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CHAPTER 1

INTRODUCTION

1.1 Background

Stroke is a neurological deficit that can occur in both men and women. It can
cause long-term disability and death (Suwanwela, 2014). All over the world, stroke is
the second cause of death, on the other hand, it is the first leading cause of death in
Thailand (Suwanwela, 2014, Kongbunkiat et al., 2015). Ministry of Public Health of
Thailand reported that the mortality of individuals with stroke in Thailand increased
from 20.8 in 2008 to 30.7 per 100,000 populations in 2012. The incidence of stroke in
Thailand is around 50,000 case per year (Suwanwela, 2014). Individuals with stroke
have to pay around 20,740 baths ¢ $USD 691) on their treatment. In addition, 7%
death from the disease (Kongbunkiat et al., 2015).

Individuals with stroke are suffering from many abnormal conditions that limit
their activity in daily living (Belgen et al., 2006, Tsang et al., 2013) such as muscle
weakness, sensory loss, impaired righting reflex and loss of balance (Liston and
Brouwer, 1996, Hung et al., 2014). Balance abnormalities frequently found in
individuals with stroke which leading to falling. It has been reported that at 6 months
after discharge, 73% of individuals with stroke fell which mainly cause from balance
problem (Forster and Young, 1995). The greater number of fallen lands sideways of
their affected side, on hands and knees and backward (Hyndman et al., 2002).

Nowadays, there are many interventions used to improve balance in

individuals with stroke such as body weight support treadmill training (Visintin et al.,



1998), water-based exercise (Mehrholz et al., 2011), virtual reality technique and
visual feedback training (Cheng et al., 2004). Weight-shifting exercise is one of the
training that can improve dynamic balance in individual with stroke (Cheng et al.,
2004). Limits of stability (LOS) training is one of intervention that used weight-
shifting protocol. The LOS is the maximal distance that person can lean in each
direction without losing balance. In healthy subjects, these limits equal to 8 degrees
anteriorly, 4 degrees posteriorly and 8 degrees laterally to both sides (Nichols, 1997).
There are several previous studies demonstrated the LOS training with Balance
Master could be used to improve dynamic balance in individuals with stroke (Walker
et al., 2000, Chen et al., 2002, Cheng et al., 2004). In general, therefore, it seems that
the LOS training with Balance Master could be used in clinical setting. Therefore, we
create a new tool based on LOS training using visual feedback. This tool made from
inexpensive elements composes of water pipe as a pole and electric torch as a target.
The targets will be set at 75% LOS of each individual in multidirections (forward,
backward, affected side). Participants will be asked to reach each target with
unaffected hand. This study will find out the effect of multidirectional reach training

program on dynamic balance in individuals with stroke.

1.2 Rationale

Previous studies demonstrated that LOS training with Balance Master could
improve dynamic balance in individuals with stroke (Sackley and Lincoln, 1997,
Walker et al., 2000, Geiger et al., 2001, Chen et al., 2002, Cheng et al., 2004).
Therefore, we create a new tool based on LOS training using visual feedback. This

tool made from inexpensive elements composes of water pipe as a pole and electric



torch as a target. The targets will be set at 75% LOS of each individual in
multidirections (forward, backward, affected side). Participants will be asked to reach
each target with unaffected hand. Hence, this study will investigate the LOS training

with the inexpensive device on dynamic balance in individuals with stroke.

1.3 Research question
Dose the multidirectional reach training improve dynamic balance in

individuals with stroke?

1.4 Objective of the study
The objective is to investigate the effect of multidirectional reach training on

dynamic balance in individuals with stroke.

1.5 Hypothesis of the study
The multidirectional reach training group would be significantly improved
dynamic balance at the end of treatment session and 1-month follow-up as compared

to control group.

1.6 Scope of the study

This study was investigated the effect of multidirectional reach training on
dynamic balance in individuals with stroke. Participants who met inclusion and free
from exclusion criteria were recruited. This study was conducted at Faculty of Allied

Health Sciences, Chulalongkorn University and Rehabilitation center in Thailand.



1.7 Advantage of the study

The researcher expects that multidirectional reach training would be an

alternative method to improve dynamic balance in individuals with stroke.



CHAPTER 2
REVIEW LITERATURE

2.1 Individuals with stroke

Stroke is defined as an acute neurological deficit caused by interrupted of
cerebral blood flow. Stroke can divide into many subtypes including cerebral
infarction, intracerebral hemorrhage (ICH) and subarachnoid hemorrhage (SAH)
(Sacco et al., 2013). Cerebral infarction is a focal ischemic injury that symptoms
persisting more than 24 hours or until death. Intracerebral hemorrhage occurs when a
blood vessel in the brain bursts and blood leaks in parenchyma or ventricular systems.
Subarachnoid hemorrhage is the neurological dysfunction cause of extravasation of
blood into subarachnoid space which is the space between the arachnoid and the pia

mater of the brain or spinal cord (Sacco et al., 2013).

2.2 Prevalence of stroke

Stroke is neurological that causes long-term disability and death (Suwanwela,
2014). All over the world, individuals with stroke approximately 44 million have a
disability and around 5.5 million deaths per year. The number of the individuals with
stroke increased every year. It has been estimated that the number will increase to 23
million patients with the first stroke in 2030 (Mukherjee and Patil, 2011). Stroke is the
second cause of death worldwide. On the other hand, it is the first leading cause of
death in Thailand. Individuals with stroke in Thailand were approximately 122 per
100,000 of the population in 2015. Most of the individuals with stroke are men (57%)

and the mean age is around 65 years (Kongbunkiat et al., 2015).



2.3 Sign and symptoms

Stroke is a neurological deficit of the central nervous system (CNS). Lesion at
the CNS leading to many abnormal conditions of upper motor neuron which can
divide to negative phenomena and positive phenomena (Barnes and Barnes, 2008). In
1989, Carr and Shepherd have proposed the new framework of upper motor neuron
patients. This framework categorized into three subsets which are a negative feature,
positive features and adaptive feature (Carr and Shepherd, 1989). The negative
phenomenon of the upper motor neuron syndrome consists of muscle weakness, loss
of dexterity and muscle fatigue. A major negative feature (i.e. muscle weakness)
emerge because the loss of muscle unit activation, change in firing rate and
recruitment order from the higher center (Shepherd, 2001). Both muscles weakness
and disordered motor control induce functional limitation. Positive phenomena
relevant to exaggerations of normal phenomena such as hyperreflexia, clonus, positive
Babinski’s sign and spasticity (Shepherd, 2001). In 1980, Lance has been described
the definition of spasticity as a motor disorder characterized by a velocity-dependent
increase in tonic stretch reflexes (muscle tone) with exaggerated tendon jerks. Thirty
percent of individuals with stroke had spasticity (Thibaut et al., 2013). There are
many clinical tests used to evaluate spasticity such as Modified Ashworth scale, Tone
assessment scale, Modified Tardieu Scale. A sign of spasticity possibly presents as
abnormal muscle co-contraction and stiffness of the limb. It might induce poor
balance in individuals with stroke (Shepherd, 2001). The contribution of adaptive
features arises from a change in motor unit activity and mechanical changes in the

muscle. These changes occur in respond to muscle paralysis and weakness.



Furthermore, decreasing in physical activities and disuse can cause the adaptive

feature (Farmer et al., 1993).

2.4 Conceptual framework of postural control

Postural control is an ability to control center of mass in the base of support
that involved controlling body’s position in space for stability and orientation (Winter,
1987). Postural control is the complex interaction between many systems. Postural
control consists of seven components, i.e. musculoskeletal component, neuromuscular
synergies, individual sensory system, sensory strategies, internal representation,
anticipatory mechanism and adaptive mechanism (figure 1) (Shumway-Cook and
Woollacott, 2012). All of the components are collectively contributed to maintaining
appropriate posture in various conditions. The musculoskeletal component involves
muscle strength, muscle length, joint range, joint alignment and compliance (Guerra
Padilla et al., 2014). In standing position, postural stability requires the strength of
both core and peripheral muscle (Miyake et al., 2014). The neuromuscular synergies
regulate the muscle tone, the pattern of movement to sustain proper body’s position.
The individual sensory system composes of somatosensory system, visual system, and
vestibular system. Horak and coworker found that standing in firm surface required
feedback from somatosensory system 70%, visual system 20% and vestibular 10%
(Horak, 2006). These proportion change in other situations by adaptive of CNS
which called sensory reweighting (Shumway-Cook and Woollacott, 2012). If
information from one of these systems decreases, the postural sway will increase. The
internal representation is a body’s map which expresses the relationship between

body’s part and others or body’s part and the environment. The anticipatory



mechanism is the mechanism that body has to maintain the position before doing any
task. Postural muscle has to work before prime mover muscle to maintain body’s
stability while movement. The adaptive mechanism is the strategies of individual to
maintain posture against unexpected perturbation (Winter, 1995). The perturbation
can devide into internal perturbation and external perturbation. The internal
perturbation (self-perturbation) is the self-generating forces that produce from an
individual which can disturb balance (e.g. raising the arm, moving of chest wall). In
the other hand, the external perturbation is the force that occurs from an external
source outside the body. The body responses to the perturbation in many ways by
used ankle strategies, hip strategies and stepping strategies (Shumway-Cook and
Woollacott, 2012). The performance of strategies depends on pattern and direction of
the force. Ankle strategy is selected when body contact to little force. When the force
is increasing, the body will use hip strategies. Finally, stepping strategy is selected
when the body was interrupted with large perturbation. The direction of these
strategies depends on the direction of the force that contact the body such as the force
contact to left side, body response with stepping to the right side (King and Horak,

2008).



