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Introduction
Falls are both common and disabling in people with 
Parkinson’s disease (PD), with more than half of the people 
with this progressive neurological condition reporting a fall 
each year.1,2 Rehabilitation interventions such as movement 
strategy training (MST) and progressive resistance strength 
training (PRST) are routinely used alongside pharmacological 
management to prevent falls and improve mobility.3-8 There is 
accumulating evidence from large randomized controlled PD 
trials to show that physical therapy interventions can be effec-
tive for some individuals in the short term. Community-based 
strength and fitness programs,6 auditory cueing from metro-
nomes, and visual cues,7,8 combined therapy programs that 
incorporate cues, stretches, functional training, gait and bal-
ance training, and relaxation exercises3 have all been found to 
be effective for improving movement. Despite their wide-
spread use, there remains a need to establish the effects on 
falls of movement strategies and strength training coupled 
with falls education compared with control interventions.

Falls in people with PD have not previously been 
quantified over a 12-month period posttherapy using falls 
calendars, which is the gold standard.9 There has been 
limited formal analysis of the outcomes of providing out-
patient rehabilitation for falls prevention in people with 
PD.10 This is important given the debilitating effects  
of falls on confidence,11 activity levels,12,13 and quality of 
life.14

We conducted a large, 3 group randomized controlled 
clinical trial across 4 sites to determine the outcomes of 2 
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Abstract
Background. Falls are common and disabling in people with Parkinson’s disease (PD). There is a need to quantify the effects 
of movement rehabilitation on falls in PD. Objective. To evaluate 2 physical therapy interventions in reducing falls in PD. 
Methods. We randomized 210 people with PD to 3 groups: progressive resistance strength training coupled with falls 
prevention education, movement strategy training combined with falls prevention education, and life-skills information 
(control). All received 8 weeks of out-patient therapy once per week and a structured home program. The primary end 
point was the falls rate, recorded prospectively over a 12 month period, starting from the completion of the intervention. 
Secondary outcomes were walking speed, disability, and quality of life. Results. A total of 1547 falls were reported for the 
trial. The falls rate was higher in the control group compared with the groups that received strength training or strategy 
training. There were 193 falls for the progressive resistance strength training group, 441 for the movement strategy group 
and 913 for the control group. The strength training group had 84.9% fewer falls than controls (incidence rate ratio [IRR] 
= 0.151, 95% CI 0.071-0.322, P < .001). The movement strategy training group had 61.5% fewer falls than controls (IRR 
= 0.385, 95% CI 0.184-0.808, P = .012). Disability scores improved in the intervention groups following therapy while 
deteriorating in the control group. Conclusions. Rehabilitation combining falls prevention education with strength training 
or movement strategy training reduces the rate of falls in people with mild to moderately severe PD and is feasible.
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rehabilitation interventions (MST and PRST) combined 
with falls prevention education compared with a control 
intervention to prevent falls and improve mobility in PD. 
The primary aim was to determine the effects of PRST or 
MST compared with a life skills (LS) control group on the 
falls rate recorded prospectively over a 12-month period in 
community-dwelling people with idiopathic PD. Secondary 
aims were to examine the effects of strength training or 
strategy training on mobility, disability and quality of life. 
The main hypothesis was that falls rates in the PRST and 
MST groups would be significantly lower over a 12-month 
period than for the control group. We also hypothesized 
that walking speed, performance on the Timed Up and Go 
test (TUG), performance on the motor and ADL sections of 
the Unified Parkinson’s Disease Rating Scale (UPDRS), 
and quality of life would be better in the MST and PRST 
groups compared with the LS group at 3 and 12 months 
after therapy.

Methods

Study Design
A single-blind, parallel group randomized controlled clin-
ical trial was conducted between September 2006 and 
December 2010. Both intervention arms included falls 
education alongside therapy given that falls prevention is 
an integral component of therapy management plans. 
Ethics approval was obtained from the University of 
Melbourne (0828579) and all participants provided writ-
ten informed consent. The trial was registered on the 
Australian and New Zealand Clinical Trials Registry 
(ACTRN12606000344594).

