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ABSTRACT

The aim of this study was to investigate the effect of a Gym ball program of
trunk stabilization exercises on trunk stabilization in healthy subjects. Twenty subjects
with age ranging from twenty to twenty nine years participated in the study. They
were divided into two groups: control group and Gym ball exercise group. Both
groups were similar in age, weight, height, and body mass index. Subjects in the Gym
ball exercise group performed a Gym ball exercise program three times per week for
four weeks. A series of six exercises were attempted, which required increasing levels
of muscular control of the lumbar spine for stability.

There were two tests in this study, one — modified Isometric Stability Test
(MIST), subjects from both groups were tested using a pressure transducer placed
under the lumbar spine to detect spinal motion. They received a pass or fail for each
exercise level based on the pressure gauge readings and the absence of compensatory
movement. Two — Gym ball exercise testing, subjects from the Gym ball exercise
group were tested using a biofeedback unit. They received a pass or fail for each
exercise level based on the neutral spine position and distance of ball moved. Both
tests was performed at pre-test, 1%, 2™, 3" week and post-test.

The results showed the MIST exercise level attained at post-test of the Gym
ball exercise group (median values: level 3) was significant higher than the pre-test
(median values: level 2) whereas no significant difference was indicated in the control
group. Within the Gym ball exercise group, the MIST exercise level attained began
significant difference at pre-test and 2™ week until pre-test and post-test. The MIST
exercise level attained was started significant difference between the control group and
the Gym ball group at 2™ week testing until post-test. The correlations between Gym
ball and MIST exercise level attained in Gym ball exercise group were highly
correlated (r=0.718).

It can be assumed that the Gym ball exercise program can improve trunk
stability.

KEY WORDS: TRUNK STABILIZATION / STABILIZATION EXERCISE /
PRESSURE TRANSDUCER / GYM BALL EXERCISE
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CHAPTER I
INTRODUCTION

Trunk stabilization is determined by trunk muscles and osteoligamentous
structures to support the spine during movement. Insufficient of strength and
endurance in trunk muscles, loss of trunk muscles co-activation can develop to spinal
instability. Recent research has demonstrated the importance of two muscle groups in
particular. The transversus abdominis and the multifidus muscles perform critical

functions during spinal stabilization (1, 2).

Research indicates an association between chronic low back pain (CLBP) and
trunk stabilization. Well known as CLBP is one of most common problems in many
countries. It is estimated that 60-80% of the general population experience lower back
pain at some time during their lives (3). 70-90% of patients have recurrent pain and
peak incident at 40 years old (3). Perhaps 85% of patients with low back pain cannot

be given a precise pathoanatomical diagnosis (4).

Many researches perform relationship between trunk stabilization and CLBP.
All of those explained trunk stabilization muscle groups in patient with chronic low
back pain. There is direct correlation between back health and abdominal fitness.
Strong rectus abdominis muscles counteract short or tight hip flexors, which may be
responsible for an exaggerated anterior pelvic tilt (excessive arch of the back or
lordosis). Strong oblique muscles reinforce the erector spinae fascia, and pull it
laterally resulting in less strain on the back extensor muscles and spinous ligaments (5,

6).

The intervention in patients with CLBP is varied such as thermal effect,
manipulation, TENS, traction of lumbar spine and therapeutic exercise. Physical

therapist need to utilize the best treatment strategies, whether they are treating
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CLBP patients, preventing occurrence of back pain in healthy patients or working with
high-level athletes. Therefore, program of treatment is important for patient in LBP

especially trunk stabilization exercise program (7, 8).

Trunk stabilization is all about ensuring muscle balance, trunk stability and
strength. The torso muscles work as a team to control movement within the torso, and
give more power for other activities. These activities include sitting up in bed, sitting

in a chair, swimming, playing tennis (9).

Trunk stabilization exercise training is widely used by physical therapists to
treat LBP. It involves strengthening the trunk and pelvic musculature to address the
imbalances and deficits that develop in people with CLBP. It is also designed to help
patients resume their normal activities (1, 10). Therapists can employ stabilization
routines that selectively emphasize control of these muscles. In studies, patients had
demonstrated superior outcomes in programs that emphasized on these muscles. The
trunk and pelvic muscles are most affected. Stabilization training can improve the

strength, endurance, balance and control of these muscles (11, 12).

Therefore, trunk stabilization exercise will be one technique to protect LBP in
all people and decrease chronic pain and increase trunk stabilization in patient with

low back pain.

There are a many trunk stabilization exercise programs used for therapy which
necessary for the patient. Stabilization training is used for a variety of low back pain
diagnosis and is generally safe for most patients. And there were designed for training
patient to control spine in neutral position during movement of extremities. Trunk
stabilization exercise program were divided to 2 types from the difficulty of balance;
exercise on stable surface and labile (unstable) surface. Exercise on stable surface such
as abdominal curl, bridging or four-point kneeling on the floor, MIST and exercise on

labile surface such as exercise on gym ball, Biofoam rollers (5, 13, 14).
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There are a lot of studies on the effect of exercises on stable surface and
reported good results in patients and healthy persons. But there are not many studies of
the exercise on labile surface in Thailand in spite of becoming popular in fitness center.
The techniques for increase trunk stabilization are also popular in many countries (5,

15).

There are not many studies and report of muscle function during use ball or
training of ball or related in Thailand. The ball training is easy to remember and train
for patient and healthy person including many steps for training that are very effective
for the spine or muscles to become more strong and stable. Moreover ball training is

more fun than other exercises and do not need special or expensive instruments.

Training on a ball challenges balance and is very good for working the core
muscles. Apart from the fact that user can have a lot of fun, exercise with gym ball
help keep motivated by adding variety to strengthening and stretching exercises. And
since the ball helps build core strength, training with these inflatable orbs improves

posture. In addition, ball training is easily adaptable to all levels of fitness (13, 16).

When a patient is sitting or lying on the ball, balance (which recruits many of
the body’s deep stabilizing muscles) is always challenged and proprioceptive feedback.
Ball helps focus attention on how subjects perceive and interpret stimuli and

sensations from the world around (16).

The aim of this study was to investigate the effect of Gym ball exercise
program on trunk stabilization in healthy subjects and hope that the result will be used
for trunk stabilization training that for prevention and treatment of low back pain

patients.
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Purpose of the Study
General Objective

To investigate effects of Gym ball exercise training program on trunk
stabilization by comparing the MIST exercise level attained between the Gym ball

exercise and control groups.

Specific Objectives

1. To compare the MIST exercise level attained among pre-test, 1%, pnd 3
week testing and post-test in Gym ball exercise group.

2. To compare the MIST exercise level attained among pre-test, 1%, 2", 3™
week testing and post-test in control group.

3. To compare the MIST exercise level attained in pre-test, 1, 2™, 3" week
testing and post-test between Gym ball exercise group and control group.

4. To determine the correlation of exercise level attained between MIST and

Gym ball groups.

Hypotheses of the Study

1. There is significant difference in MIST exercise level attained among pre-
test, 1%, 2™, 3" testing and post-test in Gym ball exercise group.

2. There is no significant difference in MIST exercise level attained among
pre-test1®, 2™, 3 week testing and post-test in control group.

