THE HONG KONG
Q POLYTECHNIC UNIVERSITY
& Fenian

Pao Yue-kong Library
BEREEE

Copyright Undertaking

This thesis is protected by copyright, with all rights reserved.
By reading and using the thesis, the reader understands and agrees to the following terms:

1. The reader will abide by the rules and legal ordinances governing copyright regarding the
use of the thesis.

2. The reader will use the thesis for the purpose of research or private study only and not for
distribution or further reproduction or any other purpose.

3. The reader agrees to indemnify and hold the University harmless from and against any loss,
damage, cost, liability or expenses arising from copyright infringement or unauthorized
usage.

IMPORTANT

If you have reasons to believe that any materials in this thesis are deemed not suitable to be
distributed in this form, or a copyright owner having difficulty with the material being included in
our database, please contact lbsys@polyu.edu.hk providing details. The Library will look into
your claim and consider taking remedial action upon receipt of the written requests.

Pao Yue-kong Library, The Hong Kong Polytechnic University, Hung Hom, Kowloon, Hong Kong

http://www.lib.polyu.edu.hk




This thesis in electronic version is provided to the Library by the author. In the case where its contents is different from the
printed version, the printed version shall prevail.

EFFECTS OF SITTING TAI CHI ON SITTING BALANCE
CONTROL AND QUALITY OF LIFE IN COMMUNITY-

DWELLING PERSONS WITH SPINAL CORD INJURIES

GAO LI KELLY

M. Phil

The Hong Kong Polytechnic University

2012



lbsys
Text Box
This thesis in electronic version is provided to the Library by the author.  In the case where its contents is different from the printed version, the printed version shall prevail.



THE HONG KONG POLYTECHINIC UNIVERSITY

DEPARTMENT OF REHABILITATION SCIENCES

Effects of sitting Tai Chi on sitting balance control and quality
of life in community-dwelling persons with spinal cord

injuries

GAO Li Kelly

A thesis submitted in partial fulfillment of the requirements

for the degree of Master of Philosophy

April 2012



CERTIFICATE OF ORIGINALITY

I hereby declare that this thesis 1s my own work and that, to the best of my
knowledge and belief, it produces no material previously published or
written, nor material that has been accepted for the award of any other
degree or diploma, except where due acknowledgement has been made in

the text.

(Signed)

GAO Li Kelly (Name of student)

il



ABSTRACT

Background Context: Control of sitting balance is associated with the level of injury in
people with spinal cord injury (SCI). Balance control is an important ability for
functional activities, especially for wheelchair users. However, the measurement of the
dynamic sitting balance is lacking. Tai Chi is a mind-body exercise which has been
documented as improving balance. Traditional Tai Chi is performed in standing, which
is not suitable for wheelchair users. Sitting Tai Chi may be an appropriate exercise for
people with SCI. The benefits of sitting Tai Chi for people with SCI have not been

demonstrated scientifically.

Study 1:

Purpose: Study 1 aimed to develop a reliable and valid tool for measuring the dynamic

sitting balance of wheelchair users with SCI.

Study Design/Setting: This was a cross-sectional study.

Patient Sample: Convenience sampling from the community.

Outcome Measures: Limits of stability (LOS) and sequential weight shifting (SWS)
were designed in this study. The tests measured participants’ volitional weight shifting
in multiple directions within their base of support. Their mobility scores on the Spinal
Cord Independence Measure III (SCIM III) were correlated with the balance test results.
The LOS outcome measures were reaction time, maximum excursion and directional

control; for the SWS they were total time and directional control.
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Methods: Nine participants with chronic SCI (average of 17.2 years post-injury)
between levels C6 and L1 performed the tests while sitting in their own wheelchairs and

on a standardized stool (unsupported sitting) twice, seven days apart.

Results: The sitting LOS results showed moderate to excellent test-retest reliability
(ICC ranged from 0.673-0.990) with both the wheelchair and the unsupported sitting.
The SWS results showed moderate to excellent reliability (ICC ranged from 0.688—
0.952). Only the LOS results in unsupported sitting correlated significantly with the
SCIM III mobility scores, but the SWS test results had significant correlation in both

sitting conditions.

Conclusions: The sitting LOS and SWS tests provide a reliable and valid tool for

assessing the dynamic sitting balance control of subjects with SCI.

Study 2:

Purpose: Study 2 aimed to investigate the effect of sitting Tai Chi exercise on handgrip

strength, balance control and quality of life among people with SCI.

Study Design/Setting: This was a prospective intervention study.

Patient Sample: Convenience sampling from the community.

Outcome Measures: Dynamic sitting balance tests were evaluated with the subjects
sitting in their own wheelchairs using the LOS test and the SWS test. Handgrip strength
was tested. Quality of life was self-reported using the brief form of the World Health

Organization’s quality of life questionnaire (WHOQOL-BREF).
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Methods: Nineteen subjects with SCI between injury levels C6 and L1, 2 to 48 years
post-injury participated in the study. Eleven subjects participated in sitting Tai Chi
training (90 minute/session, 2 times/week for 12 weeks). Eight joined education and

social activities as controls.

Results: Repeated measures MANCOVA showed significant group by time interaction
effects on sitting balance control. Post hoc analysis demonstrated that the Tai Chi
practitioners achieved significant improvements in their reaction time (p=0.042);
maximum excursion (p=0.046) and directional control (p=0.025) in the LOS test. In the
SWS test, they significantly improved their total time to sequentially hit 12 targets
(p=0.035) and directional control (p=0.033). These improvements were significantly
greater than those of the controls. Significant improvement in handgrip strength was

also found among the Tai Chi practitioners (p= 0.049).

Conclusions: Twelve weeks of sitting Tai Chi training can improve the dynamic sitting
balance and handgrip strength of community-dwelling SCI survivors. Clinicians might
use sitting Tai Chi as an exercise for people with SCI who can continue to practice the

exercise even after being discharged from hospital as a means to maintain health.
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CHAPTER 1

INTRODUCTION




1.1 Epidemiology of spinal cord injury

The annual incidence of spinal cord injury (SCI) worldwide was 14.5—
39.4/million people over the past several decades (Burke, Linden, Zhang, Maiste, &
Shields, 2001; O'Connor, 2002; Shingu, Ikata, Katoh, & Akatsu, 1994). Recently, the
number of incidences has increased dramatically to 23.1-60/million people, and the
highest rate was reported in China (Couris et al., 2010; Li et al., 2004). The main reason
for fall accidents from heights is a lack of education in occupational safety. Also, there
has been a rapid growth of vehicles in China which has considerably increased the
number of road traffic accidents. Falling from heights and road traffic accidents are the
major causes of the rapid increase of spinal cord injuries in China. The age of people
with SCI ranges from 29.3 to 46.1 years in developing countries (Chiu et al., 2010).
With improved therapeutic techniques, a recent survey reported that there has been
remarkable progress in reducing the length of stay in acute hospital care, from an
average of 24.7 days decreased to 16 days (Kattail, Furlan, & Fehlings, 2009; Sekhon &
Fehlings, 2001). Suffering an injury to the spinal cord is often a life-altering event. Even
after discharge from hospital, individuals still need long-term and comprehensive care

for re-entry into the community and to resume habitual patterns of living.

1.2 Definition and classification of spinal cord injury

Definition

An SCI is the damage to the spinal cord due to trauma or disease which results in

the loss of important mechanisms that carry signals going to and coming from the brain



resulting in either temporary or permanent disruption of motor, sensory, and autonomic
functions (Field-fote, 2009). Such an injury results in impairments of function that have
a tremendous impact on an individual’s life. There is a close relationship between the

level and severity of injury with the residual motor, sensory, and autonomic functions.

Classification of spinal cord injury

The International Standards for Neurological and Functional Classification is the
most reliable and valid method to assess people with SCI. It is the most frequently
accepted method of describing the level and extent of injury based on a standardized
physical examination (Kirshblum & Donovan, 2002). The classification is previously
referred to as the American Spinal Injury Association (ASIA) guidelines. In 1969,
Frankel and colleagues introduced a five-grade system of classifying traumatic SCI,
with a division into complete and incomplete injuries. The classification was replaced
by ASIA in 1992. The ASIA scores allow the examiner to determine the motor, sensory,
and the neurological level of injury, the degree of completeness of the injury, and to
determine the ASIA Impairment scale (refer to Appendix A). Twenty-eight key
dermatome are used for the sensory examination (i.e., C2 to S4-5), each separately
tested by a pinprick with a safety pin and light touch with a cotton-tipped applicator. A
numerical scale is used, with 0 representing absent sensation; 1 representing impaired
sensation, which is defined as partial or altered sensation including hyperesthesia; and 2
representing normal sensation, with the face being the normal reference point. The

required elements of the motor examination consist of testing 10 key muscles on each



side of the body, five in the upper limb and five in the lower limb. All muscles are tested

with the graded on a numerical scale from 0 to 5.

A complete injury is defined as the absence of motor or sensory function in the
lowest sacral segments. An incomplete injury is defined as preservation of motor
function or sensation below the neurological injury level that includes the lowest sacral
segments. Sensory function is tested by light touch and pinprick at the anal
mucocutaneous junction (S4 to S5 dermatome), on both sides, and testing voluntary anal
contraction and deep anal sensation. If any of these are present, it indicates that the
individual has a neurologically incomplete injury. According to this definition, a person
with cervical SCI can have sensory and motor function in the trunk or even in the lower

limbs.

1.3 Sitting balance control and spinal cord injury

1.3.1 Falls in people with spinal cord injuries

Approximate 70% to 80% of people with SCI are permanently dependent on
using a wheelchair for mobility. In a prospective study of 659 community-dwelling
wheelchair users who suffered with SCI (age 54.8+12.6 years), 31% of subjects reported
553 fall events (Nelson et al., 2010). In a retrospective study by Nelson and colleagues
(2003), a review of 45 individuals with SCI showed that 24 (53%) of them had 27 fall
episodes. The major factor contributing to falls was loss of balance during functional
activities (Nelson et al., 2003). The activities contributed to falls arose from more than

one wheelchair activity including transfer (44%), reaching (11%), propelling (15%),



moving in bed (22%), transferring or riding in a vehicle (30%), and showering (8%).
Wheelchair users with SCI have been found to have decreased or absent trunk control
leading to poor sitting balance and stability which may cause falls during transfer

(Bernard, Peruchon, Micallef, Hertog, & Rabischong, 1994).

1.3.2 Sitting balance control

The level of injury will affect trunk control and balance, which are important for
activity of daily living (ADL) and functional activities. Individuals with a high level of
SCI have demonstrated decreased balance control (Chen et al., 2003; Lynch, Leahy, &
Barker, 1998). People with high thoracic injuries have difficulty in sitting balance
control. Often, people with SCI employ the short-sitting position (hips and knees are
approximately 90°) when performing the ADL. However, the base of support is small in
the short-sitting position because only part of the thighs are in contact with the
supporting surface. As a result, the short-sitting position is less stable and maintaining

balance is more difficult.

1.3.2.1 Sitting balance control and activities of daily living

Good sitting balance control is essential for people with SCI because they are
often confined to the sitting position when performing the ADL. When performing ADL,
from quiet sitting (such as feeding, grooming, and bathing) to dynamic activities (such

as propelling the wheelchair up or down a ramp), all levels of activity require different



degrees of sitting balance control. When ascending a ramp, people with SCI should lean
forward as far as possible to prevent the wheelchair from tipping backward. When
descending a ramp, they should lean as far back as possible to prevent falling forwards
(Sisto, Druin, & Sliwinski, 2009). These techniques require individuals to perform
maximal postural excursion in either the forward or backward direction. The ability to
initiate voluntary weight shifting to certain positions without losing stability is important
for individuals with SCI. Several articles focusing on balance control in the SCI
population employed the maximal postural sway as the outcome measure. Moreover,
SCI individuals are comparatively young and often participate in sport activities which
demand an even higher sitting balance ability. Other than that, sitting balance heavily
influences wheelchair skills, and especially wheelie mastery which is required to ascend

or descend a curb.

1.3.2.2 Sitting balance and transfer

Sitting posture and balance directly affect transfer performance (Bolin, Bodin, &
Kreuter, 2000). An appropriate sitting position is fundamental in providing a stable base
of support for transfer activities. A sense of position in space is another crucial factor
when attempting a transfer. The ability to precisely and accurately control intentional
movements of the centre of pressure (COP) in different directions is important. Better
directional control provides an accurate controlling ability to perform a variety of

transfer activities. When individuals perform a transfer from a short-sitting position to



an unsupported position, they require better directional control, for example, transferring

from a wheelchair to a bathtub.

A few studies showed that SCI persons with a higher level injury try to
compensate for their loss of postural muscle function of the erector spine through
increased use of different non-postural muscles (Seelen, Potten, Huson, Spaans, &
Reulen, 1997; Seelen et al., 1998a; Seelen, Potten, Drukker, Reulen, & Pons, 1998b;
Seelen, Janssen-Potten, & Adam, 2001). They tend to use latissimus dorsi, upper
trapeizus, pectoralis major, and serratus anterior to restore sitting balance. Effective
balance training can achieve a significant contribution to preserving upper extremity

joint integrity.

1.4 The assessment of sitting balance control

Sitting balance control is complex and it involves the integration of sensory,
motor, and central nervous systems within the biomechanical constrains in an
environment for a specific task. Sitting balance is defined as the ability to remain sitting
upright without using an external support in a quiet or dynamic sitting posture (Boswell-

Ruys et al., 2009; Lynch et al., 1998).

There are two main methods of measuring sitting balance: clinical and laboratory

perspectives.

1.4.1 Clinical methods




The clinical methods include shifting of body position in different directions,
time to complete certain daily activities, and arm reaching (Boswell-Ruys et al., 2009;
Chen et al., 2003; Lynch et al., 1998). Modified functional reach test (Lynch et al., 1998)
is similar to the functional reach test. It uses a yardstick to measure the forward distance
in sitting and is commonly used due to its simplicity. It was reported, however, that the
test cannot detect a slightly improved balance (Bolin et al., 2000). Furthermore, sitting
balance is complex and not restricted to the ability to reach forward, but also requires
moving the center mass in multiple directions (Boswell-Ruys et al., 2009), as required in
ADL tasks. In a cross-sectional study on a paraplegia population, the maximal postural
excursions in four directions (forward, backward, left and right) were measured by a
ruler. Despite the addition of spatial directions, the prediction of functional performance
from the view of sitting balance control is inadequate, as the test involves only

orthogonal directions and the time and smoothness to complete the task are unknown.

In measuring the time to complete certain daily activities, a stopwatch was
employed to time both the upper and lower body dressing/undressing, and transfer
between a wheelchair and a mat table (Chen et al., 2003). Later, Boswell-Ruys and his
colleagues (2009) combined the aforementioned tests with the addition of a coordinated
stability task during an unsupported sitting position. The tests consist of a tape and a
stopwatch to measure the distance of upper-body sway, maximal balance range, and
seated reach distance; time dressing/undressing of the upper body and alternating arm
reach as well as errors made during a coordinated stability task. Although dressing
activity is a necessity in ADL and the time needed for dressing/undressing of the upper

body is functional, different subjects may have their respective ways to get



dressed/undressed which may make inter-subject comparison difficult. Also,
dressing/undressing performance does not depend only on sitting balance, but also on

coordination, endurance and the type of clothing.