Participants, Screening, and Randomization
Recruitment details, inclusion and exclusion criteria, and 
procedures and the full protocol have been previously pub-
lished.15-17 Patients were recruited from PD support groups, 
neurologists, medical practitioners, movement disorders 
clinics, and by advertisements in PD Association newslet-
ters. Inclusion criteria were a Mini Mental State Examination 
(MMSE)18 score greater or equal to 24, Hoehn and Yahr 
stage19 less than 5, a diagnosis of PD confirmed by a medi-
cal practitioner, and being medically able and safe to per-
form the interventions. People who had received deep brain 
stimulation were excluded from the study.

After screening for eligibility and providing informed 
consent, participants were randomized to 1 of 3 groups, 
PRST, MST, or the LS control group. An independent exter-
nal organization performed block randomization with fixed 
block sizes of 12 with a 1:1:1 allocation using a computer-
generated random allocation sequence with sequentially 
numbered envelopes and concealment of the sequence until 

interventions were assigned. Participants were notified of 
their group allocation and enrolled by a research assistant 
who was not informed of the trial aims and did not provide 
therapy or testing. All therapists who performed assess-
ments were kept blind to group allocation. Therapists deliv-
ering interventions did not assess participants or record 
outcome measures. Investigators, assessors, and staff were 
not aware of the trial results until all participants completed 
the trial.

Assessment and Interventions
Participants were in the trial for 14 months, including an 
initial 8 weeks of intervention, followed by 12 months of 
ongoing falls measurement. They were measured at base-
line, after 8 weeks of therapy and at 3 months and 12 
months after therapy. Experienced physiotherapists 
responsible for recording outcome measures received the 
same standardized training and assessed according to a 
defined protocol. The UPDRS and all other assessments 
were performed by registered physiotherapists who were 
blinded assessors. They were fully trained in the use of 
the UPDRS and other assessment tools. The assessment 
and intervention sessions were conducted at outpatient 
departments in 4 rehabilitation centers in metropolitan 
Melbourne, Australia. Participants attended the center 
that was convenient for them and received transport assis-
tance as required.

Therapists conducting the interventions were trained in 
trial protocols at 3 training workshops and by one-to-one 
instruction.16 The 2-hour therapy sessions were held once 
weekly for 8 consecutive weeks. The intervention groups, 
but not the control group, received education focused on 
falls risk and prevention at the commencement of each ses-
sion, based on the content of Don’t Fall for It. Falls Can Be 
Prevented.20 A single home visit conducted by an experi-
enced therapist or nurse ensured that home exercises were 
performed safely and according to protocols, and consti-
tuted a routine check for the LS group. All participants con-
tinued with their usual care and activities during the trial. 
The participants were not restricted from undertaking any 
strength training or exercise classes outside of the research 
study during the follow-up period. During the intervention 
phase, participants recorded home exercises performed, all 
falls, adverse events, including exercise-related soreness, 
and any associated health service use as a result of exercise 
sessions or falls.16 In the period after the intervention par-
ticipants were instructed to participate in their usual care 
activities and they did not receive strength training or strat-
egy training classes.

Based on contemporary practice in Australia we chose to 
focus on PRST and MST as the active interventions, selecting 
these from the broad range of physiotherapy interventions, 
such a Tai Chi, hydrotherapy, treadmill training and yoga. The 
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selected interventions reflected most closely contemporary 
rehabilitation methods for Parkinson’s disease in Australia at 
the time of testing.

