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ABSTRACT

Objectives No intervention has been shown to prevent
falls poststroke. We aimed to determine if perturbation-
based balance training (PBT) can reduce falls in daily life
among individuals with chronic stroke.

Design Assessor-blinded randomised controlled trial.
Setting Two academic hospitals in an urban area.
Interventions Participants were allocated using stratified
blocked randomisation to either ‘traditional’ balance
training (control) or PBT. PBT focused on improving
responses to instability, whereas traditional balance
training focused on maintaining stability during functional
tasks. Training sessions were 1 hour twice/week for

6 weeks. Participants were also invited to complete 2
‘booster’ training sessions during the follow-up.
Participants Eighty-eight participants with chronic stroke
(>6 months poststroke) were recruited and randomly
allocated one of the two interventions. Five participants
withdrew; 42 (control) and 41 (PBT group) were included
in the analysis.

Primary and secondary outcome measures The
primary outcome was rate of falls in the 12 months
post-training. Negative binomial regression was used to
compare fall rates between groups. Secondary outcomes
were measures of balance, mobility, balance confidence,
physical activity and social integration.

Results PBT participants reported 53 falls (1.45 falls/
person-year) and control participants reported 64 falls
(1.72 falls/person-year; rate ratio: 0.85(0.42 to 1.69);
p=0.63). Per-protocol analysis included 32 PBT and 34
control participants who completed at least 10/12 initial
training sessions and 1 booster session. Within this subset,
PBT participants reported 32 falls (1.07 falls/person-year)
and control participants reported 57 falls (1.75 falls/
person-year; rate ratio: 0.62(0.29 to 1.30); p=0.20). PBT
participants had greater improvement in reactive balance
control than the control group, and these improvements
were sustained 12 months post-training. There were no
intervention-related serious adverse effects.
Conclusions The results are inconclusive. PBT may help
to prevent falls in daily life poststroke, but ongoing training
may be required to maintain the benefits.

Trial registration number ISRCTN05434601; Results.

1,2,3

Strengths and limitations of this study

» This study employed an assessor-blinded ran-
domised controlled trial. As is typical of exercise
studies, participant blinding was not possible.

» Attendance to the intervention was high (mean 87%
of sessions attended), and rates of withdrawal from
the study were low (<6%).

» The primary outcome (falls in daily life) was col-
lected via self-report, which may have led to
under-reporting.

» Inclusion and exclusion criteria were minimal so that
results would be generalisable to a broad population
of individuals with chronic stroke. However, recruit-
ed participants were, on average, high functioning;
these results might not apply to more severely af-
fected individuals with stroke.

INTRODUCTION
People with stroke have increased fall risk
compared with age-matched individuals who
have not had a stroke.' Impaired balance
control, low balance confidence and high rate
of falls poststroke are associated with reduced
quality of life and reduced physical activity as
a strategy to prevent falls.”® Physical exercise,
particularly exercise that includes balance
training, can reduce fall rates in older adults.*
However, studies including individuals with
stroke have not demonstrated reduced fall
rates following balance training.”°®

Balance training programmes typically
include exercises that aim to improve the
ability to maintain balance when keeping still
(eg, standing with reduced base of support)
or during voluntary movement (eg, sit-to-
stand or step ups).”'! This type of balance
training may prevent falls by reducing the
risk of losing balance in daily life. However,
occasional loss of balance may be an inevi-
table consequence of mobility, so the ability
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to react quickly after losing balance (ie, reactive balance
control) is essential to prevent falls.'* Perturbation-based
balance training (PBT) is a type of exercise where partic-
ipants repeatedly experience loss of balance in order
to practice and improve control of balance reactions."”
A review of small-sample randomised controlled trials
suggests that PBT can prevent falls in older adults and
individuals with Parkinson’s disease."*

People with stroke have impaired reactive balance
control,” ' and impaired control of balance reactions is
related to increased fall rates in daily life poststroke.'” '
PBT can improve reactive balance control poststroke.'? A
non-randomised study found that those who completed
PBT during inpatient stroke rehabilitation fell less
frequently postdischarge than those who did not.*”

The main purpose of this study was to determine if
PBT reduces fall rates in people with chronic stroke. A
secondary purpose was to determine the effect of PBT on
balance control, balance confidence, mobility, daily phys-
ical activity and social integration. We hypothesised that,
compared with a control group who completed ‘tradi-
tional’ balance training, those who completed PBT would
experience fewer falls in the year post-training and would
have greater improvements in measures of functional
balance and mobility. Additionally, we expected that, due
to reduced fall rates and improved balance confidence,
participants who completed PBT would be less likely to
restrict daily physical activities; therefore, we hypothe-
sised that participants who completed PBT would show
increased daily physical activity and improved social inte-
gration compared with those in the control group.

METHODS

Trial design

This assessor-blinded pragmatic randomised controlled
trial took place at the Toronto Rehabilitation Institute
(University Health Network) and Sunnybrook Health
Sciences Centre. Individuals with chronic stroke were
recruited and randomly assigned to either: (1) PBT or
(2) ‘traditional’ balance training (control group). The
full study protocol is available elsewhere®'; protocol modi-
fications are detailed in the relevant sections below. This
manuscript was prepared following the Consolidated
Standards of Reporting Trials** and Template for Inter-
vention Description and Replication® checklists.

