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CHAPTER |

INTRODUCTION

1.1 Background and rationale

Low back pain (LBP) is one of the most common musculoskeletal conditions in the
general population; and it is the common cause of work-related disability in workers
(Hildebrandt,1995; Nadler et al., 1999; Spyropoulos et al., 2007). It is defined as
pain, muscle tension, or stiffness localized between the 12" rib and the inferior gluteal
folds with or without leg pain. The lifetime prevalence of LBP has been reported to
be between 60% and 85% of adult population with a point prevalence of 15%.
(Krimer and Van Tulder, 2007). LBP can affect men and women equally with onset
most often between the ages of 30 and 50 years. The literature suggests that LBP is
generally a benign and self-limiting problem; the symptoms in 50% of patients with
acute LBP will resolve within four weeks (Haigh and Clarke, 1999). However, the
recurrence rates one year after an acute episode of LBP as high as 84% (Hides et al.,
1996; 2001). Furthermore, approximately 10-40% of patients with LBP develop
chronic pain, defined as pain persisting for more than 3 months. Additionally to their
pain, these patients” problems typically include reduced physical functions, decreased
work capacity, psychological distress and lost time from work (Bogduk, 2004).
Consequently, this disorder can lead to economic losses not only the individual but

also the organization and society as a whole.

According to the clinical practice guidelines for the. management of LBP, LBP can be
classified into 3 types; non-specific LBP, specific LBP, and LBP with nerve root
involvement (Koes et al., 2001). Non-specific LBP or mechanical LBP are term used
to describe a mechanical derived back pain, not involving nerve root compression or
serious spinal disease, or without a specific medical diagnosis. About 85-90% of
patients with LBP suffered from non-specific LBP (Deyo, 2001; Bogduk, 2004;
Krimer and Van Tulder, 2007). In the management of non-specific LBP, many
treatment interventions may be considered. Nowadays, active treatment and self-
management approach play important role on the management of non-specific LBP



(Waddell, 1998). Exercise therapy is one of active treatment intervention that is
advocated by the current clinical guidelines for use in subacute or chronic LBP (Smith
et al., 2002). In current practices, various types of exercise therapy have been
employed by physical therapists for patients with LBP such as active exercises,
strength or endurance exercises, flexion and extension exercises, as well as, aerobic
exercises or multimodal exercises. However, a lack of consensus as to the optimal
levels of frequency, duration, and intensity of exercises is presented (Gracey et al.,
2002). Currently, there is interest in the utilization of spinal stabilization exercise for
treating such patients. It is advocated to strengthen the deep abdominal muscles,
which are thought to help protect the lower spine and prevent recurrence of pain
(Kasai, 2006; Hides et al., 2001; Norris 2000). Clinicians attempt to strength these
muscles by designing specific tasks to the muscles that elicit their contraction
(Ainscough-Potts et al., 2006).

The stabilizing system of the spine is the system that provides sufficient stability to
the spine to match the instantaneously varying stability demands due to changes in
spinal posture during static and dynamic load (Panjabi, 1992 a). The spinal stabilizing
system consists of three subsystems: 1) The passive subsystem is vertebrae,
intervertebral disc, facet joints, spinal ligaments, joint capsules and the passive
properties of the muscles, 2) The active subsystem is muscles surrounding and acting
on the motion segment as muscles and tendons, 3) The neural subsystem is the
relevant parts of the central and peripheral nervous systems that direct and control the
muscles in providing dynamic stability of the segment (Panjabi, 2003). Four deep
local muscle groups that play important roles in the active subsystem include the
transversus abdominis, lumbar multifidus, the pelvic floor and diaphragm. Tools that
are commonly used to measure the co-contraction of the deep local muscles in
physical therapy practice include abdominal hollowing test, and level of leg loading

or lumbar stability test.

Previous studies showed that the transversus abdominis (TrA) became active in
normal subjects prior to limb movements; however, the activity of TrA was delayed in
subjects with LBP (Hodges and Richardson, 1999). Accordingly, researchers
attempted to activate deep abdominal muscles independently of the other trunk

muscles in order to promote their ability to stabilize the lumbar region with specific



exercise e.g. abdominal hollowing, lumbar stability exercise or core stability exercise.
Many clinical trials were conducted to demonstrate the effectiveness of these exercise
programs in reducing pain and disability of patients with chronic LBP (O’Sullivan et
al., 1997; Hides et al., 2001; Rasmussen-Barr et al., 2003; Niemisto et al., 2003;
Goldby et al., 2006). However, some studied showed that spinal stabilization
exercises did not provide benefit to patients with subacute or chronic LBP (Arokoski
et al., 2004; Koumantakis et al., 2005; Cairns et al., 2006). Since no consensus on
the effectiveness of spinal stabilization exercise for the management of LBP patients
exists, there is a clear need for the researchers and clinicians to undertake more

clinical trials to provide a definite conclusion on its usefulness for this patient group.

Many researchers have advocated sitting on a large inflated gym ball as a
rehabilitation tool. Exercise using gym ball was popularly used as one form of spinal
stabilization exercises in physical therapy practices. By changing the limb and trunk
position, or by unbalancing trunk movements, it is possible to increase trunk muscle
activities (Arokoski et al., 2004). Research shows that the gym ball can be beneficial
in influencing muscle function and activating proprioception, balance and equilibrium
control (Vera-Garcia et al., 2000). The use of a gym ball in the healthcare settings or
at home is currently widespread, in part, because of its easy use, safety, and
inexpensive cost. Recently, there has been advice on using the gym ball as a chair to
alleviate back pain symptoms. Nevertheless, there is little scientific evidence to
support its use on this problem. From a review of literature, there is only a two-case
study report conducted by Merritt and Merritt (2007) that provides details about the
sitting exercise regimen and the effects of using the gym ball as a chair for the LBP
patients. Conversely, there are concerns about its use include muscle fatigue and
falling off the ball when performing tasks on the ball as a chair (Gregory et al., 2006;
Merritt and Merritt, 2007). From the light of these studies in relation to a lack of
knowledge and evidence supporting the application for the gym ball in physical

therapy practice, the current research protocol is carried out.

We assumed that sitting on a gym ball could increase spinal stability. Particularly,
sitting on a gym ball with limb movements might elicit the co-contractions of TrA and
related muscles in pelvic and hip regions, and it would be more likely to improve

lumbar stability than sitting on a gym ball without limb movements. The current



study therefore aimed to investigate the effects of gym ball on pain, functional
disability, the level of lumbar stability and patient satisfaction to treatment outcome of
LBP patients. The outcome measurements included a Numerical Pain Rating Scale
(NRS), Roland-Morris Disability Questionnaire (RMDQ), Modified Isometric
Stability Test (MIST), and global perceived effect (GPE). This pretest-posttest study
was designed to compare the treatment outcomes between two gym ball groups:
“sitting on a gym ball alone” group and “sitting on a gym ball plus limb movements”
group. We anticipated that the results that would be obtained from this study might
help provide some scientific knowledge for therapists who wanted to use this tool in
their rehabilitation program.

1.2 Objective
a) To examine the effects of two 8-week sitting on a gym ball exercise programs on
pain intensity, functional disability and lumbar stability in patients with chronic LBP.

b) To compare the effects of sitting on a gym ball alone and sitting on a gym ball

with limb movements in patients with chronic LBP.

1.3 Hypothesis
a) In each exercise group, there would be statistically significant differences of pain
intensity, functional disability and levels of lumbar stability when compared the

variables of interest between pre-test and post-test.

b) There would be statistically significant differences of the change of pain intensity,
functional disability and levels ‘of lumbar stability between the patients who
performed sitting on a gym ball exercise programand those who performed sitting on

a gym ball with limb movements exercise program.

1.4 Scope of the study

This study was carried out in patients with chronic LBP. Forty participants aged 20 to
45 years participated in this study. All participants had never practiced lumbar
stabilization exercise. They were excluded if they were patients with specific LBP or

spinal cord involvement and having straight leg raising less than 70 degree and any



abnormalities of the spinal column or abdominal regions such as fracture, surgery,

burn, and cancer.

1.5 Brief method

Participants included in this study were given a written informed consent prior to
participate in the study. The first physical therapist performed subjective examination
using a screening questionnaire and physical examination for the indication and
contraindication of lumbar stabilization exercise. Subjects were randomly allocated
into two groups by the first physical therapist using a concealed envelope which had
been pre-assigned exercise interventions prior to the study. The second physical
therapist assessed pain intensity of current back pain intensity, disability, level of
modified isometric stability test and the global perceived effect before and after 8-
week treatment exercise program.  The first physical therapist taught and
demonstrated the exercise following to specific details of exercise programs in the
concealed envelope. The different change scores of pain intensity, the level of lumbar
stability (MIST), scores of disability (RMDQ) and the difference of global perceived
effect between the two groups were analyzed by SPSS 11.5. A p-value was less than
0.05 considered as statistically significant.

1.6 Advantage of the study

This study would be helpful for clinicians and researchers who are interested in the
effects of spinal stabilization exercise in treating patients with chronic LBP.
Moreover, new home-based exercise programs using a gym ball was designed in this
study; it would be applicable, safe, and convenient to be used at home or in workplace
with small space required during exercise. The exercise programs could be applied as
a rehabilitation tool for patients with chronic LBP or a preventive exercise regimen
for healthy persons.



CHAPTER I

LITERATURE REVIEW

2.1 Introduction

This chapter firstly describes the definition of chronic low back pain and its related
problems. Secondly, it demonstrates a review of literature regarding spinal
stabilization exercise in chronic LBP. Because of the vast amount of literature in this
area, this chapter is limited to a brief overview of lumbar stabilization theory and
review of clinically based research of LBP and lumbar stabilization exercises.
Finally, it presents studies related to the application of a gym ball exercise for patients
with LBP.

2.2 Chronic low back pain

Low back pain (LBP) is usually defined as pain, muscle tension, or stiffness localized
below the costal margin and above the inferior gluteal folds, with or without leg pain.
LBP is typically classified as being ‘specific’ or ‘non-specific’. Specific LBP is
defined as symptoms caused by a specific pathological mechanism, such as hernia
nuclei pulposi (HNP), infection, inflammation, osteoporosis, rheumatoid arthritis,
fracture or tumor (Van Tulder et al., 2002). Non-specific LBP is defined as
symptoms without clear specific cause, i.e. LBP of unknown origin (Van Tulder et al.,
2002). It have been reported that approximately 90 % of all LBP patients have non-
specific LBP-(Waddell, 1998). Non-specific LBP:is usually classified according to
the duration of the complaints in the patients at issue. In general, the clinical course
of an-episode of LBP seems to be favourable and-most pain will resolve within two
weeks (Van Tulder et al., 2002).  The majority of LBP patients have experienced
previous episodes (Van Tulder et al., 2002). Approximately 10-40 % of patients with
LBP develop chronic pain, defined as pain persisting for more than 3 months
(Bogduk, 2004).

Chronic LBP (CLBP) is pain that has persisted for longer than 3 months. While LBP

is defined as acute when it persists for less than 6 weeks and subacute is pain between



6 weeks and 3 months (Van Tulder et al., 2002). Additionally to their pain, the
patient health’s problems typically include reduce physical function and

psychological distress (Bogduk, 2004).

LBP is a significant health care problem, with major socioeconomic implications in
both industrialized and non-industrialized countries (Volinn, 1997; Linton, 1998). It
is the fifth most common reason for all physician visits (Hart et al., 1995), and is the
third most commonly reported bodily symptom after headache and fatigue (Haigh and
Clarke, 1999). LBP has a lifetime prevalence of 60-85 % and about 15 % of adults
have LBP (Krimer and Van Tulder, 2007). The recurrence rates one year after an
acute episode of LBP as high as 84 % (Hides et al., 1996; 2001). LBP affects men
and women equally with onset most often between the ages of 30 and 50 year. It is
the common cause of work-related disability under 45 years of age (Deyo, 2001). The
total cost associated with LBP to society are huge, particularly in western countries;
this includes the direct cost of medical care and the indirect costs of time lost from

work, disability payments, and diminished productivity (Atlas and Deyo, 2001).

In Thailand, there are a few studies investigating the prevalence of LBP in general
population. Chaiamnauy et al. (1998) conducted the interview-based survey in 2,463
of the rural population of Thailand and reported that musculoskeletal pain ever was
found in 36% of subjects; of these, the majority (23%) had LBP. Chaiamnauy et al.
(1998) indicated that, compared to prevalence rates of other musculoskeletal diseases,
LBP caused the greatest burdens of disease in the rural Thai population. The high
prevalence of LBP in Thailand may be due to a number of factors involved e.g. an
increasing aging population, the rapid growth of urban populations, occupational
stresses, and lifestyle changes. Some studies examined the prevalence of LBP in
some occupations. For example, the annual prevalence of LBP among nurses at Siriraj
Hospital was 84 % (Silpasupagornwongse et al., 2006). The greatest impact of LBP
on the daily activities included sitting (15%), lifting (12%), and self-care activities
(10%), respectively (Silpasupagornwongse et al., 2006). Specific tasks significantly
associated with LBP were graded from the greatest to the least order: lifting heavy
objects with two hands, bending forward or leaning backward, carrying loads with
one hand, pushing and pulling load and twisting the trunk (Silpasupagornwongse et
al., 2006).



A diversity of treatments are provided by various health care professionals for chronic
LBP patients e.g. physicians, physiotherapy, chiropractors and others (Atlas and
Deyo, 2001); however, the efficacy of most of the available interventions has not yet
been clearly demonstrated (van Tulder et al., 1998). There is now considerable
scientific evidence supporting active rehabilitation programs and patient education as
the best means to prevent disability and to facilitate return to work (Waddell, 1998).
Exercise therapy has been advocated as one of meaningful tool for active
rehabilitation programs (Koes et al., 2001). It is frequently used for the management
of patients with chronic LBP. Many types of therapeutic exercises such as active
exercises, strength or endurance exercises, flexion and extension exercises, as well as,
aerobic exercises or multimodal exercises have been employed by physical therapists
for patients with chronic LBP. Increasingly, spinal stabilization exercise or segmental
stabilization exercise has been clinically applied to reduce pain and disability for this
patient group. It have been proposed that spinal stabilization exercises can strengthen
the deep trunk muscles, which are thought to help protect the lower spine and prevent
recurrence of pain (Hides et al., 2001; Norris, 2000; Kasai, 2006).

2.3 The Stabilizing System of the Spine

The stabilizing system of the spine is the system that provides sufficient stability to
the spine to match the instantaneously varying stability demands due to changes in
spinal posture during static and dynamic load (Panjabi, 1992 b). The stabilizing
system of the spine must limit the excursion of segmental spinal motions and maintain
the proper ratio of neutral to elastic zone motion (Panjabi, 1992 b). The *neutral
zone’ is a region of intervertebral motion around the neutral posture where little
resistance is offered by the passive spinal column. During passive physiological
movement of the functional spinal unit (FSU), motion occurs in this region against
minimal internal resistance. It is a region in which a small load causes a relatively
large displacement. The ‘elastic zone’ is the remaining region of FSU; motion that
continues from the end of the neutral zone to the point of maximum resistance
(provided by the passive osteoligamentous stability mechanism), thus limiting the
range of motion (Panjabi, 1992 b).

The spinal stabilizing system consists of three subsystems: (1) passive, (2) active, and

(3) neural control (Panjabi, 1992 a). The passive subsystem provides stability at the



end of range of motion while acting as monitoring transducers at mid range. The
neural subsystem receives data from the passive subsystem and other transducers in
the spine, integrates them, and activates the active subsystem to stabilize the spine
(Panjabi, 1992 a). The three subsystems harmonize each other to work together; the
reduced function of one subsystem may then place increased demands on the other
subsystems to maintain stability.  Figure 2.1 shows the relationship of the three

subsystems in the stabilizing system of the spine.

Control
Subsystem

Passive
Subsystem
Spinal
Column

Subsystem
Spinal
Muscles

Figure 2.1 The stabilizing subsystems of the spine. (Adapted from Panjabi 1992a )

2.3.1 The passive subsystem

The passive subsystem consists primarily of the vertebral bodies, zygapophyseal
joints and joint capsules, spinal ligaments, and passive tension from the
musculotendinous units (Panjabi, 1992 a). The passive subsystem plays its most
important stabilizing role in the elastic zone of spinal range of motion (ROM) (i.e.

near end-range).

The posterior ligaments of the spine (interspinous and supraspinous ligaments) along
with the zygapophyseal joints and joint capsules and the intervertebral disks are the
most important stabilizing structures when the spine moves into flexion (McGill,
1988; Adam et al., 1980). End-range extension is stabilized primarily by the anterior
longitudinal ligament, the anterior aspect of the annulus fibrosus, and the
zygapophyseal joints (Haher et al., 1994; Sharma et al., 1995). Rotational movements

of the lumbar spine are stabilized mostly by the intervertebral disks and the
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zygapophyseal joints (Farfan et al., 1970). Side-bending movements have not been
studied extensively, but it appears that the intertransverse ligaments may play an
important role in segmental stability for movement occurring in the frontal plane
Panjabi et al., 1982).

In the neutral zone of ROM, the structures of the passive subsystem may function as
force transducers, sensing changes in position and providing feedback to the neural
control subsystem (Panjabi et al., 1982; Panjabi, 1992 a; Jiang et al., 1995). Evidence
for this role is provided by anatomical observations of afferent nerve fibers. They
convey proprioceptive information in most of the structures of the passive subsystem,
including the intervertebral disks, the zygapophyseal joint capsules, and the
interspinous and supraspinous ligaments (Indahl et al., 1997; Jiang et al., 1995).
Dysfunction of the passive subsystem may be due to mechanical injury or
degenerative disease.  Injury to the passive subsystem may have important
implications for spinal stability. Intervertebral disk degeneration or disruption of the
posterior ligaments of the spine may increase the size of the neutral zone, increasing
the demands on the active and neural control subsystems to avoid the development of
segmental instability (Panjabi, 1992 b; Panjabi et al., 1989). Compensation will
follow in the active subsystem.

2.3.2 The active subsystem

The active subsystem of the spinal stabilizing system consists of the spinal muscles
and tendons. The active and neural control subsystems are primarily responsible for
spinal stability in the neutral zone, where passive resistance to movement is minimal
(Panjabi, 1992 b; Sharma et al., 1995). In experiments performed with the
musculature removed, the lumbar spine is known to be highly unstable at very low
applied loads, illustrasting to the importance of muscle activity for spinal stability
(Nachemson, 1968). The relative importance of different muscle groups in providing
stability for the lumbar spine has been a topic of much debate and research (Crisco
and Panjabi, 1991; Macintosh et al., 1993; Gracovestsky et al., 1985; Tesh et al.,
1987; Hodges and Richardson, 1996).

