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Abstract - Aims: To investigate the effects of an exercise program with action observation versus conventional phy-
sical therapy on upper limb functionality in chronic stroke subjects. Methods: In this controlled clinical trial, thirty-
five stroke patients were divided into two groups, experimental group, comprising eighteen patients that received an
exercise program with action observation; and a control group, comprising seventeen patients that received conven-
tional exercise program. Functional recovery was assessed with the Fugl-Meyer Scale, manual dexterity was assessed
with the Box and Blocks test, and the functional use of the affected upper limb was assessed with the Reach scale. Eva-
luations occurred at baseline, after three and six months of intervention. Statistical analyses were performed with the
Repeated Measures Analysis of Variance and the Friedman test, under a 5% significance. Results: Both interventions
provided benefits to chronic stroke patients. Exercise program with action observation presented better results on motor
recovery (p < 0.001) and functional use of the affected limb (p < 0.001) when compared with conventional therapy.
Both treatments improved the manual dexterity of the participants (p = 0.002), but in a similar way (p = 0.461). Con-
clusion: A six-month exercise program with action observation provided benefits on functional recovery and func-
tional use of an affected upper limb in chronic stroke patients. Exercises with action observation demonstrated the
potential for improving affected upper limb in chronic stroke patients.
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Introduction

Recovery of the affected upper limb is one of the great
challenges in the rehabilitation of stroke patients. Appro-
ximately 60% of severely affected individuals do not pre-
sent manual dexterity six months after the stroke'. The
functional deficits of the upper limb affect the ability for
self-care, contribute to low perceived quality of life and
higher healthcare services costs™>.

Exercise programs should start early, be intensive
and developed with the active participation of patients to
promote motor learning and minimize functional deficits”.
Action observation training (AO) is an alternative treat-
ment in which the individual observes an action and then
imitates the task’,

AO stimulates the mirror neuron system, a special
type of neurons activated by the execution and observation
of action®. Initially studied in monkeys, the mirror neuron
system is associated with the premotor cortex, supplemen-
tary motor area, primary somatosensory cortex, and infer-
ior parietal cortex. By its connections with neurocognitive
processing, exercises programs that stimulate the mirror

neuron system may promote important benefits to stroke
patients®’.

During AO there is an activation of several cortical
areas. An internal representation of the action can potenti-
ate motor learning and functional recovery™’. AO uses
movements guided by external stimuli in which visual
attention recruits the cerebellar-thalamic-cortical circuit'®.
This circuit is involved in neural integration during the
initial stages of motor learning. In this matter, Wright and
collegues'' showed that directed attention facilitates corti-
cospinal excitability of the brain.

Previous studies using AO showed positive results in
the recovery of the affected upper limb in stroke'>'".
There were improvements in functionality, on the ability
to perform activities of daily living and on manual dexter-
ity. Nevertheless, there are still few studies comparing the
effects of AO versus conventional therapy (exercise with-
out AO) aiming to see how effective AO is in relation to
exercise programs already consecrated.

Thus, in the present study, we investigated the bene-
fits of AO in comparison to conventional physical therapy
on upper limb functional recovery, manual dexterity and
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everyday use of the affected upper limb in individuals
with stroke. We hypothesized that AO would present bet-
ter outcomes to patients with stroke than a conventional
exercise program.

Methods

Trial design

This is a controlled clinical trial comparing the
effects of AO versus conventional exercise program
(without AO) in chronic stroke patients. The research pro-
ject was approved by the research ethics committee of the
University Center of Grande Dourados - Unigran (CAAE:
31574214400005159, Number: 763.719), and it was pro-
spectively registered in the Brazilian Registry of Clinical
Trials (Protocol no. RBR-26Q4Z9). An informed consent
form was signed by all the participants.

Eligibility criteria and sample size calculation

Forty participants diagnosed with a single stroke
were eligible for this study. Inclusion criteria involved
hemiparetic patients with brachiofacial predominance
resulting from a stroke, with preserved visual acuity and
absence of anosognosia. Exclusion criteria involved
patients in the acute phase of the stroke (< 3 months),
those with apraxia, agnosia, in use of medications to treat
spasticity, subjects with cognitive decline or other neuro-
logic disorder.

The sample size of this study was estimated assum-
ing a power of 80%, with a 5% type I error and an effect
size of 0.779. The effect size was based on the previous
study developed by Peg and collegues'®. With this metho-
dological design, a minimum of thirty-five subjects
showed to be appropriate to control type 1 and 2 errors.

Participants

Participants were divided into two groups: Experi-
mental and control group. Both groups were similar
regarding participants' age, time since diagnosis, type of
stroke and affected cerebral hemisphere. All participants
were right-handed and were classified from 1-3 according
to the Ashworth Scale. Figure 1 details the flow of partici-
pant selection and monitoring during the study. Table 1
shows the sociodemographic and clinical conditions of the
participants.

