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Objective: To study the efficacy of the motor relearning approach in promoting
physical function and task performance for patients after a stroke.

Design: Matched-pair randomized controlled trial.

Setting: An outpatient rehabilitation centre in Hong Kong.
Participants: Fifty-two outpatients with either a thrombotic or haemorrhagic stroke

who completed either the study or control group.

Interventions: The patients received 18 2-h sessions in six weeks of either the
motor relearning programme or a conventional therapy programme.

Main outcome measures: The Berg Balance Scale, the Timed Up and Go Test, the
Functional Independence Measure (FIM), the modified Lawton Instrumental
Activities of Daily Living (IADL) test, and the Community Integration Questionnaire.
Results: Patients in the motor relearning group showed significantly better
performance on all but the Timed Up and Go Test when compared with the control
group (F{1,150) =6.34-41.86, P <0.015). The interactions between group and
occasion were significant on all five outcome measures, indicating that the rates of
change across time between the motor relearning and control groups differed

(F(3,150) =3.60-33.58, P <0.015).

Conclusion: The motor relearning programme was found to be effective for
enhancing functional recovery of patients who had a stroke. Both ‘sequential” and
‘function-based’ concepts are important in applying the motor relearning approach to

the rehabilitation of stroke patients.

Introduction

Outcome studies on the rehabilitation of patients
who are stroke survivors reveal that 93% of
patients have difficulty walking independently in
the community after being discharged from hospi-
tal.' A review of the postdischarge status of 200
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patients in a local rehabilitation hospital found
that 69.2% of them were unable to participate in
household tasks, 37.6% were housebound, and
70.0% did not travel.! Similar results were reported
in another study conducted by Sarah and Gill.? A
high correlation has been found between balance
function and the functional recovery of pa-
tients.> > Nichols et al® further revealed that
sitting balance was necessary to perform most
self-care activities, such as dressing, transferring
and eating, whereas standing balance was neces-
sary for coping with household and outdoor
activities.
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Different therapeutic approaches have been
developed to enhance the functional recovery of
patients after stroke. The most common are the
neurophysiological approach, which emphasizes
facilitation and normalization of motor functions,’
the orthopaedic approach, which is based on the
mobilization and strengthening of the affected and
unaffected limbs to increase compensatory func-
tions,® and the motor relearning approach, which
uses active practise of context-specific motor tasks
and feedback to regain the lost motor functions.”
Pollock et al.'® carried out a systematic review of
11 clinical trials. Of these, four used the motor
relearning approach as the intervention.''~'* The
review, however, indicated that this approach was
found to be no more effective than other neuro-
physiological approaches. The authors stressed the
need to further investigate the efficacy of this
approach by conducting high-quality, randomized,
controlled trials and refining the intervention
techniques. This study is intended to address this
need.

The motor relearning approach was developed
based on motor learning theory.'> Carr and
Shepherd®!! proposed that training in motor
control requires anticipatory actions and ongoing
practice. To further enhance relearning, the motor
tasks involved are practised within a context that
can be task or environment specific. A review of
the literature revealed that only a few clinically
controlled trial studies on the application of the
motor relearning approach have been conducted.
The results of these studies suggested that patients
tended to have a short hospital stay and high
functional independence.'® Patients also showed a
significant increase in gait velocity.''® However,
these studies did not provide detailed information
on how task-oriented strategies were developed
and used.

This study sought to investigate the effect of
using a sequential function-based task strategy in a
six-week motor relearning programme for improv-
ing the balance function and functional perfor-
mance of a group of poststroke patients. The study
used a standardized clinical programme and a
randomized, controlled trial design, which was
meant to provide high-quality evidence to test the
efficacy of the intervention for use in the rehabi-
litation of poststroke patients.

Methods

Subjects

Patients were recruited from the outpatient
centre of a rehabilitation hospital. The inclusion
criteria for participation in the study were as
follows: (1) patients had to be between 21 and 65
years of age (eligible admission to outpatient
setting); (2) they must have been diagnosed as
having suffered a first stroke; (3) the stroke must
have occurred within the previous 12 months; and
(4) patients had to be able to follow simple
instructions as screened by the Chinese version of
the Cognistat.'® Patients were excluded from the
study if their conditions were complicated by other
musculoskeletal injuries and/or visual deficits.
Ethics approval was obtained from the hospital
and The Hong Kong Polytechnic University before
commencing the study.