Progressive Resistance Strength Training
The PRST group performed set functional resistance exer-
cises individualized and supervised by a registered physio-
therapist.15 When the perceived exertion of participants 
dropped below the required level (|5) on the Modified 
Perceived Exertion scale,21 exercises were progressed by 
increasing: repetitions to a maximum of 15; sets to a maxi-
mum of 3; or weights by 2% of the person’s body weight. 
Resistance was provided by weighted vests, Thera-Band 
(Hygenic Corp, Akron, OH) or body weight. Tasks were 
progressed by increasing repetitions and sets, and by adjust-
ing the difficulty of the task.16

At the commencement of each session, the participants 
were monitored for health changes or new muscle soreness 
since the last session and the program was adjusted as 
appropriate. A home program was prescribed each week, 
with photographs of each exercise, a gym step, vest with 
weights, and Thera-Band supplied for home use. The pro-
gressive resistance strength training group had 1 home 
exercise program per week in addition to the clinic-based 
therapy sessions. The home program sessions closely 
matched the content and duration of the outpatient therapy 
sessions.

Movement Strategy Training
The MST sessions included strategies to prevent falls, 
improve mobility and balance during functional tasks, such 
as transfers, according to rehabilitation guidelines in Morris 
et al.15 Participants practiced strategies using attention, 
mental rehearsal and visualization of the movement, verbal 
cues, rhythmical cues, and visual cues under supervision of 
the therapist, family member, carer, or independently at 
home, as detailed previously.15 Participants practiced strate-
gies at home once a week using home exercise sheets and 
booklets with photos of exercises and strategies. The home 
program sessions were very similar to the content and dura-
tion of the outpatient therapy sessions.

Control Group: Life Skills Program
Physiotherapists, occupational therapists, speech patholo-
gists, or social workers conducted the life-skill sessions. 
These included social activities, practical advice, informa-
tion sessions and group discussions but not any content 
related to falls or mobility.15-17 The home programs com-
prised similar life skill activities using brochures, DVDs, 
booklets, and audiotapes for 2 hours each week.

Outcome Measures

The primary end point was the falls rate, recorded prospec-
tively over a 12-month period, starting from the completion 
of the intervention. The falling rate refers to the number of 
falls per person over the period of time they remained in the 
study (exposure). The number of falls was calculated from 
the end of the intervention period to 12 months later (or to 
the last day in the trial if the participant did not complete the 
entire trial). A fall was defined as “an unexpected event 
resulting in the person coming to rest on the ground, floor or 
lower level.”9 An investigator instructed participants on the 
definition of a fall and the procedures for recording and 
reporting falls at their first intervention session. The defini-
tion of a fall was printed on all falls calendars to help remind 
participants. Details of falls were taken from structured 
interviews with participants who telephoned our falls hotline 
and from monthly falls calendars. Calendars were returned 
at the end of each month and outstanding calendars were fol-
lowed up by telephone. Falls were also monitored during the 
8 week intervention phase, using the falls calendars; how-
ever, they were not included in the falls rate calculation but 
monitored to track the safety of the interventions.16

Secondary outcome measures were obtained at baseline 
and at 3 months and 12 months after therapy by trained 
assessors blinded to group allocation. They included dis-
ability (UPDRS motor and ADL sections),22 mobility 
(speed calculated from the 6-m walk test,23 and time taken 
to perform the TUG test24 at self-selected speed with time 
measured using a stop watch); changes in PD-related qual-
ity of life using the PDQ3925 and health-related quality of 
life using the visual analogue scale (VAS) of the 
Euroqol-5D;26 the number of injurious falls (a fall result-
ing in the person attending a health service); and time to 
first fall. The 6-m walk test was chosen because it is a reli-
able measure of motor performance and discriminates 
change over time in neurological patients.15 The TUG was 
chosen because it incorporates walking and turning, which 
is important given that PD patients have particular diffi-
culty with complex motor skills and dual tasking. If par-
ticipants experienced freezing of gait during testing, but 
were able to complete the test without assistance, the tasks 
were timed as per protocol. Two quality-of-life tools were 
chosen as one represents a disease-specific measure 
(PDQ39), useful for comparison with other PD studies, 
and the other represents a generic health-related quality-
of-life tool, (VAS of the Euroqol-5D).