Participants

Community-dwelling adults with chronic stroke (>6
months poststroke) were recruited from research
volunteer databases and advertisements in the commu-
nity. Participants could stand independently without
upper limb support for >30s and tolerate at least 10
postural perturbations. Exclusion criteria were: >2.1m
tall and/or weighing >150kg; other neurological condi-
tions; lower extremity amputation; unable to understand
instructions in English; recent (last 6 months) significant
illness, injury or surgery; severe osteoporosis (diagnosis

of osteoporosis with fracture); poorly controlled diabetes
or hypertension; contraindications to physical exercise®;
receiving physiotherapy or supervised exercise targeting
balance and mobility between the time of recruiting and
the post-training assessment; and/or received PBT in the
year before enrolment. Due to difficulty recruiting, the
protocol was amended to allow individuals <50 years old
to participate. Volunteers completed telephone screening
and subsequently attended an initial assessment where
written informed consent was obtained and eligibility
was confirmed. To help alleviate barriers to participa-
tion, participants were compensated for travel expenses
(public transit fare or parking).

Interventions

Participants completed two 1-hour training sessions per
week for 6 weeks and two 1-hour ‘booster’ training sessions
3 months and 9months after the initial training period.
Interventions were administered by a physiotherapist
(CJD or SK) on a 1:1 basis (ie, one physiotherapist per
participant) in research laboratories in academic hospi-
tals. Both laboratories contained a 2.63x2.63m 4-post
XY patient lift gantry (Prism Medical, Concord, Ontario,
Canada), and the Sunnybrook laboratory also contained
a 8.5m long ceiling lift track, to which the safety harness
was attached during PBT. Physiotherapists were trained
in delivering the control intervention by reviewing the
intervention developers’ documentation® and in deliv-
ering the PBT intervention by study investigators (AM
and VGD). Interventions followed a general guide but
were tailored to participants’ ability and balance impair-
ments. Participants rated perceived level of challenge on
a five-point scale (see online supplementary material)
after completing each exercise set. The physiotherapists
documented activities in each session, perceived level of
challenge, adverse events and deviations from prescribed
activities.

Control group

The control group completed the Keep Moving with
Stroke programme.” This is an exercise programme for
community-dwelling individuals with stroke, based on
balance and mobility interventions evaluated in clinical
trials.”"! This programme was designed to be delivered in
a group but was delivered 1:1 in this study to match atten-
tion received from the physiotherapist by the PBT group.
Each session included a 5-10min warm-up, 40min of
mobility and balance exercises and a 5-10min cool-down
with stretching. Exercises included walking, sit-to-stand,
heel raises, walking while carrying an object, tap-ups or
step-ups (forward and sideways), reaching and weight
shifting and standing with reduced base of support.

PBT group

PBT sessions included a 5-10min warm-up, voluntary
tasks intended to induce internal perturbations, volun-
tary tasks combined with external perturbations and a
5-10min cool-down. Participants were supervised by the
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physiotherapist and wore a custom safety harness (ABG
Concept Médical, Valcourt, Quebec, Canada) attached to
the overhead support. Internal perturbations occurred
when participants failed to control balance during volun-
tary movement; ‘agility’ tasks, such as kicking a soccer
ball, were used to induce internal perturbations. External
perturbations were caused by forces outside participants’
control (eg, push or pull from the physiotherapist). We
aimed for at least 60 postural perturbations per session
and set the task difficulty such that participants required
an upper extremity response, external assistance (ie, from
the overhead harness or physiotherapist) or a multistep
response ~50% of the time. The progression in voluntary
tasks occurred on a continuum from stable to mobile
and from predictable to unpredictable.® Additionally,
progression occurred by increasing the magnitude of
external perturbation, or imposing sensory or environ-
mental challenges. The full PBT programme is available
in the online supplementary material.

Group allocation

Participants were assigned using blocked stratified
randomisation with allocation concealment to either the
control or PBT group by the principal investigator (AM)
who was not involved in recruiting, assessments or inter-
vention administration. A variable block size of 4, 6 or 8
was used. There were four strata from two stratification
factors: site (two levels) and frequency of ‘failures’ during
baseline reactive balance control assessment'’ (two
levels). The random allocation sequence was computer
generated and maintained in an electronic file by the
principal investigator.

Outcomes

Cohort descriptors

Demographic and stroke information were recorded at
study enrolment: age, sex, time since stroke, lesion loca-
tion, falls history, National Institutes of Health Stroke
Scale (NIH-SS)27 and Chedoke-McMaster Stroke Assess-
ment (CMSA) foot and leg scores.”® Demographics and
medical history were obtained by self-report and, when
possible, verified from participants’ hospital charts.

Primary outcome: falls

A fall was defined as ‘an event that results in a person
coming to rest unintentionally on the ground or other
lower level’.* Participants completed 12months of falls
reporting after the initial 6-week training period. Partic-
ipants were provided stamped addressed postcards
containing a 2-week calendar to record falls, which they
completed daily and returned to the research team fort-
nightly. If a postcard was not returned within 2 weeks,
the research assistant called the participant to ascertain
if they fell. Participants who fell completed a short tele-
phone questionnaire regarding the cause, circumstances
and consequences of the fall. Falls were excluded from
analysis, by unanimous decision of two blinded research
assistants, if they were caused by loss of consciousness

or an overwhelming external force (ie, if anyone would
fall in that situation). If the research assistants could not
agree that a fall should be excluded, then that fall was
included in the analysis.

