiveness of exercise pro-
grammes has been reported in individuals with
chronic stroke,38–40 although there were some dif-
ferences according to the varying degree of stroke
severity, the length of time since stroke onset and
the specific exercise training protocol. In the pre-
sent study, the conventional therapy group also
showed an improvement (26.3%) in paretic knee
extensor and increased gait ability (17.1%). Thus,
these results also demonstrate that our conven-
tional therapy had some benefits on physical func-
tion in chronic stroke patients as a supervised
programme. However, conventional therapy did
not provide significant benefits in postural balance
function.

The effect sizes generated in this study are simi-
lar to or larger than those in other studies regard-
ing rehabilitation interventions. Van Peppen
et al.38 reported high effect sizes for rehabilitation
after stroke (0.92, 0.99 and 1.09 SD units for pos-
tural symmetry, muscle strength and walking abil-
ity, respectively). Kwakkel et al.39 reported effect
sizes for rehabilitation of 0.28, 0.37 and 0.10 SD
units for ADLs, neuromuscular capacity and func-
tion, respectively. In our study, we had clinically
significant effect sizes (1.03, 1.14 and 0.72) and
high power (75, 81 and 70%) for detecting statis-
tically significant changes in Berg Balance Scale
and forward and backward weight-shifting abil-
ities, respectively, on the affected side. We also
had clinically significant effect sizes for other vari-
ables, but the powers were low or moderate
because of the small sample size.

It has been well established that stroke patients
with an asymmetric body-weight distribution
during activity have an increased incidence of
falls. Cheng et al.12,44 previously reported that
the ability to perform sit-to-stand activity was
important for reducing the incidence of falls,
demonstrating that repetitive sit-to-stand exercises
and postural symmetry training resulted in fewer
falls. In our study, asymmetric body-weight distri-
bution while rising from a chair was not much
improved, although the weight-bearing ability of
the affected side in the forward and backward
directions improved to a level similar to that of
the intact side. These findings may be explained
by a task-specific effect of training with various
movements in the forward and backward direc-
tions through the aquatic exercises based on the
Ai Chi and Halliwick methods. Thus, aquatic ther-
apy combined with land-based balance activities
such as sit-to-stand training may be effective in
enhancing balance and may help to reduce the
incidence of falls among stroke survivors.

Considering the results of this study, leg weight-
bearing function and improved knee flexion move-
ment may contribute to an improvement in
balance. A previous study reported that weight
bearing on the affected limb during an aquatic
therapy programme for hemiplegic patients did
not challenge balance sufficiently, because of the
buoyancy of water.9 We note that water can pro-
vide many benefits, as it reduces the effort to sup-
port the body and supplies a safe environment for
weight bearing.17 In this study, additional thera-
pist support was provided as needed to help the
subject reach the bottom of the pool when the
Ai Chi movements were performed. A therapist
pressed the flexed knee of the patient downward
and applied slight pressure on the ipsilateral fore-
foot with his foot by the side of the patient to
prevent the affected limb from floating, thus com-
pensating for the buoyancy of the water. However,
this support was only required during the first
week, and the subjects subsequently performed
rounding and balancing movements by them-
selves. By week 8, all patients could independently
perform these movements.

The effects of aquatic therapy on balance func-
tion have been controversial in past studies.22,28,43

Nevertheless, if more intensive therapeutic and spe-
cific balance-challenging exercises were stressed,
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such a programme may prove to be helpful
for maintaining or enhancing the balance func-
tion.6,45 Our results suggest that an aquatic
therapy programme based on the Halliwick and
Ai Chi methods may be effective in developing
forward and backward weight-bearing ability,
which is often a difficult task for patients with
stroke.
Given the small sample size of this pilot trial,

caution is advised before generalizing the results.
In addition, it is impossible to blind the patient to
the type of therapy; therefore, an expectation
effect for a certain intervention may affect the out-
come as a cognitive bias. In addition, the present
study was designed to measure one month before
and after the intervention to evaluate its effects in
the early phase. Further study will be needed to
ascertain the long-term effects of aquatic therapy.
Finally, the relatively high level of function exhib-
ited by our subjects should be considered, because
they were recruited from chronic ambulatory
stroke survivors to minimize heterogeneity in the
sample. However, to our knowledge, this is the
first reported controlled study of the effects
of aquatic therapy on balance function. Future
studies with larger sample sizes and focusing on
the effects of aquatic therapy in acute or sub-
acute states or in more severely disabled persons
are needed.
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