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Abstract

Background. Postural instability (PI) is a disabling sign of Parkinson’s disease (PD) not easily amenable to treatment with 
medication. Objective. To evaluate the effects of balance training on PI in patients with PD. Methods. A total of 64 patients 
with PI were randomly assigned to the experimental group (n = 33) for balance training or to the control group (n = 31) 
for general physical exercises. Each patient received 21 treatment sessions of 50 minutes each. Patients were evaluated by 
a blinded rater before and after treatment as well as 1 month posttreatment using the Berg Balance Scale (BBS), Activities-
Specific Balance Confidence Scale (ABC), postural transfer test, self-destabilization of the center of foot pressure test, 
number of falls, Unified Parkinson’s Disease Rating Scale (UPDRS), modified Hoehn and Yahr (H&Y) Staging Scale, and 
Geriatric Depression Scale (GDS). Results. At the end of treatment, the experimental group showed significant improvements 
in all outcome measures, except for the UPDRS and the H&Y scale. Improvement was maintained at the 1-month follow-up 
in all outcome measures except for the GDS. No significant changes in performance were observed in the control group. 
Conclusions. A program of balance training can improve PI in patients with PD.
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Introduction

Postural instability (PI) is a common feature of Parkinson’s 
disease (PD), becoming a clinical concern in the middle 
stage of the progressive illness. PI consists of alterations in 
postural control strategies during standing tasks, when 
responding to an unexpected destabilizing perturbation, or 
when performing voluntary movements.1 This is a highly 
disabling disturbance that is difficult to treat and predis-
poses patients with PD to a loss of equilibrium and 
unexpected falls.2

The mechanisms of PI in PD may involve dysfunction at 
the level of several neural subsystems. Studies on the patho-
physiology of postural control in PD have found 
abnormalities in the processing of afferent inputs from ves-
tibular, proprioceptive, and visual systems.3-5 Deficiencies 
in postural control have also been found to be related to an 
abnormal choice of postural strategies under different sur-
face conditions.6 Overall, PI in PD may involve changes in 
both anticipatory (feedforward) and compensatory (feed-
back) postural reactions.7,8

In regard to the neural subsystems involved in PI  
pathogenesis, studies of automatic leg responses to sudden 

platform movements have partially clarified that PD pos-
tural abnormalities may not be related to dysfunction of 
dopamine systems.9-14 Thus, unlike the situation in bradiki-
nesia, dopaminergic medications may produce a limited 
improvement in PI.11,15 In particular, the velocity of postural 
movements is not improved by drugs,16,17 and early auto-
matic postural responses are only partially corrected while 
later occurring postural corrections do not improve at all.18

Physiotherapy is perhaps the most commonly used pro-
cedure as an adjunct to drug therapy to treat PD movement 
disorders. However, 2 Cochrane reviews have highlighted 
the need for more randomized controlled trials to support or 
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refute its efficacy.19,20 Most rehabilitation studies in PD 
address the treatment of bradykinesia.21-23 Only recently 
have a number of studies assessed the effect of balance 
rehabilitation.24-29 Although the results seem promising, 
most studies include a small sample size and methodologi-
cal limitations such as a limited set of relevant outcome 
measures.

The main aim of the present study was to evaluate 
whether training aimed at improving balance control can 
positively influence postural stability, improve the level of 
confidence perceived during daily life balance activities, 
and reduce the frequency of falls in patients with PD. The 
secondary aim was to assess whether balance training can 
also have a positive impact on severity of disease and 
depression in patients with PD. The study was carried out as 
a randomized controlled trial.

Participants and Methods
Patients

A total of 64 patients suffering from idiopathic PD and PI 
(Hoehn and Yahr [H&Y] stage 3-4) were recruited from 
130 patients attending the PD outpatient department of the 
G.B. Rossi University Hospital Neurological Rehabilita-
tion Unit (Verona, Italy) from June 2003 to February 2004. 
Patients’ demographic and clinical characteristics are 
detailed in Table 1.

Before being tested, participants were divided into 2 
groups (experimental and control) according to a simple ran-
domization scheme30 using a randomization list locked in a 
desk drawer accessible only to the principal investigator (NS).

