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A Specific Inpatient Aquatic Physiotherapy Program Improves
Strength After Total Hip or Knee Replacement Surgery:
A Randomized Controlled Trial
Ann E. Rahmann, BPhty, Sandra G. Brauer, PhD, Jennifer C. Nitz, PhD
ABSTRACT. Rahmann AE, Brauer SG, Nitz JC. A specific
inpatient aquatic physiotherapy program improves strength after total hip or knee replacement surgery: a randomized controlled trial. Arch Phys Med Rehabil 2009;90:745-55.
Objective: To evaluate the effect of inpatient aquatic physiotherapy in addition to usual ward physiotherapy on the recovery of strength, function, and gait speed after total hip or
knee replacement surgery.
Design: Pragmatic randomized controlled trial with blinded
6-month follow-up.
Setting: Acute-care private hospital.
Participants: People (n⫽65) undergoing primary hip or
knee arthroplasty (average age, 69.6⫾8.2y; 30 men).
Interventions: Participants were randomly assigned to receive supplementary inpatient physiotherapy, beginning on day
4: aquatic physiotherapy, nonspecific water exercise, or additional ward physiotherapy.
Main Outcome Measures: Strength, gait speed, and functional ability at day 14.
Results: At day 14, hip abductor strength was significantly
greater after aquatic physiotherapy intervention than additional
ward treatment (P⫽.001) or water exercise (P⫽.011). No other
outcome measures were significantly different at any time point
in the trial, but relative differences favored the aquatic physiotherapy intervention at day 14. No adverse events occurred
with early aquatic intervention.
Conclusions: A specific inpatient aquatic physiotherapy
program has a positive effect on early recovery of hip strength
after joint replacement surgery. Further studies are required to
confirm these findings. Our research indicates that aquatic
physiotherapy can be safely considered in this early postoperative phase.
Key Words: Arthroplasty; replacement; Hydrotherapy; Physical therapy modalities; Rehabilitation.
© 2009 by the American Congress of Rehabilitation
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ISABILITY FROM OSTEOARTHRITIS is multifactorial,1,2
with joint replacement surgery considered only at the
end-stage of the disease process.3 Over 64,000 primary THRs
and TKRs were undertaken in Australia from 2005 to 2006, an
increase of 3.5% from the previous year, and of 100.5% in 12
years.4 Similarly, in the United States, the rates of primary joint
replacement surgery in the 10 years from 1993 to 2002 increased 43% to nearly half a million procedures a year.5 Rising
rates of joint replacement surgery have resulted in increased
pressure to reduce LOS and contain costs in primary health
care.6 In this context, it is surprising to find that while evidence
exists to support functional physiotherapy exercises after discharge with a lower-limb joint replacement,7 inpatient physiotherapy intervention has rarely been investigated by controlled trials,
and little evidence exists regarding best practice.8 A recent review
of Australian inpatient physiotherapy services after TKR highlighted the lack of clinical trials examining this area, particularly
active exercise and aquatic physiotherapy, despite these being
considered treatments of choice by clinicians.9 Investigating physiotherapy intervention in the early postoperative phase after joint
replacement surgery is therefore warranted.
Aquatic physiotherapy undertaken in a hydrotherapy pool
can be an option in acute hospitals where facilities exist.
Exercise in water has been advocated clinically for young,
active people from day 1 after hip arthroscopy,10 but whether it
is beneficial early after joint replacement surgery for degenerative osteoarthritis has not, to our knowledge, been previously
investigated in an RCT. Usual postoperative physiotherapy in
the ward includes a combination of exercises to prevent circulatory complications, static and active strengthening, range of
motion, and gait training.11,12 The early days after orthopedic
surgery are important for optimal recovery,13 and aquatic physiotherapy offers specific additional benefits in this early postoperative period compared with ward physiotherapy.10 Hydrostatic forces from immersion combined with exercise can
reduce lower-limb swelling.14,15 Changes in the autonomic and
circulatory systems when in thermo-neutral water (34.5°C)
increase blood flow to muscles and tissues to aid healing, and
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the sensory interpretation of pain can also be modulated.16 In
addition, decreased loading of joints and tissues occurs from
the effect of buoyancy.17 The combination of these factors
means that functional strengthening such as step-ups, squats,
and the initial re-education of a normal symmetrical gait pattern without the use of walking aids can commence earlier in
the water than on the ward. Functional retraining is an important focus of rehabilitation and has been shown to be beneficial
after similar orthopedic procedures in both the early18 and
later19,20 phases of rehabilitation. Whether a specific aquatic
exercise program offers any additional benefit compared with
either supplementary ward physiotherapy or a general water
exercise program in these early days after joint replacement
surgery is not known.
An important pre-existing factor that can influence postoperative recovery is the extent of muscle dysfunction from
disuse and inhibition combined with aging.21-23 Many studies
have found that strength deficits persist, even after the completion of usual THR and TKR rehabilitation.24-26 Gait dysfunction can also persist for many months after joint replacement.27,28 Improvement in quadriceps strength has been
correlated with improved gait speed in people with osteoarthritis.29,30 However, despite the importance of hip abductor
strength in mediolateral stability and gait,31,32 quadriceps
strength has been investigated far more frequently in people
with osteoarthritis and after joint replacement surgery.3 Hip
abductor strength alters with age,33,34 with symptomatic hip
OA,35,36 in knee pathology,37,38 and after knee surgery,39 and is
reduced in people with recurrent ankle sprains.40,41 Reduced
hip abductor strength may also be a factor in the ongoing gait
dysfunction after joint replacement surgery but has rarely been
studied. Considering the paucity of studies to date, hip abductor
strength is an important aspect to consider in functional recovery after knee or hip replacement surgery. Combining the
assessment of strength with gait speed and self-reported function will allow a broader understanding of early recovery after
joint replacement surgery.
Thus, the research questions for this trial were the following:
in persons who have had a THR or TKR, (1) does inpatient
aquatic physiotherapy have a greater effect on hip abductor
strength, gait speed, and function than additional ward treatment, and (2) does a specific aquatic physiotherapy program
result in greater changes in strength, gait speed, and function
than general water exercise?
METHODS
Design
A pragmatic, RCT was conducted with measures taken preoperatively and at day 14, day 90, and day 180 after surgery.
The primary endpoint was day 14. The trial was designed and
reported according to the CONSORT guidelines.
Participants
Persons having a primary hip or knee replacement for osteoarthritis were recruited from an orthopedic practice whose 2
surgeons undertake in total over 150 hip and knee replacement
operations a year. If a home visit was not possible prior to
admission or if they lived outside the metropolitan area, persons were not recruited. Volunteers were excluded if they
reported any diagnosed neurologic disorder, had another major
musculoskeletal problem that altered mobility other than the
specified joint (eg, low back pain, severe OA in another lowerlimb joint) or cognitive dysfunction, or were undergoing revision joint surgery or bilateral knee replacements. Those who
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specifically requested aquatic physiotherapy postoperatively
and were not willing to be randomized were also excluded.
Procedure
Participants were assessed preoperatively and on day 14, day
90, and day 180 after surgery. After initial assessment, participants were randomly allocated using sealed, identical envelopes that had been prepared, shuffled, and numbered consecutively prior to the commencement of the study. Exclusion
criteria were applied again at day 4 prior to commencement of
the intervention, and the respective surgeon confirmed each
participant was medically stable and able to begin the intervention. Because of the nature of the trial, ward physiotherapists and participants could be blinded only to the type of
aquatic intervention. The aquatic physiotherapists could not be
blinded in order to undertake the specified treatment protocol
for each subject. Physiotherapists from a domiciliary allied
health service based at a different metropolitan hospital undertook all home visits for the postdischarge assessments with few
exceptions and were blinded to treatment allocation. Reliability
was demonstrated between all therapists for strength measurements (intraclass correlation coefficient⫽.87). All other objective outcomes were standard measures used by the domiciliary
service and in usual clinical practice. Ethical approval was
obtained from both the hospital and university medical ethics
committees. Verbal consent was obtained from all volunteers
by telephone prior to the initial home visit, and written informed consent was obtained prior to commencing the baseline
measurements.
Intervention
All ward and aquatic physiotherapists involved in the trial
