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Background: After an individual suffers a stroke, intrinsic feedback systems may be
destroyed and resulted in difficulty to adjust postural control and balance. Therefore, providing
extrinsic feedback may help stroke patients to relearn how to effectively adjust their movements. This
study aimed to develop a balance training device with auditory feedback from passive infrared
sensors and investigated the effects of training using the developed device on balance performance
in subacute strokes. Methods: Twenty four subacute stroke patients aged forty-five to sixty-five years
with asymmetrical weight bearing on the affected leg in standing < 40% of body weight were
recruited. They were randomly assigned to either the experimental (n=12) or the control (n=12)
groups. The experimental group received a conventional rehabilitation program of thirty minutes and
balance training using a developed balance training device with auditory feedback from a passive
infrared sensor for thirty minutes. The control group received only a conventional rehabilitation
program for one hour per session. Both groups were enrolled in their training for five sessions per
week for four weeks. The balance performances of all patients were assessed using the Berg
balance scale (BBS), a functional reach test (FRT), timed up and go test (TUG), and a percentage of
weight bearing on the affected leg (%BW) before and after four weeks of training. Results: After
training, BBS, FRT, TUG and %BW were significantly improved in comparison to the baseline for the
experimental group (p<0.05), while the control group only demonstrated a tendency for BBS
improvement. Additionally, the experimental group demonstrated significantly better improvements in
BBS, TUG and %BW than the control group (p<0.05). Conclusion: The balance training program by
using balance training devices developed from PIR sensors combined with conventional
rehabilitation program can improve the balance performance of subacute stroke patients more

effectively than conventional rehabilitation.
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CHAPTER 1
INTRODUCTION

Background

Postural control requires the collaboration of multiple physiological systems
including of biomechanical constraints, cognitive processing, verticality perception,
movement strategies, and sensory integration and reweighting(Shumway-Cook &
Woollacott, 2001). So, the physiological system impairments will result in postural control
problems. The sensory systems contributing to postural control consist of visual,
vestibular and somatosensory. An integration of information from these systems, which
feedbacks to adjusting the body position in relation to gravity, support surface, and
environment, is essential for postural control(de Oliveira, de Medeiros, Frota, Greters, &
Conforto, 2008).

The sensory feedback is an important information for promoting motor learning
in balance control. For example, the reduced balance performance in some elders or
some people with neurological problems is due to a lack of sensory inputs from
malfunction of the visual, vestibular or proprioceptive systems(Day, Guerraz, & Cole,
2002). Moreover, postural instability problem often leads to an increase in risk of fall,
disability and limitation in daily living activities as well(Nyberg & Gustafson, 1995;
Sawacha et al., 2013). However, in many cases, loss of peripheral sensory information is
irreversible, the brain can learn how to compensate for the sensory information loss by
relying more information on the other sensory channels(Corriveau et al., 2000).

Feedback can be classified into “intrinsic feedback” and “extrinsic feedback”.
The intrinsic feedback or inherent feedback is a sensory-perceptual information of its
own that is a result of movement. The extrinsic feedback or augmented feedback which
often comes from external sources is a feedback that adding to intrinsic feedback.
Extrinsic feedback can be divided into “knowledge of results” (KR) and “knowledge of
performance” (KP)(van Vliet & Wulf, 2006). KR is an external information presenting the
effect of making a skill or about the fulfillment of the performance. KP is an external data

about the movement description that leads to a performance of results. Moreover, the



feedback can be classified according to the sources such as verbal feedback, visual
feedback, vibrotactile feedback, and auditory feedback.

After stroke, intrinsic feedback systems may be destroyed and resulting in a
difficulty to determine how to adjust a performance. Previous studies showed that
patients with unilateral stroke were able to learn a new motor skills(Magill & Anderson,
2017; Winstein, Merians, & Sullivan, 1999). Therefore, providing extrinsic feedback may
be even more important for stroke patients to relearn how to adjust the movements in the
most effective way.

The effect of weight shifting training on postural control during quiet standing in
patients with stroke was previously investigated and found that it was able to improve
the postural control such as center of pressure (CoP) displacement, CoP velocity, and
movement time(Hanlon, 1996). Moreover, the previous studies convinced that stroke
patients were improved postural control in sitting, sit to stand, and standing by balance
training devices providing with either extrinsic visual or auditory feedback during weight
shifting or weight distribution training(Cheng, Wu, Liaw, Wong, & Tang, 2001; de Haart,
Geurts, Dault, Nienhuis, & Duysens, 2005; Jung, Kim, Chung, & Hwang, 2014; Mudie,
Winzeler-Mercay, Radwan, & Lee, 2002; Tsaklis, Grooten, & Franzen, 2012).
Sinceauditory or visual feedback from the devices allowed information about postural
control which helped to supplement the intrinsic feedback. However, the balance
training devices are large, expensive and difficult to move. Thus, the research related to
develop an inexpensive portable balance training device will be valuable and
interesting.

A passive infrared sensor (PIR sensor) is a motion detecting sensor. It's small,
portable, and affordable price. The sensor detects the change of infrared radiation
emitted from a thing as moving passes the sensor. When the circuit receives heat from
the infrared radiation would then be converted into an electrical signal and produces a
sound. Therefore, a purpose of the study is to develop a balance training device by
applying the PIR sensor to produce an auditory feedback, as KR, for the weight shift

training to improve balance of stroke patients.



Research Question

Is an application of the developed balance training device with auditory
feedback from passive infrared sensor (PIR) able to improve postural control in patients

with stroke?

Objectives
General Objective

To investigate the effect of balance training by using the developed
balance training device with an auditory feedback from passive infrared (PIR)
Sensors.

Specific objectives

1. To compare balance performance in person with stroke between pre-
and post-training by using the developed balance training device with an auditory
feedback from passive infrared(PIR) sensors

2. To compare the changes of balance performance at post-training
between person with stroke that using the developed balance training device with
an auditory feedback from passive infrared (PIR) sensors and the control that
without using the device.

The parameters representing balance performance for this research
includes of the berg balance scale, functional reach test, timed up and go test, and

percentage of weight bearing on affected side.

Hypothesis

Balance training by using the developed device with auditory feedback PIR

sensor will improve the postural control of the persons with stroke.

Expected Benefits & Application

1. The research results will provide the information for the further studies related
to balance training in strokes.
2. The developed device with auditory feedback will be a useful portable

balance training device with affordable price for persons with stroke.



Definition of Terms

1. Stroke is characterized as a neurological deficit and injury of the central
nervous system (CNS) by vascular causes including intracerebral hemorrhage, cerebral
infarction, and subarachnoid hemorrhage.

2. Postural control is the ability to control the body’s position in space for the
dual purposes of orientation and stability.

3. Limits of stability is the greatest distance in any directions that a person
can tilt the body away from a midline vertical position without falling, stepping, or
reaching for support.

4. Auditory feedback is the sound information from loudspeaker that shown

the expected goal.

Keywords

Stroke, Balance, Auditory feedback, Infrared sensor
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CHAPTER 2
THE LITERATURES REVIEW

The review of literatures is divided into 5 parts as follows.

—_

. Stroke and the problems of postural control
. Feedback and learning
. Balance training by using devices

2

3

4. Passive infrared sensor

5. Balance assessment for stroke patients
6

. Weight bearing assessment

1. Stroke and the problems of postural control

Stroke is vascular injury, including ischemia, infarction, and hemorrhage in the
Central Nervous System (CNS)(Sacco et al., 2013). After stroke, the brain is unable to
execute properly that resulting in many problems. For example: lack of motor control,
sensory impairment and deficit in maintaining balance(De Weerdt & Harrison, 1985).

Persons with stroke often demonstrate a difficulty in controlling the posture.
Postural control desires the interaction of many physiological systems including of
biomechanical constraints, cognitive processing, perception of verticality, movement
strategies, sensory integration and reweighting and sensory modalities. So, the postural
control problem can be caused by any impairments of those systems. Moreover, the
postural control deficit in person with stroke usually results in a risk of falls.(Tutuarima,
van der Meulen, de Haan, van Straten, & Limburg, 1997)

Biomechanical constraints

Postural control is an ability to maintain the center of mass (CoM) to stay in the
base of support (BoS).The position of the CoM is not fix all the time, whereas it can be
changed as the body moves and even as in quiet standing. In quiet stand, the position
of the CoM is in front of the L2. When the trunk leans forward, the position of CoM is
moving more towards to the front. The most far distance that CoM displaces without

moving the feet and still keeping in stability is called “limit of stability”. Biomechanical



constraints can influence on limit of stability such as restricted range of motion, and
abnormal muscle tone, strength or control. Stroke patients often have muscle weakness
and motor control impairment as a result to reduce the postural control ability.