Written informed consent was obtained from
each patient before he or she was screened for
participation in the study. Random assignment of
patients into the sequential function-based motor
relearning group and the conventional therapy
(control) group was conducted in two stages. The
first stage involved arranging patients into a block
of six participants and then forming the six into
pairs by matching their age and gender; then, if
possible, they were matched according to the level
of intensity of physiotherapy and speech therapy
received in the hospital. Patients who did not form
a best-matched pair were automatically entered
into the next block for further matching and
randomization (Figure 1). The patients were ex-
cluded from the study if their characteristics were
not matched by the end of the second round. The
second stage involved randomly assigning the two
patients in each of the best-matched pairs to either
the motor relearning or the control groups by
drawing one of two sealed envelopes designating
the group membership. The randomization process
was carried out by a registration clerk who was not
involved in any part of the study. All the clinical
outcome assessments were conducted by two
occupational therapists who were working in
the orthopaedic unit of the same outpatient
centre. The assessors were blind to the group
membership of the patients they assessed. Training
sessions were provided to all raters on administer-
ing and scoring each clinical instrument in order to
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Figure 1 Flow of patient participation through each stage of the study.

minimize any biases associated with the assessment
process.

Clinical protocols

In both groups, the patients received training for
a total of six weeks in the form of three 2-h
sessions each week (18 sessions total). The re-
searcher conducted the motor relearning pro-
gramme while another occupational therapist
conducted the conventional therapy programme.
The therapist responsible for the conventional

therapy programme was trained in the standar-
dized procedure for conducting the control pro-
gramme. Both programmes were conducted in the
same treatment area located in the occupational
therapy department of the hospital. The patients in
both programmes also received physical therapy in
the form of lower limb strengthening and trunk
balance exercises. The patients attended physical
therapy from one to three times a week. Their
attendance was monitored throughout the study,
and the number of sessions was incorporated into
the analysis of the results.
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Table 1

Examples of the functional tasks covered in the motor relearning and conventional therapy programmes

Demanding static balance
Sitting positions Feeding
Grooming
Buttoning
Moving bowels

Standing positions Grooming
Toileting (male)

Standing to fasten pant zipper

Demanding dynamic balance

Bed mobility

Dressing upper garment
Sitting to dress lower garment
Cleaning buttocks

Sitting to bathe

Bedside transfer

Toilet transfer

Bathtub transfer

Bathing

IADL and community activities

In the motor relearning programme, the inter-
vention technique followed four sequential steps:
identification of the missing performance compo-
nents (step 1), training using remedial exercises
(step 2), training using functional task components
(step 3), and transfer of skills to functional task
performance (step 4).'' A total of 24 remedial
tasks (used in step 2) and 10 functional tasks (used
in step 4) were designed to cover deficits in static
and dynamic sitting balance, and static and
dynamic standing balance (refer to Chan'’ for
detailed programme design). Table 1 illustrates the
relationship of functional tasks to skill deficits. The
flow of each 2-h motor relearning session is
presented in Table 2. Throughout the training
session, the therapist stressed the importance of
relating the training processes taking place in steps
2 and 3 to practices in step 4. The training

progressed by advancing from a sitting to a
standing position, and from static to dynamic
balancing. The criteria established for progression
were clearly defined, and those patients who
demonstrated the desirable skills were upgraded
to another stage of training.