1.4.2 Laboratory methods

The laboratory methods consist of force plate analysis, motion-analysis, and

electromyography (EMG) measurements.

Force plate measures the resultant vertical ground reaction force and can
represent the neuromuscular responses to imbalance of the body’s COP (Chen et al.,
2003; Grigorenko et al., 2004). The mechanism uses a strain-gauge type load cell
mounted on four precision strain elements. It records changes of COP displacement
from the force plate signals. The data are often used to measure maximal postural sway
in sagittal and coronal planes. Longer displacement achieved during leaning indicates
better sitting balance control. However, only four directions were measured in previous
studies on subjects with SCI. The data cannot truly reflect the ability required in
performing the ADL. For example, when transferring from the wheelchair to the bed,
the wheelchair is positioned at approximately 30° to the bed. Individuals need to go in a
diagonal direction in either right-forward or left-forward to the target position depending

on the subjects’ habits.

The motional analysis system consists of a video camera and an infra-red light

emitting diodes. The data are used to calculate the angular and linear displacement of



the trunk segments. Shirado (Shirado et al., 2004) and colleagues investigated the
change of pelvic tilt and lumbar lordosis in the sagittal plane during long sitting of
subjects (with hips flexed and knees extended). They found that people with SCI kept
their pelvis posteriorly and the lumbar spine was less lordotic during long sitting. Mean
pelvic tilt was also used to postulate the sitting balance ability in the Janssen-Potten’s,
Kukke’s and Seelen’s study (Seelen et al., 1997; Seelen et al., 1998a; Seelen et al.,
1998b; Seelen et al., 2001). The investigators used the ability of pelvic tilt to delineate

the weight shifting capability of subjects with spinal cord injury.

EMG was also used in Seelen’s team to examine people with thoracic SCI
(Seelen et al., 1997; Seelen et al., 1998a; Seelen et al., 1998b; Seelen et al., 2001). They
found that subjects with higher thoracic SCI actively maintain sitting balance through
the use of non-postural muscles. The latissimus dorsi and the upper part of the trapezius
are used to compensate for the function loss of the erector spinae. Similarly, Janssen-
Potten’s team used EMG to monitor the trunk, hip and leg muscles which contribute to
the active control of sitting balance for people with lower SCI and lumbar SCI because
they have less sensory-motor dysfunction (Janssen-Potten, Seelen, Drukker, & Reulen,
2000; Janssen-Potten, Seelen, Drukker, Huson, & Dorst, 2001; Janssen-Potten, Seelen,
Drukker, Spaans, & Dorst, 2002). The investigators found that people with lumber SCI
showed less rectus femoris activity during rest, and less tibialis anterior activity during

the forward-reaching in those with thoracic SCI.

1.5 Exercise for sitting balance control in people with spinal cord injury
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With the advancement of rehabilitation strategies, people with SCI can benefit
from various interventions that restore their functional capacity and ability to re-enter
the community. There is evidence to state that people with chronic SCI can achieve
functional gains if the appropriate intervention is given. Little is known, however, about
the exercise program on sitting balance in people with SCI. Grigorenko and his
colleagues (2004) conducted an 8-week open sea kayak training on 12 individuals with
SCI and 12 able-bodied subjects. Subjects seated with knees slightly bent on a specific
chair which was also designed for kayak training. The setup was mounted onto a force
plate. The standard deviation and mean velocity of the COP displacement and the
median frequency of the acceleration of the COP in the sagittal and frontal planes were
measured in quiet sitting with eyes open over a 30-second period. The results showed
that kayak training had relatively small effects on balance in quiet sitting. A significant
training effect was seen only on a decrease in median frequency in the sagittal plane. In
fact, this specific sitting position was similar to the long sitting position which was not
functional in ADL when compared with a short and unsupported sitting. In a later study,
10 persons with SCI underwent a 10-week kayak arm ergometer training (Bjerkefors,
Carpenter, & Thorstensson, 2007). The kayak ergometer was modified to adjust the
balance demand in the medial-lateral direction. This balance demand was individually
adapted to each subject’s initial ability to cope with the instability during the paddling
movement. Balance control was tested on their own wheelchair fixed to a wooden
platform under predicted and unpredicted perturbations. Markers were mounted on the
trunk and movement data were recorded in a 3D system. Postural stability was improved

after training. After training, the participants achieved smaller rotational and linear
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displacements of the trunk observed during both predicted and unpredicted perturbations
in anterior, posterior and lateral directions. However, the reliability of the outcome
measurements of the perturbation test was lacking. Furthermore, kayak training is
instrumentation and space dependent. The training is difficult to continue in long-term

practice for community-dwelling people with SCI.

A case study on COP-controlled video game-based program was conducted on
two subjects with spinal cord injury and head injury, respectively. The results showed
improvement in their dynamic short-sitting balance (Betker, Desai, Nett, Kapadia, &
Szturm, 2007). Balance training was more effective on an unstable surface when
compared with a stable surface. However, only one person with a spinal cord injury was

studied and the results were not conclusive.

1.6 Quality of life in people with spinal cord injury

Good quality of life (QOL) is related to good relationships, maximizing
functions, engaging in activities and the ability to access one’s environment (Kennedy
and Rogers, 2000). Charlifue and Gerhart (2004) reported that 24.7% of people with SCI
rated their QOL as fair to poor which indicated that the QOL was regarded as low in this
group. The goal of rehabilitation is to improve the QOL in people with SCI. Hence,

QOL becomes an essential outcome in determining the success of rehabilitation program.
There are several factors influencing QOL in people with SCI. Functional losses have a
great impact on QOL. Ville and colleagues (2001) pointed out that the functional

independence is directly linked to QOL (Ville & Ravaud, 2001). Perhaps it is more
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accurate to say that the impact of limited functional status on social activities could
reduce QOL. Participation in the community has a direct effect on QOL through

increased opportunities for meaningful activity and social connection.

1.7 Background of Tai Chi

Tai Chi is a Chinese martial art which is regarded as a gentle, relaxing, yet
invigorating form of exercise. Tai Chi is both an integrated exercise and an enjoyable
sport for all kinds of people: strong and weak, young and old, male and female. Weather
does not inhibit its practice indoors. Requirements of travelling time and space are
minimal (Tsao, 1995). Studies show that the movements involved in Tai Chi provide a
stimulus for increased flexibility, strength, balance, vascular health and body awareness
(Levandoski & Leyshon, 1990; Lumsden, Baccala, & Martire, 1998; Ross & Presswalla,
1998). Tai Chi movements are not difficult to learn. They exercise the major joints of
the body, and involve low-impact and low-risk movements (Levandoski & Leyshon,
1990; Lumsden et al., 1998). Tai Chi can produce an average of 50% increase in heart
rate and has a metabolic demand of 4 to 5 metabolic equivalents (METs) (Fu & Fung,
1996). Hence, it is recommended as a form of exercise suitable for older adults, subjects

suffering from arthritis, stroke or Parkinsonism.

1.8 Effects of Tai Chi on balance control
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It is a common belief that practicing Tai Chi can improve a person’s mental and
physical status (Jin, 1992; Kutner, Barnhart, Wolf, Mcneely, & Xu, 1997). Some
qualitative reports on the benefits of Tai Chi began to be published in China in the mid
1970s, and in the Western literature in the 1980s (Vandeusen & Harl owe, 1987; Zhou,
Shephard, Plyley, & Davis, 1984). These initial investigations focused on joint range of
motion, cardiorespiratory and metabolic responses (Vandeusen & Harlowe, 1987; Zhou

etal., 1984).

Studies of Tai Chi and balance control began in the 1990s (Lan, Lai, & Chen,
2002; Li, Hong, & Chan,2001; Wu, Zhao, Zhou,& Liu, 2002). In 1992, Tse and Bailey
were the first to evaluate the influence of Tai Chi on balance control. In a cross-sectional
study, they found that elderly people with more than one year of Tai Chi practice had
better balance control than their sedentary counterparts in right and left leg standing
with the eyes open. In 2000, Hong and ¢ olleagues found that practitioners with more
than 10 years of Tai Chi experience could maintain single-leg standing with their eyes

closed for a significantly longer period than non-Tai Chi practitioners.

In 1993, the Atlanta Frailty and Injuries: Cooperative Studies of Intervention
Techniques (FICSIT) group evaluated two types of interventions, namely, Tai Chi and
computerized balance training, with an education group serving as the control (Wollf,
Kutner, Greenwood, & Mcneely, 1993). After 15 weeks of intervention, only the
subjects in the T ai Chi group had reduced their fear of falling and the risk of multiple
falls (by 47.5%) when compared with the education group (Wolf et al., 199 6). This
article has been regarded as playing a major role in the acceptance of Tai Chi as a means

to improve balance and decrease fall risk in the Western world (Lavery & Studenski,
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2003). According to Lavery and Studenski (2003), a search of PubMed revealed about
10 publications on Tai Chi before the FICSIT study and more than 90 articles since then.
However, these early FICSIT findings were contradicted by objective balance
measurements in the FICSIT group’s own subsequent study in 1997 (Wolf, Barnhart,
Ellison, & Coogler, 1997). The results in th at study showed significantly reduced
maximum sway amplitude after toe-up perturbations in the computerized balance
training group, but not in the Tai Chi group. The use of toe-up perturbation as an
outcome in a Tai Chi study was criticized by other researchers as being either
inappropriate (Horak, 1997) or not challenging enough to the balance control system
(Wong, Lin, Chou, Tang, & Wong, 2001). Postural control involves complex
mechanisms requiring close interactions between the musculoskeletal and various neural
systems (Shumway-Cook & Woollacott, 2001). Tsang and his colleagues use the
sensori-motor model to investigate Tai Chi’s underlying mechanism in improving
balance control. In 2001, they (Tsang, Wong, & Hui-Chan, 2001) compared the sway
amplitude of older Tai Chi practitioners to that of an older healthy control group, when
they stood under six combinations of visual (eyes open, eyes closed, sway-referenced)
and support surface (fixed, sway-referenced) conditions in the sensory organization test.
Their findings demonstrated that older Tai Chi practitioners swayed significantly less
when they stood under sensory conditions that demanded an increased reliance on the
visual and vestibular systems than the healthy control group similar in age, sex and
physical activity level. Of particular interest is that older Tai Chi practitioners attained
the same level of balance control performance in the sensory organization test as young,

healthy subjects when standing under reduced or conflicting somatosensory, visual and
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vestibular conditions (Tsang, Wong, Fu, & Hui-Chan, 2004). Using the limits of
stability test, Tsang et al. (Tsang & Hui-Chan, 2003) showed that Tai Chi practitioners
initiated voluntary shifting of their weight to different spatial positions within their base
of support more quickly, leaned further without losing their stability, and showed better
control of their leaning trajectory than those of the control subjects. However, traditional
Tai Chi forms pose difficulty for older adults with poor standing balance or who are
physically dependent, and may increase the ri sk of falling or injuries. In view of this,
different kinds of modified Tai Chi have been proposed for the frail or individuals with
disabilities (Chen, Chen, & Huang, 2006 ; Li, Fisher, Harmer, & Shirai, 2003; Wol f,

Coogler, & Xu, 1997). Sitting Tai Chi is commonly accepted in these populations.

1.9 Previous clinical research of sitting Tai Chi

Recent attention has been paid by researches for the therapeutic benefits of
sitting Tai Chi (a modified Tai Chi practiced in the seated position) (Cheung, Tsai, Fung,
& Ng, 2007; Lu et al., 2009). A randomized, single-blinded clinical trial was conducted
by Tsang and colleagues in 2007 (Cheng, Ku, Tsui, Tsang, & Tsang, 2007) which
involved 101 frail older adults. Most of them used walking aids and were recruited from
four care and attention homes. A 12-form sitting Tai Chi routine was used which
focuses on enhancing the participants’ eye-hand coordination and sitting balance. The
investigators demonstrated that three months of sitting Tai Chi training (3 x wk™) could
significantly improve eye-hand coordination (Lu et al., 2009) which is one of the fitness

components strongly associated with the functional performance of institutionalized
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elderly. For balance control, significant improvements of forward reaching in the sitting
position was found when Tai Chi practitioners were compared with control subjects
(Cheng et al., 2007). However, the effect of sitting Tai Chi on the balance control of

people with SCI is unknown.

This thesis describes two studies: (1) to develop a reliable and valid tool for
measuring the dynamic sitting balance of wheelchair users with SCI; and (2) to
investigate the effect of sitting Tai Chi exercise on handgrip strength, balance control
and quality of life among people with SCI. The rationales and objectives are
summarized below. The Methodology section and the two studies are presented from
chapters 2 to 4. The thesis ends with a Summary and Conclusion section in chapter 5.
The two studies follow the format of the submitted journal, The Spine Journal. However,
the reference system of the whole thesis followed the American Psychological Association
(APA) system with the reference list presented after chapter 5. There will be a slight
replication of Methodology and the Method sections in the two studies as not to disturb
the flow of presentation. We hope that through the development of new dynamic sitting
balance control tests and the investigation of the effectiveness of a Tai Chi intervention,

subjects with SCI living in the community could benefit from the findings of this study.

1.10 Rationales

A supported or unsupported short-sitting position is commonly adopted by
people with SCI when handling ADL; however, most of the previous studies in
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assessing sitting balance control focus on the maximal COP displacement in the long-
sitting position which is relatively less functional. Also, the assessment of sitting
balance control should include diagonal movement which is commonly required in
transfer. The time domain and the movement control to achieve different excursion
directions are not investigated in previous studies which constitute important factors in

sitting balance control.

An effective exercise on sitting balance in community-dwelling people with SCI
is lacking. Sitting Tai Chi can be performed in any place and at any time. Whether

sitting Tai Chi improves sitting balance and quality of life remains to be answered.

1.11 Hypotheses and Objectives

Hypotheses of Study 1:

Ho: Reliability of dynamic sitting balance control tests (limits of stability test and

sequential weight shifting test) was zero.

Ho : There exists no correlation between the dynamic sitting balance tests and functional

mobility scores.

Objectives of Study 1:

(1) To develop laboratory-based tests for use in a clinical setting that assess sitting

balance control in people with SCI.

(2) To examine the reliability of the sitting balance control tests.
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(3) To assess the correlation of the sitting balance control performance with functional

activities in people with SCI.

Hypotheses of Study 2:

Ho : There is no difference in the dynamic sitting balance and quality of life between

sitting Tai Chi group and control group

Obijectives of Study 2:

(1) To investigate the effects of sitting Tai Chi on sitting balance control and quality of

life in people with SCI.

Alternative hypotheses

We hypothesize that the test-retest reliability of the sitting balance control tests
are from moderate to excellent values. There is a relationship between sitting balance
performance and functional activities in people with SCI. We also hypothesize that
sitting Tai Chi could improve the sitting balance control and quality of life in people

with spinal cord injury.
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CHAPTER 2

METHODOLOGY
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2.1 Study design

This study involved both a cross-sectional sample study investigating the
reliability and correlation of dynamic sitting balance tests for wheelchair users with
chronic spinal cord injury and a prospective study evaluating the effectiveness of
sitting Tai Chi on balance control of community-dwelling persons with spinal cord
injuries.

