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Abstract
Introduction Regular exercise is essential in the chronic
phase of stroke recovery for improving or maintaining
function, and reducing the risk of a second stroke. To
achieve these goals, multiple components of fitness should
be targeted with poststroke exercise, including aerobic
capacity, strength and balance. However, following the
recommended frequency and duration of each component
separately can take a long time and lead to fatigue in
people with stroke. Therefore, finding types of exercise
that target multiple components of fitness all together is
valuable.
Reactive balance training (RBT) is a novel type of exercise
where individuals repeatedly lose their balance in order
to practise balance reactions. When people do RBT, they
increase their heart rate and exert forces with their leg
muscles which could improve aerobic fitness and muscle
strength, respectively. This means that RBT could have
the potential to improve multiple components of fitness,
simultaneously.
Methods and analysis This is a randomised controlled
non-inferiority trial with internal pilot study. Participants
with chronic stroke will be randomly assigned to one of
two groups: (1) RBT or (2) aerobic and strength training
(AST). Participants in both groups will complete 1 hour
of exercise, three times/week for 12 weeks. The primary
objective is to determine the effect of RBT on aerobic
capacity and knee muscles’ strength. The secondary
objective is to determine the effects of RBT and AST on
balance control and balance confidence. We expect to find
that RBT is superior to AST in terms of improving balance
control and balance confidence, yet not inferior to AST in
terms of its effects on aerobic capacity and strength.
Ethics and dissemination Research ethics approval
has been received. Results will be disseminated directly
to study participants at the end of the trial, and to other
stakeholders via publication in a peer-reviewed journal.
Trial registration number NCT04042961.

Introduction
Background and rationale
Regular exercise is essential in the chronic
phase of stroke recovery for promoting
ongoing recovery, improving or maintaining

Strengths and limitations of this study
►► The proposed amount of training is similar to that

of strength and cardiorespiratory training poststroke
and exceeds that of previous studies of perturbation
training poststroke.
►► The internal pilot component of this study gives us
the opportunity to evaluate whether progressing
with the study helps us to address the primary and
secondary objectives.
►► This trial is assessor blinded; participants and the
therapist delivering the intervention cannot be blinded to intervention allocation, which potentially introduces a source of bias.

physical function and reducing the risk of
having another stroke.1 2 There are multiple
components of fitness that should be targeted
with poststroke exercise, including cardiorespiratory fitness, muscle strength and neuromotor control (eg, balance control).2 3
People with stroke have difficulty meeting
the recommended exercise guidelines.2 If
each component of fitness is targeted separately (eg, brisk walking for cardiorespiratory
fitness, resistance training for strength and tai
chi for balance), then following the recommended frequency and duration of each type
of exercise could require several hours of
exercise per week.2 Lack of time and fatigue
are frequently reported as barriers to exercise
poststroke.4–10 Therefore, it is important to
identify types of exercise that target multiple
components of fitness concurrently in order
to improve efficiency of poststroke exercise
programmes.
Reactive balance training (RBT) is a novel
type of exercise where individuals repeatedly experience postural perturbations in
order to practise balance reactions.11 RBT
improves aspects of neuromotor control
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AST. Cardiorespiratory fitness, lower extremity strength,
balance control and balance confidence will be measured
preintervention and postintervention (figure 1). We will
calculate the final target sample size using the variability
observed in this internal pilot.
Patient and public involvement
This study was designed without patient involvement.
Patients were not invited to comment on the study design
and were not consulted to develop patient-
relevant
outcomes. Some trial design elements were informed
by participant feedback from our previous RBT study.17
Patients were not invited to contribute to the writing or
editing of this document for readability or accuracy.

Trial design
This is an assessor-
blinded randomised non-
inferiority
trial with an internal pilot study. Research activities will
take place at the Toronto Rehabilitation Institute and the
University of Toronto. For the internal pilot study, we will
initially recruit 20 participants with chronic stroke and
randomly assign them to one of two groups: (1) RBT or (2)