Different roles have been suggested for the deeper, unisegmental muscles and the

more superficial multisegmental muscles such as the abdominal and erector spinae
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muscles (Crisco and Panjabi, 1991). The unisegmental muscles of the lumbar spine,
such as the intertransversarii and interspinalis muscles, are proposed to function
primarily as force transducers, providing feedback on spinal position and movements
to the neural control subsystem (Panjabi 1992 a). Evidence for this role is supported
by the small size of these muscles, their close proximity to the center of rotation for
spinal movements, and the high concentration of muscle spindles located in the

smaller, unisegmental muscles of the body (Bogduk, 1997; Peck, 1984).

The larger, multisegmental muscles are responsible for producing and controlling
movements of the lumbar spine. The lumbar erector spinae muscle group provides
most of the extensor force required for most lifting tasks (Bogduk et al., 1992).
Rotation is produced primarily by the oblique abdominal muscles (Macintosh et al.,
1993). The oblique abdominals and the majority of the lumbar erector spinae muscle
fibers lack direct attachment to the lumbar spinal motion segments and, therefore, are
unable to exert forces directly on individual motion segments. The multifidus muscle
is better suited for the purpose of segmental control (Macintosh and Bogduk, 1986).
The multifidus muscle is proposed to function as a stabilizer during lifting and
rotational movements of the lumbar spine (Macintosh and Bogduk, 1986). Stability
of the lumbar spine during movements in the frontal plane has not been studied
extensively, but the quadratus lumborum muscle has been proposed to be the primary

active stabilizer for these movements (McGill et al., 1996).

The role of the abdominal muscles in spinal stability has been the topic of much
debate. The abdominals have been proposed to play an important role in generating
extensor force during lifting tasks, either by increasing intra-abdominal pressure or by
creating tension in the lumbodorsal fascia (Gracovestsky et al.; 1985; Bartelink,
1957).  In contrast, some research indicates that the abdominal muscles are not
capable of generating substantial extensor force through these mechanisms (Tesh et
al., 1987; McGill and Norman, 1988). The abdominal muscles are primarily flexors
and rotators of the lumbar spine (Macintosh et al., 1993). The oblique abdominal and
transversus abdominis muscles, with their more horizontal orientation, are thought to
contribute to spinal stability by creating a rigid cylinder around the spine and by
increasing the stiffness of the lumbar spine (Hodges and Richardson, 1996; Gardner-

Morse and Stokes, 1998). This theory is supported by studies demonstrating
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continuous activity of the transversus abdominis muscle throughout flexion and

extension movements of the lumbar spine.

2.3.3 The neural control subsystem

The neural control subsystem is the relevant parts of the central and peripheral
nervous systems that direct and control the muscles in providing dynamic stability of
the segment. The neural control subsystem gets input from structures in the passive
and active subsystems so as to decide the specific requirements for maintaining spinal
stability, then acting through the spinal musculature to stabilize the spine (Panjabi,
1992 a; Hodges and Richardson, 1996; Gardner-Morse et al., 1995).

The neural control subsystem coordinates muscle activity responding to both expected
and unexpected forces. This system must activate the correct muscles at the right time
by the right amount to protect the spine from injury and also allow the desired
movement. Stiffness is achieved with specific patterns of muscle activity, which
differ depending on the position of the joint and the load on the spine (Panjabi, 2003).
A dysfunction of the neural control subsystem may result from damage to transducers,
conducting nerves or the central nervous system (CNS) and may place other spinal
structures at risk for injury (Panjabi, 1992 a). If proper functioning of the neural
control subsystem is not restored following an injury, the potential for reinjury may be
heightened. This leads to awkward function of the active subsystem which can

aggravate pain and become chronic (Figure 2.2).
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Figure 2.2 Dysfunction of spinal stability system (Panjabi 1992 a).
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The neural control subsystem has an important role to stabilize the spine in
anticipation of an applied load. Hodges and Richardson (1996, 1997) reported that
the transversus abdominis and multifidus muscle activity consistently preceded active
extremity movement in subjects without LBP. This finding suggested that the neural
control subsystem normally anticipates the need for stabilization against the reactive
forces from limb movements. Additionally, Hodges and Richardson (1996) studied
patients with LBP and found that the contraction of the transversus abdominis

muscles was delayed, possibly indicating deficient neural control.

Several studies (Hodges and Richardson, 1996; 1997; Luoto et al., 1996; Nies and
Sinnott, 1991) had shown that patients with LBP often had persistent deficits in
neuromuscular control, indicating that recovery of proper function of the neural
control subsystem was not automatic following an initial injury. Studies of Luoto et
al. (1996) demonstrated increased postural sway and slower reaction times in patients
with LBP when compared with subjects without LBP. Additionally, Luoto et al.
(1996) found that improvements in reaction time correlated with reduced disability in
patients undergoing rehabilitation. These results supported the assumptions that
neuromuscular control deficits often existed following lumbar spine injury and that

reduction in these deficits correlated with improvements in functional status.

Dysfunction of one or more of the stabilizing components results in an attempt to
compensate by one of the other components in order to keep the spine stabilized. The
three subsystems are adaptive to either chronic dysfunction of other components or to
increased functional demand on them (Panjabi, 1992 a). Among the three
subsystems, it is the active and neural control systems which may be enhanced by
exercise therapy both for rehabilitation of LBP and as part of preventive healthcare
program. Improved functioning of active and neural control subsystems can then
decrease the deterioration in the passive subsystem and reduce spinal dysfunction
(Panjabi, 1992 a).

2.3.4 Local stabilizer muscles
The active subsystem is comprised of various spinal muscles. They have been further
divided into a local stabilizing system and a global stabilizing system. The global

stabilizing system consists of the larger, superficial muscles that are torque-producing,
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phasically working and therefore involve in moving the spine and absorbing external
loads. The local stabilizing system comprises of the deep muscles or part of larger
muscles involved in endurance and stability functions and work tonically such as
transversus abdominus and multifidus. They are therefore influential in controlling
stiffness and the intervertebral relationship of spinal segments and provide posture
control. A list of examples of the muscles that fall into each group is shown below in
Table 2.1 and Table 2.2.

Table 2.1 Muscle Characteristics

Table 1
Muscle Characteristics

Local Global
Deeply placed Superficial
Aponeurotic Fusiform
Slow-twitch nature Fast-twitch nature
Active in endurance activities Active in power activities
Selectively weaken Preferential recruitment
Poor recruitment, may be inhibited Shorten and tighten
Activated at low resistance levels Activated at higher resistance levels
(30-40% maximal voluntary (above 40% maximal voluntary
contraction) contraction)

Lengthen

Local stabilizer muscles:maintain segmental stability by controlling neutral joint
position, and control segmental movement with muscle stiffness. Local muscle
activity is independent of movement direction and provides continuous activity
throughout movement. - While Global stability muscles generate force to control
movements and work eccentrically with contraction to control the range of motion.
Global stabilizer muscles provide non-continuous activity, with activity as direction-

dependent and produce movement with stability.
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Table 2.2 Core Musculature

Table 2
Core Musculature

Local muscles
(stabilization system) Global muscles
{movement system)

Primary Secondary

Transversus abdominis Internal ablique Rectus abdominis

Multifidi Medial fibers of external Lateral fibers of external
obligue oblique
Quadratus lumborum Psoas major
Diaphragm Erector spinae
Pelvic floor muscles lliocostalis (thoracic
lliocostalis and portion)
lognissimus

(lumbar portions)

2.3.4.1 Transversus Abdominis (TrA) in LBP

A study by Cresswell et al in 1992 found that, in normal subjects with maximal
isometric trunk flexion and extension testing with fine wire electromyogram (EMG)
recordings of various trunk muscles, TrA was the only muscle with constant
activation in both movement directions (Cresswell et al., 1992). The other trunk
muscles showed direction-specific activation. In dynamic trunk flexion and
extension, TrA was again found to be the only muscle with constant activation
through range (Cresswell et al., 1992).

Another study by Cresswell et al. (1994) assessed the strategy used by the CNS or
neural control subsystem to protect the spine when an unexpected perturbation was
applied to the trunk. When an unexpected flexion force was added, activation of
erector spinae was noted, while TrA was activated first with a latency of less than 30
milliseconds. When an unexpected extension force was added, the same phenomenon

was observed with TrA activated first.

As in previous studies, TrA demonstrated nondirection-specific activation. The same

mechanism was noted when the perturbation was self-initiated by the subject, i.e.
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anticipated or expected, with the onset of several muscles preceding the perturbation
in an anticipatory role but with TrA again activated first (Cresswell et al., 1994). The
same phenomenon was observed with different directions of arm movement, with TrA
even showing activation prior to that of the deltoid by 30 milliseconds regardless of
direction (Hodges et al., 1997). In other words, the muscles prepared themselves by
initiating contraction prior to loading in a feed-forward manner, with TrA being the
primary stabilizer and being constant (but variable) in activation and non-direction-

specific.

Muscle activity of TrA in LBP was studied to examine whether any changes occurred
in the anticipatory contraction and to look at the activation of TrA with different
directions of arm movement. There was, Iin fact, a significant delay of 50-450
milliseconds in the onset of TrA; the contraction of TrA was delayed by a greater
period in shoulder flexion than in abduction or extension (Hodges and Richardson,
1996). Sometimes, TrA was not activated until after the arm movement was
completed. The same was shown with movements of the lower limb (Hodges et al.,
1996; 1999). A failure of the TrA muscles to prepare the spine for the perturbation
(i.e. limb movement) making the spine more vulnerable to injury. Moreover, TrA in
LBP patients seemed to lose its ability to maintain its non-direction-specific
contraction. In other words, TrA began to behave like other abdominal muscles
which react to direction-specific forces acting on the spine. Once again, Hodges et al.
(1996) reported that TrA was the muscle most affected in people with LBP. EMG
traces with LBP subjects compared with controls revealed that TrA began to behave
in distinct phasic bursts compared to the tonic postural response of TrA in controls
(Hodges et al., 1996).

2.3.4.2 Multifidus.in LBP

Paraspinal muscles have long been believed to be dysfunctional in LBP patients and
this has been detected through measures of muscle activation, fatigability, muscle
composition and muscle size and consistency. Recent evidence points to the
multifidus muscle as being a primary muscle that is adversely affected. As the
multifidus muscle provides local segmental stability of the lumbar spine in normal

function, inhibition of this muscle could have substantial detrimental effects.
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In a study by Hides et al in 1994, the lumbar multifidus was investigated in patients

with acute LBP with a mean duration of two weeks using real time ultrasound
imaging. The cross-sectional area of multifidus was measured bilaterally from L2 to
S1. Marked asymmetry of the cross-sectional area of multifidus was found in the LBP
group. Moreover, the smaller multifidus muscle was found at the symptomatic
segment on the ipsilateral side of symptoms and predominantly confined to one
vertebral level (Hides et al., 1994).

Following on from these initial findings, a randomized, clinical trial was done to
monitor if the multifidus muscle recovered spontaneously over time and to evaluate
the effect of specific rehabilitation of this segmental dysfunction (Hides et al., 1996).
Subjects with acute first episode unilateral LBP demonstrating unilateral segmental
inhibition of multifidus were randomly allocated to a control group with non-active
treatment and an active treatment group who were instructed in specific localized
multifidus exercises. The measures most commonly used in LBP outcome trials, such
as pain and disability scores, showed a gradual reduction of pain and return to
function in the four week intervention period for both groups. This reflected the well-
known natural recovery of an acute episode of LBP. There was virtually no
difference in the pain, ROM and disability measures between the two groups. The
cross-sectional area of multifidus, however, was restored within four weeks for the
treatment group but remained reduced in size on the symptomatic side in the control
group. This decreased size persisted in the control group at a 10 week follow up.
Therefore, recovery of muscle bulk and symmetry of multifidus does not occur
automatically after an episode of LBP. More importantly, the long-term results
showed that only 30% of the intervention group suffered recurrences of LBP
compared with 80% in the control group (Hides et al., 1996). This finding suggested
that the persistence of segmental inhibition of -multifidus reduced the injured

segment’s muscular stability and predisposed it to further injury and recurrent pain.

2.4 Clinical trials to investigate effects of lumbar stabilization exercises (LSES)

Lumbar stabilization exercises focus on exercises that aim to maintain stability in the
lumbar spine. This type of exercise approach has been termed lumbar stabilization,
core stabilization, or segmental stabilization. Although no formal definition of

lumbar stabilization exercises (LSES) exists, this approach is aimed at improving the
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neuromuscular control, strength, and endurance of muscles which are responsible for
maintaining dynamic spinal and trunk stability (Richardson et al., 2004).
Accordingly, researchers attempted to activate deep abdominal muscles independently
of the other trunk muscles in order to promote their ability to stabilize the lumbar
region with specific exercise e.g. abdominal hollowing, lumbar stability exercise or
specific stability exercise. Many clinical trials were conducted to investigate the
effects of these lumbar stabilization exercise programs in reducing pain and disability
of patients with chronic LBP (O’Sullivan et al., 1997; Hides et al., 2001; Rasmussen-
Barr et al., 2003; Niemists et al., 2003; Goldby et al., 2006).

In a clinical trial by O’Sullivan et al (1997), 44 chronic LBP patients with a radiologic
diagnosis of spondylolysis or spondylolisthesis were divided into a control group
which received a 10-week period of conventional active treatment (including
swimming, gym work, sit-ups, etc.) and a treatment group which was given a 10-week
specific exercise program aiming at restoring spinal stability. Outcome measures of
visual analogue scale (\VAS), pain intensity ratings and the Oswestry functional
disability questionnaire revealed a sustained decrease in pain and increase in function
by the specific exercise group at post treatment, 3-month, 6-month and 30-month
follow up assessments relative to the control group (O’Sullivan et al., 1997). It could
be argued that particular muscle groups, such as TrA and multifidus, could help
control a lumbar spine segment and help to compensate for impaired passive joint

structures.

Hides et al. (2001) showed that specific localized exercise could decrease recurrent
LBP. The authors studied the long-term effects of a specific exercise intervention on
recurrence rates in. acute, first-episode LBP. patients.. 39 patients with acute, first-
episode LBP were randomly ‘allocated to either a control group or specific exercise
group. The control group received medical management including advice and use of
medications. The intervention group received exercise program aiming to activate the
multifidus in co-contraction with the TrA muscle. One year and three years after
treatment, telephone questionnaires were conducted with patients. The results showed
that, one year after treatment, specific exercise group recurrence was 30%, and
control group recurrence was 84% (p < 0.001). Three years after treatment, specific
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exercise group recurrence was 35%, and control group recurrence was 75% (p <
0.01). This study concluded that in long-term effects, a specific exercise therapy in
addition to medical management and resumption of normal activity may be more
effective in reducing LBP recurrences than medical management and normal activity
alone (Hides et al., 2001).

Niemists et al. (2003) examined the effectiveness of combined manipulative

treatment, stabilizing exercises, and physician consultation compared with physician
consultation alone for chronic LBP patients. 204 chronic LBP patients, whose
Oswestry disability index was at least 16%, were randomly assigned to either a
manipulative-treatment group or a consultation group. All were clinically examined,
informed about their back pain, provided with an educational booklet, and were given
specific instructions based on the clinical evaluation. The treatment included four
sessions of manipulation and stabilizing exercises aiming to correct the lumbopelvic
rhythm. Questionnaires inquired about pain intensity, self-rated disability, mental
depression, health-related quality of life, health care costs, and production costs. At
the 5- and 12-month follow-ups, the manipulative-treatment group showed more
significant reductions in pain intensity (p < 0.001) and in self-rated disability (p =
0.002) than the consultation group. It was concluded that manipulative treatment with
stabilizing exercises was more effective in reducing pain intensity and disability than
the physician consultation alone.

In addition, Rasmussen-Barr et al. (2003) compared the effects of stabilizing training
with those of manual treatment in-patients with sub-acute-or chronic LBP. 47 patients
were randomized to a stabilizing training group (ST group) or a manual treatment
group-(MT group).. The patients underwent a 6-week treatment program on a weekly
basis. Pain, health and functional disability level at the start of treatment, after
treatment, and at 3- and 12-month follow-ups were assessed. In the ST group all
assessed variables improved significantly (p < 0.05) after the treatment period and
were maintained long term. There was a significant difference between the groups in
assessed function (p < 0.05). More individuals in the ST group had improved than in
the MT group. At the 3-month follow-up significantly more improved individuals
were evident in the ST group regarding pain, general health and functional disability
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levels. In the long term, significantly more (p < 0.05) patients in the MT group
reported recurrent treatment periods. The study concluded that stabilizing training
seemed to be more effective than manual treatment in terms of improvement of

individuals and the reduced need for recurrent treatment periods.

Similarly, Goldby et al. (2006) investigated the efficacy of 2 components of
musculoskeletal physiotherapy on chronic LBP. 346 subjects were randomized to
manual therapy, a 10-week spinal stabilization rehabilitation program, or a minimal
intervention control group. Data were collected at baseline, and 3, 6, 12, and 24
months after intervention. Outcome measures recorded intensity of LBP, disability,
handicap, medication, and quality of life. The results of this study indicated
statistically significant improvements in favor of the spinal stabilization group at the
6-month stage and at the 1-year stage in pain, medication, and disability. This finding
indicated that the spinal stabilization program is more effective than manual therapy
or an education booklet in treating chronic LBP over time. Moreover, both manual
therapy and the spinal stabilization program are significantly effective in pain

reduction in comparison to an active control.

Evidently, these previous studies showed that the effects of lumbar stabilization
exercise are benefit sufficient for improving pain, dysfunction, disability and quality
of life in patients with CLBP. Furthermore, lumbar stabilization exercises are more
effective in reducing LBP recurrences in order to improve trunk muscles activities. In
contrast to the studies previously mentioned, some studied showed that spinal
stabilization exercises did not provide benefit to patients with subacute or chronic
LBP (Arokoski et al., 2004; Koumantakis et al., 2005; Cairns et al., 2006).

