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Purpose: Intensity of a training program is a critical variable in treatment gains poststroke, but
there are no guidelines to adequately dose the intensity of functional training (FT); the recom-
mended type of training to promote poststroke recovery. Such guidelines are made available for
strength training (ST) using the 1 repetition maximum (1RM), which has been linked to individu-
als’ self-rated level of exertion using the Borg rating of perceived exertion (BRPE) scale. The
BRPE could be a valuable tool for clinicians to dose FT intensity after a stroke, but this remains
to be tested. The main objective of the study was to evaluate the feasibility of the BRPE at grading
FT intensity of the affected upper limb in older adults with a chronic stroke and secondarily to
explore the clinical changes between FT and ST when the intensity is regulated with BRPE.
Patients and methods: Twelve participants were randomized into a FT or ST group and
trained their affected upper limb (3 times/week for 4 weeks) with the intensity standardized with
BRPE. Feasibility was assessed by adherence, occurrence of adverse events, and comparison
of BRPE ratings between groups. Clinical changes were defined as improvements on the Fugl-
Meyer motor assessment (FMA) and Wolf motor function test (WMFT).

Results: All participants adhered to FT/ST without adverse effects, and comparable BRPE ratings
were noted between groups throughout the training (P=0.42). Both groups showed significant
gains at the FMA (ST: 514 points/FT: 614 points; P=0.04) and WMFT (ST: 0.440.3 points/FT:
0.610.4 points; P=0.05), which were comparable between groups (P=0.47).

Conclusion: The results suggest that it is feasible to use the BRPE scale to adjust FT intensity.
Gains in motor function in both groups suggest that undergoing therapy, regardless of its type,
might be a sufficient stimulus to produce gains when intensity is adequately adjusted. Further
studies are needed to validate the current observations.

Keywords: stroke, Borg rating of perceived exertion scale, functional training, strength training,

feasibility, motor function

Introduction

Age is among the strongest risk factors for stroke. Starting at 55 years, the risk of stroke
doubles each decade; hence, about 80% of strokes happen in individuals aged 60 years
and older.'? Muscle weakness contralateral to the brain lesion is among the most
debilitating impairments after stroke and has a detrimental impact on the functional
performance and independence of survivors.* North American and European stroke best
practice guidelines** recommend the prescription of exercise to help reduce the nega-
tive impact of muscle weakness on stroke recovery, regardless of age. Knowing that
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the level of participation in an exercise program is one of
the best predictors of performance in activities of daily
living in older adults,’ promoting the practice of exercise
becomes even more important for that subset of the popula-
tion. Exercise can be defined as the practice of movements
through a gradual increase in resistance using free weights or
machines (strength training [ST]) or by the repetitive practice
of a functional task (functional training [FT]).># To optimize
treatment gains and adherence, the current trend in poststroke
rehabilitation is to provide training that is meaningful to the
individual.” Today, therefore, FT is the most recommended
type of training to support recovery,’® even at the chronic
stage of a stroke.’'?

The characteristics (eg, frequency, intensity) of exercise
programs are of crucial importance to optimize training
responses and promote recovery poststroke.> Among these
characteristics, intensity of training is now recognized as a
key element of exercise prescription.'* So far, intensity has
been evaluated mainly by the amount of time spent in the
therapy, with augmented therapy time usually translating
into further improvement in motor recovery.!* Because of
the varying degrees of motor recovery that occur after a
stroke, similar time spent in the therapy does not necessarily
mean similar intensity of training; for the same amount of
therapy time, a stroke survivor with better recovery is more
likely to do more exercise repetitions than a survivor with
a lower level of recovery.'* Knowing that FT is the most
frequent type of exercise adopted by clinicians during their
clients’ rehabilitation, it becomes crucial to ensure a proper
intensity level for this training program to adequately support
recovery. Unfortunately, intensity grading of a FT program
can be challenging for clinicians, as no specific guidelines
exist so far,” often translating into a suboptimal FT intensity
level.' On the other hand, stroke best practice guidelines do
provide explicit intensity grading for ST programs, using the
1 repetition maximum (1RM; maximal load that a person can
lift once in his available range of motion).® The guidelines
state that intensity of ST should start at 50% of 1RM and
increase to up to 80% of 1RM during training. Thus, ST
program intensity can be easily controlled to provide chal-
lenging exercises at all times during the training of patients
with a stroke.