Statistical Analysis
Calculations for sample size were based on falls and mobil-
ity effect sizes from previous studies in people with and 
without PD.27-29 An a priori sample size calculation, based 
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on 60% falls in the control group, a 20% difference in the 
proportion of fallers between the three groups, a 15% drop-
out rate, 80% power, and a significance level of 5%, ini-
tially indicated that we needed 330 participants (110 per 
group).

All analyses were carried out using the intention-to-
treat principle. Descriptive statistics were used to report 
demographics. Negative binomial regression was used to 
estimate the difference in falls rate between the control 
group and each intervention group by analyzing the num-
ber of falls per participant, adjusting for varying duration 
of follow-up.30 The falling rate refers to the number of 
falls per person over the period of time they remained in 
the study (ie, exposure). For example, a participant who 
completed the entire study would have an exposure of 12 
months, whereas a person who withdrew after 6 months 
would only have an exposure of 6 months. This type of 
analysis therefore allows falling rates to be documented 
for participants with partial follow-up data. We also com-
pared the continuously scored secondary outcome mea-
sures using the linear regression approach to analysis of 
covariance, with baseline scores entered as independent 
covariates.31 Missing secondary outcome data were 
imputed with 5 iterations using baseline scores and group 
allocation as predictors. SPSS version 20.0 (IBM, Armonk, 
NY) and STATA 11 (Stata Corp, College Station, TX) 
were used for the statistical analyses.

There were 2 variations to the original protocol. The 
design planned for participants to be treated in groups of 4. 
This was not always feasible in the outpatient clinics and 
participants were treated in groups of 3 to 6. Although we 
originally estimated that we would require 330 participants 
this was based on existing information at that time from 
small clinical trials. An interim analysis by an independent 
data monitoring committee after 180 participants had been 
randomized showed that falls were higher than anticipated 
and there were more falls in the control group compared to 
the intervention groups (P < .001). Therefore we consid-
ered full recruitment not to be necessary32 and revised our 
sample size. This was revised to 210 (approximately 70 
participants per group) as additional participants had 
already been recruited and randomized during the period of 
time needed to review the interim data. Although we 
believe the revised sample size was justified, we acknowl-
edge that trials that are stopped early may sometimes over-
estimate treatment effects.33

Results
In all, 210 participants were randomized to 1 of 3 groups 
(Figure 1). One participant allocated to the MST group and 
6 in the LS control group did not receive any intervention. 
Three participants in the PRST group, 2 in the MST group, 
and 8 in the control group did not complete the 12-month 
follow-up for secondary outcome measures.

Baseline Characteristics
Baseline characteristics and comorbidities are presented in 
Table 1. The 140 men and 70 women had a mean age of 
67.9 years (range 44-89 years). More than 58% of partici-
pants had comparatively mild PD, modified Hoehn and 
Yahr stage 1 to 2.5, whereas 41% had moderate to severe 
disease, stage 3 to 4. There were marginally more subjects 
with a modified Hoehn and Yahr score at stage 3 to 4 in the 
LS group compared with the intervention groups, yet this 
was not statistically significant. Hence it is unlikely that a 
difference in PD severity contributed to more frequent falls 
in the follow-up periods for participants in the life-skills 
group. Most were taking either levodopa preparations or a 
combination of PD medications, with 19 reporting they had 
not commenced pharmacological therapy for PD. More 
than 50% of participants reported previously experiencing 
freezing of gait.

Falls Rates During 12-Month Follow-up Period
We received falls calendars from 195 participants after the 
intervention period with 184 participants returning calen-
dars for the full 12 months. The falls rates are summarized 
in Table 2. 1547 falls were reported over the 12-month 
period; 193 for the progressive resistance strength training 
group, 441 for the movement strategy group and 913 for the 
control group. The strength training group had 85% fewer 
falls than controls (incidence rate ratio [IRR] = 0.151, 95% 
CI 0.071-0.322, P < .001). The movement strategy training 
group had 61.5% fewer falls than controls (IRR = 0.385, 
95% CI 0.184-0.808, P = .012). There were no differences 
in the proportion of multiple fallers between groups. Of the 
195 people who returned their falls calendars, 142 fell more 
than once in 12 months; and 86 people were multiple fallers 
who fell more than 2 times per annum.