Therapeutic protocol

The experimental group received an exercise pro-
gram with AO by watching videos of functional move-
ments while imitating them. Thirty-five videos with upper
limb exercises were prepared for the intervention, from a
third-person perspective, as though the patient were look-
ing in a mirror. All the movements were performed bilat-
erally so that regardless of the affected side the patient had
the correct perspective to perform the exercise. The exer-
cises involved bimanual movements and included selec-
tive movements of the shoulder, elbow, wrist, and finger

Assessed for eligibility (n = 40)

Allocation

Experimental group (n = 20)

Control Group (n = 20)

[ Follow-Up }

Lost to follow-up (n = 2)

+ Dropped out of treatment (n = 2)

Lost to follow-up (n = 3)

+ Dropped out of treatment (n = 3)

l [ Final sample size J
\ 4

18 participants

17 participants

Figure 1 - Flowchart describing the study sample and distribution of participants.
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Table 1 - Participants' characteristics

Characteristic Experimental group Control group P

Age, years, mean+SE 60.33 +2.23 60.53 +2.37 0.952
Time since the stroke, months, mean+ SE 60.00 + 12.91 43.00 + 12.42 0.575
Right-handedness coefficient, mean+ SE 91.11 + 3.09 95.00 + 2.84 0.324
MMSE Score, mean+SE 22.06 +1.21 24.94 + 1.06 0.083
Sex (male, female), % 61.1:38.9 58.8:41.2 0.890
Hemisphere affected (right: left), % 50.0:50.0 58.8:41.2 0.600
Type of stroke (ischemic, hemorrhagic), % 94.4:5.6 82.4:17.6 0.261

Ashworth Scale, median (lower and higher value) 2 (1-3) 1(0-3) 0.318

Legend: SE: standard error of the mean; MMSE: Mini-Mental State Examination. Student's t-test comparing the age and MMSE score. Mann-Whitney
test comparing time since the stroke, manual dominance, number of sessions, and the Ashworth Scale. Chi-square test comparing sex affected hemi-

sphere, and type of stroke.

joints. Functional skills of the upper limbs (combing the
hair, handling cutlery, holding and releasing objects, open-
ing and closing a box, stacking blocks, and putting on a
shirt) and weight transfer were also used in the exercise
program.

The participants stayed three meters from the screen
onto which the videos were projected. The initial posture
varied depending on each movement, lying down, sitting,
or standing, and ensuring a clear field of vision. The ses-
sions occurred in groups of three to four patients. All par-
ticipants had an assistant at their side who helped them
achieve the range of motion requested in the exercises
when needed. The participants received verbal instructions
to observe the action and simultaneously imitate the
movement. Verbal commands were given to direct atten-
tion and to correct the movements. Each video had fifteen
repetitions of each movement.

Sessions consisted of several exercises with a one-
minute rest period following each exercise. The exercises
were organized by level of difficulty in each session, start-
ing with the easiest and ending with the most difficult. The
following objects were used: a 10 cm diameter ball, woo-
den sticks, drinking glasses, cutlery, a comb, a box, and a
shirt. Figure 2 shows how AO was used in this study.

The control group received conventional rehabilita-
tion, with exercises similar to the experimental group but
without AO. Verbal instructions were given to perform
and correct the movements requested. The sessions were
conducted in groups of three to four patients, and all parti-
cipants had an assistant at their side who helped them
achieve the range of motion requested in the exercises,
when necessary. In both groups, the frequency of treat-
ment was twice a week and lasted approximately 40 mi-
nutes, over a six-month period.

Measurement battery

Three assessments were performed: baseline, after
three and six months. The variables evaluated were func-
tional recovery, gross manual dexterity and the use of the

Figure 2 - Example of action observation training for participants of the
experimental group.

affected upper limb. Participant was assessed individually
by the same evaluator in a quiet room, seated in a chair
with backrest.

The Fugl-Meyer scale'® was used to assess the func-
tional recovery of the affected upper limb. The score var-
ies from 0 to 66 points and evaluates mobility, speed, and
coordination. The Box and Blocks Test (BBT)?® was used
to evaluate gross manual dexterity. The participant moved
wooden blocks from one side of a wooden box to the other
side as quickly as possible. One hundred and fifty colored
wooden blocks were placed in one of the box sections.
Before starting the activity, the evaluator demonstrated the
task and allowed 15 seconds of training for familiarization
with the test. The participant performed the activity with
the healthy upper limb and then with the affected one. The
number of blocks moved in one minute was recorded.

The Rating of Everyday Arm-use in the Community
and Home (Reach) scale’! evaluated the use of the affec-
ted upper limb. This scale is a measurement of functional
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recovery that assesses whether the participants incorporate
the use of the affected upper limb in daily household and
community tasks. The classification ranges from 0 to 5,
from the absence of use to total use of the affected upper
limb.

Statistical analysis

Repeated measures ANOVA with the Tukey post-
hoc test was used for Fugl-Meyer and BBT data. The
Friedman test associated with the Dunn post-hoc and
Mann Whitney U tests were used for the Reach scale. The
level of significance was set at 5%.

