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ABSTRACT

Background/Objectives: The purpose of this study was to survey the influence on action observation of meaningful
tasks on upper limb function in patients with stroke. Thirty stroke patients were prospectively randomized to
bilateral upper limb training task (BULTT) group or general upper limb rehabilitation (GULR) group.

Method/Statistical Analysis: We studied 30 acute stroke patients. The experimental group (N = 15) applied
bilateral upper limb training task (BULTT) and the control group (N = 15) performed general upper limb
rehabilitation (GULR) for the affected side. Both groups executed 5 times per week and 30 minutes per
session for 4 weeks. To assess the effects of intervention, the paired t-test was used to contrast before and
after intervention results of each group. The independent t-test test was used to contrast changes in outcome
measures between the groups.

Findings: The Fugl-Meyer Assessment (FMA) before-test score BULTT group was 17.00 + 3.74 and after-
test score was 21.27 + 4.62. Significant changes in the FMA were observed in both groups. However, the
results from the observation of BULTT were most significant. The mean change in FMA score was 4.27 +
2.09 in the BULTT group and 1.80 = 1.78 in the GULR group, showing a statistically significant difference.
The BULTT group showed a significant increase in upper limb function after training intervention.

Improvements/Applications: This study demonstrated that action observation of meaningful bilateral
upper limb training in patients with stroke. We present evidence that action observation of meaningful tasks
has a beneficial effect in occupational therapy for movement disorders after stroke.
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Assessment

Introduction

Stroke is caused by vascular occlusion such as hypoxia,
ischaemia, or infarction, or by intracranial hemorrhage.
Cerebral infarction is the most frequently occurring type.
This is related to the central nervous system being very
sensitive to oxygen deficiency or ischemia in various
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organs of the body'. Stroke patients generally develop
muscle weakness, coordination problems, abnormal
muscle tension, and motor paralysis®>. Stroke patients
with these neurological symptoms have social, mental
and physical impairments, of which 40% have some
dysfunction and 15-30% have sensory disturbances**. A
significant reduction in the function of the affected side is
generally associated with reduced use of the injured upper
limb in real life. Therefore, it can induce learned nonuse,
which can result in weakened function of the affected side
and increase the restriction of daily life*>.

Bilateral activity is based on the assumption that the
right and left muscle groups are simultaneously activated
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and similar neural activation occurs in both cerebral
hemispheres®. Simultaneous execution of both upper
limbs can also increase activation of the affected cortical
area, which can be attributed to the bilateral distribution
of the channels that transmit commands and the common
initiation of motion commands through simultaneous
execution of both upper limbs’®. It is known that the
enhancement of the efferent connection of the ipsilateral
upper limb by activation of the uninjured brain region
improves motor control of the affected upper limb’.

Activation of the primary motor and somatosensory
cortex of the affected side is further enhanced by the
simultaneous performance of the both upper limbs
which is compared to the single side of the affected,
which is related to the activation of both the cerebral
hemispheres™®. Also, when performing tasks with
both hands, in order to move of both hands complex
interactions between both cerebral hemispheres can
occur and this interaction can promote the effect of the
affected upper limb!!.

Many actions in real life are performed by
coordination of both hands. Repeated, similar tasks used
in daily life may improve function even in patients with
severe upper limb paralysis'?. This treatment approach
using both hands is closely related to daily life and
the affected side upper limb is improved functionally
to the help rehabilitation and daily activities of stroke
patients'3.

Several studies have demonstrated the effect of bilateral
exercise to induce the recovery of motor function using both
the affected and less affected upper limbs!'*'¢, These studies
have reported that bilateral activity in the early level of
stroke rehabilitation improves symmetric body and reduces
abnormal muscle tone'. In addition, it has been reported
that complex interactions are activated in the cerebrum for
the exercise planning of both upper limbs!®.

Therefore, based on the above facts, this study
investigated the effect of bilateral upper limb training
task on upper limb function in patients with acute stroke.

Materials and Method

Subjects: In this study, we randomly divided the 30
study subjects into two groups (Table 1) : the BULTT
group and the GULR group. These participants met the
selection criteria and gave voluntary knowledgeable
consent to take part in the study. The incorporation
criteria were as follows:

First, hemiplegic patients with stroke duration less
than 6 months

Second, a score of > 24 in the MMSE-K (Korean
version of the Mini-Mental Status Examination)

Thirdly, a level of < Brunnstrom recovery of upper
limb stage 3

Fourth, in the line bicection test, patients without
unilateral neglect

Fifth, patients without musculoskeletal disorders
such as joint building or limited range of motion

Table 1: Individual Information of Patients

. BULTT GULR group
Characteristics group (n=15)
(n=15)
Male 6 7
Gender Female 9 8
Age (y) 61.53 £8.81 | 62.00+8.13
MMSE-K 27.60+1.06 | 27.80+1.37
Height(cm) 165.67 £7.19 | 166.00 + 7.42
Weight(kg) 67.40 £12.35 | 66.87 +11.32
Onset of
stroke months 3.60+1.30 3.20+1.37
Side of right 11 9
hemiplegia Left 4 6

M = SD: mean = standard deviation.