Methods: participants, interventions and outcomes
Eligibility criteria
dwelling adults with chronic stroke (>6
Community-
months poststroke) will be recruited. All participants
must be able to stand independently without upper limb
support for >30 s and tolerate at least 10 postural perturbations while wearing a safety harness.
The following exclusion criteria will be used:
►► A height >2.1 m tall and/or weighing >150 kg (limits
of the safety harness system).
►► Other neurological condition(s) that could affect
balance control (eg, Parkinson’s disease).
►► Lower extremity amputation.
►► Cognitive, language and/or communication impairments affecting understanding instructions.
►► Recent (≤6 months) significant illness, injury or
surgery.
►► Severe osteoporosis (defined by diagnosis of osteoporosis with fracture).
►► Severe uncontrolled hypertension and/or uncontrolled/insulin-dependent diabetes.
►► Active diabetic retinopathy or moderate or worse non-
proliferative retinopathy.
►► Symptomatic hernia.
►► Contraindications to exercise testing, including symptomatic aortic stenosis, complex life-
threatening
arrhythmias, unstable angina or orthostatic blood
pressure decrease of >20 mm Hg with symptoms.19
►► Acute or chronic illness or injury likely to be exacerbated by exercise (eg, recent lower extremity fracture).
►► Currently attending inpatient or outpatient physiotherapy, in which they receive aerobic exercise,
balance training and/or lower limb strength training.
►► Significant exercise participation: current physical
activity levels that meet the recommended guidelines
(at least 150 min of moderate to vigorous or at least 75
min of vigorous physical activity/week) as calculated
using the moderate and vigorous components of the
Leisure Time Exercise Questionnaire20 in the month
prior to starting the study.
►► Received RBT <1 year previously.
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Objectives
The primary purpose of this study is to determine the
effect of RBT on two major components of fitness among
individuals with chronic stroke: cardiorespiratory fitness
and isokinetic muscle strength. Our primary hypothesis is that improvements in cardiorespiratory fitness
(peak oxygen consumption) and lower extremity muscle
strength (peak force production during knee extension
and flexion) following RBT will be not inferior to the
improvements following aerobic and strength training
(AST) programme. The secondary purpose of this study
is to determine the effect of RBT and AST on balance
control and balance confidence. We hypothesise that,
compared with AST, RBT will lead to greater increases in:
1. Anticipatory balance control (Berg Balance Scale,
BBS).
2. Reactive balance control (‘reactive control’ subscale
of the mini-
Balance Evaluation Systems Test (mini-
BEST)).
3. Balance
confidence
(Activity-
specific
Balance
Confidence (ABC) questionnaire).
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(balance); RBT is the only type of exercise that has shown
the ability to improve control of reactions that are essential to prevent falls following a loss of balance (ie, ‘reactive balance control’),12–17 and can also improve balance
control during voluntary movement (ie, ‘anticipatory
balance control’) in people with stroke.17 RBT involves
executing rapid whole-body movements in quick succession and exerting large and rapid eccentric forces to halt
the falling centre of mass. The whole-body movements are
similar to the repetitive, dynamic movements that form
part of aerobic exercise training (eg, brisk walking or
cycling). This dynamic and whole-bodied nature of RBT
may have the potential to improve strength and cardiorespiratory fitness, in addition to the benefit to balance
control.
While previous studies have found that RBT can
improve balance control,17 18 determining whether it
can also improve muscle strength and cardiorespiratory
fitness could be advantageous in the clinical setting. If
RBT is beneficial across several domains of fitness, clinicians could use it as an alternative training modality for
targeting muscle strength and aerobic capacity in addition to its positive effects on balance control. Additionally,
patients who had a stroke who commonly face barriers to
exercise such as fatigue and lack of time can use their
time more efficiently by performing RBT as an alternative to aerobic and strength exercises to benefit different
components of fitness.

Open access

Participant flow through the study.

Interventions
Participants will complete three 60 min exercise sessions
per week for 12 weeks. The proposed amount of training
is similar to that of strength and cardiorespiratory
training poststroke in terms of frequency, duration and
intensity19 and exceeds that of previous studies of RBT
poststroke.11 21 22 Interventions will be completed in
a research laboratory and gym within a rehabilitation
hospital on a 1:1 basis (ie, one physiotherapist per participant). The same physiotherapist will administer both
interventions. Interventions will follow a general guide
but will be tailored to the individual participants’ ability.
For example, in the RBT programme, if ‘inability to step
with the affected leg’ is identified as an impairment,
voluntary tasks may be altered to encourage more opportunities to react with the affected leg.
Participants will wear a data-logging heart rate monitor
(Suunto Smart Sensor, Vantaa, Finland) during exercise
to measure the acute cardiorespiratory response. Blood
glucose (mmol/L) and/or blood pressure (mm Hg) will

Group 1: RBT
In the development of our RBT programme, all the principles of motor learning (ie, practice variability, practice order,
feedback, guidance, instruction and focus of attention) and
exercise physiology (ie, overload, adaptation, progression,
individualisation and specificity) are taken into account.21 23
In order to individualise the RBT programme to each participant, the physiotherapist will identify participant-specific
impairments in the control of reactive stepping using the
lean-
and-
release assessment (performed in the baseline
assessment session)18 and through further assessment
during the first training session. The physiotherapist will
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be measured pretraining and post-training for those at risk
for hypoglycaemia (individuals with insulin-independent
and controlled diabetes) and/or with elevated resting
blood pressure, respectively. To help alleviate barriers to
attending the programme we will reimburse participants
for their travel expenses.
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Figure 1
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Group 2: AST
Each AST session will consist of up to 30 min of aerobic
training and 30 min of strength training. Each session will
start with a 5 min warm-up on the aerobic training modality
at a low to moderate intensity (30%–60% heart rate
reserve (HRR)). Participants will then complete the AST,
as described below, and will finish the training session with
5 min cool-down which includes static stretching, range of
motion and light-intensity aerobic activities, for example,
walking at a comfortable pace.19
Aerobic training
Continuous treadmill walking will be the primary mode of
aerobic training. For those unable to maintain their target
training heart rate for ≥5–10 min during walking, a combination of modalities will be used (eg, treadmill walking
4