Anticipatory
mechanism

2 N __ g

representation

Figure 2.1: Conceptual framework of postural control
(Modified from Shumway-Cook and Woollacott, 2012)

2.5 Balance abnormality in individuals with stroke

Balance abnormality is a problem that frequently found in individuals with
stroke (Laufer et al., 2003). This problem limits daily activity and increases prone to
fall (Belgen et al., 2006). Balance problem after stroke caused by different
impairments (de Oliveira et al., 2008). Base on the conceptual framework of postural
control of Shumway-Cook and Woollacott, balance impairment in individuals with
stroke can occur in all system of postural control which are a musculoskeletal
component, neuromuscular synergies, individual sensory system, sensory strategies,
internal representation, anticipatory mechanism and adaptive mechanism (Miyake et

al., 2014).
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Individuals with stroke impair muscle control and weakness of paretic limb
leading to asymmetrical weight bearing in the lower extremity. The paretic lower limb
supports only 25-43% of their body weight (Lee and Seo, 2014). Impaired motor
control of higher center produces spasticity on the paretic side leading to muscles
imbalance in the lower extremity. This problem, in turn, affects the center of pressure
to shift anteriorly on the paretic leg, and increase the risk of falls in individuals with
stroke (Keennan et al., 1984). Moreover, individuals with stroke usually increase use
of the visual system to maintain balance as they lost of an ability of sensory
reweighting and impaired proprioception at lower extremity (Rode et al., 1997,
Horak, 2006, Shumway-Cook and Woollacott, 2012). A clinical disorder following
brain damage, affected to the internal representation system is pusher syndrome. The
patient with pusher syndrome actively pushes away from the non-hemiparetic side
and lead to losing of postural balance (Karnath and Broetz, 2003).

The ability to predict and detect postural instability of the central nervous
system is the anticipatory mechanism. This mechanism uses to choose appropriate
movement in diverse context (Winter, 1995). Abnormal of this mechanism produced
postural instability. In individuals with stroke impaired of this mechanism express
postural instability while moving their upper extremity. Conversely, they cannot move
their arm full range of motion because postural muscle weakness (de Haart et al.,
2004). There are three main strategies that the human use against unexpected
perturbation which are the ankle, hip and step strategies (Nashner and McCollum,
1985). Individuals with stroke usually holding object or walls to maintain their

balance which calls compensatory mechanism. It has been reported that stepping
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strategies were used in a hemiplegic patient more than age-matched control (Maki and

Mcllroy, 1997).

2.6 Balance assessment

The ability to maintain balance is an important component that reflect the
capacity of activity daily living after stroke (Dettmann et al., 1987). Thus, balance
assessment is important for clinical reasoning and planning. Balance assessment can

divide to two categories which are laboratory tests and clinical tests.

2.6.1 Laboratory balance tests

2.6.1.1 The Balance Master System (BM)

The Balance Master System (BM) is a computerized measurement that uses to
assess the static and dynamic balance of individuals with stroke. The BM is one of the
laboratory instruments which help the clinician to evaluate the quality of standing
balance with high resolution (Chien et al., 2007). The BM has many functions that
can assess ability to maintain balance of individuals with stroke such as Modified
Clinical Test of Sensory Interaction on Balance (mCTSIB), Limits of Stability (LOS),
Rhythmic Weight Shift (RWS), Weight Bearing Squat (WBS), Unilateral Stance
(US), Sit-To-Stand (STS), Walk Across (WA), Tandem Walk (Schlenstedt et al.),
Step/Quick Turn (SQT), Step Up/Over (SUO) and Forward Lunge (Flansbjer et al.).
Moreover, the BM has balance training program such as sequence training, weight
bearing training and custom training. The BM is composed of two force plates and

computer adjusted at subject’s eyes level. Subjects were required to take off their shoe
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and unable to move their feet while testing. In starting position, subjects stood with
their arm beside their body. While testing, the subject has to focus on display that
gives a visual feedback. On display, it shows the subject’s center of gravity (COG)
inside centrally positioned target box. For each test, the BM have recorded the area of
COG sway and showed the percentage of the subject’s LOS (Liston and Brouwer,
1996). For the test that measure dynamic balance, subjects require shifting their COG.
Furthermore, The BM have high reliability (ICC=0.84) and valid with BBS which is
the gold standard of balance measurement (r>0.48) (Liston and Brouwer, 1996).

Limits of stability (LOS) is the measurement that assesses dynamic balance.
LOS have reflected the maximal distance that individual can lean in various directions
(Nichols, 1997). Eight targets which placed at 45° angles apart, present on the
computer screen as the visual feedback for subject (Cheng et al., 2004). Subjects have
to shift their COG in each direction and sustain for 3 seconds by using the ankle
strategies. Then, the BM records the area of COG sway in each direction (Liston and
Brouwer, 1996).

Weight bearing squat (WBS) is the test that measure the weight bearing on
both legs while standing in three position of knee flexion. Subjects were trained to
maintain weight bearing on both legs while standing at 0°, 30°, 60° and 90° of knee
flexion. After that, the BM will calculate the percentage that weight bearing in each

foot.



13

2.6.2 Clinical balance tests
The clinical tests are the measurement that easy to used and usually apply in
the rehabilitation center and hospital. There are many clinical measurements that can

assess impairment of balance in individuals with stroke.

2.6.2.1 Berg Balance Scale (BBS)

BBS is the gold standard measurement which widely used in both clinical and
research circumstances. It is used to measure balance ability in many conditions such
as diabetes patients, traumatic brain injury patients, and individuals with stroke
(Newstead, 2005, Kruse et al., 2010). This test could be used to discriminate between
faller and non-faller individuals with stroke (Maeda et al., 2009). BBS consists of
fourteen items which has a total score of fifty-six points. A five-point scale ranging
from 0-4 points is used. Zero is the lowest level of function and four is the highest. It
takes only 15-20 minutes to access. BBS can be used to identify patients who have
prone to fall. The cutoff points of Berg balance scale of individuals with stroke is
twenty-nine points (Maeda et al., 2009). In addition, BBS have a high interrater
(ICC=0.97) and intrarater (ICC=0.98) reliability in individuals who have an acute
stroke (Jonsdottir and Cattaneo, 2007). However, BBS has the floor and ceiling

effects (Blum and Korner-Bitensky, 2008).

2.6.2.2 Timed Up & Go test (TUG)
Timed Up & Go (TUG) test is the clinical measurement that can assess the
basic functional mobility of individuals with stroke. It comprises of sit-to-stand, gait,

turning, and stand-to-sit which are the functional mobility of daily living (Hiengkaew
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et al., 2012). TUG test is a quick and simple test used to assess patient’s mobility. It
takes only 3 minutes to evaluate the individuals with stroke (Perry et al., 1995). This
test is easy to use and less equipment required. Moreover, TUG has high interrater
reliability (ICC=0.96) (Flansbjer et al., 2005) and can detect the clinical change in
individuals with stroke (Faria et al., 2012). A hemiplegic patient who spends time on
the test more than fourteen seconds has a risk of falls (Andersson et al., 2006).

However, it has the floor effect (Tsang et al., 2013).

2.6.2.3 Mini-BESTest

Mini-BESTest is a short version of BESTest which could be used in many
populations including individuals with stroke. This test has been adjusted from
BESTest. It consists of 14 items. Each item has a 0-2 score which 0 means cannot
perform. The total score of Mini-BESTest is 28. It takes around 10-20 minutes to
administer. The previous study has reported excellent interrater reliability (ICC=0.97)
and intra-rater reliability (ICC=0.97) (Tsang et al., 2013). It has also been shown
excellent correlation with Berg Balance Scale (r=0.83), One leg stand on paretic side
(r=0.83), Timed Up & Go test (r=-0.82) and moderate correlation with Functional
reach test (r=0.55) and One leg stand on non-paretic side (r=0.54) (Tsang et al., 2013).
In addition, this test has no flooring and ceiling effects. The cut-off score for risk of

falls of Mini-BESTest in individuals with stroke is 17.5 point (Tsang et al., 2013).

2.6.2.4 The Fullerton Advanced Balance (FAB) scale
The Fullerton Advanced Balance (FAB) scale is the new balance assessment

test designed to measure higher functional balance in elderly (Hernandez and Rose,
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2008) and individuals with stroke (Schmid et al., 2012). The Fullerton Advanced
Balance (FAB) scale is the balance assessment that can evaluate multiple dimensions
of balance. It was developed from BBS which the main propose to decrease the
ceiling effect. In the elderly, FAB can identify balance ability of elderly better than
BBS (La Porta et al., 2011). FAB scale consists of ten items which assess higher
functional include static balance, dynamic balance, sensory reception and integration
and feedforward/feedback postural control (Schlenstedt et al., 2015). It consists of
forty points scale measuring balance. A five-point scale ranging from 0-4 points is
used in each item. Zero indicates the lowest level of function and four is the highest
level of function. It takes only 15-20 minutes to admission. The limitation of this test

is that no cut-off point has been reported in individuals with stroke.

2.6.2.5 Multi-directional reach test (MDRT)

The MDRT is a measurement that assess dynamic balance by assessing the
limit of stability in four directions (forward, backward, rightward and leftward)
(Newton, 2001). The MDRT is an inexpensive assessment which required only a
yardstick that was set parallel to the floor. The yardstick is set at the height of the
patients’ acromion process. Patients have to shift their COM to the limit of stability
while fixing their feet flat on the floor (Tantisuwat et al., 2014). In the elderly
population, the MDRT has high intrarater reliability (ICC=0.942) and validity as
compared to BBS and TUG (r=0.36-0.48 and r=0.26-0.44, respectively) (Newton,
2001).

Although there are several balance measurement tools available, there are

limit number of studies that appraise the components of balance. Hence, we reviewed
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5 balance measurement tools i.e. BBS, TUG, Mini-BESTest, FAB and MDRT in their
components of balance control. It was found that both FAB and Mini-BESTest cover
more components of postural control than BBS, TUG and MDRT to evaluate balance
in individuals with stroke (table 2.1). The properties of the BBS, TUG, Mini-

BESTest, FAB and MDRT are showed in table 2.2.