BULTT: bilateral upper limb training task, GULR:
general upper limb rehabilitation

Materials -  Fugl-Meyer Motor Function
Assessment(FMA): Upper limb Subtest: FMA
is used to classify hemiplegic patients with stroke
as a Brunnstrom recovery stage and to assess the
recovery of function'”. Fugl-Meyer et al. developed
an assessment tool by defining 50 detailed movements
according to the six stages of recovery of Brunnstrom’s
hemiplegic patients. 0 ~ 2 points are given depending
on the performance of the evaluation item. 0 point is not
performed, 1 point is performed partially, and 2 points
are divided into complete execution. The overall score
ranges from 0 to 100, including upper and lower limbs.
There are 33 items in the upper part of the test, which
is 66 points. The details of upper limb examination are
18 items for shoulder/elbow/forearm, 5 items for wrist,
7 items for hand (finger), and 3 items for upper limb
coordination ability'®. Sanford et al. reported an inter-
rater reliability of 0.96 for upper limb examination .
In this study, only upper limb test items were used for
upper limb function evaluation.



Methods-Bilateral Upper Limb Training Task:
Subjects were divided into BULTT group (15 patients)
and GULR group (15 patients). The experiment was
conducted for 5 weeks each week for 30 minutes for
4 weeks. The BULTT group performed the bilateral
upper limb training task and the GULR group performed
general upper limb rehabilitation.

The posture for bilateral upper limb activity is to
sit on the backrest chair and place both upper limbs on
the table, and the hip, knee, and ankle joints are flexed
90 degrees. And the patient is allowed to maintain the
correct posture by inducing the patient to use the backrest
or the footrest according to the physical condition so that
the same weight is applied to both legs from the center
of the chair.

Table 2 summarizes the results of the bilateral upper
limb training task with reference to the programs of
Desrosiers et al. and Lewis & Byblow?*?!,

Table 2: Bilateral Upper Limb Training Task

Method

The patient wipes the table by placing
both hands with the fingers together
locked or both hands without the fingers
together locked in parallel on a towel,
pushing and pulling the table forward,
left and right. Elbow joints move with
flexion and extension, and shoulder
joints move with horizontal adduction
and horizontal abduction. As the elbow
joint moves, the scapular of the affected
upper limb is not retracted.

Program

Wipping
table with
towel

The patient mimics the action of drinking
a cylindrical plastic cup with finger
togerht locked to the mouth. Shoulder
and elbow joints move with flexion.

The patient should hold the block (4cm
X 4cm x 4cm) placed in front of the
table with finger together locked and
move it into a box located at eye level
of 30 cm. Keep your finger locked and
move the elbows in the flexion direction.
The block is picked up mainly with the
less affected fingers. When placed in
the box, the shoulder joint moves in the
flexion direction and the elbow joint
moves in the extension direction.

Mimiceing
the
drinking

Moving
blocks to
boxes
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Analysis Methods

The results of the collected data were analyzed
using SPSS (ver. 12.0) statistical program. The general
characteristics of the subjects were descriptive statistics
and chi-squared test was used for the homogeneity
test between the BULTT group and the GULR group.
Shapiro Wilk test was used to confirm normality, and the
paired t-test was used to compare FMA before and after
intervention. The independent t-test was also conducted
to compare groups after intervention. The statistical
significance level was 0.05.

Results and Discussion

Comparison of Results (Fma Score) Before and After
The Intervention: Upper limb motor function in both
groups before and after treatment is shown in Table 3.

The changes of FMA before and after the application
of bilateral upper limb training task were significantly
improved from 17.00t0 21.27 (p <0.001). In addition, the
change of FMA from general upper limb rehabilitation
was improved from 17.27 to 19.07 (p <0.01).

Table 3: Comparison of Results (FMA Score) Before
and After the Intervention

BULTT group GULR group
(n=15) (n=15)
Pre-test | Post-test | Pre-test | Post-test
17.00 21.27 17.27 19.07
FMA (3.74) (4.62) (4.59) (5.31)
P .000™ .002™

The values are mean (standard deviation), “p<0.05,
“p<0.01,""p<0.001 by paired t-test

FMA: Fugl-Meyer Assessment

BULTT: bilateral upper limb training task, GULR:
general upper limb rehabilitation

Comparison of Results Between the BULTT Group
and GULR Groups: The mean changes in upper limb
motor function scores in the 2 groups are compared in
Table 4.