3. There is significant difference in MIST exercise level attained between
Gym ball exercise group and control group.

4. There would be correlation of exercise level attained between MIST and

Gym ball groups.

Measured Variables

The variables in this study are as follows
1. MIST exercise level

2. Gym ball exercise level
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Scope of the Study

This study investigated the effect of training Gym ball exercise program as
trunk stabilization exercise for 4 weeks with weekly testing and compared effect of
Gym ball exercise training by MIST. Subjects are healthy Thai adult aged range
between 20-29 years. Subjects in Gym ball exercise group were assigned Gym ball
exercise for 4 weeks. Gym ball exercise program represented trunk stabilization

exercise and progressively more difficult by upper and lower extremities movement.

Advantages of the Study

1. This study would confirm that the use of Gym ball exercise can improve
trunk stabilization and could apply in chronic low back pain patients or prevent trunk
dysfunction in healthy people.

2. In this study, new exercise program for trunk stabilization was designed by
modified general bridge exercise to bridging on gym ball making the trunk

stabilization exercise more challenge in balance.
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CHAPTERIII
LITERATURE REVIEW

In many countries, there are a lot of people that suffer from chronic low back
pain and also are most common reason for physician consultation. A variety of
physiological and psychological services, including physical therapy, acupuncture,
biofeedback, chiropractic manipulations, spa therapy have been used in treatment of

chronic low back pain.

In physical therapy, physical therapist will need to utilize the best treatment
strategies, whether they are treating a chronic low back pain patient, preventing
occurrence of back pain in healthy patients of working with high-level athletes. The
primary physical therapy intervention in the treatment of people with chronic low back
pain is often therapeutic exercise aimed at reduce pain, increase muscle strength and
endurance and stabilize the spine (17). Because of the function and coordination of the
muscles that stabilize lumbar spine, especially the lumbar back extensor muscles, are
often impaired in patients with low back pain. Another therapeutic method is to
educate patient about anatomy, the natural history of disorders of the back, the
principles underlying posture, back care during daily activity and a healthy lifestyle.
There are a lot of techniques in therapeutic exercise for the patient with chronic low
back pain. Physical therapy will select suit therapeutic exercise for the patient. Trunk

stabilization exercise is one of most popular treatment in patient with low back pain.

Trunk stabilization exercise has been prescribed for rehabilitation of the
injured low back, prevention of injury in healthy people or athletes and as one of the
most common approaches for strengthening the function of the trunk muscles in

patient with chronic low back pain, healthy people and also in the athletes (18, 19).
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Recent, there are many techniques in trunk stabilization exercise. In
progressively more advanced trunk stabilization exercises, we can use other
equipments in the exercise such as balance sandals, wobble board or gym ball. It make
easy to increase coordination in abdominal and back muscle and patient or people who

exercise will fun in the exercise more than normal exercise.

2.1Spinal Stability

The main function of the trunk muscles are stabilize the spine in response to
balance perturbations and connecting the hips to the shoulders during force
production. This is especially true in the transverse plane. Multi planar rotation is

perhaps the most neglected training stimulus.

2.1.1 Definition of Spinal Stability

The stability of the lumbar spine is determined by osteoligamentous
structures and trunk muscles. Because motion takes place in all 3 dimensions
simultaneously, complex loading patterns act on the passive structures of
osteoligamentous spine and, if unprotected, the lumbar spine is vulnerable to being
damaged. Therefore, it is essential that the motions are precisely controlled by lumbar
and abdominal muscles to produce the stiffness required to optimize the loading on the
lumbar spine, and to prevent overload injury. The multifidus muscles are the most
important back extensor muscles involved in providing the required stiffness for the
lumbar spine. Spinal stability is additionally increased with trunk flexor-extensor
muscle coactivation, which increases intra-abdominal pressure and produces
abdominal spring force. Although all trunk muscles may participate in stabilizing the
spine, transversus abdominis and multifidus muscles are thought to be the most
important in this respect. If any of these are impaired in function that it is occur in

patient with low back pain, instability of the lumbar spine may occur (9, 20, 21).
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Panjabi (22) conceptualized the stabilizing system of the spine as
consisting of 3 subsystems:
1) Passive subsystem
The passive subsystem incorporates the osseous and articular
structures and the spinal ligaments, and their control of segmental movement, not only
at end of range, but particularly around the neutral joint position. While being integral
components of the spinal stabilization system, the spinal ligaments offer most restraint
towards the end of the range of movement, but do not provide substantial support in
neutral joint postures.
2) Active subsystem
The active subsystem refers to the force-generating capacity of the
muscles themselves, which provides the mechanical ability to stabilize the spinal
segment.
3) Neural subsystem
The neural control subsystem refers to the control of these muscles

for the requirement of spinal support.

2.1.2 Spinal Instability
Stability is a very popular term when discussing the low back. First, all
sorts of tissue damage result in joint laxity which in turn can lead to instability.
Second, competitive lifting task where instability was observed in vivo, that injury

resulted. So, instability can both cause, and be the result of injury (23, 24).

Clinical spinal instability is controversial and not well understood.
White and Panjabi (25) defined clinical instability of the spine as the loss of the
spine’s ability to maintain its patterns of displacement under physiologic loads so there
is no initial or additional neurological deficit, no major deformity, and no
incapacitating pain. And they also describe checklist for assessment the clinical

instability in the lumbar spine in Table 2.1.
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Tables 2.1 Checklist for the diagnosis of instability in the lumbar spine (25)

Element Point value
Anterior elements destroyed or unable to function 2
Posterior elements destroyed or unable to function 2
Radiographic criteria 4

Flexion-extension radiographs
Sagittal plane translation > 4.5 mm or 15% 2

Sagittal plane rotation

15° at L1-2, L2-3, and L3-4 2

20° at L4-5 2

25° at L5-S1 2

Resting radiographs

Sagittal plane translation > 4.5 mm or 15% 2

Relative sagittal plane angulation > 22° 2

Cauda equine damage 3
Dangerous loading anticipated 1

A point value total of 5 or more indicates clinical instability

Hayes et al (26) found that 42% of subjects without low back pain had
at least one lumbar motion segment with at least 3 mm. of sagittal-plane translation.
And criteria for diagnosing instability increased to 4 mm. of translation and 15 degrees

for rotation.

Fritz et al (9) found that segmental instability occurs when an applied
force produces displacement of part of a motion segment exceeding that found in
normal spine. The most commonly cited thresholds for segmental instability were 1) a
sagittal-plane translation of at least 3 mm, or 9% of the vertebral body width, on either
a flexion or extension radiograph, and 2) a sagittal-plane rotation of greater than 9

degrees for the lumbar motion segments between L1 and L5.
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2.1.3 Muscle Classification

Owing to anatomical, biomechanical and physiological features
muscles may be categorized into two groups, stabilizer and mobilizer. The stabilizer
muscles are divided into two groups, local stabilizer and global stabilizer. From
structural and functional characteristics make the stabilizers better equipped for
postural holding with an anti-gravity function. The mobilizers are better set up for
rapid ballistic movements and are often referred to as task muscles. Rectus abdominis
and lateral fibers of external oblique muscle may be considered as the prime movers or

mobilizers of trunk flexion (27).