Table 2.1: Comparisons of clinical balance tests on their components of balance

control.
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Assessment tool/items S:-f g 2 ‘f;,’, ? é L_E
2| 3| 2|E|E|5|¢E
8| 2| S22 |8|¢
S| E|ls |2 E|2|2
31815 8|xl¢g|®B
HEIEIF IR

Berg Balance Scale (BBS)

BBSO01: Siting to standing ViV |V v | 4

BBS02: Standing M|V |V v | v

BBSO03: Siting unsupported M| v |V v |V

BBS04: Standing to sitting ViV Vv v | M

BBSO05 : Transferring M| v |V v | v

BBS06: Standing with eye closed v | v M| v |V

BBS07: Standing with feet together v | v M| v |V

BBS08: Reaching forward M| v |V v | v

BBS09: Retrieving object from floor M| v |V v |V

BBS10: Turning to look behind M| v |V v |V

BBS11: Turning 360° v | v M| v |V

BBS12: Placing alternate foot on stool M| v |V v | v

BBS13 : Standing with one foot in front ViIivi iv I IM|Vv | VY

BBS14: Standing on one leg vViIiv Vv v | M4

Timed Up & Go test (TUG)

TUG M| v |V v | v

Mini-BESTest

MO1: Sit to stand vViIiv Vv v | M

MO2: Rise to toes vViIiv Vv v | M

MO3: Stand on one leg ViV |V v | 4

MO4: Qompensatory stepping vivlv % “

correction- forward

MO05: C_:ompensatory stepping vivly v 7

correction- backward

MO06: Compensatory stepping

correction- lateral v v |V v |
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Assessment tool/items

Individual sensory system

Adaptive mechanism

MO7: Stance (feet together); eyes open, firm
surface

X |Musculoskeletal components

< [Neuromuscular synergies

<\ [Body internal representation

< JAnticipatory mechanism

MO08: Stance (feet together); eyes closed, foam
surface

MO09: Incline- eyes closed

M10: Change in gait speed

M11: Walk with head turns — horizontal

M12: Walk with pivot turns

M13: Step over obstacles

M14: Timed up & go with dual task
[3 meter walk]

N (R S H| S S

DN NI N I N N RN

SN ” K|’ ’ | ” [Sensory strategies

AN I N IR NV N I NV NN

AN NI NI N I N I N RN

Fullerton Advanced Balance Scale (FAB)

FABO1: Stand with feet together and eyes closed

FABO2: Reach forward to retrieve an object

FABO3: Turn 360 degrees in right and left
directions

FABO4: Step up onto and over a 6-inch bench

FABO5: Tandem walk

FABOG6: Stand on one leg

FABO7: Stand on foam with eyes closed

FABO08: Two-footed jump

FABO09: Walk with head turns

SN NIEHNE] SRS

FAB10: Reactive postural control

N ENISIRNENENEN RN RN

AN NN NN N N N A AN

v

N ANENENENENENERNREANAN

Multi-directional reach test (MDRT)

MDRT

]

v

v

v

v

Note: M represents the main component of the test, v’ represents components of the test
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Table 2.2: The properties of Berg Balance Scale (BBS), Timed Up & Go test (TUG),
Mini-BESTest, Fullerton Advanced Balance (FAB) Scale and Multi-directional reach

test (MDRT)

BBS TUG Mini-BESTest | FAB MDRT
(Jonsdottir | (Podsiadlo | (Franchignoni | (Schmid | (Newton,
and Cattaneo, | and et al., 2010, etal., 2001,
2007, Blum RlC{lggcison, Tsang et al., 2012) | Holbein-
and Korner- Flansbjér ot 2013) Jenny et
Bitensky, al., 2005, Ng al., 2005)
2008, Maeda and Hui-
etal., 2009) | Chan, 2005,
Andersson
et al., 2006)
Number of 14 1 14 10 4
items
score 0-56 seconds 0-28 0-40 inch
Type of score Ordinal Ratio Ordinal Ordinal Ratio
Time to 10-20 <3 10-20 10-20 <5
administration
(minutes)
Reliability
- Interrater 0.97 2 0.97 ? ?
reliability
- Intrarater 0.98 0.96 0.97 ? ?
reliability
Concurrent - excellent - excellent - excellent -
validity validity with | validity with | validity with ? adequate
Balance comfortable | Berg Balance validity
Master gait speed | Scale (r=0.83) with
(weight shift (r=-0.86) - excellent Berg
forwardsand | -excellent | validity with Balance
backwards at | validity with | One leg stand Scale
3-second (r=- fast gait on paretic side (r=0.36-
0.67), limit of | speed (r=- (r=0.83) 0.48)
stability path 0.91) - excellent -
sway (r=- - excellent validity with adequate
0.61), gait | validity with | Timed Up & validity
velocity stair Go test with
(r=0.81)) and climbing (r=-0.82) Timed
moderate ascend - adequate Up & Go
validity with (r=0.86) validity with test
weight shift - excellent Functional (r=0.26-




20

BBS TUG Mini-BESTest | FAB MDRT
(Jonsdottir | (Podsiadlo | (Franchignoni | (Schmid | (Newton,
and Cattaneo, | and et al., 2010, etal., 2001,
2007, Blum Rlc?ggison, Tsang et al., 2012) Holbein-
ano! Korner- FIansbjér A 2013) Jenny et
Bitensky, al., 2005, Ng al., 2005)
2008, Maeda and Hui-
etal., 2009) | Chan, 2005,
Andersson
et al., 2006)
to right at 3- | validity with reach test 0.44)
second (r=- stair (r=0.55)
0.51), weight climbing - adequate
shift to right descend validity with
at 2-second (r=0.90) One leg stand
pacing (r=- - excellent | on non-paretic
0.48), weight | validity with | side (r=0.54)
shift forwards | 6-Minute
and walk test
backwards at (r=-0.92)
2-second
pacing (r=-
0.53) and
limit of
stability
movement
time (r=-
0.55)
Floor and
Ceiling effect Yes Yes No
- Floor effect Yes No No
- Ceiling
effect
Cut-off score <29 point >14 sec <17.5 point ? ?
- Sensitivity 80% 50% 64.0% ? ?
- Specificity 78% 78% 64.2% ? ?
- Accuracy ? ? ? ? ?

Note: ? represents no evidence
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2.7 Effectiveness of visual feedback on dynamic balance in individuals with

stroke

Individuals with stroke are suffering from many abnormal conditions that
reduced the ability to control their balance (Liston and Brouwer, 1996). Balance
abnormality, which limited activities daily living and increase prone to fall, usually
found in individuals with stroke (Belgen et al., 2006). Nowadays, there are several
strategies that could be used to improve balance in individuals with stroke such as
body weight support treadmill training (Visintin et al., 1998), water-based exercise
(Mehrholz et al., 2011), virtual reality technique and visual feedback training (Cheng
et al., 2004).

In 1997, Sackley et al. demonstrated visual feedback with force platform
training could improve dynamic balance and activities daily living (Podsiadlo and
Richardson) in individuals with stroke (Sackley and Lincoln, 1997). A similar finding
of visual feedback training on dynamic balance are summarized in table 3 (Sackley
and Lincoln, 1997, Walker et al., 2000, Geiger et al., 2001, Cheng et al., 2004).

Balance Master training is one of the training that used visual feedback by
using limits of stability (LOS) protocol. In 2000, Walker et al were used the LOS as a
protocol to training balance in individuals with stroke. They found that training at
30% of LOS could improve dynamic balance in individuals with stroke, but no
significant difference were found between groups (Walker et al., 2000). After that,
Chun et al. was used this protocol in 2002. They found that training at 50% of LOS
could improve dynamic balance in individuals with stroke and a significant difference
was found between groups at 6 months follow-up. Furthermore, in the experimental

group were improved in locomotion and sphincter control of functional independence
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measurement (FIM) and significant difference were found between groups (Chen et
al., 2002). In 2004, Cheng et al. were used the LOS protocol and training at 75% of
LOS. In dynamic balance, significant improvements were observed between
experimental group and control group at post-training and 6 months follow-up.
Moreover, the experimental group reduced the occurrence of falls at 6 months follow-

up but no significant difference were found between group (Cheng et al., 2004).
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Table 2.3: Included previous study on effect of the visual feedback to improve

duals with stroke
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Included previous study on effect of the visual feedback to improve

Table 2.3:

balance in individuals with stroke (cont.).
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Included previous study on effect of the visual feedback to improve

Table 2.3:

balance in individuals with stroke (cont.).
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Included previous study on effect of the visual feedback to improve

Table 2.3:

balance in individuals with stroke (cont.).
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Included previous study on effect of the visual feedback to improve

Table 2.3:

balance in individuals with stroke (cont.).
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2.8 Framework of the study

This study focuses on the effect of multidirectional reach training on dynamic
balance in individuals with stroke. Figure 2.2 shows abnormal postural control in
individuals with stroke and effects of treatments. A summary explanation for this
study can be described as follows:

Individuals with stroke have abnormal postural control by different
impairments. This study was investigated the effect of multidirectional reach training
using inexpensive elements as a target which set at 75% LOS on dynamic balance in
individuals with stroke. The outcome measurements are as follow: 1) laboratory
assessments: Balance Master (Limits of stability (LOS), Weight bearing squat
(WBS)), 2) clinical assessments: the Fullerton advanced balance (FAB) scale and the

Multi-directional reach test (MDRT).



Postural control:

- Musculoskeletal component

Individuals with ) - Neuromuscular synergies

stroke - Individual sensory system

~a Vv

/| - Sensory strategies

h - Internal representation

() - Anticipatory mechanism

Multidirectional reach - Adaptive mechanism

training ’

1. Laboratory

assessment
v - Limits of stability
Dynamic Balance (LOS)

- Weight Bearing
Squat (WBS)

2. Clinical assessment

- The Fullerton
Advance Balance
(FAB) scale

- Multi-direction reach
test (MDRT)

Figure 2.2: Framework of the study



CHAPTER 3
METHOD

3.1 Introduction

This study is an experimental design which evaluates the effect of
multidirectional reach training on dynamic balance in individuals with stroke. The
method consists of a characteristic of participants, study design, screening tools,

balance training, outcome measurement and data analysis.

3.2 Study design

A randomized control trial single-blind study was used to investigate the effect
of multidirectional reach training to improve dynamic balance in individuals with
stroke. Assessor who was blind the group of participants were measure all outcome in
this study. The study protocols were approved by Ethic Review Committee for
Research Involving Human Project, Chulalongkorn University (Appendix A) and
Police General Hospital (Appendix B).

Individuals with stroke who agreed to enroll in the study were screened by the
investigator. All participants who met the inclusion criteria were access for
demographic data. Then participants were randomized to experimental group and
control group by drawing the ticket. Allocation concealment was used to prevent

selection bias by using sealed opaque envelopes tickets.
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3.3 Sample size

The sample size was calculated by G*Power program version 3.1.9.2. The
calculation of sample size based on the result from the pilot study (power = 95%,
alpha = 0.05 and effect size =0.83). The dropout rate was set at 25% and the
significant level was 0.05. The total of sample size is 16 participants (n=8 for each
group).
3.4 Participants

Individuals with stroke aged between 30-75 years old and met the inclusion
criteria were recruited to this study. All participants were informed about testing
procedure and training protocol. The inclusion and exclusion criteria for participants’

recruitment are as follow.