The outline of the reliability study and the intervention protocol are shown in

Figure 2.1.
Subjects with spinal cord injury match
inclusion and exclusion criteria
Test retest reliability of
sitting balance tests
Pre-intervention Assessment
Sitting Tai Chi group Educational talks and social

activities group

90 min/time, 2 times/week, 12 weeks

Post-intervention assessment (week 13)

Figure 2.1 Flow chart of subjects’ recruitment, assessment, and intervention processes.
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2.2 Subjects recruitment

The participants were recruited from the Hong Kong Sports Association for the

Physically Disabled, Direction Association for the Handicapped, and Paraplegic &

Quadriplegic Association. The written consent forms were obtained from all participants

before the study started. They were free to withdraw from the study at any time. The

inclusion and exclusion criteria used for the present study were as follows:

Inclusion criteria:

1. atleast post-injury 1 year

2. Incomplete injury according to the American Spinal Injury Association

Impairment scale (ASIA) (Refer to Appendix A for the classification)

3. aged 18 years or above

4. able to communication and following instructions

Exclusion criteria:

1. unstable cardiopulmonary disease

2. serious complications related to the SCI, such as pressure ulcers

3. contracture and marked hypertonicity of muscles

4. poorly controlled hypertension

5. metastatic cancer
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The project was approved by the Ethics Committee of The Hong Kong Polytechnic
University. The procedures were fully explained to all subjects who met the criteria and
informed consent in Chinese (Appendix B) or in English (Appendix C) was obtained

from all eligible participants.

2.3 Experimental procedure

2.3.1 Study 1-The reliability of dynamic sitting balance tests and their correlations

with functional mobility for wheelchair users with chronic spinal cord injury

Subjects were invited to the laboratory and repeated the sitting balance tests in
the same order with the same examiner seven days apart. Two dynamic sitting balance
control tests were investigated — a limits of stability (LOS) test and a sequential weight
shifting (SWS) test. Subjects performed the two tests either in supported or unsupported

conditions.

2.3.1.1 Instrumentation

The setup consisted of a tailor-made wooden force platform (90 cm x 76 cm) and
an adjustable-height screen placed 1.5 m in front of the participants on which the COP
was continuously displayed (Figure 2.2). Subjects’ COP was measured by 4 load cells
(SBDEG, Measurement Specialties Inc., Schaevitz) mounted in the platform. The
measurement range of the load cells was 40-400 pounds force. All movement data from

the force platform was sampled and digitized via a Multifunction Data Acquisition USB
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(National Instrument NI USB-6009, USA) with an 8-channel analog-to-digital converter
at a sample rate of 1000 Hz. It was connected to a computer that was programmed using

tailored LabView (version 8.6, National Instruments, USA) software to display and store

in real time motion of the COP during the sitting balance tests.

Figure 2.2 The tailor-made force platform for sitting balance control assessment

2.3.1.2 Limits of stability

Supported sitting was defined as seated in the subject’s own wheelchair without
resting on the back support for paraplegia or both back and head support for tetraplegia
at the beginning of the balance tests. Subjects might get support from wheelchair when
they moved their center of gravity (COG) close to limits of stability. Unsupported sitting

was on a standardized stool without support but with adjustable seat height. The
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participant’s hips, knees and ankles were kept at approximately 90° of flexion, the feet
shoulder width apart while resting on the platform. A cushion was placed on the stool
for comfort and to reduce the risk of generating pressure sores during testing. Each

participant had practice trials for familiarization before the actual balance test (Figure

2.3).

The LOS test in sitting adopted the traditional standing protocol which has been
widely used in both research and clinical studies (Tsang & Hui-Chan, 2003). The test
measured the intentional weight shifting ability in multiple directions within their base
of support. The initial COP was displayed in the center of the screen together with eight
target positions in front, right front, right, right back, back, left back, left, and left front.
The participants were required to move the COP trace on the screen toward one of eight
selected target positions by shifting their weight within their limits of stability as quickly
and as smoothly as possible when one of the visual targets appeared. There was a 20
second rest period between trials to minimize fatigue which might affect performance.
The participants wore a safety harness which was connected to an overhead suspension
frame during the unsupported sitting tests. The investigator was beside the participant
for safety. There was a two second baseline measurement of COP sway before the visual

target appeared. Each direction was repeated three times and the results were averaged.
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Figure 2.3 A subject underwent limits of stability test a. support sitting condition and b.

unsupported sitting condition.

A computer program was developed to record the following parameters: (1)
Reaction time (RT) - the time from the appearance of a target to the onset of the
voluntary shifting of the COP (Figure 2.4); (2) Maximum excursion (ME) - the
maximum displacement of the COP in the target direction; (3) Directional control (DC)
- a comparison of the amount of movement of the COP in the on-target direction with

the amount of off-target displacement (Figure 2.5).
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Reaction

. Point in time at which sway

" exceeds the “random” range.

Range of “random” sway during

two second delay period.

Operator l
Hits Key Blue circle moves from

Cue to move.

center to outside target:

In this example, Reaction Time
is 2.8 sec. — 2 sec. = .8 sec.

Figure 2.4 The determination of reaction time of the limits of stability test (adopted from

NEUROCOM. Smart EquiTest® System Operators Manual (Version8). Clackamas, OR:

NeuroCom International Inc., 2002).

Figure 2.5 A diagram shows the on-target direction with the amount of off-target

displacement (adopted from NEUROCOM. Smart EquiTest® System Operators Manual

(Version8). Clackamas, OR: NeuroCom International Inc., 2002).
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In the supported trials, both the data from the eight directions, and also the
‘combined forward” which consisted of data in forward, right forward and left forward
targets only were captured for data analysis. The ‘combined forward’ was analyzed
because the other five directions could to some extent be affected by the wheelchair's

arm rests and back support.

2.3.1.3 Sequential weight shifting

The sitting positions were the same as those used in the LOS test. As soon as a
target appeared, participants were asked to shift their COP to move the screen trace to
the target as quickly as possible without losing their balance. Twelve targets appeared
sequentially. When each target was hit, it disappeared and another appeared. The 12
targets appeared above, left, below, and right to the center (Figure 2.6). The distance
from the center to each target was 75% of that subject’s maximal excursion as
determined in the LOS test. The trajectory is shown in Figure 2.6. The participants had
continuous visual feedback about the position of their COP from the screen as they
performed the weight shifts. The total time and directional control for subjects to hit the

12 targets sequentially was computed.
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Figure 2.6. The trajectory of the targets in the SWS test.

2.3.1.4 Correlation assessments

The correlation assessments which included 1) modified functional reach test,
and 2) functional assessment — the Spinal Cord Independence Measure III are presented

as follows.

Modified functional reach test
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The modified functional reach test used (Lynch, Leahy, & Barker, 1998) has been
shown to have excellent test-retest reliability (ICC 0.85-0.94). The subjects were seated
in their own wheelchairs. A ruler was placed across subject's shoulder at the level of the
acromion. Their hips, knees, and ankles were positioned in approximately 90° of flexion.
There was 5 cm of clearance between the popliteal fossa and the wheelchair. Subjects
were instructed to sit erect initially with both arms flexed to 90°. The anatomical
landmark used to measure functional reach was the ulnar styloid process. This landmark
was used in this study instead of the 3™ metacarpal with a fist because the ulnar styloid
process is a prominent protrusion not affected by the wrist angle, which varies among
different subjects. The subjects were instructed to reach forward as far as possible
without losing their balance. They were allowed to use the non-reaching arm for
counter-balance, but not for weight bearing or to hold on to surrounding objects (Figure
2.7). The difference between the starting position and maximum distance reached was

recorded. An average of three trials was calculated for data analysis.
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Figure 2.7. Modified functional reach test

Functional assessment

The Spinal Cord Independence Measure III (SCIM III) has been used for rating the

comprehensive ability of those with SCI in performing basic everyday tasks (Appendix

D & E). It is an efficient and objective instrument for functional assessment devised by

Catz’s group at the Loewenstein Rehabilitation Hospital (Catz & Itzkvoich, 2007). This

version has been shown to be highly reliable (ICC=0.94) and sensitive to changes in
function for people with SCI (Itzkovich et al., 2007; Zhang, Wang, Liang, 2009). The
Chinese version has also been found to have good internal consistency and reliability
(Wang et al., 2007). The scale consists of three subscales: ‘self-care’ with 4 items and
scores ranging from 0 to 20; ‘respiration and sphincter management’ with 4 items and

scores ranging from 0 to 40; and ‘mobility’ involving 9 items relevant to indoor and
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outdoor transfers with scores ranging from 0 to 40. The total score therefore ranges from
0 to 100, with a higher score indicating greater independence in functional activity. Each
SCIM III item is scored through direct observation by a physiotherapist except bathing,

bladder and bowel management. Those are self-reported.

2.3.2 Study 2 - Sitting Tai Chi improves the balance control of community-dwelling

persons with spinal cord injuries

2.3.2.1 Tai Chi training protocol

The sitting Tai Chi intervention involved two 90-minute sessions, 2 times per
week for 12 weeks. A 12-form sitting version of Yang’s Tai Chi style was designed for
the experiment. The subjects in the control group were involved in educational talks and
social activities of equivalent duration and frequency. Before and after measurements of

sitting balance control, handgrip strength, and QOL were conducted.

A 12-form sitting Tai Chi routine (Figure 2.8) was designed for the needs of
people with SCI based on the traditional forms of Yang style Tai Chi. The principle
investigator of this study, Dr. William Tsang and a Tai Chi master, Ms Wong Lin Ying
who have 13 years of Tai Chi research experience and 30 teaching Tai Chi experience,
respectively designed these Tai Chi forms. The physical functions and training foci of
each form are described in Table 2.1. Shifting of weight while sitting, trunk rotation,
upper limb joint mobilization and muscle strengthening were emphasized in an attempt to
counteract loss of strength in the lower limb and trunk muscles and unstable sitting
balance (Lee et al., 2011). The training was safe and simple for the participants to
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perform sitting in a wheelchair. A Tai Chi master and a physiotherapist conducted the

training. Each session included a 5 minute warm up and 5 minute cool down with rests as

necessary. The Tai Chi training was held in the sport laboratory of the Department of

Rehabilitation Sciences, the Hong Kong Polytechnic University. Participants were either

transported to the venue by Rehab Bus or own driving. Attendance was recorded. The

subjects were encouraged to also practice at home for 90 minutes each week. A logbook

was used to monitor home exercise by self recording.
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Form 5 Form 6 Form 7 Form &

Step back and Work at shuttles Needle at sea Wave hands as
whirl arms on both sides bottom clouds
(15175 1) (LA TFR) (S (ZF)

Form 9 Form 10 Form 11 Form 12
Push down and lift Turn and kick Strike ears with Closing
one leg with right heel both fists

(<M 57 (LA ) (BiEE H) (=)

Figure 2.8. The 12 modified forms of Yang’s style Tai Chi
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Table 2.1 The features, physical functions and training foci of the 12-form sitting Tai Chi.

Form | Name Features Physical Functions Training foci
No.
1. To prepare and relax whole
Starting - Sitting qu Y . Relaxation, attention,
! [EaEaY - Lowering of centre of mass 2. Mind concentration osture and breathin
& 3. Correct posture p &
4. Breathing
White crane . . Weight shifting in anterior-
spreads its - Weight shift backward 1. Weight sh1ft1p & posterior direction,
2 . o . 2. Arm mobilizing L
wings - Arms hanging in the air Directional control
Sf =2 (right forward)
Brush k . . .
rush nee - Weight shift forward & backward 1. Antero-posterior balance Muscle strength
3 and twist step - Trunk rotates forward 2. Trunk rotation Balance
Fe AR o ' (anterior-posterior)
Playing the - Eyes follow the hands movement 1. Trunk rotation Muscle strength
4 Lute - Trunk rotation 2. Upper limb mobilizing Balance
FHEE - Lift upper limb 3. Eye-hand coordination (anterior-posterior)




Upper limb muscle

Repulse - Trunk rotation I Trupl;ro?t;og h K endurance,
monkey - Weight shifted backwards 2. 1We1g t shift right back and Prevent falls when
(EEIA - Lift upper limb eft back o leaning back,
3. Eye-hand coordination o
Eye-hand coordination
Work at Weight shift left and right 1. Weight shifting Eye head hand
shuttles on Trunk rotation 2. Trunk rotation coordination,
both sides Lift upper limb 3. Upper limb Directional control in
TR Eyes follow the hands 4. Eye-hand coordination left and right forward,
movement Upper limb muscle
endurance
Needle at sea Weight shift in anterior- 1. Anterior-posterior balance | Weight shifting in
bottom posterior balance 2. Eye-hand coordination anterior-posterior
RS Eyes follow the hands direction,
movement Directional control
(anterior-posterior),
Eye-hand coordination
Wave hands as Weight shift left and right 1. Weight shifting Weight shifting in left
clouds Trunk rotation 2. trunk rotation and right direction,
EF Eyes follow the hands 3. Upper limb Directional control
4. Eye-hand coordination (mediolateral),

movement

Eye-hand coordination,
Muscle endurance
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9 Push down and Lift upper limb 1. Trunk rotation Directional control left
lift one leg Lift the thigh and leg upwards 2. Lower limb training and right forward
o Y TRy 3. Upper and lower body
coordination training
10 Turn and kick Extend the knee straight and 1. Lower limb strength Directional control left
with right upward training back and right back,
oA P Lift upper limb 2. Upper limb strength Muscle strength
Eyes follow the hands training
movement
11 Strike ears with Lift upper limb 1. Upper limb Muscle strength,
both fists Eyes follow the hands 2. Eye-hand coordination Directional control
& EH H movement Left forward,
Eye-hand coordination,
Reaction fast
12 Close W=t Relax 1. Completion of all the forms | Relaxation
2. Posture correction
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2.3.2.2 Control group activities

The content of the control group took place in different venues depending on the
nature of the activities. The activities included two categories. The educational talks
consisted of complications management (4 sessions); wheelchair maintenance (1
session); Photoshop software (2 sessions) and the art of paper clay (4 sessions). The
social activities consisted of BBQ (1 session); touring in the Peak (1 session); movie
show (1 session); Lantau island (1 session); barrier free cultural tours (6 sessions);
Lavender garden tour (1 session); Nanliang garden tour (1 session) and Dim sum (1

session). Participants were either transported to the venue by Rehab Bus or own driving.

2.3.2.3 Outcome measures

The outcome measure consisted of handgrip strength, limits of stability and
sequential weight shifting balance tests and quality of life questionnaire. The dynamic
balance control tests had been described in sections 2.3.1.2 and 2.3.1.3. The handgrip

strength and quality of life questionnaire are described as follows:

Handgrip strength

Handgrip strength has been regarded as a significant indicator of overall body
strength (Rantanen et al., 2003). A Jamar hydraulic hand dynamometer (Sammons
Preston, Ability One Co, Bolinbrook, IL) was used to measure handgrip strength. The

Jamar dynamometer is widely used for measuring isometric grip force from 0-200 1b (90



kg) and has shown excellent reproducibility (Linstrom-Hazel, Kratt, & Bix, 2009;
Mathiowetz, Weber, Volland, & Kashman, 1984). Subjects were instructed to sit in their
own wheelchair with the test shoulder adducted and rotated neutrally and the elbow
flexed at 90°, the forearm in a neutral position, and the wrist between 0 and 30 degrees
of extension and between 0 and 15 degrees of ulnar deviation (Mathiowetz et al., 1984)
(Figure 2.9). Familiarization trials were allowed before the results of three

measurements were averaged for comparison.