Local stabilizers maintain low force continuous activity in all positions
of joint range of motion. Activity of the local stabilizer increases local muscle stiffness
at a segmental level to control excessive physiological and translatory motion and

often increases in an anticipatory action prior to load or movement (27).

The major muscles that contribute to the local stabilizing system of the
spine are transversus abdominis, multifidus as primary stabilizers and internal oblique,

medial fibers of external oblique and quadratus lumborum as secondary stabilizers

(28).

The lumbar muscles play a vital role in the stability and functional
movement of the lumbar vertebral column, are often impaired in patients with low
back pain. Therefore, selective exercise training program for the stabilizing muscles

could be meaningful in the prevention (23).
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In 2001, Norris (29) show muscle categories and categories of trunk

muscles following in Table 2.2 and 2.3.

Table 2.2 Muscle categories

Stabilisors Mobilisors
e Deeply placed e Superficial
e Aponeurotic e Fusiform

e Slow twitch nature

e Active in endurance activities °

e Selectively weaken

Fast twitch nature
Active in power activities

Preferential recruitment

e Poor recruitment, may be inhibited e Shorten and tighten
e Activated at low resistance levels e Activate at higher resistance levels
(30-40%MVC) (above 409%MVC)
e Lengthen
Table 2.3 Trunk muscle categorization
Stabilisors Mobilisors
Primary Secondry

e Transversus abdominis

e multifidus

Internal oblique
Medial fibres of

external oblique

e Rectus abdominis
e Lateral fibres of

external oblique

Quadratus lumborum e Erector spinae

2.2 Muscle in Low Back Pain

Many studies have documented an association between chronic low back pain

and diminished muscular performance capacity, reduced muscle strength, increased

muscular fatigability, and alterations in the muscle size and internal structure (30-32).
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Local muscle dysfunction in low back pain
1. Dysfunction of the transversus abdominis muscle
- Changes in motor control
- Delayed activation
- Direction is specific contraction
- Phasic contraction
- Loss of independent control
- Failure to respond in natural-speed movement
2. Dysfunction of the multifidus
- Muscle activation delayed
- Fatigability
- Atrophy

Lee et al (33) measured muscle strength of the trunk and the lower extremities
in subjects with history of low back pain and found that in the group with low back
pain, the muscles of the trunk and the lower extremities were similarly affected but it
can be attributed to generalized muscular weakness or psychological factors, such as

fear of injury.

Lee et al (34) investigated trunk muscle weakness as a risk factor for low back
pain in asymptomatic volunteers. The subjects included 30 male and 37 female
volunteers who neither reported nor had ever been treated for low back pain. Trunk
muscle strength was measured isokinetically, using the trunk extension and flexion
and torso rotation units. The volunteers were followed prospectively for 5 years to
determine the incidence of low back pain. And found that the extension/flexion ratio
of the low back pain group demonstrated significantly lower values than that of non-
low back pain group. The study found an imbalance in trunk muscle strength might be

one risk factor for low back pain.

Danneels et al (35, 36) described the lumbar multifidus muscle in normal
active chronic low back pain, which is thought to be particularly important for

stability, was found to be atrophied. The atrophy was prior to the onset of low back
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pain, or that in the subacute and chronic stage a combination of reflex inhibition and
substitution pattern of the trunk muscles occurred. The atrophy and possible
dysfunction of the multifidus could permit spinal instability and could be important

factors that contribute to the high recurrence rate in chronic low back pain.

Dieen et al (37) found trunk muscle recruitment patterns in patients with low
back pain are different from those in healthy control subjects. The differences are

likely to be functional with respect to enhancement of spinal stability.

Hodges and Richardson examined the speed of contraction of several trunk
muscles including the transversus abdominis muscle. They found that during rapid
movement of the upper extremity (flexion, extension, abduction), the group with low
back pain showed significantly slower speed of activation of the trunk stabilizers,
specifically the transversus abdominis muscle, when compared with pain-free controls

(38).

2.3 Physical Therapy in CLBP Patients

There are many interventions used by physical therapist for management in
low back pain patients such as thermotherapy, therapeutic massage, therapeutic
exercises, electromyographic (EMG) biofeedback, mechanical traction, ultrasound,
TENS, electrical stimulation, spinal manipulation and mobilization (39, 40). Physical
therapist will use one or more interventions for patients but in most studies,
therapeutic exercises were found to be beneficial for chronic, subacute and post

surgery low back pain (41, 42).

2.4 Therapeutic Exercise for Trunk Stability
Exercise is the most important area of emphasis for any rehabilitation program.
Exercise is usually directed toward cardiovascular respiratory conditioning and

musculoskeletal conditioning (43).
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2.4.1 Modes of Exercise
a) Passive exercise
b) Active-assistive exercise
c) Active exercise

d) Resistive exercise

2.4.2 Resistive Exercise
Resistive exercises can improve muscular strength, power, and
endurance (44). And they are the parameters that should be developed in an exercise
program. So in this study, the gym ball exercise program is designed to resistive

exercise mode.

2.4.3 Types of Resistive Exercise
a) Isometric exercise
b) Isotonic exercise

c) Isokinetic exercise

2.4.4 Isometric Exercise

During isometric exercise the exercising muscle contracts without
shortening or lengthening. As the force of contraction increases, there is an increase in
the tension generated by the muscle, but there is no change in muscle length and there
is no visible joint movement. It is also called ‘static’ exercise. The isometric exercise
used to establish stability and also called stabilization exercise too. Currently, trunk
muscles are stabilizer of the spine, and the Gym ball exercise program in this study is
designed to improve spinal stability. So the Gym ball exercise program is used to

isometric exercise for this.

2.4.5 Trunk Stabilization Exercise
Lumbar Stabilization exercise is widely used by physical therapists to
treat low back pain. It involves strengthening the trunk and pelvic musculature to
address the imbalances and deficits that develop in people with CLBP. It is also

designed to help patients resume their normal activities. Lumbar stabilization could be
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call in various terms as “core strengthening”, “trunk stabilization” or “lumbar

stabilization”. For this study will call trunk stabilization (28).

Research indicates an association between CLBP and muscle weakness.
The trunk and pelvic muscles are most affected. Trunk stabilization exercise is focused
on muscular stabilization of the abdominal, paraspinal and gluteal muscles to provide

better spinal stability and control of trunk movement (45).

The neutral position is of the lumbar spine is midway between end
range flexion and end range extension. In a neutral position the discs and facet joints
are minimally loaded and the soft tissues surrounding the lumbar spine reach a state of

elastic equilibrium (46).

Ideally it is a position that minimizes pain. With the neutral spine
posture, the patient performs a series of exercises. During the exercise the arms and/or
legs are moved while the trunk and pelvic muscles work to hold the neutral position. A
variety of exercise positions are utilized including on the abdomen, back, all fours,

sitting and standing.

2.5 Trunk Stabilization Exercise Program

The overall goal of the trunk stabilization exercise program is to recondition
key spinal stabilizers while improving control and coordination. And the exercise
approach is that it provides a training effect for target muscle groups without

aggravating symptom and can prevent spinal instability in normal persons (47, 48).

The exercise programs that enhance lumbar stability have divided into four

stages.

