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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 |93 falls for the progressive resistance strength training group, 44| 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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Falls in people with PD have not previously been
quantified over a 12-month period posttherapy using falls
calendars, which is the gold standard.” There has been
limited formal analysis of the outcomes of providing out-
patient rehabilitation for falls prevention in people with

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.'”? 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.”® 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,” auditory cueing from metro-
nomes, and visual cues,”® combined therapy programs that
incorporate cues, stretches, functional training, gait and bal-
ance training, and relaxation exercises’ 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.

PD." This is important given the debilitating effects
of falls on confidence,'" activity levels,'>"* and quality of
life."

We conducted a large, 3 group randomized controlled
clinical trial across 4 sites to determine the outcomes of 2
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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.""!” 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)"® score greater or equal to 24, Hoehn and Yahr
stage'” 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.'® 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.” 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.'® 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.”” When the perceived exertion of participants
dropped below the required level (=5) on the Modified
Perceived Exertion scale,”’ 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."®

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.'> 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.'” 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."”"” 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.”” 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.'®

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),” mobility
(speed calculated from the 6-m walk test,”® and time taken
to perform the TUG test™* at self-selected speed with time
measured using a stop watch); changes in PD-related qual-
ity of life using the PDQ39% and health-related quality of
life using the visual analogue scale (VAS) of the
Euroqol-5D;* 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."” 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.?”** 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.*® 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.”! 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 necessary> 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.”

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 |2-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%
C10.071-0.322, 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), y* =
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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[ 245 Were assessed for eligibility J

35 Were excluded
8 Did not have IPD
8 Had MMSE < 24, or dementia
10 Wera not medically suitable
1 Had insufficient English
6 No longer wanted to participate
2 Were unable to attend as scheduled

v

[ 210 Were randomized ]

v v

70 Were allocated to PRST group

*70 Received intervention

69 Were allocated to MST group
*68 Received intervention

71 Were allocated to control group
*65 Received intervention

1 Withdrew 2 Withdrew due to health reasons
1 Withdrew as wanted exercise group
2 Withdrew as no lenger interested
1 Deceased
69 Completed 1 or more falls calendars# 67 Completed 1 or more falls calendars # 59 Completed 1 or more falls calendars#
{primary outcome was falls) (primary outcome was falls) (primary outcome was falls)
Y Y 3

67 Completed assessment at 12 months
(secondary outcomes)
2 Withdrew for health reasons 2 Deceased

1 Deceased

66 Completed assessment at 12 months
(secondary outcomes)

57 Completed assessment at 12 months
(secondary outcomes)
2 Withdrew for health reasons
5 Withdrew as did not want to continue
1 Deceased

Figure |. Flow of participants through the trial.

*Received intervention = attended | or more intervention sessions; # during the 12-month postintervention period.

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 publication'® provides details of the
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Table I. Participant Characteristics at Baseline.

All
Participants PRST MST LS
Characteristics (n=210) (n=70) (n=69) (n=71)
Age (years)® 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
MMSE* 282 (1.8) 282 (1.8) 28.6 (1.6) 27.9 (1.8)
Height (m)* 1.7 (0.09)° 1.7 (0.09) 1.7 (0.10)° 1.7 (0.09)
Weight (kg)* 75 (13.2)° 723 (15.0)° 75.1 (13.0° 779 (10.8)°
BMI (kg/m?)? 25.9 (3.9)° 25.1 (4.2) 25.9 (4.0)° 26.6 (3.3)°
PD duration 6.7 (5.6) 7.2 (6.2) 6 (5.5) 6.9 (5.2)
(years)®
MHY stage®
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 (324)
4 24 (11.4) 5(7.1) 6(8.7) 13 (18.3)
Presence of FOG** 107 (51.2)° 35 (50.7)° 32 (46.4) 40 (56.3)
No PD 19 (9)° 7 (10) 8 (12)° 4 (6)
medications®
Levodopa only” 87 (41.6)° 27 (39) 32 (47)° 28 (39)
Combination 100 (48)° 36 (51) 26 (38)° 38 (54)
therapy®
Non-levodopa 3 (1.4)F 0 (0) 2 (3)° (1)
therapy®
>4 prescribed 114 (54) 38 (54) 34 (49) 42 (59)
medications®
Psychotropic 89 (42) 28 (40) 33 (48) 28 (39)
medication®
Fallen in 12 months 116 (55) 38 (54) 40 (58) 38 (54)
prior to trial®
Arthritis® 92 (44) 34 (49) 30 (43) 28 (39)
Heart disease® 48 (23) 17 (24) 14 (20) 17 (24)
Cancer® 48 (23) 20 (29) 15 (22) 13 (18)
Diabetes® 18 (8.5) 3(4) 8 (11.5) 7 (10)
Living alone® 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.
*Values are means (standard deviations).