The time to first fall did not differ between the interven-
tion groups and controls (log rank test (Mantel-Cox), χ2 = 
2.08, df = 2, P = .35). A total of 44 injurious falls, defined as 
attending a health service as a result of the fall, were 
reported by 33 participants: 11 participants in the PRST 
group, 12 in the MST group, and 10 in the control group. 
Fractures occurred as a result of a fall in 8 participants; 3 
participants in each of the PRST and MST groups and 2 in 
the LS control group. Falls resulted in 16 participants (6 
from the PRST group and 5 each from the MST and control 
groups) being taken to hospital, with 6 being admitted for at 
least one night. Local doctors were consulted by 25 partici-
pants on 28 occasions following a fall.

Disability, Walking Speed, and Quality of Life
Table 3 reports baseline and 3- and 12-month postinterven-
tion measures of disability (UPDRS sections II and III), 
health related quality of life (PDQ39, Euroqol-5D VAS), 
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walking speed derived from the 6-m walk test, and time 
taken to perform the TUG for the 3 groups. For the 12-month 
follow-up test, the PRST and MST groups had greater 
improvements in their UPDRS activities of daily living 
scores compared with the life skills group (P < .01 and P < 
.01, respectively). Over the 12-month follow-up the MST 
group had greater improvement in the UPDRS motor score 
compared with the LS group (P = .017). There were no dif-
ferences between groups for change in walking speed, the 
TUG or quality-of-life measures from baseline to 12 
months, with the exception of a greater improvement in 

PDQ39 score in the PRST group compared with the LS 
group (P < .05).

Drop out in the control group was higher than for the 
therapy groups. Six control subjects did not receive the 
intervention compared to one withdrawal from the MST 
group. Of those who received the intervention, 6 control 
subjects did not complete one or more fall calendars com-
pared with one in each of the physiotherapy arms.

No serious adverse effects or important harms were 
reported and there were no unintended effects in any of the 
groups. A previous publication16 provides details of the 

Figure 1. Flow of participants through the trial.
*Received intervention = attended 1 or more intervention sessions; # during the 12-month postintervention period.
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safety, feasibility, and compliance with MST and PRST in 
this sample. Adherence to all sessions was excellent, with 
90% of participants attending 6 or more of the 8 scheduled 
sessions. Participant attendance (as defined by attendance at 
t6 sessions) did not differ across the 3 groups.

Discussion
This trial provides evidence that rehabilitation in addition to 
usual care is effective for reducing falls and disability in 
community-dwelling people living with PD. The falls rate 
was higher in the control group compared with the groups 
that received strength or strategy training. When coupled 
with falls prevention education, strength training resulted in 
85% fewer falls compared with a control group. This 

concurs with recent findings on strength training in PD and 
elderly samples.5,34 When delivered in conjunction with 
falls prevention education, movement strategy training 
incorporating cueing, attention strategies, segmentation, 
and mental rehearsal resulted in 62% fewer falls than for the 
control group.

When combined with a falls education program, both 
strategy training and strength training were associated with 
reductions in disability over the 12-month follow-up. The 
UPDRS activities of daily living score changed positively 
(lower scores) in the 2 intervention groups over the 
12-month follow-up, in contrast with the control group, 
where the change in score was negative. For the MST group 
the UPDRS motor score also changed positively after ther-
apy. Surprisingly, there were no differences between groups 
for change in walking speed, the TUG or quality-of-life 
measures from baseline to 12 months. This raises questions 
about the likely mechanisms associated with reduced falls 
rates, suggesting that interventions that focus on functional 
task performance might be particularly helpful.

