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ABSTRACT
Purpose: To investigate the feasibility of a phone-monitored home exercise program for the upper limb
following stroke. Methods: A pre-post double baseline repeated measures design was used. Participants
completed an 8-week home exercise program that included behavioural strategies to promote greater use
of the affected upper limb. Participants were monitored weekly by therapists over the phone. The follow-
ing feasibility outcomes were collected: Process (e.g. recruitment rate); Resources (e.g. exercise adherence
rate); Management (e.g. therapist monitoring) and Scientific (e.g. safety, effect sizes). Clinical outcomes
included: The Chedoke Arm and Hand Inventory, Motor Activity Log, grip strength and the Canadian
Occupational Performance Measure. Results: Eight individuals with stroke were recruited and six partici-
pants completed the exercise program. All but one of the six participants met the exercise target of
60 minutes/day, 6 days/week. Participants were stable across the baseline period. The following post-treat-
ment effect sizes were observed: CAHAI (0.944, p¼ 0.046); MALQ (0.789, p¼ 0.03) grip strength (0.947,
p¼ 0.046); COPM (0.789, p¼ 0.03). Improvements were maintained at three and six month follow ups.
Conclusions: Community dwelling individuals with stroke may benefit from a phone-monitored upper
limb home exercise program that includes behavioural strategies that promote transfer of exercise gains
into daily upper limb use.

� IMPLICATIONS FOR REHABILITATION

� A repetitive, task-oriented home exercise program that utilizes telephone supervision may be an effect-
ive method for the treatment of the upper limb following stroke

� This program is best suited for individuals with mild to moderate level impairment and experience a
sufficient level of challenge from the exercises

� An exercise program that includes behavioural strategies may promote transfer of exercise gains into
greater use of the affected upper limb during daily activities
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Introduction

Following a stroke, up to three quarters of survivors will experi-
ence upper limb impairments that may impact their ability to par-
ticipate in life activities.[1] At six months post stroke, less than half
of these individuals will regain independent functioning of their
upper extremity.[2] The discrepancy between what a patient can
do and actual use of the paretic limb in the patients’ own environ-
ment, referred to as learned non-use, is also a major concern.[3]
Despite gains made during rehabilitation, many individuals do not
go on to use their paretic upper limbs.[4,5] Reduced arm use has
been associated with decreased strength, bone density and
reduced quality of life.[6,7] Therefore, maximizing lasting rehabilita-
tion gains is important for the patients’ long-term health and for a
sustainable healthcare system.

Interventions with the best evidence for promoting upper limb
recovery after stroke involve intensive, repetitive and task-oriented

practice.[8] The Graded Repetitive Arm Supplementary Program
(GRASP) is a recently developed self-administered intervention for
the paretic upper extremity that is based on these evidence-based
principles. A 2009 study found GRASP to be effective for increasing
upper limb function and use during inpatient rehabilitation and
GRASP has been widely implemented.[9–11] Participants who
received the GRASP protocol were asked to perform 60 minutes of
exercise per day outside of structured therapy time and were
monitored weekly by a therapist. The self-administered design of
GRASP allows it to be cost-effective with inexpensive equipment
and minimal increases in direct therapist time. We propose that
the GRASP design may allow it to be adaptable for use in the
home with community dwelling individuals with stroke.

While the original GRASP inpatient trial utilized face-to-face
sessions by a therapist for the purpose of progressing the exer-
cises and to monitor adherence, a home program could

CONTACT Janice J. Eng janice.eng@ubc.ca Department of Physical Therapy, University of British Columbia, 212-2177 Wesbrook Mall, Vancouver, BC, V6T 1Z3,
Canada
� 2016 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided the original work is properly cited.

DISABILITY AND REHABILITATION, 2017
VOL. 39, NO. 9, 874–882
http://dx.doi.org/10.3109/09638288.2016.1162853



potentially utilize phone monitoring to check whether exercises
are being completed and whether the patient is incorporating
their stroke-affected arm into their daily activities. A program
initiated in the home has advantages; one could more easily
transfer the gains made from the repetitive exercises to using
one’s affected arm and hand during daily activities (and thus,
circumvent learned non-use). Also, as hospital stays continue to
reduce, patients are being discharged home earlier where they
may not have access to intensive therapies. Current literature
calls for more resource efficient interventions to continue ther-
apy in the home and/or reach rural patients who may not have
access to outpatient care.[8]

To date, there are few studies that examine home based exer-
cise programs for the stroke affected upper limb. A recent
Cochrane meta-analysis found there was insufficient evidence to
determine whether home-based exercise programs had an effect
on upper limb recovery.[12] A 2014 study however utilized a
three-month home exercise program and a tele-rehabilitation com-
ponent and found increased upper limb strength and function fol-
lowing the intervention.[13] It is unclear if the participants in this
study translated their strength and functional gains into greater
use of their upper limbs however as the study did not include a
measure of upper limb use.

In addition, few existing treatments incorporate behavioural
change strategies to address the propensity of learned non-use.
Behavioural change interventions that utilize self-management
approaches, which involve the active participation of clients,
have been effective for increasing healthy behaviours such as
physical activity.[14] Moreover, behavioural strategies that incorp-
orate self-regulation techniques such as goal setting, self-moni-
toring of behaviour and feedback on performance are
particularly effective.[14] A recent systematic review examining
the use of self-management programs for people with stroke
found preliminary support for self management programs spe-
cific to the stroke population. However, the review noted that
the exact timing, content and delivery mode still needs to be
determined.[15] One example of an intervention that utilizes
behavioural change strategies to promote an increase in upper
limb use is Constraint-Induced Movement Therapy (CIMT).[16]
Although CIMT has strong evidence to support its efficacy, it is
both resource and time intensive. Investigations into more cost-
efficient interventions that incorporate behavioural strategies are
therefore warranted.