Secondary outcomes
Balance and mobility and balance confidence were
assessed immediately before, immediately after and
6 months and 12months after the end of the initial
training period. Functional balance and mobility were
assessed using the Berg balance scale (BBS),” the
mini-Balance Evaluation Systems test (mini-BEST)*?!
and the Timed Up & Go (TUG).™ The subscales of the
mini-BEST were used to assess different components of
balance control (anticipatory balance control, reactive
balance control, sensory orientation and gait). The Activ-
ities-specific Balance Confidence (ABC) questionnaireg3
was used to assess balance confidence in daily activities.
Physical activity and social integration were evaluated
with the Physical Activity Scale for Individuals with Phys-
ical Disabilities (PASIPD)* and the Subjective Index of
Physical and Social Outcome (SIPSO),” respectively,
at baseline and every 2 months during the 12-month
follow-up.

Blinding

The research assistants (AAand AC) were blinded to group
allocation and were responsible for screening, recruiting
and collecting data. At the post-training, 6-month and
12-month assessments, the research assistants guessed
group allocation for each participant, rated their confi-
dence in their guess of group allocation and noted if they
had received any information to violate blinding. In cases
where blinding was violated, the balance measures were
recoded from video footage by another blinded research
assistant.

Sample size

The target sample size was estimated for the primary
outcome (fall rate in the year post-training) using a
formula for negative binomial regression.”™ Assuming
the control group would report 1.75 per person-year,l7 a
rate ratio of 0.54,14 mean follow-up time of 11 months
per person, level of significance of 0.05 and power of 0.8,
we estimated that 37 participants per group would be
required to show a statistically significant between-group
difference in fall rates.

Statistical analysis

Wilcoxon-Mann-Whitney test (continuous/ordinal vari-
ables) and Fisher’s exact test (categorical /frequency vari-
ables) were used to compare the two groups at baseline.
Negative binomial regression was used to compare fall
rates, and logistic regression was used to compare the
proportion of fallers between the two groups. Intent-to-
treat analysis was used; that is, all participants with some
falls monitoring data were included in the analyses. To
account for variable falls monitoring duration between
participants (eg, due to premature withdrawal from the
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study), the natural log of the monitoring duration was
included as an offset variable in negative binomial regres-
sion and as a covariate in logistic regression. Exploratory
per-protocol analysis was also conducted, comparing
proportion of fallers and fall rates between the two
groups, including only those participants who attended at
least 10/12 of the initial training sessions and one booster
session. We initially planned to conduct repeated-mea-
sures analysis of variance, with group-by-time interaction,
to evaluate the effect of the interventions on secondary
outcome measures.>! However, because the variables were
not normally distributed, we conducted analysis of covari-
ance (ANCOVA), comparing BBS, mini-BEST, mini-BEST
subscale scores, TUG, ABC, PASIPD, and SIPSO at each
time point between groups, controlling for the value at
baseline. Dependent variables were rank transformed
prior to entry into the ANCOVA to allow for non-para-
metric analysis.”” Alpha was 0.05 for all analyses.

Patient and public involvement

Patients or the general public were not involved in the
design of this study, development of research questions
or outcome measures. Some participants were recruited
via referral from other participants. Participants received
a letter of appreciation at the end of the study, which
included a summary of the results. At the end of their
involvement with the study, participants were invited to
complete a short questionnaire about their experiences,
including whether they found data collection and the
intervention difficult.

RESULTS

Recruitment

Recruiting occurred between 24 April 2014 and 29 June
2016. Initially, we planned to recruit 46 participants per
group to account for a 20% withdrawal rate.”’ However,
recruiting was stopped when we had at least 37 partici-
pants per group who had returned at least one fall-re-
porting postcard. Any participants who had started the
intervention at this point continued with the study until
they either withdrew or completed all study elements. The
trial ended when data collection for all recruited partic-
ipants was complete (August 2017). Forty-four partici-
pants were assigned to each group, with 42 (control) and
41 (PBT) returning at least one fall-reporting postcard
(figure 1); thus, 42 control and 41 PBT participants were
included in analysis of the primary outcome (falls in daily
life). Baseline characteristics for these participants are
in table 1; there were no significant differences between
groups on any baseline characteristics.

Intervention adherence

During the initial 6-week training programme, PBT
participants attended a mean 10.5 sessions, with 34/41
participants attending at least 10 sessions (out of the
prescribed 12). Participants experienced a mean of 577
perturbations during all sessions (standard deviation: 195

perturbations; minimum: 42 perturbations) or a mean of
55 perturbations per session (standard deviation: nine
perturbations). For all PBT sessions combined, mean
rate of balance recovery ‘failures’ was 57%, and mean
rate of perceived challenge was 2.4 (on a five-point scale).
In the initial 6-week training phase, control participants
attended a mean of 11 sessions, with 38/42 participants
attending at least 10 sessions (out of the prescribed 12).
On average, control participants completed 87% of the
prescribed exercises (standard deviation: 18%). For
all control training sessions combined, mean rate of
perceived challenge was 2.4.

Outcomes and estimation

Blinding

Blinding was violated for nine participants (seven PBT
and two control participants), who revealed their group
allocation in conversation with the research assistant.
The BBS and mini-BEST scores for these participants
were recoded from video recordings by another blinded
research assistant who had no interaction with partici-
pants. For the remaining participants, the research assis-
tants correctly guessed group allocation 56% of the time;
that is, guesses were not correct more often than would
be expected by random chance.