Although this study did not set out to directly examine 
neural correlates associated with motor performance gains, it 
could be speculated that movement strategy training and 
strength training impact central motor control mechanisms in 
PD. In turn, this might have reduced the rate of falling 
through more optimal motor performance. Laboratory stud-
ies have shown that attention to visual and auditory cues and 
strategies that focus on large amplitude movements enable 
people with PD to bypass the defective basal ganglia and to 
use frontal cortical mechanisms to control movements.35 This 
could be associated with fewer falls due to an improved abil-
ity to walk with larger steps, avoid obstacles and respond to 
perturbations to the center of mass. Previous studies have 
also shown that progressive resistance strength training 
enables people with PD to optimize peripheral motor control 
mechanisms to increase strength and power generation.36 
Moreover, Morberg et al37 demonstrated that in a sample of 
PD fallers there were strength impairments arising from cen-
tral motor control mechanisms rather than simply peripheral 
muscle contractile capacity. They speculated that progressive 
strengthening might increase neural drive, reduce abnormal 
movements and consequently diminish falls risk.

Many people living with PD are deconditioned due to 
low habitual physical activity, especially older adults, hence 
it is not surprising that our rehabilitation program was asso-
ciated with improved outcomes, either due to strengthening 
or by more effective cortical processing through progres-
sive resistance or the use of attentional strategies.36,37 One 
possibility is that movement rehabilitation interventions 
such as these increase brain neurotrophic factors associated 
with amelioration of Parkinson’s signs, as shown in a pre-
liminary trial by Frazzitta et al.38 Such findings need to be 
verified in large scale RCTs including patients with a range 
of levels of disease severity.

Table 1. Participant Characteristics at Baseline.

Characteristics

All 
Participants 
(n = 210)

PRST  
(n = 70)

MST  
(n = 69)

LS  
(n = 71)

Age (years)a 67.9 (9.6) 67.4 (10.4) 68.4 (9.9) 67.9 (8.4)
Sex frequency M/F 140/70 42/28 46/23 52/19
MMSEa 28.2 (1.8) 28.2 (1.8) 28.6 (1.6) 27.9 (1.8)
Height (m)a 1.7 (0.09)c 1.7 (0.09)c 1.7 (0.10)c 1.7 (0.09)c

Weight (kg)a 75 (13.2)c 72.3 (15.0)c 75.1 (13.0)c 77.9 (10.8)c

BMI (kg/m2)a 25.9 (3.9)c 25.1 (4.2)c 25.9 (4.0)c 26.6 (3.3)c

PD duration 
(years)a

6.7 (5.6) 7.2 (6.2) 6 (5.5) 6.9 (5.2)

MHY stageb  
 0-1 22 (10.5) 7 (10.0) 9 (13.4) 6 (8.4)
 1.5 12 (5.7) 4 (5.7) 3 (4.3) 5 (7.0)
 2 56 (26.7) 22 (31.4) 17 (24.6) 17 (24.0)
 2.5 33 (15.7) 11 (15.7) 15 (21.7) 7 (10.0)
 3 63 (30.0) 21 (30.0) 19 (27.5) 23 (32.4)
 4 24 (11.4) 5 (7.1) 6 (8.7) 13 (18.3)
Presence of FOGb,d 107 (51.2)c 35 (50.7)c 32 (46.4) 40 (56.3)
No PD 

medicationsb
19 (9)c 7 (10) 8 (12)c 4 (6)

Levodopa onlyb 87 (41.6)c 27 (39) 32 (47)c 28 (39)
Combination 

therapyb
100 (48)c 36 (51) 26 (38)c 38 (54)

Non-levodopa 
therapyb

3 (1.4)c 0 (0) 2 (3)c 1 (1)

t4 prescribed 
medicationsb

114 (54) 38 (54) 34 (49) 42 (59)