We developed a novel program called the H-GRASP (Home-
GRASP) with the following attributes: (1) graded self-adminis-
tered exercises adapted from GRASP; (2) use of behavioural
strategies to promote incorporation of the paretic limb into
daily activities; (3) support and monitoring provided by phone.
The objective of this study was to investigate the feasibility of
the H-GRASP among individuals living in the community follow-
ing a stroke.

Methods

This study used a repeated measures design; a double baseline
measurement was followed by the eight-week intervention and
three follow-up measurements. Participants were assessed at the
following time periods: upon recruitment (initial), four weeks post
initial assessment (baseline); post H-GRASP training; (post H-
GRASP); three months post training (3 M follow up) and six
months post training (6 M follow up) (Figure 1). The study was
approved by the relevant university ethics board.

Participants

Potential participants were recruited from outpatient stroke
rehabilitation programs at two hospitals. The inclusion criteria was:
(1)>19 years old; (2) diagnosis of first-ever stroke, confirmed by
magnetic resonance imaging (MRI) or computed tomography (CT)
(3)>2 months and<12 months post stroke; (4) 10� active wrist
and finger extension (4) difficulty using the affected upper limb
(<5 on the Motor Activity Log); (5) completion of formal rehabilita-
tion programs; (6) living in the community (7) able to understand
and follow instructions. Exclusion criteria included: (1) neurological
condition other than stroke; (2) medically unstable; (3) musculo-
skeletal condition that affected use of either UE (e.g. fracture or
arthritis); (4) previous experience with the GRASP protocol, (5) no
identified upper limb therapy needs as identified by the treating
outpatient occupational or physical therapist. All participants were
screened for eligibility during a telephone session prior to partici-
pating. Individuals with severe communication impairment that
limited their ability to communicate over the phone were not
excluded from the study if a caregiver was able to participate.

Intervention

The original GRASP (http://neurorehab.med.ubc.ca/grasp/) con-
sisted of three sets of exercises (Level 1, 2 and 3) that coincided
with severe, moderate and mild impairment levels according to
the Fugl-Meyer Impairment Scale. H-GRASP consists of a single set
of graded exercises formed by collapsing Levels 2 and 3 of the ori-
ginal GRASP. Research suggests that patients who possess severe
upper limb impairments at two months post stroke have
decreased potential for exercise-mediated improvements.[17]
Therefore Level 1 was excluded from H-GRASP and the minimal
level required was 10� of active wrist and finger extension.
H-GRASP exercises focus on range of motion, strengthening,
weight bearing, and fine and gross motor skills. Repetitive task-ori-
ented tasks were included for practice of partial or whole skill sets
required to perform functional activities (e.g. buttoning, pouring
and lifting). Participants were taught the exercises during one
training session at the local hospital by the occupational therapists
trained in the H-GRASP protocol. At this session participants

Figure 1. Study design.
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received a binder containing written and pictorial instructions for
each exercise as well as a kit which contained inexpensive items
(e.g. ball, paper clips, clothes pegs) to complete the exercises.

For most exercises, there were two recommended progressions of
repetitions (e.g. 2 sets of 5, 3 sets of 10). If the patient could com-
plete all the repetitions without fatigue or error, then it was recom-
mended that the task itself be altered (e.g. reduce size of object to
manipulate) to create a participant’s ‘‘just right challenge’’. Thus the
therapists tried to ensure that each exercise was challenging enough
to elicit a training effect but not too difficult that the participant
would become frustrated or use gross compensations (i.e. excessive
shoulder elevation, trunk rotation). However, there was also responsi-
bility given to the patient to increase the difficulty of the task. In mul-
tiple sections of the exercise binders, there was emphasis on the
need to make the task challenging. For example, the participant
binder had a full page in the middle of the book, which would have
been observed in each session that stated the following:

These hand exercises need to be challenging to improve your brain’s
function. If you completed a hand exercise set without making any
mistakes such as dropping the object, you need to make it more difficult.
Here are some ideas to increase the challenge: use smaller lego blocks,
use toothpicks for pick-up sticks, use dimes for the flip-over exercise, use
smaller paper clips for paper clip exercise, use small blocks for block
towers, try to do the exercises faster. The exercises should be so difficult
that you drop or mishandle an object one out of every five repetitions.

To support the patient in progressing the exercises, the GRASP
kit consisted of at least two sets of items for most exercises (e.g.
small and large set of lego blocks).

Participants were asked to complete the exercises for
60 minutes/day, 6 days a week for 8 weeks. This is the duration
and frequency of exercise identical to the GRASP protocol used for
individuals undergoing inpatient stroke rehabilitation. The original
GRASP trial observed improvements in participants’ arm function
after a four-week program. An eight-week program length was
selected for H-GRASP based on the expectation that changes in
upper limb function would take longer in a more chronic popula-
tion. Also, upper limb exercise trials for community dwelling indi-
viduals with stroke observed upper limb function improvements
with programs lasting 6–19 weeks.[18–20] Participants were asked
to keep a daily log to track the number of repetitions and sets of

each exercise and the number of days and total amount of time
per day spent completing H-GRASP exercises. The therapists called
the participants weekly to monitor adherence and progress the
program as needed. To progress the exercises, the therapists asked
the participants to describe how easy it was to perform each exer-
cise as prescribed. Exercises were progressed (i.e. increasing repeti-
tions, sets and/or amount of weight) if the participant could
perform the exercises straight through without a break or without
errors (i.e. dropping an object).