had more than 5 years of experience in the treatment of postoperative orthopedic patients. No physiotherapist provided
both ward and aquatic intervention. Every participant received
standard ward physiotherapy as clinically determined by the
treating physiotherapist for the first 3 days postoperatively.
Throughout the intervention stage of the trial, all participants
continued to receive 1 ward physiotherapy treatment each day,
following the standard orthopedic clinical pathway used at the
hospital. The experimental treatment was provided in addition
to usual care. From day 4 after surgery, participants received an
additional ward physiotherapy treatment each day or completed
1 of the 2 aquatic treatment programs daily until discharge. All
treatments, both in the ward and in the pool, were 1-on-1
individual physiotherapy treatment sessions to standardize intervention between the groups and also to allow close monitoring of the physiologic response to immersion in the early
days after surgery.
Specific details of each program are included in appendix 1.
Progressions were determined by the treating physiotherapists’
clinical judgment and recorded in treatment notes, in accordance with usual clinical practice. The aquatic physiotherapy
and water exercise components took place in the hospitalbased, enclosed hydrotherapy facility, with water maintained at
thermo-neutral temperature (34.5°C), at which temperature any
adverse physiologic effects of immersion are minimized.16 The
pool had a ramp access, and depth ranged from 1 to 1.5m,
allowing participants to be immersed at the appropriate depth
and progressed as described in the treatment programs. The
aquatic physiotherapy program had been specifically developed
to maximize function and strength in the early postoperative
phase and had been routinely used for patients having joint
replacement surgery prior to this trial. The water exercise
program was a series of general exercises not targeted at
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specific functional retraining in the aquatic environment. A
metronome was used to standardize the pace of particular
exercises (see appendix 1) because speed has an effect on
movement in water.42 Once day 14 measurements had been
completed, participants were free to undertake whatever, if
any, postdischarge physiotherapy they chose.
Surgical wounds were covered with an occlusive, waterproof
dressing, routinely used after surgery in the hospital.a Early
aquatic physiotherapy had been usual practice within this hospital
for a number of years. All hydrotherapy assistants and nursing
staff were familiar with preimmersion and postimmersion protocols involving checking dressings prior to immersion and changing dressings as soon as possible on return to the ward.
Measurement Tools
The disability from OA is multifactorial,28 so measuring a
single outcome or domain is unlikely to be sufficient to investigate postoperative recovery. Guidelines for suggested outcome measures in osteoarthritis trials recommend measures of
pain, physical function, and generic measures of health status.43 Because joint replacement surgery is undertaken to improve these factors, using similar measures for the immediate
postoperative period is indicated. Three primary outcome measures were chosen for this study: hip abductor strength, 10-m
walk time, and the WOMAC score, with the primary endpoint
of interest day 14 postoperatively. Participants were followed
up for 6 months after surgery to determine whether any early
postoperative differences between groups persisted.
Hip abductor strength. Strength of hip abduction on the
operated side was measured using an HHD.b An HHD has been
shown to be reliable both within sessions and over time in older
people44-46 and has been used previously for follow-up after
orthopedic surgery.47,48 Testing was undertaken supine with
the tested limb in neutral rotation to standardize measurement
across all periods, using a previously published protocol.18,49
The HHD was positioned against the lateral thigh, 30cm distal
to the greater trochanter. Three repetitions of an isometric
make test were performed, and the mean value of the 3 trials
was used in data analysis because the mean has been shown to
be more reliable in an older population.50 Results were recorded in standard units (kg) as recommended.44
Walking speed. Timing of preferred walking speed measures the recovery of gait velocity,51 has often been used to
measure functional ability in osteoarthritis,52 and is useful
because it relates to functional tasks such as the ability to walk
quickly enough to cross a road.53 The timed 10-m walk test54
was chosen because it could be easily measured early after
surgery and is a commonly used clinical outcome measure.
Walking speed over 10m from a standing start at the participant’s preferred pace was measured using a stopwatch.55,56
Because of the potential effect of pain and reduced mobility
early after surgery and because of the number of outcomes to
be assessed, 1 trial was performed. Mobility aids were used if
required in the early postoperative period, provided no physical
assistance was needed from another person.
Self-reported disability. The WOMAC Index,57 a self-rated
measure of pain, function, and stiffness, is one of the most widely
used disease-specific outcome measures in joint replacement surgery research.58,59 The total WOMAC score assessed with the
Australian Likert scale (V3 Australia LK3.1) version of the
WOMAC Index was used for this trial, with each question rated
on a 5-point scale: none, mild, moderate, severe, or extreme.
Secondary outcome measures. A variety of secondary outcome measures were also collected. Because quadriceps
strength is frequently an outcome measure in similar trials,
isometric strength of the quadriceps and also the hamstrings of
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the operated side were measured with the knee at 90° and the
subject sitting. An HHD was placed 20cm below the inferior
pole of the patella to measure quadriceps strength and posterior
to this point for hamstrings strength. The mean of 3 make tests
was used in analysis. Maximum active knee flexion range was
measured in sitting using a goniometer. Circumferential measurements are a reliable method, commonly used by therapists,
to monitor the changes in lymphedema of the limbs.60 Knee
circumference, measured at the mid-patella level, was used in
this study to examine whether immersion had any beneficial
effect on swelling and was measured with a tape measure and
the knee in full extension. The TUG test61 was used to measure
functional mobility, with walking aids used if required.
Two subscales of the Arthritis Self-Efficacy scale, the self
efficacy to achieve outcomes and the self efficacy to manage
symptoms, were used to examine the effect of the different treatment protocols on the perceived confidence to manage both symptoms and function/participation.62 The PSFS63 was used to record
how quickly people returned to participate in activities that were
important to them. This scale has been shown to be valid and
reliable for people who have knee dysfunction.64 Participants were
asked to nominate up to 5 activities preoperatively that were
difficult and that they wished to return to after their surgery. Each
was then scored out of 10 with 0 being “unable to do” and 10
being “able to do at a level normal for me.”
Hospital LOS and the number of additional physiotherapy
interventions were recorded to determine whether the different
treatment regimens affected LOS and to ensure equivalent
treatment intervention in each group.
Data Analysis
Data analysis was completed on an intention-to-treat basis.
The last observation was carried forward if reassessment data
were incomplete, except if the missing data were at day 14,
when the group average was used. This method has been
widely used, including in similar studies,29 and was considered
a conservative way to manage missing data. After data were
screened, univariate 1-way analyses of variance were used to
examine differences in baseline data between groups for continuous data and the Kruskal-Wallis univariate test for categorical data. Variables that were significantly different between
groups at baseline were used as covariates in further analyses.
Independent t tests for parametric variables and Mann Whitney
U tests for nonparametric variables were used to compare
preoperative baseline measures of hip and knee replacement
participants to determine whether any differences existed between the 2 groups before surgery.
Repeated-measures general linear models were used to examine
the differences between the ward and aquatic groups and the
aquatic and water exercise groups over time (3 intervention groups
at each of the 4 periods). Means ⫾ SDs and within-group (SE) and
between-group differences (95% CIs and P⬍.05) were calculated.
A clinically important difference between an intervention group
and a control group has been defined in rehabilitation research as
a relative difference of greater than 15% in the change from
baseline.65 To calculate this relative difference, the mean withingroup change from baseline of the control group is subtracted
from the mean within-group change from baseline of the intervention group. This value is then divided by the mean of the
baseline measures of the 2 groups and converted to a percentage.
Because of small subject numbers, subgroup analysis by surgery
type within intervention groups was only undertaken to determine
whether there were any differences in the 3 primary outcome
measures and the 2 secondary strength measures to provide guidance for further research.
Arch Phys Med Rehabil Vol 90, May 2009
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Fig 1. Flow of participants through the trial.