Psychotropic 
medicationb

89 (42) 28 (40) 33 (48) 28 (39)

Fallen in 12 months 
prior to trialb

116 (55) 38 (54) 40 (58) 38 (54)

Arthritisb 92 (44) 34 (49) 30 (43) 28 (39)
Heart diseaseb 48 (23) 17 (24) 14 (20) 17 (24)
Cancerb 48 (23) 20 (29) 15 (22) 13 (18)
Diabetesb 18 (8.5) 3 (4) 8 (11.5) 7 (10)
Living aloneb 38 (18) 14 (20) 13 (19) 11 (15.5)

Abbreviations: PRST, progressive resistance strength training; MST, 
movement strategy training; FOG, freezing of gait; LS, life skills; M, male; 
F, female; MHY, modified Hoehn and Yahr scale; PD, Parkinson’s disease.
aValues are means (standard deviations).
bValues are frequencies (%).
cContains missing data.
dTaken from question 3 of the FOG questionnaire.
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In keeping with previous prospective PD studies1,4 falls 
occurred frequently over the 12-month period in our sam-
ple. Overall, 60% of participants fell at least once, which 
was a little lower than reported by Wood et al39 (68.3%). 
Nevertheless Wood et al39 aimed to examine factors that 
predicted future falls whereas the present study aimed to 
examine the effectiveness of training interventions. It is 
likely that both movement strategy and strength training 

interventions lessened the rate of falls in our study popula-
tion. Of the 195 who returned their falls calendars, 44% 
were multiple fallers, who fell more than 2 times per annum. 
Of those who fell, 73% fell more than once in 12 months. 
Multiple factors have been associated with recurrent falls in 
people with PD, with strong predictors, including previous 
falls,40,41 disability as measured by Hoehn and Yahr stage, 
and the UPDRS.11

Table 3. Secondary Outcome Measures at Baseline, 3-Month, and 12-Month Follow-up.a

Outcome

Group
ANCOVA-Adjusted Mean Difference (95% CI) 

Between Baseline and 12-Month Scores

LS MST PRST MST vs LS PRST vs LS

UPDRS ADL
 Baseline 12.0 (6.0) 11.7 (6.4) 11.0 (5.6)  
 3 months 11.5 (6.5) 10.2 (5.5) 11.2 (6.2)  
 12 months 13.8 (7.6) 11.0 (6.6) 10.7 (6.3) –2.5 (–4.2, –0.8)** –2.3 (–3.9, –0.6)**
UPDRS motorb

 Baseline 16.2 (6.5) 14.9 (6.3) 14.6 (5.9)  
 3 months 16.6 (7.3) 15.0 (5.9) 15.1 (5.9)  
 12 months 17.8 (7.6) 14.7 (5.8) 15.5 (6.8) –2.4 (–4.3, –0.4)* –1.3 (–3.3, 0.8)
Walking speed (m/s)
 Baseline 1.13 (0.31) 1.23 (0.30) 1.18 (0.31)  
 3 months 1.12 (0.33) 1.26 (0.29) 1.14 (0.31)  
 12 months 1.10 (0.40) 1.24 (0.33) 1.15 (0.36) 0.06 (–0.02, 0.14) 0.01 (–0.08, 0.10)
PDQ39
 Baseline 22.1 (12.5) 19.4 (12.8) 20.8 (13.6)  
 3 months 18.5 (12.6) 16.9 (14.0) 18.9 (13.5)  
 12 months 24.1 (13.1) 20.8 (14.1) 20.0 (13.6) –1.2 (–4.4, 2.0) –3.2 (–6.1, –0.2)*
EQ-5D VAS
 Baseline 72.7 (14.6) 73.9 (15.9) 74.1 (16.7)  
 3 months 74.7 (16.0) 76.5 (16.4) 71.8 (16.4)  
 12 months 72.8 (16.0) 75.0 (13.5) 75.4 (14.1) 1.8 (–2.7, 6.2) 2.2 (–2.6, 6.9)
TUG
 Baseline 12.2 (6.0) 10.8 (3.6) 10.8 (5.8)  
 3 months 12.2 (6.3) 11.6 (6.2) 11.9 (5.5)  
 12 months 16.7 (18.6) 12.7 (11.4) 13.2 (10.3) –0.8 (–4.3, 2.7) –0.5 (–3.8, 2.8)

