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Background: Individuals with stroke fall frequently, and no exercise intervention
has been shown to prevent falls post stroke. Perturbation-based balance training
(PBT), which involves practicing reactions to instability, shows promise for pre-
venting falls in older adults and individuals with Parkinson’s disease. This study
aimed to determine if PBT during inpatient stroke rehabilitation can prevent falls
after discharge into the community. Methods: Individuals with subacute stroke
completed PBT as part of routine inpatient rehabilitation (n = 31). Participants re-
ported falls experienced in daily life for up to 6 months post discharge. Fall rates
were compared to a matched historical control group (HIS) who did not com-
plete PBT during inpatient rehabilitation. Results: Five of 31 PBT participants,
compared to 15 of 31 HIS participants, reported at least 1 fall. PBT participants
reported 10 falls (.84 falls per person per year) whereas HIS participants re-
ported 31 falls (2.0 falls per person per year). When controlled for follow-up duration
and motor impairment, fall rates were lower in the PBT group than the HIS group
(rate ratio: .36 [.15, .79]; P = .016). Conclusions: These findings suggest that PBT
is promising for reducing falls post stroke. While this was not a randomized con-
trolled trial, this study may provide sufficient evidence for implementing PBT in
stroke rehabilitation practice. Key Words: Stroke—rehabilitation—accidental
falls—postural balance.
© 2017 National Stroke Association. Published by Elsevier Inc. All rights reserved.

From the *Toronto Rehabilitation Institute, University Health Network, Toronto, Ontario, Canada; †Department of Physical Therapy, Uni-
versity of Toronto, Toronto, Ontario, Canada; ‡Sunnybrook Research Institute, Toronto, Ontario, Canada; §School of Physical and Health Education,
Nipissing University, North Bay, Ontario, Canada; ‖Rehabilitation Sciences Institute, University of Toronto, Toronto, Ontario, Canada; and
¶School of Rehabilitation Therapy, Queen’s University, Kingston, Ontario, Canada.

Received March 24, 2017; accepted April 29, 2017.
Grant support: This study was supported by the Heart and Stroke Foundation Canadian Partnership for Stroke Recovery. The authors

acknowledge the support of the Toronto Rehabilitation Institute; equipment and space have been funded with grants from the Canada Foun-
dation for Innovation, Ontario Innovation Trust, and the Ministry of Research and Innovation. Avril Mansfield is supported by a New Investigator
Award from the Canadian Institutes of Health Research (MSH-141983). Vincent DePaul was supported by a Focus on Stroke Post-Doctoral
Fellowship from the Heart and Stroke Foundation of Canada.

Address correspondence to Avril Mansfield, PhD, Toronto Rehabilitation Institute, University Health Network, 550 University Ave, Toronto,
ON M5G 2A2 Canada. E-mail: avril.mansfield@uhn.ca.

1052-3057/$ - see front matter
© 2017 National Stroke Association. Published by Elsevier Inc. All rights reserved.
http://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2017.04.041

ARTICLE IN PRESS

Journal of Stroke and Cerebrovascular Diseases, Vol. ■■, No. ■■ (■■), 2017: pp ■■–■■ 1

mailto:avril.mansfield@uhn.ca
http://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2017.04.041


Introduction

Falls are a frequent medical complication during all
stages of stroke recovery.1 The risk of falling2 and fall-
related injury3 is more than twice as high for people with
stroke compared to similarly aged people without stroke.
Individuals who have recently been discharged home after
inpatient stroke rehabilitation are particularly vulnera-
ble to falling.1,4-6 Those who fall soon after discharge from
inpatient rehabilitation have worse functional recovery
at 6 months post discharge than those who do not fall,7

possibly because the fall leads to fear and self-imposed
activity restriction. Current treatment approaches likely
do not adequately prepare individuals with stroke for the
challenges they will face after discharge home to their
“normal” lives.8-10

Physical exercise, particularly balance training, re-
duces fall risk among older adults.11 However, tradition-
al approaches to balance training do not prevent falls post
stroke.8,9 Falls happen due to failure to recover from a loss
of balance.12 Therefore, balance training that improves balance
reactions might help prevent falls. Perturbation-based balance
training (PBT), which involves exposing individuals to re-
peated postural perturbations,13,14 is a novel exercise
intervention that aims to improve control of balance re-
actions. Preliminary studies suggest that PBT almost halves
fall rates among healthy older adults, older people with
various diagnoses (including chronic stroke), and people
with Parkinson’s disease.15

This study aimed to determine the effect of PBT on
fall occurrence after discharge home from inpatient stroke
rehabilitation. Secondary objectives were to determine the
effects of PBT on balance confidence, functional balance
and mobility, and participation in daily physical activi-
ty. We hypothesized that, compared to a historical control
group (HIS), the PBT group would report lower rates of
falls and greater physical activity participation in the 6
months post discharge, and have greater improvements
in balance confidence and balance and mobility func-
tion from admission to discharge from inpatient
rehabilitation. We also report on the characteristics of falls
after PBT.

Methods

Study Design

This study involved a prospective cohort study with
comparison to a matched HIS. In 2013, physiotherapists
at our institution began to implement PBT as part of
routine care for appropriate patients with subacute stroke.
This prevented us from undertaking a randomized con-
trolled trial (RCT), as it would not have been ethical to
allocate participants to a non-PBT control group when
the intervention is part of routine care. Thus, we pro-
spectively recruited individuals who completed PBT during
inpatient rehabilitation, and compared fall rates for this

group to a matched HIS who did not complete PBT, but
who tracked fall events post discharge within a previ-
ous observational study.16 The study was approved by
the institution’s research ethics board, and participants
provided written informed consent.

Participants

Individuals with subacute stroke receiving inpatient re-
habilitation at the Toronto Rehabilitation Institute were
invited to participate. Participants were eligible if they
met the following criteria: (1) could stand indepen-
dently for at least 30 seconds; (2) could walk with or
without a gait aid (but without assistance of another
person) for at least 10 minutes; (3) completed and tol-
erated a reactive balance control assessment17 during
inpatient rehabilitation; and (4) were discharged to their
own homes. The historical cohort was recruited between
October 2010 and March 2013, and the prospective cohort
was recruited between September 2015 and July 2016
(Fig 1).

There were 31 individuals in the PBT group. A matched
sample of participants in the HIS was selected from the
73 eligible individuals in the historical cohort who par-
ticipated in the previous study and did not complete

Figure 1. Participant flowchart. Participants in the historical cohort were
excluded due to insufficient English language ability (n = 11), cognitive
impairment (n = 4), living too far from the hospital (n = 2), and not dis-
charged home (n = 17); participants in the prospective cohort were excluded
as they did not do PBT (n = 6), had cognitive impairment (n = 1), or were
not discharged home (n = 2). Twenty-nine participants were recruited from
the prospective cohort, and added to 5 historical cohort participants who
completed PBT to form the PBT group. Of these, 3 withdrew without com-
pleting any falls monitoring, leaving 31 PBT participants for inclusion
in the final analysis. From the 73 historical cohort participants who did
not complete PBT, 31 were randomly selected to be matched to the PBT
participants using the procedure described in the text. Abbreviations: HIS,
historical control group; PBT, perturbation-based balance training.
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