A number of behavioural strategies were built into the protocol
to ensure exercise adherence and to promote integration of the par-
etic upper limb into daily activities. The behavioural strategies built
into H-GRASP are outlined in Table 1. In summary, H-GRASP included
the use of behavioural contracts, confidence forms, social support,
goal setting and feedback on amount of upper limb use.[14]

Outcomes

Demographic and stroke characteristics were recorded upon
recruitment. Feasibility outcomes were organized into the follow-
ing four feasibility classifications: process, resources, management
and scientific.[21] Table 2 outlines the feasibility outcomes and
thresholds for success captured within the four categories.

Process, resources and management feasibility

Recruitment rate, retention rate and perceived benefit were used to
assess process feasibility. Perceived benefit of the H-GRASP program
was measured using an exit questionnaire. Participants who com-
pleted the H-GRASP intervention were asked to rate the program’s
ease of use and benefit on a five point scale with lower numbers
indicating lower perceived ease of use and benefit. Participants were
also asked if they would recommend the program to others (yes/no).
The total score ranges from 2–11. Exercise adherence and weekly
task goal adherence were used to assess resource feasibility. Weekly
task goals involved identifying activities participants could attempt to
facilitate greater upper limb use during daily activities. Management
feasibility was assessed by considering how often therapists moni-
tored the participants’ weekly task goals for increasing use and how
often they prompted participants to report their amount of use.

Table 1. H-GRASP behavioural-change techniques.

Protocol Features Explanation Behavioural Change Technique

Weekly monitoring Therapists made weekly phone calls to participants to inquire about
adherence to program, ascertain level of challenge and progress
the program as needed

Prompt self-monitoring; prompt feedback on
performance

Identify weekly task goals Therapists and participants worked collaboratively to identify weekly
task goals for increasing upper limb use during daily activities

Prompt goal setting

Monitoring completion of task goals Therapists reviewed participants’ experiences in completing weekly
task goals

Prompt review of behavioural goals

Prompting % arm use each week Therapists prompted participants to report the percent of time they
were using their affected upper limb during daily activities

Prompt feedback on performance

Identify barriers and assist with
problem solving

Therapists prompted participants to identify barriers to completing
exercise targets and task goals. Assisted participants to problem
solve solutions for overcoming barriers (ie. split sessions up into
manageable time blocks, ensure a mix of challenging and less
challenging task goals)

Prompt barrier identification

Encourage family/caregiver involvement Participants were encouraged to invite caregivers to training session
and be involved with exercise program and upper limb task
goals

Prompt social support

Behavioural contract At H-GRASP training session, participants were asked to sign a
behavioural contract in which they agreed to adhere to exercise
targets and attempt performance of task goals

Behavioural contract

Identify level of confidence Participants were asked to identify their level of confidence to
adhere to exercise targets. If confidence <8/10, therapist and
participant discussed facilitators and barriers to adherence and
problem solved strategies for overcoming barriers.

Prompt intention formation

Behavioural change techniques were identified and attached to each protocol feature using behavioural technique codes and definitions from Michie et al.[14,39]
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Scientific feasibility

Safety and treatment efficacy were used to assess scientific feasi-
bility. Arm and shoulder pain was assessed throughout the inter-
vention using an interval scale ranging from 0 (no pain) to 10
(extreme pain) and was used to assess safety of H-GRASP.
Treatment efficacy was assessed using one primary and three sec-
ondary clinical outcome measures. All clinical assessments were
performed by trained occupational therapists at the local hospital.
All but one clinical measure was conducted at all time points. All
the clinical outcome measures have established reliability and val-
idity for individuals with stroke.[22–26]

Primary outcome
The primary outcome was upper limb function measured by the
Chedoke Arm and Hand Inventory-9 (CAHAI).[19,22] Participants
were asked to complete nine daily activities that involve the use
of both limbs (e.g. opening a jar, pouring a glass of water). Each
task was scored on a 1–7 scale with higher scores indicating the
task was performed using a greater percent contribution of the
affected hand.

Secondary outcomes
The Motor Activity Log-14 (MAL) was used to assess affected upper
limb use.[23] The MAL is a self-report measure that asks partici-
pants to rate how much (amount scale) and how well (quality of
movement scale) they use their affected upper limb during 14
daily living tasks (e.g. buttoning a shirt, carrying an object, brush-
ing teeth). Each task is rated on a scale of 1–5 with higher scores
indicating greater use. Scores are averaged across the activities to
obtain a final score. Only the MAL quality of movement scale was
used due to its high reliability and strong correlation with the
amount of use scale.[23]

The Jamar dynamometer was used to measure isometric
strength of the affected hand.[21] All participants were placed in
the standardized position for the test. Participants were seated in
a chair with back support, shoulder at 0� flexion and rotation,
elbow flexed to 90� with 0� supination/pronation and wrist in
0–30� extension. Participants were asked to squeeze the dyna-
mometer as hard as they can for 3 s. The average of three trials
was recorded.

The Canadian Occupational Performance Measure (COPM) was
used to assess occupational performance.[25,26] The COPM is a
self-report measured designed to capture change in self-perceived
performance of activities of daily living over time. Participants
were asked to rate their current level of performance on the five
most important activities (relevant to the upper limbs) that cause
them difficulty. Each activity is rated on a scale from 1–10 with
higher scores indicating greater self-perceived performance. The
final score consists of the average across the activities. The COPM
was administered at baseline and post GRASP time points because
priority activities may change with longer follow up periods.[27]

Data analysis

Descriptive analysis was used to summarize baseline demographic
and clinical information of the subjects. A Skillings–Mack’s test was
used to examine differences in clinical scores across the five time
points. The Skillings–Mack test is a non-parametric generalization
of the Friedman test and is appropriate for repeated measures
analyses with small sample sizes and missing data.[25,28] Post hoc
Wilcoxon tests were conducted when significant main effects were
found. The following four post hoc comparisons were conducted:
(1) initial versus baseline; (2) baseline versus post-treatment; (3)
post-treatment versus 3-month follow up and (4) post-treatment
versus 6-month follow up. A Wilcoxon test was used to examine

Table 2. Feasibility outcomes.