One way to help clinicians set and grade the intensity
of their FT programs could be by the use of the Borg rating
of perceived exertion (BRPE) scale.!> The BRPE is a
user-friendly scale that measures an individual’s self-rated
physical exertion during exercises with scores ranging from
6 (no exertion) to 20 (maximum exertion).!* The BRPE can

be accurately rated by individuals with a stroke, regardless
of the severity of their motor impairments.'*'® The BRPE
has been positively used to prescribe ST intensity of the
leg' and arm?® in young and older healthy individuals with
BRPE scores of 11, 13, and 16/20, representing an intensity
level of about 40%, 60%, and 80% of 1RM, respectively.!*?
Because the BRPE is a self-rated exertion scale, it considers
the individual’s residual ability and could represent a prefer-
able way to set and grade the intensity of training poststroke
than the time spent in therapy.

So far, the BRPE has never been used to grade the training
intensity of a FT program in either healthy people or indi-
viduals with a pathology, such as a chronic stroke, to warrant
optimal FT training characteristics. Considering the above-
mentioned studies, we hypothesized that the BRPE would be
a feasible scale to use to grade the intensity level of a FT pro-
gram, while following ST intensity grading recommendations.
Also, based on the premise that type of training does not seem
to be a key element in promoting posttraining clinical gains
after a stroke,?!?2 the secondary objective was to explore
the effectiveness of FT and ST in improving affected upper
limb recovery, when the intensity of training is comparable.
We hypothesized that both FT and ST would produce similar
improvements in affected upper limb recovery.

Patients and methods

Design and participants

This study took part at the Research Center on Aging in
Sherbrooke (Quebec, Canada), and the participants were
recruited from the medical archives of the CIUSSS de
I’Estrie-CHUS, as well as from the Association des acciden-
tés cérébro-vasculaires et traumatisés craniens de 1’Estrie,
an association for people who have suffered a stroke in
Sherbrooke. To be part of this single-blind pilot study,
participants had to meet the following eligibility criteria:
1) age =50 years, 2) single stroke =6 months prior to
study entry, 3) present at least minimal motor recovery in
the affected upper limb (=15/66 on the Fugl-Meyer motor
assessment [FMA]), and 4) have completed any rehabilita-
tion treatment. People with 1) contracture of the affected
upper limb (score >3 on the modified Ashworth Scale at
the elbow, wrist, fingers, and thumb flexors), 2) orthopedic
problems in the affected upper limb (eg, fracture, sprain),
and 3) neurological problems other than the stroke were
excluded. All participants signed a written informed consent
form, and the study was approved by the CIUSSS de I’Estrie-
CHUS institutional ethics board. This study was conducted
in accordance with the Declaration of Helsinki.
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Participants were stratified based on their baseline FMA
score (<40 and =40). Within each stratum, a computerized
simple randomization was then performed by one of the
authors (M-H M) to assign participants to the ST group (n=06)
or the FT group (n=6). Group allocation was concealed by
the author in a spreadsheet.

Training programs and feasibility

The training parameters were identical for both training
programs and followed the American Stroke Association
position on exercise prescription after stroke.® Participants
were trained three times a week for four weeks. Each train-
ing session comprised three series of 10 repetitions for each
movement, with a 2-minute rest between series. Each training
session lasted 60 minutes. For both training groups, muscle
groups that play a key role in the functional performance of
the upper limb were targeted”?** (ie, wrist extensors, elbow
and shoulder flexors, and grip muscles).