Arokoski et al. (2004) assessed paraspinal and abdominal muscle activity during
therapeutic exercises for patients with nonspecific CLBP. The researchers carried out
a cross-sectional study comparing muscle activities during 18 stabilization exercises,
and a prospective follow-up of rehabilitation for patients with CLBP. 9 subjects (5
men, 4 women) participated in 3-month active outpatient rehabilitation (4 to 6 times
in a rehabilitation clinic, supplemented with self-motivated exercise at home). Main
outcome measures used surface electromyography (EMG) to record bilaterally from

L5 level paraspinal, rectus abdominis, and obliquus externus abdominis muscles. The
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recorded signal was averaged and normalized to the maximal EMG amplitude
obtained during the maximal voluntary contraction. The measurements were taken
before and after the exercise treatment period. The study found that the CLBP
patients showed variable trunk muscle activity patterns during the different
therapeutic exercises, similar to those in healthy subjects. The maximal trunk
isometric extension and flexion torques did not show significant changes during the
exercise period. However, trunk rotation-flexion torque increased significantly
(35.8%) after the exercise period (p < 0.05). The corresponding maximal EMG
amplitudes of back and abdominal muscles remained unchanged. Disability, as
assessed by visual analog scale and Oswestry Disability Index, did not change. These
findings concluded that the CLBP patients performed therapeutic exercises with
similar abdominal and back extensor muscle activities in the same way as the healthy
subjects. In this study, stabilization exercise had no effect on the abdominal and back
muscle activities or on pain and functional disability indices. However, this study had
limitation in that the researchers measured the EMG amplitudes of rectus abdominis
muscles and obliquus externus abdominis muscles, not the deep local muscles in the

spinal stabilizing system.

In addition, Koumantakis et al. (2005) examined the usefulness of the addition of
specific stabilization exercises to a general back and abdominal muscle exercise
approach for patients with subacute or chronic nonspecific LBP by comparing a
specific muscle stabilization—enhanced general exercise approach with a general
exercise—only approach. 55 patients with recurrent, nonspecific LBP and no clinical
signs suggesting spinal instability were recruited. Both groups received an 8-week
exercise intervention and written advice (The Back Book). Outcome was based on
self-reported pain (Short-Form McGill Pain Questionnaire), disability (Roland-Morris
Disability Questionnaire), and cognitive status (Pain Self-Efficacy Questionnaire,
Tampa Scale of Kinesiophobia, Pain Locus of Control Scale) measured immediately
before and after intervention and 3 months after the end of the intervention period.
The results of this study found that outcome measures for both groups improved.
Furthermore, self-reported disability improved more in the general exercise—only
group immediately after intervention but not at the 3-month follow-up. There were
generally no differences between the 2 exercise approaches for any of the other

outcomes. These findings concluded that a general exercise program reduced
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disability in the short term to a greater extent than a stabilization-enhanced exercise
approach in patients with recurrent nonspecific LBP.

Besides, Cairns et al. (2006) evaluated the effect of adding specific spinal stabilization
exercises to conventional physiotherapy for patients with recurrent LBP. 97 patients
with recurrent LBP were recruited. Stratified randomization was undertaken into 2
groups: “conventional,” physiotherapy consisting of general active exercise and
manual therapy; and conventional physiotherapy plus specific spinal stabilization
exercises. Outcome variables used were severity of symptoms, duration of symptoms,
and Roland Morris Disability Questionnaire (RMDQ) score at baseline. Pain, quality
of life, and psychologic measures were also collected at 6 and 12 months. The results
showed that both groups had improved physical functioning, reduced pain intensity,
and an improvement in the physical component of quality of life. No statistically
significant differences between the 2 groups were shown for any of the outcomes
measured, at any time. These findings indicated that patients with LBP had
improvement with both treatment packages to a similar degree. There was no
additional benefit of adding specific spinal stabilization exercises to a conventional
physiotherapy package for patients with recurrent LBP. However, the results of this
study must be interpreted with caution since 97 patients included in this study had
their ages varying between 18-60 years. The older patients might have some health

problems which inhibited them from performing the exercise properly.

It can be seen for the review of the effects of LSEs in chronic LBP that although there
have been a wide spread use of these exercise interventions in physiotherapy
practices, their benefits demonstrated in many research studies are still inconsistent.
Obviously, more research in this field is needed. A gym ball exercise is one type of
stability exercise in which researches prospectively investigating its usefulness are
scarce.. The following topic will therefore provide a general picture of using a gym
ball in LBP patients.
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2.5 A gym ball exercise

A gym ball is familiar inexpensive piece of equipment found in many physical
therapy clinics. The gym ball offers excellent opportunities for strengthening muscle
power and improves balance (Oddy, 1996). The rounded shaped of the ball offers a
large area to sit on and inherent instability of this support elicits equilibrium reactions.
The floor beneath and the patient’s feet provided an area of stable support (Oddy,
1996). The gym ball offers the possibility of stimulating similar response much more
easily, since the ball can rolled gently and smoothly in any direction by the patient or
physiotherapist. The automatic responses stimulated by the ball’s inherent instability
and by movement of the ball on the floor, can be used to improve sitting balance and
muscle strength (Oddy, 1996).

2.5.1 Sitting on a gym ball program

In optimal posture, there are three dynamic curves of the spine. These curves
combine with the discs between the vertebrae to absorb the force of gravity through
the spine in the most efficient manner. Studies showed that the pressure on the discs
in sitting is 30 % greater than standing. After ten years of age, the discs have no
direct, internal blood supply and receive most of their nourishment through pressure
changes create by movement of the spine. Lack of sufficient circulation to the disc
leads to degeneration which can caused pain, stiffness and starts a vicious circle of

inactivity and further damage (Posner-Mayer, 1995).

In muscles, static work requires greater consumption of energy for smaller effort.
Dynamic work increases the blood circulation up to twenty times that of static work
and can be performed for a long period without fatigue (Posner-Mayer, 1995). A
larger base of support, i.e. sitting, creates more static positions and less muscle
activity is required to maintain the position. General health can be improved by

reducing the amount of time spent in static, sitting posture (Posner-Mayer, 1995).

The gym ball is a tool used to increase movement while sitting because it is unstable
base of support which requires continual adjustments of the body proportions to
facilitate optimal posture, correct spinal alignment and muscle balance. Ideally, the
hips and knee of the person will be bent at 90 degree angles (Posner-Mayer, 1995).
The ball activates the muscles of the feet, legs, hips and spine in order to efficiently
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maintain the individual’s balance (positioning their center of gravity over their base of
support). For this reason, correct positioning is essential to ensure that muscles
tighten properly to reinforce optimal joint alignment, posture and comfort (Posner-
Mayer, 1995).

Few clinical trials were carried out to demonstrate the effect of sitting on a gym ball
in reducing clinical symptoms and improving spinal stability in patient with chronic
LBP. Only a two-case study report conducted by Merritt and Merritt (2007) that
provided more details about the sitting exercise regimen and the effects of using the
gym ball as a chair for the LBP patients. This report showed that two chronic LBP
patients had a decrease of their pain and disability when they began consistently using
the gym ball. Conversely, there are concerns about its use include muscle fatigue and
falling off the ball when performing tasks on the ball as a chair (Gregory et al., 2006;
O’Sullivan et al., 2006; Merritt and Merritt, 2007). Gregory et al (2006) showed that
prolonged sitting while performing various computer workstation tasks on a stability
ball provided only small changes of muscle activation when sitting on a gym ball as
compared with an office chair, and thus, the use of a gym ball for prolonged sitting
might not be advantageous. Similar to the study of Gregory et al (2006) and
O’Sullivan et al (2006) showed that natural sitting without any limb movements on
unstable surfaces for 1 hour induced grater spinal motion, but did not significantly
alter the amount of activity in the superficial trunk muscles. The sitting manner used

in these two studies, however, did not involve repetitively, active limb movements.

2.5.2 Sitting on a gym ball with limb movements program

Sitting on a gym- ball, patients can also_move the legs or arms or pelvis during
continual sitting by alternately tightening and relaxing these muscles as vigorously as
balance, coordination and comfort allow. Sitting on a gym ball with limb movements
has been used as part of a gym ball stability exercise. When subjects move the limb,
the spine will gravitate to the most comfortable, energy efficient position (optimal
posture as neutral position) by putting the body’s center of gravity over its base of
support to reduce any uneven compression or shearing forces between the vertebrae or
stretch of ligaments or muscles. It will also activate the appropriate muscles

automatically to support the spine in this posture (Posner-Mayer, 1995). No previous
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prospective research has been conducted regarding the effect of sitting on a gym ball

with limb movement exercise in chronic LBP patients.

2.6 Summary

Exercising with a ball can be enjoyable and motivating. It can be designed to be used
as a home exercise program while sitting on a gym ball as a chair with or without
limb movements, or while exercising back, trunk, in combination with upper and
lower limb muscles. The versatility of the ball makes it a great tool for motor
learning. Research shows that it can help improve body balance and postural muscle
control.  Sitting on a gym ball exercise programs focus on retraining the co-
contraction of the TrA and lumbar multifidus muscles that form part of the local
muscle system of the lumbopelvic region. Sitting on a gym ball exercise programs
may be used as treatment interventions to increase lumbar stability that subsequently
may decrease pain and disability in LBP patients. However, more research to approve
the advantages of using the program of sitting on a gym ball for the management of
patients with LBP is extremely needed for supporting its use in healthcare

intervention.



CHAPTER Il

METHODS

3.1 Introduction
This chapter describes the study design, characteristics of participants, outcome

measurements, procedures and statistical analysis.

3.2 Study design

The aims of this trial was to establish the effects of two 8-week sitting on a gym ball
programs, with limb or without limb movements, in relieving pain and disability, as
well as in improving level of isometric lumbo-pelvic stability in patients with chronic
LBP and to compare the effects between both programs. A pre-post test study design
was conducted. Forty subjects were recruited from among mechanical LBP patients
with unilateral or bilateral side of symptoms and aggravated by lumbar postures or
lumbar movements more than 3 months or 12 weeks. The first physical therapist
performed subjective examination by using a screening questionnaire and physical
examination for the indication and contraindication of lumbar stabilization exercise.
Patients who were satisfied with the inclusion criteria were invited to participate in

this study.

With the application of concealed envelopes, subjects were randomly allocated into
two treatment groups (Figure 3.1). The concealed envelopes were pre-assigned using
command “random” in Microsoft Excel prior to the interventions. The subjects were
randomly allocated to one of two treatment intervention groups; Group A as a “sitting
on a gym ball alone’ group-and Group B as a ‘sitting on a gym ball plus limb
movements’ group. The second physical therapist assessed current back pain
intensity, functional disability level and level of modified isometric stability test
before study. The assessor was blinded to subject allocation in two groups exercise

program.
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At the beginning of the intervention, the first physical therapist taught and
demonstrated the exercise following to specific details of exercise programs in the
concealed envelope. At the end of 8-week intervention, the assessor assessed
treatment outcome including pain intensity, functional disability, level of modified

isometric, and the global perceived effect.

Subjects N =40

Random Allocation

Group A (n= 20) Group B (n=20)
Subjects sat on a gym ball Subjects sat on a gym ball with
alone. limb movements.

Figure 3.1 Research design

3.3 Participants

3.3.1 Subjects

This study involved patients with mechanical low back pain or non-specific low back
pain. Mechanical low back pain was defined as pain localized between the 12" rib
and the inferior gluteal folds with or without leg pain. Mechanical low back pain
consisted of mechanical characteristics including symptoms provoked by sustained

lumbar postures, lumbar movements, and activities daily of living.

Subjects, who were between 20 and 45 years of age and had been diagnosed by a
physician as having current mechanical low back pain was recruited into the study.
The inclusion criteria was included patients with chronic mechanical low back pain
who has a minimum of 1 previous episode of low back pain with or without leg pain
necessitating in normal activities, duration of episode was more than 3 months, the
symptoms of patients were aggravated by sustained postures or back movements. The
patients must initially had sufficient pain intensity (greater than 2 of 10 on a

numerical pain intensity scale) to permit a clinically worthwhile effect to be
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demonstrated. All subjects were given a written consent prior to the study. The
exclusion criteria were included patients with specific low back pain or spinal cord
involvement and having straight leg raising less than 70 degrees. Patients who had
undergone a surgery in abdominal area less than 1 year, or who had had a history of
spinal or femoral fractures, lumbar spine stiffness, spinal scoliosis, pregnancy or less
than 1-year postpartum, or hypertension was also excluded. Additionally, patients
who had previously engaged in a lumbar stabilization exercise program or who had
psychiatric illness was excluded from this study. Other considerations for the

exclusion criteria were shown in Table 3.1.

Table 3.1 Exclusion Criteria

Red flags | Evidence of cauda equina compression
Non-mechanical LBP
Clinical presentations of acute motor radiculopathy or nerve root

compression, with new or progressive neurological loss

Surgical Abdominal surgery within the last 12 months
Any spinal surgery

Medical Systemic illness

Neurological or muscular degenerative disorders

Others Pregnancy or less than 1-year postpartum
Psychological distress

3.3.2 Physical Therapist and assessor

Two physical therapists involved in this study. Both physical therapists had clinical
experience at least 2 years. The first physical therapist was responsible for screening
the suitable subjects into the study and providing each subject an exercise program.
The second physical therapist or the assessor was responsible for assessing current
pain intensity, functional disability level, lumbar stability and the global perceived
effect.
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3.4 Outcome measures

3.4.1 Pain Intensity

A numerical rating scale (NRS) was used to measure pain intensity. The subject’s
current back pain intensity was recorded before and after 8 weeks of exercise program
intervention. The scale was also used to rate the back pain intensity of the day before
and after 8 weeks exercise program completed. The NRS used in this study was
presented as 11 point box scale (0 to 10: where ‘0" was defined as no pain and ‘10’

was defined as the worst pain imaginable) (Ostelo and de Vet, 2005).

Figure 3.2 A numerical rating box scale (NRS)

3.4.2 Roland-Morris Disability Questionnaire (RMDQ in Thai Version)
Roland-Morris Disability Questionnaire (RMDQ) in Thai version (see in Appendix A
V) was used to measure disability level of patients with LBP; it was proved to have
excellent test-retest reliability with the intraclass correlation coefficient (ICC) of 0.97
(Pensri et al., 2005). RMDQ was a self-administered questionnaire consisting of 24
items, chosen from the Sickness Impact profile, describing the effect of patient’s back
problem on various dimensions of activities of daily living (ADL), for example
housework, mobility, dressing, and getting help. The subjects were asked to read and
answer by checking or un-checking in RMDQ -Thai version questionnaires. Each
subject was instructed to check each statement that described his or her clinical
condition at the time the questionnaire was completed. Items were scored one point if
checked and zero if unchecked. Thus, the scores could vary from 0 (no perceived) to
24 (maximum disability).

3.4.3 Modified Isometric Stability Test (MIST)

Modified Isometric Stability Test (MIST) was used to test lumbo-pelvic stability or
lumbar stability or core stability of the patients with chronic mechanical low back
pain. MIST was assessed by the subject’s ability in performing the isometric
contractions of the abdominal muscles, in order to hold the pelvis and lower trunk

stable, while load was progressively added by movement of lower limb(s) (Wohlfahrt
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et al., 1993; Hagins et al., 1999; Thongjunjua, 2004; Hongto, 2006). A pressure
biofeedback unit (Chattanooga Australia Pty Ltd) was used to monitor the position of

lumbar spine during the MIST level testing.

The subjects were required to perform the MIST level testing without moving the
pressure gauge dial. To attain a level in the MIST level testing, the lumbar spine
position had to be maintained. Using the pressure biofeedback unit, inability to
maintain the isometric contraction of abdominal muscles and the steady position of
the lumbar spine was readily detected by a drop in pressure below the baseline level.
MIST had 7 levels as 0 to 6. The subjects performed twice in each level of MIST

testing. The result of best level was recorded.

At the beginning of the test, the subjects started the MIST level testing at level 1. The
subjects were specifically instructed not to allow any of the following compensations
to occur: elevation of the shoulders from the table, flexion or extension of the neck,
posterior rotation of the pelvis, protrusion of the rectus abdominis muscle, or
extension of lumbar spine. The assessor monitored the pressure gauge dial for the
movement and the subject’s body for compensations to determine if the subject could
complete the MIST level testing successfully. While the subjects performed MIST
level testing, they should be able to maintain the pressure at 40 mmHg (x 4 mmHg)
which was visible to both subject and the assessor. The subjects sustained that
pressure during three cycles of normal breathing without compensation. The subjects
performed abdominal hollowing and maintain pressure at 40 mmHg (= 4 mmHg).
After that, the subjects were allowed to continue with MIST level 2 or higher MIST
level testing until they could not perform or had any compensation. Then the assessor
stop the MIST level testing and determined the subject’s MIST level from the level
that subject could complete it successfully. Subjects were asked to repeat the test for
the second time. The subject’s ability to perform the MIST level testing was taken on

the best result of two measurements.
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MIST Level 1 testing: Abdominal hollowing (Figure 3.3)

Figure 3.3 MIST Level 1 testing

The subjects were in supine position with knees flexion at 90 degrees and feet flatted
on the floor. The subjects placed their hands on lower abdomen below navel, and feel
their muscle contraction. The subjects were asked to imagine the feeling created in
abdomen while inhale. While exhale, the subjects were asked to imaging bringing
belly to the spine or the subjects were instructed to draw in the lower abdominal wall
while simultaneously contracting isometric of the multifidus. The subjects tried to
hold this position and maintained pressure with breathing normally three times then
back to starting position slowly without challenging out of pressure 40 £ 4 mmHg (If
subjects could not perform the MIST level 1 successfully, they was recorded as
having the MIST level 0).

MIST Level 2 testing: Unilateral abduction (Figure 3.4)

Figure 3.4 MIST Level 2 testing

The subjects performed the MIST level 2 testing in supine position with knees flexion
at 90 degrees and feet flatted on the floor. The subjects acted the abdominal
hollowing by contracting abdominal muscles. While maintaining these contractions,

the subjects were instructed to abduct their right leg to approximately 45 degrees in
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relation to the floor during left knee motionless. The subjects tried to hold this
position and maintained pressure with breathing normally three times, then put the
right leg back to starting position slowly without challenging out of pressure 40 * 4
mmHg. Each subject was asked to continue a normal breathing pattern throughout the
MIST level 2 testing (If subjects could not perform the MIST level 2 successfully,
they was recorded as having the MIST level 1).