The skill training method was adopted for use
with patients receiving the conventional therapy
programme. The same number of remedial and
functional tasks was covered as in the motor
relearning programme. The selection of remedial
tasks followed the principle of progressing from a
sitting to a standing position, and from static to
dynamic balance. The training of functional tasks
began with simple self-care and bedside tasks, such
as bed mobility, and progressed to more compli-
cated tasks, such as use of community facilities.
Unlike the motor relearning programme, the

Table 2 Comparisons of the remediation techniques used in motor relearning and conventional therapy programmes

Outcome measure assessments

Motor relearning programme

Conventional therapy programme

Motor relearning
(Step 1)

steps of training
Motor relearning
(Step 2)

Duration: 30 min  identified in step 1 and that share similar

performance components with the functional tasks

trained in the same session
Motor relearning
(Step 3)
Duration: 30 min  treatment session.
Select two functional tasks for training
Motor relearning
(Step 4)

Duration: 60 min  the level of balance function of patient

Select three remedial tasks in each session that are
specific to the deficits and missing components

Practise the remedial tasks and reinforce the
practice of the missing components throughout the

Transfer the skills practised in steps 2 and 3 to
practice of the functional tasks in accordance with

Identify the deficits and missing components in
performing tasks, and assign patients to different

Select three remedial tasks based on the physical
status and progress of the patients. The two
functional tasks are selected based on the
performance level of the patients

Task by task practice
Practise the remedial tasks without drawing the
~patient’s attention to his/her deficits

Practise the functional tasks without explicitly
relating the skills learned in the remedial tasks
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patients were not involved in identifying their own
missing performance components (Table 2). The
relationships between the practices of the remedial
tasks and the entire functional task performance
were not reinforced.

Outcome measures

A total of five common clinical outcome mea-
sures were administered to the patients across the
six-week programme. The assessment schedule was
laid out at baseline (after randomization), two
weeks, four weeks, and six weeks. To avoid
fatiguing the patients, all assessments were con-
ducted on days when they did not attend the
treatment sessions.

The Berg Balance Scale was used to assess the
functional balance of patients in terms of main-
taining a position, stabilizing voluntary move-
ments and reacting to externdl disturbances.'®
The Timed Up and Go Test'® is a measure of the
time taken to stand up from a chair, walk for a
distance of 3 m, turn, walk back to the chair, and
sit down again. This test was found to be relevant
for assessing the functional balance of poststroke
patients and had 1mphcdtlons for their manage-
ment of outdoor activities.? The Functional
Independence Measure (FIM) was used to reflect
the self-care performance of the patients.”' In this
study, only 13 motor items were administered to
the patients (FIM-MM). The Assessment of In-
strumental Activities of Daily Living (IADL),*
modified from the original Lawton IADL scale,
was used to assess the performance of more
complicated daily living tasks. There were eight
items in the scale: taking medication, preparing
meals, communicating with others, doing laundry,
performing housekeeping, accessing the commu-
nity, handling finances, and shopping for groceries.
These items were evaluated by an expert panel
review and were deemed culturally relevant and
important to Chinese elderly patients. In addition,
the scale used was a more sensitive 7-point Likert
scale, which was similar to the one used in the
FIM. The results from a pilot study indicated
satisfactory inter-rater reliability (ICC =0.96 to
1.00).% Lastly, the Community Integration Ques-
tionnaire (CIQ), which consists of 15 items, was
used to assess home 1nte%rdtlon, social integration
and productive act1v1t The Chinese version
validated by Chan® was used in this study.
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Statistical analysis

Two-way repeated-measure ANOVAs were con-
ducted to test the significance of changes in scores
on each of the outcome measures between the
motor relearning and control groups (2 groups x 4
occasions). A ¢-test was used to test the differences
in number of days after stroke at time of admission
between the two groups. The same procedure was
used to test the equivalence on the baseline
outcome measure scores between the two groups.
The significance level of all comparisons was set at
P =0.050.

Results

A total of 95 patients satisfied the screening
criteria and were recruited for the study. Among
them, 66 patients were matched and randomly
assigned to either the motor relearning or control
groups. Seven patients dropped out for one or
more of the following reasons: suspected second
stroke (n=1) or gastric ulcer (n=1), irregular
attendance (n = 1), taking leave to travel out of
town (n=2), and default treatment (n=2). The
data gathered from their matched-pair counter-
parts were excluded from the analysis. The mean -
age of the 52 patients who completed the clinical
trial and were included in the analysis was 53.8
years (SD = 15.4) for the motor relearning group
and 54.4 years (SD = 13.7) for the control group.
There were 28 male participants (54%) and 24