Cognitive processing

Postural control is influenced by sensory feedback and also by expectation,
attention, experience, intention, and environmental context. . Inadequate attention that
usually happened in stroke patients can lead to postural instability and risk to falls,
particularly in complicated or more difficult tasks.

Perception of verticality

Normal persons are able to identify gravitational verticality within 0.5° without
using visual feedback. In stroke patients, perception of body posture in relation to
gravity is altered(de Oliveira et al., 2008). The persons with stroke, who have
visuospatial neglect condition resulting in abnormal of visual verticality, commonly sit
tilted to the non-paretic side. On the other hand, some persons with stroke who have a
“pushing” or “pusher syndrome” always sit tilted to the paretic side. The tilted posture or
asymmetrical alignment from impaired verticality perception in person with stroke will
lead to instability of postural control either in static or dynamic balance.

Movement strategies

There are three patterns of body movement responding to maintain balance
that are ankle, hip, and step strategies. The ankle strategy is a reaction for keeping the
trunk in a vertical position when person receive a small perturbation while standing.
Then, if balance is more disturbed, the ankle strategy will be not enough to justify and
the hip strategy will be executed for maintaining balance. The ankle and hip strategies
are “in-place strategies” which able to maintain balance without changing a base of
support. In case, the greater and faster perturbations make the center of mass moved
away from the original, the movement reaction will be changed to make a new
appropriate base of support. The base of support can be done faster and more by

stepping the foot. This pattern is called a stepping strategy.



Sensory modalities and integration

Sensory systems affect to postural control consist of visual, vestibular and
somatosensory. Integration of information from these systems is crucial for postural
control that adjusts the position of the body in relation to the environment, gravity, and
support surface. The visual system provides information about the position and
movement of the body when compare with the environment. Somatosensory system
including the feeling on the skin, muscles and joints provides information about the
position and movement of the body compared to the rest of the body and compared to
the support surface. Vestibular system serves to recognize the gravity and provides
information about the movements of the head respectively to the gravity. While standing
on firm surface, central nervous system (CNS) receives information from somatosensory
system 70%, Vestibular system 20% and visual system 10%(Peterka, 2002).However, if
standing on an unstable area that interfere somatosensory system so will get more

information from the vestibular and visual system.

2. Feedback and learning

The feedbacks can enhance motor learning. During training, the performer uses
feedbacks to detect errors of the performance by comparing with the expected goal.
Then he/she improves the performance in the next time planning, attentional, and focus
on practice. As a result, increasing the effectiveness of training by learning from the
feedbacks. The feedbacks can be classified into “intrinsic feedback” and “extrinsic
feedback”. The intrinsic feedback (or Inherent feedback) is a person’s own sensory-
perceptual information that is available as a result of movement being performed. The
extrinsic feedback (or augmented feedback) is a feedback from external sources that
given in addition to intrinsic feedback(van Vliet & Wulf, 2006).

Extrinsic feedback can be classified into “knowledge of results” (KR) and
“knowledge of performance” (KP). KR is “externally presented information about the
outcome of performing a skill or about achieving the goal of the performance”. KP is
“information about the movement characteristics that led to the performance

outcome”(Magill & Anderson, 2017). Furthermore, feedback can be classified according



to the sources such as verbal feedback, visual feedback, vibrotactile feedback, and
auditory feedback. Therefore, the inaccurate or inadequate of sensory feedback
information from vestibular, somatosensory, and visual systems will diminish a balance
performance. In many cases, the loss of peripheral sensory information is not curable or
reversible, the brain can compensate for the loss of sensory information by relying more
on the other sensory channels.(Corriveau et al., 2000; Dozza et al., 2005) After stroke,
intrinsic feedback systems may be impaired, making it difficult for the person to
determine what needs to be done to improve performance. Extrinsic feedback may thus
be even more important to people with stroke. Studies have shown that patients with
unilateral stroke are able to learn new motor skills.(Hanlon, 1996; Winstein et al., 1999)
The role of the therapist is to provide feedback that is likely to assist learning in the most
effective way. Feedback is probably delivered intuitively much of the time during stroke
rehabilitation.

The previous study in stroke subjects investigated the socio-affective
characteristics of extrinsic feedback by physiotherapist. Patient-physiotherapist
interactions were videotaped and then subjected to systematic observation, in which
behaviour was recorded into pre-determined categories of verbal and physical
communications. This study found that verbal feedback was used extensively by
physiotherapists and was used more frequently than visual feedback.(Talvitie, 2000)

Moreover, the previous studies demonstrated that stroke patients received
benefit from visual feedback about weight distribution and weight shift activity. The
researcher found significant improvements when compared a visual feedback group to
a control group in the aspect of stance symmetry and sway, motor function and activities
of daily living after 4-week training. The training program was that patients received
visual feedback on a computer screen while attempting balance tasks on a balance
platform. These changes presented at 4 weeks after the intervention, but not at 12
weeks(Sackley & Lincoln, 1997). In a similar study in which visual feedback was given
about center of gravity to more acute stroke patients, balance performance also

improved but was not significantly different from a group receiving the same amount of
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balance training via the verbal and tactile cues which more typically used in
physiotherapy(Walker, Brouwer, & Culham, 2000).

Auditory feedback of force production was also shown to improve performance
of the sit-to-stand movement. At the end of a 5-week program of daily practice of sit to
stand, the experimental group receiving ground reaction force feedback via auditory
input achieved significantly greater symmetry in body-weight distribution than the
control group(Engardt, Ribbe, & Olsson, 1993). Portable weight distribution auditory
feedback devices have been employed also(Batavia, Gianutsos, & Kambouris, 1997).
One study evaluated the effect of such a device on performance of sit-to-stand(Fowler &
Carr, 1996). A small group of patients receiving auditory feedback during practice of sit-
to-stand for a period of 3 weeks were compared to a control group who underwent the
practice without the feedback. The results were equivocal although there was a
tendency for the feedback group to increase force production through the affected
lower limb more than control subjects.

Dursun et al. in 1996 also demonstrated positive effects for an angular
biofeedback device for sitting balance. The device was positioned on the midline of the
back, and gave information about tilting from the erect position with feedback given both
by visual and auditory signals. Balance performance was significantly better on some of
the measures used, compared to the control group, after10 days of treatment, but the
difference was not maintained at discharge.(Dursun, Hamamci, Donmez, Tuzunalp, &
Cakci, 1996)

There are other instrumental forms of feedback under development for stroke
rehabilitation, such as virtual reality-augmented training. For example, the patient can
wear different types of gloves containing infrared sensors and force transducers while
attempting upper limb movements one for monitoring amplitude, speed and
fractionation of movement, the other, a force feedback glove, monitoring strength of
finger flexion and extension movements. Online visual, auditory and force feedback was
provided via a personal computer. Exercises were in the form of imaginative computer

games with graphics feedback and goals were set according to ability. One and a half
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hours of virtual reality training plus practice of fine motor tasks, spread over a period of
3.5 hour per day for 2 weeks, was found to have good effects.(Jack et al., 2001; Merians

et al., 2002)

3. Balance training by using devices

The problems in standing balance of stroke patients can be solved in several
ways. Whether using the device or without the device. At present, there are several new
devices or tools for balance training in patients with stroke. These devices showed an
influence on the balance improvement for stroke patients. The devices that used in
training was created or invented under different theories.

Lee and co-workerin1996 studied the effect of Biofeedback Training Device on
standing balance of patients with stroke. Sixty participants with mean age 49.12 +15.15
years were randomly divided into two group (control and experimental).Control group
was trained by traditional standing training table. Experimental group was trained by
new weight-bearing biofeedback training devices. Each patients was trained twenty
minutes per session, five sessions per week for a period of three to four weeks. After
training for three weeks, the percentage of patients with Standing Steadiness Index
(8SI)<10% for control group increased from 26% to 62% and 43% to79% for the
experimental group. After training for four weeks, control group and experimental group
have reduced of SSI to 10.1 + 6.4% and 3.5 + 2.2%, respectively (p<0.02)(Lee, Wong, &
Tang, 1996).