Quality of life

The brief version of the World Health Organization’s Quality of Life scale
(WHOQOL-BREF) (Appendix F & G) has been demonstrated to be an acceptable and
validated questionnaire to assess the QOL of people with SCI (Hill, Noonan, Sakakibara,
& Miller, 2010; Jang, Hsieh, Wang, & Wu, 2004). The Chinese version of the
WHOQOL-BREF was used to measure QOL in this study. It has previously been shown
to have high intra-rater reliability (ICC= 0.84-0.98) (Lin, Hwang, Chen, & Chiu, 2007)
and its validity as a tool for measuring the QOL of Chinese individuals with SCI has

been established (Jang et al., 2004).
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Figure 2.9. Handgrip strength measurement

WHOQOL-BREF is a self-reporting questionnaire which consists of 26 questions.
There are 2 general questions (about overall QOL and overall health perceptions) and
more detailed questions about four QOL domains. Seven query the physical domain
(D1), 6 the psychological domain (D2), 3 the social relationship domain (D3), and 8
questions probe the environmental domain (D4). All questions solicit ratings on a five-

point Likert scale. The scores were first summarized for the 4 domains (physical health,
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psychological health, social relationships and environment) according to the WHOQOL-
BREF guidelines by taking the mean score for the questions addressing that domain and
multiplying by 4. So each domain score could range from 4 to 20. A higher score

indicates better QOL.

2.3.3 Statistical analysis

All data were analyzed using SPSS version 17 (SPSS Inc., Chicago, IL). For
study 1, intraclass correlation coefficients (ICC3,k) were employed to assess the test-
retest reliability of the sitting LOS test and the sequential weight shifting test. An ICC3
model was used for assessing intra-rater reliability, with “k” denoting the number of
trials used in the different tests (Portney & Watkins, 2009). Correlation between the
sitting balance test results and SCIM III mobility scores were analyzed using Pearson’s
product-moment coefficient of correlation.

For study 2, the age, sitting height, and weight between the two groups were
compared using independent t-tests. Chi-square test was applied for between-group
comparison of the gender distribution and injury levels. After testing for normality and
equal variance, independent t-test were employed to analyze any inter-group difference
in the baseline values between the Tai Chi group and the control group. If a significant
difference was found in any of the baseline values it was treated as a co-variate in the
subsequent statistical analysis. Two-way repeated measures MANOVA with an intent-
to-treat design was employed for analysis with one factor of between groups (control vs.

intervention groups) and another factor of repeated measure involving 2 time points
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(pretest and posttest). Intent-to-treat was employed in this study as it is “a more
conservative approach, which means that data are analyzed according to the original
random assignments, regardless of the treatment subjects actually received; that is, we
analyze data according to the way we intended to treat the subjects. (Portney and
Watkins 2009; p. 167) Post hoc paired t-tests were conducted to investigate whether
there was any within-group difference in the assessment intervals with the baseline
values. Independent t-tests were conducted to compare the Tai Chi and control groups at
the 2 time points. A significance level (a) of 0.05 was chosen for the statistical

comparisons.
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CHAPTER 3

THE RELIABILITY OF DYNAMIC SITTING BALANCE TESTS AND THEIR

CORRELATIONS WITH FUNCTIONAL MOBILITY FOR WHEELCHAIR

USERS WITH CHRONIC SPINAL CORD INJURY
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3.1 Abstract

Background Context: Dynamic sitting balance control is essential for persons with

spinal cord injury (SCI) in many activities of daily living.

Purpose: It aimed to develop a reliable and valid tool for measuring the dynamic sitting

balance of wheelchair users with SCI.

Study Design/Setting: This was a cross-sectional study.

Patient Sample: Convenience sampling from the community.

Outcome Measures: Limits of stability (LOS) and sequential weight shifting (SWS)
were designed in this study. The balance tests measured participants’ volitional weight
shifting in multiple directions within their base of support. The modified functional
reach test was also measured. Their mobility scores on the Spinal Cord Independence
Measure 111 (SCIM III) were correlated with the balance test results. The LOS outcome
measures were reaction time, maximum excursion and directional control; for the SWS

they were total time and directional control.

Methods: Nine participants with chronic SCI (average of 17.2 years post-injury)
between levels C6 and L1 performed the tests while sitting in their own wheelchairs and

on a standardized stool (unsupported sitting) twice, seven days apart.

Results: The sitting LOS results showed moderate to excellent test-retest reliability
(ICC ranged from 0.673-0.990) with both the wheelchair and the unsupported sitting.
The SWS results showed moderate to excellent reliability (ICC ranged from 0.688—

0.952). Only the LOS results in unsupported sitting correlated significantly with the
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SCIM III mobility scores, but the SWS test results had significant correlation in both
sitting conditions. However, the modified functional reach test shows no correlation

with the SCIM III mobility scores.

Conclusions: The sitting LOS and SWS tests provide a reliable and valid tool for

assessing the dynamic sitting balance control of subjects with SCI.

Key words: Sitting balance; Mobility; Spinal cord injury; Reliability; Correlation

3.2 Introduction

Approximately 70% to 80% of people with spinal cord injury (SCI) are
dependent for life on using a wheelchair for mobility (Post, vanAsbeck, vanDijk, &
Schrijvers, 1997). Good sitting balance control is essential for such people because they
are often confined to sitting position when performing the activities of daily living
(ADL). From quiet sitting such as feeding, grooming and bathing to dynamic activities
like propelling their wheelchair up or down ramps, ADL require different degrees of
sitting balance control. When ascending a ramp, people with SCI lean forward as far as
possible to prevent the wheelchair from tipping backward. When descending they lean
as far back as they can to prevent falling (Sisto, Druin, & Sliwinski, 2009). These
techniques require maximal postural excursions. That is why investigators studying
balance control with a SCI population employ maximal postural sway as one outcome

measure.
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Sitting balance control directly affects transfer performance (Bolin, Bodin, &
Kreuter, 2000). An appropriate sitting position is fundamental to providing a stable base
of support for transfer activities. A sense of position in space is another crucial factor
when attempting a transfer. Also, the ability to precisely and accurately control
intentional movements of the center of gravity (COG) in different directions is
important. Better directional control provides more accurate control in performing a
variety of transfer activities. When individuals transfer from short sitting (with the hips
and knees at approximately 90°) to an unsupported position, they require good

directional control. Transferring from a wheelchair to a bathtub is a common example.

Falls are a major problem for SCI sufferers. In a prospective study of 659
community-dwelling wheelchair users who suffered from SCI (age 54.8+12.6 years),
31% of the subjects reported a total of 553 fall events (Nelson et al., 2010). In a
retrospective study by the same group (2003), a review of 45 individuals with SCI
showed that 24 (53%) of them had experienced a total of 27 fall episodes. The major
factor contributing to falls was found to be loss of balance during functional activities
(Nelson et al., 2003). Falls most often occurred during transfer (44%), reaching (11%),
propelling a wheelchair (15%), moving in bed (22%), transferring to or riding in a
vehicle (30%), and showering (8%). Wheelchair users with SCI have been found to
have decreased or absent trunk control, leading to poor sitting balance and stability,

which in turn may cause falls during transfer (Bernard et al. 1994).

A supported or unsupported short sitting position is commonly adopted by
people with SCI when handling ADL. However, most previous studies assessing sitting
balance control have focused on the maximum displacement of center of pressure (COP)
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when sitting with knees straight which are relatively less functional. Also, the
assessment of sitting balance control should include the diagonal movements commonly
required in transfer. The time and the movement control to achieve different excursions
have not been investigated in previous studies, but they are important factors in dynamic
sitting balance control. When performing transfer, people with SCI usually lean trunk
forward to lift their buttocks off the initial surface and quickly pivot their buttocks to the
target surface using a twisting motion (Gagnon, Nadeau, Noreau, Eng, & Gravel, 2008).
Moreover, the functional activities do not end in a single direction, but in sequence of
movements. The present study was therefore designed to develop laboratory-based tests
for use in a clinical setting to assess the dynamic sitting balance control of wheelchair

users with SCI.

3.3 Methods

3.3.1 Participants

Nine persons with SCI participated in this study—6 females and 3 males (please
refer to Table 3.1). The participants were between 35 and 63 years old (mean + S.D.,
50.6 = 10.7 years). Time since injury averaged 17.2 years (from 2 year to 48 years).
Their level of injury ranged from C6 to L1 according to the International Standards for
Neurological and Functional Classification of SCI. One year post-injury is commonly
classified as the chronic stage because neural recovery plateaus at approximately 12
months post-injury (Burns & Ditunno, 2001). The inclusion criteria for the study were at

least 1 year post-injury; incomplete injury according to the American Spinal Injury
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Association (ASIA) impairment scale; aged 18 years or above; and able to communicate
and following instructions. The exclusion criteria were unstable cardiopulmonary
disease; serious complications related to the SCI, such as pressure ulcers; contracture or
marked hypertonicity of the muscles; poorly controlled hypertension; and metastatic
cancer. Written consent forms were obtained from all participants before the study
started. The study was approved by the Ethics Committee of the Hong Kong Polytechnic

University.

3.3.2 Testing Procedure

Two dynamic sitting balance control tests were conducted—a limits of stability test
and a sequential weight shifting test. Subjects performed the two tests either in
supported or unsupported conditions. The order of the testing procedures was the same
in the two testing days starting with limits of stability test with supported and
unsupported conditions, followed by sequential weight shifting test with supported and

unsupported conditions.

3.3.2.1 Instrumentation

The setup consisted of a tailor-made wooden force platform (90 cm x 76 cm) and
an adjustable-height screen placed 1.5 m in front of the participants on which the COP
was continuously displayed. Subjects’ COP was measured by 4 load cells (SBDEG,

Measurement Specialties Inc., Schaevitz) mounted in the platform. The measurement
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range of the load cells was 40-400 pounds force. All movement data from the force
platform was sampled and digitized via a Multifunction Data Acquisition USB (National
Instrument NI USB-6009, USA) with an 8-channel analog-to-digital converter at a
sample rate of 1000 Hz. It was connected to a computer that was programmed using
tailored LabView (version 8.6, National Instruments, USA) software to display and store

in real time motion of the COP during the sitting balance tests.

3.3.2.2 Limits of stability (LOS)

Supported sitting was defined as seated in the subject’s own wheelchair without
resting on the back support for paraplegia or both back and head support for tetraplegia
at the beginning of the balance tests. Subjects might get support from wheelchair when
they moved their COG close to limits of stability. Unsupported sitting was on a
standardized stool without support but with adjustable seat height. The participant’s hips,
knees and ankles were kept at approximately 90° of flexion, the feet shoulder width
apart while resting on the platform. A cushion was placed on the stool for comfort and
to reduce the risk of generating pressure sores during testing. Each participant had

practice trials for familiarization before the actual balance test.

The LOS test in sitting adopted the traditional standing protocol which has been
widely used in both research and clinical studies (Tsang & Hui-Chan, 2003). The test
measured the intentional weight shifting ability in multiple directions within their base
of support. The initial COP was displayed in the center of the screen together with eight

target positions in front, right front, right, right back, back, left back, left, and left front.
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The participants were required to move the COP trace on the screen toward one of
eight selected target positions by shifting their weight within their limits of stability as
quickly and as smoothly as possible when one of the visual targets appeared. There was
a 20 second rest period between trials to minimize fatigue which might affect
performance. The participants wore a safety harness which was connected to an
overhead suspension frame during the unsupported sitting tests. The investigator was
beside the participant for safety. There was a two second baseline measurement of COP
sway before the visual target appeared. Each direction was repeated three times and the

results were averaged.

Table 3.1: Characteristics of the participants

Subject Age (years) Time since Injury ASIA
injury (years) level grade

1 35 22 Tl B

2 36 10 T1 B

3 57 11 T1 B

4 63 48 T1 C

5 61 2 T1 C

6 58 13 L1 D
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8 48 10 T12 D

A computer program was developed to record the following parameters: (1)
Reaction time (RT) - the time from the appearance of a target to the onset of the
voluntary shifting of the COP; (2) Maximum excursion (ME) - the maximum
displacement of the COP in the target direction; (3) Directional control (DC) - a
comparison of the amount of movement of the COP in the on-target direction with the

amount of off-target displacement.

In the supported trials, both the data from the eight directions, and also the
‘combined forward’ which consisted of data in forward, right forward and left forward
targets only were captured for data analysis. The ‘combined forward’ was analyzed
because the other five directions could to some extent be affected by the wheelchair's

arm rests and back support.

3.3.2.3 Sequential weight shifting

The sitting positions were the same as those used in the LOS test. As soon as a
target appeared, participants were asked to shift their COP to move the screen trace to
the target as quickly as possible without losing their balance. Twelve targets appeared

sequentially. When each target was hit, it disappeared and another appeared. The 12

51



targets appeared above, left, below, and right to the center (Figure 2.6). The distance
from the center to each target was 75% of that subject’s maximal excursion as
determined in the LOS test. The trajectory is shown in Figure 2.6. The participants had
continuous visual feedback about the position of their COP from the screen as they
performed the weight shifts. The total time and directional control for subjects to hit the

12 targets sequentially was computed.

3.3.2.4 Modified functional reach test

The modified functional reach test used (Lynch, Leahy, & Barker, 1998) has been
shown to have excellent test-retest reliability (ICC 0.85-0.94). The subjects were seated
in their own wheelchairs. A ruler was placed across subject's shoulder at the level of the
acromion. Their hips, knees, and ankles were positioned in approximately 90° of flexion.
There was 5 cm of clearance between the popliteal fossa and the wheelchair. Subjects
were instructed to sit erect initially with both arms flexed to 90°. The anatomical
landmark used to measure functional reach was the ulnar styloid process. This landmark
was used in this study instead of the 3" metacarpal with a fist because the ulnar styloid
process is a prominent protrusion not affected by the wrist angle, which varies among
different subjects. The subjects were instructed to reach forward as far as possible
without losing their balance. They were allowed to use the non-reaching arm for
counter-balance, but not for weight bearing or to hold on to surrounding objects. The
difference between the starting position and maximum distance reached was recorded.

An average of three trials was calculated for data analysis.
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3.3.2.5 Functional assessment

The Spinal Cord Independence Measure III (SCIM III) has been used for rating the
comprehensive ability of those with SCI in performing basic everyday tasks. It is an
efficient and objective instrument for functional assessment devised by Catz’s group at
the Loewenstein Rehabilitation Hospital (Catz & Itzkvoich, 2007). This version has
been shown to be highly reliable (ICC=0.94) and sensitive to changes in function for
people with SCI (Itzkovich et al., 2007; Zhang, Wang, Liang, 2009). The Chinese
version has also been found to have good internal consistency and reliability (Wang et
al., 2007). The scale consists of three subscales: ‘self-care’ with 4 items and scores
ranging from 0 to 20; ‘respiration and sphincter management’ with 4 items and scores
ranging from 0 to 40; and ‘mobility’ involving 9 items relevant to indoor and outdoor
transfers with scores ranging from 0 to 40. The total score therefore ranges from 0 to
100, with a higher score indicating greater independence in functional activity. Each
SCIM III item is scored through direct observation by a physiotherapist except bathing,

bladder and bowel management. Those are self-reported.

