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Abstract
Objective: Our aim was to evaluate the feasibility of a hydrotherapy treatment in patients with Parkinson’s
disease and the effectiveness of this treatment on balance parameters in comparison to a traditional landbased physical therapy.
Design: A randomized single-blind controlled trial.
Setting: Outpatients.
Subjects: Thirty-four patients with Parkinson’s disease in Hoehn-Yahr stage 2.5–3.
Intervention: Group 1 hydrotherapy treatment, group 2 land-based rehabilitation treatment. The two
groups underwent the same rehabilitation period (60 minutes of treatment, five days a week for two
months).
Main measures: The primary outcome measures were the centre of the pressure sway area
recorded with open and closed eyes, using a stabilometric platform. Secondary outcome measures
were Unified Parkinson’s Disease Rating Scale II and III, Timed Up and Go Test, Berg Balance Scale,
Activities-specific Balance Confidence Scale, Falls Efficacy Scale, Falls diary and Parkinson’s Disease
Questionnaire-39.
Results: Hydrotherapy treatment proved to be feasible and safe. Patients in both groups had a significant
improvement in all outcome variables. There was a better improvement in patients who underwent
hydrotherapy than in patients treated with land-based therapy in the centre of pressure sway area closed
eyes (mean SD change: 45.4 SD64.9 vs. 6.9 SD45.3, p = 0.05), Berg Balance Scale (51.2 SD3.1 vs. 6.0
SD3.1, p = 0.005), Activities-specific Balance Confidence Scale (16.8 SD10.6 vs. 4.1 SD5.4, p = 0.0001),
Falls Efficacy Scale (−5.9 SD4.8 vs. −1.9 SD1.4, p = 0.003), Parkinson’s Disease Quetionnaire-39 (−18.4
SD12.9 vs. −8.0 SD7.0, p = 0.006) and falls diary (−2.4 SD2.2 vs. −0.4 SD0.5, p = 0.001).
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Conclusion: Our study suggests that hydrotherapy may constitute a possible treatment for balance
dysfunction in Parkinsonian patients with moderate stage of disease.
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Introduction
People with Parkinson’s disease have reduced balance ability and are prone to falling. Even though
pharmacological treatment has changed the natural
course of the disease, drugs do not reverse balance
dysfunction and this symptom worsens over time
and leads to falls.1,2
At present, there is no treatment that is known to
be very effective for postural instability in
Parkinson’s disease. Hydrotherapy in Parkinson’s
disease might be effective, but this has not been
demonstrated yet. Only one study, reporting the
effects of training using hydrotherapy on balance in
Parkinson’s disease patients has been published.3
Aquatic exercises have been widely used in
physical therapy programmes for different diseases.4,5 Water buoyancy reduces gravity and an
aquatic environment can be considered a microgravity environment. Many authors have documented modifications of static and dynamic
postural control in prolonged microgravity.6,7 In
particular, modifications of the control of body
positions, owing to dysfunctions of vestibular
information occurring under water, underline the
main role of the proprioceptive system for postural
control in this environment.8 Aquatic environment
permits balance training in safe conditions, avoiding falls and reducing the fear of falling.
The aim of this pilot study was to evaluate the
feasibility of a hydrotherapy treatment in
Parkinson’s disease patients with moderate stage of
disease and to compare the effectiveness of this
treatment on balance parameters with traditional
land-based physical therapy.

Methods
Enrollment criteria in this single blind study were:
(i) diagnosis of ‘clinically probable’ idiopathic