All participants were outpatients, did not require assis-
tance to rise from chairs or beds, and were not affected by 
unstable cardiovascular disease or other chronic conditions 
that could interfere with their safety during testing or training 
procedures. Patients had no other neurological conditions or 
mental deterioration31 (Mini Mental State Examination score 
>23). With their PD, these participants did not have severe 
dyskinesias or “on-off” phases. During the study, participants 
were instructed to take their Parkinson’s medications regu-
larly and were tested and trained during the on phase, 1 to 2.5 
hours after taking their morning dose. Their Parkinson’s 
medications were not changed during the study.

Prior to the start of the study, the authors designed the 
experimental and control group treatment protocols and 
instructed the treating physiotherapists in their implementa-
tion. All patients were informed as to the experimental 
nature of the study and gave their consent for participation. 
The study was approved by the Ethics Committee of the 
Verona University, Department of Neurological and Vision 
Sciences. During treatment and follow-up, patients did not 
undergo any form of physiotherapy other than that sched-
uled in the study protocol.

Treatment Procedures

Two therapists, unaware of the aim of the study, treated 
patients. One therapist performed the experimental group 
training and the other performed the control group training. 
Both therapists knew that they were participating in a study, 
but neither knew if they were carrying out the experimental 
or the control treatment, nor were they aware of the type of 
treatment performed by the other group.

Patients in each group received 21 treatment sessions of 
50 minutes each, 3 days a week (Monday, Wednesday, 
Friday) for 7 consecutive weeks. Both the experimental and 
the control group training were performed through individual 
treatment in an outpatient setting in the rehabilitative gym of 
the G.B. Rossi University Hospital Neurological Rehabilita-
tion Unit.

Experimental group training. Each patient was submitted 
to a balance training consisting of exercises aimed at 
improving both feedforward and feedback postural reac-
tions. Patients were required to repeat exercises belonging 
to 3 different predetermined groups of exercises. The first 
group consisted of exercises of self-destabilization of the 
center-of-body mass. The patients performed voluntary 
motor actions in static or dynamic conditions (eg, transfer-
ring their body weight onto the tips of the toes and onto the 
heels; bouncing a ball during gait with the 2 hands alternat-
ing to the right and left side). These tasks mainly involved 
feedforward postural control. The second group of exer-
cises included tasks that externally induced destabilization 
of the center-of-body mass. The patient was required to 
maintain balance while standing on foam support bases of 
different consistency, on moveable platforms with different 
degrees of stability, or while the therapist was disturbing  
the patient’s stability by sternal or dorsal pulling in  
order to induce perturbations in the anterior and poste-
rior direction. These tasks mainly involved feedback  
postural control. The third group of exercises emphasized 

Table 1. Demographic Features and Disease Duration
in the Patient Groups

Experimental Group Control Group

(n = 28) (n = 27)

Age (years)
 Mean (SD) 67.64 (7.41) 67.26 (7.18)
 Range 53-79 50-79
Sex

14/14 15/12 Male/Female
Education (years)
 Mean (SD) 7.89 (3.61) 8.52 (3.59)
 Range 2-18 3-15
Disease duration (years)
 Mean (SD) 10.39 (4.76) 8.63 (5.39)
 Range 2-19 0-19

Abbreviation: SD, standard deviation.
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coordination between leg and arm movements during walk-
ing as well as locomotor dexterity over an obstacle course 
and other potentially destabilizing activities. These types of 
tasks require continuous feedback and feedforward postural 
adjustments. During each treatment session, the patient was 
challenged with 10 exercises: 4 from the first group of exer-
cises, 4 from the second group, and 2 from the third group. 
Each single exercise was repeated several times (from 5 to 10 
times according to the patient’s clinical condition) in 5 min-
utes. Each exercise was individualized to the patient’s 
balance ability. During the course of the therapy sessions, the 
complexity of the tasks was progressively increased as the 
patient improved. The therapist gave verbal instructions and, 
when required, assisted the patient in maintaining balance by 
providing support at the pelvis or chest.