Feasibility indicator Outcome Criteria for success Result Success (Y/N)

Process
Recruitment Rate % of individuals approached who were eligible and

agreed to participate
20% 8/30 (26%) Y

Retention Rate % participants who completed 8 week H-GRASP
intervention

>80% participants complete
program

6/8 (75%) N

Perceived benefit Exit questionnaire from participants who completed
the program

>80% responses at least ‘‘4/5’’ 6/6 (100%) Y

Resources
Exercise Adherence Rates % participants who achieved 360 minutes of average

weekly exercise
>80% participants 6/8 (75%) N

Weekly Task Goal Adherence Rates % participants who attempted � 1 task goal each
week

>80% participants 6/8 (75%) N

Management
Therapist monitoring of participant goal
tasks

Prompt participant to report status of task goals (i.e.
attempted or not);

80% of sessions 49/52 (94%) Y

Prompt participant to generate new task goals 80% of sessions 49/52 (94%) Y
Promoted feedback on performance Prompted for weekly % use value 80% of sessions 48/52 (92%) Y
Scientific
Safety # of participants with increased pain while performing

exercises (as measured by visual analogue scale)
No participants with increased

pain while performing exer-
cises at week 8

0/6 Y

Treatment Efficacy Effect size of the primary and secondary outcomes n/a n/a
CAHAI n/a 0.944 n/a
MAL n/a 0.789 n/a
Grip strength n/a 0.947 n/a
COPM n/a 0.789 n/a
% who get over the MCID n/a n/a
CAHAI n/a 33% n/a
MAL n/a 50% n/a
Grip strength n/a 33% n/a
COPM n/a 50% n/a

CAHAI: Chedoke Arm and Hand Inventory; MAL: Motor Activity Log; COPM: Canadian Occupational Performance Measure; MCID: Minimally Clinical Important Difference.
Note: the MCID values are: 7.1 points for CAHAI;[18] 1.0 point for MAL;[26] 5.0 kilos for grip strength [26] and 1.7 points for COPM.[27]
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the difference between baseline and post H-GRASP COPM scores.
Nonparametric Cohen’s d effect sizes based on output from the
Wilcoxon tests were calculated to estimate the magnitude of the
treatment effect. In addition, the number of participants who sur-
passed the cited minimal clinically important difference or minim-
ally detectable change values (MCID) were calculated for the
primary and secondary outcomes. The following equations were
used to calculate effect sizes [29]: 2r

ffiffiffiffiffiffiffiffiffiffiffiffi

1� r2
p

where r ¼ z
ffiffiffi

N
p and z is

the z statistic obtained from the Wilcoxon tests. All analyses were
completed using Stata 14.0 (College Station, TX).

Results

Process feasibility

A total of 30 individuals were approached to participate in the
study. Eight subjects who agreed to participate in the study met
the inclusion criteria and provided written consent. The total
recruitment rate was 26% (8/30) (Table 2). Two participants
dropped out of the study after two weeks of the H-GRASP inter-
vention. One participant dropped out for unknown reasons (par-
ticipant and family contact would not return follow up phone-
calls) and the other participant found the program insufficiently
challenging. Thus a total of six out of eight participants (75%)
completed the H-GRASP program (Table 2). Table 2 presents the
feasibility results for all eight individuals. One participant fractured
his wrist just before the three month follow up assessment and
was unable to complete the three month and six month follow up
assessments. The participant flow diagram is displayed in Figure 2.
The demographic and baseline clinical characteristics of the eight
participants included in the study are in Table 3.

All participants who completed the program believed the pro-
gram was of benefit to them and all would recommend the pro-
gram to others. The majority of individuals (5/6) felt the exercise
booklet was easy to follow. Overall, the average score on the exit
questionnaire was 10.2 with all subjects scoring at least nine out
of a maximum 11 (Table 2). The two individuals who dropped out
of the study before completing the program did not fill out an
exit questionnaire.

Resource feasibility

Of the participants who completed the H-GRASP, all but one par-
ticipant met the exercise target of 360 minutes/week (i.e.
60 min�days). Average weekly minutes ranged from 295 to 592
(Table 4). One of the two participants who dropped out of the
intervention met the exercise target while the other participant
who dropped out did not. Thus the exercise adherence rate for
the individuals who completed the program was 83% (5/6) and
the total adherence rate was 75% (6/8) (Table 2).

With guidance from the therapists, participants identified
numerous activities they could perform for greater incorporation
of the affected upper limbs into daily life. Therapist guidance was
influenced by a patient’s functional level and his/her upper limb
goals identified on the COPM. The goal tasks ranged from reach
and grasp tasks with minimal hand manipulation (e.g. wiping up a
spill, flipping a light switch, opening a lever door) to tasks with
greater hand manipulation (e.g. shuffling cards, using a key, writ-
ing). Overall, six out of eight (75%) participants practiced at least
one task goal each week (Table 2). Five out of six participants
(83%) who finished the eight-week intervention practiced at least
one task goal every week.

Figure 2: Participant flow diagram.

Table 3. Participant characteristics.

Characteristic N¼ 8

Age, mean (SD; range) 66.4 (7.8; 53–76)
Females, N (%) 4 (50%)
Days Post Stroke, mean (SD; range) 273.0 (64.2; 168–347)
Right Side Affected, N (%) 7 (87.5%)
Dominant Side Affected, N (%) 7 (87.5%)
Caregiver assistance with H-GRASP, N (%) 2 (25%)
Grip Strength, N (SD; range) 10.5 (6.9; 3.8–24.3)
CAHAI, N (SD; range) 33.8 (12.8; 17–55)
MALQ, N (SD; range) 1.6 (0.7; 0.4–2.6)

CAHAI: Chedoke Arm and Hand Activity Inventory (0–63); MALQ: Motor Activity
Log Quality of Movement Scale (0–5).