MIST Level 3 testing: Unilateral knee extension (Figure 3.5)

Figure 3.5 MIST Level 3 testing

The subjects performed the MIST level 3 testing in supine position with knees flexion
at 90 degrees and feet flatted on the floor. The subjects acted the abdominal
hollowing by contracting abdominal muscles. While maintaining the contraction of
abdominal muscles, the subjects were asked to extend their right knee joint to zero
degree and controlled the thigh in the same level both sides during left knee
motionless. The subjects tried to hold this position and maintained pressure with
breathing normally three times and put the right leg back to starting position slowly
without challenging out of pressure 40 -+ 4 mmHg.. Each subject was asked to
continue a normal breathing pattern throughout the MIST ‘level 3 testing (If subjects
could not perform the MIST level 3 successfully, they was recorded as having the
MIST level 2).
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MIST Level 4 testing: Unilateral knee raise (Figure 3.6)

Figure 3.6 MIST Level 4 testing

The subjects performed the MIST level 4 testing in supine position with knees flexion
at 90 degrees and feet flatted on the floor. The subjects acted the abdominal
hollowing by contracting abdominal muscles. While the subjects were maintaining
these contractions, the subjects were asked to raise their right legs toward chest until it
just passed the right hip flexion approximately 90 degrees and allowed the right knee
to flex naturally. While subjects performed the lift, they were not allowed to move
the left leg, head, neck and shoulders. The subjects tried to hold this position and
maintain pressure with breathing normally three times and put the right leg back to
starting position slowly without challenging out of pressure 40 £ 4 mmHg. Each
subject is asked to continue a normal breathing pattern throughout the MIST level 4
testing (If subjects could not perform the MIST level 4 successfully, they was
recorded as having the MIST level 3).

MIST Level 5 testing: Bilateral knee raise (Figure 3.7)

Figure 3.7 MIST Level 5 testing
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The subjects performed the MIST level 5 testing in supine position with knees flexion
at 90 degrees and feet flatted on the floor. The subjects acted the abdominal
hollowing by contracted abdominal muscles. While maintaining these contractions,
each subject was asked to raise the right leg toward chest until it just passed the right
hip flexion approximately 90 degrees with the right knee to flexion position. The
subjects held their right leg in this position and raised the left leg in the same manner.
Therefore both legs were elevated and both hips flexion approximately 90 degrees
with both knees to flexion position. The subjects tried to hold this position and
maintained pressure with breathing normally three times then put the right leg back to
starting position and put the left leg back to starting position slowly without
challenging out of pressure 40 + 4 mmHg. Each subject was asked to continue a
normal breathing pattern throughout the MIST level 5 testing (If subjects could not
perform the MIST level 5 successfully, they was recorded as having the MIST level
4),

Level 6 testing: Bilateral knee rise together (Figure 3.8)

Figure 3.8 MIST Level 6 testing

The subjects performed the MIST level 6 testing in supine position with knees flexion
at 90 degrees and feet flat on the floor. The subjects acted the abdominal hollowing
by contracted abdominal muscles. While maintaining these contractions, the subjects
raised their both legs toward chest until just passed both hips flexion approximately
90 degrees with both knees flex naturally. The subjects tried to hold this position and
maintained pressure with breathing normally three times and did not allow moving
head, neck or shoulders then put both legs back to starting position together and
slowly without challenging out of pressure 40 + 4 mmHg. Each subject was asked to

continue a normal breathing pattern throughout the MIST level 6 testing (If subjects
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could not perform the MIST level 6 successfully, they was recorded as having the
MIST level 5).

The test-retest reliability of the MIST test was examined in a pilot work (see
Appendix C). Weight Kappa coefficient showed good test-retest reliability of the

MIST measurements. The Weight Kappa coefficient was 0.708.

3.4.4 Global Perceived Effect (GPE)

7|65 4|383|-2|-1|]0}12 |3 |4]|5]|6]|7

Figure 3.9 A global perceived effect box scale

The change of the overall of the patient’s symptoms after 8 weeks of the exercise
programs in both groups was recorded using a global perceived effect scale. The
global perceived effect showed as a 15-point box scale (-7 to 7) (Figure 3.9). The
scale was shown immediately after receiving the intervention to the patient with low
back pain. The subjects were asked to rate any change in their symptoms on the
scale: -7 = “vastly worse”, 0 = “unchanged” and 7 = “completely recovered” (Ostelo
and de Vet, 2005), as shown in Appendix A VII.

3.5 Experimental equipments

3.5.1 A gym ball

The gym ball (also known as ‘fitness’, ‘exercise’; “swiss’ ‘or ‘physio’ ball) was an
inflatable ball designed for use in training and exercise programs, with a variety of
exercises targeting different parts of the ‘body. « It was also used in physical
rehabilitation programs, usually under the direction of a physical therapist or health
professional. The gym ball was used to exercise for reducing pain and increasing
lumbar stability in this study. The gym ball was an air-filled on the ball about 55, 65,
75 and 85 cm in a diameter. The suitable size for each patient was assessed before the
beginning of the exercise study. Each patient was taught to properly sit on a gym ball
with straight back, hip and knee flexion of 90 degrees (Posner-Mayer, 1995).
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Additionally, the patients must controlled body alignment and felt comfortable on a
gym ball throughout the study (Figure 3.10).

Figure 3.10 Suitable sizes of the subjects while sitting on a gym ball

3.5.2 Pressure biofeedback unit (Stabilizer)

A pressure biofeedback unit (Stabilizer, Chattanooga Australia Pty Ltd) was used to
measure the MIST level testing in this study. A Stabilizer pressure biofeedback unit
was designed to indirectly measure the subjects’ ability to perform a Tranversus
Abdominis (TrA) isolation test, and monitored the lumbo-pelvic stability. A pressure
biofeedback unit consisted of tri-sectional inflatable rectangular cushion (23x14cm)
connecting to a pressure gauge (measuring 0-300.mmHg) and inflation device (Figure
3.11). The cushion was inflated to accommodate the existing space between the
subject’s lumbar spine and the mat (approximately 40 mmHg). The device was sealed
and placed centrally between lumbar spines from S2 to approximately L1 on a hard
surface of the mat. The device was used to monitor the position of lumbar spine
during the MIST level testing. External force performed to the cushion reflecting
change in pressure. Additionally, any changes in pressure reflected to the occurrence
of uncontrolled movement of the lumbar spine. This device had been shown to be a
reliable and valid tool for evaluation of deep abdominal muscle function (Cairns et al.,
2000) and lumbar stabilization (Richardson et al., 1992; Wohlfart et al., 1993; Hagins
etal., 1999)
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Figure 3.11 A pressure biofeedback unit (Stabilizer)

3.6 Procedures

Patients with chronic mechanical low back pain at outpatient physical therapy clinic,
Sawanpracharak Hospital were invited to participate in this study. If they agreed to
participate, potential subjects were informed the study details. The inclusion criteria
and exclusion criteria were used for the recruitment of subjects. The tools used for
this purposes consisted of a screening questionnaire (Appendix A V) and physical
examination completed by the first physical therapist. The eligible subjects with no
any contraindications-for the lumbar stabilization exercise were asked to sign an
informed consent form (Appendix A Il) and thereafter were described as ‘subjects’.
Height, weight and body mass index-(BMI). were-measured for each subject. The
subjects were randomly allocated into two groups by the first physical therapist using
a concealed envelope which had been pre-assigned exercise interventions prior to the
study. Two subject groups consisted of Group A: “sitting on a gym ball alone” group
or control group and Group B: “sitting on a gym ball plus limb movements” group or
experimental group. All procedures and objectives of the study were explained to all
subjects by the first physical therapist and the related documents were provided to all

subjects (Appendix A I11). The current study was one part of a bigger research study



38

entitled “an investigation of the effectiveness of sitting on a gym ball as a treatment
for patients with low back pain: a 6-month follow-up clinical trial” which was
approved by the Ethical Review Committee for Research Involving Human Subjects

and/or Use of Animal in Research, Chulalongkorn University (Appendix A I).

Baseline measurements were current low back pain intensity (Appendix A V), RMDQ
(Appendix A V1) and MIST level testing. After an 8-week exercise program, current
low back pain intensity, RMDQ and MIST level testing were measured again,
together with GPE (Appendix A VII). Current low back pain intensity, RMDQ and
GPE were independently rated on the relevant scales by the subjects, whereas The
MIST level testing were taken by the assessor who was blinded to all subjects in both
exercise groups. All measurement data of each subject were recorded in a data

collection sheet (Appendix A VIII).

At the commencement of the interventions, the first physical therapist demonstrated
and trained the subjects in each group to perform exercise intervention following to
their assigned group. Subjects in Group A were trained to perform sitting on a gym
ball exercise program following to Group A-Handout program (Appendix B I). While
subjects in Group B were trained to perform sitting on a gym ball plus limb
movement exercise program following to Group B-Handout program (Appendix B
I). Initially, all subjects were asked to practice the exercise at physical therapy clinic
until they ensured that they understood proper exercise technique and exercise
intensity that need to be completed.

Each subject was given a home exercise program to continue during the eight weeks
follow up. ~Handouts with pictures-and instructions of the details exercise program
were left at the physical therapy clinic for the subjects to review as needed. The
subjects were encouraged to perform exercise at home for 8 weeks by telephone
follow up every week. Each subject was required to record the timing and date of
performing exercise program in an exercise diary throughout 8 weeks. After the
completion of the exercise program, subjects visited the physical therapy clinic for the

final assessment.
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3.6.1 Group A. Sitting on a gym ball exercise program

Starting position: The subjects sat on a gym ball correctly with straight back (neutral
spine position), hips flexed at 90 degrees or slightly greater than 90 degrees and knee
flexed at 90 degrees while the arms resting comfortably of the thighs and shoulders
relaxed. The neutral spine and pelvic position belonged halfway between a full
anterior pelvic tilt and a full posterior pelvic tilt (see Figure 3.12). Both feet flatted on
the floor slightly further apart. The subjects adjusted the body alignment and

equilibrium through sitting on a gym ball.

Exercise: The subjects in Group A performed an exercise by sitting on a gym ball
with focusing on the control of the neutral spine and pelvic position and balance.
During sitting period, the subjects had isometric exercise of the trunk, upper extremity
muscles and leg muscles. Subjects performed the exercise once a day and at least five
days a week. Initially, subjects sat on a gym ball for 20 minutes long for each
exercise session, and this sitting duration was continuously increased in the following
weeks if they did not have discomfort or pain following to the exercise. The subjects
continuously performed this exercise program for eight weeks. The details of this
exercise program were follows to Group A-Handout, its conclusive details are shown
in Table 3.2.

Figure 3.12 Sitting on a gym ball exercise
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Table 3.2 Sitting on a gym ball exercise program

Week | Round1 | Rest Round 2 Rest Round 3 Total time
(min.) (min.) (min.) (min.) (min.) (min.)
1 20 - - - - 20
2 20 5 5 - - 25
3 20 5 10 - - 30
4 20 5 15 - - 35
5 20 ) 20 - - 40
6-8 20 5 20 5 10 50

e In week 1, total sitting time was 20 minutes, subjects sat continuously on a gym ball

as long as 20 minutes.

e In week 2, total sitting time was 25 minutes, subjects sat continuously on a gym
ball as long as 20 minutes in the first round, rest 5 minutes and sat continuously on a

gym ball as long as 5 minutes in the second rounds.

e In week 3, total sitting time as 30 minutes, subjects sat continuously on a gym ball
as long as 20 minutes in the first round, rest 5 minutes and sat continuously on a gym

ball as long as 10 minutes in the second rounds.

e In week 4, total sitting time as 35 minutes, subjects sat continuously on a gym ball
as long as 20 minutes in the first round, rest 5 minutes and sat continuously on a gym

ball as long as 15 minutes in the second rounds.

e In week 5, total sitting time as 40 minutes, subjects sat continuously on a gym ball
as long as 20 minutes in the first round, rest 5 minutes and sat continuously on a gym

ball as long as 20 minutes in the second rounds.

e From week 6 until week 8, total sitting time was 50 minutes, the subjects sat

continuously on a gym ball as long as 20 minutes in the first round, rest 5 minutes, sat
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continuously on a gym ball as long as 20 minutes in the second rounds, rest 5 minutes

and sat continuously on a gym ball as long as 10 minutes in the third rounds.

3.6.2 Group B. Sitting on a gym ball plus limb movement exercise program

Starting position: Subjects sat on a gym ball correctly with straight back (neutral
spine position), hips flexed at 90 degrees or slightly greater than 90 degrees and knee
flexed at 90 degrees while the arms resting comfortably on the thighs and shoulders
relaxed. The neutral spine and pelvic position belonged halfway between a full
anterior pelvic tilt and a full posterior pelvic tilt. Both feet flatted on the floor slightly
further apart. The subjects must controlled the body alignment while exercise.

Exercise: The subjects in Group B performed exercise in sitting on a gym ball plus
limb movement exercise program following to the details of 12 maneuvers exercise
program that was described in Group B-Handout. The subjects performed
continuously this exercise program one session per day and five days per week
throughout eight weeks. The details of this exercise program were follows to Group
B-Handout.
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e In week 1 and week 2, subjects performed sitting on a gym ball plus both limbs
exercise following to 12 maneuvers for one session per day, five days per week. In
each maneuver, the subjects performed 10 repetitions following to the details in Table
3.3.

Table 3.3 Twelve maneuvers of sitting on a gym ball plus limb movement exercise

program in week 1 and 2

Maneuvers Repetitions | Rest between
each
maneuver

1. Anterior and posterior pelvic tilt 10 no

2. Lateral pelvic tilt (to right and to left) 10 no

3. Sitting with right leg raise 10 no

4. Sitting with left leg raise 10 no

5. Sitting with right leg raise and roll back 10 no

6. Sitting with left leg raise and roll back 10 no

7. Sitting with both shoulder flexion 10 no

8. Sitting with both shoulder abduction 10 no

9. Sitting with right leg raise and both shoulder 10 no
flexion

10.Sitting with left leg raise and both shoulder 10 no
flexion

11.Sitting with right leg raise and both shoulder 10 no
abduction

12.Sitting with left leg raise and- both shoulder 10 no
abduction
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e In week 3 and week 4, subjects performed sitting on a gym ball plus both limbs
movement following to 12 maneuvers for one session per day, five days per week. In
each maneuver, the subjects performed 15 repetitions and rest one minute between

each maneuver following to the details in Table 3.4.

Table 3.4 Twelve maneuvers of sitting on a gym ball plus limb movement exercise

program in week 3 and 4

Maneuvers Repetitions | Rest between
each
maneuver

1. Anterior and posterior pelvic tilt 15 1

2. Lateral pelvic tilt (to right and to left) 15 1

3. Sitting with right leg raise 15 1

4. Sitting with left leg raise 15 1

5. Sitting with right leg raise and roll back 15 1

6. Sitting with left leg raise and roll back 15 1

7. Sitting with both shoulder flexion 15 1

8. Sitting with both shoulder abduction 15 1

9. Sitting with right leg raise and both shoulder 15 1
flexion

10.Sitting with left leg raise and both shoulder 15 1
flexion

11.Sitting with right leg raise and both shoulder 15 1
abduction

12.Sitting with left leg raise and both shoulder 15 1
abduction
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e From week 5 to week 8, the subjects performed sitting on a gym ball plus both
limbs movement following to 12 maneuvers for one session per day, five days per
week. In each maneuver, subjects performed 20 repetitions and rest one minute

between each maneuver following to the details in Table 3.5.

Table 3.5 Twelve maneuvers of sitting on a gym ball plus limb movement exercise

program between week 5 and 8

Maneuvers Repetitions | Rest between
each
maneuver

1. Anterior and posterior pelvic tilt 20 1

2. Lateral pelvic tilt (to right and to left) 20 1

3. Sitting with right leg raise 20 1

4. Sitting with left leg raise 20 1

5. Sitting with right leg raise and roll back 20 1

6. Sitting with left leg raise and roll back 20 1

7. Sitting with both shoulder flexion 20 1

8. Sitting with both shoulder abduction 20 1

9. Sitting with right leg raise and both shoulder 20 1
flexion

10.Sitting with left leg raise and both shoulder 20 1
flexion

11.Sitting with right leg raise and both shoulder 20 1
abduction

12.Sitting with left leg raise and both shoulder 20 1
abduction
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3.6.3 Details of Twelve maneuvers

There were 12 maneuvers that subjects in a ‘sitting on a gym ball plus limb
movements’ were asked to perform al least five days per week. Details of each
maneuver including a starting position and limb movement exercise were explained as
followings. With regard to each set of exercise, subjects repeated each maneuver for
10 repetitions per set per day in week 1 and week 2, 15 repetitions in week 3 and

week 4, and 20 repetitions in week 5 until week 8 of exercise program.

3.6.3.1 Maneuver 1: Anterior and posterior pelvic tilt

Starting position: Subjects sat on a gym ball correctly with straight back (neutral
spine position), hips flexed at 90 degrees or slightly greater than 90 degrees and knee
flexed at 90 degrees while the arms resting comfortably on the thighs and shoulders
relaxed. The neutral spine and pelvic position belonged halfway between a full
anterior pelvic tilt and a full posterior pelvic tilt. Both feet flatted on the floor slightly
further apart (see Figure 3.13).

Figure 3.13 Starting position of anterior and posterior pelvic tilt

Anterior pelvic tilt exercise: Subjects put the hand on the hips and flatted lower back
by sliding the hips forward on the ball. The ball should be moved forward slightly as
the anterior pelvic tilt. The subjects held this position for 10 seconds per 1 repetition.
Then they slid the hips backward to neutral lumbar spine and neutral pelvic posture

(back to starting position) (see Figure 3.14).
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Figure 3.14 Anterior pelvic tilt exercise

Posterior pelvic tilt exercise: Subjects put the hand on the hips and flatted lower back
by sliding the hips forward on the ball. The ball should be moved backward slightly
as the posterior pelvic tilt. They held this position for 10 seconds per 1 repetition.
Then they slid the hips forward to neutral lumbar spine and neutral pelvic posture

(back to starting position) (see Figure 3.15).

Figure 3.15 Posterior pelvic tilt exercise

3.6.3.2 Maneuver 2: Lateral pelvic tilt (to the right and to the left)

Starting position: Subjects sat on a gym ball correctly with straight back (neutral
spine position), hips flexed at 90 degrees or slightly greater than 90 degrees and knee
flexed at 90 degrees while the arms resting comfortably on the thighs and shoulders

relaxed. The neutral spine and pelvic position belonged halfway between a full
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anterior pelvic tilt and a full posterior pelvic tilt. Both feet flatted on the floor slightly

further apart (see Figure 3.16).

Figure 3.16 Starting position of Lateral pelvic tilt

Lateral pelvic tilt to the right exercise: Subjects put the hands on the hips and flatted
lower back by sliding the hips laterally toward the right side on the ball. The ball
should be moved laterally to the right side slightly as the lateral pelvic tilt to the right.
They held this position for 10 seconds per 1 repetition. Then they slid the hips
medially back to neutral lumbar spine and neutral pelvic posture (back to starting

position) (Figure 3.17).