Hydraulic Height
/ Adjusiable Workiable

o
ey Hip Fixation Belt

Instrumented Platiorm .~ 25>
with Pressure Sensors

Figure 2 New weight-bearing biofeedback training devices(Lee et al., 1996)
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The effect of Oswestry Standing Frame was studied by Bagley P. and co-
worker in 2005. One hundred and forty stroke patients with mean age 75.5 + 10.5 years
were randomly divided into two group (control and experimental).The control group
received general training without standing frame. The experimental group was trained
by Oswestry Standing Frame. However, the scores of Rivermead Mobility Index, Barthel
Index, Trunk Control Test, Rivermead Motor Assessment, and Motor Assessment Scale
in balance sitting and sitting to standing did not different between the two groups after

completion of training.(Bagley, Hudson, Forster, Smith, & Young, 2005)

Figure 3 Oswestry Standing Frame

http://www.oswestry-frames.co.uk/

Goljar and co-worker in 2010 investigated the effect of using a Balance Trainer
on standing balance. They compared the effect of Balance Trainer with conventional
balance training program in subacute stroke patients (mean age 61 +8.9 years). Both
groups have been practicing for twenty minutes per day, five days per week for four
weeks. The results after training found that scores of the Berg Balance Scale, Timed Up
and Go, 10 m walk were much better (p <0.001, p <0.001, p = 0.001, respectively) in
both groups. Moreover, each group needs less help from a physical therapist

significantly for standing balance (p = 0.016).(Goljar, Burger, Rudolf, & Stanonik, 2010)
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Song and co-worker in2014studied the effect of Virtual Reality (VR) and Tetra-
Ataxiometric Posturography Programs (Tetrax) in thirty patients with stroke. The patients
had mean age 62.47 + 15.17years and were randomly divided into three group (Virtual
reality, Tetrax, and control group). Each group recieved conventional balance training
twenty-five minutes per session, five sessions per week. While, the virtual reality group
will be added virtual reality treatment and tetrax group will be added tetrax treatment 25
minutes per session, three sessions per week for three weeks. The results of training
showed that, the Berg Balance Scale and the Falling Index were much better in all
groups (p <0.05). In open-eyed position, the virtual reality group presented much
improvement in the Stability Index and Weight Distribution Index (p<0.017). In closed-
eyed position, Tetrax group had much better either the Stability Index or Weight
Distribution Index (p<0.017).(Song et al., 2014)

Figure 4 The Virtual Reality (VR)(Song et al., 2014)
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Figure 5 The Tetra-AtaxiometricPosturography Programs (Tetrax)(Song et al., 2014)

Furthermore, the Nintendo Wii game was used for training standing balance in
the stroke patients. Gonzalez-Fernandez and co-workers in 2010investigated the effects
of balance practice by Wii game in stroke patients (duration time more than eight
months) aged 45-76 years. They compared the results between the Wii game group and
control group that received general balance training program. The Wii game group was
instructed to bend or tilt the body in different directions to move the cursor on a specific
target. After training, the Wii game group increased the score of Berg Balance Scale (p
= 0.002) but the control group did not change (p> 0.05).(Gonzalez-Fernandez, Gil-
Gomez, Alcaniz, Noe, & Colomer, 2010) Qicheng Ding and co-worker in 2012. Applied a
Wii game to practice the stroke patients aged 55-78 years and onset 8-78 months ago.
They compared the results of the experimental group that received Wii game and the
control group that received aerobic exercise and muscle strength training. The
experimental group was trained by standing on the Wii balance board, then bend or tilt
to control of the ski. After training for five times, COP results showed that the
experimental group had COP tracking error lower than in the control group (p

<0.05).(Ding et al., 2013) While, Ki Hun Cho and co-worker in 2012 used Wii game to

trained stroke patients age 64.1617.61 years that had onset more than six months. The
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experimental group played the balance bubble, ski slalom, ski jump, soccer heading
table tiling and penguin slide. The results were compared with control group that
received physical therapy, occupational therapy and speech-language therapy. Each
patient was trained thirty times. They found that the Postural sway, Berg Balance Scale
(BBS), Timed Up and Go test (TUG) of both groups has not changed (p>0.07). BBS and
TUG of the experimental group increased more than control group (p<0.05).(Cho, Lee,
& Song, 2012) Other than, the patients with stroke (onset 3 months) aged 63.6X£14.7
years were trained with Wii game by Kelly J. Bower and co-worker in 2014. The control
group was received physical therapy, occupational therapy and Wii game in upper limb.
The experimental group received Wii balance board training either static or dynamic
activities. After training, the results were compared between two groups. The Step Test,
Functional Reach (FR), Timed Up and Go test (TUG), and STREAM do not differences
between the two groups. However, the experimental group revealed an improvement of
the TUG (p=0.023), STREAM (p=0.022), and Step Test (p=0.004).(Bower, Clark,
McGinley, Martin, & Miller, 2014)

| —

Figure 6 The patients was trained about Wii game in ski slalom program.

4. Passive infrared sensor
Motion sensor is the device that transforms the motion detection into electrical
signals. Generally, there are three types of the motion sensor.

1. Passive infrared sensor (PIR)
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It does not release energy or waves from the sensor. It's a sensor that receives
heat from the body that is moving.

2. Ultrasonic

It's a sensor that releases ultrasonic wave and detects of the reflected wave
when the object moves.

3. Microwave

It's a sensor that releases microwave and detects of the reflected wave when
the object moves.

Passive infrared sensor (PIR)

Sensor is a device that detects movement by measuring the heat in the desired
area. Infrared radiation is emitted more than usual when the life has a movement. Heat is
measured by the level change of infrared radiation. The infrared radiation was delivered
to the pyro electric, which convert heat from infrared radiation into electrical energy.

Features of the PIR sensor are as the following.

1. Be able to detect motion in the six meters.

2. The radius of detection is 70 degree.

3. The operating temperature range is 0 to 50 degrees Celsius (in the
shade).

4. Take the time to learn the environment 10 to 60 seconds. During this

time, there should be as little movement as possible in areas that have been detected.

Figure 7 The internal circuit of passive infrared sensor
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Figure 8 The two passive infrared sensors connected to speakers.

5. Balance assessment for stroke patient

Balance assessment tools can be classified into two major categories that are
laboratory tools and clinical tools.

Laboratory tools are such as posturography, accelerometer, force plate, motion
analysis system. Laboratory tools offer the information that cannot be seen with naked
eyes. They provide objective and quantitative measurements that could be easily
translated into a useful information for treatment.(Mancini & Horak, 2010) Furthermore,
laboratory tools have a high reliability and validity, and without bias. However, some
laboratory tools are complex equipments, and high cost. The physical therapist must
have expertise in using the tools.

Clinical tools such as Berg Balance Scale (BBS), Timed Up and Go Test (TUG),
Functional Reach Test (FRT), Balance Evaluation System Test (BESTest), Activities-
specific Balance Confidence scale (ABC), Postural Assessment Scale for Stroke
Patients (PASS), Community Balance and Mobility Scale (CB&M). Some tools are self-
assessment such as ABC scale. The equipment used in the assessment for clinical tools

is easy to find in the clinic. Also, it is easy to use, takes less time and widely use. The
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selection of the assessment tools should be suitable for the purpose and group
evaluated. The chosen tools should also have high reliability and validity.
Berg Balance Scale

Berg Balance Scale (BBS) is the clinical scale that is the gold standard for
measuring balance. The BBS was invented in 1989 by Berg and co-workers. The BBS
has 14 functional items according to daily activities as sitting, sitting to standing,
unsupported standing, standing to sitting, transfers from chair to chair, standing with
eyes closed, standing with feet together, reaching forward with outstretched arm,
retrieving object from floor, turning to look behind, turming 360 degrees, placing
alternate foot on stool, standing with one foot in front, and standing on one foot. It takes
only 15 minutes to complete the whole test. The equipments in the test include of
stopwatch, chair, bed, ruler, and stool. Balance abilities of patients in each testing
activity are assessed to be 0-4 points. The “0” score is unable to do the function and “4”
score is able to complete the function based on the defined criteria. The total score is 56
points. The cut-off score risk of falling in stroke patient is 45 points. The reliability and
validity of BBS was assessed in stroke patients. The inter-rater reliability of BBS was
excellent (ICC = 0.95).(Mao, Hsueh, Tang, Sheu, & Hsieh, 2002) The test-retest reliability
was excellent (ICC = 0.95).(Outermans, van Peppen, Wittink, Takken, & Kwakkel, 2010)
Also, internal consistency (Cronbach's alphas = 0.92-0.98) and predictive and
convergent validity (r = 0.82-0.91 and 0.89-0.94 respectively) were excellent.(Mao et al.,
2002)