Table 4: Clinical outcomes and exercise minutes.

Clinical Measures (N¼ 6)*
Average weekly minutes (N¼ 8) Mean (SD; range) Initial Baseline Post H-GRASP 3M Follow up 6M Follow up

472.2 (107.1; 295–592) Grip Strength†‡ (kg) 7.3 (2.9; 3.8–11.1) 8.0 (2.8; 5.2–11.6) 10.6 (3.6; 5.0–14.0) 12.0 (3.8; 6.2–16.7) 13.4 (3.7; 7.7–17.3)
CAHAI† 28.8 (9.8; 17–42) 33.5 (13.7; 18–49) 41.3 (18.4; 17–60) 42.7 (18.1; 16–62) 44.9 (18.3; 19–63)
MALQ† 1.4 (0.6; 0.4–2.2) 1.8 (0.7; 1.0–2.8) 2.7 (1.1; 1.1–4.2) 2.6 (0.9; 1.0–3.8) 2.5 (1.0; 0.7–3.5)
COPM§ NA 3.2 (1.8; 1.8–6.5) 5.1 (2.2; 2.4–8.2) NA NA

CAHAI: Chedoke Arm and Hand Inventory (0–63); MALQ: Motor Activity Log, Quality of Movement Scale (0–5); COPM: Canadian Occupational Performance Measure
(1–10).
*Values are shown for individuals who completed the 8 week H-GRASP. One individual was excluded from the three month and six month assessments as he broke
his wrist prior to the three month assessment date.
†Post-hoc Wilcoxon Signed Rank test revealed significant difference between baseline and Post H-GRASP scores (Grip Strength, p¼ 0.046; CAHAI, p¼ 0.046; MALQ,
p¼ 0.03).
‡Post-hoc Wilcoxon Signed Rank test revealed significant difference between Post H-GRASP and 6M Follow up scores, p¼ 0.043.
§Wilcoxon Signed Rank test revealed significant difference between baseline and Post H-GRASP scores, p¼ 0.03.
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Management feasibility

The weekly follow up phone calls ranged in duration from
10–30 minutes. Overall, therapists prompted the participants to
report whether they attempted the previous week’s task goals and
prompted them to generate new goals 94% of the time (49/52
sessions). Therapists also prompted participants to report their per-
centage use values 92% of the time (48/52 sessions) (Table 2).
Starting percentage use values of the affected upper limb reported
by participants ranged from 1 to 50% and reported percentage
use values at the end of the H-GRASP program ranged from
15–95%.

Scientific feasibility

Two participants experienced pain during the H-GRASP interven-
tion period with pain scores ranging from three to eight out of a
maximum 10. Therapists assisted these participants to problem
solve in order to complete the exercises without pain (i.e. remove
use of weights, use table as support etc). By the end of the eight-
week program, both participants were able to meet the exercise
targets and did not complain of pain while completing the
program.

There was a significant main effect for upper limb function cap-
tured by the CAHAI across the five time points (Skillings–Mack
statistic (SM)¼ 14.47, p¼ 0.006). Post hoc Wilcoxon signed rank
testing revealed significant improvement in scores between the
second baseline and immediate post H-GRASP assessments with
an effect size of 0.944 (Table 2). No significant changes were
observed between initial and baseline assessments or between
immediate post H-GRASP and the three and six month follow-up
assessments (Table 4).

There was a significant main effect for upper limb use captured
by the MAL (SM¼ 15.76, p¼ 0.003) and grip strength (SM¼ 18.47,
p¼ 0.001) across the five time points. Post hoc Wilcoxon testing
revealed significant improvement in scores between baseline and
immediate post H-GRASP assessment for both the outcomes. The
effect sizes for the MAL and grip strength were 0.789 and 0.947,
respectively. No significant changes were observed between the
initial and baseline assessments for either outcome. No significant
changes were observed in the MAL or grip strength between the
immediate post H-GRASP and the three month follow-up assess-
ment. No significant changes were observed in the MAL between
the post H-GRASP and the six month follow up assessment.
However, a significant improvement in grip strength was observed
between immediate post H-GRASP testing and the six month fol-
low-up.

In addition, the Wilcoxon test revealed a significant improve-
ment in COPM scores between the baseline and immediate post
H-GRASP time points (p¼ 0.03) with an effect size of 0.789. These
scores represented improvements in self-care, leisure and work
activities. The activities identified as important to participants and
their corresponding baseline and post H-GRASP ratings of perform-
ance are displayed in Table 5. Figure 3 displays the outcome meas-
ure profiles over the study period of the participants who
completed the eight week H-GRASP. The participant with the low-
est affected upper limb grip strength, function and use scores at
initial testing also showed minimal change in any measures across
the study periods (Participant 4).

Discussion

This pilot study examined the feasibility of a novel upper limb
exercise program for individuals living in the community. The

feasibility thresholds for 6 out of 9 indicators were surpassed in
our study and 9 out of 9 indicators were surpassed among partici-
pants who completed the eight week intervention. This suggests
that H-GRASP may be a feasible program for individuals living at
home and less than one year post stroke. Our findings also pro-
vide preliminary evidence that H-GRASP may promote improve-
ments in affected upper limb function, use and strength.