®Values are frequencies (%).

“Contains missing data.

“Taken from question 3 of the FOG questionnaire.

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
>6 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.** 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.* 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.*®
Moreover, Morberg et al’” 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.***’” 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.”® Such findings need to be
verified in large scale RCTs including patients with a range
of levels of disease severity.

Downloaded from nnr.sagepub.com at BOSTON UNIV on February 10, 2015



Morris et al

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 vsLS; IRR/RR (95% CI)  PRST vs LS; IRR/RR (95% Cl)
Falls, n (rate) 913 (186) 44l (6.58) 193(279)  IRR =0.385 (0.184-0.808)*  IRR = 0.I51 (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 (333) 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; Cl, confidence interval;

IRR, incidence rate ratio; RR, relative risk.
*P < .05. *P < .001.

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

ANCOVA-Adjusted Mean Difference (95% Cl)

Group Between Baseline and 12-Month Scores

Outcome 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 motor®

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(-3.3,038)
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) I.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(—44,2.0) -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) 754 (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(+4.3,27) —0.5(-3.8,238)

Abbreviations: LS, life skills (control group); MST, movement strategy training; PRST, progressive resistance strength training; Cl, 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.

*Values are mean (standard deviation) unless otherwise stated.

PUPDRS motor items 20 to 26 scored for most affected body part, total out of 56.

*P < .05. %P < .0l.

In keeping with previous prospective PD studies' 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 al*’ (68.3%).
Nevertheless Wood et al’’ 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,***! disability as measured by Hoehn and Yahr stage,
and the UPDRS."
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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,***' the incidence of seri-
ous injury and particularly fractures appears from prospec-
tive studies such as ours and others™*>* to be lower than for
carlier retrospective trials.** 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.*’

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.

Acknowledgments

We would like to acknowledge and thank the participants and their
families for their participation and support. We also acknowledge
the enthusiasm and support provided by the blinded assessors and
by the therapists who implemented the 3 arms of the study.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect
to the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support
for the research, authorship, and/or publication of this article: This
trial was funded by a Michael J. Fox Foundation (US) Clinical

Discovery Grant. HBM is a National Health and Medical Research
Council Senior Research Fellow (ID: 1020925).

References

1. Ashburn A, Stack E, Pickering RM, Ward CD. A com-
munity-dwelling sample of people with Parkinson’s dis-
ease: characteristics of fallers and non-fallers. Age Ageing.
2001;30:47-52.

2. Bloem BR, van Vugt JP, Beckley DJ. Postural instability and
falls in Parkinson’s disease. Adv Neurol. 2001;87:209-223.

3. Ellis T, de Goede CJ, Feldman RG, Wolters EC, Kwakkel
G, Wagenaar RC. Efficacy of a physical therapy program in
patients with Parkinson’s disease: a randomized controlled
trial. Arch Phys Med Rehabil. 2005;86:626-632.

4. Goodwin VA, Richards SH, Henley W, Ewings P, Taylor
AH, Campbell JL. An exercise intervention to prevent
falls in people with Parkinson’s disease: a pragmatic ran-
domised controlled trial. J Neurol Neurosurg Psychiatry.
2011;82:1232-1238.

5. Li F, Harmer P, Fitzgerald K, et al. Tai chi and postural sta-
bility in patients with Parkinson’s disease. N Engl J Med.
2012;366:511-519.