Data analysis was performed using SPSS for Windows.c
Alpha level was set at P less than .05 for the primary outcomes.
A Bonferroni correction was used as a conservative method of
adjusting the significance in view of the multiple comparisons
undertaken. The alpha level of .05 was divided by 8, 1 less than
the total number of outcome measures, and this gave an alpha
level of P equal to .006 to use for secondary outcomes.
The sample size calculation was based on pilot data, using an
alpha level of .05 and 80% power. To detect a significant
difference (P⬍.05) in abductor strength between the aquatic
and ward treatment groups, 16 participants a group were required, giving a sample size of 48. To allow for postoperative
complications, the trial aimed to recruit 66 participants with 22
in each of the treatment groups.
RESULTS
Flow of Participants Through the Trial
Between September 2003 and September 2005, 65 eligible
volunteers consented to take part and were randomized preop-

eratively into 3 groups: aquatic physiotherapy, water exercise,
and ward control. Figure 1 details the flow of participants
through the trial. Fourteen volunteers were excluded from the
RCT at the home visit, 10 because they declined randomization
in case they did not receive pool treatment and 4 because they
met exclusion criteria. At day 4 after surgery, 11 participants
were excluded because of postoperative complications. Three
had been admitted to intensive care postoperatively, and 8
experienced complications after surgery such as a fall, urinary
tract infection, or postoperative confusion that significantly
delayed postoperative recovery. One participant withdrew before discharge from the hospital. Five were lost to follow-up
at the day 180 assessment: 1 could not be contacted, 1 was
overseas, 1 had undergone bilateral TKRs, 1 had a THR on the
opposite side, and 1 had an unrelated medical problem. Where
possible, participants were contacted and mailed the questionnaires to complete.
Baseline demographics of the 3 treatment groups were not
significantly different (table 1). Average LOS was 1 day less in
the aquatic physiotherapy treatment group, but the difference

Table 1: Participant Characteristics Compared With Those Excluded at Day 4
Parameter

Ward
(n⫽17)

Aquatic
(n⫽18)

Water Exercise
(n⫽19)

Between-Group Difference
(P)

Excluded Day 4
(n⫽11)

Between-Group Difference
(P)

Age (y)
Sex, male, n (%)
Height (m)
Weight (kg)
BMI (kg/cm2)
Joint, THR, n (%)
Surgeon, A, n (%)
Treatment number
LOS (d)

70.4⫾9.2
5 (29.4)
1.7⫾0.1
79.6⫾15.1
28.8⫾6.2
5 (29.4)
11 (64.7)
3.3⫾1.0
8.3⫾1.9

69.4⫾6.5
10 (55.6)
1.7⫾0.1
81.7⫾18.7
28.4⫾4.6
10 (55.6)
15 (83.3)
3.3⫾1.1
7.4⫾1.6