plus, recumbent/upright cycling or recumbent stepping).24
However, the ultimate goal is to progress patients to a faster
walking pace and longer duration of walking on treadmill
rather than cycling. From the baseline cardiopulmonary
exercise test (CPET) results, the heart rate at the ventilatory
threshold (VO2VT) will be used to prescribe aerobic exercise
intensity.25 In the absence of a discernible VO2VT, a combination of the following methods will be used: 60%–80%
of HRR or peak oxygen uptake (VO2peak), and/or rating
of perceived exertion (RPE) of 11–16 on the Borg26 6–20
scale.19 The goal will be to progress participants to 20–30
min of exercise, three times per week. Prescriptions will be
initially progressed by increasing exercise duration to ≥20
min to a maximum of 30 min and then increasing intensity to target heart rate (maximal duration 30 min). Heart
rates measured during exercise and communication with
the physiotherapist will aid in deciding when to increase the
prescription.
Strength training
Participants will be prescribed two sets of eight exercises
per session, including lunge, heel raise, ankle dorsiflexion,
knee extension and flexion, abdominal curl-
up, wall
push-up and bicep curl. If participants are unable to do a
leg curl in standing, they will be asked to sit and perform
the exercise. Each set consists of 8–10 repetitions. The
one-
repetition maximum (1RM) test will be performed
on affected and non-affected sides separately, which is the
greatest amount of weight lifted for a single repetition.19 For
this purpose different types of weights will be used: dumbbells, stacked weights, resistance bands and a weighted vest.
The type of weight used will be determined by the participant’s limb control and functional ability. After three repetitions of a warm-up weight, a slightly heavier weight will
be attempted one time following a 2 min recovery period.
One repetition at a heavier weight will be attempted every
2 min until the participant is unable to lift the weight with
proper technique. 1RM testing will occur at baseline, and
repeated at weeks 3, 6 and 10 and the weight load will be
adjusted to 70% of 1RM starting at week 3. Between 1RM
testing, progressions during the training sessions will be
made in the following steps: (1) gradually progressing from
8 to 10 repetitions; (2) increasing resistance by 1.6–5 kg
or one exercise band level while reducing repetitions to
8; (3) repeating this process (ie, increasing from 8 to 10
repetitions). Progression of movement velocity to optimise
dynamic muscle strength will be introduced after ≥4 weeks
of training. Participants will initially be prescribed a weight
load equivalent to 50%–60% of 1RM assessed at baseline
and/or a resistance rated as 13–16 on the RPE scale26 on
the last repetition of the set.24
Outcomes
Outcome measures and assessment time points are
summarised in table 1 and figure 1.
Primary outcome: cardiorespiratory fitness
A symptom-limited CPET will be performed on a semirecumbent cycle ergometer with specialised pedals to
Barzideh A, et al. BMJ Open 2020;10:e035740. doi:10.1136/bmjopen-2019-035740
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then design the programme in a way that targets participants’ specific impairments.
The RBT programme will include external and internal
postural perturbations. External perturbations are caused
by an external force, such as a push or pull from the physiotherapist. Internal perturbation occurs when the participant performs a challenging task, and is unable to control
the centre of mass base of support relationship. This can
happen when participants are performing voluntary motor
tasks that are more challenging than their current anticipatory balance control ability; for example, tandem walking.
In general, for all the participants, the difficulty of the tasks
will be set such that participants will ‘fail’ to recover balance
~50% of the time; ‘failure’ is defined as the need for external
assistance either from the physiotherapist or the overhead
harness, or taking more than two steps to regain stability.
Participants will wear a safety harness during all RBT
training sessions. In our previous randomised controlled
trial in individuals with chronic stroke, participants experienced response failures, on average, 57% of the time.17 The
physiotherapist can increase the task difficulty by increasing
the magnitude or changing the direction or timing of the
postural perturbation, by including additional cognitive or
movement tasks23 or by adding sensory or environmental
challenges (eg, eyes closed, use of obstacles). Each session
in the RBT programme will include a 5 min warm-up, at
least 60 perturbations and a 5 min cool-down. In order to
induce these 60 internal or external perturbations, each
session will include the performance of 10 different voluntary tasks similar to those described in Mansfield et al (eg,
standing and weight shifting, or stepping).17 Regardless of
voluntary task, the magnitude, direction and timing of the
external perturbation, delivered during performance of the
voluntary task, will be chosen to address each participant’s
specific impairment (eg, use of non-
preferred
balance-
limb, step clearance, and so on). There will be six induced
perturbations per task. The physiotherapist will record the
number of perturbations that a participant experiences
during the session. Our previous study in individuals with
chronic stroke showed that the participants were able to
complete, on average, 55 perturbations in 1 hour sessions.17

Open access

Type of outcome
measure

Outcome measures

Pretraining Post-training, interim and
assessment follow-up assessments
Follow-up

Cohort descriptors

Personal health information

✓

Medical history

✓

✓

Medications

✓

✓

NIHSS

✓

CMSA

✓

✓

CPET

✓

✓

Lower extremity strength (concentric peak ✓
isokinetic torque)

✓

BBS

✓

✓

Mini-BEST

✓

✓

ABC

✓

✓

Lower extremity strength (eccentric peak
isokinetic torque)

✓

✓

6MWT

✓

✓

30 s sit-to-stand test

✓

✓

Falls reporting*

 

✓

PASIPD

 

✓

SIPSO

 

✓

Primary outcome
measures
Secondary outcome
measures

Follow-up

*Reported continuously throughout the 12-month follow-up period.
ABC, Activity-specific Balance Confidence questionnaire; BBS, Berg Balance Scale; CMSA, Chedoke-McMaster Stroke Assessment; CPET,
cardiopulmonary exercise test; Mini-BEST, mini-Balance Evaluation Systems Test; 6MWT, 6 min walk test; NIHSS, National Institutes of
Health Stroke Scale; PASIPD, Physical Activity Scale for Individuals with Physical Disabilities ; SIPSO, Subjective Index of Physical and Social
Outcome.