The mean change in FMA was 4.27 £+ 2.09 in the
BULTT group and 1.08 + 1.78 in the GULT group,
showing a statistically significant difference. Mean
change in the FMA was significantly greater in the
BULTT group.
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Table 4: Comparison of Results Between the BULTT
Group and GULR Groups

Mean Change
BULTT group GULR group
(n=15) (n=15)
FMA 4.27(2.09) 1.80(1.78)
P .002™

The values are mean (standard deviation), “p<0.05,
"p<0.01,""p<0.001 by independent t-test

FMA: Fugl-Meyer Assessment

BULTT: bilateral upper limb training task, GULR:
general upper limb rehabilitation

Discussion

In this study, we investigated the effect of bilateral
upper limb training on upper limb function in acute stroke
patients. In the selection of the subjects, the MMSE-K
revealed that the cognitive impairment was considered
as a result of 24 out of 30 total score, or visual perception
ability including neglect and homonymous hemianopsia
in the line by section were excluded from this study. We
also excluded patients with musculoskeletal disorders
such as contracture of joints or limitation of range of
motion, and patients with complete voluntary movement
of the affected upper limb without assistance. The
subjects selected for the study were less than 6 months in
the stroke diagnosis. In addition, the subject is a patient
with Brunnstrom recovery of upper limb stagy 3 or less
who needs active assistance because of the voluntary
movement of the affected upper limb and the difficulty of
one hand moving of the affected limb without assistance.
There were no cognitive impairment, visual perception
disabilities, or musculoskeletal disorders.

Bilateral upper limb training was consisted of
supplementing and modifying the less affected upper
limb so as to lead to various movements of the affected
upper limb, referring to the previous studies?**'. During
the application of the program, the subjects crossed the
fingers of both hands and performed activities with their
hands clipped. The fingers together locked may prevent
the associated reaction by reducing the spasticity of the
flexion pattern of the affected upper limb by abduction of
the affected fingers and also increasing the sensation and
perception of the affected side since the fingers together
locked are held in the midline of the body?*>.

In this study, BULTT improved the upper limb
function more than GULT, and there was a significant
difference between the two groups before and after the
intervention. When any activity begins on both sides,
the motor cortex of both hemispheres simultaneously
activates and inhibits the functions of the other side.
Previous studies on stroke patients have emphasized the
importance of simultaneous exercises on the bilateral
upper limb and reported that normal movement of the
upper limb through coordination of both hands plays an
important role in the quality of performance in daily life’.
Fey et al. reported improved upper limb function when
repeated bilateral upper limb training was applied to
stroke patients'?. Lewis & Byblow also suggested using
the affected and less affected upper limb simultaneously
to improve the function of the upper limb.

Recovery of upper limb function has a direct impact
on performing independent activities and activities of
daily living. The results of this study show that BULTT
performance in acute stroke patients is effective in
improving the function of the affected upper limb in
stroke patients.

In this study, generalized interpretation of all stroke
patients is limited because only limited patients who meet
the selection criteria were studied. Further evaluation
of factors that may have an additional effect on upper
limb function was not considered and further evaluation
should be performed to further clarify the relationship
between bilateral tasks and upper limb function.
Therefore, additional studies should be conducted to
investigate the effect of bilateral upper limb activity on
patients’ rehabilitation process in various aspects.

Conclusion

The purpose of this study was to investigate the
effect of bilateral upper limb activity on upper extremity
function into acute stroke patients. Thirty patients were
selected based on the selection criteria, and 15 subjects
were divided into two groups, one was an experimental
group applying bilateral upper limb training task and the
other was a general upper limb rehabilitation group. FMA
was used to compare upper limb functions before and after
intervention for 4 weeks. The results were as follows.

First, there was a significant change in upper limb
function before and after intervention in BULTT and
GULR, but it was more effective in BULTT (p<0.001)



Second, there was significant improvement in
bilateral upper limb activities after intervention (p<0.05).

Second, the comparison between the two groups
showed significant improvement in the BULTT group
(p<0.05).

These results suggest that the upper limb function
area of acute stroke patients with BULTT is improved.
Therefore, it seems that BULTT can be used as a therapeutic
method for the recovery of upper limb function in stroke
patients, and further study on the effect of the patient on
rehabilitation should be handled together.

Ethical Clearance: Not required
Source of Funding: Self

Conflict of Interest: Nil

REFERENCE

1. Deusen JV, Brunt D. Assessment in occupational
therapy and Physical therapy. Philadelphia: W.B.
Saunders Co.; 1997.

2. Shumway-Cook A, Wollacott MH. Motor control:
translating research into clinical practice. 3th
(Eds). Philadelphia: Lippincott Williams &
Wilkins; 2007.