Missing data

Data were missing at assessment time points because
participants: declined to complete the assessment (15
PBT and 21 control assessments); were unavailable due
to acute illness (three control assessments); were unavail-
able due to vacation or other personal commitments
(three control assessments); or could not be contacted
at the time of the assessment (six control assessments).
Some participants declined to come to the laboratories
for the 6-month and 12-month assessments but were
willing to complete the questionnaires (ABC, SIPSO
and PASIPD) over the telephone. Even when partici-
pants attended a study appointment, some declined to
complete individual tests; the number of individuals
included in analysis of each variable at each time point is
detailed in the tables.

Falls

Data on number of individuals reporting one or more
falls, and fall rates, are presented in table 2. In intent-
to-treat analysis, the between-group differences in odds
of being a ‘faller’ (OR: 0.71 (0.30 to 1.70); p=0.44) and
fall rates (rate ratio: 0.85 (0.42 to 1.69); p=0.63) were
not statistically significant. Thirty-two PBT participants
and 34 control participants completed at least 10/12
of the initial training sessions and one booster session
and were included in per-protocol analysis. Within this
subset, the between group differences in odds of being
a ‘faller’ (OR: 0.56 (0.21 to 1.50); p=0.25) and fall rates
(rate ratio: 0.62 (0.29 to 1.30); p=0.20) were not statisti-
cally significant.
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‘ Assessed for eligibility (n=165) ‘

Not allocated to group (n=21)
Excluded on first assessment (n=8)
Unable to contact/schedule (n=12)
Withdrew consent (n=1)

Excluded (n=56)
Not meeting inclusion criteria (n=25

=

Declined to participate (n=31)

Randomised (n=88)

!

‘ PBT group (n=44)

Withdrawn (n=3)

Post-training
assessment

Completed (n=39)
Did not complete (n=2)

Withdrawn (n=3)

3-month booster
training session

Completed (n=30)
Did not complete (n=8)

Withdrawn (n=4)

Completed (n=30)
Questionnaires only (n=2)
Did not complete (n=2)

6-month
assessment

9-month booster
training session

Completed (n=25)
Did not complete (n=9)

Withdrawn (n=1)

Completed (n=27)
Questionnaires only (n=4)
Did not complete (n=2)

12-month
assessment

l

‘ Control group (n=44) |

Withdrawn (n=2)

Completed (n=38)
Did not complete (n=4)

Withdrawn (n=3)

Completed (n=31)
Did not complete (n=8)

Withdrawn (n=4)

Completed (n=30)
Questionnaires only (n=1)
Did not complete (n=4)

Withdrawn (n=1)

Completed (n=28)
Did not complete (n=6)

Withdrawn (n=1)

Completed (n=29)
Questionnaires only (n=2)
Did not complete (n=2)

Figure 1 Participant flow through the study. Eight participants who consented to participate in the study were excluded on

the initial assessment because they could not tolerate the lean-and-release postural perturbations. Participants were withdrawn
after randomisation because it became apparent that they did not meet the study criteria (one PBT participant had osteoporosis
with history of fracture and one control participant had uncontrolled hypertension), or because they had a significant decline

in health during the training portion of the study (one PBT and one control participant). One PBT participant withdrew from

the study because she did not like the group allocation. Therefore, there were 42 control participants and 41 PBT participants
available for analysis of the primary outcome (falls in daily life). Participants withdrew during the 12-month follow-up period
because they: no longer wished to be in the study (two PBT and one control participant); experienced a serious adverse event
(two PBT, five control participants); were lost to follow-up (two PBT, three control participants); or enrolled in a conflicting study
(two PBT participants). PBT, perturbation-based balance training.

Balance confidence, balance, mobility, physical activity and social
integration

Post-training, the PBT group had higher scores than the
control group for the reactive subscale of the mini-BEST
(F1,74:7-?’37 p=0.0084; table 3), whereas the control group
had higher scores than the PBT group for the sensory

subscale (F1’74:4.19, p=0.044). Scores for the reactive
subscale of the mini-BEST were higher for the PBT group
than the control group at 6months (F, ..=8.32, p=0.0055)
and 12months (F, =11.59, p=0.0013). Likewise, at
12months, the PBT group had a higher score on the total
mini-BEST than the control group (F, ,=4.04, p=0.049).
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Table 1 Participant characteristics at study enrolment Table 2 Falls between groups
PBT Control PBT Control P values
(n=41) (n=42) P values Intent-to-treat analysis
Age (years) 66 (17) 67 (13) 0.84 Participants (number) 41 42
Sex (number, %) Participants reporting >1fall 19 23 0.44
Female 15(36.6) 12 (28.6) 0.49 (number)
Male 26 (634) 30 (71 4) Falls (total number) 53 64
Time poststroke 2033  32(45 0086 Al (mserperpEen-  ag G 0EY
(years) year)
More affected side (number, %) Per-protocol analysis
Left 22 (53.7) 22 (52.4) ~0.99 Participants (number) 32 34
number
NIH-SS (score) 3 (4) 3 (5) 0.57 ( )
CMSA | 501 5 (1 0.54 Falls (total number) 32 57
e (score) (1) () : Falls (number per person- 1.07 1.75 0.20
CMSA foot (score) 5 (@) 5(1) 0.45 year)
o)
ABC scale (%) 65.6 (26.3) 79.1(33.8) 0.42 Values presented are absolute number of participants or rate of
BBS (score) 50 (10) 51 (7) 0.94 falls per person-year. The p value is for the difference in falls or
Mini-BEST (score) 18 (7) 18 (5) 0.95 fall rates from logistic regression or negative binomial regression,
respectively.
TUG (s) 14.4(12.3) 13.0(76)  0.62 PBT, perturbation-based balance training.
PASIPD (score) 8.4 (9.5) 11.6 (10.9) 0.48
SIPSO (score) 30 (9) 31 (13) 0.74 groups (table 5). There was a significant between-group
Fall in the past year (number, %) difference in motor activity at the time of the fall (p=0.010).
Yes 17 (41.5) 18 (42.9) ~0.99 Fall.s in control parUc1pant§ were mortlt .hkely to occur
during transfers than falls in PBT participants, whereas
No 24 (58.5) 24 (57.1)