Functional Reach Test

Functional reach test (FRT) was developed to assess the standing stability in
elderly, parkinson’s disease, spinal cord injury, stroke patients. Duncan PW and co-
workers invented this assessment in 1990. The testing procedures are as follows. The
tested subject is set to stand next to the wall that attached measuring tape, but not
touching the wall. The position of an arm that closed to the wall is at 90 degrees
shoulder flexion with elbow straight and fist closed. The assessor records the starting
scaling number at the third metacarpal head on measuring tape. Then, let the tested

subject reach as far forward as possible without taking a step or losing balance. The
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end position of the third metacarpal head was recorded by the assessor. Reach
distance is the difference between the start and the end position. The patients will
perform three times and the represented result will be the average.

FRT takes a short time and needs only measuring tape. So it is easy to use for
clinical test. Meanwhile, it shows high reliability and validity. The reliability and validity of
FRT assessed in patients with stroke were investigated. The intra-rater reliability of FRT
was excellent (ICC = 0.89).(Outermans et al., 2010) And also, the face validity (r = 0.71)
was excellent.(Outermans et al., 2010)

Timed up and go test

Timed up and go test (TUG) was developed for assessment of balance and
mobility by Mathias and co-worker in 1986. . Start testing by the patient sitting in a chair
with backrest and armrest. After the tester says “go”, the patient will start standing up
from a chair. Then, he/she will walk a distance of 3 meters, turn around, and walk back
to the chair and sit down. Timing begins at the instruction “go” and stops when the
patient is seated. Thespeed of walking is as quickly as the patients feel safe and
comfortable. During walking, the patient may use or non-use gait aids and wear their
own comfortable shoes. If they do not have appropriate shoes, they will walk with
barefoot (no socks).

The reliability and validity of TUG was assessed in stroke patients. The test-
retest reliability was excellent (ICC = 0.96 and 0.95).(Bagley et al., 2005; Flansbjer,
Holmback, Downham, Patten, & Lexell, 2005) Also, convergent and discriminant validity
(r = 0.86-0.99) were excellent.(Bagley et al., 2005; Flansbjer et al., 2005; Guyatt et al.,
1985)

6. Weight bearing assessment

In clinical, the instruments for measuring weight-bearing include of digital
bathroom scales and load monitors. (Movement analysis of individuals)

Digital bathroom scales

A digital bathroom scale is the simply applicable instrument for weight bearing

assessment because it is low cost, small and easily to move. So, it is suitable for clinical
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use according to the previous studies in patients with stroke about the maximum weight-
bearing of affected side. Dettman and co-worker in 1987 demonstrated about the
maximum weight-bearing of affected side in fifteen stroke patients by using bathroom
scales to assess. They found that the maximum weight-bearing of the affected side had
high correlation with functional assessment.(Dettmann, Linder, & Sepic, 1987) Moreover,
Bohannon and co-worker in 1991 found that the maximum weight-bearing of affected
side had high correlation with gait speed (r=0.830).(Bohannon, 1991)

The weight-bearing measure used two digital bathroom scales that were placed
on flat surface. The patients with stroke stood on two digital bathroom scales placed
side-by-side. They were asked to standing comfortably with each foot was placed on
each bathroom scale, and two arms crossed on a chest and then looking straight
ahead, and shifting weight onto affected side as much as possible. Physical therapist
record the weight displayed. Repeat the test three times. The maximum value of the
weight bearing on the affected foot was a representative data for analysis.(Marie
Cameron, 1999)

The calibration of the digital bathroom scales was done by standard
pendulums. Maximum weight of digital bathroom scale was divided into 10 equal
intervals. For example, the maximum weight was 150 kilograms. It was divided into 15,
30, 45, 60, 75, 90, 105, 120, 135, and 150 kilograms. Each weight was tested four times.
An average value was calculated for correction value. The correction value was “the

discrepancy value between the scales and weight of the standard pendulum.(313913¢

N4, 2548)
From Cs = x— N
When, Cs is the correction value.
Xis the average value of weighting four times.
Nis weight of the standard pendulum.
So, Valid value = scale value + correction value

Repeatability is another important test. This can be done by calculating the

standard deviation (S.D.) from weighting repeat 10 times. Weight 10% and 90% of
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maximum weight were weighted repeat.(3133917¢04, 2548) S.D. should not exceed the
uncertainty of a given manufacturer.(Ene#e9UfURAN198A1ULINNIAIIRFBLANNINHAZ

NIRTFIUNARITUTA, 2555)




CHAPTER 3
METHODOLOGY

1. Research design

This study is a randomized controlled trial with two arms that included of
experimental and control groups. The physical therapist who performed the balance

assessments was blinded to the treatment allocations.

2. Subjects

Twenty four patients aged 45 to 65 years with a first-ever ischemic or
hemorrhagic stroke shown by computerized tomography or magnetic resonance
imaging within 1 to 6 months prior to enroll the study were recruited.

The inclusion criteria of subjects were as follows:

1. Able to stand independently on a stable surface without an assistive
device for 30 seconds

2. Able to walk on floor at least 6 meters without assistant, may be with
or without gait aids

3. Weight bearing on the affected side during quiet stance less than
40% of body weight

4. Spasticity of the affected lower limb less than or equal to grade 2 as
classified by Modified ashworth scale

5. Stable vital signs or medical status

6. Without peripheral neuritis and musculoskeletal problems such as
low back pain or arthritis that affect motor performance

7. Mini — Mental State Examination: Thai version (MMSE — Thai 2002)
score is equal to or more than 23 points.

The patients were excluded if they showed any of the following conditions:

1. Having other neurological conditions beside stroke
2. Aphasia

3. Neglect syndrome
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4. Amputation of the lower limb
5. Hearing problems even with hearing aids

All the patients were informed about aims, protocol, and benefits of the study
before they decided to participate and signed a written informed consent. The study
was approved by the ethics committee of the Faculty of Physical therapy,

Srinakharinwirot University. The code of a research ethical approval is PTPT 2017-003.

3. Sample size calculation

According to the previous study “Effect of rhythmic auditory stimulation on gait
and balance in hemiplegic stroke patients” by Jee Hyun Suh and co-workers in 2014,
they measured stride length, gait velocity, cadence and standing balance. These
outcomes were assessed by using Biosway® (Biodex, NewYork, USA). After the
training, they found that a mean and standard deviation of standing balance in
experimental group was 0.79 £ 0.54 degrees and the control group was 1.38 £ 0.30
degreesso. The G power program was used to calculate the sample size with setting the
power = 0.8, &L = 0.05 and using the mean and standard deviation of the previous study
to determine an effect size d. The calculated total sample size was 20 persons, then
added 20% for drop out. Therefore, the appropriate total sample size including the
adjusted drop out was 24 persons (12 persons for an experimental group and the other

12 persons for a control group).

Test family statistical test
ttests ¥ Means: Difference between two independent means (two groups) v

Type of power analysis ) ml=n2

A priori: Compute required sample size - given o, power, and effect size ~ Mean group 1
Mean group 2 1
Input Parameters Output Parameters
Tailis) | Two v Noncentrality parameter 3 3.0202843 SD o within each group 05
Determine => Effect size d 13507122 Critical t 21009220 -
@ ni=n2

b 0.05 Df 18
ferrere Mean group 1 0.79

Pawer (1-B err prob) 08 Sample size group 1 10
Mean group 2 1.38

Allocation ratio N2/N1 1 Sample size group 2 10
sDogroup 1 0.54

Total sample size 20 LI

Actual power 0.8148580 SD o group 2 0.3

Calculate Effect size d 1.350712

| calculate and transfer to main window |

Close

X-Y plot for a range of values Calculate H T ——
— e w :

Figure 9 The sample size calculation by using G* power program 3.1.9.2
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4 .Outcome measures

All patients were assessed their balance ability using the Berg balance scale,
functional reach test, timed up and go test, and a percentage of weight bearing on the
affected leg before and after four weeks of training. The weight bearing on the affected
foot was assessed by the digital bathroom scale. The physical therapist performing the
balance assessments was blinded to the treatment allocations. The posttest was
conducted a day after the end of the intervention period.