69.0⫾8.9
7 (36.8)
1.7⫾.01
78.5⫾13.4
28.0⫾4.1
12 (63.2)
13 (68.4)
3.8⫾1.2
8.1⫾1.7

.87
.27
.84
.83
.88
.10
.43
.29
.29

73.0⫾9.5
8 (72.7)
1.7⫾0.1
78.1⫾18.3
27.4⫾3.9
8 (72.7)
9 (81.8)
NA
NA

.63
.10
.95
.92
.89
.10
.53
NA
NA

NOTE. Values are means ⫾ SDs or as otherwise indicated.
Abbreviations: BMI, body mass index; NA, not applicable.
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8.6⫾4.6
12.2⫾4.2
9.7⫾3.7
13.9⫾4.1
17.7⫾6.0
14.6⫾4.7
17.9⫾7.6
19.4⫾5.9
16.0⫾5.2
7.3⫾4.7
9.6⫾4.3
8.1⫾2.2
13.1⫾5.1
13.3⫾5.6
13.1⫾4.4
15.3⫾7.5
15.5⫾5.4
14.0⫾5.5
25.4⫾14.4 18.4⫾10.1 19.7⫾6.7
11.1⫾4.5
9.3⫾2.3
10.2⫾3.2
10.2⫾4.1
8.3⫾1.6
9.4⫾2.3
46.5⫾6.3
42.9⫾3.0
43.2⫾4.9
44.4⫾5.3
42.5⫾3.6
42.3⫾4.1
43.7⫾5.5
41.7⫾2.3
42.3⫾4.0
92.8⫾20.3 105.6⫾19.9 104.9⫾21.9 107.3⫾16.1 117.9⫾11.5 117.7⫾16.0 112.1⫾11.9 122.4⫾13.5 120.6⫾12.1
2.5⫾1.9
3.7⫾2.5
2.6⫾1.5
6.4⫾1.9
7.9⫾1.9
6.7⫾2.0
8.0⫾1.8
8.6⫾1.8
8.2⫾1.6
4.3⫾1.8
6.1⫾2.2
5.3⫾1.9
8.2⫾1.7
8.8⫾1.5
8.0⫾2.0
9.1⫾1.2
9.4⫾1.1
9.0⫾1.4

13.5⫾6.5
9.2⫾1.7
14.9⫾13.1
16.9⫾6.9
8.0⫾2.1
13.9⫾13.6
15.6⫾9.3
10.2⫾3.7
14.2⫾10.9
10.5⫾3.1
9.7⫾2.4
20.9⫾15.0
14.7⫾6.3
8.8⫾2.5
18.8⫾12.5
11.9⫾4.4
10.0⫾4.0
21.2⫾14.9
5.7⫾2.3
17.7⫾6.9
34.4⫾14.4
10.0⫾5.0
15.0⫾6.9
37.0⫾13.3
5.7⫾2.1
20.3⫾10.9
46.3⫾16.5

NOTE. n equals the participant numbers at each assessment time. See figure 1.
Abbreviation: ROM, range of motion.

Outcome

Primary outcome measures
Hip abductor strength (kg)
8.8⫾3.5
10.7⫾5.2
7.7⫾2.9
10-m walk (s)
14.1⫾8.0
10.1⫾2.4
13.1⫾6.7
WOMAC score (0–96)
48.9⫾14.7 51.5⫾14.4 53.8⫾14.9
Secondary outcome measures
Quadriceps strength (kg)
10.1⫾4.8
14.8⫾6.2
11.5⫾6.0
Hamstrings strength (kg)
10.6⫾5.5
12.9⫾4.1
11.2⫾4.6
TUG test (s)
15.5⫾6.8
12.3⫾3.3
16.4⫾9.7
Circumference (cm)
42.4⫾4.7
41.7⫾3.2
41.3⫾3.4
ROM knee (degrees)
113.8⫾17.2 116.9⫾16.5 121.7⫾19.0
PSFS (0–10)
3.1⫾1.3
3.0⫾1.5
2.4⫾1.1
Self-efficacy average (0–10)
6.5⫾2.4
7.2⫾1.8
5.3⫾2.2

Aquatic
n⫽14
Ward
n⫽17
Water
Exercise
n⫽19
Aquatic
n⫽17
Ward
n⫽17

Aquatic
n⫽17

Water
Exercise
n⫽19

Ward
n⫽17

Day 90 Postoperative
Day 14 Postoperative

Water
Exercise
n⫽21
Aquatic
n⫽24
Ward
n⫽20

Early Postoperative Recovery
Table 3 contains the mean between-group differences and
percentage relative differences at day 14, the primary endpoint
of the trial.
Primary outcome measures. Hip abductor strength of the
aquatic physiotherapy group was significantly greater at day 14
than both the ward treatment group (mean difference⫽3.9kg,
P⫽.001) and the water exercise group (3.1kg, P⫽.011). This
was the only primary outcome measure significantly different
at that time point. However, the relative differences between
the aquatic and ward control groups in table 3 suggest that a
clinically important difference may exist in all 3 primary outcome measures of hip abductor strength (31%), 10-m walk
time (37%), and WOMAC score (25%) in favor of the aquatic
group. Comparing the aquatic and water exercise groups, only
hip abductor strength suggests a clinically important difference
in the primary outcome measures (17%), again in favor of the
aquatic group.
Secondary outcome measures. Adjusting the significance
level to compensate for multiple comparisons (P⬍.006), no
secondary outcomes were significantly different comparing the
aquatic with either the ward or the water exercise groups (see
table 3). However, the relative differences in the TUG and
PSFS of the aquatic group were greater than 15% compared
with either of the other 2 groups, suggesting that a clinically
important difference may exist. Although circumference was
not significantly different (P⫽.032), 3.7cm less swelling in the

Table 2: Means ⴞ SDs of All Outcome Measures Collected Throughout the Trial

Effect of Intervention
The means ⫾ SDs of all outcome measures for each treatment group at each time point are presented in table 2. This
table displays data as collected and is presented without the
last-value-carried-forward data, used to manage missing data.
Numbers of participants in each group therefore correspond to
the CONSORT diagram (see fig 1). Analysis of the ward group
compared with the water exercise group is not presented because it was not an aim of this research study.