secure feet (Ergoline, Ergoselect 1000, Blitz, Germany),
upright cycle (Ergoselect 200P, Germany) or a treadmill
depending on balance and ability to control the leg/foot
position in pedals.27 A treadmill will be used for the CPET
if participants meet the following criteria in the first
assessment session: (1) Chedoke-McMaster Stroke Assessment (CMSA) leg and foot scores ≥4; (2) 6 min walk test
(6MWT) ≥144 m; and (3) able to walk on the treadmill at
least 3 min at the speed of 1.7 mph. If participants do not
meet these criteria, they will be assigned to semirecumbent/upright cycle. Participants’ preference for using a
treadmill or cycle will also be taken into account.
The CPET will be medically supervised. It will be
conducted on the same modality on subsequent assessments and at the same time of day as the training sessions
to minimise the effects of heart rate altering medication on exercise prescription. If treadmill is used as the
modality for CPET, a modified Bruce protocol will be
employed.28 This protocol is usually used for patients who
are predicted to have poor exercise capacity. The difference between the Bruce and the modified Bruce protocol
is in two warm-up stages which are added before the first
stage of Bruce protocol; that is, the third stage of modified Bruce protocol corresponds to the first stage of Bruce
protocol. Therefore, the first three stages of modified
Barzideh A, et al. BMJ Open 2020;10:e035740. doi:10.1136/bmjopen-2019-035740

Bruce protocol have a constant speed of 1.7 mph and the
inclination increases by 5° every 3 min.29 If an upright
cycle or recumbent cycle are the chosen modalities for
CPET, workload will be increased by either 8.3 or 16.7 (W)
every minute at a pedalling rate of 60 rpm (revolutions
per minute), the aim being to achieve test durations of
between 8 and 12 min.27 Breath-by-breath gas samples will
be collected via calibrated metabolic cart (SensorMedics
Vmax Encore, San Diego, California, USA) to determine
VO2peak. Twelve-lead ECG, RPE and blood pressure will
be monitored throughout. The CPET has excellent test–
retest reliability in people with chronic stroke (intraclass
correlation coefficient (ICC)=0.93).30
Oxygen uptake at the ventilatory threshold (VO2VT) will
be determined by a combination of the V-slope method
and the ventilatory equivalent method31 as previously
described.27 32 The V-slope method is defined as the point
of departure from linearity of carbon dioxide output
plotted against oxygen uptake. The ventilatory equivalent
method is defined as the level corresponding to the rise
in ventilatory equivalent of oxygen that occurs when the
ventilatory equivalent of carbon dioxide remains relatively constant. The VO2VT is considered a valid measure
of cardiorespiratory fitness, demonstrating high inter-
rater reliability in the stroke population (ICC=0.93).33
5
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Table 1 Summary of outcome measures and assessment time points
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Secondary outcomes
Balance will be assessed using the BBS44 and the mini-
BEST.45 The BBS is a functional measure of balance

with 14-item observational rating scale. Participants will
be asked to perform each of the 14 tasks. Their ability
to perform the task will be rated on a scale from 0 to 4.
The BBS shows good internal consistency (Cronbach’s
α=0.92–0.98) and good inter-rater (ICCs=0.95–0.98), intrarater (ICCs=0.97) and test–retest reliability (ICC=0.98)
in the stroke population.46 The mini-BEST is a 14-item
observational rating scale which assesses systems underlying balance control, including reactive balance control
and dynamic stability during walking.45 The mini-BEST
has good inter-rater (ICC=0.96) and intrarater reliability
(ICC=0.97) among individuals with chronic stroke.45 47
The ABC scale48 is a 16-
item questionnaire used to
assess balance confidence during activities of daily living
before and after training. This questionnaire asks participants to rate how confident they are while performing 16
everyday tasks using a scale from 0% to 100%. The ABC
shows good internal consistency (Cronbach’s α=0.94)
and test–retest reliability (ICC=0.85) in individuals with
stroke.49
The 6MWT will be conducted as a measure of functional
capacity and endurance.50 This test asks participants to
walk as far as possible for 6 min on a 30 m path.51 6MWT
has excellent test–retest reliability (ICC=0.99) in chronic
stroke.30 52 Functional strength will be assessed using the
30 s sit-to-stand test.53 For this test, the participant will be
asked to sit on a 43 cm high chair54 which will be placed
against a wall for stability. They will be asked to rise to a
full stand, and then return to a fully seated position, as
many times as possible in 30 s without the use of upper
limbs. Previous studies have shown an excellent inter-
rater (ICC1,2=0.88 and 0.94) and intrarater (ICC1,2=0.87
and 0.91) reliability for 30 s sit-to-stand test in the stroke
population.55 These two functional tests will help us investigate whether the effects of the exercise programmes on
endurance and muscle strength will also translate into
functional activities.
Participants will complete a 12-month falls monitoring
period after completing the initial training period. For
this purpose, they will be provided stamped, addressed
postcards containing a calendar to record falls, which
they will be asked to complete daily. A fall is defined as ‘an
event that results in a person coming to rest unintentionally on the ground or other lower level’.56 Participants
will return each postcard to the research team fortnightly.
Monthly study newsletters which contain health-related
articles of interest, as well as a reminder to complete the
event tracking, will be mailed to our participants. The
research assistant will contact the participants via telephone, if they have not completed this event tracking
within 2 weeks. In this telephone call, the research assistant will try to ascertain if the participant has experienced
a fall in the previous 2 weeks. This method is considered
the ‘gold standard’ for falls reporting.57 Participants who
report a fall on the calendar will be contacted by the
research assistant to complete a short questionnaire in
order to determine the cause and consequences of the
fall. The number of falls together with the falls and the