3. Mercier L, Audet T, Hebert R, Rochette A, Dubois
MF. Impact of motor, cognitive and perceptual
disorders on ability to perform activities of daily
living after stroke. Stroke, 2001; 32: 2602-2608

4. Duncan PW, Horner RD, Reker DM, Samsa
GP, Hoenig H, Hamilton B, et al. Adherence to
postacute rehabilitation guidelines is associated
with functional recovery in stroke. Stroke, 2002;
33(1): 167-178.

5. Ryerson SD. Hemiplegia. In D. A. Humphrey(Ed)
Neurological Rehabilitation, 4th edition. St.
Louis: Mosby, 2001; 741-789.

6. Hallett M. Plasticity of the human motor cortex
and recovery from stroke. Brain research reviews,
2001; 36: 69-174.

7. Staines WR, Mcllroy WE, Graham SJ, Black SE.
Bilateral movement enhances ipsilesional cortical
activity in acute stroke: A pilot functional MRI
study. Neurology, 2001; 56(3): 401-404.

Medico-legal Update, January-June 2019, Vol. 19, No. 1

8.

10.

11

12.

13.

14.

15.

16.

17.

519

Swinnen SP, Heuer H, Passion J, Cases P. Interlimb
Coordination: neural, dynamical, and cognitive
constraints. SanDiego: Academic Press; 1994

. Weiller C, Ramsay SC, Wise RJS, Friston KJ,

Frackowiak RJS. Individual patterns of functional
reorganization in the human cerebral cortex after
capsular infarction. Annals of Neurology, 1993;
33(2): 181-189.

Mudie MH, Matyas TA. Can simultaneous bilateral
movement involve the undamaged hemisphere
in reconstruction of Neural networks damaged
by stroke?. Disability and Rehabilitation, 2000;
22(1): 23-37.

. Sabate M, Gonzalez B, Rodriguez M. Brain

lateralization of motor imagery: motor planning
asymmetry as a cause of movement lateralization.
Neuropsychologia, 2004; 42(8): 1041-1049.

Fey HM, DeWeerdt WJ, Selz BE, Steck GAC,
Spichiger R, Vebeeck LE, et al. Effect of a
therapeutic intervention for the hemiplegic upper
limb in the acute phase after stroke. Stroke, 1998;
29: 785-792.

Whitall J, McCombe-Waller S, Silver KH, Macko
REF. Repetitive bilateral arm training with rhythmic
auditory cueing improves motor function in
chronic hemiparetic stroke. Stroke, 2000; 31(10):
2390-2395.

Cauraugh JH, Summers JJ. Neural plasticity and
bilateral movement: A rehabilitation approach for
chronic stroke. Progress in Neurobiology, 2005;
75(5): 309-230.

Luft AR, McCombe-Waller S, Whitall J, Forrest
LW, Macko R, Sorkin JD, et al. (2004). Repetitive
Bilateral Arm Training and Motor Cortex
Activation in Chronic Stroke: a randomized
controlled trial. American Medical Association
2004; 292(15): 1853-1861

Sabate M, Gonzalez B, Rodriguez M. Brain
lateralization of motor imagery: Motor planning

asymmetry as a cause of movement lateralization.
Neuropsychologia, 2004; 42(8): 1041-1049.

Radomski MYV, Latham CAT. Occupational
Therapy for Physical Dysfunction 6th. Baltimore:
Lippincott Williams & Wilkins. 2008



520

18.

19.

20.

Medico-legal Update, January-June 2019, Vol.19, No. 1

Fugl-Meyer AR, Jaasko L, Leyman I, Olsson
S, Steglind S. The post-stroke patient. 1. A
method for evaluation of physical performance.
Scandinavian Journal of Rehabilitation Medicine,
1975; 7(1):13-31.

Sanford J, Moreland J, Swanson LR, Stratford
PW, Gowland C. Reliability of the Fugl-Meyer
Assessment for Testing Motor Performance in
patients Following Stroke. Physical Therapy,
1993; 73(7): 447-454.

Desrosiers J, Bourbonnais D, Corriveau H,
Gosselin S, Bravo G. Effectiveness of unilateral and

21

22.

symmetrical bilateral task training for arm during
the subacute phase after stroke: a randomized
controlled trial. Clinical Rehabilitation, 2005;
19(6): 581-593.

. Lewis GN, Byblow WD. Neurophysiological and

behavioural adaptations to a bilateral training
intervention in individuals following stroke.
Clinical Rehabilitation, 2004; 18(1): 48-59.

Davies PM. Steps to follow: the comprehensive
treatment of patients with hemiplegia, 2nd(Eds).
Berlin: Springer.