6. Munneke M, Nijkrake MJ, Keus SH, et al. Efficacy of
community-based physiotherapy networks for patients with
Parkinson’s disease: a cluster-randomised trial. Lancet
Neurol. 2010;9:46-54.

7. Nieuwboer A, Kwakkel G, Rochester L, et al. Cueing train-
ing in the home improves gait-related mobility in Parkinson’s
disease: the RESCUE trial. J Neurol Neurosurg Psychiatry.
2007;78:134-140.

8. Rochester L, Rafferty D, Dotchin C, Msuya O, Minde V,
Walker RW. The effect of cueing therapy on single and
dual-task gait in a drug naive population of people with
Parkinson’s disease in northern Tanzania. Mov Disord.
2010;25:906-911.

9. Lamb SE, Jorstad-Stein EC, Hauer K, Becker C. Development
of a common outcome data set for fall injury prevention tri-
als: the Prevention of Falls Network Europe consensus. J Am
Geriatr Soc. 2005;53:1618-1622.

10. Fletcher E, Goodwin VA, Richards SH, Campbell JL,
Taylor RS. An exercise intervention to prevent falls in
Parkinson’s: an economic evaluation. BMC Health Serv Res.
2012;12:4262013.

11. Mak MK, Pang MY. Fear of falling is indepen-
dently associated with recurrent falls in patients with
Parkinson’s disease: a 1-year prospective study. J Neurol.
2009;256:1689-1695.

12. Nilsson MH, Drake AM, Hagell P. Assessment of fall-
related self-efficacy and activity avoidance in people with
Parkinson’s disease. BMC Geriatr. 2010;10:78.

13. Giladi N, Hausdorff JM. The role of mental function in the
pathogenesis of freezing of gait in Parkinson’s disease. J
Neurol Sci. 2006;248:173-176.

14. Rahman S, Griffin HJ, Quinn NP, Jahanshahi M. Quality
of life in Parkinson’s disease: the relative importance of the
symptoms. Mov Disord. 2008;23:1428-1434.

15. Morris ME, Menz HB, McGinley JL, et al. Falls and mobility
in Parkinson’s disease: protocol for a randomised controlled
clinical trial. BMC Neurol. 2011;11:93.

Downloaded from nnr.sagepub.com at BOSTON UNIV on February 10, 2015



Morris et al

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

McGinley JL, Martin C, Huxham FE, et al. Feasibility,
safety, and compliance in a randomized controlled trial of
physical therapy for Parkinson’s disease. Parkinsons Dis.
2012;2012:795294.

Watts JJ, McGinley JL, Huxham F, et al. Cost effective-
ness of preventing falls and improving mobility in people
with Parkinson disease: protocol for an economic evaluation
alongside a clinical trial. BMC Geriatr. 2008;8:23.

Folstein MF, Folstein SE. Mini-mental state: a practical
method for grading the cognitive state of patients for the cli-
nician. J Psychiatr Res. 1975;12:189-198.

Hoehn MM, Yahr MD. Parkinsonism: onset, progression and
mortality. Neurology. 1967;17:427-442.

Commonwealth of Australia. Don’t Fall for It. Falls Can Be
Prevented!—A Guide to Preventing Falls for Older People.
Canberra, Australia: Commonwealth of Australia; 2007.
Foster C, Florhaug JA, Franklin J, et al. A new approach
to monitoring exercise training. J Strength Cond Res.
2001;15:109-115.

Fahn S, Elton RL. Unified Parkinson’s disease rating scale.
In: Fahn S, Marsden C, Calne D, Goldstein M, eds. Recent
Developments in Parkinson’s Disease. New York, NY:
Macmillan, 1987:153-163.

Lam HS, Lau FW, Chan GK, Sykes K. The validity and reli-
ability of a 6-Metre Timed Walk for the functional assess-
ment of patients with stroke. Physiother Theory Pract.
2010;26:251-255.

Podsiadlo D, Richardson S. The timed “Up & Go™: a test
of basic functional mobility for frail elderly persons. J Am
Geriatr Soc. 1991;39:142-148.