2.5.1 Stage 1: reeducation of stabilizing muscle
Facilitation techniques and isometric exercises with a static neutral
spine have been used in teaching patients how to contract the lumbar multifidus

muscle at the segmental level during this stage.



Krittika Hongto Literature Review /16

Definition of the neutral spine (46)

The neutral position of the lumbar spine is midway between end range
flexion and end range extension. In a neutral position the discs and facet joints are
minimally loaded and the soft tissues surrounding the lumbar spine reach a state of

elastic equilibrium.

2.5.2 Stage 2: exercise progressions for static stabilization
Stabilization exercises are organized in stages to progress the patient
through increasingly difficult exercises. Isometric holds with co-contraction are
performed first. The exercise on stable surface such as floor bridge exercise is in this

stage and the exercise can progress by upper or lower extremities movement(49, 50).

2.5.3 Stage 3: exercise progressions for dynamic stabilization
The exercise on labile surface such as exercise on gym ball, wobble

board balance sandals or foam roller is in this stage.

2.5.4 Stage 4: occupational and activity specific stabilization
This stage relevant to the activities of daily living, work and sport
constitute the final stage of rehabilitation. Training for deep muscle support during
high impact loading activities such as running and jumping may need to be
incorporated into the program. Teaching practices of safe lifting, carrying and

handling task, or the correction of styles in sport, are also in the program (24).

2.6 Gym Ball Exercise

Gym balls are an effective training tool for increasing strength, improving joint
and body stability and increasing joint flexibility. The movable ball activates muscles
to stabilize and balance the body. The use of this implements demand creativity from

the therapist (13, 16).

Gym balls are widely used in physiotherapeutic treatments and can be a part of
each program in general training in athletics. Exercises with the ball can also be

tailored to the specific demands of the different competition movements.
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Vera-Garcia et al (51) study in abdominal muscle response during curl-ups on
both stable and labile surfaces use of labile surface. All subjects were requested to
perform 4 different curl-up exercises—1 on a stable surface and the other 3 on varying
labile surfaces. Electromyographic signals were recorded from 4 different abdominal
sites on the right and left sides of the body and normalized to maximal voluntary
contraction (MVC) amplitudes. They found that curl-up exercises on labile surfaces
increased abdominal muscle activity (eg, for curl-up on a stable surface, rectus
abdominis muscle activity was 21% of MVC and external oblique muscle activity was
5% of MVC; for curl-up with the upper torso on a labile ball, rectus abdominis muscle
activity was 35% of MVC and external oblique muscle activity was 10% of MVC).
Furthermore, it appears that increases in external oblique muscle activity were larger
than those of other abdominal muscles. And there is conclusion and discussion as
performing curl-ups on labile surfaces changes both the level of muscle activity and
the way that the muscles coactivate to stabilize the spine and the whole body. This
finding suggests a much higher demand on the motor control system, which may be

desirable for specific stages in a rehabilitation program.

Mori (13) reported the study in electromyographic (EMG) activity of the trunk
muscles during seven stabilization exercises using gym ball. Eleven healthy men
without low back pain volunteered to participate in the study. Bipolar surface
electrodes were attached to the right side of the upper and lower rectus abdominis, the
external abdominal oblique and the upper and lower back extensor muscles. EMG
signals were recorded during seven types of stabilization exercises using a gym ball
and normalized to maximal voluntary contraction (%MVC). Push-up exercise,
supporting with both hands on the gym ball and toes on the floor in prone position,
resulted in the highest activity of all abdominal muscles, and an exercise of the lifting
the gym ball up, holding it actively between both legs with both knees flexed in supine
position resulted in the lowest. Lifting up of the pelvis in a bridged position exercise,
supporting the head with the gym ball and with the feet on the floor in supine position,

resulted in higher muscle activity of the back extensor muscles than another exercise.
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2.7Training Intensity Duration and Frequency (3)

2.7.1 Training intensity

For strength training, it is typically 25-95% of 1 RM.

2.7.2 Training duration
Strength training sessions can last for hours because the lifting periods
are interspersed with breaks. Apparent increases in strength during first 2 weeks of
training are related to neuromuscular retraining and more efficient recruitment of

muscle groups rather than to muscular hypertrophy, which occurs later.

2.7.3 Training frequency (3)
For strength training, typically 3-5 times/week.
For aerobic training, typically 3-6 times/week.

Flexibility exercises may be done daily.
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CHAPTER III
MATERIALS AND METHODS

3.1 Subjects

Subjects were volunteered, adult Thai people, both male and female and

ranging in age from 20 to 29 years. They had Body Mass Index (BMI) value in range

of 18.5 to 24.9 kg/m?. The subjects must not have any sport activity over 3 days per

week during training program.

Inclusion criteria

Male and female.

Age between 20 and 29 years.

Height between 150 and 185 cm.

Body Mass Index (BMI) range between 18.5 to 24.9 kg/m* (from
American Heart Association, 2004).

Healthy and no history of low back pain in the past 6 month or any
prior back surgery.

Having normal joint range of motion.

Exclusion criteria

Having any problems relating to musculoskeletal, neuromuscular
problems which effected to training program.

Having sport activity over 3 days per week or exercise involved in
stability of lumbar spine.

Taking medicine which effected to training program.

Pregnant or having a baby.
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Subject read and signed inform consent. The researcher recorded age, weight
and height at the time of setting and explained procedure of training program to
subject. Subject must be trained or tested after meal at least 2 hours and must not drink

alcoholic beverage at least 24 hours before testing or training.

3.2 Instrumentation

3.2.1 A pressure biofeedback unit (24, 49, 52) (Stabilizer, Chattanooga
Australia Pty Ltd) consists of tri-sectional inflatable rectangular cushion (23x14 cm)
connected to a pressure gauge (measuring 0-300 mmHg) and inflation device. The
cushion was inflated to accommodate the existing space between the subject’s lumbar
spine and the mat (approximately 40 mmHg). This device placed centrally, behind
lumbar spine from S2 to approximately L1 and was used to monitor the position of
lumbar spine during the MIST. External force performed to the cushion reflected as
change in pressure. Movement of the body part onto the back results in an increase in

pressure while movement of body part of the cushion results in a decrease in pressure.

Figure 3.1 Pressure biofeedback unit (Stabilizer)
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322

Gym ball exercise feedback unit for testing was used to detect action of

lumbar stabilizer muscles. The feedback unit consists of adjustable bar to determine

neutral spine position by subject’s abdomen do not fall from the bar and 3 foam stands

laid down around the ball to detect ball moving.

Figure 3.2 Gym ball exercise feedback unit

323
324

height (cm.).

3.2.5
3.2.6
degree.
3.2.7
3.2.8
3.29

Gymnastic ball for exercise with diameter 65 cm.

Weight and height scale for measuring subject body weight (kg.) and

Stopwatch

Goniometer was used to measure range of motion of hip joint flexion in

Mats for exercise.
Pillow

Gym ball exercise program handout.
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3.2.10 Modified IST exercise handout.

3.2.11 Clothes for exercise such as cotton T-shirt, socks, short plants.

Figure 3.3 Gym ball and mat for exercise

3.3 Procedure
Subject’s inclusion criteria and exclusion criteria were evaluated by
questionnaire and interview. Height, weight and body mass index (BMI) were

measured for each subject.