3.4.1 Inclusion criteria

1. Individuals with hemiparesis who was diagnosed with their first
stroke (ischemic or hemorrhagic)

2. Aged between 30-75 years old

3. Could stand by themselves at least 2 minutes without gait aid

4. Could walk with or without gait aid

5. Had a Brunnstrom motor recovery stage 3-6

6. Good visual acuity (participants could be used glasses or lens for
correction) and good visual field (Rapid finger-counting confrontation screening:
normal)

7. Did not have other neurological condition such as Parkinson’s

disease, cerebellar disorder.
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8. Did not have pusher syndrome (Scale for Contraversive Pushing< 2)
and neglect syndrome (Line Bisection test: normal)

9. Did not have cognitive impairment (Mini-mental state exam-Thai
2002> 23 points)

10. Did not have severe spasticity at lower-extremity (Modified
Ashworth scale<3)

11. Did not have musculoskeletal problems that effect to the ability to
stand or walk such as fracture or arthritis of lower extremity.

12. Did not have uncontrolled hypertension.

3.4.2 Exclusion criteria
1. Could not follow the command

2. Had injury that affect to ability to maintain balance.

3.5 Procedure of the study

Individuals with stroke were assessed for eligibility by inclusion and exclusion
criteria. All participants received screening information sheet. Individuals with stroke
who agreed to participate in screening process were sign a screening informed consent
and receive participant information screening sheet (Appendix C). Individuals with
stroke who passed the screening test and met the criteria were informed and asked to
participate in the study. Individuals with stroke who agreed to participate in the study
were randomized in to experimental and control groups by drawing tickets.
Participants in both groups were sign an informed consent and receive participant

information sheet (Appendix D).
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Participants in both groups were tested pre-training test (Wk.0) by assesses
who has blinded the group of participants. In the experimental group was received the
multidirectional reach training and conventional physical therapy. In the control group
was received conventional physical therapy. After four weeks of training (Wk.4) and
1-month follow up (WKk.8), all participants were tested post-training test by the same

assessor (figure 3.1).

‘ Assessed for eligibility ‘

‘ Randomized ‘

' ‘

‘ Experimental group | | Control group |

‘ Pre-training test (Wk0) ‘

k.

Multidirectional reach training 30 minutes
Conventional Physical Therapy 30 mimutes
3 times/week, 4 weeks

Conventional Physical Therapy 30 minutes
3 times/week, 4 weeks

‘ Post-training test (W) ‘

‘ Follow up test (Wk8) ‘

Figure 3.1 Procedure for the study

3.6 Screening tools

3.6.1 Screening questionnaire
The screening questionnaire was be used to screen eligibility of participants.
This questionnaire includes age, gender, duration after stroke and inclusion and

exclusion criteria (Appendix E).
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3.6.2 Brunnstrom motor recovery stages

Brunnstrom motor recovery stages was used to measure upper-extremity and
lower-extremity functions of individuals with stroke. It categorizes into six stages.
The definitions of Brunnstrom motor recovery stages were as follow: Stage 1: The
participant was completely flaccid, no voluntary movement and participant is
confined to bed; Stage 2: The participant was developed voluntary movement in
flexor and extensor synergies; Stage 3: The participant was developed voluntary
movement partially independent of synergies; Stage 4: The participant developed
voluntary movement independent of synergies; Stage 5: The participant developed
normal reflex activities and normal movement with normal speed; and Stage 6: There

are isolated joints movements (Brunnstrom, 1966) (Appendix F).

3.6.3 Rapid finger-counting confrontation screening

Rapid finger-counting confrontation screening was used to assess the visual
field of participants. Participants were combine the finger at both hands of the
assessor. The test were perform two times at one eye (superior and inferior)

(Anderson et al., 2009) (Appendix G).

3.6.4 Scale for Contraversive Pushing

Scale for Contraversive Pushing (SCP) was used to assess pusher behavior of
hemiplegic patients. SCP consists of three components scored in sitting and standing:
spontaneous body posture. The SCP score of 2 or lower indicates pusher syndrome

(Baccini et al., 2008) (Appendix H).
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3.6.5 Line Bisection Test

Line Bisection Test was used to access neglect of participants. Line Bisection
test require patient with stroke to estimate and indicate the midpoint of a horizontal
line. The cut-off score of the test is 14% (relative displacement of the bisection mark

in relation to the correct length in both sides (Ferber and Karnath, 2001).

3.6.6 Mini-Mental Stage Examination: Thai version (MMSE-Thai 2002)

Mini Mental Stage Examination: Thai version (MMSE-Thai 2002) was used to
assess mental status. MMSE-Thai 2002 consists of an 11-questions for test five parts
of cognitive functions which are orientation, registration, attention, and calculation,
recall and language. The maximum score is 30. For Thai population, the MMSE-Thai
2002 score of 23 or lower indicates a cognitive impairment (Kangsanarak, 1991)

(Appendix 1).

3.6.7 Modified Ashworth Scale (MAS)

The Modified Ashworth Scale (MAS) was used to assess muscle tone of the
participants. The rating scale range from 0 to 4, plus a 1+ (Bohannon and Smith,
1987). The reliability of MAS was very good with the kappa score 0.83 for intrarater

and 0.84 for interrater comparison (Gregson et al., 1999) (Appendix J).

3.7 Balance training
In the experimental group, participants were trained using multidirectional
reach training by the first investigator who was not involved in outcome

measurements. The targets was made from inexpensive elements composes of water
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pipe as a pole and electric torch as a target (figure 3.1). The targets was set at 75% of
LOS in 3 directions (forward, backward and sideway to affected side). The distances

of the target were calculated by the following formula (figure 3.2):

X = 75%] ] + arm length

tan(90 — 0)

Where: X = distance of target setting, Y = length from acromion process of

participant to ground, and © = degree of limits of stability in each direction

While training, participants have to stand feet flat on the floor and reach to the
targets using ankle strategies, sustain for 7 seconds and then back to the center
(forward, backward and sideway to affected side) (figure 3.3). During training, the
investigator had a role to correct and prevent compensatory movements.

Individuals in the experimental group were trained with the multidirectional
reach training for 30 minutes (10 times for forward and backward, 20 times for
sideway to affected side) and conventional physical therapy 30 minutes/days, 3
days/week for 4 weeks.

Participants in the control group were received a conventional physical

therapy for 30 minutes/day, 3 days/week for 4 weeks.



Flashlight

Tl e

-

.

Water pipe

Figure 3.2: Instrument of this study

)

i

823

Figure 3.3: The calculation of distance of the target
(Adapt from; https://writer.dek-d.com/hawthornes

house/story/viewlongc.php?id=534661&chapter=2, 31 May 2017)
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Forward Backward

Affected side !

Figure 3.4: Setting of training protocol

3.8 Outcome measurements

In this study, test-retest reliabilities of Multi-directional reach test and
Fullerton Advance Balance Scale were evaluated with intraclass correlation
coefficient (ICC,1y) in 10 individuals with stroke. Both measurements showed good
reliability (Appendix K). All outcome measurements were performed at pre-training
(Wk.0), post-training (Wk.4) and follow-up (Wk.8). All outcome measurements were
assessed by the second investigator who will not know about a group of the

participant. For all of the tests, one physical therapist guarded participant while testing
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to prevent falls. The outcome measurements consist of the limit of stability (LOS),
the weight bearing Squat (WBS), the Fullerton advance balance (FAB) Scale, the

Multi-directional reach test and Fugl-Meyer Assessment (FMA) (Appendix L).

3.8.1 Balance Master (BM)

3.8.1.1 Limits of Stability (LOS)

Limits of stability (LOS) were used as a laboratory measurement of balance
using the Balance Master. This instrument composes of dual force platform connected
with the computer. The center of pressure (COP) is detected continuously by force
platform. The computer is then converted COP into the center of gravity (COG) using
the participant height data. The real-time COG movement then monitors on the
screen. For LOS testing, participants will be asked to shift their COG in four
directions (forward, backward rightward and leftward) and sustain for 3 seconds by
using the ankle strategies. Then, the BM records the area of COG sway in each
direction and showed the result as follow: 1) movement velocity (forward, backward
affected side and less affected side); 2) endpoint excursion (forward, backward
affected side and less affected side) and 3) maximal excursion (forward, backward

affected side and less affected side) (figure 3.4).

3.8.1.2 Weight Bearing Squat (WBS)
Weight bearing squat (WBS) were used to determine weight bearing of
participants. The weight bearing on both legs of participants were assessed while

standing with knee flexion at 0°, 30°, 60° and 90° (figure 3.4).
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Figure 3.5: Balance Master Assessment (LOS and WBS)

3.8.2 Fullerton Advance balance Scale (FAB)

The Fullerton Advanced Balance (FAB) scale was used as a clinical balance
measurement tool. FAB consists of ten activities as follow: 1) stand with feet together
and eyes closed; 2) reach forward to retrieve an object (pencil) held at shoulder height
with outstretched arm; 3) turn 360 degrees in right and left directions; 4) step up onto
and over a 6-inch bench; 5) tandem walk; 6) stand on one leg; 7) stand on foam with
eyes closed; 8) two-footed jump; 9) walk with head turns and 10) reactive postural
control. A five-point scale ranging from 0-4 points is used (zero indicates the lowest
level of function and four indicates the highest level of function). A maximum score

of FAB is 40 (figure 3.5).
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3.8.3 The Multi-directional reach test (MDRT)

The Multi-directional reach test (MDRT) was used as a clinical balance
measurement. Individuals with stroke will be asked to reach as far as possible while
fixing their feet flat on the floor. MDRT will assess the limit of stability in four
directions (forward, backward, affected side and less affected side) (figure 3.5). The

distance of each direction is measured only once and then normalized with

participant’s height.

Figure 3.6: Clinical Assessment (FAB and MDRT)

3.8.4 Fugl Meyer Assessment (FMA)

Fugl Meyer Assessment (FMA) was used to evaluate and measure recovery at
lower extremity in post-stroke hemiplegic patients. This test used in both clinical and
research setting. A three-point scale ranging from 0-2 points is used (zero indicates
cannot perform and two indicates performs fully) (Sanford et al., 1993). In this study,
all participants were assessed FMA in motor function of lower extremity (lower

Extremity and coordination/speed). The total score of this part is 34 points.
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3.9 Data analysis

Data analysis was performed using the GraphPad Prism version 6.05 software.
The significant level was set at p < 0.05. The descriptive statistic was used to describe
the demographic data and clinical characteristic data. All data was presented as mean
(Jonsdottir and Cattaneo). The subject characteristics and pre-training data were
compared between groups using the independent t-test for continuous data, and Chi-
squared test for non-continuous data.