Control group training. Each patient was required to per-
form exercises not specifically aimed at improving postural 
reactions. The training consisted of active joint mobiliza-
tion, muscle stretching, and motor coordination exercises. 
Active joint mobilization was carried out with the patient in 
the supine, prone (if possible), or sitting positions. Muscle 
stretching was carried out mainly in the supine, prone (if 
possible), and standing positions (with the participants’ 
arms stretched out against the wall). Motor coordination 
exercises were carried out in a supine position (ie, bending 
the left upper limb while simultaneously extending the right 
lower limb) while sitting on a bench (ie, touching the left 
shoulder with the right hand while straightening out the left 
arm at the shoulder level and then touching the right shoul-
der with the left hand straightening out the right arm) and in 
the standing position while leaning on a front support or 
with the back against a wall (eg, the patient had to perform 
a standing march, tapping alternatively the right and the left 
foot on the ground). During each session, the patient started 
by lying on a carpet; then, treatment continued in the sitting 
and standing positions. The patient was required to perform 
a total of 10 exercises in the following sequence: 6 exer-
cises in the supine position (stretching, joint mobilization, 
and motor coordination exercises), 2 exercises in the sitting 
position (joint mobilization and motor coordination exer-
cises), and 2 in the standing position (stretching and motor 
coordination exercises). Each exercise was repeated with 
the same frequency and duration as those of the experimen-
tal group. Tasks were chosen based on the patient’s clinical 
impairment, and their complexity progressively increased 
as the patient showed improvement. The therapist assisted 
the patients by demonstrating exercises and providing 
verbal instructions.

Testing Procedures
Patients were evaluated before and immediately after treat-
ment, and 1 month after the end of treatment by means of a 

battery of tests, including primary and secondary outcome 
measures. All patients were evaluated by the same exam-
iner who was blinded with regard to the treatment received 
by the patients.

Primary outcomes. The Berg Balance Scale (BBS) is a 
14-item (0-4 points per task; high=best performance) vali-
dated scale that evaluates balance abilities during sitting, 
standing, and positional changes.32 A score of 43.5 or below 
suggests risk of falls.33 The Activities-Specific Balance 
Confidence Scale (ABC) is an interview assessment that 
examines the patient’s perceived level of balance confi-
dence while performing 16 daily living activities rated 0 to 
100 each.34 Patients with a score below 75.6 are at risk for 
falls.33 In addition, a digital stopwatch was used to measure 
the time of execution of postural transfers using a 70-cm-
high bed (postural tranfer 1) and a 45-cm-high chair with 
armrests (postural tranfer 2). Participants were required to 
transfer from lying to sitting, first to the left side of the bed 
and then to the right (the score of this item was the average 
of these 2 trials) and from sit to stand (scored as the time 
required to perform 1 single transfer). Patients were asked 
to perform the postural transfers at their usual speed and 
were allowed to take a 1-minute rest between trials.  
Also, participants stood barefoot on a balance platform 
(Cosmogamma, Bologna, Italy) with the feet positioned 
symmetrically with respect to the longitudinal axis of the 
platform (tibial malleoli 70 mm apart) and arms along the 
sides of the body. In front of the patient, a computer monitor 
displayed a visual point that moved parallel to the online 
displacement of the center of foot pressure (CFP). Immedi-
ately before the start of the test (CFP self-destabilization 
and control test), the patient was required to keep the visual 
point at the center of a Cartesian axis system (dividing the 
monitor space into 4 equal quadrants) by controlling the 
CFP. At the start of the test, a bright square target appeared 
on the screen in one of the quadrants. Through voluntary 
displacements of the CFP and without moving the foot sup-
port base, the patient had to place the visual point over the 
target. Once the target was reached, it disappeared, and 
another target appeared in a different spatial position. Tar-
gets appeared in pseudorandom order, and the sequence 
was the same for all the patients and throughout all the test 
sessions. The test lasted 60 s. The outcome variable for this 
testing was the number of targets reached over the 60 s. 
Test-retest and interobserver reliability of CFP self-destabi-
lization and the control test were evaluated in a sample of 
10 patients with PD (H&Y score 3-4) by means of the Ken-
dall t statistic correlation. Significant and high correlation 
was observed in the test-retest reliability (K = 0.92; P < 
.001) and in the interobserver reliability (K = 0.71; P = .01).