Parkinson’s disease according to Gelb et al.,9 (ii)
Hoehn-Yahr stage 2.5 and 3, (iii) ability to walk
without any assistance, (iv) at least two falls in the
last year, (v) Mini-Mental State Examination score
≥25, (vi) no relevant comorbidity or vestibular/
visual dysfunctions, limiting locomotion or balance, (vii) stable dopaminergic therapy in the last
four weeks. Exclusion criteria were: history of
deep brain stimulation surgery and other conditions limiting hydrotherapy (for example cardio
pulmonary disease).
Patients were screened by a neurologist specialized in movement disorders, and eligible patients
were admitted to the Rehabilitation Institute for
treatment. The study was approved by the local
Scientific Committee and Institutional Review
Board (‘Moriggia-Pelascini’ Hospital).Written
informed consent was obtained from all patients
before participation.
Patients were randomized into two groups: the
treatment group (Group 1), which underwent hydrotherapy; and the control group (Group 2), which
underwent land-based standard rehabilitation.
For the allocation of the participants, a computer-generated list of binary random numbers was
used. The sequence was concealed and the following number (0: Group 1; 1: Group 2) was disclosed
by a person not involved in the enrolment process,
every time a new patient was added.
The primary outcome measure was the posturographic evaluation. The posturography exam was
assessed according to the current guidelines. Out of
all the parameters provided by posturography, we
considered the centre of pressure (COP) sway area
(mm2) in the antero-posterior and medio-lateral
directions. The patient was asked to bend forward,
while maintaining the feet planted in a standing
position with both open eyes and closed eyes
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conditions, as an instrumental version of the functional reach test (FRT).
As secondary outcome measures, we used the
Unified Parkinson’s Disease Rating Scale II and
III,10 Timed Up and Go Test,11 Berg Balance
Scale,12 Activities-specific Balance Confidence
Scale,13 Falls Efficacy Scale14 and the falls diary.
We also quantified health-related quality of life in
all participants using the Parkinson’s Disease
Quetionnaire-39 (PDQ-39)15.
We assessed outcomes at two time points: one
week before and one week after rehabilitation
treatment. Falls occurred two months before the
trial and the ones that occurred during the two
months of rehabilitative treatment were recorded
either by a caregiver in the falls diary or by telephone interview. The acquisition of posturographic
data and the evaluation of the different scales were
performed one hour after the first dose of Levodopa,
by a neurologist specialized in movement disorders, who was unaware of the study design.

Intervention
All patients received 60 minutes of treatment, five
days a week for two months. Patients in Group 1
underwent hydrotherapy treatment. The session
comprised a cardiovascular warm up and stretching
exercises for 10 minutes, followed by 40-minute
perturbation-based balance training and a 10-minute
cool down. Patients in Group 2 underwent landbased traditional treatment with cardiovascular
warm up and stretching exercises for 10 minutes,
followed by 40 minutes with the same programmes
of exercises for balance, focused on perturbationbased training and 10 minutes of cool down. The
physiotherapy programme for balance training was
in accordance with the The Royal Dutch Society for
Physical Therapy (KNGF) guidelines for physical
therapy in Parkinson’s disease.16
In particular, in order to optimize balance during the performance of activities in static and
dynamic conditions, we focused on exercises for
training strength and perturbation-based balance
training, with emphasis on functional reaching
tests in protected conditions, and teaching patients
how to activate postural responses to external
perturbation.

Statistical analysis
Since we are not aware of studies estimating the
standard error of measurement (SEM) for
dynamic stabilometric platform data, we could
not compute a sample size according to our primary outcome.
Published studies report a SEM equal to 1.8 for
the Berg Balance Scale.11 We expected an effect
size around three for this variable. Hence, to detect
a change with a two-tailed type I error of 0.05 and
a power of 80%, the estimated sample size was 13
patients per group. Taking into account the possibility of a 30% rate of drop-out, we set our sample
size to 17 + 17 patients.
The effect of the rehabilitation strategy on each
considered outcome variable was assessed by a two
factor analysis of variance (ANOVA): the first factor was treatment (hydrotherapy rehabilitation protocol vs. traditional physiotherapy) and the second
factor was time (end of treatment vs. baseline),
with repeated measures in the time factor. If a significant interaction effect for time and treatment
was observed, a within-group comparison between
end of rehabilitation and baseline was carried out
for both groups by paired t-test or by Wilcoxon’s
matched pairs test in case of violation of the normality assumption. Between-group comparisons
were carried out by unpaired t-test or by Mann–
Whitney U-test, if appropriate. Descriptive statistics are given as mean SD. A p value <0.05 was
considered statistically significant.
All analyses were carried out using the SAS/
STAT statistical package, release 9.2 (SAS Institute
Inc., Cary, NC, USA).