The fractional difference after training and 1-month follow-up of all outcome

measurements were calculated by the following formula.

B—A
Fractional difference at post — training = [T]

C—A
Fractional difference at 1 — month follow — up = [T]

Where: A = data at pre-training, B= data at post-training, and C= data at 1-
month follow-up
A 2x2 repeated measurement ANOVA was used to compare 2 groups by 3-

time points. The level of statistically significant difference was set at p-value < 0.05.



CHAPTER 4
RESULT

4.1 Introduction

This study was to investigate the effect of multidirectional reach training on
dynamic balance in individuals with stroke. Recruitment of participants was
conducted over the 11-month period from June 2016-April 2017. Twenty individuals
with stroke were assessed for eligibility. After screening, four individuals with stroke
were excluded. Sixteen participants were random into experimental and control
groups. All participants were tested pre-training test by assesses who has blinded the
group of participants. In the experimental group was received the multidirectional
reach training and conventional physical therapy. In the control group was received
conventional physical therapy. After four weeks of training, all participants were
tested post-training test by the same assessor. At follow-up, one participant in the
experimental group was fallen, and one participant in the control group was not
available for testing, so the intention to treat was used to analyze the data (figure 4.1).
The results of this study were showed in this chapter. The demographics data of

participants and the data of all outcomes measures were presented as follow.
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‘ Assessed for eligibility (n=20) ‘

Exchlided (n=4)
——| - Not meeting inclusion criteria (n=2)
- Declined to participate (n=2)

‘ Randomized (n=16) ‘

|
' '

I Experimental group (n=8) | I Control group (n=8) I

l Pre-training test (WkO) |

Y

Multidirectional reach training 30 minutes

: : : Conventional Physical Therapy 30 minutes
Conventional Physical Therapy 30 minutes

3 times/week, 4 weeks

3 times/week. 4 weeks
5 =8
(2=8) =5
‘ Post-training test (Wk4) ‘
Excluded »| Excluded
-Falls (n=1) - Not available for testing (n=1)

| Follow up test (Wk8) |

Figure 4.1: Consort chart of the study

4.2. Demographic data, clinical characteristic and pre-training data of

experimental and control groups

Sixteen participants who participated in this study were randomized into the
experimental group (n=8) and control group (n=8). The demographic, clinical
characteristic and pre-training data were compared between groups by using the
independent t-test for continuous data, and Chi-squared test for non-continuous data.
Statistical analysis showed no significant differences between two groups. The
demographic data which consisted of age, gender, hemiplegic side, hemiplegic
etiology, hemiplegic duration, height, and weight were present in table4.1. The
clinical characteristics included of Brunnstrom state, Mini-mental state examination-

Thai 2002 and modified Ashworth scale of the lower extremity in each group were
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present in table4.2. The pre-training data which consists of Limits of stability, weight
bearing squat, Multi-directional reach test, Fullerton Advance Balance Scale, amd
Fugl Meyer Assessmenr Scale were present in table4.3.

All demographics, clinical characteristics and pre-training data were not a
significant difference between the experimental and the control groups. Hence, any
changes in the outcomes after treatment could be established without subject selection

bias.

Table 4.1: Subjects characteristic of the experimental and the control groups

Experimental group Control group

Variables p-value
(n=8) (n=8)
Age (Year: Mean (SD)) 61 (10.59) 57.5(9.79) 0.540°
Gender (male/female) 4/4 3/5 0.500"
Hemiplegic side (right/left) 3/5 3/5 0.696"
Hemiplegic etiology
5/3 6/2 0.500"
(thromboembolic/hemorrhage)
Hemiplegic duration
1.43 (1.00) 2.46 (2.56) 0.307°
(Year: Mean (SD))
Height
157.43 (6.96) 165.81 (10.19)  0.076°
(Centimeter: Mean (SD))
Weight
61.03 (14.82) 66.72 (5.69) 0.338°

(Kilogram: Mean (SD))

%A p-value was tested by the independent t-test.

PA p-value was tested by the Chi-square test.



Table 4.2: Clinical characteristics of experimental and control groups
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Experimental group

Control group

Variables p-value
(n=8) (n=8)
Brunnstrom stage
Stage 3 6 5 0.500°
Stage 4 2 3
Mini-mental state examination
28.12 (2.29) 27.25 (1.90) 0.421°
(Score: Mean (SD))
Modified Ashworth scale
Score 1 7 7 0.767"
Score 2 1 1

®A p-value was tested by the independent t-test.

bA p-value was tested by the Chi-square test.



Table 4.3: Pre-training data (Mean (SD)) of experimental and control groups
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Experimental

Control group

Variable g(;;(itgr)) (n=8) p-value
Limits of stability (LOS)
Forward 29 (1.7) 3.5(1.4) 0.445°
'V'Voe\lfsg?fy”t Backward 2.0 (0.6) 2.4(0.8) 0.298°
(degreef/sec.) Affected side 3.5 (1.8) 3.8 (0.9) 0.639°
Less affected side 4.5(1.5) 4.9 (1.4) 0.595°
Forward 51.8 (52.6) 52.7(14.9) 0.901°
End point  Backward 33.0 (4.8) 46.0 (16.9) 0.056%
excursion
(%LOS) Affected side 60.8 (18.4) 70.8 (17.1) 0.280°
Less affected side 78.2 (17.5) 77.7 (18.6) 0.957°
Forward 63.2 (15.7) 63.2 (14.4) 1.00°
Maximum  Backward 40.5 (11.2) 49.1 (16.3) 0.239%
excursion )
(%LOS)  Affected side 69.6 (20.4) 79.3 (17.2) 0.320°
Less affected side 80.7 (15..7) 90.0 (19.7) 0.318°
Weight bearing squat at affected leg (%Body weight)
At knee 0 degree 50.2 (5.2) 53.5(2.0) 0.135°
At knee 30 degree 47.1 (5.6) 49.7 (8.2) 0.471°
At knee 60 degree 50.5 (7.5) 43.8 (6.9) 0.089*
At knee 90 degree 46.8 (5.7) 47.2 (6.2) 0.902%
Multi-directional reach test
Forward 10.0 (1.5) 10.0 (1.9) 0.943°
Backward 8.5(2.1) 8.1(1.5) 0.708?
Affected side 12.7 (1.8) 10.7 (1.9) 0.059
Less affected side 8.3 (2.0) 9.9 (1.8) 0.122°
Fullerton Advance Balance (FAB) Scale
FAB 20.8 5.5) 18.6 (6.6) 0.478°
Fugl Meyer Assessment (FMA)
FMA 20.7 (4.4) 20.6 (6.6) 0.956°

®A p-value was tested by the independent t-test.
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4.3. Limits of stability (MV, EE and ME) (Mean (SD)) of experimental and

control groups

The mean and SD of Limits of stability (MV, EE and ME) were showed in
table 4.4, 4.6 and 4.8. The fractional difference changes after training (Wk.4) and
follow-up (WK.8) of Limits of stability (MV, EE and ME) were calculated (table 4.5,
4.7 and 4.9). LOS was compared between groups by using a 2x2 repeated
measurement ANOVA (2 groups by 3-time points).

After training (WKk.4), end point excursions at backward and less affected side
were significant improvements as compare to control group. Furthermore, there was a
significant increase in a maximum excursion on the less affected side as compare to
control group. Also, other parameters (table 4.5, 4.7 and 4.9) were no significant
difference as compare to control group (figure 4.2, 4.3 and 4.4).

At Follow-up (WK.8), end point excursions at forward and less affected side
were significant improvements as compare to control group. Additionally, there was a
significant increase in a maximum excursion on the less affected side as compare to
control group. Besides, other parameters (table 4.5, 4.7 and 4.9) were no significant

difference as compare to control group (figure 4.2, 4.3 and 4.4).
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Table 4.4: Limits of stability (Movement velocity: MV) (Mean (SD)) of experimental

and control groups

Forward Backward Affected side Less ;?(:Zected
% = % &
MV 3 13 3 3
(degree/sec.) %’ cf_f %’ ﬁz %’ °|C? %’ ‘E
= e = e = c = e
s s I s = s = s
5 &5 5 & &5 & & &
£ 8 £ B8 £ B3 £ °®
[«b] +— (b} +— [«b] +— (b} —
8 £ & £ & £ & E
LL (@] LLl (@] LL (@) LLl (@]
Pre-training 59 35 20 24 35 38 45 49
(WKO) L7) (14 (06) (08) (1.8 (09) (L5 (L4)
Post-training 57 20 23 21 42 36 46 43
(Wk4) 16) (L0) (07) (07) (1.8 (13) (L3) (L7)
Follow-up 28 28 18 25 35 39 47 53
(Wk8) 09) (1L2) (03) (1L0) (L5 (20) (L5 (1.8)
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Table 4.5: Fractional difference of Limits of stability (Movement velocity: MV)
(Mean (SD)) of experimental and control groups

Less Affected
Forward Backward Affected side
side
MV Nk T T R
s = = =
s % s ® s ®© s ¥
o c o© c o© c o f
(&) ~ (&) ~ (&) ~ o ~
—_— o —_— o _— o —_— o
[+ > (401 > [g01 > [+ >
I= o I= o I= o IS o
[} (o)) (9] (=) (3] > (%] (@)
E s £ 8 £ 8 £ 3
3 *g‘ S *g a8 *g <3 *g
n O 0 O 0 3 0 3
Pre-training
wko) 0@ 00 00) 00) 00) 00) 00) 00
Post-training 036 -0.15 025 -004 029 -001 012 -0.11
(Wk.4) (1.50) (0.18) (0.52) (0.49) (0.53) (0.4) (0.48) (0.24)
Mean
0.51 0.28 0.30 0.23
change
(1.28t0-0.25) (0.85t0-0.28) (0.681t0-0.08) (0.54to-0.07)
(95%Cl)
Follow-up 0.34 -0.16  -0.07 0.27 0.02 0.02 0.09 0.09
(WkK.8) (1.00) (0.29) (0.29) (1.15) (0.40) (0.54) (0.22) (0.22)
Mean
0.50 -0.34 -0.02 0.06
change
(1.26t0o -0.26)  (0.23t0 -0.91) (0.37 t0 0.41) (0.37 to -0.25)
(95%Cl)