Data regarding the number of falls reported in the previ-
ous month, the circumstances of the falls, and the 
consequences on the participant’s physical condition were 
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collected for each patient by self-report. Each participant 
was requested to record any falls in a diary for 1 month prior 
to the start of each evaluation session. A fall was defined as 
an unexpected event in which the person inadvertently came 
to rest on the ground or another lower level, not due to a 
major intrinsic or extrinsic event.

Secondary outcomes. The Unified Parkinson’s Disease 
Rating Scale (UPDRS) with 4 subsections35 (I. Mentation, 
behavior and mood; II. Activities of daily living; III. Motor 
examination; IV. Complications of therapy) is scored from 
0 to 147 (high = worst performance). Patients with a score 
of 36.50 or above are at higher risk of falling.33 The Modi-
fied H&Y Scale was used for staging the disease.36 The 
Geriatric Depression Scale (GDS) is a 30-item self-report 
assessment to identify depression in older people37 and in 
PD patients.38 Scores range from 0 to 30 with higher scores 
equated to greater symptoms.

Sample Calculation and Statistical Analysis
Sample calculation took into account that in a similar 
study,28 a difference in the BBS of -4.9 was detected 
between the experimental and control groups (standard 
deviation of 6,1) because of experimental rehabilitation. 
According to this study, a sample of at least 20 patients (ie, 
10 patients for each group) was required in order to achieve 
90% power.39,40 We used the Mann-Whitney test to assess 
the homogeneity of the groups before the study. The Fried-
man test was used to analyze changes in performance in the 
different evaluation sessions within each patient group. 
Wilcoxon signed rank tests on the pretreatment/posttreat-
ment scores and on the pretreatment/follow-up scores for 
the different outcome measures were carried out in each 
group of patients. Descriptive analysis was used to evaluate 
the effect size measures between the 2 independent groups 
(Cohen’s d calculation)41 and the confidence intervals. The 
Mann-Whitney test was used to compare the effect of treat-
ment in the 2 patient groups. For this purpose, we computed 
the differences between posttreatment and pretreatment 
performance and between follow-up and pretreatment per-
formance for all outcome measures. The a level for 
significance was set at P < .05. The Bonferroni correction42 
was used in multiple comparisons (P < .025). Statistical 
analysis was carried out using the SPSS for Windows statis-
tical package, version 13.0 (SPSS Inc, Chicago, IL).

Results
In all, 5 patients in the experimental group and 4 patients in 
the control group withdrew from the study because of 
medical complications or lack of cooperation (Figure 1). 
Age, length of illness, BBS score, ABC Scale score, postural 
transfer test score, self-destabilization of CFP test score, 
number of falls, UPDRS score, H&Y staging, and GDS score 
were not statistically different between groups (age: Z = -0.51, 

P = .60; length of illness: Z = -1.41, P = .158; BBS: Z = -1.06, 
P = .28; ABC: Z = -1.07, P = .28; postural transfer 1: Z = -0.96, 
P = .33; postural transfer 2: Z = -0.86, P = .386; self-destabi-
lization of CFP: Z = -0.74, P = .45; number of falls: Z = 
-0.66, P = .51; UPDRS: Z = -0.96, P = .33; H&Y: Z = -1.06, 
P = .28; and GDS: Z = -0.59, P = .54).

Primary Outcomes
In the experimental group, overall significant changes in 
performance in the different evaluation sessions were found 
in regard to all primary outcome measures (BBS: X = 27.41, 
P = .000; ABC Scale: X = 16.97, P = .000; postural transfer 1: 
X = 25.63, P = .000; postural transfer 2: X = 33.90, P = .000; 
test of self-destabilization: X = 23.08, P = .000; number of 
falls: X = 34.81, P = .000). Within-group comparisons 
showed that changes in performance were significant at 
both the posttreatment and follow-up evaluation (see Table 
2 for details). In the control group, no significant changes in 
the primary outcome measures were found during any of 
the evaluation sessions (statistics in Table 2).