Table 3 Demographic and medical characteristics of
patients
Characteristics Motor Conventional
relearning therapy
(n=26) (n=26)
Gender
Female 14 14
Male 12 12
Hemiplegic side
Left 14 14
Right 12 12
Poststroke duration (days) 117.7 88.8
Physiotherapy treatment
Once a week 11 1
Twice a week 9 9
More than twice a week 5 5
No physiotherapy treatment 1 1
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Table 4 Means and standard deviations of scores on cutcome measures across the four assessment occasions

Measures Mean (SD)
Baseline 2nd Week 4th Week 6th Week
MR group
BBS 28.2 (8.0) 353 (7.7) 41.1 (6.0) 45.8 (3.7)
TUGT 60.5 (22.3) 53.8 (19.9) 47.1 (18.0) 36.4 (15.5)
FIM-MM 61.2 (12.7) 67.5(10.7) 73.6 (7.6) 80.0 (5.3)
IADL 54.2 (13.1) 62.6 (17.8) 73.3(13.7) 82.2(12.1)
ClQ (social) 26.9(17.7) 43.9 (18.7) 59.5 (18.7) 73.0 (19.9)
CT group
BBS 27.9(7.8) 30.0 (10.4) 30.1 (6.9) 37.4 (17.5)
TUGT 62.8 (22.2) 61.8 (21.0) 58.2 (21.3) 58.2 (26.1)
FIM-MM 60.7 (13.2) 62.4 (12.2) 64.1 (11.5) 66.3 (10.5)
IADL 47.4 (14.7) 45.9 (16.6) 50.6 (16.5) 54.4 (19.7)
ClQ (social) 21.5 (16.1) 255 (18.0) 31.4(16.8) 36.3 (17.0)

MR, motor relearning group (n = 26); CT, conventional therapy group (n = 26); BBS, Berg Balance Scale; TUGT, Timed Up and
Go Test; FIM-MM, Functional Independence Measure — Motor subscale; IADL, assessment of instrumental activities of daily
living; ClQ (social), Community Integration Questionnaire — Social Integration.

female participants (46%) (Table 3). The same
proportion of patients suffered from left and right
hemiplegia. The average number of days after
stroke at time of admission was 117.7 for the
motor relearning group and 88.8 days for the
control group, which did not differ significantly
(t=2.15, df =1, P >0.050). The majority of the
patients received one or two sessions of physiother-
apy each week (76.9%). There were no significant
differences in the demographic and medical
characteristics of the patients between the motor
relearning and control groups. Also, no significant
differences were found in their scores on the
five outcome measures at the baseline (first week)
(P >0.050).

There were general increases in the scores on
all five outcome measures across the baseline and
the second, fourth, and sixth weeks in both the
motor relearning and control groups (Table 4).
Two-way repeated-measure ANOVAs were con-
ducted on each of the clinical outcome measures
(2 groups x4 occasions). Significant between-
group differences were revealed in scores on the
Berg Balance Scale, FIM-MM, IADL and Com-
munity Integration Questionnaire (F(1,150)=
6.34—41.86, P <0.015). The differences in the
Timed Up and Go Test, however, were statistically
insignificant (F(3,150) = 2.70, P =0.107). Signifi-
cant within-group differences in scores across four
assessment occasions were also found on all five
outcome measures (F(3,150) =28.92-170.70,

P <0.001). The interactions of the group and
occasion effects were statistically significant on
all five outcome measures, indicating that the rates
of change across time between the motor relearn-
ing and control groups differed (F£(3,150) = 3.60—
33.58, P <0.015). However, the changes in Com-
munity Integration Questionnaire across time were
found to be statistically insignificant for the
control group (Table 5).

Discussion

The results of this study reveal that patients in the
motor relearning group showed better functional
recovery than those who were in the conventional
therapy group in terms of balance functions,
performance on self-care and instrumental activ-
ities of daily living, and integration into the
community. The six-week motor relearning pro-
gramme emphasizing sequential and function-
based training appeared more effective for
enhancing the functional recovery of poststroke
patients than the skill-training techniques used in
conventional rehabilitation. Nevertheless, the mo-
tor relearning programme did not appear to have a
significant additional effect on improving the
patients’ functional balance status in terms of
speed and outdoor mobility. Since the patients
recruited for this study were on average in the third
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to fourth months after their strokes, the findings of
the study further support the notion that recovery
of function could occur beyond the first three
months after the stroke?®~%® and extend to at least
six months after the stroke.'>!329=3!