Values presented are medians with interquartile range in
parentheses (for continuous/ordinal variables) or number with
percentage in parentheses (for count/frequency variables). The
p value is for the Wilcoxon-Mann-Whitney test (continuous/ordinal
variables) or Fisher’s exact test (count/frequency variables).
ABC, Activities specific Balance Confidence scale; BBS, Berg
Balance Scale; CMSA, Chedoke McMaster Stroke Assessment;
mini-BEST, miniBalance Evaluation Systems Test; NIH-

SS, National Institutes of Health Stroke Scale; PASIPD,
Physical Activity Scale for Individuals with Physical Disabilities;
SIPSO, Subjectivelndex of Physical and Social Outcome; TUG,
Timed Up & Go.

There were no other statistically significant between-
group differences for balance and mobility measures at
any time point.

There were no significant between-group differences
for the PASIPD at any time point (table 4). SIPSO scores
were significantly higher for the control group compared

with the PBT group at 6months (F,,=6.73, p=0.012),
8months (F, =4.25, p=0.044), 10months (F =489,
p=0.031) and 12months (F ,=4.13, p=0.047).

Data showing change in secondary outcomes over time
are presented in the supplementary data (online supple-
mentary tables S1 and S2). No analyses were conducted
on these data.

Ancillary analysis
Additional exploratory analysis compared causes, circum-
stances and consequences of falls in daily life between

falls in PBT participants were more likely to occur during
reaching/bending than falls in control participants. Partic-
ipants had something in their hands at the time of 45% of
control group falls, compared with 23% of PBT group falls
(p=0.023). PBT participants attempted to stop themselves
from falling by using a step response for 21% or a grasping
response for 18% of falls, whereas control participants
tried to prevent the fall by stepping for only 9% of falls and
grasping for 30% of falls; however, this difference was not
statistically significant (p=0.18). PBT participants required
assistance to get up after 48% of falls, compared with just
27% of falls for control participants (p=0.040). Injuries
resulted from 18 falls (39% of falls) in the PBT group and
20 falls (34% of falls) in the control group (p=0.68). Most
injuries were minor (eg, cuts and bruises). Participants
sought medical attention after three falls (all control): visit
to emergency room (two falls), and treatment from an
unspecified healthcare professional (one fall).

Harms

Forty-eight adverse events were possibly, probably or defi-
nitely related to study procedures or interventions among
the 88 randomised participants. Events were: fatigue with
training (three PBT and one control participant); joint pain
during or soon after training (14 PBT 11 control partici-
pants); delayed onset muscle soreness (five PBT and eight
control participants); seizure during training (one PBT
participant, with history of frequent seizures); and abnor-
mally elevated heart rate and low blood pressure during
training (one control; this participant was withdrawn from
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Table 3 Balance and mobility measures between groups

PBT Control P values
Post-training
N 39 38
ABC (%) 75.6 (71.6 to 79.7) 78.2 (74.1 t0 82.2) 0.97
BBS (score) 50.8 (50.0 to 51.7) 51.2 (50.3 to 52.1) 0.99
Mini-BEST (score) 20.3 (19.6 to 21.0) 20.1 (19.3 t0 20.8) 0.96
BEST-anticipatory (score) 4.4 (4.2 t0 4.6) 4 (4.2t0 4.6) 0.94
BEST-reactive (score) 4.2 (3.7 to 4.7) (3 0to4.1) 0.044
BEST-sensory (score) 5.3(56.2t05.5) 6 (5.41t05.7) 0.0084
BEST-gait (score) 6.4 (6.0 to 6.7) (6 210 7.0) 0.44
TUG (s) 17.5 (15.8 t0 19.2) 17.4 (15.7 to 19.1) 0.30
6-month follow-up
N 30" 30"
ABC (%) 75.4 (70.1 to 80.8) 74.1 (68.6 to 79.5) 0.70
BBS (score) 50.2 (49.2 to0 51.2) 51.3 (50.3 to 52.4) 0.11
Mini-BEST (score) 19.8 (18.9 to0 20.7) 19.1 (18.2 to0 20.0) 0.81
BEST-anticipatory (score) 4.3 (4.0t0 4.6) 3(4.0to0 4.6) 0.99
BEST-reactive (score) .0(3.4t04.5) (2 3 to 3.4) 0.0055
BEST-sensory (score) 4 (5.1t05.7) 4 (5.2t05.7) 0.44
BEST-gait (score) (5 6 to 6.7) (6 0to 7.1) 0.25
TUG (s) 16.8 (15.3 to 18.2) 15.4 (13.9 to 16.9) 0.32
12-month follow-up
N 27t 29t
ABC (%) 75.2 (69.3 to 81.1) 78.1 (72.1 to 84.0) 0.95
BBS (score) 50.6 (49.5 to 51.6) 51.1 (50.0 to 52.1) 0.27
Mini-BEST (score) 20.6 (19.4 to 21.8) 18.7 (17.5 to0 19.8) 0.049
BEST-anticipatory (score) 3 (4.0to0 4.6) 4.3 (3.9t0 4.6) 0.45
BEST-reactive (score) (3 6 to 4.9) 2.6 (2.0t0 3.2) 0.0013
BEST-sensory (score) 4 (5.1t05.7) 5.4 (5.1 10 5.6) 0.64
BEST-gait (score) 6 (6.0 to 7.3) 6.5(5.9t0 7.1) 0.90
TUG (s) 15.7 (14.3t0 17.2) 17.3 (15.91t0 18.7) 0.79