Preoperative

Compliance With Trial Method
All participants except 2 received the protocol in the hospital
as allocated. Two participants randomized to the ward-only
treatment group received aquatic physiotherapy from day 4,
and their data were analyzed as randomized. Throughout the
trial, no adverse effects were reported. Early aquatic physiotherapy had been routine in this hospital over many years, and
clinical protocols regarding wound management and infection
control were well established.

Day 180 Postoperative

between groups was not statistically significant. More participants having a TKR were randomly allocated to the ward
treatment group than either the aquatic or the water exercise
groups, but again, this was not a significant difference among
the groups. No outcome measures were significantly different
between treatment groups at preoperative baseline after post
hoc analysis with the exception of the average rating of selfefficacy before surgery (P⫽.013). Self-efficacy was therefore
used as a covariate in all further analyses.
Of participants who were not excluded at day 4, 27 had a
THR and the same number a TKR. Comparing the 9 outcome
measures at baseline between those 2 subgroups, only active
range of movement (P⫽.01) and circumference (P⫽.04) differed. As would be expected clinically, those undergoing a
knee replacement had less active range before surgery, and
their circumference was larger, likely a result of the disease
process in the joint.

Water
Exercise
n⫽17
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Table 3: Aquatic Intervention Compared to Ward Control and Water Exercise Groups at Day 14
Aquatic Physiotherapy Compared to Ward Control
Outcome Measure

Primary outcome measures
Hip abductor strength (kg)
10-m walk (s)
WOMAC score (0–96)
Secondary outcome measures
Quadriceps strength (kg)
Hamstrings strength (kg)
TUG test (s)
Circumference (cm)
ROM knee (degrees)
PSFS (0–10)

Aquatic Physiotherapy Compared to Water Exercise

Mean Difference
(95% CI)

Significance
(P)

Relative Difference
(%)†

3.9 (1.7 to 6.1)
⫺5.3 (⫺11.1 to 0.5)
⫺7.9 (⫺17.8 to 2.0)

.001*
.072
.115

31†
37†
25†

3.0 (0.3 to 5.8)
1.9 (⫺0.7 to 4.5)
⫺6.2 (⫺13.5 to 1.1)
⫺3.7 (⫺7.1 to ⫺0.3)
12.7 (⫺1.6 to 27.0)
1.2 (⫺0.2 to 2.5)

.030
.139
.092
.032
.081
.088

⫺2
12
35†
5
9
41†

Mean Difference
(95% CI)

Significance
(P)

3.1 (0.7 to 5.4)
1.0 (⫺6.8 to 8.8)
6.4 (⫺4.2 to 17.1)
1.1 (⫺1.8 to 4.0)
0.6 (⫺2.2 to 3.4)
6.4 (⫺4.2 to 2.5)
⫺0.5 (⫺4.2 to 3.1)
⫺2.7 (⫺8.9 to 3.5)
1.1 (⫺0.4 to 2.5)

Relative Difference
(%)†

.011
.392
.230

17†
14
⫺1.0

.456
.663
.798
.764
.948
.145

8
5
19†
0.02
3
25†

Abbreviation: ROM, range of motion.
*Significance for primary outcomes P⬍.05, secondary outcomes P⬍.006 (Bonferroni correction).
†
Relative difference: a value greater than 15% indicates a clinically important difference between the intervention and control groups.

aquatic compared with the ward groups (95% CI, ⫺7.1 to
⫺0.3) could be clinically important. The relative difference in
circumference was unlikely to be greater than 15% because the
mean change from baseline (2.3cm) was divided by the average
circumference (42cm).
Longer-Term Recovery
Table 4 contains the comparison between the 3 groups at day
90 and day 180. Relative differences were not calculated for
these later assessment points because participants were free to
undertake whatever, if any, rehabilitation they chose after day
14 assessments, and therefore intervention was not controlled
as it had been for the inpatient component of the research.
Primary outcome measures. A mean difference in abductor strength between the aquatic and ward groups was not
evident at day 90. However, there was a trend for the water
exercise group to remain significantly weaker in hip abduction
than the aquatic group (3.4kg; P⫽.054). This difference was no
longer evident at day 180. No other primary outcome measures
were statistically significant at either time point.
Secondary outcome measures. As shown in table 4, after
adjusting for multiple comparisons, there were no significant
differences between the aquatic physiotherapy and water exercise
groups in secondary outcome measures at day 90 or day 180.
There were trends for greater quadriceps strength at day 90

(P⫽.037) and knee range at both day 90 (P⫽.049) and day 180
(P⫽.014) in the aquatic group than the ward control.
Early Recovery After Total Hip Replacement or Total
Knee Replacement Surgery
The data were then examined separately for subjects undergoing a TKR (table 5) or a THR (table 6). No significant
differences in baseline measures were demonstrated after post
hoc analysis. Hip abductor strength had improved more in
those having aquatic physiotherapy after TKR than in those
in either the ward control group (mean difference⫽6.6kg;
P⫽.000) or the water exercise group (4.3kg; P⫽.025). Differences in hip abductor strength after THR were not significant
among the 3 groups, although there was a trend (P⫽.055) for
the aquatic group to show greater strength than the ward
control. Of the secondary strength measures in those with TKR
(see table 5), quadriceps strength of the aquatic group was
significantly greater than the ward group (P⫽.005), with a
trend to be stronger than the water exercise group also
(P⫽.046). There were no significant differences with any other
measures after THR (see table 6).
DISCUSSION
No studies to our knowledge have been published investigating the use of aquatic physiotherapy from day 4 postoper-

Table 4: Aquatic Intervention Compared to Ward Control and Water Exercise Groups at Day 90 and 180
Day 90
Aquatic and Ward Control
Outcome Measure
Primary outcome measures
Hip abductor strength (kg)
10-m walk (s)
WOMAC score (0–96)
Secondary outcome measures
Quadriceps strength (kg)
Hamstrings strength (kg)
TUG test (s)
Circumference (cm)
ROM knee (degrees)
PSFS (0⫺10)

Day 180
Aquatic and Water Exercise

Aquatic and Ward Control

Aquatic and Water Exercise

Mean Difference
(95% CI)