Results
A total of 34 eligible patients, admitted to our
movement disorder centre from January to June
2013, agreed to participate in the study. Seventeen
patients were assigned to the group who underwent
hydrotherapy (Group 1), and 17 were assigned to
the control group (Group 2), which underwent
land-based standard rehabilitation (Figure 1).
Hydrotherapy treatment proved to be feasible and
safe. There were no drop-outs and compliance was
good and comparable in both groups. Demographic
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Enrollment

Assessed for eligibility (n= 40)

Excluded (n= 6)
♦ Not eligible (n= 2)
♦ Declined to participate (n= 4)

Randomized (n=34)

Allocation
Allocated to intervention (n=17)
♦ Assessed 1 week before intervention (n=17)
♦

Allocated to intervention (n=17 )
♦ Assessed 1 week before intervention (n=17)

Received 8 weeks allocated intervention
(n=17)

♦

Received 8 weeks allocated intervention
(n=17)

Follow-Up
Lost to follow-up (n=0)
♦

Lost to follow-up (n=0)

Assessed 1 week after intervention (n=17)

♦

Assessed 1 week after intervention (n=17)

Analysis
Analysed (n=17)
♦ Excluded from analysis (n= 0)

Analysed (n=17 )
♦ Excluded from analysis (n= 0)

Figure 1. Flow diagram of the progress through the phases of the study. Follow-up.

and clinical characteristics of all patients are reported
in Table 1.
No statistically significant differences were
observed between the two groups in any variable at
baseline (p = 0.796, p = 0.493, p = 0.107, p = 0.216,
p = 0.544, p = 0.957, p = 0.781 for Unified
Parkinson’s Disease Rating Scale-II, Unified
Parkinson’s Disease Rating Scale-III, COP Sway
Closed Eyes, Berg Balance Scale, Activitiesspecific Balance Confidence Scale, Falls Efficacy
Scale, Time Up and Go Test, respectively), with the
exception of a significant borderline difference for
COP Sway Open Eyes (p = 0.046).
Results from repeated measurements ANOVA
for all variables are summarized in Table 2.

The main finding of this study was the different
time course for COP sway closed eyes, Parkinson
Disease Questionnaire-39, Berg Balance Scale,
Activities-specific Balance Confidence Scale,
Falls and Falls Efficacy Scale in patients who
underwent hydrotherapy with respect to patients
who underwent traditional physiotherapy, as demonstrated by a significant time × treatment interaction in the repeated measurements ANOVA.
Posthoc analysis showed that these variables
improved significantly in both groups of patients
by the end of the rehabilitation protocol (p < 0.002
all), but the improvement was better in the hydrotherapy group than in patients who underwent
physiotherapy. Between-group comparison of the
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Table 1. Demographic, clinical and functional characteristics of the patients, at relevant observation times:
Baseline (one week before intervention) and one week after rehabilitation treatment. Change: difference (after
treatment – baseline).
Group 1
(hydrotherapy)
Baseline
Age (years)
Hoehn-Yahr
Disease duration
(years)
L-dopa-equivalent
(mg/die)
COPSwayOE (mm2)
COPSwayCE (mm2)
UPDRS_II
UPDRS_III
BBS
TUG (s)
ABC
Falls
FES
PDQ39

Group 2
(land-based rehabilitation)
After
treatment

Change

Baseline

68 ± 7
2.82 ± 0.3
7.5 ± 5.1

66 ± 8
2.65 ± 0.49
7.6 ± 4.63

645.4 ± 206

625.2 ± 244.3

74.9 ± 55.2
45.6 ± 42.1
20.2 ± 7.5
41.9 ± 7.4
41.3 ± 5.9
13.1 ± 3.8
53.4 ± 15.8
3.0 ± 2.4
11.9 ± 6.5
60.3 ± 19.9

124.6 ± 58.9
91.0 ± 56.9
15.9 ± 6.3
33.6 ± 8.0
51.2 ± 3.1
11.0 ± 2.0
70.2 ± 15.1
0.6 ± 1.1
6.0 ± 4.2
41.9 ± 20.9

49.7 ± 67.1
45.4 ± 64.9
−4.3 ± 3.4
−8.3 ± 4.4
9.9 ± 4.4
−2.0 ± 2.3
16.8 ± 10.6
−2.4 ± 2.2
−5.9 ± 4.8
−18.4 ± 12.9

117.0 ± 61.6
77.4 ± 67.1
19.6 ± 6.9
39.2 ± 14.3
43.9 ± 6.1
12.8 ± 3.0
56.4 ± 13.4
2.1 ± 2.4
11.8 ± 6.2
64.4 ± 28.6