Motor learning theory describes the ways in
which motor patterns can be acquired and mod-
ified through experiential learning, such as through
observations and repeated practice.'® People with a
brain injury have deficits in motor programmes,
motor memory, and associated feedback and feed-
forward mechanisms, which largely impede their
functional performance.'” The motor relearning
approach promotes the regaining of normal motor
skills through task-oriented practice with appro-
priate feedback and the active participation of the
patients.'" In this study, the motor relearning
programme was structured in such a way that
patients had ample opportunity to gain this
experience. First, the patients were involved in
identifying their own problems in performance.
These problems are called the missing-perfor-
mance components. The selection of the remedial
tasks used for training was meant to target those
missing-performance components. Training in the
functional tasks followed through on the same
missing components. The incorporation of this
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strategy turned the programme into a client-
centred intervention. The training thus became
more anticipatory for the patients®> and hence was
more self-initiated, targeted and effective.**** This
is in contrast to the strategy used in the conven-
tional therapy programme, which relied solely on
what was identified as dysfunctional from the
results of the clinical assessments.

The second feature of the motor relearning
programme was the emphasis placed on the
transfer of skills between the remedial and func-
tional tasks (steps 2 and 3 in the clinical protocol).
The key was having the therapist verbalize the
relationship between what was practised in these
two steps with the actual performance of daily
tasks. For example, when a patient was practising
shifting sideways while sitting, the actions were
explicitly related to inserting the leg into a trouser
leg or putting a foot into a shoe. These skills were
further developed as the patient learned to reach
down the affected leg to put on socks or shoes. The
‘cross-link’ method, as reported by Ford er al. 34
and Willingham,*® was effective for facilitating
better transfer of the skills learned in training.
Similarly, the ‘cross-link’ strategy was not stressed
in the control programme in this study.

Table 5 Results of repeated measure ANOVA between- and within-group comparisons for all outcome measures

Measures Baseline 6th Week F-values (P-values)
(Greenhouse-Geisser)
Mean (SD) Mean (SD) Between-group Within-group
differences differences

BBS

MR 28.2 (8.0) 45.8 (3.7) 11.37 28.92

CT 27.9(7.8) 37.4 (17.5) (P=10.001) (P<0.001)
TUGT

MR 60.5 (22.3) 36.4 (15.5) 2.70 37.19

CT 62.8 (22.2) 58.2 (26.1) (P=0.107) (P<0.001)
FIM-MM

MR 61.2(12.7) 80.0 (5.3) 6.34 102.32

CT 60.7 (13.2) 66.3 (10.5) (P=0.015) (P<0.001)
IADL

MR 54.2 (13.1) 82.2(12.1) 27.41 35.68

CT 47.4 (14.7) 54.4 (19.7) (P<0.001) (P<0.001)
ClQ (social)

MR 26.9 (17.7) 73.0 (19.9) 41.86 170.70

CT 21.5(16.1) 36.3 (17.0) (P <0.001) (P<0.001)

MR, motor relearning group (n = 26); CT, conventional therapy group {n = 26); BBS, Berg Balance Scale; TUGT, Timed Up and
Go Test; FIM-MM, Functional Independence Measure — Motor subscale; IADL, assessment of instrumental activities of daily
living; CIQ (social}, Community Integration Questionnaire — Social Integration.
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Clinical messages

e The motor relearning approach was found
to be effective for enhancing patients’ func-
tional recovery after stroke.

e Its effects can be maximized by incorporat-
ing both ‘sequential’ and ‘function-based’
design in the clinical protocol.

e Patients’ functional recovery includes motor
and balance function, self-care, daily instru-
mental activities and community (social)
reintegration.