Significance
(P)

Mean Difference
(95% CI)

Significance
(P)

Mean Difference
(95% CI)

Significance
(P)

Mean Difference
(95% CI)

Significance
(P)

2.5 (⫺0.8 to 5.7)
⫺0.8 (⫺2.9 to 1.2)
⫺0.9 (⫺10.4 to 8.6)

.132
.412
.849

3.4 (⫺0.1 to 6.8)
⫺0.0 (⫺2.2 to 2.1)
2.0 (⫺8.1 to 12.2)

.054*
.978
.691

⫺0.1 (⫺5.2 to 5.0)
⫺1.6 (⫺3.5 to 0.9)
⫺0.4 (⫺8.5 to 7.7)

.971
.102
.929

1.2 (⫺4.3 to 6.7)
⫺0.5 (⫺2.6 to 1.5)
0.7 (⫺8.0 to 9.4)

.657
.607
.872

3.6 (0.2 to 7.1)
0.2 (⫺3.2 to 3.7)
⫺1.4 (⫺3.6 to 0.9)
⫺2.1 (⫺5.1 to 0.9)
10.2 (0.1 to 20.3)
1.4 (0.1 to 2.8)

.037
.897
.228
.171
.049
.088

2.7 (⫺1.0 to 6.3)
0.2 (⫺3.5 to 4.0)
0.5 (⫺1.9 to 2.8)
⫺0.3 (⫺3.6 to 2.9)
⫺1.0 (⫺11.9 to 9.8)
1.0 (⫺0.4 to 2.5)

.151
.904
.704
.833
.848
.151

0.4 (⫺3.9 to 4.8)
⫺0.1 (⫺4.4 to 4.2)
⫺1.2 (⫺3.3 to 0.9)
⫺2.3 (⫺5.2 to 0.7)
10.7 (2.2 to 19.2)
0.5 (⫺0.7 to 1.7)

.837
.952
.260
.127
.014
.427

1.9 (⫺2.8 to 6.5)
0.9 (⫺3.7 to 5.6)
⫺0.3 (⫺2.6 to 2.0)
0.7 (⫺2.3 to 3.7)
1.9 (⫺7.2 to 11.0)
0.2 (⫺1.0 to 1.5)

.425
.682
.789
.329
.676
.720

Abbreviation: ROM, range of motion.
*Significance for primary outcomes P⬍.05, secondary outcomes P⬍.006 (Bonferroni correction).
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Table 5: Comparison Between Baseline and Day 14: Total Knee Replacement
Preoperative

Outcome Measures
Primary outcome measures
Hip abductor strength (kg)
10-m walk (s)
WOMAC score (0–96)
Secondary strength measures
Quadriceps strength (kg)
Hamstrings strength (kg)

Day 14 Postoperative

Day 14 Between-Group Mean Difference
Aquatic and Water
Exercise

Aquatic
n⫽8

Water
Exercise
n⫽7

Between-Group
Difference (P)

Ward
n⫽12

Aquatic
n⫽8

Water
Exercise
n⫽7

Aquatic and Ward Control

Ward
n⫽12

95% CI

(P)

95% CI

(P)

9.0⫾1.2
12.3⫾1.4
48.5⫾4.3

12.9⫾1.5
12.2⫾1.8
50.7⫾5.6

9.2⫾1.6
11.7⫾1.9
51.4⫾6.1

.022*
.318
.378

6.0⫾0.9
21.1⫾2.7
48.4⫾5.0

12.6⫾1.1
16.8⫾3.5
37.1⫾6.6

8.3⫾1.2
17.0⫾3.8
32.4⫾7.1

6.6 (3.6 to 9.5)
⫺4.3 (⫺13.4 to 4.8)
⫺11.2 (⫺28.3 to 5.9)

.000†
.343
.188

4.3 (0.6 to 8.0)
⫺0.2 (⫺11.6 to 11.2)
4.7 (⫺16.6 to 26.1)

.025
.970
.650

9.7⫾1.4
9.3⫾1.1

14.5⫾1.8
11.3⫾1.4

10.5⫾2.0
11.0⫾1.5

.029*
.293

7.3⫾0.8
5.3⫾0.7

11.1⫾1.0
6.8⫾1.0

7.9⫾1.1
7.1⫾1.1

.005†
.240

3.2 (0.6 to 6.4)
⫺0.4 (⫺3.5 to 2.8)

.046
.817

3.9 (1.3 to 6.4)
1.5 (⫺1.0 to 4.0)

NOTE: Values are group means ⫾ SEs or as otherwise indicated.
*Between-group difference not significant after post hoc analysis: hip abduction strength, aquatic and ward P⫽.183, aquatic and water exercises P⫽.130; quads, aquatic and ward
P⫽.166, aquatic and water exercise P⫽.088.
†
Significance for primary outcomes P⬍.05, secondary outcomes P⬍.006 (Bonferroni correction).

atively after THR or TKR surgery. This RCT was therefore
undertaken in a clinical setting to investigate whether inpatient
aquatic physiotherapy from day 4 in addition to usual ward
physiotherapy improved early functional recovery more than
nonspecific water exercise or additional ward physiotherapy.
By day 14 after surgery, those in the aquatic physiotherapy
group had significantly greater hip abductor strength than those
who received additional ward treatment or water exercise. No
other primary or secondary outcome measures were significantly different between the 3 groups at day 14, although
relative differences favored the aquatic group. Hip abductor
strength was the only outcome measure to appear different in
the longer term, with a trend for the water exercise group still
to be not as strong as the aquatic group at day 90.
Hip abductor strength is an important component of mediolateral stability66 and functional activities such as walking and
stepping,67 but this strength is reduced in people with hip
OA35,36 and with increasing age.33 Decreased quadriceps
strength has also been associated with falls risk and reduced
mediolateral stability31 and is decreased in people with OA68
and after joint replacement surgery.24,28 Improving muscle
strength, gaining range, and re-educating gait are the focus of
physiotherapy programs after joint replacement surgery,11 but
in contrast with quadriceps strength, hip abductor strength has
rarely been studied either in people with OA or after joint
replacement.3 Early water exercise has been recommended in
clinical guidelines for rehabilitation after hip arthroscopy procedures,10 but few details of the specific aquatic activities were
included, and it is not clear whether the exercise was undertaken independently or with supervision. A specific aquatic
physiotherapy program has previously been shown to improve
hip abductor strength in people with osteoarthritis.69 This pro-