Subjects read and signed inform consent. All procedure and objectives of the
study were explained. Subjects were randomized into 2 groups (Gym ball exercise
group and control group). The Gym ball exercise group performed Gym ball exercise
program for 4 weeks. The control group received no training. The exercise group was
tested for MIST exercise level attained and Gym ball exercise level attained. The

control group was tested every week for only MIST exercise level attained.
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3.3.1 Training before pre-test
Subjects in the Gym ball exercise group were instructed to do the MIST
and the Gym ball exercise program. The control group was instructed to do only the
MIST on the first day of the participation. Subjects must not have any exercises within

24 hours prior to testing or training to avoid minimize any training or fatigue response.

Modified Isometric Stability Test (MIST) (52) (See figures at Appendix E)
While the subjects performed level 1, they maintained the pressure at
40 mmHg (+ 4 mmHg) which was visible to both subject and the researcher. They
sustained that pressure during three cycles of normal breathing without compensation.
The subjects who could perform abdominal hollowing and maintained pressure were
able to reach this level. After that, they were allowed to continue with exercise level 2

or higher level until they could not perform or had any compensation.

Level 1 testing: Abdominal hollowing
Subjects were in supine position with knees flexion and feet flat on the
floor. They placed their hands on lower abdomen below navel, and felt their muscle
contraction. They were asked to imagine the feeling created in abdomen while inhaled.
When exhaled, they were asked to imagine bringing belly to the spine. Subjects tried

to maintain pressure with breathing normally.

Level 2 testing: Unilateral abduction
Subjects were in supine position with knees flexion and feet flat on the
floor. They performed the abdominal hollowing by contracted abdominal muscles.
While maintaining these contractions, they were advised to abduct their right leg to
approximately 45° in relation to the floor during left knee motionless. After that, they
put their right leg to the starting position. Each subject was asked to continue a normal

breathing pattern throughout the exercise.
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Level 3 testing: Unilateral knee extension

Subjects performed exercise in supine position with knees flexion and
feet flat on the floor. They performed the abdominal hollowing by contracted
abdominal muscles. While maintaining the contraction of abdominal muscles, they
were asked to extend their right knee joint to zero degree and controlled the thigh in
the same level both sides. Then they put their right leg to the starting position.

Subjects were advised to keep normal breathing throughout the exercise.

Level 4 testing: Unilateral knee raise

Subjects were in supine position with knees flexion and feet flat on the
floor. They performed the abdominal hollowing by contracted abdominal muscles.
While the subjects were maintaining these contractions, they were asked to raise their
right leg toward chest until it just passed hip flexion approximately 90° and allowed the
knee to flex naturally. While subjects performed the lift, they did not allow to move
the left leg, head, neck and shoulders. After that, they put their right leg to the starting

position.

Level S testing: Bilateral knee raise

Subjects were in supine position with knees flexion and feet flat on the
floor. They contracted abdominal muscles. While maintaining these contractions, each
subject was asked to raise right leg toward chest until it just passed hip flexion
approximately 90° with knee to flexion position. The subjects held their right leg in
this position and then raised the left leg in the same manner therefore both legs were
elevated. They put their right leg to the starting position followed by left leg. Subjects

were instructed to breath normally throughout the exercise.



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Physiotherapy) /25

Level 6 testing: Bilateral knee rise together

Subjects were in supine position with knees flexion and feet flat on the
floor. They recreated the abdominal hollowing by contracted abdominal muscles.
While maintaining these contractions, they raised their both legs toward chest until
just passed hip flexion approximately 90° with knee flex naturally. Subjects continued
to breathe normally and did not allow moving head, neck or shoulders. Then, they put

their both legs to the starting position together.

Gym ball exercise level (See figures at Appendix E)
Exercise level 1: Advanced neutral in bridge position
Starting position was sitting on the floor and the gym ball was behind
subject’s back. They had to lift the pelvis up to the bridge position and held it for 10
seconds and returned to the starting position. Subject’s head and shoulders were on the
gym ball, with feet flat on the floor, with both knees flexed at 90° and normal base of
support (no hip abduction or adduction). Subjects were not allowed moving their head,
neck or shoulders that make the ball move. Neutral spine position was important for

this exercise.

Time interval: subjects held 10 seconds and rested 10 seconds, repeated
this exercise 10 times per set and rested 1 minute between each set. Subjects in the
Gym ball exercise group did the exercise 3 sets and rested 5 minutes for the next

exercise. Total time was 15 minutes.

Exercise level 2: Bridging with leg abduction
Starting position was sitting on the floor and the gym ball was behind
subject’s back. They had to lift the pelvis up to the bridge position. While the bridge
position (subject’s head and shoulders were on the gym ball, with feet flat on the floor,
with both knees flexed at 90° and normal base of support), subjects abducted both legs
approximately at 45° in relation to the floor with normal speed (3 seconds per time).
Subjects were not allowed moving their head, neck or shoulders that make the ball

move. Neutral spine position was important for this exercise. Then, subjects returned



Krittika Hongto Materials and Methods / 26

leg to the starting position. Subjects were abducted both legs for 10 times and returned

to the starting position.

Time interval: subjects repeated this exercise 10 times per set and
rested 1 minute between each set. Subjects in the Gym ball exercise group did the

exercise 3 sets and rested 3 minutes for the next exercise. Total time was 8 minutes.

Exercise level 3: Bridging with alternate hip and knee flexion

Starting position was sitting on the floor and the gym ball was behind
subject’s back. They had to lift the pelvis up to the bridge position. While the bridge
position (subject’s head and shoulders were on the gym ball, with feet flat on the floor,
with both knees flexed at 90° and normal base of support), subjects raised right leg
toward chest until hip flexed at 90° and knee flexed naturally with normal speed (3
seconds per time) and returned to the starting position. Subjects were not allowed
moving their head, neck or shoulders that make ball move. Neutral spine position was
important for this exercise. Subjects raised right leg for 5 times and returned to the
starting position and raised left leg for 5 times in the same action and returned to the

starting position.

Time interval: subjects repeated this exercise 10 times per set and
rested 1 minute between each set. Subjects in the Gym ball exercise group did the

exercise 3 sets and rested 3 minutes for the next exercise. Total time was 8 minutes.

Exercise level 4: Bridging with alternate knee extension
Starting position was sitting on the floor and the gym ball was behind
subject’s back. They had to lift the pelvis up to the bridge position. While the bridge
position (subject’s head and shoulders were on the gym ball, with feet flat on the floor,
with both knees flexed at 90° and normal base of support), subjects extended right
knee until knee straight with normal speed (3 seconds per time) and returned to the
starting position. Subjects were not allowed moving their head, neck or shoulders that

make ball move. Neutral spine position was important for this exercise. Subjects
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extended right knee for 5 times and returned to the starting position. Then, extended

left leg 5 times in the same action and returned to the starting position.

Time interval: subjects repeated this exercise 10 times per set and
rested 1 minute between each set. Subjects in the Gym ball exercise group did the

exercise 3 sets and rested 3 minutes for the next exercise. Total time was 8 minutes.