Results

Results regarding the Fugl-Meyer scale, BBT and
Reach scale are presented in Table 2. An improvement in
the Fugl-Meyer scale was seen in both groups (p < 0.001,
the effect size of 0.599 and power of 99.9%), but with bet-
ter results in the AO group (p < 0.001). Both groups pre-
sented benefits in BBT scores (p = 0.002, the effect size of
0.264 and power of 95.8%), but with similar results in
between the groups (p = 0.461). The results of the Reach
scale indicate significant improvement only in the AO
group (p < 0.001).

Discussion

This study compared the effects of an exercise pro-
gram with AO versus conventional therapy on the function
of the affected upper limb in stroke patients. The results
indicated that both groups achieved significant benefits in
the Fugl-Meyer scale scores and that the experimental
group presented superior results. This finding corroborates
previous studies'*”'” that observed improvement in motor
impairment of the affected upper limb after training with
AO. The improvement can be attributed to the fact that
exercises with AO stimulate mirror neurons>* and the cer-
ebellar-thalamic-cortical system responsible for externally
guided movements'’.

Performing movement simultaneously with AO
observation improve performance as it offers visual feed-
back for the correction of the movement. The characte-

ristics of the exercise program may contribute to justify
the results. The use of objects, videos in the third-person
perspective, bimanual exercises, and verbal commands as
factors that increase the excitability of primary motor were
important to promote benefits to patients>.

The progression of the exercises by the level of diffi-
culty may be another factor contributing to the improve-
ment of patients. With repetitive training, a reduction in
the excessive activation of the brain occurs in conjunction
with a reduction in the cognitive effort associated with the
task. This may be owing to an increase in the efficiency of
synaptic transmission and contribute to functional recov-
ery''®_ In exercises involving bimanual coordination, the
temporal or spatial characteristics of the movement path
on the non-paretic side interfere with the movement path
on the paretic side, improving its performance. As a result,
the movements of the paretic side occur more quickly,
more accurately, and more smoothly than when they are
performed unilaterally”. In our study, the experimental
group perceived greater use of the affected upper limb
than the control group. Focusing attention with AO on the
paretic side could contribute to the inclusion of the affec-
ted upper limb on activities of daily living and a reduction
of the impact of the stroke'*.

Both exercise programs improved the manual dex-
terity of the participants, in a similar way. This finding
goes against a previous study that showed better perfor-
mance of subjects stimulated with AO**. In the present
study, the exercises involved multi-articular coordination
of the upper limb, and not only object manipulation activi-
ties. It is known that repetitive practice of simple tasks can
lead to motor improvement by adapting the short-term
effects of AO to motor learning. These adaptive effects,
differently, may not be present in complex motor
tasks”>°. More studies are needed to address the impact
of OA on complex tasks in adults with stroke.

Practical applications

This study tested an exercise program with AO and
the results indicate that stroke patients present functional
gains, which can contribute to incorporate the affected
upper limb in activities of daily living. Exercises with AO

Table 2 - Comparison of treatment results in the experimental and control groups.

Variable Groups Assessment 1 Assessment 2 Assessment 3 p

Fulg-Meyer, score, mean + SE Experimental 37.78 £3.22%° 41.00 £3.71%¢ 47.00 +3.12% ¢ < 0.001
Control 33.12+£5.07%¢ 35.18 +5.14¢ 36.06 + 5.16°

Block and Box test, blocks/min, mean + SE Experimental 23.67 +4.31° 26.73 +4.51 29.33 +4.94 0.002
Control 30.73 £5.76 31.90 £5.76 33.55+£6.37

Reach scale, ranking, median (lower and higher values) Experimental 1 (0-4)F 2 (0-4) 3 (0-5)° < 0.001
Control 1 (0-4) 2(0-4) 2(0-4)

Legend: SE: standard error. Repeated-measures ANOVA with Tukey post-test for Fugl-Meyer and Block and box test. Friedman test with Dunn post-test
plus Mann Whitney-U test for the Reach scale. Superscripted letters indicate significant difference between assessments.
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may be a strategy to reinforce the learning of new tasks. In
addition, the use of AO during rehabilitation sessions
could encourage participants to do such exercises at home.
However, the authors reinforce that exercises with AO do
not replace conventional therapy because the findings are
effective when observed tasks are corrected by profes-
sional assistance. Exercises with AO demonstrated to be a
simple resource that is easily accessible by healthcare ser-
vices and there were no adverse effects to treatment.

Some limitations should be pointed out, a) the sam-
ple size (n = 35) was relatively low - even though this
study contemplated the sample size calculation; b) the
results are restricted to patients in the chronic phase of the
stroke (> 3 months after stroke). Third, the researchers did
not have access to the neuroimaging exams to specify pre-
cisely the brain injuries sites.

Conclusion

This study showed that AO is superior to conven-
tional therapy in promoting benefits to patients with stroke
in the following variables: functional recovery and func-
tional use of the affected upper limb. AO presented similar
results than conventional therapy on manual dexterity.
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