3.3.3 Statistical Analysis

Intraclass correlation coefficients (ICC3,k) were employed to assess the test-
retest reliability of the sitting LOS test and the sequential weight shifting test. An ICC3
model was used for assessing intra-rater reliability, with “k” denoting the number of

trials used in the different tests (Portney & Watkins, 2009). The ICC values were
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interpreted according to a rating system suggested by Shrout and Fleiss (Shrout & Fleiss,
1979) (< 0.40 poor reliability, 0.40-0.75 fair to good reliability, > 0.75 excellent
reliability). Correlation between the sitting balance test results and SCIM III mobility

scores were analyzed using Pearson’s product-moment coefficient of correlation. A

significance level (o) of 0.05 was chosen for the statistical comparisons.

3.4 Results

3.4.1Test-retest reliability of the limits of stability and sequential weight shifting

tests

The nine participants repeated the sitting balance tests in the same order with the
same examiner seven days apart. The LOS test showed excellent reliability (ICCs
ranging from 0.751-0.990) in terms of reaction time, maximum excursion and
directional control in supported sitting (Table 3.2), and moderate to excellent reliability
(ICCs 0.673—0.955) in the combined forward directions (average of the forward, left
forward and right forward directions). Only seven participants could complete the
unsupported sitting trials, but their results also showed excellent reliability (ICCs 0.817—
0.947). The SWS results in supported sitting also exhibited moderate to excellent test-
retest reliability (ICCs ranging from 0.688—0.952). The unsupported sitting trials

showed excellent test-retest reliability (ICC=0.788—0.846).
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Table 3.2: Test-retest reliability for the limits of stability and sequential weight shifting

tests with spinal cord injury subjects

Combined forward in

Supported sitting

Unsupported sitting

supported sitting (n=9) (n=7)
(n=9)
Limits of stability
- reaction time 0.818 0.751 0.885
- maximum excursion 0.955 0.990 0.817
- directional control 0.673 0.863 0.947
Sequential weight shifting
- total time 0.688 0.788
- directional control 0.952 0.846

3.4.2 Correlation between sitting balance control results and Spinal Cord

Independence Measure 111

In supported sitting, neither the results of the modified reach test nor the results of the

LOS test (reaction times, maximum excursions and directional control) correlated with

the SCIM III scores (Table 3.3). In unsupported sitting, instead, the 3 aforementioned

55



measures from the LOS test showed significant correlations with SCIM III scores.

Finally, the total time and directional control in the SWS test in both supported and

unsupported sitting were significantly correlated with the SCIM III scores (Table 3.3).

3.5 Discussion

The LOS and SWS tests in sitting were developed to measure both the supported

and unsupported dynamic sitting balance control of wheelchair users with chronic SCI.

The tests encompass temporal and spatial domains and involve both diagonal and

orthogonal displacements. The fast reactions, maximal weight shifting, and accurate

movement control are required for the functional aspects of daily living.

Table 3.3: Correlations between the sitting balance tests and SCIM III mobility scores

Correlation with mobility
score of SCIM III (p value)

Modified functional reach test

0.459 (0.252)

Combined forward in supported sitting
Limits of stability - reaction time
Limits of stability - maximum excursion

Limits of stability - directional control

-0.489 (0.219)
0.311 (0.453)

0.250 (0.550)

Supported sitting
Limits of stability - reaction time

Limits of stability - maximum excursion

-0.433 (0.284)

0.278 (0.505)
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Limits of stability - directional control 0.313 (0.451)

Sequential weight shifting - movement time -0.829 (0.011%*)

Sequential weight shifting - directional control 0.849 (0.033%)

Unsupported sitting

Limits of stability - reaction time -0.852 (0.015%)
Limits of stability - maximum excursion 0.813 (0.026*)
Limits of stability - directional control 0.889 (0.007%)
Sequential weight shifting - movement time -0.823 (0.044%)
Sequential weight shifting - directional control 0.927 (0.024%)

* denotes a statistically significant difference at the p<0.05 confidence level

3.5.1 Reliability of the tests

These dynamic sitting balance tests were found to have moderate to excellent test-
retest reliability. The maximum excursions determined in these tests were similar to the
values with the modified functional reach test as reported by Lynch’s group in forward
reach (average ICC = 0.91; Lynch et al., 1998). These tests, however, also include
diagonal displacements (right forward, right backward, left forward and left backward)
along with the forward, rightward, backward and leftward directions. The ability to shift
their weight forward and backward is essential for wheelchair users when propelling
their wheelchairs up or down ramps (Sisto et al., 2009), but the diagonal pathways are

also required for good transfer performance. Beyond measuring maximum weight
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shifting, the test requires the wheelchair user with SCI to lean as quickly and as
smoothly as possible toward the eight targets, and the reaction time and the smoothness

of the trajectory are also taken into consideration in the two tests.

In the sequential weight shifting test, the distance from the center to each target
were set at 75% of the limits of stability. This provided sufficient challenge to avoid any
ceiling effect, but it allowed the participants to complete the test, as 100% of the limits
of stability might not be achieved, especially in the diagonal directions. The 75%

distance was also suitable for avoiding excessive fatigue.

3.5.2 Correlation of the sitting balance control results with functional assessments

The modified functional reach test results were not correlated with results on the
mobility scale of the SCIM III functional assessment (Table 3.3). The reason may be
that during the performance of ADL the movements involved are multi-directional, so

forward body movement alone cannot properly reflect ADL ability.

Though eight directions of movement were tested in supported sitting, the results
still did not correlate significantly with results on the mobility scale of the SCIM III. On
the other hand, the unsupported sitting measurements correlated well with the functional
assessment scores (Table 3.3). The reaction times had a negative correlation with the
mobility scale (r =-0.852), so subjects able to react more quickly also had better
mobility scores in the functional assessment. Similarly, the further participants could
lean and the better their directional control, the better they performed in functional
mobility testing. The question arises as to why only the unsupported sitting results show
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these correlations. In the mobility assessment of the SCIM 111, the tests involve lots of
transfer activities (Catz & Itzkovich, 2007), such as from a wheelchair to a tub or car
and vice versa. These transfers involve lots of unsupported sitting. This may explain

why the better correlations for the unsupported sitting results.

The sequential weight shifting results, both supported and unsupported, correlated
well with the mobility scores of the SCIM III (Table 3.3). In ADL, shifting the body’s
center of mass controllably in all directions is often important. In transfer and mobility
particularly, wheelchair users have to control the acceleration and deceleration of the
trunk in diagonal directions with the right timing. The traditional sitting balance test,
like the modified functional reach test, and even the limits of stability test is not able to
assess such functional related performance. All these may contribute to the high
correlation between the sitting balance test results and functional ability as reflected in

the mobility scores of the SCIM III.

This study mainly focused on the reliability and correlation of the dynamic sitting
balance tests for the general population of wheelchair users with spinal cord injury. A
future study might profitably amplify these findings by looking into more homogenous
groups— older and younger (Curtis et al., 1995), sub-acute and chronic, higher and
lower injury level (Chen et al., 2003; Lynch et al., 1998). Also, the testing order of the
two dynamic sitting balance tests under supported and unsupported conditions could be

randomized to minimize the order effect.
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CHAPTER 4

SITTING TAI CHI IMPROVES THE BALANCE CONTROL OF

COMMUNITY-DWELLING PERSONS WITH SPINAL CORD INJURIES
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4.1 Abstract

Background Context: Control of sitting balance is associated with the level of injury in
people with spinal cord injury (SCI). Balance control is an important ability for
functional activities, especially for wheelchair users. Tai Chi is a mind-body exercise
which has been documented as improving balance. However, traditional Tai Chi is
performed in standing, which is not suitable for wheelchair users. Sitting Tai Chi may
however be an appropriate exercise for people with SCI. The benefits of sitting Tai Chi

for people with SCI have not been demonstrated scientifically.

Purpose: The effect of sitting Tai Chi exercise on handgrip strength, balance control

and quality of life was tested among people with SCI.

Study Design/Setting: This was a prospective intervention study.

Patient Sample: Convenience sampling from the community.

Outcome Measures: Dynamic sitting balance tests were evaluated with the subjects
sitting in their own wheelchairs using a limits of stability test and a sequential weight
shifting test. Handgrip strength was tested. Quality of life was self-reported using the
brief form of the World Health Organization’s quality of life questionnaire (WHOQOL-

BREF).

Methods: Nineteen subjects with SCI between injury levels C6 and L1, 2 to 48 years
post-injury participated in the study. Eleven subjects participated in sitting Tai Chi
training (90 minute/session, 2 times/week for 12 weeks). Eight joined education and

social activities as controls. The research was supported by the Hong Kong Polytechnic
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University, grant 09902245R. This research received no specific grant from any funding

agency in the public, commercial, or not-for-profit sectors.

Results: Repeated measures MANCOVA showed significant group by time interaction
effects on sitting balance control. Post hoc analysis demonstrated that the Tai Chi
practitioners achieved significant improvements in their reaction time (p=0.042);
maximum excursion (p=0.046) and directional control (p=0.025) in the limits of stability
test. In the sequential weight shifting test, they significantly improved their total time to
sequentially hit 12 targets (p=0.035) and directional control (p=0.033). These
improvements were significantly greater than those of the controls. Significant
improvement in handgrip strength was also found among the Tai Chi practitioners (p=

0.049).

Conclusions: Twelve weeks of sitting Tai Chi training can improve the dynamic sitting
balance and handgrip strength of community-dwelling SCI survivors. Clinicians might
use sitting Tai Chi as an exercise for people with SCI who can continue to practice the

exercise even after being discharged from hospital as a means to maintain health.

Key words: spinal cord injury, sitting Tai Chi, sitting balance control

4.2 Introduction

Good sitting balance control is essential for people with spinal cord injury (SCI)
because they are often confined to a sitting position when performing activities of daily

living (ADL). The ability to shift their weight voluntarily in different directions without
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losing stability is important. Sitting balance heavily influences wheelchair skills,
especially for performing the wheelies required to ascend or descend a curb or other
obstacle. Sitting posture and balance also directly affect transfer performance (Bolin,
Bodin, & Kreuter, 2000) where the ability to precisely and accurately control intentional
movements of the center of pressure (COP) in different directions is important. Better
directional control provides more accurate controlling of a variety of transfer activities.
In a recent survey, thirty-one percent of 659 community-dwelling wheelchair users with
SCI reported a total of 553 fall events (Nelson et al., 2010). The major factor

contributing to falls is often a loss of balance during transfers (Nelson et al., 2003).

Wheelchairs users with SCI have decreased or no control of their trunk, leading
to poor sitting balance and stability which may cause falls during transfer (Bernard,
Peruchon, Micallef, Hertog, & Rabischong, 1994). With advances in rehabilitation
strategies, people with SCI can benefit from various interventions that restore their
functional capacity and ability to re-enter the community, but little has been published
describing exercise programs to improve the sitting balance control of people with SCI

who live in the community.

Good quality of life (QOL) is related to good relationships, maximizing
functioning, engaging in activities and the ability to access one’s environment (Kennedy
& Rogers, 2000). There are several factors influencing QOL in people with SCI.
Functional losses have a great impact on QOL. Ville and Ravaud (2001) pointed out that
the functional independence is directly linked to QOL. In another words, the impact of
limited functional status on social activity could reduce QOL. Participation in the

community has a direct effect on QOL through increased opportunities for meaningful
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activity and social connections. After discharge from the hospital, regular exercise is not
readily available. A new approach is needed to improve the functional status and QOL
of community—dwelling people with SCI. Tai Chi is a Chinese martial art which is
regarded as a gentle, relaxing, yet invigorating form of exercise. Tai Chi is both an
integrated exercise and an enjoyable sport for all kinds of people: strong and weak,
young and old, male and female. Weather does not inhibit its practice, as it can be

performed indoors. Traveling time and space requirements are minimal (Tsao, 1995).

Previous academic work has shown that Tai Chi practice improves balance
control, muscle strength, functional status, aerobic capacity, arterial compliance and
decreases fall risk (Chen, Fu, Chan & Tsang, 2012; Gyllensten, Hui-Chan & Tsang,
2010; Lu, Hui-Chan & Tsang, 2012; Tsang, Wong, Fu & Hui-Chan, 2004; Wollf,
Barnhart, Ellison & Coogler, 1997; Wolf, Sattin, Kutner, O’Grady, Greenspan & Gregor,
2003). Using the limits of stability test, Tsang & Hui-Chan (2003) showed that Tai Chi
practitioners could initiate voluntary shifting of their weight to different spatial positions
within their base of support more quickly than control subjects, leaned further without
losing stability, and showed better control of their leaning trajectory. However, the
traditional Tai Chi forms poses difficulty for older adults with poor standing balance or
who are physically dependent, and may increase the risk of falling or injuries. In view of
this, different modifications have been proposed for the frail or individuals with
disabilities (Chen, Chen & Huang, 2006; Li, Fisher, Harmer, & Shirai, 2003; Wollf,

Coogler & Xu, 1997).

Community-dwelling people with SCI lack an effective exercise to improve their

sitting balance. Sitting Tai Chi could be performed easily without time and venue
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constraints. Could practicing sitting Tai Chi improve sitting balance and QOL? This
study was designed to investigate the effects of practicing sitting Tai Chi on the

handgrip strength, sitting balance control and QOL of people with SCI.

4.3 Methodology

4.3.1 Subjects and study design

Nineteen wheelchair users with SCI (11 males and 8 females aged 47.9 + 10.7
years) participated in this study. The participants were recruited from the Hong Kong
Sports Association for the Physically Disabled, the Direction Association for the
Handicapped, and the Paraplegic & Quadriplegic Association. They were given both
written and verbal information about the study before giving their informed consent to
participation. The inclusion criteria were at least 1 year post-injury, incomplete injury
according to the American Spinal Injury Association Impairment scale (ASIA) (Ditunno,
Young, Donovan, & Creasey, 1994), aged 18 years or above, and able to communicate
and follow instructions. People with unstable cardiopulmonary disease, serious
complications related to the SCI (e. g. pressure ulcers), contracture or marked muscle
hypertonicity, poorly controlled hypertension or metastatic cancer were excluded. The
study protocol was approved by the Ethics Committee of the Hong Kong Polytechnic
University and written consent was obtained from all participants before the study

started.
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4.3.2 The Tai Chi intervention

The sitting Tai Chi intervention involved two 90-minute sessions, 2 times per
week for 12 weeks. A 12-form sitting version of Yang’s Tai Chi style was designed for
the experiment. The subjects in the control group were involved in educational talks and
social activities of equivalent duration and frequency. Before and after measurements of
sitting balance control, handgrip strength, and QOL were conducted. An outline of the

trial is shown in Figure 4.1.