Exercise level S5: Bridging with opposite shoulder flexion and knee
extension
Starting position was sitting on the floor and the gym ball was behind
subject’s back. They had to lift the pelvis up to the bridge position. While the bridge
position (subject’s head and shoulders were on the gym ball, with feet flat on the floor,
with both knees flexed at 90° and normal base of support), subjects extended right
knee until knee straight and raised left arm simultaneously with normal speed (3
seconds per time) and returned to the starting position Subjects were not allowed
moving their head, neck or shoulders that make ball move. Neutral spine position was
important for this exercise. Subject did the process 5 times. Then, extended left knee

and raised right arm simultaneously 5 times again and returned to the starting position.

Time interval: subjects repeated this exercise 10 times per set and
rested 1 minute between each set. Subjects in the Gym ball exercise group did the

exercise 3 sets and rested 3 minutes for the next exercise. Total time was 8 minutes.

Exercise level 6: Bridging with same side shoulder flexion and knee
extension
Starting position was sitting on the floor and the gym ball was behind
subject’s back. They had to lift the pelvis up to the bridge position. While the bridge
position (subject’s head and shoulders were on the gym ball, with feet flat on the floor,
with both knees flexed at 90° and normal base of support), subjects extended right
knee until knee straight and raised right arm simultaneously with normal speed (3
seconds per time) and returned to the starting position. Subjects were not allowed

moving their head, neck or shoulders that make ball move. Neutral spine position was
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important for this exercise. Subject did the process 5 times. Then, extended left knee

and raised left arm simultaneously 5 times again and returned to the starting position.

Time interval: subjects repeated this exercise 10 times per set and
rested 1 minute between each set. Subjects in the Gym ball exercise group did the

exercise 3 sets and rested 3 minutes for the next exercise. Total time was 8 minutes.

Gym ball exercise testing
Subject could be passed in each exercise level by subject could exercise
3 times completely, no ball moving and keep neutral spine position that were detected

by feedback unit.

3.3.2 Pre-test
Subjects must not have any exercises within 24 hours prior to testing to
avoid minimize any training or fatigue response.
First week, subjects in the control group were pre-test MIST. Subjects
in the Gym ball exercise group were pre-test MIST and Gym ball exercise testing as in

the above protocol respectively.

3.3.3 Training program
Subjects in the Gym ball exercise group were trained by Gym ball
exercise 3 days per week for 4 weeks. Gym ball exercise level was adjusted according
to Gym ball exercise testing every week. The Control group was not allowed to do any

exercises for 4 weeks.

3.3.4 Testing
Subjects in the control and the Gym ball exercise group had MIST at
pre-test, every week for 3 weeks and at post-test. Subjects in the Gym ball exercise
group had the Gym ball exercise testing at pre-test, every week for 3 weeks and at

post-test.
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3.3.5 Warm-up and cool-down
Subjects in the control and the Gym ball exercise group must warm-up
for 10 minutes of back and lower limb muscles stretching (See the figures in Appendix
E). Cool-down for 10 minutes as in the warm-up exercise were done after exercise

testing and training.
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Procedure

Explained objective, procedure of training program and testing
Subject read and signed inform consent.

Recorded subject’s weight, height and BMI.

Subject: randomized into 2 groups

Exercise group Control group
Subjects rehearsed ball exercise and Subject rehearsed MIST
MIST before pre-test. before pre-test

1* week: Pretest MIST +

Ball exercise program for 3 times/week FIrd ey ro-test

2" week: 1st MIST +

Ball exercise program for 3 times/week Syt week: MIST

3" week: 2nd MIST +

Ball exercise program for 3 times/week Third week: MIST

4™ week: 3rd MIST +

Ball exercise program for 3 times/week Fourth week: MIST

Post-test Post-test
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3.4 Statistic Analysis

The level of statistically significant difference for all analyses was set at p-
value < 0.05.

Kolmogorov-Smirnov Goodness of Fit test was used to determine the
distribution of the characteristic data. The characteristic data of the study had normal
distribution. Independent sample t-test was used to compare the differences of age,
weight, height, and body mass index (BMI) in both groups.

The dependent variables were the score on Gym ball exercise (exercise level
attained) ranged from 0 to 6 that represented the highest level of Gym ball exercise
which subjects successful and MIST (exercise level attained), performed score 0 to 6
that represented the highest level of MIST which subjects successful.

The independent variables were groups (control group and Gym ball exercise
group).

The Friedman Test was used to compare the MIST exercise level attained
among pre-test, 1%, 2™, 3™ week testing and post-test in both groups.

Wilcoxon Signed Ranks Test was used to compare differences in the MIST
exercise level attained between testing sessions of Gym ball exercise group.

Mann-Whitney U test was used to compare differences in the MIST exercise
level attained in pre-test, 1%, 2™, 3™ week testing and post-test between Gym ball
exercise group and control group.

Correlation between the MIST exercise level attained and Gym ball exercise

level attained was assessed by using Spearman rank order test.
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Sample Size Calculation

The sample size for this study was calculated by the following equation:

N=28p [Z -ary+ Z ap]’

(i-p)°
N = sample size for each subject group
S’°p = pooled variance
S +8) Lifn=m
2
n = number of subject of exercise group, who practice gym ball exercises

program in the pilot study

ny = number of subject of control group in the pilot study

S;> = variance of subject of exercise group, who practice gym ball exercises
program in the pilot study

S,* = variance of subject of control group in the pilot study

Z (1-a2) = Z-value when set the confident level equal to 95% or significant level equal
to 0.05 (a=0.05) = 1.96

Z (-py = Z-value when set the power of testing equal to 90% (B=0.1) = 1.28

ni-ip = the difference of means of parameter between exercise group, who practice

gym ball exercises program and control group in the pilot study

The data of MIST exercise level attained in the pilot study were used to
calculate the sample size. The appropriate sample size for each group in the present

study was ten subjects.
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Subjects were divided into two groups; the control group and the Gym ball

exercise group. 4 men and 6 women participated in each group. Means of age, weight,

height, and body mass index between groups were not significantly different.

Table 4.1 Means and standard deviations of age, weight, height, and body mass index

of subjects in control and Gym ball exercise groups

Control group

Gym ball exercise group

(n=10) (n=10)
p-value
mean SD mean SD
Age (yrs) 23.90 s 7/3 22.70 2.21 0.193
Weight (kg) 53.80 5.57 57.60 10.71 0.333
Height (cm) 165.10 6.62 165.10 10.34 1.000
BMI (kg/mz) 19.68 0.98 20.96 1.84 0.068

p-value from independent sample t-test
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4.2 MIST and Gym Ball Exercise Level

Medians and interquartile ranges of MIST exercise level attained in each group
at pre-test, 1, 2™, 3 week testing and post-test are shown in Tables 4.2, 4.3 and

Figures 4.1, 4.2. Figure 4.3 shows Gym ball exercise level attained in Gym ball

exercise group.