Berg balance scale (BBS) was used to assess for indicating ability of balance
during doing tasks. The BBS tests balance performance in 14 activities that are
unsupported sitting, sitting to standing, unsupported standing, standing to sitting,
transfers from chair to chair, standing with eyes closed, standing with feet together,
reaching forward with outstretched arm, retrieving object from floor, turning to look
behind, turning 360 degrees, placing alternate foot on stool, standing with one foot in
front, and standing on one foot. There are five level of scores for each activity, from 0-4
points. The “0” indicates the lowest level and “4” indicates the highest level. During BBS
assessing, if the patient is tired, they can sit and rest until they are recovered.

Functional reach test (FRT) was used to evaluate standing stability limit in each
directions. The patients were asked to standing with the unaffected side next to the wall
on which a measuring tape attached, but not touching or leaning on the wall. The
position of the unaffected arm that closed to the wall is at 90 degrees of shoulder flexion
with elbow straight and fist closed. Physical therapist (assessor) recorded a starting
position by the scaling number on the measuring tape at the third metacarpal head.
Then, the assessor instructed the patient to reach forward as far as possible without
taking a step or losing balance. The end position of reaching at the third metacarpal
head will be recorded by the assessor. Reach distance is the length between the
starting and the ending position. The patients performed three times of functional reach
and the represented reaching distance were the average.

Timed up and go test (TUG) was used to assess balance in gait. The test was

started by the patient sitting in a chair with backrest and armrest. After the physical
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therapist said “go”, the patients stood up from a chair. Then, they walked a distance of 3
meters, turned around, and walked back to the chair and sat down. Timing began at the
instruction “go” and stopped when the patient was seated. The speed of walking was as
fast as the patients feeling safe and comfortable. During walking, the patient may use or
non-use gait aids and wear their own comfortable shoes. If they do not have appropriate
shoes, they will walk with barefoot (no socks).

The two digital bathroom scales were used to assess weight bearing on both
feet during comfortable stance before and after training. The stroke patients were asked
to stand on two scales which placed side-by-side with each foot on each scale and
arms crossed at their chest and looked straight ahead. Then, they were asked to shift
weight onto the affected foot as much as possible. The weight on a digital scale under
the affected foot was recorded. The test was repeated 2 times and recorded the highest

value. Time to break between each time was ten seconds.

5. Materials and research tools
The materials used in this study included of the followings.
1. Mini — Mental State Examination: Thai version (MMSE — Thai 2002)
score
. Berg Balance Scale

. Functional reach test

A0WON

. Timed up and go test

(@)

. Two digital bathroom scales
. Measuring tape
. Chair with arm rests and back rest

. Color tape or cone

© o0 ~N o

. The developed balance training device with auditory feedback by PIR
sensor

10. Belt
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6. Intervention

Group design

Twenty four patients with stroke who volunteered and fit to the inclusion criteria
were randomly assigned to either the experimental group (n = 12) or the control group
(n = 12). The patients in the experimental group enrolled in a session composed of a
conventional rehabilitation program including stretching and strengthening exercise for
30 minutes and balance training using the developed balance training device with
auditory feedback by passive infrared sensor for 30 minutes, 5 sessions a week for 4
weeks while those in the control group received only a conventional rehabilitation
program for 1 hour/session, 5 sessions a week for 4 weeks. The conventional
rehabilitation program for all patients in this study were provided by the rehabilitation
center physical therapist. The program was patient-specific including stretching and
strengthening exercise for 30 minutes and balance training without using the balance
training device for 30 minutes.

Balance training with a developed auditory feedback balance training device

using PIR sensor

Each patient was asked to start from standing with feet apart at pelvis width
and facing to the center of the device but away from it 0.5 meters as shown in figure 10a
and 10c. Their arms were placed in a comfortably over their chest and look straight
ahead. All patients had to wear their own shoes with or without AFO during training. The
height of the sensor was adjusted at the same level as the L3-L4 of each patient as
figure 10. Then, the physical therapist gradually set the distance of the sensor away
from the center of the device to challenge the patients to practice weight-shift on the
affected side until reach into a detectable range of the passive infrared sensor that
results in producing a feedback sound signal and urged them trying to maintain posture
at that point for 10 seconds. To train the weight shift, the PIR sensor was set at 1
centimeter beyond a distance that patients can take the weight to. Each patient was
belted for safety. For progression of training, the physical therapist had to move the
sensor setting beyond the original point and facilitated the patient to shift weight farther

to the new setting distance. The new distance setting of the sensor was gradually
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increased but no more than normal limit of stability. Murray and co-worker in 1975
studied about maximum distance of COP displacement in different age groups. They
found that the age group 40-50 years had the maximum COP displacement in forward,
backward, and lateral directions were 7.5+0.9, 4.4+1.1, and 6.4+1.2 cm. (p<0.05)
respectively. The age group 60-70 years had the maximum COP displacement in
forward, backward, and lateral directions were 8.0+1.3, 6.2+2.4, and 7.3x1.6 cm.
(p<0.05) respectively. The weight shifting activities will be train in four directions; left,
right, front and back.

When, patients were able to do weight shift between both feet. The next step,
the physical therapist was gradually set the distance of the sensor more away from the
center of the device 5-10 centimeters to challenge the patients for stepping practice to
the affected side until the passive infrared sensor had a voice and urged them trying to
maintain posture at that point for 10 seconds. Repeat 10 times for each distance and

direction. During the training, if the patient is tired, let he/she sit and rest until recover.

Figure 10 a) The infrared sensors are set parallel at the same level of L3-L4 from
posterior view, b) The starting position for weight shift training in left-right directions by
standing facing to the sensors, c¢) The distance that patient standing away from the
device 0.5 meters from above view, and d) The starting position for weight shift training

in front and back directions by standing with lateral side opposed to the sensors.
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7. Data analysis

The processes of statistical analysis were as follows. Firstly, Kolmogorov-
Smirmov Test was used to test the data distribution of the studied parameters. Then,
comparison of the studied parameters between before and after training in each group
was analyzed by Paired sample T-test. The Independent sample T-test was used to
compare the changed values of the studied variables between experimental and control
groups because the data was normal distribution, except the changed values of TUG
outcome were compared between the two groups by the Mann-Whitney U test because
the data was not normal distribution. Statistical significance level for analysis was set at

P value <0.05.

8. Ethical considerations

This research was approved by the ethical committee of the Faculty of Physical

Therapy, Srinakharinwirot University. The ethic approval code is PTPT 2017-003.
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CHAPTER 4
RESULTS

This study investigated the effects of balance training by using the developed
balance training device with an auditory feedback from passive infrared (PIR) sensors.
The studied outcomes to prove the effects included of berg balance scale, functional
reach test, timed up and go test and a percentage of body weight bearing on the
affected foot in standing (%BW). The patients in the experimental group received a
conventional rehabilitation program of stretching and strengthening exercise for 30
minutes and a balance training by the developed balance training device with an
auditory feedback by passive infrared sensor for 30 minutes, 5 sessions a week for 4
weeks while the patients in a control group received only the conventional rehabilitation
program of stretching and strengthening exercise for 30 minutes and a balance training
without using the device for 30 minutes, 5 sessions a week for 4 weeks.