A between-group comparison showed that the effects of 
the experimental and the control group treatment were sig-
nificantly different in all primary outcome measures 
(statistics in Table 3).

Figure 1. Profile of the clinical trial
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Secondary Outcomes

In the experimental group, overall significant changes in 
performance in the different evaluation sessions were found 
in the UPDRS and GDS (UPDRS: X = 9.84, P = .007; GDS: 
X = 14.73, P = .001). The before–after and before–follow-
up comparisons revealed a significant improvement only 
in the GDS after treatment, which was not maintained at 
follow-up (statistics in Table 2).

Discussion
In regard to the main objective of the study, the results 
showed that the experimental balance training could 
improve postural stability, improve the level of confidence 
perceived while performing daily activities that require bal-
ance, and reduce the frequency of falls in patients with PD. 
The training effects were maintained for at least 1 month 
after the end of treatment. In contrast, patients undergoing 
the nonspecific rehabilitation training (control group) 
showed no significant changes in any of these parameters. 
The magnitude of the differences between the experimental 
and the control treatment effects (see effect size calcula-
tion) further support the value of our experimental approach. 
With regard to the secondary aim, no treatment effects were 
found, except for a significant improvement of depression 
in the experimental group after training, which was not 
maintained at follow-up.

The most important outcome in our study was that a spe-
cific rehabilitative training led to an improvement of 
postural stability in patients with PD. This result was 
strengthened by the fact that the study was a randomized 

controlled trial conducted on a considerable sample of 
patients and that the methods used for balance assessment 
incorporated a number of tests that provided a comprehen-
sive picture of the different aspects of PI. In particular, the 
issue of balance assessment methods is very relevant in PD 
rehabilitation studies.26,43,44 Indeed, PI in PD has a complex 
pathophysiology and induces various disabling conditions 
such as difficulty with transfers, gait disorders, inability to 
live independently at home, and falls. On this basis, recent 
studies recommend the use of multiple tests to improve the 
assessment of PI in PD.26,43,44 In addition, they underline the 
limited validity of some of the most frequently used clinical 
assessment tools for PI in PD.26,43,44

In addition, we used a new instrumental test, the CFP 
self-destabilization and control test, which is a reliable tool 
for assessment of balance control ability in PD. To maintain 
balance during this task, the patient should rely on both 
feedback and feedforward control. Furthermore, while con-
trolling and planning the most appropriate postural 
strategies, the patient has to simultaneously perform a 
visual exploration activity, thus also stressing visual and 
dual tasking cognitive control. The test could be suitable to 
evaluate postural “corrective” responses. This motor strat-
egy, frequently impaired in PD,45-48 consists of maintaining 
balance by activation of the leg, trunk, and neck muscles 
while the position of the feet (base of support) is con-
stant.45,49 Other important balance strategies, also frequently 
impaired in PD,45,50,51 are “protective” responses, which are 
featured by changes in the base of support (ie, one or both 
feet leave their original position in an attempt to maintain 
balance).

A few recent reports have assessed the effect of specific 
balance rehabilitation programs24-29,45,52 for PD. Participants 
received a wide variety of treatment approaches, including 
balance exercises,24,26,29,45 strengthening,29 gait27,52 and step 
training,27 computerized dynamic posturography,28 and 
whole body vibration.25 The dosage of the rehabilitation ther-
apy was a inconsistent parameter among the various studies. 
In particular, frequency of treatment ranged from 2 to 5 ses-
sions/wk, with sessions lasting from 30 to 150 min/d and the 
length of the programs ranging from 10 days to 10 weeks.24-

29,45,52 As in the present research, most previous studies were 
carried out using an individual treatment approach in an out-
patient regimen.24,26-29,45 Due to the differences in sample and 
methods issue, comparison between our study and previous 
researches cannot be performed.