The H-GRASP exercise component was feasible for the majority
of participants who completed the eight week program as five out
of six participants exceeded the minimum exercise targets by an
average of 157 minutes per week. It should be noted that only
75% of individuals who enrolled in the study finished the eight
week H-GRASP. Importantly, one individual dropped out of the
program because he did not find the exercises sufficiently chal-
lenging, despite having moderate arm and hand impairments. It is
possible that the exercises for this individual were initially set or
progressed at too slow of a pace. This highlights the importance
of providing each participant with a ‘‘just right challenge’’ which is
consistent with the literature on maximizing brain plasticity.[30]

Following the completion of H-GRASP, we found statistically
significant improvements in all our primary and secondary out-
come measures. Specifically, we found group mean change scores
of 7.8 points for the CAHAI, 0.9 points for the MAL, 2.6 kilos for
grip strength and 1.9 points on the COPM. The recorded MCID val-
ues for these measures are 7.1 points (CAHAI),[22] 1.0 point
(MAL),[31] 5.0 kilos (grip strength),[31] and 1.7 points (COPM).[32]
The majority of our measures approached or surpassed the clinic-
ally meaningful thresholds and were then maintained. Effect sizes
ranged from medium to large; however, the effect sizes should be
interpreted with caution as they may be overinflated due to the
lack of control group.[33]

The exercise component of the H-GRASP is grounded in evi-
dence-based principles of intensity, repetition and task-oriented
practice. The follow-up phone call content was heavily weighted
on exercise monitoring and progression. The H-GRASP protocol
was also unique however in that it included a variety of

Table 5. COPM activities and scores by participant.

Participant
Activities deemed

important
Baseline COPM

score
Post H-GRASP
COPM score

1 Crocheting 3.4 5.4
Knitting
Using dustpan
Cutting food
Driving

2 Baking 6.5 8.3
Cutting meat
Slicing food
Playing cards/scrabble

3 Painting 2.2 2.4
Dressing
Weeding
Household tasks
Using computer

4 Feeding 3.2 3.6
Dressing
Using tools
Writing
Driving lawnmower

5 Using fork 1.9 7.0
Using fishing rod
Buttoning
Picking up grandchild

6 Styling hair 1.8 3.7
Cooking
Volunteering
Returning to work
Writing
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behavioural strategies to increase adherence to the program and
encourage transfer of functional gains into use of the affected
upper limb. The observed improvements in all of our clinical meas-
ures were maintained over the six month follow-up period. This
suggests that individuals did translate functional gains into greater
use of their upper limb. Interestingly, grip strength even continued
to improve after the intervention had ended. The observed
increase in grip strength in our study may further suggest that
participants were continuing to incorporate their upper limbs into
daily activities, and supports the known relationship between
upper limb strength, function and upper limb arm use.[4,6] Three
participants did improve greater than the MCID of 1.0 points on
the MAL.[31] and two of these individuals increased their score to
3.0 on the MAL. A score of 3.0 on the MAL has been identified as
clinically meaningful as it represents use of the affected limb with-
out assistance from the other limb.[34] Interestingly, the individual
who completed the eight-week program but did not adhere to the
exercise target of 360 min/week approached or surpassed the
MCID values on the CAHAI, MAL and COPM. A recent study noted
that overall exercise session time may not be the most accurate
measure of intensity.[35] Future research might consider the num-
ber of repetitions of active movement as a measure of intensity in
conjunction with the errors made (an indication of the challenge).
Alternatively, the intensity of exercise requested (i.e. 60 minutes
per day 6 days/week) may be more than sufficient post stroke
when there is a focus on task-specific, challenging repetition in
combination with behavioural strategies to facilitate upper limb
use. Also, only one participant who completed the 8 week inter-
vention did not perform a task goal every week. Interestingly this
individual had the greatest functional impairment and is the one
participant who made little improvement. Extra care must be taken

to help participants at lower levels of function set functionally
appropriate goals that are achievable and therefore motivating.

Finally, responses in the COPM revealed that the wide range of
activities participants perceived as important were improved as a
result of H-GRASP (Table 5). Examples of improved activities noted
by participants included feeding, styling hair, knitting and volun-
teering. This highlights the vast number of daily tasks that require
the use of the upper limb and also emphasizes the uniqueness of
upper limb use. Moreover, upper limb use may be responsive to
behavioural strategies that incorporate client-centred upper limb
goals due to the client-specific nature of upper limb use. Creating
goals that are unique and meaningful to the individual may be an
effective strategy for facilitating change in upper limb use.

Our intervention included a combination of behavioural strat-
egies and thus we cannot tease out the impact of any one strat-
egy. Literature suggests that behavioural change programs that
include self-monitoring in combination with other self-regulation
techniques such as goal setting, behavioural goal review and feed-
back are particularly effective for increasing health behaviours.[14]

Telerehabilitation for individuals post stroke is an emerging yet
still understudied mode of service delivery. A recent Cochrane
meta-analysis with three trials for the upper limb reported no
adverse events and did not observe any differences between the
tele-rehabilitation program and face to face rehabilitation which
suggests that tele-rehabilitation may be a viable alternative mode
of service delivery.[36] In our study, two participants experienced
pain during the intervention period however the therapists were
able to assist the participants to eventually complete the exercises
without pain. In addition, exercise monitoring and progression by
phone decreased the need for direct therapist time thereby
increasing the resource-efficiency of H-GRASP. Weekly phone

Figure 3: Participant outcome measure profiles. This graph displays clinical measure scores across the study period by participant. CAHAI: Chedoke Arm and Hand
Inventory (0–63); MALQ: Motor Activity Log Quality of Movement Scale (0–5); Grip: Grip Strength; COPM: Canadian Occupational Performance Measure (1–10)
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sessions on average took only 10–20 minutes. The current evi-
dence regarding telerehabilitation for upper limb function com-
bined with findings from our study suggest that programs able to
monitor and progress participants by phone or internet may be
suitable for rural settings where clients may have limited access to
community services. Indeed, transportation concerns was the larg-
est non-medical recruitment barrier in the EXCITE trial and is con-
sistently cited as one of the most serious barriers to community
participation after stroke.[37,38]