Participants

Twenty-four stroke patients participated in this study. The patients were
randomly assigned to be a control (n = 12), and an experimental (n = 12) groups. Mean
age of the control group was 59.0 £ 4.43 years, and that of the experimental group was
59.25 % 5.43 years. The other general characteristics of the subjects are shown in Table
1. The baseline charateristics related to age, time from stroke prior to enrollment,
Brunnstrom stage, MMSE scores and MAS scores of the participants in the experimental
and control groups were not significantly different, except %BW. At baseline, the
experimental group demonstrated higher %BW on the affected foot in standing than the
control group significantly (p=0.027). Therefore, to reduce the bias, this study used the
changed values of the studied outcomes from the baseline for comparison of the

treatment effect between experimental and control groups.
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Table 1 Characteristics of participants with stroke in the control and experimental

groups at baseline

Characteristics Control group Experimental group p value#
(n=12) (n=12)

Age (years) 59.0+4.43 59.25+£5.43 0.90
Gender 8 7

Male 4 5

Female
The affected side

Left 8 9

Right 4 3
Type of stroke

Ischemic 7 9

Hemorrhagic 5 3
Time from stroke prior to 2.92+1.1 3.0+1.21 0.86
enrollment (months)
Brunnstrom stage 2.25+0.75 1.92+0.79 0.30
MMSE-Thai (scores) 29.25+1.49 28.17+2.89 0.26
MAS (scores) 0.88+0.71 0.96+0.66 0.97
Percentage of body 23.07+8.62 30.16+5.81 0.027*

weight bearing on the
affected foot in standing

(%BW)

Note: # p-value of the comparison between control and experimental groups by independent t-test

* significant difference between control and experimental groups at p < 0.05

Abbreviations: MMSE-Thai= Mini — Mental State Examination: Thai version (MMSE — Thai 2002), MAS= Modified

Ashworth Scale
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After training, the percentage of body weight bearing on the affected foot in

standing (%BW), Functional Reach Test (FRT), Berg Balance Scale (BBS) and Timed Up

and Go test (TUG) were significantly increased when compared to the baseline for the

experimental group (p<0.05) as shown in Table 2. Although, no statistically significant

change was found in all studied parameters after training for the control group, there

was a tendency of BBS improvement that was nearly statistical significance (p=0.054)

as shown in Table 2.

Table 2 Comparison of FRT, BBS, TUG and a percentage of weight bearing on the

affected foot between pre-test and post-test within a control group and an experimental

group.
Studied Control group Experimental group
parameters (n=12) (n=12)
Pre-test Post-test p- Pre-test Post-test p-value
value

Percentage of 23.0748.62 25.24+9.06 0.415 30.16+5.81 42.85+7.12 0.001**
body weight
bearing on the
affected foot in
standing (%BW)
FRT(cm.) 20.34+7.32 20.23+8.61 0.977 20.34+6.38 25.14+6.77 0.001**
BBS(scores) 32.25+11.21 | 3542+8.98 | 0.054 | 36.75+8.63 44.83+5.24 | 0.001**
TUG (seconds) 65.27+35.17 | 64.02+36.09 | 0.429 | 60.03+33.44 | 35.99+15.71 | 0.012*

Note: Data are presented as mean + SD., ** significant difference between pre- and post-test at p < 0.01 by Paired

sample t-test, * significant difference between pre- and post-test at p < 0.05 by Paired sample t-test

Abbreviations: FRT=Functional Reach Test, BBS=Berg Balance Scale, TUG=Timed Up and Go test
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Comparison of the studied parameters between control and experimental
groups

The changed values of the studied parameters from the baseline after training
of the control and experimental groups were shown in Table 3. The experimental group
had significantly higher improvements in the %BW, BBS scores and TUG when

compared to the control group, except FRT.

Table 3 Comparison of the changed values from baseline of the studied parameters

after training between control and experimental groups.

Studied parameters Changed value from baseline p-value
control group experimental
group

Percentage of body weight bearing 2.17+2.56 13.73+£1.49 0.001**
on the affected foot in standing
(%BW)
FRT (cm.) 0.72+2.51 4.80+0.97 0.053
BBS (scores) 3.17+£1.47 8.17+£1.42 0.023*
TUG (seconds) 1.25+1.52 20.74+8.8 0.038"

Note: Data is presented as mean * SE., # significant difference between control and experimental groups at p < 0.05
by Mann-Whitney U test , ** significant difference between control and experimental groups at p < 0.01 by
independent t-test,

* significant difference between control and experimental groups at p < 0.05 by independent t-test

Abbreviations: FRT=Functional Reach Test, BBS=Berg Balance Scale, TUG=Timed Up and Go test



CHAPTER 5
DISCUSSION

This study was conducted to investigate the effect of balance training by using
the developed balance training device with an auditory feedback from passive infrared
(PIR) sensors. After training, the experimental group that was trained by the developed
device showed significant improvements of percentage of body weight bearing on the
affected foot in standing (%BW), Berg Balance Scale (BBS), Functional reach test (FRT),
and Timed Up and Go test (TUG). And the experimental group also significantly showed
better improvements of those studied outcomes than the control group, except FRT.

The principle of training by the developed device of this study is to facilitate the
patients’ relearning how to do weight shifting to the affected leg in various directions and
to challenge them for the progression by increasing the COM displacement with
guidance by an auditory feedback from PIR sensor. The auditory feedback from the PIR
sensor acts as an augmented extrinsic feedback that provides information for
encouraging a motor learning during weight shifting activity. The auditory feedback can
help the patients know the result of their performance and relearn to adjust the CoM
displacement to a proper target during weight shifting practice.(de Haart et al., 2005; Li,
Han, Sheng, & Ma, 2016) So, the auditory feedback from PIR sensor of the develop
device can motivate motor relearning how to control of CoM displacement in weight
shifting activity for the stroke patient.

The training protocol of this study encourages weight shifting to various
directions. One of the directions is accounting for the affected leg. So, the subjects can
relearn how to control the CoM displacement to the affected leg during weight shifting
practice. Moreover, the weight shifting training may also promote other essential
components of postural control, for example; cognitive processing, perception of
verticality, movement strategies, and sensory integration.(de Haart et al., 2005; Jung et
al., 2014; Tsaklis et al., 2012) In addition, weight bearing on the affected leg may also
benefit in reducing biomechanical constraint affecting balance in standing, such as

hypertonia and tightness of plantar flexor which commonly found in stroke.
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The significant improvement of BBS and TUG of the stroke patients in the
experimental group may due to the more evenness of weight bearing and the better
weight shifting performance onto the affected leg. This can be supported by the
significant increase in a percentage of body weight bearing on the affected foot that
found in the experimental group at post-training which was more than the baseline and
more than that of the control group. According to the previous studies in stroke patients,
the better functional ability and faster gait velocity of the patients were correlated with
the better weight bearing on the affected foot.(Cheng et al., 2001; de Haart et al., 2005;
Jung et al., 2014, Tsaklis et al., 2012)

The better weight shifting performance to the affected leg of the patients after
training can improve BBS scores because almost of the test items in BBS relies mainly
on the ability in weight shifting between two legs such as transfer activity, reaching
forward with outstretched arm while standing, turning to look behind in standing, turning
360 degrees, alternate foot placing on a step while standing and standing on one leg.
Similarly, all activities in TUG including sit-to-stand, walking, turning and stand-to-sit,
also need a good control of CoM displacement and weight shifting between two legs.
Therefore, the better weight shifting performance to the affected leg of the patients after
training can help them walk faster in TUG test as well.

In addition, after training, the changed values from the baseline of BBS and
TUG that found in the experimental group are larger than the minimal detectable change
(MDC) that were cited in the studies of Flansbjer and Blom in 2012(Flansbjer, Blom, &
Brogardh, 2012), and Flansbjer and Holmback in 2005 respectively.(Flansbjer et al.,
2005) These can confirm that the training protocol by using the developed device with
an auditory feedback from PIR sensor of this study is really clinically effective for
promoting a symmetrical weight bearing on both legs and the functional balance in
persons with subacute stroke. Furthermore, according to the BBS predicting falls risk
from the study of Doggan et al in 2011(Dogan, Mengulluoglu, & Ozgirgin, 2011), the
stroke patients in the experimental group of this study increased BBS score from

36.75+8.63 to 44.83+5.24 after training and reached to a less falls risk when compared
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with baseline. Therefore, a balance training protocol by using the developed balance
training device with an auditory feedback from passive infrared (PIR) sensors of this
study can improve balance performance and reduce falls risk of the stroke patients.

However, this study found that the improvement of FRT in the experimental
group did not differ from that of the control group. This may because, at baseline, both
groups were able to reach forward within the average range of reaching distance or
within the stability limit as normal elderly.(Bohannon, Wolfson, & White, 2017) Therefore,
the improved FRT distance may not be large enough to make it differ from the control
group.