An important outcome of our study was a significant 
reduction in falls during daily life in the experimental 
group. This is particularly relevant because people with PD 
experience frequent falls and suffer fall-related injuries, 
including fractures.53,54 Fear of falling is also frequent in 
community-dwelling people with PD, resulting in a restric-
tion of activities, compromising their quality of life and 

Table 3. Comparison of Treatment Effects Between the 
Experimental and Control Groups

Before–After 
Before–1-Month 

Follow-up

P Value (Z) P Value (Z)

BBS (0-56) .000 (-4.94)a .000 (-4.65)a

ABC scale (0-100) .000 (-4.71)a .000 (-4.11)a

Postural transfers 1 .000 (-3.62)a .000 (-3.98)a

Postural transfers 2 .000 (-4.20)a .000 (-4.12)a

CFP self-destabilization .000 (-4.06)a .000 (-4.15)a

Number of falls .001 (-3.46)a .001 (-3.31)a

UPDRS (0-147) .011 (-2.53)a .002 (-3.02)a

H&Y stage (0-5) 1.000 (0.00) 1.000 (0.00)
GDS (0-30) .000 (-4.21)a .004 (-2.86)a

Abbreviations: BBS, Berg Balance Scale; ABC, Activities-Specific  
Balance Confidence Scale; CFP, center of foot pressure; UPDRS, Unified 
Parkinson’s Disease Rating Scale; H&Y, Hoehn and Yahr; GDS, Geriatric 
Depression Scale; P value (Z) = P value and corresponding Z value identi-
fied from the Mann-Whitney test.
aStatistically significant.

 by guest on April 26, 2013nnr.sagepub.comDownloaded from 

http://nnr.sagepub.com/


832  Neurorehabilitation and Neural Repair 24(9)

predisposing them to secondary reductions in muscle 
strength and cardiovascular fitness. Because our training 
was not specifically designed to teach strategies to prevent 
falls, the balance abilities acquired after treatment can pos-
sibly extend to untrained activities also.

To date, only a few randomized controlled trials have 
investigated the effect of an exercise intervention to reduce 
falls in PD. One study assessed the benefit of a fully super-
vised 8-week program of treadmill gait and step perturbation 
training in patients with PD. Patients in the experimental 
group showed a substantial reduction in the rate of falling 
and an improvement in gait and dynamic balance parame-
ters.27 The other study investigated a 6-week program in 
which patients were trained at home to learn strategies to 
prevent falls and performed muscle strengthening, range  
of movement, balance training, and walking exercises, 
whereas a control group received usual care, consisting of 
contact with a local PD nurse.24 Results showed a consistent 
trend toward lower rates of falling and significantly lower 
rates of repeated near falls. Cost-effective, evidence-based 
interventions for preventing and reducing falls and related 
injuries are still needed.55

In our trial, the patients in the control group performed 
general physical therapy exercises but failed to show any 
significant improvement in balance. Two recent studies 
have evaluated the effect of rehabilitative treatment not spe-
cifically based on balance exercises. In one of these trials,56 
patients with PD received a rehabilitative program based on 
movement strategy, fall prevention, regular physical activity, 
and aerobic strength. In the other trial,52 patients participated 
in an exercise program using incremental speed-dependent 
treadmill training. In contrast to our study, both of these 
studies showed a significant improvement in balance after 
treatment. A possible explanation of the lack of treatment 
effects in our control group is that exercises were performed 
mainly in the sitting or supine position, and therefore, 
patients received very little input suitable for stimulating 
postural adjustments.

As for the secondary aim of our study, the main result was 
that after the experimental training, patients showed an 
improvement in symptoms of depression, which was not 
maintained 1 month later. We hypothesize that the initial 
improvement is from increased confidence in balance related 
to daily-life activities and the decrease in falls, with a related 
increase in perceived quality of life. A similar improvement 
was not recorded in any other PD rehabilitation study.57-60

Limitations of the study are the lack of a follow-up 
assessment at 3 or more months after training and the lack 
of assessment of some important parameters related to PI, 
such as fear of falling, quality of life, and efficiency of 
patient’s “protective” reactions. Future studies dealing with 
balance rehabilitation in PD should also take these issues 

into account. Furthermore, future studies should also deter-
mine the frequency and duration of treatment and other 
components that might be the most effective and optimal 
strategies for learning motor skills.61

In conclusion, the results of this properly powered ran-
domized controlled trial show that balance training in 
patients suffering from PD can improve performance in 
highly relevant outcomes related to better postural control.
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