Primary outcome: lower extremity strength
Peak isokinetic torque will be measured using a Biodex
System 4 Pro dynamometer (Biodex Medical Systems,
New York, USA). Participants will be seated in the chair
(hips at approximately 90°) with the axis of rotation of
the dynamometer aligned to the lateral femoral condyle.
Shoulder straps will secure the torso and a thigh strap
over the active leg will minimise compensatory movements during testing. The inactive leg will be positioned
at 90° knee flexion and put on a footrest below the seat.
Peak isokinetic muscle torque at an angular velocity of
60°/s34–36 will be assessed. While Rabelo and colleagues
reported high reliability in muscle strength testing for
different angular velocities and types of contraction
(from 30 to 240°/s for concentric and from 30 to 180°/s
for eccentric contraction),37 they did not address any
potential injury at higher speeds. In this study, 60°/s
was chosen as many studies38–42 have used this velocity
in patients who had a stroke and have reported high to
very high reliability in both knee extension and flexion.
Additionally, considering the high impact of eccentric
contractions on muscles and its risks,43 choosing a lower
angular velocity can minimise the risk of muscle injury.
Three warm-up contractions will be performed at ~50%
of perceived maximum effort for knee extension and
flexion before starting the five maximal trials for knee
extension and flexion in each concentric contraction
and eccentric contraction. All participants will start the
muscle strength testing with the concentric contractions
of knee flexors and extensors on the less affected leg.
They will then complete eccentric contractions of knee
flexors and extensors on the same side. The same process
will be repeated on the more affected leg after a 5 min
rest in which the research assistant will set up the device
for the other side. Eccentric contractions of knee flexors
and extensors will be performed between 20° and 90°
knee flexion to protect the knee from injuries to prevent
potential injuries related to the knee hyperextension.41
The torque limit for the eccentric contractions will be
chosen from three different values of 100, 135 or 200
Nm based on each individual’s relative muscle strength
assessed with 30 s sit-to-stand test which is a functional
measure of strength, CMSA score which is indicative of
their stage of motor recovery and, finally, their walking
disability (if any). A 1 min rest will be given between
trials to minimise the effect of fatigue. The average of
three maximal torques among the five trials of concentric contractions for each hamstring and quadriceps will
be considered as their concentric peak isokinetic torque.
The same method will be used to calculate the eccentric
peak isokinetic torque for each hamstring and quadriceps. The task will be performed for both legs. A single
value will be obtained for knee flexion and knee extension of the paretic and non-paretic legs.
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Cohort descriptors
The following demographic and medical information will
be recorded at the time of study enrolment in order to
characterise the study cohort: age, sex, height, weight,
waist circumference, time since stroke, lesion location
medical history, prescription medications, the National
Institutes of Health Stroke Scale (NIHSS)63 and CMSA64
foot and leg scores. The NIHSS is an 11-item scale that
provides a gross measure of the effects and severity of
stroke.64 The NIHSS has good intrarater (ICCs=0.93) and
inter-rater (ICCs=0.95) reliability.65 The CMSA assigns a
score according to the level of motor recovery (ie, there are
seven levels in total) in the foot and leg and is frequently
used to evaluate motor impairment poststroke in clinical
settings. The CMSA foot and leg scores have good intrarater (ICCs=0.94–0.98) and inter-rater (ICCs=0.85–0.96)
reliability.64 If participants were previously patients at the
Toronto Rehabilitation Institute, their medical history
(ie, premorbid medical history, date of stroke and lesion
location) will be confirmed with chart review.

Table 2 Sample size estimation

Outcome measure
VO2peak (mL/kg/min)
Non-paretic limb knee
extension strength (Nm)

Variance
estimate SEM

Initial
sample size
estimate

1.69
72.3

1.0
10.6

29
11

12.4

5

17.6

7.4

5

16.8

10.1

3

Paretic limb knee extension 43.6
strength (Nm)
Non-paretic limb knee
flexion strength (Nm)
Paretic limb knee flexion
strength (Nm)

The non-inferiority limit is the SEM. The sample size is the number
of participants required per group.
SEM, SE of measurement.

	

(
)2
2 Z1−β +Z1−α σ 2
n=
(
)2
dNI


where n is the number of participants per group, Z1−β
is the Z statistic corresponding to probability of a type II
error (β=0.1), Z1−α is the Z statistic corresponding to the
probability of a type I error (α=0.05), σ2 is the estimated
population variance for the primary outcome(s) and dNI
is the non-inferiority limit. The non-inferiority limit is
the maximum acceptable difference between the experimental (RBT) and comparison (AST) interventions. It is
recommended to set the non-inferiority limit below the
minimal clinically important difference68 such that, after
intervention, the two groups are expected to differ by
less than the clinically important difference. We set the
non-inferiority limit at 100% of the SE of measurement
(SEM) from previous studies of test–retest reliability of
cardiorespiratory fitness30 and lower extremity strength36
poststroke. The variance has initially been estimated
from previous studies of interventions to improve aerobic
capacity69 and lower extremity strength35 in chronic
stroke. Variances (from previous research), SEMs, non-
inferiority limits and associated sample sizes for each of
the primary outcomes are outlined in table 2. Therefore,
our current plan is to recruit 35 participants30 35 36 69 per
group to account for a 20% rate of withdrawal. However,
the variance from the internal pilot study will be used to
re-estimate the sample size.