The intensity of training was standardized using the
BRPE 6-20 scale.”® The BRPE 6-20 scale was preferred
over the BRPE 0-10 scale because previous studies used the
same scale for evaluating the link between perceived exer-
tion and 1RM."? After each set of exercises, the trainer
asked the participant to rate his level of effort at performing
the exercises on the BRPE scale (“How hard you feel your
body has worked?”). Shortness of breath was not a variable
to consider in the rating, as done so for aerobic exercise.?
To follow the ST intensity training guidelines, the intensity
level of the FT program started at a BRPE of 12—13/20
(“fairly light/“somewhat hard”, respectively) to reach
15-16/20 (“hard”/“very hard”, respectively) by week 4,
corresponding to about 80% of 1RM. 1920

Feasibility of the study was assessed by noting partici-
pants’ adherence to the training program, when using the
BRPE scale to grade the intensity of the FT program, by com-
paring the participants’ BRPE ratings in FT and ST groups
after each week of training and by recording the occurrence
of adverse events (eg, pain, spasticity).

Strength training program

For the ST, participants trained the shoulder flexors, elbow
flexors, and wrist extensors by lifting free weights with the
targeted muscle groups. Grip muscles were trained using
a JAMAR® dynamometer (Lafayette, IN, USA). For each
muscle group, the maximum load that a participant could
lift 10 times (10RM) was used to estimate the 1RM using
the formula of Brzycki.? The 10RM was preferred over the
IRM to avoid tendon and muscle injuries as well as fatigue,

knowing that hemiparetic muscles undergo structural and
metabolic changes due to the stroke.?” At the beginning of
each week of training, the IRM was estimated de novo to
allow proper dosing and progression of the free weights lifted
during shoulder flexors, elbow flexors, and wrist extensors
training. For the grip muscles, participants’ maximum grip
strength was determined each week and used to dose and
determine the progression of the training of the grip muscles.
Training started at 50% of subjects IRM or maximal grip
strength and progressed to 60%, 70% and 80% at weeks 2,
3 and 4, respectively.

Functional training program

The FT aimed at performing various tasks involving the
affected upper limb such as writing, pouring water, screw-
ing, lifting boxes and putting them on a shelf, and throwing
and catching a Velcro ball. Progression was made when the
participant rating was below the BRPE target intensity level
for each specific week of training. For example, for week 1,
progression of exercises was made if the subject rated a set
of tasks =12 on the BRPE. The trainer then increased the
difficulty of the task to keep it challenging, but feasible for
the participant by varying, among other things, the speed of
movement or size of an object. For each participant, the trainer
recorded training progression in a log book. Training started
at a BRPE rating of 12-13/20 and progressed to 13—14/20,
14-15/20, and 15-16/20 at weeks 2, 3, and 4, respectively.

Clinical assessment

Before and after FT and ST, participants underwent a
clinical assessment of their affected upper limb by a blinded
evaluator. The main outcome measures were the scores in the
FMA, assessing motor function of the affected upper limb
(66=normal),”® and the Wolf motor function test (WMFT),”
evaluating functional performance of the affected upper limb
through 15 functional tasks (5=normal) and 2 strength-based
tasks. These tools have good validity and reliability with
people with a stroke.?%

The secondary outcome measures were the scores in the
Motor Activity Log (MAL),* indicating the participants’
self-rated amount and quality of use of their affected upper
limb in daily activities (5=normal), and grip strength, mea-
sured with a JAMAR®™ dynamometer (average of three trials
in kilograms).

Statistical analyses
Feasibility outcome measures were assessed by summariz-
ing the number of participants having completed the FT
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and ST, as well as the number of adverse events reported.
Also, for each week of training, each subject’s BRPE ratings
within a training session were averaged, and the mean (SD)
of the BRPE ratings per week of training for each group
was calculated. Comparison of these ratings between both
groups was done by a Wilcoxon rank-sum test. To explore the
impact of FT and ST on clinical measures, Mann—Whitney
U and Chi-squared tests were first used to ensure that both
groups were comparable on sociodemographic and clinical
outcomes. Afterward within each group, clinical changes
were evaluated by a Wilcoxon signed-rank test, whereas a
Wilcoxon rank-sum test was used to compare these clinical
changes between the two groups. Significance level was set at
0.05, and statistical analyses were performed using SPSS18®
(SPSS Inc., Chicago, IL, USA).