After
treatment

Change

142.5 ± 106.4
84.3 ± 91.2
14.5 ± 6.4
30.8 ± 13.8
49.9 ± 4.8
11.6 ± 2.9
60.6 ± 13.9
1.6 ± 2.1
9.8 ± 5.6
56.4 ± 26.8

25.4 ± 63.8
6.9 ± 45.3
−5.1 ± 2.6
−8.4 ± 4.3
6.0 ± 3.1
−1.1 ± 1.1
4.1 ± 5.4
−0.4 ± 0.5
−1.9 ± 1.4
−8.0 ± 7.0

ABC: Activities-specific Balance Confidence Scale; BBS: Berg Balance Scale; COPSwayCE: Sway area (mm2) with closed eyes at
instrumental FRT; COPSwayOE: Sway area (mm2) with open eyes at instrumental FRT; Falls: number of falls from diary; FES: Falls
Efficacy Scale; FRT: functional reach test; PDQ39: Parkinson’s disease questionnaire-39; TUG: Timed Up and Go test; UPDRS II:
Unified Parkinson’s Disease Rating Scale section regarding activities of daily living; UPDRS III: Unified Parkinson’s Disease Rating
Scale section regarding motor performance.

Table 2. Summary of results from the repeated measurements ANOVA for all variables.
Variable

Treatment
effect

Time
effect

Interaction (time
× treatment)

COPSwayOE (mm2)
COPSwayCE (mm2)
UPDRS_II
UPDRS_III
BBS
TUG (s)
ABC
Falls
FES
PDQ39

0.1936
0.5505
0.6458
0.4742
0.7076
0.8906
0.4973
0.9291
0.3255
0.2612

0.0021
0.0105
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001

0.2871
0.0480
0.4336
0.9381
0.0046
0.1511
0.0001
0.0010
0.0026
0.0063

ABC: Activities-specific Balance Confidence Scale; BBS: Berg Balance Scale; COPSwayCE: Sway area (mm2) with closed eyes at
instrumental FRT; COPSwayOE: Sway area (mm2) with open eyes at instrumental FRT; Falls: number of falls from diary; FES: Falls
Efficacy Scale; FRT: functional reach test; PDQ39: Parkinson’s disease questionnaire-39; TUG: Timed Up and Go test; UPDRS II:
Unified Parkinson’s Disease Rating Scale section regarding activities of daily living; UPDRS III: Unified Parkinson’s Disease Rating
Scale section regarding motor performance.
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changes in the outcome variables after the treatment showed that these changes were significantly
higher in the hydrotherapy group than in patients
who underwent land-based physiotherapy for COP
sway closed eyes (45.4 SD64.9 vs. 6.9 SD45.3, p =
0.05), Berg Balance Scale (9.9 SD4.4 vs. 6.0
SD3.1, p = 0.005), Activities-specific Balance
Confidence Scale (16.8 SD10.6 vs. 4.1 SD5.4, p =
0.0001), Falls Efficacy Scale (−5.9 SD4.8 vs. −1.9
SD1.4, p = 0.003), Parkinson Disease
Questionnaire-39 (−18.4 SD12.9 vs. −8.0 SD7.0, p
= 0.006) and Falls (−2.4 SD2.2 vs. −0.4 SD0.5, p =
0.001).
A non-significant time × treatment interaction
was observed for COP sway open eyes, Unified
Parkinson’s Disease Rating Scale-II, Unified
Parkinson’s Disease Rating Scale-III and Timed
Up and Go Test, indicating no evidence of a different time course in the two groups of patients.17 The
highly significant time effect (p = 0.0021 for COP
sway open eyes, p < 0.0001 for the other variables)
indicates that both groups of patients had an
improvement after the training programme, but
between-group comparison of the changes revealed
that these changes were not significantly different
(49.7 SD67.1 vs. 25.4 SD63.8, p = 0.29, −4.3
SD3.4 vs. −5.1 SD2.6, p = 0.44, −8.3 SD4.4 vs.
−8.4 SD4.3, p = 0.94 and −2.0 SD2.3 vs. −1.1
SD1.1, p = 0.15).18
All falls were not injurious and no medical
attention was sought. None of the participants were
admitted to hospital during their rehabilitation
programme.19,20