95%CI = 95% Confidence Interval, MV= Movement velocity
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Figure 4.2: The fractional difference of movement velocity
(A: forward, B: backward, C: affected side and D: less affected side)
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Table 4.6: Limits of stability (End point excursion: EE) (Mean (SD)) of experimental

and control groups

. Less Affected
Forward Backward Affected side side
EE T T Nk ¥
= = = =
(%LOS) = @ S & S = S =
o c o c o c o c
(&) ~ (&) ~ (&) ~ o ~
—_— o —_— o —_— o —_— o
[+ > [+ > @ > [+ >
< o IS o IS o IS o
[} (o)) [<5} > [<5} > (%] o
£ 8 £ 8 £ B £ 3
=z & £ &8 2 &8 ¢
i O i (& ( O (i O
Pre-training
51.8 52.7 33.0 46.0 60.8 70.8 78.2 77.7
(Wk.0) (52.6) (14.9) (48) (16.9) (184) (17.1) (17.5) (18.6)
Post-training ~ 52.6 52.3 50.5 50.2 62.2 67.1 83.7 76.2
(Wk.4) (19.9) (21.3) (11.8) (11.5) (24.8) (19.5) (13.8) (16.1)
Follow-up 55.5 452 44 .6 50.6 60.0 63.3 83.0 75.0
(Wk.8) (16.8) (14.1) (11.1) (11.0) (22.8) (23.6) (142) (20.2)
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Table 4.7: Fractional difference of Limits of stability (End point excursion: EE)
(Mean (SD)) of experimental and control groups

Less Affected
Forward Backward Affected side
side

EE = — ~ —~~ ~ —~~ ~ —~~

= ¢ =2 % 2 % 2 %

- [ bt c © c o -

(@)) ~— o> ~r o R = =

—_— o — o = o o o

(901 > o] =] it S = S

|5 = 5 < = S £ S

) (@)] [¢B) (=) <5} o> o S

E 3z £ 3 £ g £ 3

<5} E— [<5] = [<B) — [<B) —

s § & 5§ £ 5§ B &

|-|>j O LU O | O n O

Pre-training

wkoy 0@ 00 00 0@ 00 00 00  00)

Post-training 0.02  -0.04  0.55 0.19 0.07 -005 0.09 -0.01

(Wk4)  (0.29) (1.6) (0.40) (0.37) (0.50) (0.20) (0.14) (0.08)

Mean
0.06 0.70 0.12 0.10
change
(0.25t0-0.14) (0.70t00.03)"  (0.44t0-0.20) (0.19t0 0.01)"
(95%Cl)

Follow-up 011 -013 032 0.22 005 -011 010 -0.04

(Wk.8)  (0.27) (0.16) (0.29) (0.50) (0.51) (0.25) (0.10) (0.11)

Mean
0.23 0.10 0.16 0.14
change
(0.43100.05)* (0.43t0-0.22) (0.48t0-0.16)  (0.23to 0.05)"
(95%Cl)

95%CIl = 95% Confidence Interval, EE= End point excursion, LOS= limits of
stability, *Significant difference between experimental and control group at post-

treatment, * Significant difference between experimental and control group at follow-

up
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Fractional difference
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Figure 4.3: The fractional difference of endpoint excursion
(A: forward, B: backward, C: affected side and D: less affected side)




Table 4.8: Limits of stability (Maximum excursion: ME) (Mean (SD)) of

experimental and control groups
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. Less Aff
Forward Backward Affected side essSi deected
ME T T Nk T
= = = =

(%LOS) = @ S & S = S =

o c o c o c o c

(&) ~ (&) ~ o ~ o ~

—_— o —_— o —_— o —_— o

[+ > [+ > @ > [+ >

< o I o I o IS o

[} [e)) [<5} (=)} [<5} (=)} (%] o

£ 8 £ B8 £ B3 £ °

S *g S *g‘ S *g‘ S ‘g

n ) n O n O n O

Pre-training

63.2 63.2 40.5 49.1 69.6 79.3 80.7 90.0
(WK.0) (15.7) (14.4) (11.2) (16.3) (20.4) (17.2) (15.7) (19.7)
Post-training  58.8  67.1 572 510 728 792 916  84.8
(Wk.4) (20.5) (27.5) (13.6) (11.7) (28.8) (17.3) (10.8) (16.7)
Follow-up 64.1 55.6 54.5 53.3 70.6 79.5 93.0 85.0
(Wk.8) (20.5) (19.7) (153) (12.1) (22.7) (17.5) (9.7) (20.4)
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Table 4.9: Fractional difference of Limits of stability (Maximum excursion: ME)
(Mean (SD)) of experimental and control groups

Less Affected
Forward Backward Affected side
side
ME £ £ I s

s ¥ 5 % 5 ¥ 5 7

- [ bt c © c o -

> g =2 3 =2 3 & 3

T > T > st S = S

5 = g S = S £ S

QL (@)] [¢B) (=) I<5) o> o S

<5} E— [<5] = [<B) — [<B) —

s § & 5 £ § & &

|-|>j ©) L O | O n o

Pre-training

wkoy 0@ 0@ 00 0@ 00O 00 00  0(0)

Post-training -0.07  0.08 0.51 0.13 0.09 0.04 0.16  -0.05

(Wk4)  (0.21) (0.38) (0.55) (0.37) (0.46) (0.34) (0.20) (0.09)

Mean
-0.15 0.38 0.04 0.21
change
(0.09t0-0.39) (0.81t0-0.03) (0.35t0-0.26)  (0.34t0 0.08)"
(95%Cl)

Follow-up 0.04 -010 045 0.20 0.06 0.03 0.15 -0.05

(Wk.8)  (0.25) (0.28) (0.60) (0.51) (0.40) (0.27) (0.15) (0.15)

Mean
0.13 0.24 0.02 0.20
change
(0.37t0-0.10) (0.67t0-0.18)  (0.33t0-0.28)  (0.33 to 0.08)"
(95%Cl)

95%CI = 95% Confidence Interval, ME= Maximum excursion, LOS= limits of
stability, *Significant difference between experimental and control group at post-

treatment, * Significant difference between experimental and control group at follow-

up
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Figure 4.4: The fractional difference of maximum excursion
(A: forward, B: backward, C: affected side and D: less affected side)
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4.4 Weight bearing squat (WBS) (Mean (SD)) of experimental and control

groups

The mean and SD of Weight bearing squat (WBS) of both legs (Mean (SD))
were showed in table 4.10.

The fractional difference changes after training (Wk.4) and follow-up (WKk.8)
of Weight bearing squat at affected leg were calculated (table 4.11). WBS was
compared between groups by using a 2x2 repeated measurement ANOVA (2 groups
by 3-time points).

After training (Wk.4), weight bearing squat at 0°, 30° and 90° were a
significant improvement as compare to control group. On the other hand, weight
bearing squat at 60° were no significant difference as compare to control group (table
4.11) (figure 4.5).

At Follow-up (WK.8), weight bearing squat at 0°, and 90° were a significant
improvement as compare to control group. In contrast, weight bearing squat at 30°,
and 60° were no significant difference as compare to control group (table 4.11) (figure

4.5).



Table 4.10: Weight bearing squat (Mean (SD)) of experimental groups
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At knee 0° At knee 30° At knee 60° At knee 90°
WBS
(@] (@) (@] (@)
(hBody = = = =
weigy £ £ & g B 2 B 2
§= @ o @ o @ §e; @
5 & % £ % £ %
= a e 7 £ A o 7
< ha < h < | < 2
Experimental group (n=8)
Pre-training
502 498 47.1 52.9 50.5 49.5 46.8 53.2
(Wk.0) 52 (B2 B6) (B6 75 75 G757
Post-training 53.8 46.2 48.5 51.5 49.0 51.0 51.8 48.2
(Wk.4) @7 @n 67 BT @d9 @9 (6.8) (6.8)
Follow-up 55.1 449  47.6 524  46.8 53.2 50.0  50.0
(Wk.8) 9.5 (95 (64) (6.4) (10.0) (10.0) (5.3) (5.3)
Control group (n=8)
Pre-training
53,5 46.5  49.7 50.3 43.8 562 472 52.8
(WkK.0) 2.0 20 @82 (B2 (69 (69 (6.2) (6.2
Post-training 52.1 47.9 44.5 55.5 42.8 57.2 45.1 54.9
(Wk.4) 5.0 GO0 O OnH &1 GDH O 73 (713
Follow-up 51.5 48.5 451 549 432 56.8 443 55.7
(Wk.8) 5.5 (55 ((B6) (56) B4 BS44H (69 (6.9
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Table 4.11: Fractional difference of Weight bearing squat (Mean (SD)) of

experimental and control groups

At knee 0° At knee 30° At knee 60° At knee 90°
© o o) o)
WBS of & & s s
o o o o o o o %)
affected side 3 it 3 i 3 i 3 it
(o)) ~ (=) ~ (=) ~ (o)) ~
j— o j— o —_— o —_— [eR
© > 3+ =) [3°] =) (3] >
= o = o c e c o
[ [ ) o <) o <] (@]
£ 8 £ B8 £ B3 £ °®
S £ S £ <3 £ <3 5
i o n &) ] o ] S
Pre-training
wko) 0O 0@ 00 00 00 00) 00 00)
Post-training 0.08 -0.02 0.03 -0.09 -0.02 -0.02 0.115 -0.04
(Wk.4) (0.08) (0.10) (0.07) (0.19) (0.14) (0.05) (0.16) (0.12)
Mean
0.10 0.12 0.00 0.15
change
(0.19t00.01)* (0.24t00.10)* (0.12t0-0.11) (0.25to 0.06)*
(95%Cl)
Follow-up 0.09 -0.04 002 -0.07 -007 -000 0.06 -0.06
(Wk.8) (0.14) (0.11) (0.05) (0.18) (0.20) (0.13) (0.11) (0.08)
Mean
0.13 0.09 -0.07 0.13
change
(0.22t0 0.04)"  (0.21t0-0.02) (0.05t0-0.18)  (0.23 to 0.03)"
(95%Cl)

WBS= weight bearing squat,

95%CI =

95% Confidence Interval, *Significant

difference between experimental and control group at post-treatment, * Significant

difference between experimental and control group at follow-up
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Figure 4.5: The fractional difference of weight bearing squat at the affected side
(A: 0°, B: 30° C: 60° and D: 90° knee flexion)
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4.5. Multi-directional reach test (MDRT) (Mean (SD)) of experimental and

control groups

Multi-directional reach test of all participants was normalized by participants’
height before further analysis. The mean and SD of MDRT (Mean (SD)) were showed
in table 4.12.