Jenkinson C, Peto V, Fitzpatrick R, Greenhall R, Hyman N.
Self-reported functioning and well-being in patients with
Parkinson’s disease: comparison of the Short-Form Health
Survey (SF-36) and the Parkinson’s Disease Questionnaire
(PDQ-39). Age Ageing. 1995;24:505-509.

The EuroQol Group. EuroQol—a new facility for the mea-
surement of health-related quality of life. Health Policy
1990;16:199-208.

Morris M, Osborne D, Hill K, et al. Predisposing factors for
occasional and multiple falls in older Australians who live at
home. Aust J Physiother. 2004;50:153-159.

Morris S, Morris ME, lansek R. Reliability of measurements
obtained with the Timed “Up & Go” test in people with
Parkinson disease. Phys Ther. 2001;81:810-818.

Urquhart DM, Morris ME, Iansek R. Gait consistency over a
7-day interval in people with Parkinson’s disease. Arch Phys
Med Rehabil. 1999;80:696-701.

Robertson MC, Campbell AJ, Herbison P. Statistical analysis
of efficacy in falls prevention trials. J Gerontol A Biol Sci
Med Sci. 2005;60:530-534.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Twisk J, Proper K. Evaluation of the results of a randomized
controlled trial: how to define changes between baseline and
follow-up. J Clin Epidemiol. 2004;57:223-228.

Pocock SJ. When (not) to stop a clinical trial for benefit.
JAMA. 2005;294:2228-2230.

Bassler D, Briel M, Montori VM, et al. Stopping randomized
trials early for benefit and estimation of treatment effects:
systematic review and meta-regression analysis. JAMA.
2010;303:1180-1187.

Day L. The Otago strength and balance exercise programme
lowers the risk of death and falls in the older people at 12
months. Evid Based Nurs. 2011;14:76-78.

Morris ME, lansek R, Matyas TA, Summers JJ. Stride length
regulation in Parkinson’s disease. Normalization strategies
and underlying mechanisms. Brain. 1996;119:551-568.

Paul SS, Canning CG, Song J, Fung VS, Sherrington C.
Leg muscle power is enhanced by training in people with
Parkinson’s disease: a randomized controlled trial. Clin
Rehabil. 2014;28:275-288.

Morberg BM, Jensen J, Bode M, Wermuth L. The impact
of high intensity physical training on motor and non-motor
symptoms in patients with Parkinson’s disease (PIP): a pre-
liminary study. NeuroRehabilitation. 2014;35:291-298.
Frazzitta G, Maestri R, Ghilardi MF, et al. Intensive reha-
bilitation increases BDNF serum levels in parkinsonian
patients: a randomized study. Neurorehabil Neural Repair.
2014;28:163-168.

Wood BH, Bilclough JA, Bowron A, Walker RW. Incidence
and prediction of falls in Parkinson’s disease: a prospective
multidisciplinary study. J Neurol Neurosurg Psychiatry.
2002;72:721-725.

Ashburn A, Stack E, Pickering RM, Ward CD. Predicting fall-
ers in a community-based sample of people with Parkinson’s
disease. Gerontology. 2001;47:277-281.

Bloem BR, Grimbergen YA, Cramer M, Willemsen
M, Zwinderman AH. Prospective assessment of falls in
Parkinson’s disease. J Neurol. 2001;248:950-958.

Mak MK, Pang MY. Parkinsonian single fallers versus recur-
rent fallers: different fall characteristics and clinical features.
J Neurol. 2010;257:1543-1551.

Matinolli M, Korpelainen JT, Sotaniemi KA, Myllyla VV,
Korpelainen R. Recurrent falls and mortality in Parkinson’s
disease: a prospective two-year follow-up study. Acta Neurol
Scand. 2011;123:193-200.

Johnell O, Melton LJ 3rd, Atkinson EJ, O’Fallon WM,
Kurland LT. Fracture risk in patients with parkinsonism: a
population-based study in Olmsted County, Minnesota. Age
Ageing. 1992;21:32-38.

Morris ME. Preventing falls
2012;345:¢4919.

in older people. BMJ.

Downloaded from nnr.sagepub.com at BOSTON UNIV on February 10, 2015