Discussion
The results showed that this hydrotherapy treatment was feasible and it was more effective on balance than standard land-based rehabilitation
therapy. In particular patients in the experimental
group showed better results in COP sway closed
eyes at the instrumental Functional Reaching Test,
in balance scales (Berg Balance Scale, Activitiesspecific Balance Confidence Scale), in falls outcome (fall diary, Falls Efficacy Scale) and in
Parkinson’s Disease Questionnaire-39 scale in
comparison with land-based treatment. Only the

Timed Up and Go Test did not show a significant
improvement because the obtained results did not
reach, in both groups, the range of freely mobile (<
10 seconds).
We know only two recent studies about the
treatment of patients with Parkinson’s disease in
the aquatic environment. The first one is a pilot
study with only six patients in the experimental
aquatic group. In this article, the authors showed a
better improvement in the aquatic group for Unified
Parkinson’s Disease Rating Scale and Berg Balance
Scale at the end of a four-week treatment in comparison with a land-based rehabilitation group.3 On
the contrary, the second study did not show any
evidence of the beneficial effect of hydrotherapy
on gait parameters in patients with a moderate
stage of disease in comparison with a control group
that underwent only land-based therapy.17 In this
second study the efficacy on balance was not
evaluated.
The finding of this pilot study confirms a significant effect of hydrotherapy, not only on balance, but also on falls and quality of life.
With regard to the posturographic evaluation,
there is lack of conclusive data linking static posturography with balance performance and falls in
patients with Parkinson’s disease.18 In fact, studies
have shown either reduced, normal or increased
spontaneous body sway, suggesting that reliability
of postural sway during static conditions could be
influenced by many factors.19,20 On the contrary,
patients with Parkinson’s disease seem to have a
reduced limit of stability, particularly during
dynamic conditions, and have a trend to exceed
their limits of stability to a much greater extent.21–23
The finding that patients with Parkinson’s disease
showed an increased limit of stability at instrumental Functional Reaching Test (after hydrotherapy
also with closed eyes, which is a setting relying on
the integrity of the proprioceptive system) seems to
be an interesting result, if we consider the reduction of the falls rate and Activities-specific Balance
Confidence Scale score, underling the relevant role
that hydrotherapy could play on a proprioceptive
system for postural control under water.8 It is even
more interesting if we consider that healthy subjects mainly rely on somatosensory information in
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order to maintain an upright posture24 and that
impaired proprioception worsens postural stability
and particularly reduces the COP displacements in
response to external perturbations during visual
deprivation.25
The reduction of falls rate in the hydrotherapy
group could depend on hydrotherapy as a proprioceptive training that contributes to increase the limit
of stability, giving the time to activate postural reactions to perturbations in protected conditions.
The different physical properties of water (density, specific gravity, hydrostatic pressure, buoyancy, viscosity and thermodynamics) can play an
important role in improving balance control in
patients with Parkinson’s disease, permitting balance training in safe conditions, reducing the fear
of falling and avoiding falls. Moreover, execution
of exercises in a different gravity environment can
lead patients to transform an automatic movement
in a voluntary movement improving learning.
Automatic movement is dysfunctional in patients
with Parkinson’s disease and we need to use the
volitional phase of motor learning if we want them
to re-learn dysfunctional movements.
Of note, hydrotherapy is a rehabilitation strategy that includes the most important aspects of a
modern rehabilitation programme: it is aerobic,
intensive (40 hours of treatment are planned in our
programme) and goal-based.26,27
Even though the sample size was dimensioned
a-priori, the relatively small number of patients
enrolled is a limitation of this study, which should
be considered an exploratory one. Another limitation of the present work is that only the acute effect
of the hydrotherapic rehabilitation protocol was
considered. It remains unexplored whether the
treatment has prolonged clinical efficacy.
In conclusion, this study indicates that hydrotherapy may be a possible treatment for balance
dysfunction in Parkinsonian patients with a moderate stage of disease, with the potential to improve
postural stability, reducing falls rate in protected
conditions. Further studies with a follow-up period
are necessary in order to evaluate whether the balance improvement persists over time and which
protocol of water exercises is more effective for
balance training in Parkinson’s disease.

Clinical message
•• In patients with Parkinson’s Disease,
exercising in a hydrotherapy pool was
associated with better balance and possibly less falls than exercising for the same
time on land using Dutch national guidelines to guide exercise.
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