Results

Feasibility

All participants fully complied with the FT and ST training
programs and completed all 12 training sessions (100%
adherence). Moreover, no participant reported the occur-
rence of adverse events in the FT and ST training groups,
and no exacerbation of spasticity in the affected upper limb
was noted for either group posttraining. For each week of
training, the FT group BRPE ratings were similar to the ST
group (Table 1). The FT group average BRPE rating reached
13£1.4 at week 1 and 14%1.6 at week 4, whereas the ST
group BRPE rating reached 1320.6 at week 1 and 14+1.2
at week 4 (Table 1).

Clinical changes

Baseline sociodemographic and clinical
characteristics

All the subjects presented sufficient motor recovery of the
affected upper limb (FMA scores range from 17 to 66/66)

Table | BRPE ratings of the strength and functional training
groups

BRPE Strength training | Functional training | P-value

rating group, mean group, mean (SD)

(/20) (SD) [range] [range]

Week | 13 (0.6) 13 (1.4) 1.0
[13-14] [10-14]

Week 2 13 (0.8) 14 (1.5) 1.0
[12-14] [12-16]

Week 3 13 (1.0) 14 (1.5) 1.0
[12-14] [12-16]

Week 4 14 (1.2) 14 (1.6) 1.0
[12-16] [I1-15]

Abbreviation: BRPE, Borg rating of perceived exertion.

to exercise the targeted muscle groups. No statistically
significant difference was noted between the two groups
for baseline sociodemographic and clinical characteristics,
except for spasticity of the affected wrist flexors, where the
FT group showed more spasticity than the ST group. How-
ever, the mean score on the modified Ashworth Scale for
the wrist flexors was very low, falling below the category of
“slight increase in muscle tone”; even though the FT group
presented more spasticity, the wrist joint could still be moved
easily in both groups (Table 2).

Functional training group

The FT group presented a significant 6-point gain on the
FMA, exceeding the minimal clinically important difference
(MCID) of five points for this scale at the chronic phase of
a stroke.** Only the score, and not the time to completion,
showed improvement on the WMFT, falling beyond the
MCID of 0.3 points for individuals with a chronic stroke.*
This means that, in general, participants performed better
at the tasks but did so at the same speed. For the MAL,
although participants reported no change in the amount of
use of their affected upper limb in daily tasks posttraining,
they noted a significant improvement in the quality of its
use. No change in the affected grip strength was observed
posttraining (Table 3).

Strength training group

Similar to the FT group, the ST group showed a significant
S-point gain on the FMA, reaching the FMA MCID cutoff
score.* Significant improvements in the WMFT score, time
to completion, and amount of weight that could be lifted
were also noted, exceeding the 0.3 points and 1.5 seconds
WMFT MCID cutoff scores.* These changes were accom-
panied by a significant improvement in quality of use on
the MAL of the affected upper limb, as self-reported by the
participants, with a trend toward a positive change for
the amount of use. Of note, an average score greater than
three points on the MAL can be indicative of a meaning-
ful improvement posttherapy, where the individual can
perform 50% more tasks with his affected upper limb
without assistance.’**” No change was noted in affected
grip strength (Table 3).

Group comparison

No difference in clinical changes was noted between the
two groups, except for the weight that could be lifted with
the affected upper limb on the WMFT, which increased
significantly in the ST group (Table 3).
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Table 2 Baseline sociodemographic and clinical characteristics of the strength and functional training groups

Strength training group Functional training group | P-value

Sociodemographic characteristics

Age (years) 6419 68+6 0.52

Time since stroke (months) 47+18 58+79 0.52

Side of stroke (right/left) 1/5 2/4 0.08
Clinical characteristics

Fugl-Meyer motor assessment (normal=66) | 50t17 5617 0.63
Wolf motor function test