The improvement of balance outcomes in the experimental group after training
by using the developed balance training device with an auditory feedback from passive
infrared (PIR) sensors in this study are according to previous studies related to t balance
training in people with stroke by using other devices.(Bagley et al., 2005; Bower et al.,
2014; Cho et al., 2012; Ding et al., 2013; Goljar et al., 2010; Gonzalez-Fernandez et al.,
2010; Lee et al., 1996; Song et al., 2014) The duration of training (4 weeks) is also
accordance with the previous studies. Therefore, with the effectiveness of balance
training outcomes by the developed PIR device and its available price of 2500 baht, the
developed PIR device sound to be an interesting device applying for balance training in
subacute stroke. However, from the inclusion and exclusion criteria of the subjects, the
protocol of balance training by using the developed PIR device of this study is
appropriate for stroke patient in sub-acute phase with specific conditions atleast be able
to stand independently without assistive device for at least 30 seconds and without
problems of cognitive function, aphasia, neglect, or hearing. Thus, the conventional
rehabilitation program is still a basic need for the early stage of the stroke patients
before using a balance training protocol with the developed PIR device.

Meanwhile, the control group, which received a conventional rehabilitation
program, did not demonstrated statistical significant improvements of %BW on the
affected leg, BBS, FRT, and TUG after 4 weeks of training when compared to baseline.

These may due to most of subjects in the control group had %BW bearing on the
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affected leg at baseline poorer than the experimental group significantly although the
researcher did the group randomization. Therefore, the patient in the control group may
need a longer time (more than 4 weeks) for training to improve their weight shifting
ability onto the affected leg.

There are many factors that affect the stroke recovery such as age, gender,
nationality, socio-economic status, type of stroke, time from stroke, motor recovery,
complications, cognitive status, depression and rehabilitation programs.(Alawieh, Zhao,
& Feng, 2018; Dusica, Devecerski, Jovicevic, & Platisa, 2015) From statistical analysis of
the baseline characteristics of participants in this study, age, time from stroke,
Brunnstrom stage, MMSE scores and MAS scores in the experimental and control
groups were not significantly different. Nevertheless, the types of stroke in the
experimental group and in the control group were different. The experimental group
had nine ischemic and three hemorrhagic strokes, while the control group had seven
ischemic and five hemorrhagic strokes. The more hemorrhagic strokes in the control
group than the experimental group may be one factor effecting on less outcomes’
improvement of the control group because, from previous study, the hemorrhagic stroke
showed prevalence of more severity, poor prognosis and mortality than ischemic
stroke.(Andersen, Olsen, Dehlendorff, & Kammersgaard, 2009) In addition, the
participants in experimental group had the better motor recovery (Brunnstrom stage 3)
than the control group. Therefore, the control group may tend to have a slower motor
recovery than the experimental group. However, the control group still showed a
tendency of slightly increases in %BW bearing on the affected leg and BBS score after
conventional rehabilitation training.

The limitation of this study is that the balance training by using the developed
device with auditory feedback from PIR sensors of this study was performed in a silent
room. Therefore, it cannot extend the results of the training by the developed device in
the community where there are several distractive noises. This study did not follow-up

the outcomes beyond the 4" week of training. Therefore, the sustained effect of the
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training was not declared by this study. Additionally, there was one patient’'s complaint
about boringness and dizziness because thirty minutes was a long period of practice.
Therefore, the protocol for balance training by using the developed device with
auditory feedback from PIR sensors should be adjusted to be a shorter interval practice
instead of a thirty-minute period to solve the boringness and dizziness complaints and
should also investigate further for the interval practice effects. Furthermore, the benefits
of balance training by using the developed device with auditory feedback from PIR
sensors in individuals with balance impairment caused by other pathologies, such as

Parkinsonism and spinal cord injury, are also interesting for the future studies.



CHAPTER 6
CONCLUSION

The balance training program by using the developed balance training device
with an auditory feedback from passive infrared (PIR) sensors combined with the
conventional rehabilitation program can improve balance performance during quiet
standing, forward reaching and walking in sub-acute stroke patients better than the only
conventional rehabilitation.

The principle of training by the developed device is to facilitate the patient
relearning how to do weight shifting to the affected leg in various directions by the
auditory feedback from PIR sensor and also challenge them for the progression to
displace their COM farther by gradually moving the sensor away from the patients.
Therefore, the developed balance training device with an auditory feedback from PIR
sensor of this study can apply for weight shifting practice to improve balance

performance of the people with stroke in sub-acute phase.
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Berg Balance Scale
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Hemz

Irstructions

Soores

. Siting to standirg

Fl=ace stand up. Try not to

use your hands for support.

4] = able ta stardwithout uzing hands and
smbilize independenths

3] = able to stand ind=p=ndentls using
hands

2] = able to stand using hands after s=veral
=g

1] = nee=ds minimal aid 1o stand or stabiize
3] = nes=ds moderabs or maximal assist bo

stard

2. Starding unsupparted

Fl=ace siand for tva reinui=s

without halding on.

4] = able ta stand safels for 2 mnute=s

3] = able to stand 2 minutes with
Sup=rsision

2] = able ta stand 30 seconds unsupporisd
1] = nesds se=veral fries to stand S0
seconds unsupporead

3] = unalpl= %o stand 30 s=conds

unsupport=d

3. Sttingwith back
unsupparte=d but fest
supporied on floor ar

on siool

Fl=aze citwith arms fold=d

for 2 minutes.

4] = able ta sit cafely and s=cur=ky for 2
TinLtes

3] = able to sit 2 minutes under supercisian
2] = able ta akle t= sit 30 s=conds

1] = able to sit 10 c=conds

3] = unalple o &it withowt suppart 10

s=conds

%. Starding to sitting

Flange it dowen.

4] = itz cafel with minimal use of hands

3] = contrals descent by using hands
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Hems Irstructions Scares
2] = us=z back of legs agairst chair .o
carrod descent
1] = sits independently but hes uncomrolled
degcent
0] = ne=ds ascistto =1
5. Trarsfers &rrange chair(s] for pheot 4] = able ta trancfer cafely with minor use of

trancfer. Agk subject to
transfer oneway toward a
szatwith armrests and ane
way toward & seatwithaut
armrests. Mou may use o
cheirs [onewith and an=
without armrests]} or a be=d

and a char

nands

3] = akle ta transfer safsly definite need of
nands

2] = able ta transferwithverpal cuing and’or
SupeEnsisian

1] = ne=ds one person to assist

0] = ne=ds o people o assist or supenise

o be pafe

6. Standing uneuppart=d

with myes cloged

Fl=ace closeyour eyec and

stard chll for 10 saconds.

4] = able ta stand 10 seconds cafel:

3] = able to stand 10 seconds with
SUp=Enisian

2] = able to stard 5 s=conds

1] = unakcl= o keep mres closed 5 seconds
but chmyrs cafaly

0] = ne=ads help ta k==p from faling

7. Starding unsuppart=d

wiith faet togathar

Flaceyour fest bogether and

stardwithout holding on.

4] = able to place faet togathar
nde=perdenty snd stand 1 minwte safel
3] = able to place feet togathar
ndepend=nty and stand 1 minwiewith

SupeEnsisian
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lb=paz

Insbructions

Scores

2] = able to place fes=t tagether
ndependerty but urakle to hold for 30
s=conds

1] = n=eds help to attain position but able to
stand 15 ceconds feet together

3] = needs help to attain positon and

unaiole b3 hold for 15 s=conds

3. Reaching fonwardwith
autstretchad armwhis

standing

Lift @ o 510 degre=s.
Stretch outyour fingers and
reach farvard ac far acyvou
car. [Examiner places & ruler
at the =nd of fingertipswhen
arm iz at 30 degresz. Fingems
should mat iouch the nler
wiile reaching forvard. The
recorded measurs is the
distance foreard that the
fingers reacheerhile the
sukbject is in the most fonward
=an pesitian. When possiols,
ack subject to use both arms
wihen reaching 1o avcid

rotatiom of the trunk)

4| = can reach forvard confidertzl 25 cm
{10 inches]

3] = can reach forvard 12 em (3 inches)

2] = can reach forvard 5 om [2 inchez)

1] = reachez forward but needs supensizion
1) = lo==z balarcewhile tying requires

=xtermal cuppart

9. Fick up object from
the= flgor from =

standing position

Fick up the chos'Shipper,
which is place in front of vour

Tt

4 = able to pick up slipper cafely and sacily
3] = able to pick up shioper but nesds
Supensision