20 subjects were assessed for eligibility

A 4

19 subjects met the inclusion and exclusion criteria

A4

Baseline assessment

v v

Sitting Tai Chi (n=11) Control group (n= 8)

A\ 4 A4

90 min/session, 2 sessions/week, 12weeks

1 subject from the control group refused
v to continue

A 4

Post-intervention assessment

Figure 4.1. Flowchart of study 2
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A 12-form sitting Tai Chi routine (Figure 2.8) was designed for the needs of
people with SCI based on the traditional forms of Yang style Tai Chi. Shifting of weight
while sitting, trunk rotation, upper limb joint mobilization and muscle strengthening were
emphasized in an attempt to counteract loss of strength in the lower limb and trunk
muscles and unstable sitting balance. The training was safe and simple for the participants
to perform sitting in a wheelchair. A Tai Chi master and a physiotherapist conducted the
training. Each session included a 5 minute warm up and 5 minute cool down with rests as
necessary. Attendance was recorded. The subjects were encouraged to also practice at
home for 90 minutes each week. A logbook was used to monitor home exercise by self

recording.

4.3.3 Outcome measurements

4.3.3.1 Handgrip strength

Handgrip strength has been regarded as a significant indicator of overall body
strength (Rantanen et al., 2003). A Jamar hydraulic hand dynamometer (Sammons
Preston, Ability One Co, Bolinbrook, IL) was used to measure handgrip strength. The
Jamar dynamometer is widely used for measuring isometric grip force from 0-200 1b (90
kg) and has shown excellent reproducibility (Linstrom-Hazel, Kratt, & Bix, 2009;
Mathiowetz, Weber, Volland, & Kashman, 1984). Subjects were instructed to sit in their
own wheelchair with the test shoulder adducted and rotated neutrally and the elbow
flexed at 90°, the forearm in a neutral position, and the wrist between 0 and 30 degrees

of extension and between 0 and 15 degrees of ulnar deviation (Mathiowetz et al., 1984).
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Familiarization trials were allowed before the results of three measurements were

averaged for comparison.

4.3.3.2 Sitting balance control

The sitting balance tests were performed supported in the subject’s own
wheelchair. They involved a limits of stability test and a sequential weight shifting test.
Both were performed on a wooden force platform (90 cm x 76 ¢cm) in front of an
adjustable-height screen 1.5 m away on which the COP was continuously displayed. The
subject’s COP was measured by 4 load cells (SBDEG, Measurement Specialties Inc.,
Schaevitz VA, USA) under the platform. The measurement range of the load cells was
40-400 pounds of force. All movement data from the force platform were converted and
digitized using a Multifunction Data Acquisition device (National Instrument NI USB-
6009, USA) and an 8-channel analog-to-digital converter at a sampling rate of 1000 Hz.
A computer running tailored LabVIEW (version 8.6, National Instruments, USA)

software displayed and stored the COP data in real time during the sitting balance tests.

4.3.3.2.1 Limits of stability

Supported sitting was defined as seated in the subject’s own wheelchair but
without resting on the back support for the paraplegics or with both back and head
support for the tetraplegics at the beginning of testing. The participant’s hips, knees and

ankles were kept at approximately 90° of flexion, and the feet were shoulder width apart
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resting on the platform. Each participant had practice trials for familiarization, followed

by three trials of each balance test.

The limits of stability (LOS) test measured their intentional weight shifting ability
in multiple directions within their base of support. The initial COP position was
displayed in the center of the screen together with eight target positions in front, right
front, right, right back, back, left back, left, and left front. The participants were required
to move the COP trace on the screen toward one of the eight target positions by shifting
their weight within their limits of stability as quickly and as smoothly as possible when
a visual signal indicated a target. There was a 20 second rest period between trials to
minimize any fatigue which might affect performance. For each target, the mean of
three trials was calculated for comparison. The investigator was beside the participant
for safety. There was a two second baseline measurement of COP sway before each

target was indicated.

The outcome measures of the LOS test were: (1) reaction time (RT) - the time
from the appearance of a target to the onset of the voluntary shifting of the COP; (2)
maximum excursion (ME) - the maximum displacement of the COP in the target
direction; (3) directional control (DC) - a comparison of the amount of movement of the
COP in the on-target direction with the amount of off-target displacement. This LOS test
protocol has been shown in a previous study to have moderate to excellent

reproducibility (ICC=0.751-0.990) (Gao, Purves, Chan, & Tsang, 2011).

4.3.3.2.2 Sequential weight shifting
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A temporal-spatial task was involving diagonal COP shifting was used to measure
sequential weight shifting (SWS) ability. The sitting position was the same as in the
LOS test. As soon as a visual target appeared, participants were asked to shift their COP
to move the screen trace to the target as quickly as possible without losing their balance.
Twelve targets appeared sequentially. When each target was hit, it disappeared and
another appeared. The 12 targets appeared above, left, below, and to the right of the
center (Figure 2.6). The distance from the center to each target was 75% of that
subject’s maximal excursion as determined in the LOS test. The trajectory is shown in
Figure 2.6. The participants had continuous visual feedback about the position of their
COP from the screen as they performed the weight shifts. The total time for the subject
to hit the 12 targets sequentially and directional control were computed. The SWS test
has been shown to have moderate to excellent reproducibility (ICC=0.688-0.952) in a

previous study (Gao, Purves, Chan, & Tsang, 2012).

4.3.3.3 Quality of life

The brief version of the World Health Organization’s Quality of Life scale
(WHOQOL-BREF) has been demonstrated to be an acceptable and validated
questionnaire to assess the QOL of people with SCI (Hill, Noonan, Sakakibara, & Miller,
2010; Jang, Hsieh, Wang, & Wu, 2004). The Chinese version of the WHOQOL-BREF
was used to measure QOL in this study. It has previously been shown to have high intra-

rater reliability (ICC= 0.84-0.98) (Lin, Hwang, Chen, & Chiu, 2007) and its validity as a
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tool for measuring the QOL of Chinese individuals with SCI has been established (Jang

et al., 2004).

WHOQOL-BREF is a self-reporting questionnaire which consists of 26 questions.
There are 2 general questions (about overall QOL and overall health perceptions) and
more detailed questions about four QOL domains. Seven query the physical domain
(D1), 6 the psychological domain (D2), 3 the social relationship domain (D3), and 8
questions probe the environmental domain (D4). All questions solicit ratings on a five-
point Likert scale. The scores were first summarized for the 4 domains (physical health,
psychological health, social relationships and environment) according to the WHOQOL-
BREF guidelines by taking the mean score for the questions addressing that domain and
multiplying by 4. So each domain score could range from 4 to 20. A higher score

indicates better QOL.

4.3.4 Statistical analysis

The average age, sitting height, weight, and years of injury of the experimental and
control groups were compared using independent t-tests. The sitting height was defined
as the vertical distance from vertex of the head to the seat of the wheelchair. Chi-square
tests were applied for between-group comparison of the gender distribution and injury
levels. After testing for normality and equal variance, independent t-tests were
employed to analyze any inter-group differences in the baseline values between the Tai
Chi group and the control group. If a significant difference was found in any of the

baseline values it was treated as a co-variate in the subsequent statistical analysis. Two-
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way repeated measures MANOVA with an intent-to-treat design was employed to
analyze any inter-group differences in the outcome measures between before and after
the intervention. Post hoc paired t-tests were conducted to investigate whether there was
any within-group difference in the assessment intervals with the baseline values.
Independent t-tests were conducted to compare the Tai Chi and control groups at the 2

time points. A significance level (a) of 0.05 was chosen for the statistical comparisons.

4.4 Results

4.4.1 Subjects

The neurological level of the participants’ injuries ranged from C6 to L1
according to the International Standards for the Neurological Classification of Spinal
Cord Injury from the American Spinal Injury Association. The time since injury
averaged 16 years (from 2 to 48 years). Nineteen subjects had lesions incomplete to
varying degrees (11 subjects with ASIA grade B, 3 with grade C, 5 with grade D
impairments). The participants were categorized into 2 groups depending on their level
of injury. The high-level injury group (n=12) grouped those with injuries between C6
and T7. The remaining subjects made up the low-level group (n=7), having injuries
between T8 and L1 (Bowel-Ruys, et al., 2009). Eleven subjects with SCI participated in
the sitting Tai Chi training while 8 subjects with SCI participated in the educational
talks and social activities as controls. Only one subject in the control group dropped out
due to loss of interest (i.e., 87.5% completed). The average attendance of the face-to-

face Tai Chi training sessions was 90%, while that of the controls was 87%. No adverse
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events were reported during the training period. The self-reported sitting Tai Chi home

exercise compliance rate was 100%.

The demographics of the two groups are summarized in Table 4.1. There was no
significant difference in the gender distribution, nor in average age, sitting height,

weight, injury level or time since injury between the two groups.

4.4.2 Handgrip strength

Two-way repeated measures MANOVA test of the handgrip strength results
showed an overall significant time by group interaction (P = 0.049; Table 4.2), and a
significant time by group interaction (P = 0.019) in terms of dominant handgrip strength.
Paired t-tests showed that only the experimental group had a significant improvement in
dominant hand strength (P = 0.008) after three months of training. No significant change
was found in the control group (P = 0.441). No significant time by group interaction was
found involving non-dominant hand strength (P = 0.318), however paired t-tests
revealed that the Tai Chi group had significant improvement (P = 0.027) after three

months of training. No significant change was found in the control group (P = 0.624).
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Table 4.1: Characteristics of the participants

Control group Sitting Tai Chi P value
(1=8) group
(n=11)

Age, years 46.2+£11.8 49.1 £10.3 0.761
Gender (male/female), n 71 4/7 0.062
Sitting height, cm 83.7+5.5 75.5+11.1 0.122
Weight, kg 65.4+14.6 60.4 +24.3 0.064
Injury level (high/low), n 5/3 7/4 0.968
Time since injury, years 17.3+7.8 14.7+13.7 0.258

4.4.3 Sitting balance control

The two-way repeated measures MANCOVA of the sitting balance results
showed an overall significant time by group interaction (P = 0.035; Table 4.2). Since the
average baseline maximum excursions of the two groups were significantly different,

this was treated as a co-variate in the analysis.

4.4.3.1 Changes in the limits of stability
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Univariate repeated measures ANOVA indicated differences in the groups’
average reaction time, maximum excursion and directional control. A significant time
by group interaction effect (P = 0.042) was found in the reaction time. Paired t-tests
revealed that only the sitting Tai Chi group had significantly better reaction time
performance (P = 0.025) after three months of training. No significant change was found

in the control group over time (P = 0.469).

Moreover, a significant time by group interaction (P = 0.016) was found in the
average maximum excursion. Paired t-tests revealed that only the sitting Tai Chi group
achieved an improvement in the COP distance travelled (P = 0.006) after three months

of training. No significant change was found in the control group (P = 0.613).

Furthermore, a significant time by group interaction (P = 0.025) was found in the
average directional control. The sitting Tai Chi trainees showed a significant
improvement (P = 0.047) after three months of training while there was no significant

change in the control group (P = 0.076) over time.

4.4.3.2 Changes in sequential weight shifting performance

The total time to complete the sequential weight shifting test showed a
significant time by group interaction (P = 0.035; Table 4.2). Paired t-tests showed that
only the Tai Chi group showed a significant average improvement (P = 0.012) after the
three months of training. No significant change was found in the control group (P =
0.399). Between-group comparisons demonstrated that the difference between the two

groups was statistically significant after the intervention (P = 0.001).
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Table 4.2: Comparison of outcome measurements between and within groups

(n=8) Sitting Tai (n=11) p value
Chi group
Measurements post-test pretest post-test Pre-test Post-test  Group x
(Group (Group time
effect) effect) effect

Limits of Overall
stability test

P=0.035
Reaction time, 717.9 +£265.8 832.0+ 1028.9 + 757.2 £ 0.580 0.144 0.042°
msec 422.0 326.1 155.1°
Maximum 61.9+53.6 60.6 £50.1 354+198 4444217 0.005¢ 0.015°¢ 0.016"
excursion, mm
Directional 0.65+0.12 0.70+0.11  0.77 £0.09° 0.725 0.555 0.025*
control
Sequential Overall
weight shifting
test P=0.016
Total time, msec 59160.5 + 54978.5 + 414753 + 0.190 0.001¢ 0.035°

27533.9 8693.3 7797 .4°

Directional 0.64 +0.09 0.61 +0.09 0.60 +0.07 0.64 +0.04 0.699 0.027° 0.033*
control
Handgrip Overall
strength

P =0.049
Right hand (kg) 32.8+17.1 31.5+14.8 214+ 13.4 248+ 152" 0.354 0.807 0.019°
Left hand (kg) 31,6154 324+ 14.8 21.2+11.8 23.8+12.4° 0.473 0.924 0.318
Quality of life
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Physical 10.6 +1.7

Psychological 125+1.9
Social 12.3+2.6
Environmental 13.3+2.3

10.6 +1.8

122+1.8
12.8+2.4
12.7+2.6

114+1.3

11.3+1.4
13.9+2.5
119+24

10.8 £2.1

11.8+2.2
14.1+£25
13.4+49

0.331

0.308
0.584
0.697

0.490

0.741
0.924
0.373

0.534

0.171
0.736
0.196

Note. Values are mean = SD or P values.

Group by time interaction:

*Denotes a difference significant at the p<0.05 confidence level.

®Denotes a difference significant at the p<0.01 level of confidence.

Between groups:

‘Denotes a difference significant at the p<0.05 confidence level.

Denotes a difference significant at the p<0.01 level of confidence.

Within group (time effect):

‘Denotes a difference significant at the p<0.05 level when compared with pretest values.

Denotes a difference significant at the p<0.01 level when compared with pretest values.
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A significant time by group interaction (P = 0.033) was also found in terms of
directional control, but there was no significant change in either group after the three

month intervention.

4.4.4 Quality of life

No significant time by group interaction was found in any domain of the
WHOQOL-BREF results. There was no significant difference between the two groups

before or after the intervention.

4.5 Discussion

Handgrip strength

The experimental group showed improved grip strength in both hands. To the
extent that handgrip strength reflects overall body strength (Rantanen et al., 2003), the
findings may indicate a general improvement in average muscle strength among the
sitting Tai Chi trainees. Similar findings have been reported by Jones’ group (Jones,
Dean, & Scudds, 2005). In that study, fifty-one subjects inexperienced in Tai Chi
learned 119 forms of Cheng’s style Tai Chi in a community center for 1.5 hours, 3 times
per week for 12 weeks. Handgrip strength improved significantly after the 3 months of
training (average increase of 2.6%). The 12-form Tai Chi used in this study is much
simpler and easier to learn, yet it too produced a significant improvement in average

handgrip strength (average increase of 14.3%).
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The key difference may be that Jones’ subjects were not wheelchair bound.
Previous studies have shown that persons with high level SCI compensate their loss of
postural muscle function from the erector spinae through increased use of non-postural
muscles such as the latissimus dorsi, upper trapeizus, pectoralis major, and serratus
anterior (Seelen, Potte, Huson, Spaans, & Reulen, 1997; Seelen, et al., 1998a; Seelen,
Potten, Drukker, Reulen, & Pons, 1998b; Seelen, Janssen-Potten, & Adam, 2001). If
improved handgrip strength reflects better general muscle strength, that may lead to

improved wheelchair maneuvering. However, further research is warranted.