gram was similar to our study, and both included exercises for
each limb. Participants in the aquatic intervention group of our
study stood on the operated limb and had to maintain stability
while moving the opposite limb at the specified metronome
pace. This exercise is likely to have enhanced hip abductor
strength because of the need to control mediolateral stability. In
contrast, other researchers29 found that a gym program improved quadriceps strength in people with OA more than a
hydrotherapy program. Their hydrotherapy program was not
specifically described but did not appear to include functional
strengthening and was focused on speed in the pool to maintain
exercise heart rate, which is likely to be why the aerobic fitness
of hydrotherapy participants improved but not their strength.
Our results indicate that further research is needed to examine
the role of the hip abductor strength in function and mobility
after THR and TKR.
Despite the obvious differences between THR and TKR
surgery, the rate of postoperative recovery has been found to be
similar.70 In one study that, like ours, included subjects with
both THR and TKR, variance in early functional recovery of
6-minute walk test distance and TUG was explained more by
preoperative baseline score than the site of arthroplasty, and
changes in WOMAC pain subscale beyond 1 week postoperatively followed a similar pattern after both THR and TKR
surgery.71 Participants in our study with either THR or TKR
also had comparable patterns of impairments and disability at
baseline. Because similar patterns of muscle dysfunction are
present in knee and hip OA, published guidelines for inpatient
physiotherapy intervention programs to regain strength and
function after THR or TKR are very similar.11 Likewise, studies of aquatic physiotherapy intervention for people with OA of
the hip and knee have included subjects with either condition in

Table 6: Comparison Between Baseline and Day 14: Total Hip Replacement
Preoperative

Outcome Measures
Primary outcome measures
Hip abductor strength (kg)
10-m walk (s)
WOMAC score (0–96)
Secondary strength measures
Quadriceps strength (kg)
Hamstrings strength (kg)

Day 14 Postoperative

Ward
n⫽5

Aquatic
n⫽10

Water
Exercise
n⫽12

Between-Group
Difference (P)

Ward
n⫽5

Aquatic
n⫽10

Water
Exercise
n⫽12

9.5⫾1.6
10.2⫾1.7
50.8⫾4.8

7.9⫾1.2
9.6⫾1.3
57.2⫾3.6

7.9⫾1.1
12.2⫾1.2
45.4⫾3.3

.514
.386
.824

4.5⫾1.0
18.2⫾3.5
42.1⫾5.2

7.1⫾0.8
13.6⫾2.6
40.0⫾3.9

13.3⫾2.5
15.6⫾2.1

13.5⫾1.8
11.9⫾1.6

12.5⫾1.7
12.0⫾1.4

.711
.198

11.5⫾2.0
11.9⫾1.6

11.8⫾1.5
11.0⫾1.1

Day 14 Between-Group Mean Difference
Aquatic Compared to
Ward

Aquatic Compared to
Water Exercise

95% CI

(P)

95% CI

(P)

5.1⫾0.7
18.2⫾2.4
32.6⫾3.6

2.6 (⫺0.0 to 5.2)
⫺4.6 (⫺13.4 to 4.2)
⫺2.1 (⫺15.3 to 11.2)

.055
.292
.749

2.0 (⫺0.2 to 4.3)
⫺4.6 (⫺12.2 to 2.9)
7.4 (⫺4.0 to 18.8)

.073
.219
.193

11.9⫾1.4
9.5⫾1.1

0.3 (⫺4.8 to 5.5)
⫺1.0 (⫺4.9 to 2.9)

.890
.611

⫺0.1 (⫺4.6 to 4.3)
1.4 (⫺1.9 to 4.8)

.953
.392

NOTE. Values are group means ⫾ SEs unless otherwise indicated.
*Significance for primary outcomes P⬍.05, secondary outcomes P⬍.006 (Bonferroni correction).
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the same study and used the same exercise protocol for
both.29,69,72 The significant improvement in hip abductor
strength found in our study was surprising considering that
more than half the participants in the aquatic group had a THR
involving a posterior-lateral surgical approach, compared with
less than a third of participants in the ward treatment group.
Similarities in other outcome measures showed that inpatient
aquatic physiotherapy was as effective as additional ward treatment in improving range, walking speed, and self-reported
function. Little research has been undertaken on inpatient physiotherapy intervention, with the exception of continuous passive motion.73,74 Even a recent systematic review of functional
physiotherapy exercise for TKR after discharge included only
6 trials of mostly low-intensity exercise,7 so their positive
conclusions should be interpreted cautiously.75 Further research is clearly needed to inform clinical practice.
A recent Cochrane Review76 concluded that aquatic exercise
was likely to improve pain and function in people with hip or
knee OA, but the type and amount of aquatic exercise that was
most beneficial was not clear, particularly with regard to hip
OA. Group aquatic physiotherapy was not used in our study in
order to standardize the interventions and to monitor the physiologic effects of immersion on each individual in the early
postoperative days. In our study, hip abductor strength improved more in the aquatic physiotherapy group than the nonspecific water exercise program, but there was no difference in
the other outcome measures assessed. The effect of hydrostatic
pressure when immersed to 1.2m is greater than diastolic blood
pressure,16 and this graduated increase in pressure with increasing water depth, similar to a compression garment, is thought
to aid in the resolution of edema. The addition of exercise
while immersed has been shown to improve dependent edema
in pregnant women14 and lower-limb lymphoedema.15 It was
not unexpected that swelling measured by knee circumference
did not differ between the 2 pool groups, but the difference
between the aquatic and ward exercise group was ⫺3.7cm
(95% CI, ⫺7.1 to ⫺0.3). Clearer results may have been obtained had a series of circumferential measurements above and
below the knee been used rather than a single measurement
around the knee joint itself. Participants in our trial attended an
average of only 3.5 treatments before discharge. More treatments over a longer period might have been needed to detect
greater differences between the 2 water-based programs. No
adverse events occurred with any of the participants who came
into the pool early after joint replacement surgery.
Study Limitations
Results of this trial must be interpreted with caution for
several reasons. Rates of recovery after hip and knee replacement surgery may vary, particularly in the early postoperative
period, but few studies have been published on which to