Figure 3.17 Lateral pelvic tilt to the right exercise
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Lateral pelvic tilt to the left exercise: Subjects put the hands on the hips and flatted
lower back by sliding the hips laterally toward the left side on the ball. The ball
should be moved laterally to the left side slightly as the lateral pelvic tilt to the left.
They held this position for 10 seconds per 1 repetition. Then they slid the hips
medially back to neutral lumbar spine and neutral pelvic posture (back to starting
position) (Figure 3.18).

Figure 3.18 Lateral pelvic tilt to the left exercise

3.6.3.3 Maneuver 3: Sitting on a gym ball with right leg raise
Starting position: = Subjects performed the starting position the same position as

demonstrated in Figure 3.13.

Exercise: Subjects put the hands on the hips and flatted lower back. Then they
raised the right leg with knee flexed 90 degrees; off the floor with “smooth” or “non-
jerky” motion-and held this position for 10 seconds per 1 repetition. While they tried
to keep the ball stilling and back straight with_hips-pelvic level, they raised the right

leg down'to the floor back to starting position (see Figure 3.19).
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Figure 3.19 Sitting on a gym ball with right leg raise

3.6.3.4 Maneuver 4: Sitting on a gym ball with left leg raise
Starting position: Subjects performed the starting position the same position as
demonstrated in Figure 3.13.

Exercise: Subjects put the hands on the hips and flatted lower back. Then they
raised the left leg with knee flexed 90 degrees off the floor with “smooth” or “non-
jerky” motion. They held this position for 10 seconds per 1 repetition. While the
subjects tried to keep the ball stilling and the back straight with hips-pelvic level, they

raised the left leg down to the floor and back to starting position (see Figure 3.20).
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Figure 3.20 Sitting on a gym ball with left leg raise
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3.6.3.5 Maneuver 5: Sitting on a gym ball with right leg raise and roll back
Starting position: Subjects performed the starting position the same position as

demonstrated in Figure 3.13.

Exercise: Subjects put the hands on the hips and flatted lower back. Then they
raised the right leg with knee flexed 90 degrees off the floor with “smooth” or “non-
jerky” motion and rolled back by trunk flexion. They held this position for 10 seconds
per 1 repetition. While the subjects tried to keep the ball stilling and the back straight
with hips-pelvic level, they extended back straightly and raised the right leg down to

the floor and back to starting position (see Figure 3.21).

Figure 3.21 Sitting on a gym ball with right leg raise and roll back

3.6.3.6 Maneuver 6: Sitting on a gym ball with left leg raise and roll back
Starting position: Subjects performed the starting position the same position as

demonstrated in Figure 3.13.

Exercise: Subjects put the hands on the hips and flatted lower back. Then they
raised the left leg with knee flexed 90 degrees off the floor with “smooth” or “non-
jerky” motion and rolled back by trunk flexion. They held this position for 10 seconds
per 1 repetition. While the subjects tried to keep the ball stilling and the back straight
with hips-pelvic level, they extended back straightly and raised the left leg down to

the floor and back to starting position (see Figure 3.22).
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Figure 3.22 Sitting on a gym ball with left leg raise and roll back

3.6.3.7 Maneuver 7: Sitting on a gym ball with both shoulders flexion
Starting position: Subjects performed the starting position the same position as

demonstrated in Figure 3.13.

Exercise: Subjects flatted lower back and flexed both shoulders with elbows straight
as high as possible to produce “smooth” or “non-jerky” motion. They held this
position for 10 seconds per 1 repetition. While the subject tried to keep the ball
stilling and the back straight with hips-pelvic level, they extended their shoulders with

elbows straight back to starting position (see Figure 3.23).

Figure 3.23 Sitting on a gym ball with both shoulders flexion
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3.6.3.8 Maneuver 8: Sitting on a gym ball with both shoulders abduction
Starting position: Subjects performed the starting position the same position as

demonstrated in Figure 3.13.

Exercise: Subjects flatted lower back and abducted both shoulders with elbows
straight as high as possible to produce “smooth” or “non-jerky” motion. They held
this position for 10 seconds per 1 repetition. While the subject tried to keep the ball
stilling and the back straight with hips-pelvic level, they adducted the shoulders with

elbows straight and back to starting position (see Figure 3.24).

Figure 3.24 Sitting on a gym ball with both shoulders abduction

3.6.3.9 Maneuver 9: Sitting on a-gym ball with right leg raise and both shoulders
flexion
Starting position: Subjects performed the starting position the: same position as

demonstrated in Figure 3.13.

Exercise: The subjects flatted lower back. Then they raised the right leg with knee
flexed 90 degrees off the floor and flexed both shoulders as high as possible with
“smooth” or “non-jerky” motion. They held this position for 10 seconds per 1
repetition. While the subject tried to keep the ball stilling and the back straight with
hips-pelvic level, they extended both shoulders to the body level and raised the right
leg down to the floor and back to starting position (see Figure 3.25).
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Figure 3.25 Sitting on a gym ball with right leg raise and both shoulders flexion

3.6.3.10 Maneuver 10: Sitting on a gym ball with left leg raise and both shoulders
flexion
Starting position: Subjects performed the starting position the same position as

demonstrated in Figure 3.13.

Exercise: Subjects flatted lower back. They then raised the left leg with knee flexed
90 degrees off the floor and flexed both shoulders as high as possible with “smooth”
or “non-jerky” motion. They held this position for 10 seconds per 1 repetition. While
the subject tried to keep the ball stilling and the back straight with hips-pelvic level,
they extended both shoulders to the body level and raised the left leg down to the
floor and back to starting position (see Figure 3.26).

Figure 3.26 Sitting on a gym ball with left leg raise and both shoulders flexion
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3.6.3.11 Maneuver 11: Sitting on a gym ball with right leg raise and both shoulders
abduction
Starting position: Subjects performed the starting position the same position as

demonstrated in Figure 3.13.

Exercise: Subjects flatted lower back. The they raised the right leg with knee flexed
90 degrees off the floor and abducted both shoulders as high as possible with
“smooth” or “non-jerky” motion. They held this position for 10 seconds per 1
repetition. While the subject tried to keep the ball stilling and the back straight with
hips-pelvic level, they adducted both shoulders to the body level and raised the right
leg down to the floor and back to starting position (Figure 3.27).

Figure 3.27 Sitting on a gym ball with right leg raise and both shoulders abduction

3.6.3.12 Maneuver 12: Sitting on a .gym ball with left leg raise and both shoulders
abduction
Starting -position:- Subjects -performed the -starting jposition-the same position as

demonstrated in Figure 3.13.

Exercise: Subjects flatted lower back. The they raised the left leg with knee flexed
90 degrees off the floor and abducted both shoulders as high as possible with
“smooth” or “non-jerky” motion. They held this position for 10 seconds per 1
repetition. While the subject tried to keep the ball stilling and the back straight with
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hips-pelvic level, they adducted both shoulders to the body level and raised the left
leg down to the floor and back to starting position (see Figure 3.28).

Figure 3.28 Sitting on a gym ball with left leg raise and both shoulders abduction

3.7 Data analysis

Raw data collected from each subject group were demonstrated in Appendix D. In
order to examine the outcome of an 8-week sitting on a gym ball program obtained in
individual exercise group, the following statistical tests were performed. This study
used SPSS for Microsoft Windows release 11.5 program for statistical analysis.
Independent sample t-test was performed to determine whether there was difference
in general baseline characteristics of subjects between the two groups. Since the
outcome data were not normally distributed, non-parametric statistics were used for
the following analysis. Mann-Whitney U test was used on baseline data to account
for group differences on entry to the trial for current pain intensity (NRS), functional
disability (RMDQ), and lumbar stability level (MIST). For within group analysis,
Wilcoxon signed ranks test were used to assess whether there were differences in the
current. pain intensity, functional disability, and levels of lumbar stability, between
pre- and post-test for individual group. Regarding between-groups analysis, Mann-
Whitney U test was used to analyze the differences on change scores for each
measure. In addition, Mann-Whitney U test was also used to detect whether there was
difference of the level of global perceived effect between the two groups. A p-value

was less than 0.05 considered as statistically significant.



CHAPTER IV

RESULTS

4.1 Introduction

This chapter presents the current results of the current study. Firstly, baseline
characteristics of subjects compared between two sample groups were presented.
Secondly, outcome data measured at pre- and post-intervention for each group were
compared. Finally, the data of change score after completing the exercise between the

two groups were studied.

4.2 Characteristics of Subjects

Forty patients completed the 8-week exercise intervention. No dropouts from the
exercise programs were found. On entry to the trial, the sample subjects were
randomly divided into two groups; ‘sitting on a gym ball alone’ group and ‘sitting on
a gym ball plus limb movements” group. Each group consisted of 20 patients with
chronic LBP. The ‘sitting on a gym ball alone’ group consisted of 16 females and 4
males, while the ‘sitting on a gym ball plus limb movements’ group consisted of 14
females and 6 males. In regard to demographic details at baseline, there were no
statistically significant differences between the two groups for means of age, weight,
height, and body mass index as shown in Table 4.1. Moreover, when clinical status at
baseline was considered, there were no statistically significant differences between
the two groups for median values of current pain intensity, level of functional

disability, and level of lumbar stability as shown in Table 4.2.
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Table 4.1 Means and standard deviations of age, weight, height, and body mass index
of subjects in the “sitting on a gym ball alone’ group (Group A) and the “sitting on a

gym ball plus limb movements’ group (Group B).

Variables Group A (n=20) Group B (n=20) p-value
Mean SD Mean SD
Age (yr) 37.35 5.05 34.80 5.57 0.353
Weight (kg) 53.08 8.90 56.33 9.63 0.479
Height (cm) 158.45 7.04 159.40 8.69 0.879
BMI (kgm?) 21.09 2.55 22.10 2.58 0.772

p-value from independent sample t-test

Table 4.2 Median values (Q1, Q3) of current pain intensity (NRS), level of functional
disability (RMDQ), and level of lumbar stability (MIST) of subjects in the ‘sitting on
a gym ball alone” group (Group A) and the ‘sitting on a gym ball plus limb
movements’ group (Group B).

Groups

Variables Group A Group B p-value
Median (Q1,Q3) Median (Q1,Q3)

Current pain

(NRS) 4 (3,5) 4 (3,5) 0.947
Functional disability level

(RMDQ) 3.5(2,5) 5.5 (3,7.75) 0.068
Level of lumbar stability

(MIST) 2 (1.25;3) 2(1,3) 0.512

p-value from Mann-Whitney U test
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4.3 Within-group analysis

Results in this section describe clinical outcome of the exercise programs studied by
comparing pre-treatment scores with post-treatment scores. Analysis of difference
within the ‘sitting on a gym ball alone’ group after the 8-week exercise program
revealed significant improvement in this group regarding current pain (NRS; p <
0.001), functional disability level (RMDQ); p < 0.001) and level of lumbar stability
(MIST; p = 0.003). The results of the within-group analysis of the “sitting on a gym
ball alone’ group are presented in Table 4.3. Similarly, the “sitting on a gym ball plus
limb movements’ group also demonstrated significant improvement after the exercise
program regarding current pain (NRS; p < 0.001), functional disability level (RMDQ;
p < 0.001) and level of lumbar stability (MIST; p = 0.01). The results of the within-
group analysis of the “sitting on a gym ball plus limb movements’ group are presented
in Table 4.4.

Table 4.3 Comparison of median values (Q1,Qs) of the NPS, RMDQ, MIST for the

‘sitting on a gym ball alone’ group (Group A) among pretest and posttest

Group A

Outcome measure Pre-test Post-test p-value
Median (Q1,Qs) | Median (Q1,Qs)

Current pain

(NRS) 4 (3,5) 0(0,1) <0.001*
Functional disability level

(RMDQ) 3.5(2,5) 0.(0,2) <0.001*
Level of lumbar stability

(MIST) 2 (1.25,3) 3(2,4) 0.003*

p-value from Wilcoxon signed ranks test, * significant difference at p < 0.05
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Table 4.4 Comparison of median values (Q1,Qs) of the NPS, RMDQ, MIST for the

‘sitting on a gym ball plus limb movements’ group (Group B) among pretest and

posttest

Group B
Outcome measure Pre-test Post-test p-value
Median (Q1,Q3) | Median (Q1,Qs)

Current pain 4 (3,5) 0(0,2) <0.001*
(NRS)
Functional disability level 5.5 (3,7.75) 0(0,1) <0.001*
(RMDQ)
Level of lumbar stability 2(1,3) 4 (3,4) 0.001*
(MIST)

p-value from Wilcoxon signed ranks test, * significant difference at p < 0.05
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To visualize the dispersion of the data for within-group analysis, the medians and
interquartile ranges (Qi1,Q3) of current pain (NRS), functional disability level
(RMDQ), and level of lumbar stability (MIST) determined at baseline and after the
completion of the 8-week exercise program were plotted for each subject group as
demonstrated in Figure 4.1, 4.2 and 4.3, respectively.
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Figure 4.1 Current pain (NRS) assessed at baseline and after treatment period. Group
A = the ‘sitting on a gym ball alone’ group, Group B = the ‘sitting on a gym ball plus
limb movements’ group
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Figure 4.2 Functional disability level (RMDQ) assessed at baseline and after

treatment period. Group A = the ‘sitting on a gym ball alone’ group, Group B = the

‘sitting on a gym ball plus limb movements’ group
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Figure 4.3 Level of lumbar stability (MIST) assessed at baseline and after treatment

period. Group A = the “sitting on a gym ball alone’ group, Group B = the *sitting on a

gym ball plus limb movements’ group
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4.4 Between-groups analysis

When comparing change score of outcome measures between the groups, there was a
tendency towards significant difference relating to functional disability level assessed
by RMDQ in the ‘sitting on a gym ball plus limb movements’ group (Group B) after
the completion of the 8-week exercise program (p = 0.043) (Table 4.5). No
significant difference was found between the groups after the exercise programs
regarding current pain (p = 0.253), and level of lumbar stability (p = 0.157).

Table 4.5 Comparison of median values (Q;,Q3) of the change score of NRS, RMDQ,
MIST between Group A and Group B

Outcome measure Group A Group B p-value
Median (Q1,Qs) Median (Q1,Qs)
Change score of NRS 3.5(3,4.75) 3(2.25,4) 0.253
Change score of RMDQ 2(1,5) 4.5 (2,7.75) 0.043*
Change score of MIST 1(0,1.75) 1(0.25,2) 0.157

p-value from Mann-Whitney U test, * significant difference at p <0.05
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With regard to the patient satisfaction to treatment outcome assessed by a global
perceived effect questionnaire (GPE), the result showed that all patients in the two
groups felt that their symptoms were improved after the exercise programs. The level
of self-reported improvement however varied among the subjects. Figure 4.4 presents
the frequency of subjects in each group for each level of satisfaction. Table 4.6
demonstrated the medians and interquartile ranges (Q1,Qs) of patient satisfaction for
the two groups, and showed that there was no significant difference between the two

groups (p = 0.820).
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Figure 4.4 The frequency of subjects indicating their level of satisfaction to treatment

outcome

Table 4.6 Comparison of median values (Q1,Q3) of the level of patient satisfaction to

treatment outcome between Group A and Group B

Outcome measure Group A Group B p-value
Median (Q1,Qs3) Median (Q1,Qs3)
Patient satisfaction (GPE) 5 (4,6) 5 (4,6) 0.820

p-value from Mann-Whitney U test



CHAPTER V

DISCUSSION

5.1 Introduction

This chapter presents the discussion of the current results including the subjects’
characteristics at baseline, the improved outcome obtained after the exercise program
for each sample group, and the change scores of outcome compared between two
groups. Subsequently, the limitations of the current study were explored. Finally, the

implications of the study for clinical practices and future researched were presented.

5.2 Characteristics of subjects at baseline

Twenty chronic LBP patients aged 27 to 45 years participated in the study after
signing written consent. All subjects were experiencing low back pain more than 3
months. The chronic condition was one of the inclusion criteria because it could be
ascertained that the change of outcome in the current sample subjects would be
caused by the effect of exercise programs rather than the natural history of low back
pain over time. This current age range was also one of the inclusion criteria since the
prevalence of non-specific low back pain was shown to commonly occur in the
population with working age group (Waddell, 1998). Maoreover, all subjects in this
study were had a minimum of 1 previous episode of low back pain with or without leg
pain necessitating in normal activity. They did not use medications, not receive any

treatments, and not perform any exercises.

When comparing the demographic characteristics of subjects at baseline between both
groups; a ‘sitting on a gym ball alone’ group and a ‘sitting on a gym ball plus limb
movements’ group, there were no statistical significant difference in age, weight,
height and bone mass index (BMI). Therefore, it could be assumed that the subjects
in both groups had similar demographic characteristics.  Furthermore, when
comparing the clinical characteristics of subjects at baseline between both groups,
there were no statistical significant difference in current back pain intensity,
functional disability level, and lumbar stability level. It could be assumed that the

subjects had similar clinical characteristics.  In the light of these findings, any
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changes of clinical outcomes after the 8-week exercise programs could be established
without subject selection bias. At the entry of the trial, subjects had current pain
intensity with the median value of 4 in both groups. The intensity of pain greater than
2 of 10 on a numerical pain intensity scale had sufficient pain intensity to permit a
clinically worthwhile effect to be demonstrated. A priori estimate of a clinically
important difference between pre-treatment and post-treatment pain score, and

between group differences was 10 millimeters or one score (Herman et al., 1994).

With regard to the level of functional disability assessed by RMDQ, subjects in a
‘sitting on a gym ball alone’ group had the median value of 3.5, whereas subjects in a
‘sitting on a gym ball plus limb movements’ group had a median value of 5.5.
However, there was no statistically significant difference between both groups. The
RMDQ disability scores of the current subjects were relatively low, compared to
those of subjects in other relevant studies using stabilization exercises for chronic
LBP patients (Cairns et al., 2006; Critchley et al., 2007). This may be because other
studies conducted in physical therapy practices, therefore subjects recruited into their
studies were those who were expecting to receive physical therapy treatment and
experiencing more severity of LBP symptoms, whereas subjects in the current studies
were those who had less severity of LBP and were not being treated in the physical
therapy practices.  For lumbar stability level assessed by MIST, subjects in both
groups had the median value of 2 at baseline. This is similar to the MIST level
measured at pre-test in a group of 20 healthy subjects (median value: level 2) in a
study of Hongto (2006). It can be seen from the subjects’ clinical characteristics that
chronic LBP patients participated in the current study were those with relatively low

severity of clinical symptoms.