The third feature of the motor relearning
programme was the sequential organization of
the function-based intervention. Both the remedial
and functional tasks were organized in the 2 x 2
grid of functional balance in static versus dynamic
mode, and sitting versus standing position. There
were a total of 10 functional tasks. Among them,
seven were self-care tasks (feeding, dressing,
grooming, toileting, transferring, walking, and
climbing a slope or stairs), and three were instru-
mental ADL tasks (doing laundry, taking public
transportation and cleaning the floor). The tasks
used in the control programme were not sequen-
tial; instead, they were selected by the therapist
based on the progress of individual patients. The
patients in the motor relearning programme were
found to perform significantly better on self-care
and instrumental ADL tasks, while those in the
control programme were found to make compara-
tively less progress on the latter. Instrumental ADL
tasks are complicated in nature, and their perfor-
mance usually requires higher motor and cognitive
functions, as well as generalization of the skills
learned.>®*7 In fact, the content of the instruments
used for this study reflected, to a certain extent, the
abilities of the patients to generalize what they
learned in the programme either to novel tasks
(other tasks in the IADL measure) or to their own
environment (as in the social subscale of the
Community Integration Questionnaire). Hence-
forth, the way in which the tasks are sequenced
may enhance the patients’ abilities to %eneralize the
skills learned in the programme.*®*® The two-
group design that we used does not allow us to
make more a conclusive observation regarding this

aspect. Future study should manipulate the differ-
ent features of the motor relearning programme in
order to test each of their effects.

A recent Cochrane review covered four clinical
trials of the motor relearning approach. The results
of the review indicated that the clinical effects of
the motor relearning approach did not differ
significantly from other neurophysiological ap-
proaches.'® A close look at these four clinical trials
revealed that their techniques lacked either the
‘sequential’ or ‘function-based’ component, or
both. For instance, in two of the studies,'"'* the
clinical protocols only tackled selected areas of
dysfunction, such as reaching in sitting position in
one study and stepping in the other study. One
study'? incorporated a sitting, standing and walk-
ing training (in sequence); however, the pro-
gramme did not relate the learned skills to
performance of functional daily tasks. Another
study'® did not reveal enough of the programme
content detail to comment upon. Lastly, none of
the four studies used instrumental activities of
daily living as part of the clinical outcomes. In this
study, the motor relearning programme was found
to exert a significant effect on improving patients’
performance in this regard.

Carr and Shepherd’s motor relearning pro-
gramme provides the theoretical foundation for
the present study. The findings of this clinical trial
reveal that ‘sequential’ and ‘function-based’ train-
ing are equally important for enhancing patients’
functional recovery after stroke. Future design of
clinical protocols based on the motor relearning
approach should try to incorporate both compo-
nents to maximize the effects of the intervention.

Limitations of the study

This study has several limitations. The best-
matched process used in the randomization might
introduce biases into the selection of patients to
participate in the study. The dropping out of
patients in the motor relearning and control
groups would also bias the outcome of the study.
Moreover, the patients received other treatment
interventions in addition to the motor relearning
or control programme, such as physiotherapy and
speech therapy, that could contaminate the treat-
ment effects. The patients attended the treatment
sessions as day-patients, and their engagement
in activities other than those conducted during
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treatment possibly further contaminated these
effects. Although the assessors were blind to the
study, the motor relearning programme was con-
ducted by the researcher, who might have provided
more enthusiastic interventions than the therapist
who conducted the control programme. The pa-
tients who participated in this study were all less
than 65 years old. It is anticipated that older
patients would have reduced physical and mental
abilities and hence might respond differently than
would their younger counterparts. Further studies
could target poststroke patients 65 years of age or
older. This would enable comparisons of the results
across different age groups. During the six-week
programme, the patients attended three sessions
each week. Such a schedule was determined based
on the assumption that outpatients would be less
inclined to attend more frequent sessions. This
limits the generalization of our results to interven-
tion programmes that have a different schedule,
such as four times a week or even once a day.
Previous studies have reported that the effective-
ness of intervention increased with a daily treat-
ment schedule. Future investigations should
compare the effectiveness of different treatment
schedules as well as the mechanisms underlying the
effect.
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