Abbreviations: LS, life skills (control group); MST, movement strategy training; PRST, progressive resistance strength training; CI, confidence interval; 
PDQ39, Summary Index for the Parkinson’s Disease Quality of Life scale; UPDRS, Unified Parkinson’s Disease Rating Scale; EQ VAS: Euroqol-5D Visual 
Analogue Scale; TUG, Timed Up and Go test; ADL, activities of daily living.
aValues are mean (standard deviation) unless otherwise stated.
bUPDRS motor items 20 to 26 scored for most affected body part, total out of 56.
*P < .05. **P < .01.

Table 2. Falls Rate, Proportions of Fallers, and Multiple Fallers per Person by Treatment Group.

Outcome Measure LS (n = 59) MST (n = 67) PRST (n = 69) MST vs LS; IRR/RR (95% CI) PRST vs LS; IRR/RR (95% CI)

Falls, n (rate) 913 (18.6) 441 (6.58) 193 (2.79) IRR = 0.385 (0.184-0.808)* IRR = 0.151 (0.071-0.322)**
Fallers, n (%) 37 (62.7) 44 (65.7) 36 (52.2) RR = 1.047 (0.806-1.361) RR = 0.832 (0.617-1.123)
Multiple fallers, n (%) 29 (49.2) 33 (49.3) 23 (33.3) RR = 1.002 (0.702-1.430) RR = 0.678 (0.444-1.035)

Abbreviations: LS, life skills (control group); MST, movement strategy training; PRST, progressive resistance strength training; CI, confidence interval; 
IRR, incidence rate ratio; RR, relative risk.
*P < .05. **P < .001.
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Of the 1547 falls reported, 44 required medical attention. 
Sixteen of these required hospital attendance. Although a 
high rate of soft tissue injury has frequently been reported 
following falls in people with PD,39,41 the incidence of seri-
ous injury and particularly fractures appears from prospec-
tive studies such as ours and others39,42,43 to be lower than for 
earlier retrospective trials.44 This could possibly relate to the 
specific elements of treatment provided. The observation that 
the reduction in falls did not translate into a reduction in inju-
rious falls was surprising. This reinforces the need for a mul-
tifaceted falls prevention approach as discussed by Morris.45

There were some limitations of this trial. First, all patients 
were treated and tested during the “on” phase of their medi-
cations and the effects of therapy when “off” awaits confir-
mation. Second, it is possible that the allocation of a very 
frequent faller could have a disproportionate influence on 
the falls rate. However, as participants were randomized to 
groups, it can be assumed that the baseline physiological risk 
of falling was equivalent between groups. Third, because 
both rehabilitation interventions were accompanied by falls 
education training, future research will be necessary to elu-
cidate the amount of benefit received from the separate com-
ponents of intervention. Fourth, the trial was not powered to 
perform a between-group comparison of the improvements 
induced by the two active interventions and future trials will 
be needed to answer this question. Fifth, there was a higher 
rate of drop outs in the control group that could be a poten-
tial source of bias, especially given that participants knew 
their group assignment. Sixth, the results of this trial are gen-
eralizable to people with mild to moderately severe idio-
pathic Parkinson’s disease. They may not necessarily be 
applicable to those with end-stage disease or those with cog-
nitive impairment. Finally, it would be useful for future trials 
to measure muscle strength.

To conclude, outpatient rehabilitation incorporating 
strength training or movement strategy training and falls 
education was found to be effective in reducing falls and 
was a feasible adjunct to medical management to reduce 
falls and improve mobility in people with PD.
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