Sample size
Following completion of the internal pilot study (20
participants), sample size for a non-inferiority trial with
continuous outcome will be calculated using the formula
below and based on our primary outcome measures66 67:

Recruitment
Several strategies will be used to identify participants,
including: (1) inviting participants of previous studies
conducted by the investigators; (2) requesting referrals
from stroke rehabilitation programmes at the Toronto
Rehabilitation Institute; (3) research participant databases at the Toronto Rehabilitation Institute; and (4)
placing advertisements in the community (eg, in health
centres or local newspapers).
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ABC questionnaires will give us a better understanding of
the participants’ fear of falling and how the falls usually
happen in stroke population and whether they change
with exercise interventions.
Physical activity and participation will be evaluated with
the Physical Activity Scale for Individuals with Physical
Disabilities (PASIPD)58 and the Subjective Index of Physical and Social Outcome (SIPSO),59 at three time points
during the 12-month follow-up. Regular administration
of the questionnaires will provide an estimate of physical
activity and participation over the duration of the follow-up
period. The PASIPD is a 13-item questionnaire in which
participants are asked to indicate the frequency and duration of recreational, household and occupational physical
activities completed in the previous 7 days. The PASIPD
has been validated within a group of individuals with
various physical disabilities, including those with stroke,
showing good test–retest reliability (r=0.77) and criterion
validity when compared with accelerometer-based activity
monitoring (r=0.30).60 The SIPSO is a 10-item questionnaire that evaluates the physical and social integration
and participation in ‘normal’ daily life.61 The SIPSO
has good internal consistency (Cronbach’s α=0.92)
and test–retest reliability (ICC=0.91) among those with
stroke.59 61 Obtaining information about the amount of
physical activity and social participation of our participants can help us have a better picture of the long-term
effect of our interventions as a successful rehabilitation
should ultimately result in quality of life and amount of
participation in the community that is close to that before
the stroke.62

Open access

Blinding
Outcome measures will be obtained by research assistants who will be blinded to group allocation. Interventions will be administered by a physiotherapist. The risk
of unblinding is minimised by the concealed group allocation process (ie, group allocation is performed by the
PI, who is not involved in the assessments or delivering
the intervention). Participants are also reminded not to
talk about their exercises with the research assistant in the
assessment session after exercise. An additional measure
of caution is that after the training is finished, we will ask
the research assistant to guess group allocation for each
participant, rate their confidence in their guess of group
allocation and note if they had received any information
to violate blinding. In cases where blinding is violated, the
balance measures will be recoded from video footage by
another blinded research assistant.

This information will only be used to obtain information
about the whereabouts of a research participant if we are
unable to contact them after multiple attempts.
Data management
Electronic data will be transferred from University of
Toronto to Toronto Rehabilitation Institute for analysis
and storage using secure data transfer methods. Electronic data will be stored on secure hospital servers.
Electronic files containing patient names and contact
information will be password protected. Hard copies of
files containing deidentified data will be stored in locked
cabinets and/or in offices that are locked when not occupied. Consent forms will be stored in locked cabinets/
offices separately from other data. Only those individuals
who require access to the data for the purpose of this study
will be provided with the password to the file containing
identifiers and/or the keys to the locked cabinet/office.
Statistical analysis
Cohort descriptors and baseline values for primary and
secondary outcomes will be compared between groups
using Mann-Whitney U tests (continuous variables) or
Fisher’s exact test (categorical variables). Measures that
differ between groups at baseline may be used as covariates in the analysis of primary and secondary outcomes.
To test the primary hypothesis, we will calculate the 95%
CI for the postintervention difference between groups
(RBT minus AST) for the primary outcomes (VO2peak
and knee flexion and extension strength for each limb).
Our hypothesis of non-inferiority will be supported if the
lower limits of the 95% CIs are greater than the negative
of the non-inferiority limits.71 We will use both intention-
to-
treat and per-
protocol analyses to test the primary
hypothesis, as is recommended71; per-protocol analysis
will include only those participants who complete at least
80% of training sessions. We will also use paired t-tests
for each group individually to determine if the groups
improve over time in the primary outcomes. To address
the secondary objectives, we use analysis of covariance
(ANCOVA) to compare post-
training BBS, mini-
BEST
and ABC scores between groups, with the baseline value
for each measure as a covariate. The dependent variable will be rank transformed prior to conducting the
ANCOVA to allow for non-parametric analysis.

Methods: data management and analysis
Data collection methods
Outcome measures and cohort descriptors will be
obtained in two separate sessions by research assistants
who are blinded to group allocation. Cohort descriptors, secondary outcome measures and lower extremity
strength will be obtained in the first test session. VO2peak
will be obtained in the second test session (figure 1). This
will be done to ensure that measures of aerobic capacity
and strength are not influenced by fatigue. Primary and
secondary outcome measurement will be repeated in two
separate sessions at the end of the training programmes.
As this is a longitudinal study, participants may be lost
to follow-up. In order to keep track of participants, we will
request contact information of a friend or family member.