2] = unable to pick up but reaches 2-5
cm1-2 inches] from shpper and ke=ps

calance independenth
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SEME

Instructions

Srores

1) = unable to pick up and needs
supenizanwhile nying
1) = unable o tv/needs acsist ba ke=p from

o=ing balance or falling

10. Tuming to look Turm 1o look directy behind | %) = loaks behind from bath sides and
czhind overleftand | youw orer toward the left wizight shiftevwell
right shoulderswhile | shoulder. Repeat to the fight. | 3) = looks behind one cide only other side
standing Cxamin=r may pick an cbject | shows l=ssweight shift
o lpak &t directly behind the | 2) = turne sideweys only but main@ing
subj=ct to sncourage & palarce
Coether wimt tum. 1) = needs supesicicnwhen turning
1) = nesds AsEict to k=ep from laging
palance ar faling
11. Tuwm 350 degress Turm complessly mound ina | #) = abbs to um 360 degrees cafel in 4
full circle. Pauze. Thentum a | seconds ar lecs
full circle in the ather 3) = abb= to tum 350 d=grees safel ons=
directian. side ocniy 4 s=conds or =cE
2} = abl= to tum 350 d=grees cafel but
slomly
1) = nemds close supsnsion orverbal
cLing
1) = needs assictancewhile eming
12, Flace alb=mate fooz Flace =ach foot al=rmetedy 4 = abl= to stand ind=pend=nty and safel

an step ar stoal e hile
standing

draupparhed

an the gepsical. Continus
unél =ach foot has touch the

stepistoc! fowr tmes.

and complets § steps 0 20 ssconds

3) = ablb= to stand ind=pend=niy and
complete & steps in > 20 a=cands

2) = abl= to complete 4 shepew ithout aid
with Eupereision

1) = abl= to complete = 2 simps neede

mirimal aesiEs
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Hesris

Irstruchons

Scores

3] = nes=ds assistance to keep from

falling/unailes 1oty

13, Sdmnding
unsupporied ore foot

in frart

Flace one foot directy in
front of the other. [fyou fesl
thatyou cannct place your
foat dirsctly in front, i to
step far enough ahead that
the heel ofyour fanvard foot
= ahead of the toes of the
atherfoot. [Ta score 5 points,
the l=ngth of the step should
exceed the length of the
ather foot and thewidth of
the stance should
appraxmate the subject's

narmal stridewidth.)

4] = able to place foct tandem
nd=pendentyy and hald 30 s=conds

3] = able to place foot ah=ad indepandenty
and hold 30 s=conds

2] = able to take= amall step ndependenty
and hold 30 s=conds

1] = needs help to step but can hold 15
seconds

3] = loses balancewhils stepging ar

starding

14. Etmnding on ane leg

Stand on one l=g &= loang as

youd canw ithout holding an.

4] = able ta lift l=g independe=nty and hold
» 10 e=conds

3] = able ta lift l=g independ=nty and haold
5-10 seconds

2] = able ta lift leg independ=ntly and hald
2 3 gmconds

1] = trimg 1o |ift l=g unable ta hold 3 seconds
Dut remmaine standing ind=pendentd.

3] = unalpl= oty of neads assist o prevent
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Validity test of the bathroom scales for weight bearing assessment

Table 01 Raw data of the weight of standard pendulums and the weight measurad by =ach

digital bathroom screen

weight of 1* digital bathroom screen 2™ digital bathroom screen

standard

pendulums Tirne 1 | Time 2 | Time 3 | Average | Time 1 | Time 2 | Time 3 | Averags
] 5.0 a0 5.0 5.00 5.0 5.0 5.0 5.00
10 10.0 10.0 10.0 10.00 10.0 0.0 10.0 10.00
15 5.0 5.0 5.0 15.00 5.0 8.0 5.0 15.00
20 20.0 20.0 20.0 2000 20.0 20.0 20.0 20.00
25 25.0 25.0 2541 25.03 25.0 25.0 25.0 2500
30 30.0 30.0 30.0 30.00 30.0 30.0 301 30.03
35 35.0 35.0 35.0 35.00 35.0 35.0 35.0 35.00
40 40.0 40.0 401 4003 40.0 401 40.0 40.03
45 450 450 451 4503 450 450 451 4503
80 50.2 50.2 0.2 5020 a0.1 50.2 0.2 8017
55 552 55.2 55.2 55.20 55.2 55.2 55.2 55.20
B0 50.2 g0.1 50.2 6047 50.2 50.2 50.2 g0.20
B5 55.2 55.2 55.2 5520 55.2 551 55.2 6517
70 T0.2 TO.2 7oA TOAT T0.2 7oA T0.2 TOAT
75 751 752 T5.2 T84T T5.2 751 T5.2 T84T
a0 50.2 g0.2 0.2 B0.20 0.2 g0.2 &0 BOAT
a5 552 &5.1 552 B5AT &5.1 &5.1 552 B513
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Table D2 The correlation of the weight measured by each bathroom scale and the standard

weight

Average value of the Average value of the

weight on 1% digital weight on 2™ digital
bathroom screen bathroom screen
r 1.0 1.0
Weight of standard pendulums
D <0.01 <0.01

Mote: r = correlated value of the Pearson correlation
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The intra-tester reliability tests for Berg Balance Scale (BBS), Functional

Reach Test (FRT) and Timed Up and Go test (TUG)

Table E1 Raw data of the repeated tests of Berg Balance Scale (BBS), Functional Reach Test
(FRT) and Timed Up and Go test (TUG)

Berg Balance Scale Functional Reach Test Timed Up and Go test
Subjects

Time 1 Time 2 Time 1 Time 2 Time 1 Time 2
1 31 31 16.0 16.5 59.33 7245
2 20 21 13.0 13.0 109.45 106.87
3 51 52 31.0 30.5 15.05 16.56
4 25 25 105 10.0 120.42 124.08
5 33 33 150 150 54.34 57.43
G 26 25 230 230 99.87 102.43
7 19 20 13.5 12.5 110.34 107.89
g 43 43 24.0 24 .5 45.72 41.79
9 25 25 12.0 12.5 7g.12 80.73
10 32 33 20.0 20.0 45.32 41.76

Table E2 The intra-tester reliability of Berg Balance Scale (BES), Functional Reach Test (FRT)
and Timed Up and Go test (TUG).

Test ICC 95% Cl

BES 0.956 0.8858 - 0.990
FRT 0.854 0.945 - 0995
TUG 0.295 0.983 - 0999

Mote: ICC = Infraclass Correlation Coeficient of intra-tester reliability
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The pilot study of weight shifting facilitation during standing by a balance

training device developing from passive infrared sensor

Table F1 Raw dats of the distance and percentage of body weight on left and right foot

Subjects | Distances EWen | seEen Subjects | Distances FEWen | 58I on

Lt l=g Rt l=g Lt l=g Rt l=g

1 2 48 85 50.00 g 2 54.09 51.63

4 55.02 51.68 4 52.74 E.7T8

=] 80.57 B2 EE =] TR.53 B0.23

g a9r.T3 9857 g 9554 92.34

2 2 4545 51.09 T 2 51.65 5268
4 56.25 57.35 4 5284 538

=] 93.23 91.4 =] TEAZ 78T

g 96.04 a7 B g a7.4 9933

3 2 425 52.35 g 2 50.4 4223

4 51.80 5422 4 7232 57.82

=] TE.OZ 7955 =] 8470 53.04

g 93.2 9225 g 95.22 9243

4 2 50.89 4275 5 2 51.62 53.56

4 55.72 E7.90 4 55.52 52370

=] 22 TE.AE =] 53.85 8715

g 9878 av.5 g 96687 9877

5 2 51.23 4235 id 2 52.0 5040

4 58.77 58.53 4 57.33 T.T7

=] T3.02 T3 =] BB.15 90.93

2] a7 B4 97.50 2] 95.00 92.37
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Tahle F2 The correlation between the distance of infrared sensor away from the left and the

right sicles of the subjects and the weight bearing on the subjects' leg during shift weight to left

and right sicde that measured by the bathroom scales

Weight bearing on left
leg during shift weight to

Weight bearing on right
leg during shift weight to

left side right side
Distance of infrared r 0.842 0858
SEnsor p-
0.01*= 0.01*
valus

MNote: r = cormlated value of the Pearson cormrelation
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Raw data of 24 subject
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