Score (normal=5) 3.7£1.3 3.9£0.6 1.0

Time to completion (s) 13.6+25.6 3.1£0.9 0.75

Weight (maximum=20 Ibs) 916 14+7 0.29
Motor Activity Log

Amount of use (normal=5) 3.0£1.6 3.840.9 0.42

Quality of use (normal=5) 2.8+1.5 3.5%1.0 0.69
Modified Ashworth Scale

Elbow flexors (normal=0) 0.7£0.5 0.8+0.8 0.72

Wrist flexors (normal=0) 0+0 0.8+0.8 0.02

Fingers flexors (normal=0) 0.5+0.8 0.310.8 0.59

Thumb flexors (normal=0) 0.2+0.4 0.2+0.4 1.0
Grip strength (kg)

Affected side 15+8 2419 0.08

Unaffected side 28+12 34£10 0.42

Note: *Chi-squared test, otherwise Mann—Whitney U test.

Discussion The BRPE was positively used by all participants, and the
This pilot study examined the feasibility of using the BRPE ~ FT group ratings were similar to the ones of the ST group
scale to dose the intensity level of a FT program of the that was trained at recommended intensity levels as set by
affected upper limb in older adults with a chronic stroke.  the American Stroke Association 1RM guidelines. Moreover,

Table 3 Changes in clinical measures within and between the strength and functional training groups following a 4-week training

program
Clinical measures Strength training group P-value® Functional training group | P-value® P-value®
Pre Post Pre Post
FMA (normal=66) 5017 55£15 0.04 56+7 6215 0.04 0.63
WMFT
Score (normal=5) 3.7x1.3 4.1£1.2 0.05 3.9+0.6 4.5+0.4 0.05 0.47
Time to completion (s) 13.6+25.6 10.4+18.9 0.05 3.1+0.9 2.6+0.9 0.17 0.75
Weight (maximum=20 Ibs) 916 1317 0.03 14+7 14+7 0.66 0.0l
MAL
Amount of use (normal=5) 3.0£1.6 3.6x1.6 0.08 3.810.9 4.240.9 0.14 0.75
Quality of use (normal=5) 2.8%l1.5 3.4+1.6 0.03 3.5£1.0 4.140.8 0.04 0.87
MAS
Elbow flexors (normal=0) 0.7+0.5 0.7+0.5 1.0 0.8+0.8 0.5+0.5 0.16 0.39
Wrist flexors (normal=0) 0+0 0.3+0.5 0.16 0.8+0.8 0.31£0.5 0.18 0.13
Fingers flexors (normal=0) 0.5+0.8 0.3+0.8 0.32 0.3+0.8 0.2+0.4 0.32 1.0
Thumb flexors (normal=0) 0.2+0.4 0+0 0.32 0.2+0.4 0.2+0.4 0.32 1.0
Grip strength (kg)
Affected side 1548 1748 0.34 24+9 251 | 1.0 0.57

Notes: *Within-group comparison using the Wilcoxon signed-rank test. "Between-group comparison using the Wilcoxon rank-sum test.
Abbreviations: FMA, Fugl-Meyer motor assessment; WMFT, Wolf motor function test; MAL, Motor Activity Log; MAS, Modified Ashworth Scale.
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no adverse events were reported by the participants during
training. The secondary objective of this pilot study was to
explore the impact of FT and ST on clinical outcomes of
the affected upper limb when both groups were trained at
a comparable level of intensity. With the exception of grip
strength, results showed significant improvements on the
FMA, WMFT, and MAL for both groups.