5.3 Outcome of the 8-week exercise program on each group

Outcome of treatment in the current study was investigated through changes in the
patient’s current pain intensity, disability, and lumbar stability level as well as patient
satisfaction. Although, these outcome measures did not truly reflect the actual
outcome measures currently used in current practice e.g. area of pain distribution,
range of motion, neural tension test; the former outcome measures have been
advocated as reliable and valid, and would allow some comparisons to other studies

using similar outcome measures.
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The first hypothesis of this study was that there would be statistically significant
differences of pain intensity, functional disability and levels of lumbar stability when
compared the variables of interest between pre-test and post-test for each exercise
group. The null hypothesis was rejected since the results demonstrated that there
were statistically significant differences of outcome between pre-test and post-test in
both sample groups. Therefore, the current results suggested that 8 weeks of sitting
on a gym ball exercise program either with or without limb movements significantly
reduced pain intensity, diminished functional disability, and improved lumbar
stability of patients with chronic LBP. The results were supported by a two-case
study report of Merrit and Merrit (2007) that sitting on a gym ball exercise program
could decrease pain and disability. In the report of Merrit and Merrit (2007), the
patients were recurrent and chronic LBP who previously received various treatments
such as chiropractor adjustments, muscle relaxing techniques, therapy modalities, and
general exercise. ~ Such treatment approaches successfully provided short-term
outcome. However, the subjects suffered from reoccurrence low back pain in later
time. To solve the problem of recurrent condition, Merrit and Merrit (2007)
suggested the two patients using a gym ball as office chair at work or at home for 20
minutes with comfortable feeling through an 8-week intervention. The results of this
report showed that sitting on a gym ball as long as 20 minutes in an 8-week
intervention could reduce pain severity, disability and decrease the frequency of

episode of back pain.

The use of movable surfaces underneath the subject for stability training of the injured
low back is widely recognized. It has been demonstrated the importance of deep local
muscle in ensuring sufficient spine stability to prevent injury and improving spinal
function (Vera-Garcia et al., 2000). The theory behind the use of spinal stabilization
exercises to increase spinal stability for low back dysfunction emphasizes the
importance of the deep local stabilizing muscles, especially the transversus
abdominins and multifidus muscles (Arokoski et al., 2004). There is evidence that in
patient with LBP, this deep stabilizing system is often very dysfunctional. Muscular
strength and endurance is often diminished in this patient group. Besides, postural
control has repeatedly been found to be altered in patients with chronic LBP

compared with healthy subjects. They also have deficits in spinal proprioception and
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make repositioning errors (Barr et al., 2005). According to the deficits that have been
found in patients with LBP, it is quite clear that one of important exercise training that

will be provide advantages to this patient group is the stabilization exercise.

In the current study the ability in stabilizing spine of deep local muscles were not
directly measured. However, the current application of the MIST measurement was
carried out to assess the ability in performing the isometric contractions of the
abdominal muscles, in order to hold the pelvis and lower trunk stable, while load was
progressively added by movement of lower limb(s). This procedure was
acknowledged as a tool for the indirect measurement of lumbar stability (Hongto,
2006). The higher the level of ability to perform MIST obtained after an exercise

program, the greater the lumbar stability was improved.

Sitting on a large inflated gym ball may be used as a stabilization exercise for the
rehabilitation of patients with LBP. By changing the limb and trunk position, or by
unbalancing trunk movements, it is possible to increase trunk muscle activities
(Arokoski et al., 2004). Barr et al. (2005) suggests that very moderate levels of
muscle activity can create sufficiently stiff and stable joints. For example, only 10%
of maximal muscular contraction is needed to provide segmental stability. Research
shows that the gym ball can be beneficial in increasing muscle activity and activating
proprioception, balance and equilibrium control. It has been stated that the
stimulation provided by a gym ball facilitates activation of the spinal stabilizing
muscles around a neutral spine position by continuous fine postural adjustments
(O’Sullivan et al., 2006). Moreover, an increase in muscle activity is probably due to
the increased requirement to enhance spinal stability. and whole-body stability to
reduce the threat of falling off the movable surface (Vera-Garcia et al., 2000).

O’Sullivan et al. (2006) studied 26 healthy adults while sitting on stable and unstable
surfaces. The authors investigated lumbopelvic kinematics and muscle activation
patterns over 5-minute periods using 3-dimension motion analysis for measuring
postural sway and surface electromyography (EMG) for measuring muscle activity in
the superficial lumbar multifidus, internal oblique, and iliocostalis muscles. They
found that there were significant increases in postural sway during sitting on unstable
surface but there were no changes of the amount of muscle activity in these superficial

trunk muscles. The authors suggested that sitting on unstable surface that could
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facilitate greater postural sway or spinal movement than when sitting on a stable
surface could probably be related to deeper postural muscles or other muscles not
measured in their study such as deep spinal stabilizing muscles. From the work of
O’Sullivan et al. (2006), an explanation for the improvement of the MIST level
measured in the current study can be postulated. By the increases in spinal movement
during sitting on a gym ball, deep spinal stabilizing muscles might be involved in
controlling the fine postural adjustments and therefore a possible increase in their

muscle workload and muscle activity.

The current study demonstrated that sitting on a gym ball resulted in the reduction of
pain and disability in patients with LBP. Sitting on a gym ball could increase lumbar
spinal motion without increasing the muscle demand in the superficial trunk muscles.
Many studies have highlighted the benefits of spinal movement, which benefits
included increased nutrition by enhanced fluid exchange and solute transport and
prevention of spinal shrinkage and therefore a reduction of disc compression (van
Dieen et al., 2001). Moreover, the increased ability of deep spinal muscles to stabilize
spine might be able to compensate for structural damage in lumbar region during the

body functional tasks.

Although, sitting on a gym ball exercise seemed to provide some benefits to LBP
patients, there were other relevant studies presenting the contrast results. McGill et al
(2006) investigated the effects of sitting on a chair or a gym ball in eight male
subjects volunteered to sit for 30 min on an exercise ball and on a wooden stool.
Muscle activity and spine position were used to model spine load and stability. An
additional seven subjects sat on an exercise ball and chair to examine pressure
distribution over the contact area. The finding of this study showed no difference in
muscle activation profiles of each of the 14 muscles between sitting on the stool and
ball. Calculated stability and compression values showed sitting on the ball made no
difference in mean response values. The contact area of the seat—user interface was
greatest on the exercise ball. The results of this study suggested that prolonged sitting
on a dynamic, unstable seat surface or sitting on a gym ball did not significantly affect
the magnitudes of muscle activation, spine posture, spine loads or overall spine

stability. Sitting on a gym ball appeared to spread out the contact area possibly
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resulting in uncomfortable soft tissue compression and explained the reason of the

reported discomfort in the study.

While Gregory et al. (2006) studied the differences between sitting on a gym ball and
in an office chair in terms of trunk muscle activation and lumbar spine posture. The
fourteen participants (7 men, 7 women) were required to sit on both a gym ball and an
office chair for 1 hour each while performing various computer workstation tasks
throughout the sitting periods. The activation of eight muscles and lumbar spine
posture were measured and analyzed. The results of this study showed only increased
muscle activation in thoracic erector spinae muscles (p = 0.0352), decreased pelvic tilt
(p = 0.0114), and increased perceived discomfort (p <0.0001) while sitting on the ball.
It was therefore concluded that the use of a gym ball for prolonged sitting might not

be advantageous.

Obviously, the differences of study design between the current study and those of
McGill et al. (2006) and Gregory et al (2006) existed. Both previous studies were
cross-sectional studies; they evaluated muscle activation and spinal stability in
patients with chronic LBP while they were sitting on an unstable surface only at the
administration of the study measurement. These subjects might have dysfunction of
motor control (Hodges, 2003); and therefore delayed muscle activation of deep local
muscles. In contrast to those studies, the current study was prospective study in
nature. The training program could then provide the benefits of a gym ball for

improvement of spinal stability.

In the current study, there were no dropouts from both exercise programs that might
indicate that the exercise regimens used in the study were easy to perform and not
harmful.  Therefore, subjects’ compliance to the exercise programs was maintained
throughout 8 weeks. The period of sitting in each session of exercise program was
modified from the previous research (Merrit and Merrit, 2007; Gregory et al., 2006;
McGill et al., 2006). In the ‘sitting on a gym ball alone’ group, each subject was
allowed to maximally sit for 20 minute per session or until they started to have a
feeling of discomfort. It can be put forward that only low loads were imposed to the
spine during sitting exercise, the exercise was better tolerated, the risk of injury was

then low, and compliance was increased.
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5.4 Comparison of outcome measures between two groups

The second hypothesis of this present study was that there would be statistically
significant differences of the change of pain scores, functional disability and levels of
lumbo-pelvic stability test between the patients who performed sitting on a gym ball

exercise and those who performed sitting on a gym ball plus limb movement exercise.

The current results showed that effects of sitting on a gym ball alone were similar to
those of sitting on a gym ball with limb movement exercise in decreasing pain and
increasing lumbar stability in patients with chronic LBP. However, there was
significant difference between two groups relating to functional disability level
assessed by RMDQ. The subjects in the ‘sitting on a gym ball plus limb movements’
group were more likely to have greater decrease in functional disability level than
those in the ‘sitting on a gym ball alone’ group. This may be because during sitting
on a gym with limb movements, the patients were more likely to increase their
awareness to maintain posture and balance by automatically adjusted body alignment
throughout exercise than subjects with sitting on a gym ball alone. Furthermore, it
has been well documented that TrA is preplanned by the CNS for the initiation of a
sequence of muscle activity in advance of limb movements (Hodges and Moseley,
2003). Hodges and Richardson (1999) have suggested that muscle activation to
control posture of TrA is invariant between directions of limb movement and may
contribute to general stiffness of the spine by increasing the tension in the
thoracolumbar fascia or increasing abdominal pressure. The contraction of the deep
local muscles is thought to contribute to preparatory stabilization of the spine against
reactive force resulting from the limb movement (Hodges and Richardson, 1997).
Since TrA did not produce trunk movement but it contributed to the control of spinal
stiffness in a non-directional-specific manner, the repetitive limb movement exercise
in the current study might therefore increase greater amount of contraction of TrA

than those of sitting without limb movements.

The outcome of this study was supported by the work of Ainscough-Potts et al.
(2006); they found that deep abdominal muscles responded to alterations in seated
stability. The thickness of the right TrA and internal oblique (10) muscles were
measured with ultrasound imaging in 30 healthy subjects while they were in supine

lying, relaxed sitting on a chair with both feet on the ground, relaxed sitting on a gym
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ball with both feet on the ground and sitting on a gym ball lifting the left foot off the
floor, respectively. The result showed that raising the foot off the floor produced a
significant increase in thickness for TrA and 10. This meant that these muscles were
automatically targeted by significantly decreasing the base of support. Sitting on a
gym ball with one foot alternatively raised during exercise might therefore increase

the need for the TrA to control spine in a neutral position.

Changes in motor control and function of the trunk muscles have been reported
frequently in literature (Hodges and Richardson, 1996; Hodges and Richardson, 1997;
Vezina and Hubley-Kozey, 2000; O’Sullivan et al., 1997; 1998; Critchey and Coutts,
2002; Hides et al., 2008). These changes can cause spinal pain or restricted spinal
motion. However, an increase in muscle activity could improve spinal motion. Sitting
on a gym ball plus limb movements possibly could improve spine functions.
However, the intensity of the exercise might be not hard enough or the treatment
duration might be not long enough. Thus, the subjects were unable to obtain greater

improvement of the MIST level than those of subjects sitting on a gym ball alone.

In contrast to the above notion, when interpreting this significant different it must
keep in mind that the better outcome in decreased functional disability level of the
sitting with limb movements group might occur by chance (p = 0.043); since the
disability scores of subjects in this group more widely distributed with higher scores
than those of the sitting without limb movements group (p = 0.068) (see Figure 4.2).
Then, they had more opportunity to produce greater decrease in posttest scores than
those of the other group.  To clarify this notion, it is necessary to have very similar

characteristics of patients in studied groups in the future research.

When considering the patient satisfaction to treatment outcome, the results showed
that subjects in both groups reported their satisfaction with the improved outcome.
This finding may support the notion that the gym ball exercise programs designed for
the current study can be used interchangeably between the two programs. However, it
should probably be more appropriate for patients who have pain intensity greater than
4 (greater than the median value of pain intensity of the current subjects) to utilize the
program of sitting on a gym ball alone at the beginning of their exercise program.

Richardson and Jull (1995) suggest that there is no need for high loaded exercise and
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it is logical to reduce external loading during initial rehabilitation of the local system.
Minimal external loading help reduce the chance of pain and reflex inhibition which
can be increased if high loaded exercises were given early in rehabilitation. Once the
patients become accustomed to the ‘sitting on a gym ball alone’ program without
worsen symptoms or adverse effects, the exercise progression can then be made by
changing body positions to gradually increasing external loads or by increasing the
numbers of dynamic movements as described in the ‘sitting on a gym ball plus limb

movements’ program.

5.5 Limitation of the study

The results of this study must be interpreted with cautions since the sample size of
subjects in each group was quite small. Moreover, the lack of a control or placebo
group in this study would reduce the quality of the research methodology.
Furthermore, the lack of long-term follow-up period inhibited the possibility to
present that clinical advantages obtained from both exercise programs could be
maintained over time. Since the characteristics of the subjects seemed to be chronic
LBP patients with low severity of pain and disability, the merit of the exercise

programs in patients with more severity of symptoms are still questionable.

5.6 Implication for current practice and future research

To our knowledge, this is the first empirical study to examine the effect of sitting on a
gym ball with and without limb movements on pain, disability, and lumbar stability of
patients with chronic LBP. Although there are some limitations, the benefits of the
study are presented. Both exercise programs provide evidence that lumbar stability
can be improved by the postural adjustment training on unstable surface for 8 weeks.
The increases in lumbar stability help reduce pain and disability of patients with
chronic LBP. Eventually, sitting on a gym ball with or without limb movements can

be a useful tool for rehabilitation of the patients with LBP.

For further study, it is interesting to direct measure the muscle activation of deep local
muscles. EMG activities of deep local muscles and related muscles prior to and after
patients participating in the sitting on a gym ball exercise programs should be further
investigated. Future research with better quality of research methodology is also
needed to diminish the limitation of its findings.



CHAPTER VI

CONCLUSION

The present study determined the effects of sitting on a gym ball alone versus sitting
on a gym ball with limb movements in the treatment of patients with chronic LBP.
Forty subjects with chronic LBP, aged from 27 to 45 years (37.35 £ 5.05) were
randomly divided into two groups: a ‘sitting on a gym ball alone’ group (n = 20) and a
‘sitting on a gym ball plus limb movements” group (n = 20). Subjects in each group
performed sitting on a gym ball exercise program as a spinal stabilization training at
home for 8 weeks continuously. Subjects in a ‘sitting on a gym ball alone’ group
were asked to perform the exercise once a day, 5 days per week. At the first week,
they were asked to sit on a gym ball for 20 minutes per day, and then gradually
progressed over time until they could sit for 50 minutes per day. While subjects in a
‘sitting on a gym ball plus limb movements’ group performed a stabilization exercise
on a gym ball with dynamic limb movements following to a manuscript provided
once a week, 5 days per week. The latter program consisted of 12 maneuvers with
different limb movement patterns. During sitting on a gym ball in week 1 and 2,
subjects were required to perform each limb movement for 10 repetitions. Step by
step, they were asked to do each movement for 15 repetitions in week 3 and 4, and 20
repetitions from week 5 to week 8. The outcome measures were conducted at pretest

and posttest after completing exercise program in week 8.

The results of this study demonstrated the statistically significant improvements in
subjects’ symptoms of both groups including a decrease:in. current-pain (p < 0.05), a
decrease in functional disability level (p < 0.05) and an increase in level of lumbar
stability (p < 0.05). With regard to patient satisfaction, all subjects perceived that
their symptoms were improved. When the comparison of the change scores of the
two groups was examined, there were no significant differences between two groups
for pain intensity and lumbar stability level. Nevertheless, it was found that subjects
in a ‘sitting on a gym ball plus limb movements’ had a greater decrease in functional

disability than subjects in a ‘sitting on a gym ball alone’ group (p = 0.043).
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The findings of this study indicated that sitting on a gym ball with or without limb
movements for 8 weeks were proved to reduce pain intensity and functional disability
level, as well as to improve level of lumbar stability in patients with chronic LBP.
Furthermore, the ‘sitting on a gym ball plus limb movements’ program could provide
better outcome for the reduction of functional disability level when compared with the
‘sitting on a gym ball alone’ program. It was suggested that sitting on a gym ball
without limb movement might be recommended to the patients with chronic LBP at
initial stage of an exercise program, while sitting on a gym ball with limb movements

might be further recommended for using in an advanced exercise program.
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A IV Patient Profile and Screening Questionnaire
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AV Numerical Rating Scale in Thai version
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A VI Roland-Morris Disability Questionnaire (RMDQ) in Thai Version
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A VIl Global Perceived Effect (GPE) in Thai version

M50 IMSIAEIINMETIaINIT3nE (Global perceived effect)
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A VIIlI Data collection form

Data collection form

Subjects No.................. Group...........
Sex omale ofemale Age e yrs.

Outcome measurements
1. Numeric Rating Scale (Current back pain intensity, NRS)

PFrefest gov il ... .M
Post-test = ....................
Change == /S H{a ST ..