Table 4.2 Comparison of medians and interquartile ranges of MIST exercise level

attained in each group among pre-test, 1%, 2", 3™ week testing and post-test

Group
TASE Control (n=10) Gym ball exercise (n=10)
Median (Q1,Q3) Median (Q1,Q3)

Pre-test 2(1,2.25) 2(1,2.25)

1™ week 2409 2 (1.75,2.25)

2" week 2(1,2) 2(2,3)

3 week 2(1,2) 3(2,3)

Post-test ORET5.2) 3(3,3.25)
p-value 0.582 0.001"

p-value from Friedman test

*significant difference at p< 0.05

Table 4.3 Multiple comparison between testing sessions of Gym ball exercise group

Test Pre-test 1* week 2" week 3 week Post-test
Pre-test 317 .025% .003* .003*
1* week .046%* .005%* .002%*
2" week 046* .008*
3" week 083
Post-test

Wilcoxon Signed Ranks Test
*significant difference at p< 0.05
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MIST Exercise level attained
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Figure 4.1 MIST exercise level attained in the control group

MIST Exercise level attained
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Figure 4.2 MIST exercise level attained in the Gym ball exercise group
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Figure 4.3 Gym ball exercise level attained in the Gym ball exercise group

In control group, no significant difference was found in MIST exercise level
attained among pre-test, 1%, 2" 3" week testing and post-test, whereas the results of
the Gym ball exercise group demonstrated significant differences in the MIST exercise

level attained among pre-test, 1%, 2™, 3™ week testing and post-test.

The results shown significant differences between pre-test and 2™ week
testing, pre-test and 3™ week testing, pre-test and post-test, 1* week testing and 2™
week testing, 1% week testing and 3" week testing, 1% week testing and post-test, 2™
week testing and 3™ week testing, 2" week testing and post-test in the Gym ball

exercise group.
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4.3 MIST Exercise Level between Control and Gym Ball Exercise
Groups

Medians and interquartile ranges of MIST exercise level attained at pre-test,
1%, 2™ 3™ week testing and post-test between control and Gym ball exercise groups
are demonstrated in Table 4.4. Number of subjects and MIST exercise level attained in

each groups at pre-test and post-test are shown in Figures 4.4, 4.5 respectively.

Table 4.4 Comparison of medians and interquartile ranges of MIST exercise level

attained at pre-test, 1%, 2", 3™ week testing and post-test between control and Gym

ball exercise groups

Control (n=10) Gym ball exercise (n=10)
p-value

Median (Q;,Q3) Median (Q1,Q3)
Pre-test B (%) 2 (1,2.25) 0.744
1% week 2(1,2) 2 (1.75,2.25) 0312
2™ week 2(1,2) 2(23) 0.038*
3 week 2(1,2) 3(23) 0.009%*
Post-test 2(1.75,2) 3(3,3.25) 0.001*

p-value from Mann-Whitney U test

*significant difference at p< 0.05
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4.4 Correlations between Gym Ball and MIST Exercise Level in Gym

Ball Exercise Group

Correlation coefficient and scatter plot between Gym Ball and MIST exercise

level attained at pre-test, 1%, 2™, 3™ week testing and post-test in the Gym ball
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exercise group are presented in Table 4.5 and Figure 4.6 respectively.

Table 4.5 Correlation between Gym Ball exercise and MIST exercise level attained in

the Gym ball exercise group

Test MIST (n=50)
o
Gym Ball (n=50) <€
Sig. (2-tailed) .001

** Correlation is significant at the 0.001 level (2-tailed)

The results of Spearman order rank test demonstrated was significant between

Gym ball exercise and MIST exercise level attained.




Krittika Hongto Results / 40

|

O =~ NN W & 00 O
|

vm Bl coorare fonel abbaime:

MIST exercise level attained

Figure 4.6 Correlation between Gym ball exercise level attained and MIST exercise

level attained in Gym ball exercise group (n=50)



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Physiotherapy) / 41

CHAPTER V

DISCUSSION

5.1 Characteristics of Subjects
In this study, subject’s age range between 20 and 29 years was one of the
inclusion criteria because it has been reported that the highest muscular strength levels

for men and women are generally reached between the ages of 20 and 30 years (53).

In both groups; control and Gym ball exercise, the subjects had no significant
difference in age, weight, height, and body mass index. It could be assumed that the

subjects had similar characteristics.

All subjects in this study were students and non-athlete. It could be assumed
that their activities should be similar. During period of this investigation, the
researcher told the subjects to do the same routine activities and avoid any other
specific training programs or any sport activities more than 3 days per week.
Moreover, the control and exercise groups were matched for sex, age, weight, height
and BMI as much as possible. It is possible to conclude that the subjects’ fitness level
and muscular control of the both groups did not alter during 4 weeks testing and
training period. Therefore, the differences in exercise level attained after training

program would be due to the effect of trunk stabilization exercise training.
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5.2 MIST Exercise Level Attained in Control and Gym Ball Exercise
Groups

In this study, Gym ball exercise can increase MIST exercise level attained
(Table 4.2) whereas, no progression was found in the control group (Table 4.2).
Compared between control and Gym ball exercise groups, MIST exercise level
attained of the Gym ball group was higher than that of the control group starting from
the week until the post-test (Table 4.4).

The finding of this study supported the studies of Thongjunjua in 2004. They
studied 30 healthy subjects who received lumbar stabilization exercises (MIST) with
and without feedback. The result showed highly significant increase (p=0.0001) in
MIST exercise level attained with feedback in exercise group. whereas, no significant

increase in MIST exercise level attained with feedback in control group (52).

From the previous studies (37,46), transversus abdominis and multifidus
muscles was the main function to stabilize the spine with internal oblique and medial
fiber of external oblique muscles during performed MIST for holding pressure of the
stabilizer at 40+4 mmHg with leg motion. And most studies also indicated that trunk
stabilizer muscles required muscle activity approximately 30-40 %MVC to stabilize
the spine (1, 13). Similarly, the Gym ball exercise in this study, trunk muscle
especially multifidus was highly activated (approximately 45 %MVC) (12) to perform
trunk stabilization for controlling the neutral spine position in an unstable
environment. This could describe the progression of MIST exercise level attained in

the Gym ball exercise group.

Many studies described trunk muscles especially multifidus muscle provides
more than two thirds of stiffness increase in the L4-L5 segment of stabilizing role (9).
Any injury or dysfunction of the multifidus muscle will be effect to lumbar segmental
stability (34). Thus, this Gym ball exercise program, multifidus was highly activated
that could be described for the highly progression in stability performance.
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As a result of MIST exercise level attained of Gym ball exercise group in this
present study, the ability to perform the exercise increased especially in the second
week, and also gradually increased in the third to fourth week. For the control group,
MIST exercise level attained slightly augmented in some subjects but this increment
did not demonstrate significant difference. Therefore, these results supported the effect

of Gym ball exercise program on trunk stabilization exercise.

MIST exercise level attained of Gym ball exercise group in this present study,
the ability to perform the exercise increased especially in the second week (Median:
level 2 to 3), and also gradually increased in the third to fourth week. However the
previous study of Thongjunjua, MIST exercise level attained in exercise group
performs early progression in third week (Median: level 2 to 5). Several studies of
resistance training have demonstrated that early strength in second week of training
induced was the result of neural adaptation more than adaptation of muscle (27, 43,
44). And the Gym ball exercise program in this study was focus training on unstable
environment that required appropriate muscle recruitment and timing to control the
spine more than training on stable environment like MIST exercise (27). More co-
contraction of the trunk stabilizer muscles have been occur during the Gym ball

exercise more than MIST exercise that could be described for the result.