The fractional difference changes after training (Wk.4) and follow-up (WK.8)
of Multi-directional reach test (MDRT) were calculated. MDRT was compared
between groups by using a 2x2 repeated measurement ANOVA (2 groups by 3-time
points).

After training (Wk.4) and follow-up (WKk.8), there was no significant
difference in MDRT in all directions as compare to control group (table 4.13) (figure

4.6).



Table 4.12: Multi-directional reach test (Mean (SD)) of experimental and control
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groups
Less Affected
Forward Backward Affected side
side
) ) o )
MDRT & 3 3 3
s % 5 % 5 © g 7
= c hut [ bt [ Pt c
> = > = > = > =
© S T S © S T S
= o = o = o € o
[) [ ) [e)) <) o <] (@]
£E B £ 8 £ B £ ¥
& 5 & = g 5 & @z
[l o (i o (i o [l (&)
Pre-training
10.0 10.0 8.5 8.1 12.7 10.7 8.3 9.9
(WK.0) (1.5) (1.9) 2.1 (1.5) (1.8) (1.9) (2.0) (1.8)
Post-training 10.3 11.4 8.2 9.0 10.9 10.7 9.1 10.2
(Wk.4) 4.1) (1.2) (2.9) (2.6) (2.5) (2.2) (2.7) (2.9)
Follow-up 10.1 9.9 7.4 9.6 11.3 11.3 8.4 11.0
(WkK.8) (2.8) (2.0) (2.5) (2.9) (3.4) (3.5) (1.9) (3.5)
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Table 4.13: Fractional difference of Multi-directional reach test (Mean (SD)) of
experimental and control groups

Less Affected
Forward Backward Affected side
side
MDRT = = = =
3 3 3 3
> = > = > = > =
© S © S © S T S
I= o € o IS o € o
E 2 E =2 E £ E <2
[l o (i O (i o i &)
Pre-training
wko) 0O 00 00 00 00 00 00 00
Post-training 0.04 018 -0.05 014 -0.13 0.00 0.13 0.06
(Wk.4) (0.29) (0.30) (0.19) (0.36) (0.22) (0.18) (0.28) (0.41)
Mean change -0.14 -0.18 -0.13 -0.07
(95%Cl) (0.08t0-0.37) (0.06t0-0.43) (0.07t0-0.32) (0.36100.22)
Follow-up 0.01 000 -0.05 020 -0.08 0.04 0.04 0.14
(Wk.8) (0.25) (0.25) (0.31) (0.35) (0.33) (0.20) (0.23) (0.44)
Mean change 0.01 -0.25 -0.12 -0.10

(95%ClI)

(0.23 to0 -0.21)

(0.00 t0-0.50)

(0.07 to -0.32)

(0.19 to 0.39)

MDRT= Multi-directional reach test, 95%CI = 95% Confidence Interval.
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Figure 4.6: The fractional difference of Multi-directional reach test
(A: forward, B: backward, C: affected side and D: less affected side)
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4.6 Fullerton Advance Balance (FAB) Scale (Mean (SD)) of experimental and

control groups

The median (interquartile range) of Fullerton Advance Balance (FAB) Scale in
each item was showed in table 4.14. The Kruskal-Wilis test was used to compare
between groups. After training (Wk.4) and follow-up (Wk.8), there was no significant
difference in FAB as compare to control group (table 4.14).

The mean and SD of total score of FAB were showed in table 4.15. The
fractional difference changes after training (Wk.4) and follow-up (Wk.8) of Fullerton
Advance Balance (FAB) Scale were calculated. FAB was compared between groups
by using a 2x2 repeated measurement ANOVA (2 groups by 3-time points).

After training (WKk.4), there was no significant difference in total score of FAB
as compare to control group. Instead, at follow-up (WK.8) there was a significant

difference in total score of FAB as compare to control group (table 4.16) (figure 4.7).

4.7 Fugl Meyer Assessment (FMA) of lower extremity (Mean (SD)) of

experimental and control groups

The mean and SD of Fugl Meyer Assessment (FMA) were showed in table
4.15. The fractional difference changes after training (Wk.4) and follow-up (Wk.8) of
FMA was calculated. FMA was compared between groups by using a 2x2 repeated
measurement ANOVA (2 groups by 3-time points).

After training (Wk.4) and follow-up (Wk.8), there was no significant

difference in FMA as compare to control group (table 4.16) (figure 4.8).
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Table 4.14: Fullerton Advanced Balance Scale (median (interquartile range)) of
experimental and control groups

Experimental  Control group

FAB p-value
group (n=8) (n=8)
Item 1: Stand with feet -
W Pre-training 3.0 (0.75) 30(2.00)  0.478°
together and eyes closed
Post-training 3.0 (2.50) 3.0 (2.50) 0.619°
Follow-up 3.0 (1.75) 3.0 (2.50) 0.409°
Item2: Reach forward to - c
Pre-training 3.0 (1.00) 3.0 (0.75) 0.36
retrieve an object
(pencil) held at shoulder  Post-training 3.0 (0.75) 3.0 (0.75) 0.199°
height with outstretched
Follow-up 3.0 (1.50) 3.0 (1.75) 0.736°
arm
Item3: Turn 360 degrees  Pre-training 2.0 (0.00) 3.0 (1.75) 0.317°
in right and left Post-training 2.0 (0.00) 2.0 (0.00) 1.00°
directions Follow-up 2.0 (0.00) 2.0 (0.00) 1.00°
Item4: Step up onto and  Pre-training 3.0 (2.50) 3.0 (1.75) 0.701°
over a 6-inch bench Post-training 3.0 (2.75) 3.0 (1.75) 0.406°
Follow-up 3.5 (1.00) 3.0 (2.75) 0.469°
Item5: Tandem walk Pre-training 2.0 (2.50) 0.0 (1.75) 0.084°
Post-training 2.0 (2.75) 0.0 (1.75) 0.068°
Follow-up 2.0 (1.75) 0.0 (2.00) 0.077°
Item6: Stand on one leg  Pre-training 1.0 (0.00) 1.0 (0.00) 0.317°
Post-training 1.0 (0.75) 1.0 (0.00) 0.144°
Follow-up 1.0 (0.75) 1.0 (0.00) 0.143°
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Experimental

Control group

FAB p-value
group (n=8) (n=8)

Item7: Stand on foam Pre-training 3.0 (1.00) 2.0 (1.75) 0.124°
with eyes closed Post-training 3.5(1.75) 2.0 (2.00) 0.259°
Follow-up 3.5(1.00) 3.0 (3.50) 0.429°

Item8: Two-footed jump  Pre-training 1.0 (2.50) 0.5 (2.75) 0.584°
for distance Post-training 1.5 (2.50) 1.5 (2.75) 0.746°
Follow-up 1.5 (3.25) 1.5 (3.00) 0.747°

Item9: Walk with head Pre-training 3.5 (1.00) 2.0 (2.00) 0.016°*
turns Post-training 3.5 (1.00) 3.0 (2.00) 0.074°
Follow-up 4.0 (1.00) 3.0 (2.75) 0.094°

Item10: Reactive Pre-training 0.0 (3.50) 2.0 (4.00) 0.473°
postural control Post-training 2.0 (4.00) 0.0 (1.50) 0.144°
Follow-up 4.0 (4.00) 0.0 (3.00) 0.143°

°A p-value was tested by the Kruskal-Wilis test, *Significant difference between

experimental and control group at pre-treatment.



Table 4.15: Fullerton Advanced Balance Scale and Fugl Meyer Assessment (Mean
(SD)) of experimental and control groups

69

FAB FMA
o )
1 1
" £
S & S B
S (= S o
> = > =
< S < S
< o = o
<5} o L (@)]
£ E £ E
S £ S £
n S n S
Pre-training
20.8 5.5 18.6 (6.6 20.7 (4.4 20.6 (6.6
(WKO) ) (6.6) (44) (6.6)

Post-training

23.8(7.3) 185(64) 22.0(7.3) 18.5(6.4)
(WK.4)

Follow-up

25.6(7.6) 193(7.5) 256(4.1) 21.6(4.3)
(WK.8)
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Table 4.16: Fractional difference of Fullerton Advanced Balance Scale and Fugl
Meyer Assessment (Mean (SD)) of experimental and control groups

FAB FMA

o )

1 1

£ c

S © S ©
S = S £
—_ Q. —_ o
3+ > 3+ >
< o < =
<5} o L (@)]
= E = E
S g S g
i S i S

Pre-training
(WKO) 0(0) 0(0) 0(0) 0(0)

Post-training
0.14 (0.23) 0.03(0.22) 0.07 (0.07) 0.03(0.10)

(Wk.4)
Mean change
0.11 (0.30 to -0.07) 0.04 (0.12 to -0.04)
(95%Cl)
Follow-up
0.23(0.26) 0.04 (0.18) 0.12(0.12) 0.06 (0.10)
(Wk.8)

Mean change

0.19 (0.37 to 0.01)" 0.06 (0.14 to -0.02)
(95%Cl)

FAB= Fullerton Advanced Balance Scale, FMA= Fugl Meyer Assessment, 95%CI =

95% Confidence Interval, * Significant difference between experimental and control

group at follow-up
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CHAPTER 5
DISCUSSION

5.1 Introduction

This chapter presents a discussion of the study of the effect of multidirectional
reach training on dynamic balance in individuals with stroke. Limitations and

suggestions for further research were also included.

5.2 Multidirectional reach training improves symmetrical weight bearing and

dynamic balance in an individual with stroke.