2. Modified Isometric Stability Test (MIST)

Pre-test = level........ccccoocviiiiviiiiinn,

I
@
<

o

Post-test

Change =............... ...
3. Roland-Morris Disability Questionnaire (RMDQ)

Pre-test = v, Yo (SCOres = ............... )

Post-test = .....cceceeviieiirenn, o (SCOres = .............. )

Change
4. Global Perceived Effect (GPE)

Post-test = ..oovviiiii e,
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APPENDIX B

B I Handout of Group A Sitting on a gym ball alone
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B Il Handout of Group B Sitting on a gym ball with limb movements

TsunsumsoenmaimenIensuIuvaNIaa

!l‘iJ‘lJflﬂ]iﬁ)i’]ﬂﬁ]ﬁﬁﬂ1ﬂ!!‘ll‘t!!!ﬁ$"lﬂi'?lll€]j’c]ﬂ

(Sitting on a gym ball with limb movements)
(oY Musaanns

A Yo 1 A Y aw 1 19 o w 9y o
@ﬂiJ‘l’WﬂuhlﬂiUﬂﬁ’qmﬁ@ﬂHﬂi’)llﬂﬁ’Ji]fJI@ﬂ@gﬁluﬂquEjﬂﬂﬂ@ﬂﬂ1ﬁ\1ﬂ1ﬂﬂ’wﬂ1ﬁu\1

a o w 1 Y o Jd [ a
VUINVDALLVNNTOONNIAINUUUMULAZUTITINAWUIY 8 d1)avi ‘V]Wu%%vlglli‘UﬁﬂElllUﬂﬁ 1

U

{ [y 1 @ 4 o o a
Qﬂﬁilslllﬂﬂlﬁﬂﬂgﬁhﬂﬂiﬁﬂﬁlell@\ﬁ/ITLlLLﬁgLﬁ)ﬂffﬂiﬂUﬂﬁgﬂlﬂuiﬂillﬂinﬂWiu\?UuﬂﬂJ‘U@a

S

9 A Y = = o w [ = tﬂs‘d =
wsouayatunmme lumuiuanmsrneoniaimenniu  Tusunsumsdniidlumsin

9 ~ d Yaow 2 '

Y o A Yo A A Y 1
AWIAULDINUVIUUIU 8 ﬁ‘ﬂﬂ"l“l’i W’Jﬂﬂ%\ﬁl@ﬂﬁuﬁ’J‘JJ?JE]Sl‘H“V]TL!PJfWIHJI“]JﬁLLﬂﬁiJ“I/ILGUEJull’JEJEJN

U

1 [y [y = 1 Yo dy 1 =R 1 (% d’ dy
nsansa Taslutunsnuesnisdamuaz lasumssuaaiidnaies aeidsing luenaisil

v Y
Ja o v A

A Y 1 1 1 9 (= ] o 9 1 Y
1ndade il e viulemwdilanidnasunnnazausaiinuldedsgndes
ng YA v a LY 1 Y 1% ¢ A [~} A %
nniudNerzAasenumunnAudlanimodavuavesgnueauazimodiulga Tdsunsuy
o a vy 9 = o 1 Y Ya v A Z
mstuusuyealimmiiagianuminzaununu tazveldnuumudisednaselu
Y] e’d’ d‘ 1 o w d' 1 a va 1 1 1 = dyo Y
a1 3 ieasavdoumsenmiaimenmulgided minnuwumsindiildeins
1handsvesiugas Mmuaunsavgann lanui wazllsadadoussnauin 19disensiu
A 1 = [ A (9 = ya 1 A a 9 A [
wiomnmuliteasdelan ineanumsinvelndadedeunmiudy lanasanarn aada
a [ 1 o 4 (4]
UAT (3OUT) HINIIUIA %30 AL 086-6794559 (True), 087-3073467 (Dtac) N30 UWUN
Menntinia 5.0 a135A1U520H 0. 13109 9. UATEAIITA 056-219888 ¢ 1133 1181 08.30-

16.00 .

MuuzNgINUNITeRAMAIMUUHENIDA

A 2 g a Y v o v - Y
1. 19N UuENUea IHIMNIa0Iv 19N IUUUNY Yoaz Inn uazvemi 101szuar 90
0971

o 9] o w 9 a [ A ] % U [v] d
2. fnualridnesnMaimealsnueann I 3o sensiey 5 3 / dla

=~ Y Y 9 1 = o w = 1 = (% J [] 9

3. wSsualrnsaunounsinoaniiasme  ATHNABUNIBNAINIUDINITE0Y 1

¥ T34



104

9

o = ' o Yo = Aq 9= YR A a R o =

4. vasnnmsdnluugazin Inifunnnainlddn  vazanugdnnmavyunaansinasly
[ =

ayatiunNn

(% << Y (=) Yy a d? A A A 3 Y 1 I
5. fnﬂﬁﬁ\ifﬂﬁNﬂﬂ’)iﬂ@ﬁvlhil@1ﬂ'liﬂ?ﬂﬁ%ﬂﬂ“uu ﬁil’i]llLWEN!,ﬁﬂuﬂﬂllazﬁﬁ]qﬂﬂm\‘]i’)ﬂﬁ?
E

wasdugamsinluudaziu  uamniioimsithedineounsuausivua 1 1¥ugansiln 18

&%

Y = Aaq 9= Y} o v A a S A & ' I
uduinnannlsdn nieunsanuianiinadunazisudna i v luiuae 1)

6. mninaomsithandunndudiernamalsunsuil iuidni biawnsornnlaluiu

Y I o

o0 ) iuansonga Tsunsumsin 1 uazaasudaligivensu

U

\

7. lusgnannmuiluemaiinivedlasinsased muazdeslalisumssnmeimsiha

v Y

P
Qdd' Q' a a d' \J 4 Y \ Q' =
HAIAIYITOUE !W&l!ﬂil%]ﬂ!ﬂNﬂﬂ]u!ﬂﬂ!!ﬂxﬂ‘ﬂ ’J‘ilﬂ‘i’lﬂ‘ljﬂﬁul‘i&liﬂi!!ﬂ’iilﬂ]‘iﬁlﬂ

v o
51



o U d !
Tilsunsumseanmiaameaguavin 1-2

105

Tsupsumsdomumsnn 1.1 MFdmsuddamin 12 Sumsinmisuuguuea

9

[ o

FINAVUMTOONAIAINBVDILYULAZU fl“VhﬂﬂTNﬁiJﬂ 10 M

v

1 ugazym 10 a5 T

Uftaneiiesiulae ilimsinszniaidnauasunnm Tae bilimsinsznanem

d' Q‘J a = d' \ 4 o U =
MINNN 1.1 Iﬂﬁ!!ﬂiNfnTLN‘]J14!21N‘]Ji’)ﬁl!‘]J‘iJNﬂ1§!ﬂﬁ§]u"l“r‘i3!ﬂlu!!ﬁ$ﬂﬂ‘§Jﬂlﬂ]ﬂ ﬁ]‘ﬁi‘ﬂﬂ]iﬁjﬂ

ludlansin 1-2

g & Y A
UUYUADIVNUY 114@1@1/]?!@

¥om uIUNTI NAMNIZHIN
meln

o A ' o A A A
1. m3tlauduueaswnumsaaey lianszqnidansiu 1y 10 Taia
k4 9 Y o
MunThazdunga

o A ' ) A A P
2. m3tlsuguueawnumanaeu lansegnidansiu i 10 Taial
9 9 9 9
MUV NaTAIUE

™ A ' o ' Y 9 y & A
3. MaauusuUeaswsumMseavN Tasliihase i 10 il

o a ' o " Y 9 9 y A =
4. Myauusuueaswiumsengs Taslimiasesnui 10 Taia

o a ' o ' Y 9 9 & =
5. MITIUUsNUoaswRUMenuI e ldaseiun A 10 Taia
Audr ldmuninldvaalde lddumas

o a ' Y ] Y 9 9y & A
6. M3MIUUINVBaIINAUMsEAEe Tas lMassnuNuLay 10 Taial
A @ unihldudalae @ mas

e'/ a 1 [ 9 d?l Y d' =
7. M3TUUINDoas N UMsenuIUaEeId 9y Tigeige 10 il

cL a 1 [ 9 4? Y d' (=
8. MysuudNDeas WAUMIMIUdet iy Tigeigea 10 Ty

o a ' o 9 9 g & 1A
9. MITIUUTNYRaIIWRUMIERIIY N I as s LAz 8N 10 Taia

v £ Yy A
vuAeIi v uAse q liganga

o a ' o 9 Y 9 9 & =
10. M3UUIVURATWAUMsnNEe TN asen LAz en 10 Taial

y & Yy A
HUUEeIT9TUATe q Tiganga

o a ' o v v gy &L =
11. MyvauusuueaswiumssnnanIdiiassiu ez 10 Taia

2 v

uvudestiy liganga

o a ' o ] Y v 9 A =
12. MyusueaTwiumssnvdieliiassiunuLazma 10 Taia




106

dilanvin 3-4

Y = A £ 3 < @ a ' 1% o
114‘1/]”IHPJﬂGﬂlII”]JSLLﬂﬂJhlu@]"IﬁNVI 1.2 “]NL‘]J‘Llﬂ"l'iPjﬂu\iﬂuﬂlm’t’)ﬂi'JﬂJﬂ‘]Jﬂ"Iﬁf’J@ﬂﬂWﬁ\‘i

== 09/’ 1 1 1 o :3 = [ 1 (= =
18 LYULAZY UNIHANIHUA 12 11 UAagn1ii 15 A59 1aslnMsnnssriINmIHnuIY 1 1WA

d' Q:I a = d' v kY o U =
M131491N 1.2 Tﬂmniumﬁua‘uuﬂu‘uammvumimaeu"lmummmzmimmﬂ frsumseln

Tudilanvin 3-4

¥om IUASY NAANIZH
Mieln
1. mavsuuduueaswiumsiadeu lnanszgmdens il 15 10
Y Y Y @
auntiazduma
2. matauuguueawiumaadou lianssqisans vl 15 1w
Y 9y Y k)
AMutnavIazduge
@ a [P ' Y 9 y A =
3. msvsuuguueasmiuMsena laeliimaosiuy 15 1w
o a ' o ) Y 9 g & =t
4. m3tauguueamnumsende lae liiiaeeiuiig 15 1w
v ¥
5. m3tlwugnueaswnumsenaiv Iagliiaeesiuiu 15 117

Y o Y v 9
waz IAsInauraaniios

o a ' o "y q Y ¥ g & =
6. ﬂ'liiiNﬁJ“L!ElllTJ’fJaii'JllﬂﬁJﬂ'ﬁEJﬂL"ll'l‘]f']ElIﬂEl‘lﬁWI'mﬂUWHWH 15 1 UM

Y o k4 v 9
uaz IAs@InAurauaniloy

v J ]

7. MsTsuugNUeas Wi UMsenIIHae 9T Tirganga 15 1 1
M A ' o y 2 Yy A ~

8. MINIUUBNDOATINUMSINLUUABIT Y T genga 15 1 w1
] Fl

9. MITIUUTNURaIIWAUMIERYN T hassR ULz 8D 15 1 w1

v & Y A
UYUTDIVINVUATY 9 114@[@1/]?!@

] Fi
10. MafavugNUeawiumMIsnudelfhassiununazen 15 1 w1

g & 9
UYUTDIVINVUATY ) 11’”1\11/]@@

v a ' o Y 9 9 & =
11. msm‘uuau‘uaaS:mﬂumiﬂﬂmmﬂmmaaﬂwuwuuaz 15 1 4N

v £ Y A
ANUYUTDIVINUYUATY 9 11411\114?19

) a ' o v Y 9 v A =
12. ﬂTﬁuQ‘U‘HEJZJ‘]J'E’]a'5'JllfﬁJﬂ]ﬁﬂﬂﬂl]“ﬁWﬂiﬁlﬂWaﬂﬂwuwu!Laz 15 1 4N

y &£ Y A
ANUUYUTDIVINUVUAT 9 Glﬂfq.f\‘lﬂq@




107

Fianvin 5-8
v [ ' Y 9
Tnudnan Tsunsuluaisean 1.3 Funusiuiuasweansiniuniy  Tagnidn

9
%

MINUA 12 M uaaznii 20 a53 TasinInnsznImidnuIL 1 1

d’ Q‘J a IS) d’ 1 v o %4 =]
71919N 1.3 I‘IJil!ﬂiNﬂ151!Q‘1J‘1»!81N‘]J@ﬁl!‘]J‘]J‘Nﬂ"Ii!ﬂﬁﬂuﬂ‘ﬁl!ﬂlul!ﬁ%ﬁﬂ"ﬁ'}ﬂﬂ]ﬂ fmsumswn

ludilansin 5-8

¥om NN PANNIZTHIN
meln
o A ' o A a ~
1. m3tsuguUeawRumanaeu lanszgnising vl 20 1w
Y 9 Y [
AUNTAZAUYAY
2. m3tauguueamiumsiaden lanszgirans il 20 117
Y Y 9 9
AUV VAT AUE Y
o a ' o ' Y 9 y & ~
3. MINIVUTNVAI IWAUM e Iaeliimiaseiuny 20 1
™ A ' o Y q Y 9 y & ~
4. MINWUTNVBATINA UM IR el Hias e iy 20 1w
o a ' Y ' Y Y ¥ A =
5. MIWIVUTNVBAT NN UMV TasliiasenunuLa 20 1w
o v
TRedndunduaniios
™ A ' o "y I 9 9 4 a
6. MINIVUTNVAIINAUM TN Lae 1 I aeenui L 20 1
Y o 9 [ I~ Y
wag TAaduauvaanios
7. MaaUuBuUeas AU BNUILEDIT 1Y Tiganga 20 1w
v Fd ]
8. M3IUUBNDoas WAUMINLIUFeIT Y Tigefiga 20 1w
o a ' o Y v y & =
9. MINWIVUTNVBATWNUMITEAVIVN IR0 sn ULz en 20 1w
v & Yy A
HUUARITINVUAI ) Tigande
o A ' o 9 v v o & ~
10. MIWIVUINVOATINNUMTENVIF18 1N 1R8N UNLLAZED 20 1w
y & y A
HYUADIYNIUATI 9 Wi gange
o a ' 9 v v 9 & ~
11. MIUIUUINDDAIINAVMTINVIVIT NN N ULAT A 20 1419
v £ Y A
HUUARITNVUAT o THigange
o A ' o ] v v g & ~
12. MIWIVUINVDATINNUMTENVIH 8 1IN 1A DENUNULAZ NN 20 1w
y & Yy A
HYUADIUNIUATI 9 T ganga




108

M9e9AP5LEA IS UMBaNMaINE

] o Q'J a U [y 4' a Y %
NvanNNIaAINIY ﬂ1iuﬂﬂuﬂuﬂﬂﬁl§3uﬂﬂﬂ1§!ﬂﬁﬂﬂ1ﬁ?ﬂi$(§]ﬂ!‘ﬂﬂﬂ§114“1]911141’1141!!&18

Y [
AMuUriad

Do

[

v Ay o a A o Y o 1 a 4 Y 1
NusuAY  Heuugnea newbadl linasasaluninlng Taelvisedoas Innegluszaun

D.

" v 1 < 1 " v { [
INUH31IPENT1 90 3AANTDY YOI 1901IINY 90 BIAN NABITINITIWUUNURIZIN

1.1

A a ¥ 9
mamaeu lianszgnisansiulame ;

- 101ileaptIUiinTEaANIINIILegsENINTEAuEE Innfudineazde
! ) a 9 W 9 9 o Yy a

- YN ﬂﬂﬂiz@,ﬂmﬂsm“lfﬁma'e)u"lﬂmuﬂuﬂ@ﬂimmmmmﬂﬂmz
4 ° 1A s 9 9 a o

indouasININAY 13 a3 10 3uni Fagai 1.2 udandulliiEudu

LR~ 3

udu 1 A%

= 1 (9 [ [ TN 1 a
- yugAnneewsTnIzAUNIzandunas Ieglumasailng

A a 4 v
manaou Inanseqnisansiu hduwas:
- 11PN T UNNTZYNIFINTIHOYTZHINTZA VT InnA A INNezio

1 9y 9 a Y d‘ Y 7 % Y a
- UYUINUIND ﬂﬂﬂizﬂﬂl%ﬂﬂi”lulﬂlﬂaﬂu"l,‘ﬂﬂ"luﬂaﬂiﬂﬂixﬂ‘ﬂﬂlﬂﬂq%‘]ﬁﬂﬂuﬂz

A o

4 3 1A < a { o A
mapuINHFINI AN I B 10 3ud fegili 1.3 udanduliliisudu

] a3 o’/’ -
Hutly 1 Ase

= [ [ [ [ Y 1 a
- yugAnneewsTYszaUnIzgndunasneglumasailng

A~ el B

W3 I||

.-




109

\J o v Q’J a \ % d’ a k4 Y
NnoonNNIAINI mimumjum)aimfmnmﬂaizm"lﬁ7;nszg]mmnim"lﬂmumnmmaz
4 Y
MUY

v A

A g ™ a A o Y o 1 a Y 9 1

NUSHAY : TenuaNUea wewdaad linasasdlunilad Tagldsedoas Innogluszaumn
Vo Ay ' 4 v IR Vo v ) A o A

MIADKIOTUDYNTT 90 DIAAUANUDY VBIVIIDININY 90 BIA IMNABIVININIIVUUNUAIFUN

2.1

A s vy v
mandou lnansegnidensiu ld e
- 1o aeIN I UNNTZYNITINT OYTENINTEA DT InnA AN Nezio
IS = y A y 9 L Yo 4
-yiwthiies nanszgaming i liindeu lddanswiumsmeimmini
Y @ Y a A 2 Y 3 9 Y
Joaz Tnnyn TagseAuveigusinsazinaomadss lmeden mimeuu
a @ { Y A v qs/l
10 21f dsgin 2.2 udanaulimEuduiu 1 a5

< [ [ o [ Y 1 a
- yugAnneewsarEaUnIzgndunasneglumasailng

A a y 9y
manaeu lianszgnmans 1w lamdge:
-ionfloaeatneduiinszggmFng uegseninszauas Inndudiniazie
"9y ~ y A Yy 9y 1 oY o A
-pnthiies nanszgamIng 1 limaeu lldmdednesmdumsaesimiinni

) ¥ o Y a A = Y] 9 3 v Y
Glll’i]ﬁ%TWﬂ“]ﬂEJ TﬂEli%ﬂ‘IJGUEJQQ\?L“]Nﬂ‘i'I'Ll%%Lﬂa@ut@ﬂﬂulﬂﬂ'lﬂﬂ1u“]ﬂﬂ miqma'lamu

=

a [ %] v A 9 I~ 3
10 w1 w95 2.3 varnaulmiGuduiudy 1 a5

U

(2

= 2 7 3 Y L 1 a
- yugAnnegWSEITEAUNIEgNdunas e luas alnd




110

M19anMaIne MIIVHENVaT NN UM eI (§18) Taelviaseiunu

[

oA Y ™ a A o Y o 1 a 9 9 f ~
NUSHAY : HanuaNUea wewdaad linasasslunilad Tagldsedoas Innogluszaumn

Vo Ay ' 3 9 Y o B P L o A
IMNUYTDUBDINIT 90 DIAUANHBY UDLVINDININD 90 BIAT LNIEDIVININWNITTIUVUUNU ?’Ni'ﬂ“ﬂ

u

3.1

o w o a 1 Y Y Y Y d”
ﬂ']ﬁ'f)@ﬂﬂ']ﬁ\icluﬂlmgu\‘lﬂuﬂllUﬂaiﬂﬂﬂ’]iﬂﬂl‘lﬂsﬂ'ﬂ (619) Glmmaaﬂwu‘wu :
9 19 o A £4
- HUYUADIVNBYUNAT ‘Wiﬂﬂi’)ﬂ'ﬂﬂuh r