Sex and gender considerations
Within the general population, women have lower
cardiorespiratory fitness and muscle strength than
men,72 73 but women and men can both benefit equally
from aerobic and resistance training to increase physical
fitness.72 74 75 Likewise, women with stroke also have lower
aerobic capacity27 and strength76–78 than men. There is no
evidence of sex differences in adaptation to aerobic exercise poststroke.79 We are unaware of any study that examined sex differences in adaptation to resistance training
poststroke. Therefore, we will conduct subgroup analysis
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Methods: assignment of interventions
Intervention allocation
Participants will be assigned using blocked stratified
randomisation with allocation concealment to one of two
training groups: (1) RBT or (2) AST. The block size will
be 4, 6 or 8. There will be four strata based on two stratification factors: BBS score (two levels: ≤46 vs >46) and baseline VO2peak (two levels: <15 mL/kg/min vs ≥15 mL/kg/
min). A previous study found that BBS scores and baseline VO2peak predicted response to aerobic exercise among
individuals with chronic stroke.70 Therefore, stratification on these factors will ensure that the two groups are
approximately equivalent on these important prognostic
variables. Group allocation will be performed centrally by
the principal investigator (PI) who will not be involved
in recruiting, assessments or administering the interventions. The random allocation sequence will be computer
generated. On completion of the baseline assessment,
information required for randomisation (BBS score and
VO2peak), and information pertaining to participant eligibility will be communicated by the research assistant to
the PI. On randomisation, the PI will communicate group
allocation to the physiotherapist

Open access

Methods: monitoring
Data monitoring
A Safety and Monitoring Committee will be set up to
ensure that patient safety is maintained by monitoring
the trial for possible harmful effects. The members of this
committee will be clinical and patient safety experts who
are not involved in the study. The committee will evaluate
the data for any adverse events and recommend whether
the study should continue, be modified or stopped for
safety concerns. The Safety and Monitoring Committee
will be an independent multidisciplinary group of four
to five members with experience in rehabilitation and
conduct of clinical exercise trials. Membership will last
until the trial is complete. The members will be free of
major conflicts of interest that could prevent them from
objectively reviewing the interim data and giving advice.
The Safety and Monitoring Committee will meet once
prior to the initiation of the trial to discuss and agree on
the mandate, 6 months after initiation of the trial and
then two to three times/year until the end of the study to
evaluate the accrued data on adverse events. Additional
meetings may be held if deemed necessary by committee
members.
A Trial Steering Committee will determine the criteria
for the progression of the internal pilot to the main
study.84 The committee will meet one time at the start
of the study and one time after the data for the internal
pilot is collected and analysed. In the first meeting, the
committee will develop the criteria concerning recruitment and results which will ensure the success of the
main trial. In the second meeting the committee will
discuss the results and will decide on the progression of
the internal pilot with or without modifications.
Potential harms
CPET and aerobic exercise
There is a very low risk of injury or cardiovascular complications with exercise or testing. Pavy et al85 cited event
rates of 1 per 8484 exercise stress tests in cardiac rehabilitation. A recent study found no serious cardiovascular
complications during 93 cardiopulmonary exercise stress
tests conducted in people with stroke.27 The CPET will
be overseen by a physician and we will minimise the risk
Barzideh A, et al. BMJ Open 2020;10:e035740. doi:10.1136/bmjopen-2019-035740

of cardiac complications by monitoring ECG during the
exercise test. The CPET will be stopped if one of the
following occurs86:
1. When any of following thresholds are met:
–– Heart rate reaches/exceeds the age-predicted maximal heart rate.
–– Cadence cannot be maintained; for example, decrease of >10 rpm after one reminder.
2. Additional indications to stop the test:
–– Drop in systolic blood pressure by 10 mm Hg or a
failure of blood pressure to rise with increase in exercise intensity.
–– Excessive rise in blood pressure.
–– Failure of heart rate to increase or drop in heart
rate with increased exercise intensity.
–– Patient requests to stop and/or physical manifestations of severe fatigue.
–– Signs of poor perfusion, for example, light-
headedness, confusion, ataxia, pallor, cyanosis, cold
clammy skin, and so on.
–– Onset of angina-like symptoms.
–– Abnormal/severe shortness of breath.
–– Failure of test equipment.
There is a risk that the tests will reveal possible health
problems of which participants were previously unaware
(eg, ECG abnormalities during the CPET) as previously
reported.27 In this event, participants will be informed of
the situation by the testing physician and will be urged
to make an appointment with their doctor. With the
patient’s consent, the results of the CPET will be sent to
their primary care physician, cardiologist and/or neurologist (if applicable).
Heart rate and blood pressure will be measured at
rest at the start of every study visit to obtain a baseline
measure of cardiovascular function. If measured blood
pressure or heart rate is outside of an acceptable range
(systolic: 90–140 mm Hg; diastolic: 60–90 mm Hg; heart
rate: 60–100 bpm) a second measure will be obtained.
If the second measurement reveals elevated heart rate
and/or blood pressure, the participant will be allowed
to rest seated for 5 min, after which heart rate and blood
pressure will be remeasured. If the second measurement
reveals low heart rate and/or blood pressure, the participant will be offered a glass of water and heart rate and
blood pressure will be remeasured after 5 min. Participants with heart rate/blood pressure measurements
outside the acceptable range will also be questioned
regarding recent medications (what they have taken and
when, or if they have not taken their usual medications),
when they last had something to eat and drink and if
they recently took caffeine or exercised. The decision
to continue or terminate the study visit will be made by
study personnel who are members of regulated healthcare profession (ie, physiotherapist, registered kinesiologist or medical doctor) considering factors such as
the participants’ usual resting heart rate/blood pressure, how far the measured values are outside of the
acceptable range, the participants’ usual medications
9
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by sex on strength measures to determine if such differences exist.
Research in cardiac rehabilitation suggests that women
are less likely to enrol in exercise, have lower attendance
and are more likely to withdraw from the programme
than men.80–82 These findings may be explained by gender
roles (eg, low social support) rather than biological differences.80 82 Similar trends are seen in stroke rehabilitation,
with slightly fewer women participating in aerobic exercise than men.83 Women may be less likely to enrol in this
study, have lower attendance or be more likely to withdraw than men. We will track and report attendance and
withdrawal rates by sex/gender.