Sitting balance control

Limits of stability

This has been the first published study to investigate the effects of sitting Tai Chi
on the sitting balance control of community-dwelling people with SCI. The sitting Tai
Chi practitioners showed improvements in the limits of stability test and were able to
achieve significantly better reaction times, maximum excursions and directional control.
The Tai Chi practitioners showed better dynamic balance control in self-initiated
shifting of the COP to different spatial targets within their base of support. Reaction
time in initiating movement depends on both neuromuscular control and cognitive
factors (Shumway-Cook & Woollacott, 2001). The improved muscle strength found in
this study and better balance control stabilize the body in advance of potentially
destabilizing movements (Tsang & Hui-Chan 2003), which might explain why the Tai
Chi practitioners had shorter reaction times in the voluntary leaning of their body to the

eight target positions. The Tai Chi group also showed improved COP distance travelled
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after the intervention while no significant change was found in the control group. The
kinematic characteristics of the sitting Tai Chi forms provide comparatively large
anteroposterior and mediolateral COP displacements (as reported in Lee et al., 2011)

which may explain these results.

When ascending a ramp, people with SCI lean forward as far as possible to
prevent the wheelchair from tipping backward. When descending a ramp, they would
lean as far back as possible to prevent falling (Sisto, Druin, & Sliwinski, 2009). These
techniques require them to perform maximal postural excursions in either the forward or
backward direction. Enhanced maximum excursion should therefore be beneficial in

their ADL and transfer activities.

A previous Tai Chi study has shown that 4 weeks of intensive training (1.5
hr/session, 6 times per week for 24 sessions) significantly improves directional control
in the limits of stability test for community-dwelling elderly who are standing. However,
those older subjects did not improve their average reaction time or maximum excursion
(Tsang & Hui-Chan 2004). The investigators in that study explained that Tai Chi
movements require the practitioners to perform the forms in a smooth and coordinated
manner, thus enhancing their directional control. Since the elderly participants were
healthy and their initial maximum excursion levels were already considered high, the
short-term intensive Tai Chi practice could not further enhance their average maximum
excursion. In this present study the subjects lived in the community but felt that they
lacked exercise after being discharged from the hospital. Practicing sitting Tai Chi may
provide an alternative means of exercise which should be effective in improving their

balance control.
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Sequential weight shifting test

The sequential weight shifting assessment required the subjects to shift their
weight shifting as quickly and accurately as possible. It demanded acceleration and
deceleration of the trunk along both orthogonal and diagonal trajectories which are
important in the ADL of those with SCI. Trunk angular displacements and velocity
control are key elements in any transfer (Gangon et al., 2008). A group led by Forslund
investigated the coordination of body movement during transfer from a table to a
wheelchair among 13 people with SCI. They started with a weight shift from the
buttocks to the hands by trunk flexion and rotation towards the trailing side (Forslund et
al., 2007). Sitting Tai Chi involves sequential shifting with reciprocal arm movements
and coordinated trunk flexion and rotation. In Tai Chi practice, one of the principles for
able bodied individuals is to lead the movement with the “waist” (Yu, 2002). Also, the
Tai Chi forms involve both orthogonal and diagonal movements (Wolf et al., 1997),
which may explain the improvements in sequential weight shifting among the

experimental group.

Generally, exercises to improve the sitting balance control of community-
dwelling people with SCI are scarce. Kayak training has been investigated in a few
studies (Bjerkefors, Carpenter, & Thorstensson, 2007; Grigorenko et al., 2004).
Grigorenko and his colleagues (2004) conducted an 8-week open-sea kayak training
program with 12 individuals with SCI and 12 able bodied subjects. The results showed a

relatively small treatment effect on balance in the sagittal plane during quiet sitting test.
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In the later study led by Bjerkefors (Bjerkefors et al., 2007), 10 subjects with thoracic
SCI were given 10 weeks of kayak arm ergometer training and the investigators found
less body sway in rotation and less linear displacement of the trunk during perturbations.
These studies only demonstrated improved static posture control, not better dynamic
balance control. In any case, neither open sea kayaks or kayak arm ergometers are easy

to access for SCI survivors in the community.

Quality of Life

There was no significant change in the average scores in any of the four quality
of life domains in either group. The question may thus arise as why there were
improvements observed in handgrip strength and dynamic sitting balance control in the
Tai Chi group but no change was reflected in the physical domain by the WHOQOL-
BREF questionnaire. One possible reason is that all the participants were at the chronic
stage and their social and environment domains had reached a steady state. It may take
more time for improved strength and balance control to be reflected in improvements in
daily life. In this connection, Hicks and his colleagues found that the quality of life of
individuals with SCI was improved only after 9 months of twice-weekly exercise
training, but not after three or six months (Hicks et al., 2003). Some subjects in this
study did, however, mention that they had better access to their living environment after
the Tai Chi training. For example, one subject reported that he could lean further to get a
magazine from the newspaper stand and another Tai Chi participant commented that he

had better mobility while accessing the mass transit railway.
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CHAPTER 5

SUMMARY AND CONCLUSION
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5.1 Rationale for the study

A supported or unsupported short-sitting position is commonly adopted by
people with SCI when handling ADL. Also, the assessment of sitting balance control
should include diagonal and sequential movements which are commonly required in
transfer. The time domain and the directional control to achieve different excursion
directions, which constitute the important factors in sitting balance control, have not
been investigated in previous studies. Therefore, the objectives of study 1 included: (1)
to develop laboratory-based tests for use in a clinical setting that assess dynamic sitting
balance control in people with SCI; (2) to examine the reliability of the sitting balance
control tests; and (3) to assess the correlations of the sitting balance control performance

with functional activities in people with SCI.

Persons with SCI have been characterized as considerably sedentary. Often,
individuals with SCI are physical de-conditioned (Dearwater, Laporte, Cauley, &

Brenes, 1985; Noreau, Shephard, Simard, Paré, & Pomerleau, 1993) which contributes

to serious of complications like pressure ulcers, autonomic dysreflexia, pneumonia,
cardiovascular disease, urinary tract infections, osteoporosis and activity limitations
(Brenes et al., 1986; Dearwater et al., 1986; Janssen et al., 1994; McKinley et al., 1999).
This population can benefit greatly by participating in regular exercise activities (Jacobs
& Nash, 2004) and various interventions that may restore their functional capacity and
ability to re-entry into the community. Sitting balance is a critical part of functional
activities in such individuals. However, an effective exercise on sitting balance in
community-dwelling people with SCI is lacking. Sitting Tai Chi can be performed in

any place and at any time. Whether sitting Tai Chi improve sitting balance, muscle
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strength, and quality of life remains to be answered. The objective of study 2 was to
investigate the effects of sitting Tai Chi on sitting balance control, handgrip strength,

and quality of life in community-dwelling people with SCI.

5.2 Summary of results

1) The limits of stability test in sitting was found to have excellent reliability under
supported sitting, and moderate to excellent reliability in the combined forward
directions. Excellent reliability was found under the unsupported sitting.

2) The sequential weight shifting test under supported sitting also exhibited
moderate to excellent test-retest reliability. Under the unsupported sitting, this
test showed excellent test-retest reliability.

3) The parameters of the limits of stability test, namely reaction time, movement
time and directional control under unsupported sitting showed significant
correlations with the mobility scores of Spinal Cord Independent Measurement
1. Under both unsupported and unsupported sitting, the parameters of the
sequential weight shifting test, namely total time and directional control were
significantly correlated with the mobility scores of Spinal Cord Independent
Measurement I11.

4) A 12-form Yang style sitting Tai Chi routine can be practiced by community-
dwelling people with SCI in a safe and enjoyable manner.

5) Twelve weeks of sitting Tai Chi training improves the handgrip strength of

community-dwelling people with SCI.
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6) After twelve weeks of sitting Tai Chi training, community-dwelling people with
SCI showed improved dynamic sitting balance control in time and spatial
domains.

7) Only twelve weeks training in this 12-form Yang style Tai Chi may not be
enough to improve quality of life in the chronic stages of community-dwelling

people with SCI.

5.3 Recommendations

There are several limitations in this study. The small sample size is common
among studies on SCI, but that too limits generalizability. Further study of this topic
should take steps to involve a large sample. The study on the reliability and correlation
of the dynamic sitting balance tests focus mainly on the general population of
wheelchair users with SCI. A future study might profitably amplify these findings by
looking into more homogenous groups — older and younger (Curtis et al., 1995), sub-

acute and chronic, higher and lower injury level (Chen et al., 2003; Lynch et al., 1998).

Only the supported sitting condition was employed to assess the dynamic sitting
balance control of the participants since only 7 subjects in the Tai Chi group and 3
subjects in the control group could undergo the unsupported sitting condition. Also, the
participants in the intervention Tai Chi study were heterogeneous in terms of age and
gender, injury level and time since injury. The significant changes in the handgrip
strength and sitting balance control in the Tai Chi subjects should, therefore, be
generalized to others with SCI only with caution. The post assessment was conducted

immediately after the intervention, so any long-term effect of Tai Chi training on sitting
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balance control and ADL was not ascertained. Moreover, the participants were not
randomly allocated to the Tai Chi or control, so experimental bias might have occurred.

Further study with a randomized clinical trial design is warranted.
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Appendix A

Patient Name

Examiner Nama Date/Time of Exam
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MUSCLE GRADING
0 total paralysis

| palpable or visible confraction

2 gefive movement, full range of
motion, gravity eliminated

3 active movement, full range of
motion, against gravity

4 active movement, full range of
motion, against gravity and provides
same resistance

3 active movement, full range of
motion, against gravity and provides
normal resistance

-

5* muscle able to exert, in examiner’s
Judzement, sufficient resistance o be
considered normal if identifiable

inhibiting factors were not present

NT not testable, Patient unable to reliably
exert effort or muscle unavailable for test-
ing due to factors such as immobilization,
pain on effort or contracture.

ASIA IMPAIRMENT SCALE

O A=Complete: No motor or sensory
function is preserved in the sacral
segments §4-53,

O B=Incomplete: Sensory but not motor
function is preserved below the
neurological level and includes the
sacral segments 54-83.

O €= Incomplete: Motor function is pre-
served below the neurological
level, and more than half of key
muscles below the neurological
level have a muscle grade less
than 3.

O D= Incomplete: Motor function is pre-
served below the newrological
level, and at least half of key mus-
cles below the neurological level
have a muscle prade of J
0f Mare.

O E=Normal: Motor and sensory fme-
fion are normal.

CLINICAL SYNDROMES
(OPTIONAL)

[ Central Cord

O Brown-Sequard
O Anterior Cord
0O Conus Medullaris
0 Cauda Equina

STEPS IN CLASSIFICATION

The following order is recommended in determining the classification
of individuals with SCL

e

Lsa

. Determine sensory levels for right and left sides.

. Determine motor levels for right and left sides.

Note: in regions where there is no myotome to fest, the motor level
is presumed o be the same as the sensory level,

. Determine the single neurological level.

This is the lowest segment where motor and sensory function is nor-
mal on both sides, and is the most cephalad of the sensory and
moter levels determined in steps 1 and 2

. Determine whether the injury is Complete or Incomplete

(sacral sparing).

If voluntary anal contraction = No AND all $4-5 sensory scores = 0
AND any anal sensation = No, then injury is COMPLETE,
Otherwise injury is incomplete.

. Determine ASIA Impairment Scale (AIS) Grade:
Is injury Complete? 1 YES, AIS=A Record 7PP
NO {For ZPP record lowest dermatome or myotome on
each side with some (non-zero score) preservation)
Is injury
motor incomplete? 1 NO, AIS=B
(Yes=voluntary anal contraction OR motor
TES l function mare than three levels below the motor
level on a given side.)

Are at least half of the key muscles below the
(single) neurological level praded 3 or betfer?
NO I YES'
Als=C Als=D
If sensation and motor function is normal in all segments, AIS=E
Note: AIS E is used in follow up testing when an individual with a
documented SCI has recovered normal function. If at initial testing

no deficits are found, the individual is newrologically intact; the
ASIA Impairment Scale does not apply.
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Appendix C
The Hong Kong Polytechnic University
Department of Rehabilitation Sciences
Consent Form
Project title:

Effects of sitting Tai Chi on sitting balance and cardiopulmonary functions in persons
with spinal cord injury.

Investigators: Dr. William W. N. Tsang
Ms. Sheila Purves
Professor K. M. Chan
Ms. Kelly Gao

Research information:

Previous researches have shown that control of sitting balance is associated with the
level of injury in people with spinal cord injury. Balance control is an important ability
for functional activities like up and down kerb and entering bus. In addition, because of
limited physical ability, people with spinal cord injury have decreased physical activity
which can cause decline in muscle strength, increased falls incidence and reduced
quality of life.

Tai Chi 1s a mind-body exercise with slow, soft and fluid movements. It can be practiced
at any time and in any place because it needs neither much space nor equipment. It is
popular among Chinese persons. However, traditional Tai Chi in standing position is not
suitable for wheelchair users. Sitting Tai Chi is an exercise which is appropriate for
wheelchair users. A number of studies on elderly persons have proven that sitting Tai
Chi can benefit their balance control, lower limb muscle strength, and cardiopulmonary
function. However, the benefits of Tai Chi on people with spinal cord injury are not
conclusive. Therefore, the objective of the study is to examine the effect of sitting Tai
Chi exercise on balance control, cardiopulmonary function and muscle strength in
people with spinal cord injury. Participants will be randomly allocated to either a 3-
month Tai Chi or an interest class. There will be assessments before and after the
intervention. All participants will be screened by questionnaires to ensure there are no
medical contraindications.

Inclusion criteria:

* People with spinal cord injury level below T2.
* Normal vision.
*  Wheelchair user.
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= No previous Tai Chi experience.

= No serious complication.

* No history of inner ear problem, orthopaedic operation, neurological disease.
Intervention classes:

Participants will be allocated randomly into either sitting Tai Chi or an interest class. In
sitting Tai Chi group, participant will practice modified Yang style sitting Tai Chi
exercise course. In the interest group, participant will join activities which will involve
sitting position. Both courses will be held for 3 months. Each course will be conducted
three sessions per week, 1.5 hour for each session (36 sessions). Participants must attend
at least 75% of the sessions (27 sessions) in order to take part in the assessment.

Assessment:

Each assessment will take around 90 minutes. There will be no harm caused during the
process. Assessments include:

1) Sitting balance control test — limits of stability test

2) Cardiopulmonary function test — heart rate and spirometry tests

3) Muscle strength test — hand grip strength and trunk muscle strength test
4) Questionnaire - the Spinal Cord Independent Measure 11
Consent

I, , have been explained the details of this study.
I voluntarily consent to participate in this study. I understand that I can withdraw from
this study at any time without giving reasons, and my withdrawal will not lead to any
punishment or prejudice against me. I am aware of any potential risk in joining this
study. I also understand that my personal information will not be di sclosed to people
who are not related to this study and my name or photograph will not appear on any
publications resulted from this study.