1 Y 9 1 1 9 91”91 Y dy A A o Yy
- HUUINHINDY  ADY 9 INIUIVIN (518) Gl‘ﬁl,“ﬂ’f'ﬁﬂEJWHWU?J"Iﬂ‘VI'QﬂWI'Wﬁ]Z"Im]lﬂ Tag

vagimmddihelitinmsedldwlagnmils deiviee 90 s
o o IS 9 a % 4 9 o A o g &
waenInTunT s A 10 3udi A3l 3.2 uaanauTuvingudu Wi 1 Al

= f:/ o o [ 9) "y v a
- YA NEIBIWS uzﬂuﬂszﬂﬂ\wumﬂwagiummqﬂﬂm

)
Y/

. &
i ¥

4
/ - el
- —d
4 4
ICal

e
=
=2
w

e
=
=2
w
o



111

\J o v Q‘J a \ Y v YV Y Y Y & Y v
N198NNIANNIEY NTHUIVHBNUDATINNUNITUNUIVI (B18) Tﬂﬂ‘lﬁm‘maﬂwuwmmﬂum"lﬂ

murithlvvadasllaumas

[

P A 9 ™ A A o Y o ' a Y Y] ' A

NUSHAY : Wanuguuea weweaad linasasslunilag Taglvseveas Inneglussdun
Ve oAy ' S ¥ 9 "o 9 ) A o d'

MINUNTBU08NIT 90 BIANANTBY VBV NOIMIA 90 DIA IMADIVININTIVUUNY A3

4.1

ﬂ'li66ﬂﬂ'lﬁ\1Gl,u"llil‘l“’uQﬂuﬂﬂﬂaaiﬂﬂﬂ'ﬁﬂﬂl"lﬂﬂﬁ') (G]f'lfl) “lmmaaﬂwuwuuawmm'lﬂ

-~

aunihlvingalae lddunda:
9 19 [y A J 2
- WYUABIN R TI1IH) HTonenen 1

- LL"IJ?J’ZI‘I’YH'I‘VI’EN ﬂ',’ﬂfl G],EJﬂL"IJ'I‘U’J'I (G]ﬂEl) 1ﬁ!ﬂ1ﬁﬂﬂwuwuu1ﬂ1’lﬁﬂm1ﬂ% ‘VI'Iulﬂ Tao
/

VLR

Y A o

awrihldvaslaslydmna ﬂgwwﬂuummmﬂaum 10 51 a1 4.2 udn

U

ﬁﬁﬂ'lilﬂﬂﬂul mu“lﬂmuwm VY1190 90 04F LAY ﬂiJWJ"hJ
v
f

P

ndu g /Lflu 1959 'g 4
/ i

2o
=
=n.
N
p—

2o
=
=h.
N
[}



112

MeanMaIney MsHIVUENVIATINNUMSENIIHARITINIUNS q liganga

[

oA Y ™ a A o Y o 1 a ] 9 f ~
NUSHAY : TenuaNUea wewdaad linasasslunilad Tagldsedoas Innogluszaun

[

Vo Ay ' 3 9 IR o B D) & A
IMNUYTDUBDINIT 90 DIAUANHUBY UDLVINDININD 90 DIAT LNIEDIVININWNITTIUVUUNU ﬂ\ﬁ‘lh’l

U

5.1

v Y 1
msoeniiasluvazisuuduuoas WAUMIBNLAILFIT1NTUATY 9 Tigaiiqa :
1 Y 9 1 Y 9 d? Y A A o Yy
- UTUINUINDY D8 9 EJﬂll‘lJuaﬂﬂ“lﬂﬂﬂl:Nalluﬂiﬂ 9 Glﬂq@ﬂq@lﬂTVﬁ]%“lmllﬂ Tag

'
Ao o Y

P =1 = 9 ) =& ) e’: < 9
UUSNA 'JEJ.‘]J'JEJUIJJIIﬂ']i!ﬂfl\i]’lﬂﬂ']ualﬂﬂ']uﬂuﬂ wmmﬂuumﬂmﬂ’mm

a { Y A v 3
10 3unit feglit 52 udandulmiEudu sy 1 a3

=y [ 7 1% (% Y 1 1 a
- vaugAAneNInEIs ANz duratliiodlunnselng




113

MeanMIaINIy MIHIVUENVBATINAUMINWVHADINIIVUASA 9 THgaliga

'
=3

1 ta' 9 Q’J a A Q.l Y [} 1 a Yy 9 1 [}
NUSHAY : Wanuguea wewsaad linasasslunilag Tagldseveas Innegluszdun

D

" v 1 < 1 [ { Y
INUH31IPENI1 90 B9r AN oY Y01 190IMIAY 90 BIAN INABINIINTIWUUAY fagUh

6.1

v F v
mseentasluvazisuuduueaswiuMINMuuEeITuase q 1geige -
- HUUINTNEIA
1 Y 9 [ 9 9 48’ Y ~ VA o Y
-wuivies Ao 9 MayuaeIlNtlIuase q Tdgeangamnazila
v 9

1 [l Y
TasvazidrdadihehifimgBesludmlasunile vdanmiuniedeBum

a % { { ’ % 1 Q' % d 3
10 2wd degdi 62 wazgi 6.3 udanaulnusudu duiu 1 ass

= [ @ 1Y [ Y 1 a
- ygAnNeITIEITE AN N dunA g lumasalng




114

Meenmaimey MITIWHENUaTINAUMIENVIVN (Fre)lvihassiuiuazanuvuae

v
=

Y lg £
NaVunseq 1dganga

Q

[

VA 9 ™ a A o 9 o 1 a 9 9 ] ~
NUSHAY : Wanuguea weweadd linasasdlunlag Taglvseveas Inneglussdun

Vo Ay ' 3 v ] 1o v ] A o A
AUKTOU08NI 90 DIAANUDE VYDIUIIDININD 90 BIAT MADIVININNTIVUUNY #9517

U

7.1

' Y
mseenthasluvaziisuusuuea lasmssnanen (@) Idassiuiunazenuvudes
9 v
H9tunse Mgeige:
9y 19 o A 9
- el 19egd19d nenoaon 13
1 Y 9 i 1 9 Mg} 9 dy = 1A o Y
-wyamihies e 9 enua (o) ihassiuiuunigamineila Tag
i o @ Y1 ! v v ¢y
yazNonuaudiaadtheg lulins®es l)amlaaunite demiiee 90 oemuazen
9 v Y 3 3 - S
vy doed19 h@muihg o snuvuau i) lvgeige dorenideanssnasansen
o £ s 9 Y a o 1 Y @ 1
v naanmiuniada e 10 Jwi aegiln 7.2 vaz 7.3 udnduldm

Ay v Q) Qsl'
Suau Yudlu 1 Ase

=y [ [ 1Y [ Y [} 1 a
- YA AIsEAUNIEgnd U Al Iveg lumasalng




[ |l v =K
MI0ENITYAVUNN
[y dd' Q'J a U v A o
Flavin 1 WauutinveasunuiNIIeanMIaMYLU
(% d‘ A
Day 1.1 M., LN LY ST
da’ = 0o a
IS N DDA IAGNVE oo UIAN
d‘Q’ = [

ST HHOINITU IATDT e s e UIWA
d‘ = o @ a
NHYANTHNOONTAINI oo IRITOE
SINTLOLIANNHNDONTNAINNIUTUT I oo UIN

v A A
Day 1.2 UM, REINS........... T LTI
da’ = 0o a
RIS U N DD AN TGN oo seeaesss e s e e UIWN
d‘Q’ =} Y
NS UN DTN ITU IOTIRT et s e UIWA
d' = o w a
INHYANTHNOONATAINIY. oo U
d’d 0 W =}
FIUTLOLIANHNOD AR IR TIUIHT TN e UM
Day 1.3 TUN.corveeri.., Pion DNl AR W I A
dQ‘ = o w
RIS UR DO ATIDIINY .o UIWN
d‘Q’ =} [

O RGN R AR ER T L s 1 oIS UIWA
d' = o w a
ANHYANTHNOONTVRINIY. oo U

d’d o w =1
FIUTLOLIAINHNOD AR IAINVIUTLT TN ettt es s ses oo UM
Day 1.4 TUN.coooveene. O TT e iy ......... I A

A A K o w
R R IICE VT I L AR G L1 OSSOSO UIWN
NG U BINITU IO e e e, U
~ =~ o w S
ONRYAMTHNOONTNTING oo e U

d’d 0o w =1
FANTLOL AN DD AR TAINVIUTHT TNt ettt UM
Day 1.5 TUT..rves BB U e K A

dQ‘ = o w a
o RIS R N TR T e L YRR 1S LA LTRSS UIWN

d‘ 4 = % =)
NS HHOINITU IATB oo s U

~ = o w S
ONRYAMITHNOONTITING oo U

=i o o =
FINT2EZIANANDONATAINIIUIUT I HUIN

115



116

Day 1.6 TUTN..rveeen. BB oo I A
A A X o w
O RN IICE VT I oL AR G LA L TSSOSO WIWA
d’Q’ = U
ST HHOINITU IATBT e s UIWA
d' = o w a
INHYANTHNOONTAINI e U
d’ﬂ? o U =1
FINTLOLIAINHNOD AR IAINVIUIUT TN oo UM
Day 1.7 TUN..coenn... BAD U e 51K AR
O RIS R N R T e L YRR 1S LA LTRSS UIWNI
d‘Q‘ = %
O RNl E R VI R A R ER 1L L 1 O PN
d‘ = Fa—) a
ONRYAMITHNOONTITINIG ... PN
d’;ﬂ o U =
FIUTLEZIAINHNDDAR IR IIUIHT TN oo UIN
Ly % H
.................................................... FUAIYN 2= 8.eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeean
mynazimsesnmasme
HIEIH)
o [ 24 d‘ o \ Y] g’J
Sunugansesnmasnimlalunaaz u (n3)
Tu Tu U Tu T U T
1| N2 n3| n4| N5 Ne| N7
%] d 1
darin 1

dilanvin 2

dlanvin 3

S
=).
=

da

o
=h.
wn

dlan

o
=h.
(=)

alen

7

o
)

dlen

D-

dilenvin 8




117

APPENDIX C

THE TEST-RETEST RELIABILITY

The purpose of this study was to determine the test-retest reliability of the MIST level

measurement.

Fifteen subjects including three males and twelve females, aged between 25 and 39
years participated in this pilot study. All subjects received a 10- minute training
before the commencement of the test-retest measurements. Each subject performed
the test-retest measurements in supine lying with knees flexion approximately 90

degrees and feet flatted on the floor (crook lying). The assessor placed the pressure

transducer under low back at central area from S2 to approximately L1. The subject’s
pelvic was set into relaxed position and spine into neutral position. After that the
researcher pumped up pressure to 40 mmHg. The assessor handed a pressure dial
visible to both the subject and the researcher. Then the subject performed MIST level

1 (as described in the method chapter)and maintained pressure at 40 (£4 mmHg)in

three cycles of breathing without compensation. If the subject was able to perform
abdominal hollowing and maintain pressure at 4044 mmHg, that meant he/she got
successful in this level. The subject then continually attempted to perform exercise
level 2, 3, 4 etc. until he/she was unable to achieve the level of MIST successfully.
The assessor thus determined the subject complete or incomplete MIST level. The
subject test’s score was the highest-level MIST in which the subject completed
successfully. Each subject was tested for one trial. Fifteen minutes later, retest was
performed at the same protocol of the test.

To calculate the test-retest reliability of the MIST level measurement, Weight Kappa

coefficient was used.
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Table C.1 MIST level attained in test and retest

Subject

No. 1123 (4 |5|6|7|8|9|10|11(12|13|14|15
Test 2 1322|4222 4|3 (4]2]|1|2]2
Retest 2 1322|421 2|4 3|41 |1]|1]2

Table C.2 Numbers of subjects achieving each level of test-retest MIST

measurements
MIST Level | Level | Level | Level | Level | Level | Level | Row
level 0 1 2 3 4 5 6 totals
Test (n) 0 1 9 2 3 0 0 15
Retest (n) 0 4 6 2 3 0 0 15
Total (n) 0 5 15 4 6 0 0 30
Table C.3 Weighted Kappa coefficient of test-retest reliability
Test-retest Weighted Kappa

Trial 0.708

Weight Kappa coefficient showed good intra-tester reliability of test-retest reliability
of the assessor in measure of MIST level attained.  The Weight Kappa coefficient was
0.708 as shown in Table C.3.
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Table D.1 Characteristics of subjects in Group A. Sitting on a gym ball alone and

Group B. Sitting on a gym ball with limb movements

Group B
Group A (Sitting on a gym ball with limb
(Sitting on a gym ball alone) movements)

Subject Age Weight Height BMI Age Weight Height BMI
No. (yrs) (kg) (cm) (kg/m?) | (yrs) (kg) (cm) (kg/m?)
1 38.00 65.00 163.00 24.44 | 35.00 50.00 150.00 22.22
2 37.00 44.00 158.00 17.60 | 40.00 62.00 178.00 19.56
3 39.00 56.00 160.00 21.88 | 34.00 70.00 170.00 24.22
4 44.00 80.00 177.00 2556 | 28.00 48.00 155.00 20.00
5 37.00 46.00 154.00 19.41 | 39.00 57.00 160.00 22.27
6 38.00 48.00 165.00 17.65 | 39.00 56.00 146.00 26.29
7 35.00 60.00 162.00 2290 | 39.00 49.00 158.00 19.60
8 34.00 53.50 154.00 2257 | 27.00 67.00 169.00 23.43
9 40.00 47.00 158.00 18.80 | 36.00 52.00 150.00 23.11
10 42.00 43.00 151.00 18.86 | 41.00 50.00 156.00 20.58
11 42.00 50.00 160.00 19.53 | 38.00 50.50 157.00 20.53
12 45.00 54.00 150.00 24.00 | 36.00 46.00 156.00 18.93
13 27.00 44.00 152.00 19.05 | 42.00 64.00 156.00 26.33
14 45.00 49.00 149.00 22.07 | 34.00 58.00 160.00 22.66
15 36.00 50.00 155.00 20.83 | 31.00 56.00 154.00 23.63
16 36.00 61.00 154.00 25.74 | 25.00 85.00 175.00 27.78
17 28.00 46.00 156.00 18.93 | 32.00 52.00 160.00 20.31
18 37.00 54.00 156.00 2222 | 27.00 59.00 168.00 20.92
19 37.00 60.00 170.00 20.96 | 29.00 48.00 160.00 18.75
20 30.00 51.00 165.00 18.75 | 44.00 47.00 150.00 20.89
Mean 37.35 53.08 158.45 21.09 | 34.80 56.33 159.40 22.10
SD. 5.05 8.90 7.04 2.55 5.57 9.63 8.69 2.58




Table D.2 Raw data of Current pain intensity, Functional disability (RMDQ), Lumbar stability (MIST level) and Patients satisfaction (GPE)

prior to and after 8-week exercise intervention program

Group A. Sitting on a gym ball alone

Functional

Lumbar Stability

Group B. Sitting on a gym ball with limb movement

Functional

Lumbar Stability

ﬁl‘éb Current pain intensity Disability(RMDQ) (MIST level) CPE | gyp Currentpainintensity | pyicopijity(RMDQ) (MIST level) GPE
Pre | Post | Change | Pre Post | Change | Pre | Post | Change [15] Nes Pre | Post | Change | Pre Post | Change | Pre | Post | Change [15]
1 7.0 2.0 -5 5.0 0.0 -4 1 8 +2 5 1 4.0 2.0 -2 9.0 0.0 -9 3 4 +1 6
2 50 | 1.0 -4 3.0 1.0 -2 2 3 +1 6 2 40 | 30 -1 3.0 1.0 2 2 4 +2 3
3 50 | 20 -3 1.0 0.0 -1 4 4 0 5 3 6.0 | 3.0 -3 7.0 1.0 -6 1 3 +2 4
4 4.0 0.0 -4 4.0 2.0 -2 2 2 0 6 4 6.0 4.0 -2 7.0 0.0 -7 2 2 0 4
5 40 | 00 -4 1.0 0.0 -1 3 5 +2 6 5 70 | 0.0 -7 8.0 0.0 -8 1 4 +3 5
6 40 | 00 -4 5.0 0.0 -5 2 2 0 6 6 30 | 00 -3 110 | 0.0 -11 3 3 0 6
7 40 | 00 -4 7.0 0.0 -7 1 3 +2 7 7 30 | 0.0 -3 8.0 0.0 -8 4 4 0 7
8 40 | 30 -1 3.0 3.0 0 3 4 +1 3 30 | 00 -3 1.0 0.0 -1 4 4 0 3
9 9.0 3.0 -6 11.0 4.0 -7 3 3 0 9 6.0 1.0 -5 7.0 1.0 -6 2 3 +1 5
10 30| 00 -3 3.0 0.0 -3 3 4 +1 7 10 50 | 1.0 -4 10.0 | 2.0 -9 2 3 +1
11 3.0 0.0 -3 2.0 0.0 -3 3 4 +1 4 11 3.0 0.0 -3 3.0 5.0 +2 1 5 +4 5
12 30 | 00 -3 4.0 3.0 -1 4 4 0 3 12 30 | 0.0 -3 5.0 0.0 -5 2 3 +1 4
13 50 | 0.0 -5 7.0 2.0 -5 3 4 +1 4 13 30 | 0.0 -3 4.0 0.0 -4 2 4 +2 7
14 3.0 0.0 -3 1.0 0.0 -1 1 3 +2 4 14 4.0 0.0 -4 2.0 0.0 -2 1 4 +3 6
15 6.0 | 00 -6 1.0 0.0 -1 1 4 +3 4 15 50 | 20 -3 1.0 0.0 -1 3 4 +1 3
16 30 | 00 -3 4.0 3.0 -1 2 2 0 4 16 2.0 {-0.0 2 5.0 0.0 -5 1 3 +2 7
17 50 | 0.0 -5 6.0 0.0 -6 2 2 0 7 17 50 | 1.0 -4 4.0 0.0 -4 1 4 +3
18 4.0 1.0 -3 2.0 1.0 -1 2 2 0 3 18 4.0 0.0 -4 6.0 4.0 -2 3 4 +3 5
19 20 | 0.0 -2 4.0 0.0 -4 1 +1 7 19 30| 20 -1 7.0 3.0 -4 1 2 +1 4
20 30| 00 -3 3.0 1.0 -2 2 2 0 5 20 50 | 0.0 -5 20 0.0 -2 2 2 0 6
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