Open access

Balance testing and training
As the assessment and intervention include tasks that
are challenging to balance control, there is a small risk
that participants will lose their balance and fall. Appropriate precautions will be taken to ensure patient safety
during these tasks. Interventions will be administered
by a trained and licensed physiotherapist. Assessments
will be completed by trained research assistants with a
health sciences background. A safety harness attached
to a secure point overhead will be worn for all postural
perturbations (during assessment and for participants
assigned to the RBT group) to prevent a fall to the floor
if the individual fails to regain stability. Additionally, the
research assistant or physiotherapist can provide assistance to prevent a fall. However, even if the participant is
caught by the safety harness or researcher, there is a very
small chance that participants will suffer a physical injury
(eg, sprain or bruise). Participants assigned to the AST
group are also at risk of falling during exercise. To minimise the risk of falling, exercise will be supervised by a
physiotherapist who will adopt appropriate modifications
for individuals at risk of falling (eg, using seated recumbent stepping instead of treadmill walking, or performing
resistance exercises in a seated position).

Auditing
The PI will periodically review the completeness and
accuracy of study documents to ensure the integrity of
the trial. Any adverse event during assessment and exercise sessions will be recorded by the research assistants
and the physiotherapist, respectively. These records will
be reviewed periodically by the Safety and Monitoring
Committee.

Ethics and dissemination
Research ethics approval
Research ethics approval has been received by the
Research Ethics Boards of University Health Network
(study ID: 18-5784.0, approved 21 June 2019) and the
University of Toronto (protocol number: 37859, approved
27 June 2019).
Protocol amendments
Substantive changes to the design or conduct of the study
will require a formal amendment to the study protocol.
Such substantive amendments will be agreed on by the
members of the Trial Steering Committee and will be
approved by the Research Ethics Boards prior to implementation. Minor administrative changes to study documents (eg, correcting a typographical error or clarifying
a questionnaire item) may also be implemented, with the
Research Ethics Boards notified of the changes.

Actions taken in the event of adverse events
In case of an adverse event requiring immediate medical
attention, the study personnel will follow hospital code
procedures. Depending on the nature of the adverse
event, this may include calling a ‘code blue’, calling 911
and initiating cardiopulmonary resuscitation. As the
greatest risk of cardiopulmonary resuscitation is during
the CPET, consent for resuscitation will be obtained immediately before the CPET, per routine clinical procedures.
In the event of a minor physical injury, the physiotherapist will provide first aid, will advise the participant
regarding follow-up with a medical professional (eg, family
doctor) and home treatment (eg, rest, ice, compression,
elevation) and will follow-up with the participant after a
day or two.

Consent
The research assistant will initially discuss the study with
potential participants via telephone; the research assistant
will explain the study procedures and risks. If the volunteer provides verbal consent to participate in the study, the
research assistant will complete an eligibility checklist. If
the volunteer meets the criteria for the study, he/she will
be scheduled to come to the site for an initial assessment.
During the initial assessment, the research assistant will
explain the study again and will obtain written informed
consent to participate (online supplementary appendix).
An informed consent process checklist will be completed
during the initial telephone conversation and during the
initial assessment.
A referral form will be used to share participant contact
and health information, and any questions participants
have about the CPET, with the CPET staff. Participants
will be contacted via telephone by the study physician
prior to the CPET to have a more detailed discussion
about the risks of the CPET. The physician will answer any
questions that participants have about the CPET during
this telephone conversation. Participants’ preference
for resuscitation will also be discussed during the telephone conversation. Written consent for the CPET will
be obtained by the testing physician on the participant’s
CPET visit. The participant will have another opportunity
to have their questions answered in person at the start
of this visit. Participants will be reminded that they can
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Strength testing and training
Participants will be advised that muscle fatigue and soreness are common with exercise, particularly new exercises, but that soreness typically resolves within 2–3 days.
Fatigue will also recover in a few hours. Participants will
be reminded to report any episodes of soreness to study
staff.
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(eg, beta blockers) and the participants’ perception of
how they are feeling. If the visit is terminated, the study
personnel may advise that the participant follow-up with
his/her primary care physician. If the visit continues, the
physiotherapist may choose to monitor the heart rate
and blood pressure regularly throughout the visit and
observe the cardiovascular response to exercise (if the
visit is a training session).
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