A person with stroke commonly experiences muscle weakness and motor
impairment (Lee et al., 2015). Asymmetrical weight bearing is one of the impairment
following stroke. Sackley et al. found that individuals with stroke bearing their weight
as much as 61% to 80% to the less affected leg (Sackley and Lincoln, 1997). This
impairment effects to the activity daily living which require symmetrical weight
bearing. It had the evidenced that LOS training using forceplate and visual feedback
by Balance Master system improve symmetrically stance in individuals with stroke
(Sackley and Lincoln, 1997, Chen et al., 2002, Cheng et al., 2004). In this study, we
developed a new tool based on LOS training using visual feedback. This tool made
from inexpensive elements composes of water pipe as a pole and electric torch as a
target. The results of this study indicate that multidirectional reach training increased
affected side’s weight bearing when standing with knee straight. Moreover, the
training could transfer in others degree of knee flexion as shown a significant

improvement at 30°, and 90° of knee flexion. During training, the participants had to
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shift their weight in multidirections actively. The previous study found that reaching
training improved proprioceptive input from the joints (Aman et al., 2014). It is well-
known that the proprioceptive afferent is one of the most valuable information that
can cause alteration of motor planning and motor execution. By this mechanism,
while shifting weight, the muscles at lower extremity will co-contraction leading to
increasing muscle activities (Shumway-Cook and Woollacott, 2012).

Activity daily living such as walking required constant shifting of the center of
gravity (COG) within the constraints of body stability (Cheng et al., 2004).
Individuals with stroke reduce the limits of stability (LOS) in both anteroposterior and
mediolateral directions (Geiger et al., 2001). In anteroposterior directions, persons
with stroke showed smaller backward displacement of the center of pressure (COP)
compared to healthy subjects (Hesse et al., 1997). In mediolateral directions, the COP
of healthy subjects is midway between both feet. In contrast, during stance, the COP
of individuals with stroke is already shifted to the less affected leg leading to difficult
to shifting more weight (Dettmann et al., 1987). Furthermore, Dettmann et al. found
that the stability index of individuals with stroke was less than the age-matched
subject. Therefore, persons with stroke were easier to lose their balance while shifting
the COP (Dettmann et al., 1987). This study found that, after four weeks of training,
the experimental group significantly increased endpoint excursion at backward and
less affected side directions and increased maximum excursion at less affected side
direction. These improvements demonstrated that participants in the experimental
group were able to shift their weight to the backward leading to increasing their

stability in this direction. Additionally, multidirectional reach training which included
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shift weight to affected side contributes symmetrical weight bearing in individuals
with stroke. This effect is sustained at least one month after training.

Visual feedback is one of the feedbacks that can compensate for sensorimotor
loss in individuals with stroke. Deficits of joint position sense contribute to an
increase reliance on visual information (Walker et al., 2016). Previous studies
demonstrated that LOS training with Balance Master improved dynamic balance in
individuals with stroke (Walker et al., 2000, Chen et al., 2002, Cheng et al., 2004).
The real-time of COG movements on the monitor was used as a visual feedback to the
participants. Hence, all participants used this real-time information to correct the
posture and to move the COG to the target. On the other hand, while performing
multidirectional reach training, participants received visual feedback when they reach
the target. This feedback provides only the knowledge of result in contrast of the
Balance Master feedback which provides both knowledge of performance and
knowledge of result. Thus, the displacement of some directions did not improve in
this study.

The Fullerton Advance Balance (FAB) scale is the new balance assessment
test which can assess all of the component of postural control (Khumsapsiri et al.,
2015). It was developed based on Berg Balance Scale (BBS) which the main propose
to decrease the ceiling effect. In the present study, after training, the experimental
group showed the improvement of FAB scale but not a significant difference when
compared to the control group. The findings of the current study are consistent with
previous studies of Geiger and Walker who found that the result of LOS training on
BBS was not a significant difference when compared to the control group (Walker et

al., 2000, Geiger et al., 2001). A possible explanation for this might be that the
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training regimen used in this study involved weight shifting in which the movement
of COM was not as dynamic enough as compared to the functional movement tested
in FAB. Another possible explanation for some of our results may be the lack of
adequate training period which only four weeks. Thus, the training intensity may not
be enough to improve the functional movement at post training. On the other hand, at
follow-up, the experimental group had shown significant improvement of FAB as
compared to control group. It may be that these participants in the experimental group
benefitted from their more symmetrical weight bearing while performing activities
after training.

The present study found that both experimental and control groups showed the
improvement of Fugl Meyer Assessment but not reach a significantly different level.
Impairment of voluntary movement in individuals with stroke is characterized by
slowness in the initiation, execution, and relaxation, limit the range of motion, and
weakness of power (Gladstone et al., 2002). Thus, the impairment of voluntary
movement of individuals with stroke had many aspects so multidirectional reach

training would not better than conventional physical therapy in this matter.

5.3 Multidirectional reach training did not improve Multi-directional reach test

in an individual with stroke.

Multi-directional reach test is a clinical measurement which uses to assess the
maximum reach distance in four directions (Newton, 2001). After training and follow-
up, there was no significant difference in MDRT in all directions as compared to
control group. A possible explanation for this might be that the training regimen used

in this study involved reaching in multi-direction at75%LOS which not the maximal
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reach distance of each individuals. Thus, the training regimen did not enough to
challenge the participants’ performance especially in the participant who had high

function.

5.4 The clinical implications

These results suggest that the experimental group had shown improvement of
dynamic balance (the limits of stability and FAB). Besides, it can increase
symmetrical weight bearing. Therefore, multidirectional reach training should be
considered as an additional intervention for increase dynamic balance in individuals

with stroke.

5.5 Limitations and suggestions for further research

The result of this study should be interpreted with caution because of
limitations. Firstly, the characteristic of the participants in this study met specific
criteria. Hence, the ability to generalize the result of this study to all stage of stroke
population is limited. Moreover, this study only investigated the one month follow-up
period. Thus, remaining of the effect in other times is unknown. Additionally, this
study used a single intensity of exercise (multidirectional reach at 75%L0OS). A
further study with more focus on progressive intensity based on participants’
performance is therefore suggested.

In this study, participants were trained multidirectional reach in each direction.
Further study should be developed the multidirectional reach tools that can used to
trained rhythmic weight in antero-posterior and medio-lateral directions or diagonal

movement.



CHAPTER 6
CONCLUSION

This study shows that multidirectional reach training should be considered as
an additional intervention to increase dynamic balance in individuals with stroke as it
results in increases limits of stability, weight-bearing squat and Fullerton Advance
Balance Scale. The finding of this study indicated that multidirectional reach training
with conventional physical therapy program was evidenced to improve dynamic

balance in individuals with stroke.
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APPENDIX E
SCREENING QUESTIONNAIRE
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APPENDIX F
BRUNNSTROM MOTER RECOVERY STAGE

Brunnstom motor recovery stage

Stage 1-The participant was completely flaccid, no voluntary movement and participants
1s confined to bed

Stage 2-The participant was developed voluntary movement in flexor and extensor
synergies

Stage 3-The participant was develop voluntary movement partially independent of
synergies

Stage 4-The participant was developed voluntary movement independent of synergies

Stage 5-The participant was developed normal reflex activities and normal movement
with normal speed

Stage 6-There is isolated joints movement
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APPENDIX G
RAPID FINGER-COUNTING CONFRONTATION SCREENING

Rapid finger-counting confrontation screening

fifad
e

A:[]Correct [_] Incorrect
B: [ ] Correct [_] Incorrect
C: ] Correct [_] Incorrect

D: ] Correct [_] Incorrect
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APPENDIX H
SCALE FOR CONTRAVERSIVE PUSHING

Scale for Contraversive Pushing

A. Posture (Symmetry of spontaneous posture ) Sitting | Standing
Score 1= severe contraversive tilt with falling to the
T - = a O
contralesional side
Score 0.75 = severe contraversive tilt without falling a O
Score 0.25= mild contraversive tilt without falling a O
Score 0 = no tilt/upright body orientation O O

Total score

B. Extension (use of the arm/leg to extend the area of

physical contact to the ground) Sitting | Standing

Score 1= performed already in rest a O
Score 0.5 = performed only until position is changed | O
Score 0 = no extension a O

Total score

C. Resistance (resistance to passive correction of posture

to and upright position) Sitting | Standing

Score 1 = resistance is shown O O

Score 0 = resistance is not shown O O

Total score

Total
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APPENDIX J
MODIFIED ASHWORTH SCALE (MAS)

Grade 0: No increase in muscle tone

Grade 1: Slight increase in muscle tone, manifested by a catch and release or by
minimal resistance at the end of the range of motion when the affected
part(s) is moved in flexion or extension

Grade 1+ Slight increase in muscle tone, manifested by a catch, followed by minimal
resistance throughout the remainder (less than half) of the ROM

Grade 2: More marked increase in muscle tone through most of the ROM, but
affected part(s) easily moved

Grade 3: Considerable increase in muscle tone, passive movement difficult

Grade 4: Affected part(s) rigid in flexion or extension
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RELIABILITY
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The test-rater reliability of measures was established 10 individuals with stroke

to measure the Multi-directional reach test (MDRT) and the Fullerton Advanced

Balance (FAB) scale.

The MDRT and FAB scale were tested and recorded video of all participants’

performance. After 7 days, the rater scored all participants’ performance again from

the videos. The Intraclass Correlation Coefficients (ICC (,,1)) of all outcome

measurements showed good reliability (ICC>0.75) (Leslie G. Portney, 2009). These

results are shown in table 1.

Table 1: The Intra-class Correlation Coefficients (ICC (o,1)) of the MDRT and the

FAB scale (n=10)

Test ICCs 95% Cl of ICC P-value
MDRT
e Forward 0.85 0.42 to 0.96 0.004
e Backward 0.95 0.831t00.99 <0.001
e Affected side 0.87 0.49t0 0.96 0.002
e Less affected side 0.96 0.86 to 0.99 <0.001
FAB 0.83 0.47 t0 0.95 0.001
Reference

Leslie G. Portney, M. P. W. Foundations of clinical research applications to practice.

3rd ed., ed. Vol.: Julie Levin Alexander, 2009.
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PERSONAL DATA COLLECTION
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ABUAIEN WHINITEN AMPUAINTIAN
WTamsnaasu 1iflou
Jui Tuit Yuit
1. Limits Movement velocity (asm/ui)
of stability | Forward
Backward
Right
Left
Endpoint Excursion (alefidiudves limits of stability)
Forward
Backward
Right
Left
Maximum Excursion (ulefifudves limits of stability)
Forward
Backward
Right
Left
2. Weight 410 am 418 ey AL 1
Bearing At knee 0°
Squat At knee 30
(lodidud) At knee 600
At knee 90-
3. The Forward
Multi- Backward
directional | [eft
reach test )
(wufmas) Right

4. Fullerton Advance
Balance (FAB) Scale

(Azuuu)

5. Fugl-Meyer Assessment
(FMA) at LE (fzuuu)
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