Values presented are least-square means with 95% confidence intervals in brackets. The p value is for the ANCOVA comparing groups at

each time point controlling for the baseline value.
*n=32PBTs and 31 controls for the ABC at 6-month follow-up.
Tn=31PBTs and 31 controls for the ABC at 12-month follow-up.

ABC, activities specific balance confidence scale; ANCOVA, analysis of covariance; BBS, Bergbalance scale; BEST, balance evaluation

systems test; TUG, Timed Up & Go.

the study). For all but this last event, medical attention was
not necessary to treat adverse events. In the case of fatigue
or joint/muscle pain, the intensity and/or duration of
training was reduced until the issue resolved. Additionally,
four falls that occurred during the training portion of the
study were considered related to study procedures or inter-
ventions. In one case (control), the participant fell outside
the hospital while on the way to a study appointment. The
other three falls were reported by a single PBT partici-
pant who noted that he felt more confident and may have
increased risk-taking behaviour, as a result of the interven-
tion. Eight participants experienced serious adverse events

unrelated to study procedures but that resulted in study
withdrawal: prolonged hospitalisation (one PBT and one
control participant); another stroke (two PBT and three
control participants); death (one control participant); and
cancer diagnosis (one control participant).

DISCUSSION

We hypothesised that PBT would reduce fall rates among
individuals with stroke; this hypothesis was not supported.
While the rate ratio comparing falls rates between the
PBT and control groups was 0.85, this was not statistically
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Table 4 Physical activity and social integration between groups

PBT Control P values

Post-training

N 39 38

PASIPD (score) 12.3 (10.0 to 14.6) 11.2 (8.8 to 13.6) 0.92

SIPSO (score) 29.8 (28.1 to0 31.4) 31.2 (29.5t0 32.9) 0.29
2-month follow-up

N 38 31

PASIPD (score) 8.6 (6.4 to 10.8) 9.5(7.1to 11.9) 0.51

SIPSO (score) 29.7 (28.2 10 31.2) 31.5 (29.8 to 33.21) 0.23
4-month follow-up

N 33 34

PASIPD (score) 9.2 (7.3t0 11.2) 7.8 (5.9109.8) 0.34

SIPSO (score) 30.0 (28.2 10 31.9) 30.2 (28.4 t0 32.0) 0.62
6-month follow-up

N 32 31*

PASIPD (score) 11.3 (7.3 to 15.3) 10.9 (6.8 to 15.0) 0.21

SIPSO (score) 30.3 (29.0 to 31.6) 32.6 (31.3 10 33.9) 0.012
8-month follow-up

N 31 26

PASIPD (score) 7.0 (5.6 to 8.4) 6.9 (5.4 to 8.5) 0.61

SIPSO (score) 30.5 (29.3 t0 31.7) 32.3 (31.0 to 33.6) 0.037
10-month follow-up

N 32 32

PASIPD (score) 7.0 (5.5 to 8.5) 8.2 (6.7 t0 9.7) 0.16

SIPSO (score) 29.9 (28.4 t0 31.3) 32.3 (30.9 to 33.8) 0.031
12-month follow-up

N 31 31

PASIPD (score) 11.1 (7.4 to 14.8) 10.1 (6.4 to 13.9) 0.27

SIPSO (score) 30.6 (29.1 to 32.0) 32.6 (31.1 to 34.0) 0.047

Values presented are least square means with 95% confidence intervals in brackets. The p value is for the ANCOVA comparing groups at

each time point controlling for the baseline value.
*n=30 control for the SIPSO.

ANCOVA, analysis of covariance; PASIPD, Physical Activity Scale for Individuals with Physical Disabilities; PBT, perturbation-based balance

training; SIPSO, Subjective Index of Physical and Social Outcome.

significant. The pooled rate ratio estimating the effect
of exercise on fall rates in community-dwelling older
adults is 0.80,4 which is similar to that observed in the
current study. Our sample size was based on a rate ratio of
0.54, which was estimated from a meta-analysis of PBT,14
that included studies among older adults and individ-
uals with Parkinson’s disease. Another non-randomised
study reported a fall rate ratio of 0.32 when comparing
individuals with subacute stroke who completed PBT
during inpatient rehabilitation with those who did not.”
The effect of PBT on fall rates in chronic stroke may be
much lower than in other patient populations or indi-
viduals with subacute stroke, and therefore, the current
study may not have had sufficient power to detect the
true effect. Conversely, the between-group difference in

fall rates was much greater when only individuals who
completed at least 80% of initial training sessions and
one booster session were included in the analysis. The
booster sessions may have helped participants to retain
the training benefits®™ * by providing participants with
opportunity to practice reactive balance skills throughout
the 12-month follow-up period.