Since intensity in the present study was graded using the
BRPE and standardized between FT and ST and that both
training groups showed significant clinical gains, this sug-
gests that intensity is an important variable to control in train-
ing protocols to ensure gains after a stroke. Unfortunately,
recommendations for the dosage of FT program intensity do
not exist in current guidelines for exercise prescription after
a stroke,® even though FT is the most frequently adopted
form of therapy in rehabilitation settings. Adjustment of
FT is thus based on clinicians’ judgment or time spent in
therapy. In their review on dose—response relationship in
stroke rehabilitation, Lohse et al'® noted that the time spent
in therapy, used as an indicator of treatment intensity, was a
significant predictor of improvement after a stroke. However,
as reported by Wallace et al,'® time spent in therapy can be
highly influenced by the survivor’s motor recovery and thus
might not equate to a similar intensity of treatment between
individuals. Hence, in poststroke training protocols, other
measures of intensity should be used rather than time spent
in therapy, one of the most commonly used measures of
intensity reported in the literature to date.” In the present
feasibility study, we proposed the use of the BRPE to dose
intensity of training for FT programs with a focus on the level
of effort of participants during exercises rather than shortness
of breath, as used for aerobic exercising.”> The BRPE is a
user-friendly and low-cost scale that can be adequately rated
by individuals with a stroke,'¢!® as observed in the current
study. The overall average rating of participants in the FT
group was 14 with a range of 12-15, falling in the target
intensity training of 50%—80% 1RM" of ST stroke exercises
recommendations.® Since the BRPE was positively used to
dose and standardize the intensity of therapy without any
adverse events, it could thus be an interesting tool to adjust
intensity between training types and individuals.

The finding that FT did not generate greater clinical
gains than ST supports previous studies comparing these two
types of training.*'*? It is thought that because of the stroke,
individuals are often less active’ and deconditioned,*® with
cardiorespiratory fitness as low as half that of age-matched
healthy individuals. Moreover, older adults often have other
chronic diseases, impacting their level of physical activity

even more."*® Thus, participating in a demanding training
program exercising muscle groups that play a key role in
performing daily tasks could be a sufficient stimulus to foster
clinical gains of the trained limb, regardless of the training
type,’ when the intensity of training is properly dosed. Since
the present preliminary results seem to show that FT and ST
are equally effective, clinicians could then choose a training
program that best fits their patients’ preference and use the
BRPE to set, monitor, and dose the intensity of training to
allow their clients to recover to their full potential.

Study limitations

In general, the participants in this pilot study had recovered
well from their stroke. It would be interesting to examine the
usability of the BRPE at dosing intensity of training in more
severely affected older adults, as well as with individuals
with cognitive impairments, to extend the results of the
present study to a broader population with a stroke. Of note,
since the training program progressed from a BRPE rating
of 12—13 to 15-16/20, subjects did not experience a wide
variety of perceived exertion to fully assess the BRPE scale
at dosing the intensity of training. In addition, knowing the
link between heart rate and perceived exertion during aerobic
exercises, it would have been interesting to evaluate if this
relationship still holds for a FT or ST program. However,
heart rate was not monitored in this study. Also, clinicians
should keep in mind that individuals with a stroke, especially
when in the chronic phase, could overestimate their BRPE
rating, since their level of activity tends to decrease after a
stroke, limiting their conception of maximal exertion.* Thus,
clinicians should be careful when using a self-rated physical
exertion scale, although no adverse events were reported in
the current study, supporting the use of the BRPE at dosing
intensity of training. However, because this was a pilot study
with a limited number of participants, larger randomized
studies are needed to validate the current preliminary obser-
vations. Finally, the BRPE might not be optimal for all types
of training or activities, since a poor relationship between
the BRPE and total energy expenditure, as assessed by gas
exchange analysis, was noted for walking and stair activities
in individuals with a chronic stroke.*

Conclusion

This pilot study showed that it is feasible to use the BRPE
scale as a tool to guide the intensity regulation of a FT
program of the upper limb in older adults at the chronic
phase of a stroke. When trained at a proper intensity level,
both FT and ST translated into gains on clinical measures.
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The results suggest that the type of training might not be a
critical feature of training protocols at the chronic stage of
a stroke and that training at an appropriate intensity might be
a strong enough stimulus to warrant treatment gains. Based on
the current feasibility results, a randomized controlled trial,
using the present BRPE protocol, is needed to further assess
ifa FT program, regulated with the BRPE, is more effective
at improving recovery after a stroke than a FT program, as
currently used in rehabilitation settings. This will allow to
provide clinicians with a user-friendly tool to properly train
their clients and help them recover to their full potential.
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