Limitations

A major limitation of the study design is the small sample size and
lack of an independent control group. However, this study
included a one month baseline period over which participant
scores were stable. Another limitation of the design is the
increased potential for selection bias. It is likely that individuals
who agreed to be in this study have greater motivation to exer-
cise. Adherence to exercise targets of 60 minutes per day, six days
a week may be lower in the general stroke population. Future
studies examining exercise dose response using alternative meas-
ures of intensity may inform more specific exercise recommenda-
tions that require shorter time commitments. In addition, the use
of person-centred behavioural techniques to maintain adherence
and motivation to exercise may be even more pertinent for the
general population. H-GRASP is suitable for individuals with mild
to moderate impairment as the H-GRASP was designed to provide
a specific and sufficient level of challenge to maximize brain plasti-
city. We obtained a recruitment rate of 26%. This is on par with
the recruitment rate of 19% for the original GRASP study.[9] and
larger than the recruitment rate of 6% for the EXCITE trial.[37] We
only used self-report measures to capture adherence to exercise,
changes in arm use and as a source of feedback to the partici-
pants during the H-GRASP intervention. Monitoring exercise behav-
iour using wearable devices may provide a more objective
measure of exercise adherence and intensity. In addition, daily use
with wearable devices might provide a more objective measure of
arm use and increase the participants’ motivation to incorporate
their upper limbs into daily activities. Finally, only two participants
received assistance or support to perform the H-GRASP protocol
from family and caregivers. Involvement of caregivers was associ-
ated with better upper limb functional outcomes in the original
GRASP clinical trial.[9] Caregiver support is an important factor that
warrants further examination in future studies exploring the effi-
cacy of the H-GRASP protocol.

Conclusions

In summary, the H-GRASP was feasible for our participants when
they were sufficiently challenged by the exercise program. Our
participants showed sustainable improvements in upper limb func-
tion, upper limb use, grip strength and occupational performance
following the H-GRASP program. Our results suggest that a repeti-
tive, task-oriented home exercise program that utilizes telephone
supervision may be an effective method for the treatment of the
upper limb following stroke. Care should be taken to ensure the
exercise program is challenging for the participants. Moreover, an
exercise program that utilizes behavioural change strategies may
help overcome learned non-use among community dwelling indi-
viduals less than one year post stroke and thus promote transfer
of exercise gains into sustainable use of the upper limb. Future
studies that utilize a control group and objective measures of
upper limb use are warranted to further examine the efficacy of
the H-GRASP protocol.

Acknowledgements

The authors would like to thank the GRASP community team for
their support: Julie Krahn, Abbotsford General Hospital; Joni
Marceau, Surrey Memorial Hospital; Helena Larson, Abbotsford
General Hospital; Patrick Leung, Abbotsford General Hospital; Shu
Hyun Jang, Abbotsford General Hospital; Chihya Hung, GF Strong
Rehab Centre and Fraser Health Authority

Disclosure statement

The authors report no conflicts of interest. The authors alone are
responsible for the content and writing of this article.

Funding information

This study was funded by a Prevention Above All Discovery Grant
from Medline Industries. Further support was provided by a career
scientist award (to JJE) from Canadian Institutes of Health Research
(MSH-63617).

References

[1] Lawrence ES, Coshall C, Dundas R, et al. Estimates of the
Prevalence of Acute Stroke Impairments and Disability in a
Multiethnic Population. Stroke. 2001;32:1279–1284.

[2] Kwah LK, Harvey LA, Diong J, et al. Models containing age
and NIHSS predict recovery of ambulation and upper limb
function six months after stroke: an observational study.
J Physiother. 2013;59:189–197.

[3] Taub E, Uswatte G, Mark VW, et al. The learned nonuse phe-
nomenon: implications for rehabilitation. Eura Medicophys.
2006;42:241–255.

[4] Rand D, Eng JJ. Predicting daily use of the affected upper
extremity 1 year after stroke. J Stroke Cerebrovasc Dis.
2015;24:274–283.

[5] Rand D, Eng JJ. Disparity between functional recovery and
daily use of the upper and lower extremities during sub-
acute stroke rehabilitation. Neurorehabil Neural Repair.
2012;26:76–84.

[6] Pang MYC, Ashe MC, Eng JJ. Muscle weakness, spasticity
and disuse contribute to demineralization and geometric
changes in the radius following chronic stroke. Osteoporos
Int. 2007;18:1243–1252.

[7] Morris JH, van Wijck F, Joice S, et al. Predicting health
related quality of life 6 months after stroke: the role of anx-
iety and upper limb dysfunction. Disabil Rehabil.
2013;35:291–299.

[8] Veerbeek JM, van Wegen E, van Peppen R, et al. What is
the evidence for physical therapy poststroke? A systematic
review and meta-analysis. Quinn TJ, ed. PLoS One.
2014;9:e87987

[9] Harris JE, Eng JJ, Miller WC, et al. A Self-Administered
Graded Repetitive Arm Supplementary Program (GRASP)
Improves Arm Function During Inpatient Stroke
Rehabilitation: A Multi-Site Randomized Controlled Trial.
Stroke. 2009;40:2123–2128.

[10] Connell LA, McMahon NE, Watkins CL, et al. Therapists’ use
of the Graded Repetitive Arm Supplementary Program
(GRASP) intervention: a practice implementation survey
study. Phys Ther. 2014;94:632–643.

[11] Connell L, McMahon N, Harris J, et al. A formative evalu-
ation of the implementation of an upper limb stroke

HOME ARM EXERCISE PROGRAM POST-STROKE 881



rehabilitation intervention in clinical practice: a qualitative
interview study. Implement Sci. 2014;9:90. doi: 10.1186/
s13012-014-0090-3.