Importantly, the control group also completed
balance training; previous studies using similar exercise
programmes found no effect of balance training on fall
rates in people with chronic stroke when compared with
a sham intervention” or ‘usual care’.** Thus, we expect
that control participants did not have reduced fall risk
as a result of completing this programme. However, after
the initial 6-week training period, both groups improved
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Table 5 Between-group comparison of fall circumstances

Table 5 Continued

PBT Control
(53 falls) (64 falls) P values
Action to try to prevent the fall
Do not recall 9 18
None 27 (61.4) 28 (60.9) 0.18
Grasp 8(18.2) 14 (30.4)
Step or step+grasp 9 (20.5) 4 (8.7)
Length of lie on floor or ground
Do not recall 7 4
A few minutes or 39 (84.8) 57 (95.0) 0.098
less
More than a few 7(15.2) 3(5.0)
minutes but less
than an hour
Assistance required to get up from fall
Do not recall 7 4
No 24 (52.2) 44 (73.3) 0.04
Yes 22 (47.8) 16 (26.7)
Injuries
Do not recall 7 5
None 28 (60.9) 39 (66.1) 0.68*
Cuts or bruises 17 (37.0) 19 (32.2)
Joint sprain or 1(2.2 1(1.7)
dislocation
Medical assistance required after fall
Do not recall 7 5
No injuries 30 42
Injured but did not 16 (100) 14 (82.4) 0.23%
seek treatment
Saw other 0(0) 1(5.9)
healthcare
professional
Treated in hospital 0 (0) 2(11.8)

emergency room

PBT Control
(53 falls) (64 falls) P values
Cause of fall
Do not recall 8 6
Slip 16 (35.6) 22 (37.9) 0.26
Trip 11 (24.4) 6(10.3)
Push/external force 1 (2.2) 3(5.2)
Incorrect weight 17 (37.8) 27 (46.6)
transfer®
Posture at the time of the fall
Do not recall 7 4
Lying 1(2.2) 0(0) 0.33
Sitting 4 (8.9) 7(12.1)
Standing 9 (20.0) 6 (10.3)
Walking 32 (68.9) 47 (77.6)
Motor activity at the time of the fall
Do not recall 7
Not moving 4 (8.9) 2 (3.5) 0.01
Transferring 2 (4.4) 12 (20.7)
Turning/reaching/ 10 (22.2) 4 (5.2)
bending
Walking on level 18 (37.8) 20 (34.5)
surface
Walking on ramp/ 12 (26.7) 22 (36.2)
stairs/uneven
surface
Cognitive activity at the time of the fall
Do not recall 10 9
None 34 (78.6) 44 (81.1) 0.8
Distracted 9 (21.4) 11 (18.9)
Where did the fall occur
Outdoors 19 (35.8) 22 (34.4) >0.99
Indoors 34 (64.2) 42 (65.6)
Using an assistive device
Do not recall 7 5
Never use one 11 23
No 16 (45.7) 24 (66.7) 0.096
Yes 19 (54.3) 12 (33.3)
Holding onto a handralil
Do not recall 7 6
No 41 (89.1) 48 (82.8) 0.41
Yes 5(10.9) 10 (17.2)
Anything in hands
Do not recall 9
No 34 (77.3) 32 (65.2) 0.023
Yes (one or both 10 (22.7) 26 (44.8
hands)
Continued

Values are the number of falls in each category, with the
percentage of falls in parentheses. The percentage was calculated
from the total number of falls for which information was available
(ie, ‘do not recall’ responses were excluded from the denominator).
Percentages might not sum to 100 due to rounding error. The

p value is for Fisher’s exact test comparing the two groups,
excluding ‘do not recall’ responses from analysis.

*Analysis compared injury versus no injury.

TAnalysis compared sought treatment versus did not seek
treatment.

PBT, perturbation-based balance training.

balance confidence (ABC), anticipatory balance control
(BBS and mini-BEST anticipatory subscale sore)and
mobility (mini-BEST gait subscale score), with no signifi-
cant difference between groups on these measures post-
training. Itis possible that improved balance and mobility
led to reduced fall risk in the both groups compared with
their pretraining fall risk. Furthermore, it seems that PBT
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leads to similar improvements in anticipatory balance and
mobility as a traditional balance training programme that
is primarily focused on improving anticipatory balance
control.