determine whether this is actually the case. The greatest number of participants excluded at day 4 were from the aquatic
physiotherapy intervention, so despite there being no significant difference between the groups at baseline, the aquatic
group may well have been different because of factors related
to early postoperative recovery rather than the specific intervention. However, this postoperative variability is likely to be
one of the reasons that few studies of physiotherapy intervention in the early postoperative phase have been undertaken.
Given this variability, the small sample size may have masked
the true effect of the interventions. In addition, combining
participants with THR and TKR within the 1 trial may have
influenced the clarity of the results despite there being no
significant preoperative differences between the 2 surgical
groups. More importantly, multiple comparisons between small
numbers of participants mean that the possibility of a type II
error cannot be ignored. Future studies of early treatment
options are indicated and may be more robust if larger numbers
of participants are recruited, or people undergoing hip or knee
replacement surgery are investigated separately.
CONCLUSIONS
This is the first study to our knowledge investigating additional aquatic physiotherapy from day 4 after THR or TKR.
Methodologic issues limit firm conclusions, but it is likely that
a specific aquatic physiotherapy intervention had a beneficial
effect on the recovery of hip muscle strength early after surgery. No other outcome measures were significantly different
between the groups, although there was a trend for results to
favor the aquatic intervention. No adverse events occurred in
either of the groups who came to the pool early after THR or
TKR surgery, indicating that aquatic physiotherapy is a safe
and effective alternative to additional ward physiotherapy. Because this study was undertaken within a private hospital under
usual clinical conditions, results cannot necessarily be generalized to other settings such as public hospitals, where waiting
time prior to surgery is often much longer and therefore preoperative disability may be even greater. Further studies are
required to confirm our findings and to determine whether this
improved postoperative strength translates into better mediolateral stability, and therefore greater improvements in gait
pattern and other functional activities such as stepping.
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APPENDIX 1: DETAILS OF PHYSIOTHERAPY PROGRAMS
Ward Exercise Program (As Per Hospital’s Clinical
Pathway)

Exercises for both TKR and THR unless
indicated otherwise
Bed exercises ⫻ 10 each
Inner range quads
Active hip and knee flexion
Bridging

Arch Phys Med Rehabil Vol 90, May 2009

Aquatic Physiotherapy Program (Fast
Pace⫽Metronome 80–88bpm)

Xiphisternal level (30% WB)
Progressed to waist deep (50% WB as
pain allows)
Walk forward, backward, and sideways
2– 6 widths, focus on gait pattern and
trunk stability

Water Exercise Program (Slow Pace⫽Metronome
50–58bpm)

Neck-deep water (10% WB)
Walk forwards 5 minutes
Posture correction with no other cues (just
asked to practice standing tall) 2–3min
Single leg balance on nonoperated leg
10 –15s, ⫻ 10 –20 reps
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APPENDIX 1: DETAILS OF PHYSIOTHERAPY PROGRAMS (cont’d)
Ward Exercise Program (as per hospital’s clinical
pathway)

Aquatic Physiotherapy Program (fast
pace⫽metronome 80–88bpm)

Water Exercise Program (slow pace⫽metronome
50–58bpm)

Circulation exercises: static gluts/quads/ankle
dorsiflexion and plantarflexion ⫻ 20
Deep breathing exercises
Straight leg raise (TKR)
Active hip abduction (THR)
Seated in chair or side of bed
Active knee flexion (TKR)
Transfer practice
In/out of bed and in/out of chair
Gait re-education
With appropriate walking aid
and also in parallel bars using a mirror:
aim is discharge on elbow crutches
Standing exercises at bedside or in gym ⫻ 10
Hip abduction (stand on nonoperated leg,
THR)
Hip flex/ext (stand on nonoperated leg)
Hip and knee flexion (marching)
Mini-squats
Calf stretch
Up on toes
Hamstrings curl (knee flex in hip extension)
Stair practice
Aim is day 5 but dependent on mobility
status

Hip abd and add (in 15° hip ext)
Hip flex/ext focus on getting into ext
Both fast pace and ⫻ 10, progress to 30
per leg
Mini-squat slow and controlled (count
1-2-3 then up) ⫻ 10–30
Alternate heel raises (walk on spot) ⫻
10 –30
Day 5/6 added step-ups ⫻ 10 –30
Lunge: TKR onto step, THR on pool floor
Slowly, ⫻ 10 each leg
In pool corner or on plinth
Focus on control of pelvic stability
during exercises
Scissors (no floats) fast pace, 2–3min
Hip extension with knee ext and float on
ankle, alternating left then right leg
(1–2 rings) slow count 1-2-3 down and
up; ⫻ 10 –30 each leg
Backstroke kick and cycle legs fast pace,
2–3min each, flippers by day 5– 6 if
pain allows
Sit on plinth or chair (monitor hip flex
ROM)
Alternate knee flex/ext ⫻ 2 minutes,
TKR ⫹ ankle weight day 5– 6
Standing xiphisternal level (30% WB)
1–3 minutes, fast pace with focus on
trunk stability and even weightbearing
Double arm swing (bilateral UL flex/ext
with elbow ext)
Alternate arm swing (1 arm forward
while 1 arm goes back)

March on spot slow pace, ⫻ 10 and
progress to 40 reps
In pool corner or on plinth
3–5min each
Scissors (bilateral hip abduction and
adduction) with floats on each ankle,
slow pace
Cycle legs, slow pace
Active knee flex/ext over a float slow pace
Supine float using neck, hip and knee
floats
10min
Lateral trunk flexion-relaxation
Bilateral sculling with arms
Gentle, nonspecific lumbar spine
mobilizations
Standing neck deep water (10% WB)
2–3min each
Clapping hands (shoulder int and ext
rotation with elbows at sides) slow pace
Elbow flexion and extension slow pace
Additional forward walking
In deep water (10%) WB as above
if needed to make time up to 40min

NOTE. Each program was a maximum of 40 minutes.
Abbreviations: abd, abduction; add, adduction; bpm, beats per minute; ext, extension; flex, flexion; int, internal; ROM, range of motion; UL,
upper limb; WB, weight-bearing.
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