[12] Coupar F, Pollock A, Legg L, et al. Home-based therapy pro-
grammes for upper limb functional recovery following
stroke (Review). Cochrane Database Syst Rev. 2012;5:
CD006755.

[13] Benvenuti F, Stuart M, Cappena V, et al. Community-based
exercise for upper limb paresis: a controlled trial with telere-
habilitation. Neurorehabil Neural Repair. 2014;28:611–620.

[14] Michie S, Abraham C, Whittington C, et al. Effective techni-
ques in healthy eating and physical activity interventions: a
meta-regression. Health Psychol. 2009;28:690–701.

[15] Lennon S, McKenna S, Jones F. Self-management pro-
grammes for people post stroke: a systematic review. Clin
Rehabil. 2013;27:867–878.

[16] Wolf SL, Winstein CJ, Miller JP, et al. Effect of constraint-
induced movement therapy on upper extremity function 3
to 9 months after stroke: the EXCITE randomized clinical
trial. JAMA. 2006;296:2095–2104.

[17] Kwakkel G, Kollen B. Predicting improvement in the upper
paretic limb after stroke: a longitudinal prospective study.
Restor Neurol Neurosci. 2007;25:453–460.

[18] Pang MYC, Harris JE, Eng JJ. A community-based upper-
extremity group exercise program improves motor function
and performance of functional activities in chronic stroke: a
randomized controlled trial. Arch Phys Med Rehabil.
2006;87:1–9.

[19] Duncan P, Studenski S, Richards L, et al. Randomized clinical
trial of therapeutic exercise in subacute stroke. Stroke.
2003;34:2173–2180.

[20] Bourbonnais D, Bilodeau S, Lepage Y, et al. Effect of force-
feedback treatments in patients with chronic motor deficits
after a stroke. Am J Phys Med Rehabil. 2002;81:890–897.

[21] Thabane L, Ma J, Chu R, et al. A tutorial on pilot studies: the
what, why and how. BMC Med Res Methodol. 2010;10:1.

[22] Barreca S, Stratford P, Masters L, et al. Validation of three
shortened versions of the Chedoke Arm and Hand Activity
Inventory. Physiother Canada. 2006;58:148–156.

[23] Uswatte G, Taub E, Morris D, et al. Reliability and validity of
the upper-extremity Motor Activity Log-14 for measuring
real-world arm use. Stroke. 2005;36:2493–2496.

[24] Bertrand AM, Mercier C, Bourbonnais D, et al. Reliability of
maximal static strength measurements of the arms in sub-
jects with hemiparesis. Clin Rehabil. 2007;21:248–257.

[25] Law M, Polatajko H, Pollock N, et al. Pilot testing of the
Canadian Occupational Performance Measure: clinical and
measurement issues. Can J Occup Ther. 1994;61:191–197.

[26] Cup E, Scholte op Reimer W, Thijssen M, et al. Reliability
and validity of the Canadian Occupational Performance
Measure in stroke patients. Clin Rehabil. 2003;17:402–409.

[27] Wiles R, Ashburn A, Payne S, et al. Patients’ expectations of
recovery following stroke: a qualitative study. Disabil
Rehabil. 2002;24:841–850.

[28] Chatfield M, Mander A. The Skillings-Mack test (Friedman
test when there are missing data). Stata J. 2009;9:299–305.

[29] Ivarsson A, Anderson M, Johnson U, et al. To adjust or not
adjust: nonparametric effect sizes, confidence intervals, and
real-world meaning. Psychol Sport Exerc. 2013;14:97–102.

[30] Plautz EJ, Milliken GW, Nudo RJ. Effects of repetitive motor
training on movement representations in adult squirrel
monkeys: role of use versus learning. Neurobiol Learn Mem.
2000;74:27–55.

[31] Lang CE, Edwards DF, Birkenmeier RL, et al. Estimating min-
imal clinically important differences of upper-extremity
measures early after stroke. Arch Phys Med Rehabil.
2008;89:1693–1700.

[33] Lipsey MW, Wilson DB. The efficacy of psychological, educa-
tional, and behavioural treatment. Confirmation from meta-
analysis. Am Psychol. 1993;48:1181–1209.

[34] Park S-W, Wolf SL, Blanton S, et al. The EXCITE Trial: predict-
ing a clinically meaningful motor activity log outcome.
Neurorehabil Neural Repair. 2008;22:486–493.

[35] Connell LA, McMahon NE, Simpson LA, et al. Investigating
measures of intensity during a structured upper limb exer-
cise program in stroke rehabilitation: an exploratory study.
Arch Phys Med Rehabil. 2014;95:2410–2419.

[36] Laver KE, Schoene D, Crotty M, et al. Telerehabilitation serv-
ices for stroke. Cochrane Database Syst Rev. 2013;12:
CD010255.

[37] Blanton S, Morris DM, Prettyman MG, et al. Lessons learned
in participant recruitment and retention: the EXCITE trial.
Phys Ther. 2006;86:1520–1533.

[38] Aufman EL, Bland MD, Barco PP, et al. Predictors of return
to driving after stroke. Am J Phys Med Rehabil. 2013;92:
627–634.

[39] Michie S, Johnston M, Francis J, et al. From theory to inter-
vention: mapping theoretically derived behavioural determi-
nants to behaviour change techniques. Appl Psychol.
2008;57:660–680.

882 L. A. SIMPSON ET AL.


	H-GRASP: the feasibility of an upper limb home exercise program monitored by phone for individuals post stroke
	Introduction
	Methods
	Participants
	Intervention
	Outcomes
	Process, resources and management feasibility
	Scientific feasibility
	Data analysis

	Results
	Process feasibility
	Resource feasibility
	Management feasibility
	Scientific feasibility

	Discussion
	Limitations

	Conclusions
	Acknowledgements
	Disclosure statement
	Funding information
	References