Consistent with specificity of training, the PBT group
improved reactive balance control (reactive subscale of
the mini-BEST), but the control group did not*'; these
improvements were retained at 6 months and 12 months.
This finding agrees with those of Bhatt et af’, who found
that resistance to falling following a slip was retained
up to 6months after a single PBT session. The mean
between-group difference in the reactive subscale of the
mini-BEST ranged from 0.6 (post-training) to 1.6 points
(12-month follow-up). We are unaware of any study
reporting minimal clinically important differences for
the mini-BEST subscales; however, these between group
differences represent 10%-27% of the maximum score
for this subscale (six points), and therefore, we interpret
these differences as clinically meaningful. Despite these
retained improvements in reactive balance control, PBT
participants did not have a significantly reduced fall risk
than control participants. Falls occur when there is a loss
of balance and subsequent failure to recover.” Improved
reactive balance control following PBT should help to
prevent falls by improving the ability to recover from a loss
of balance. Loss of balance can occur due to an external
force or failure of anticipatory balance control. Thus, it is
possible that effective fall prevention poststroke requires
sustained improvements in both anticipatory and reactive
balance control; home exercise may help participants to
retain improvements in anticipatory balance control.*’

Contrary to our hypothesis, control participants
reported greater social integration 6-12 months post-
training than the PBT group. Individualitem SIPSO
scores suggest that this finding was primarily driven by
control participants reporting increased independence
in moving around their local neighbourhoods. The
control training programme included walking practice
during every session, whereas the PBT programme only
included short bouts of walking in later sessions. This
walking practice may have increased control participants’
confidence with community mobility. While increased
social integration at 6-12 months was not associated
with improved physical function, it is likely that the tests
used in the current study do not correlate highly with
community mobility.* Training-related improvements
in balance and mobility in both groups, and increased
self-reported participation in the control group, were not
associated with increased physical activity post-training.
While impaired balance and mobility poststroke may
be a barrier to physical activity,** improved balance and
mobility alone is not sufficient to increase activity.” ** Tt
is likely that an intervention that combines behaviour
change techniques with physical exercise is required to
increase long-term participation in physical activity.*®

Examining fall characteristics can provide further
insight into intervention effects on falls.*’ Individuals with
stroke seem to be reliant on upper extremity reactions to

prevent falls in daily life.*” In the current study, partic-
ipants had something in their hands at the time of the
fall for more control group falls than PBT falls, which
may have prevented these individuals from using an
upper extremity reaction to prevent the fall.*” Conversely,
training, with a specific focus on reactive stepping,
may have made PBT participants less reliant on upper
extremity reactions to prevent falls. In agreement with
a previous study,” control participants were more likely
than PBT participants to fall during transfers; this finding
may support the idea that PBT helps to prevent falls in
routine situations but not falls in more challenging situa-
tions. Participants required assistance to get up from the
ground after more PBT group than control group falls;
this finding could suggest that those PBT participants
who fell were more impaired than PBT participants who
did not fall or than those in the control group who fell.

Limitations

The primary outcome (falls in daily life) was obtained
via self-report. While the method of prospective falls
reporting used in the current study is the best available,*
falls may have been under-reported. The cohort was, on
average, relatively high functioning (eg, median BBS
score ~50/56) but had a wide range of physical func-
tion (minimum scores for CMSA leg: 3, CMSA foot: 2,
BBS: 23, mini-BEST: 5; maximum NIH-SS score: 13; and
highest TUG time: 119s). This study’s findings apply to
community-dwelling individuals with chronic stroke who
can stand independently for at least 30s. Group alloca-
tion blinding was violated for nine participants. Balance
measures for these participants were rescored by a truly
blinded research assistant; however, knowledge of group
allocation may have subconsciously influenced how other
data were collected for these participants.

PASIPD scores were higher at the time points when
the questionnaire was administered in person compared
with over the telephone. Physical activity questionnaires,
including the PASIPD,” are often designed to have
several methods of administration (eg, self-administered
via in-person or telephone interview)," and investigators
seem to treat administration methods as equivalent.”’ We
are not aware of any study that directly compared scores
from the PASIPD or any other physical activity ques-
tionnaire when administered using different methods.
It is possible that scores are higher when administered
in-person versus over the telephone as participants’
desire for social acceptance was higher when they inter-
acted directly with the research assistant. Alternatively,
in-person administration may have led to more accurate
scores than telephone administration within this popula-
tion, who may have subtle cognitive communication defi-
cits, as the research assistant and participant could avail
of non-verbal communication to facilitate completing
the questionnaire. However, SIPSO scores did not differ
between telephone versus in-person administration.
Finally, participants in the current study may have truly
been more active in the week prior to the in-person
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interview compared with the telephone interview to
prepare for the tests of physical function. Future studies
should investigate the potential influence of administra-
tion methods on physical activity questionnaire scores.

Clinical implications

While this study found that PBT did not reduce fall rates
among the entire cohort, PBT participants improved
on measures of balance and mobility and retained the
improvements in reactive balance control up to 12months
post-training. Combined with results of previous studies
reporting reduced fall rates following PBT among indi-
viduals with subacute stroke,20 chronic stroke with a
history of falling51 and without stroke'* and showing that
PBT is the only intervention with capacity to improve
reactive balance control,’! ** these results suggest that
PBT may be a useful addition to existing balance training
poststroke. The PBT programme developed for this study
used existing resources available in many clinical settings
and, therefore, could be relatively easily implemented in
clinical practice. Joint pain was the most common adverse
eventrelated to PBT, which appeared to be most prevalent
among those with lower-extremity arthritis; these partici-
pants were able to complete training with modifications
to avoid exacerbating pain (eg, temporarily reducing
perturbation intensity). Therefore, modifications to PBT
may be required for those with lower extremity arthritis.
Regular ‘booster’ PBT training sessions may be necessary
to prevent falls long term.
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