I can contact Dr. William Tsang at telephone 27666717 or Ms. Kelly Gao at
6042 for any questions about this study. IfIh ave complaints related to the
investigators, I can contact Ms. Michelle Leung, secretary of Departmental Research
Committee, at 27665397. I know I will be given a signed copy of this consent form.

Signature (subject): Date:

Signature (witness): Date:
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Appendix D

SCIM-SPINAL CORD INDEPENDENCE MEASURE ., , ,Yionlll Sept 14,2002

Self-Care DATE L S TR T T T S |

1. Feeding (cutting, opening containers, pouring, bringing food to mouth, holding cup with fluid) | | | | | | |
(. Needs parenteral, gastrostomy, or fully assisted oral feeding
1. Needs partial assistance for eating and/or drinking, or for wearing adaptive devices
2. Eats independently: needs adaptive devices or assistance only for cutting food andfor pouring and/or opening containers
3. Eats and drinks independently; does not require assistance or adaptive devices

2. Bathing (soaping, washing, drying body and head, manipulating water tap). A-upper body: B-lower body

A, (0. Requires total assistance | | | | | | |
1. Requires partial assistance
2. Washes independently with adaptive devices or in a specific setting (e.g.. bars, chair)
3. Washes independently; does not require adaptive devices or specific setting (not customary for healthy people) (adss)

B. 0. Requires total assistance | | | |
1. Requires partial assistance
1. Washes independently with adaptive devices or in a specific setting (adss)
3. Washes independently; does not require adaptive devices (adss) or specific setting

3, Dressing (clothes. shoes, permanent orthoses: dressing. wearing. undressing). A-upper body: B-lower body

A. (0. Requires total assistance | | | | | | |
. Requires partial assistance with clothes without buttons, zippers or laces (cwobzl)

. Independent with cwobzl; requires adaptive devices andfor specific settings (adss)

. Independent with cwobzl; does not require adss; needs assistance or adss only for bzl

. Diresses (any cloth) independently; does not require adaptive devices or specific setting

P =]

B. 0. Requires total assistance | | | | | | |
1. Requires partial assistancewith clothes without buttons, zipps or laces {cwobzl)
1. Independent with cwobzl; requires adaptive devices and/for specific settings (adss)
3. Independent with cwobzl without adss; needs assistance or adss only for bzl
4. Diresses (any cloth) independently; does not require adaptive devices or specific setting

4. Grooming (washing hands and face, brushing teeth, combing hair, shaving, applying makeup) | | | | | | |
0. Requires total assistance
1. Requires partial assistance
2. Grooms independently with adaptive devices
3. Grooms independently without adaptive devices SUBTOTAL (0-20) LI L ITT 1
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Respiration and Sphincter Management

5. Respiration RN

0. Requires tracheal tubge (TT) and permanent or intermittent assisted ventilation {(TAV)

2. Breathes independently with TT; requires oxygen, much assistance in coughing or TT management

4. Breathes independently with TT; requires little assistance in coughing or TT management

6. Breathes independently without TT; requires oxygen, much assistance in coughing. a mask (e.g., peep) or LAV (bipap)
8. Breathes independently without TT: requires little assistance or stimulation for coughing

10. Breathes independently without assistance or device

6. Sphincter Management - Bladder | | | |

(. Indwelling catheter

3. Residual urine volume (RUY) > 100cc; no regular catheterization or assisted intermittent catheterization

6. RUV < 100cc or intermittent self-catheterization: needs assistance for applying dralnage instrument

9. Intermittent self-cathetenzation; uses external drainage instrument; does not need assistance for applying
I'l. Intermittent self-catheterization: continent between catheterizations; does not use external drainage instrument
13. RUV <1ce; needs only external urine drainage; no assistance is required for drainage
15. RUV <1dce; continent; does not use external drainape instrument

7. Sphincter Management - Bowel [ [ | |
(. Irregular timing or very low frequency (less than once in 3 days) of bowel movements
5. Regular timing, but requires assistance (e.g., for applying suppository); rare accidents (less than twice a month)
8. Regular bowel movements, without assistance; rare accidents (less than twice a month)

10. Regular bowel movements, without assistance; no accidents

8. Use of Tollet (perineal hygiene. adjustment of clothes beforefafter. use of napkins or diapers)| | | | |

(. Requires total assistance

1. Requires partial assistance; does not clean self

2. Requires partial assistance; cleans self independently

4. Uses toilet independently in all tasks but needs adaptive devices or special setting (e.g., bars)
5. Uses toilet independently: does not require adaptive devices or special setting)

SUBTOTAL {0-40) (1 11

Mobility {room and toilet) DATE Vv

0. Needs assistance in all activities: turning upper body in bed, turning lower body in bed.
sitting up in bed, doing push-ups in wheelchair, with or without adaptive devices, but not with electric aids
2. Performs one of the activities without assistance
4. Performs two or three of the activities without assistance
6. Performs all the bed mobility and pressure release activities independently

10, Transfers: bed-wheelchalr (locking wheelchair, lifting footrests, removing [ [ [ ]

and adjusting arm rests, transferring, lifting feet).
0. Requires total assistance
I. Needs partial assistance and/or supervision, and/or adaptive devices (e.g., sliding board)
2. Independent (or does not require wheelchair)

11. Transfers: wheelchalr-tollet-tub (if uses toilet wheelchair: transfers to [ | | |

and from;: if uses regular wheelchair: locking wheelchair, lifting footrests,

removing and adjusting armrests, transferring, lifting feet)
0. Requires total assistance
I. Meeds partial assistance and/or supervision, and/or adaptive devices (e.g., grab-hars)
2. Independent (or does not require wheelchair)
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Mobility {indoors and outdoors, on even surface)

12. Mobility Indoors HEEEEE
0. Requires total assistance
1. Needs electric wheelchair or partial assistance to operate manual wheelchair
2. Moves independently in manual wheelchair
3. Requires supervision while walking (with or without devices)
4. Walks with a walking frame or crutches (swing)
5. Walks with crutches or two canes (reciprocal walking)
6. Walks with one cane
1. Needs leg orthosis only
8. Walks without walking aids

Mobllity for Moderate Distances (10-100 meters) NN
Requires total assistance

Needs electric wheelchair or partial assistance to operate manual wheelchair

Moves independently in manual wheelchair

Requires supervision while walking (with or without devices)

Walks with a walking frame or crutches (swing)

Walks with crutches or two canes (reciprocal walking)

Walks with one cane

Needs leg orthosis only

Walks without walking aids

Mobllity Outdoors (more than 100 meters) R
Requires total assistance

MNeeds electric wheelchair or partial assistance to operate manual wheelchair

Moves independently in manual wheelchair

3. Requires supervision while walking (with or without devices)

4. Walks with a walking frame or crutches (swing)

5. Walks with crutches or two canes (reciprocal waking)

6. Walks with one cane

7. Needs leg orthosis only

8. Walks without walking aids

=T - R N P = o

15. Stalr Management | | | | | | |
0. Unable to ascend or descend stairs
I. Ascends and descends at least 3 steps with support or supervision of another person
2. Ascends and descends at least 3 steps with support of handrail andfor crutch or cane
3. Ascends and descends at least 3 steps without any support or supervision

16. Transfers: wheelchalr-car (approaching car, locking wheelchair, removing arm- | | | | | | |
and footrests, transferring to and from car, bringing wheelchair into and out of car)

(). Requires total assistance
I. Needs partial assistance and/or supervision and/or adaptive devices
2. Transfers independent; does not require adaptive devices (or does not require wheelchair)

17. Transfers: ground-wheelchalr HEHEEN

(. Requires assistance
I. Transfers independent with or without adaptive devices (or does not require wheelchair)
SUBTOTAL (0-40) L0

TOTAL SCIM SCORE (0-100)
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Appendix E

HEE/IMEEE (F3RE) (SCIM-Spinal Cord Independence Measure 111)
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Appendix F

World Health Organization Quality of Life (WHOQOL-BRIEF) - English version

The following questions ask how you feel about your quality of life, health, or other
areas of your life. I will read out each question to you, along with the response options.
Please choose the answer that appears most appropriate. If you are unsure about which
response to give to a question, the first response you think of is often the best one.

Please keep in mind your standards, hopes, pleasures and concerns. We ask that you
think about your life in the last four weeks.

Neither
poor nor Very
Very poor Poor good Good good
1. How would you rate your 1 234 5
quality of life?
Neither
Very satisfied Very
dissatisfied | Dissatisfied nor Satisfied | satisfied
dissatisfied
2. How satisfied are you 1 2 3 4 5
with your health

The following questions ask about how much you have experienced certain things in the

last four weeks.

A Very An
Not all | A little | moderate | much extreme
amount amount
3. To what extent do you 5 4 3 2 1
feel that physical pain
prevent you from doing
what you need to do?
4. How much do you need 5 4 3 2 1
any medical treatment to
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function in your daily
life?

5. How much do you enjoy 1 2 3 4 5
life?

6. To what extent do you 1 2 3 4 5
feel your life to be
meaningful?

A Very
Notat | Alittle | moderate | much | Extremely
all amount

7. How well are you able to 1 2 3 4 5
concentrate?

8. | How safe do you feel in 1 2 3 4 5
your daily life

9. | How healthy is your 1 2 3 4 5
physical environment?

The following questions ask about how completely you experience or were able to do
certain thing in the last four weeks.

Not at
all

A little

Moderately

Mostly

Completely

10.

Do you have enough
energy for everyday
life?

1

3

4

11.

Are you able to accept
your bodily
appearance?

12.

Have you enough
money to meet your
needs?

13.

How available to you
is the information that
you need in your day-
to-day life?

14.

To what extent do you
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have the opportunity
for leisure activities?

Very Poor Neither Good Very
poor poor nor good
good
15. | How well are you able 1 2 3 4 5
to get around?
Very Dissatisfied | Neither | Satisfied | Very
dissatisfied satisfied satisfied
nor
dissatisfied
16. | How satisfied are 1 2 3 4 5
you with your
sleep?
17. | How satisfied are 1 2 3 4 5
you with your
ability to perform
your daily living
activities?
18. | How satisfied are 1 2 3 4 5
you with your
capacity for work?
19. | How satisfied are 1 2 3 4 5
you with yourself?
20. | How satisfied are 1 2 3 4 5
you with your
personal
relationship?
21. | How satisfied are 1 2 3 4 S
you with your sex
life?
22. | How satisfied are 1 2 3 4 S
you with the
support you get
from your friends?
23. | How satisfied are 1 2 3 4 S

you with the
conditions of y our
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living place?

24. | How satisfied are 1 2 3 4 5
you with your
access to health
services?

25. | How satisfied are 1 2 3 4 5

transport?

you with your

The following question refers to how often you have felt or experienced certain things in

the last four weeks.

Never Seldom Quite Very Always
often often
26. | How often do you have 5 4 3 2 1
negative feeling such as
blue mood, despair,
anxiety, depression?
Appendix G
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(WHOQOL-BREF-Hong Kong Chinese version )
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Appendix H

Set-up of the purpose-built force platform

The setup consisted of a tailor-made wooden force platform (90 cm x 76 cm) and
an adjustable-height screen placed 1.5 m in front of the participants on which the COP
was continuously displayed (Figure 2.2). Subjects’ COP was measured by 4 load cells
(SBDEG, Measurement Specialties Inc., Schaevitz) mounted in the 4 corners of the
platform in the metal frame (Figure H.1). The measurement range of the load cells was
40-400 pounds force. All movement data from the force platform was sampled and
digitized via a Multifunction Data Acquisition USB (National Instrument NI USB-6009,
USA) with an 8-channel analog-to-digital converter at a sample rate of 1000 Hz. It was
connected to a computer that was programmed using tailored LabView (version 8.6,

National Instruments, USA) software to display and store in real time motion of the

COP during the sitting balance tests.

Figure H.1 The load cells are mounted on the metal frame
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1. Loading test

Test a. A total of 100 Ib deadweight and a 2 kg as spacer were used for the loading test

(Figure H.2). Nine positions were loaded which included 4 corners (Figure H.3), 4 edges

and the center positions.

Figure H.3 Deadweight in a corner position
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Findings: The total output of force platform was almost the same for all 9 p ositions.

Forces were distributed to the 4 load-cells accordingly, structure affect was not observed

(Table H.1).

Table H.1 Table shows the voltage outputs in dif ferent positions using 47.37 kg

deadweight.
dead weight
position
Voutl Vout2 Vout3 Vout4 Vout total (47.37kg)
0.9811 1.0124 1.0199 0.9827
99 4 43 99 3.996381219 Centre
0.2977 0.3367 1.6951 1.6553
81 88 27 76 3.985072761 edge 23
1.6652 1.6954 0.3383 0.3117
59 59 71 59 4.010848881 edge 12
0.3179 1.6887 0.3257 1.6528
01 08 34 09 3.985152363 edge 24
0.2964 0.3326 1.6964 1.6689
38 29 95 19 3.994480721 edge 34
dead
weight
position
Voutl Vout2 Vout3 Vout4 Vout total (47.37kg)
0.9818 1.0131 1.0214 0.9798
29 4 89 54 3.996312861 Centre
0.1090 0.5385 0.5426 2.7867
63 63 04 25 3.976954652 Corner 4
0.5095 0.1280 2.8438 0.5052
36 41 03 57 3.986636244 Corner 3
2.8000 0.5391 0.5333 0.1110
53 15 4 58 3.983566592 Corner 1
0.5247 2.8206 0.1203 0.5326
79 13 35 65 3.998392463 Corner 2

Test b. A total of 451b x 3 deadweight and a 2 kg as spacer were used for 4 corners

positions test.
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Findings: The result was similar to the corner tests of Test a (Table H.2).

Table H.2 Table shows the voltage outputs in different positions using 63.25 kg

deadweight.
Vout Vout Vout Vout dead weight
1 2 3 4 Vout total position (63.25kg)
1.334 1.394 1.383 1.320
831 669 684 937 5.434122152 Centre
0.143 0.733 0.745 3.774
613 933 988 808 5.398341057 Corner 4
0.705 0.175 3.802 0.719
115 311 286 221 5.401933097 Corner 3
0.722 3.826 0.169 0.711
966 605 495 723 5.430788818 Corner 1
3.769 0.743 0.740 0.158
095 107 465 768 5.411435585 Corner 2
2. Drift test

A drift test with 83.67 kg with 30 minutes of loading was performed (Figure H.4). Five

second data were taken in every 5 minutes.
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Figure H.4 shows the drift test in center position with 83.67 kg

Finding: No apparent drift was observed in the 30 minutes loading period (Figure H.5).
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Figure H.5 Shows the voltage outputs during the 5 minutes drift test

3. Linearity step test (a step of 45 Ib)

The linearity test was performed with a step of 45 lbs. The loadings were 0 lbs, 45 1bs,

90 Ibs, 135 Ibs and 180 lbs, respectively.

Findings: The result was shown in Figure H.6 and linearity was acceptable for the

present project.
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Figure H.6 Shows the linearity test result

125




4. Position cross check test

The 45 1b x 3 and 2 kg spacer was loaded to 9 positions with distance of 258 mm in x-
axis and 305 mm in y-axis of the force platform. The measured distances by the load

cells were then compared.

Findings: The result was found to be good and the error was within 1.x%.
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