However, MIST exercise level attained at post-test in the Gym ball exercise
group was less than the MIST exercise group in Thonjunjua ‘s study (52) (Median:
this study — level 3 and Thongjunjua — level 5). The result can be explained by the
procedure of Thonjunjua’s study. The subjects were tested and trained by the same
technique; MIST exercise attained (52). In this present study, subjects performed Gym
ball exercise and tested by MIST exercise level attained. Therefore, using the trainning
and testing protocol may have more advantages than using one testing and different

training protocol.
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5.3 Correlation between MIST and Gym Ball Exercise Level
Attained

The results showed significant correlations between MIST and Gym ball
exercise level attained. In this study, Gym ball exercise program designed for trunk
stabilization training. When increase in Gym ball exercise level attained and MIST
exercise level attained increase in the same fashion. This means that Gym ball exercise
program in this study can also improve trunk stabilization. Therefore, in clinical
setting, it could be assumed that when Gym ball exercise is trained, it is not necessary
to measure the MIST level. Gym ball exercise level can be a good measurement for
following up subjects’ progression. However sample size in this study must not

enough for this conclusion.

5.4 Clinical Implication and Further Studies

For trunk stabilization exercise program, Gym ball exercise program in the
present study requires balance and stabilization more MIST exercise program. The
higher muscle activity is demanded (13, 51) so Gym ball exercise should be suitable

for advance trunk stabilization training.

For further study, it is interesting to investigate the effects of Gym ball exercise
program in chronic low back pain patients. EMG activities at pre and post-training of

Gym ball exercise program should be further investigated.
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CHAPTER VI
CONCLUSION

This study investigated the effects of Gym ball exercise program on trunk
stabilization in healthy subjects. Twenty subjects with age between 20 to 29 years
volunteered in this study. Subjects were divided into two groups; control and Gym ball
exercise groups. The subjects in Gym ball exercise group performed Gym ball
exercise program 3 times per week for 4 weeks while the control group did not any
exercise program. MIST exercise level attained from 0 to 6 levels in both groups and
Gym ball exercise level attained in Gym ball exercise group were measurable. The

subjects had the tests at pre-test, 1%, 2", 3™ week and post-test.

The results of this study were found that there were no significant differences
of MIST exercise level attained in the control group. Whereas the Gym ball exercise
group, MIST exercise level attained of post-test were significantly higher than pre-test.
The MIST exercise level attained in the Gym ball exercise group began significant
different from the control group at 2™ week until post-test. However, there was no
significant difference at pre-test or 1% week testing. There was found a high correlation

between the Gym ball and the MIST exercise level attained in the Gym ball exercise

group.

The results of this study indicated that Gym ball exercise training program can

improve trunk stabilization in healthy subjects.
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APPENDIX D
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APPENDIX E
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gileMsnaaeUNIY Modified Isometric stability test (MIST)

YA 1: MuvIned (Abdominal hollowing)
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M9 2: MU0 95T UMITNU (Unilateral abduction)
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M1 3: NMUVNIN0IT WA UM IINBIAYDIUT (Unilateral knee extend)
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M 5: MUV MAUMIIToazdoas TN azd19 (Bilateral knee raise)
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gﬁamﬁaanﬁﬁamﬂﬁ’mgnma (Gym Ball Exercise Training Program)

MeNR1aINETZALN 1: Advanced neutral in bridge position
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MooNNAIINYIZALN 2: Bridging with leg abduction
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MoINAIAIMETEAUN 3: Bridging with alternate hip and knee flexion
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MoNMAINMITZALN 4: Bridging with alternate knee extension
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MoINAAIMETEAUN 5: Bridging with opposite shoulder and knee extension
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MooNMAINMITLAUN 6: Bridging with same side shoulder and knee extension
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A S .
ANBMIBANAINIUD (Stretching Program)
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APPENDIX F
DATA COLLECTION FORM
No....ccc...
Name...... 4 4. .o S Sex O male O female Age ............. yrs
Height................ cm. Weight................ kg. Body Mass Index (BMI).............. kg/m?
Subject’s Sroup .....ccceveererruerueens
Learning day
Pre-test day
Result: Gym ball exercise: Level Note
MIST*: Level Note
1* evaluation and testing day ...................cco.ooooveeeennnnn,
Result: Gym ball exercise: Level Note
MIST*: Level Note
2" evaluation and testing day ................ccoocovvvvveieenennnn,
Result: Gym ball exercise: Level Note
MIST*: Level Note
3" evaluation and testing day ..............coocoveveveeeeeeeerennn.
Result: Gym ball exercise: Level Note
MIST*: Level Note
Post-test day ............cccceeerriiiiiiniiee
Result: Gym ball exercise: Level Note
MIST*: Level Note

* Modified Isometric Stability Test (MIST)
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Table G.1 Characteristics of subjects in control and Gym ball exercise groups

APPENDIX G
RAW DATA OF THE STUDY
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Control group

Exercise group

Subjects

No. Age | Weight | Height | BMI Age | Weight | Height | BMI
(yrs) | (kg) | (em) |(kg/m?)| (yrs) | (kg) | (em) | (kg/m’)

1 22 52 158 20.8 21 50 160 19.5

2 25 52 160 20v3 23 51 154 21.5

3 26 55 170 19.0 25 SP 155 21.6

4 26 65 173 21.7 21 49 160 19.1

5 23 50 162 19.1 21 45 156 18.5

6 24 50 163 18.8 26 5% 160 223

7 26 50 164 18.6 22 69 180 21.3

8 22 47 156 19:2 26 60 175 19.6

9 22 56 169 19.6 22 80 180 24.7
10 23 61 176 19:7 20 63 171 21.5
Mean | 2390 | 53.80 | 165.10 | 19.68 | 22.70 | 57.60 | 165.10 | 20.96
SD 1.729 | 5.573 | 6.624 | 0.983 | 2.214 | 10.710 | 10.344 | 1.837




Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Physiotherapy) / 71

Table G.2 Gym ball exercise level attained at pre-test, 1%, 2md 31 week testing, post-

test in Gym ball exercise groups

Gym ball exercise level attained
Sullzii(e):.cts week
Pretest e o 31 Posttest
1 2 2 3 3 4
2 3 3 4 4 5
3 2 2 3 4 5
4 2 3 3 4 4
5 3 b 3 4 4
6 2 2 3 3 3
7 2 3 4 4 5
8 1 s 3 4 4
9 2 3 3 - 4
10 3 3 3 4 5
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Table G.3 MIST Exercise level attained at pre-test, 1%, 2m 31 week testing, post-test

in control and Gym ball exercise groups

MIST Exercise level attained

Subj. Control group Exercise group
No. week week
Pre-test | 1 | 2™ | 3™ | Post-test | Pre-test | 1% | 2™ | 3™ | Post-test

1 2 2 2 2 2 1 . 2 2 3
2 1 1 2 2 2 3 3 3 4 4
3 2 2 2 2 2 3 3 3 4 4
4 3 3 3 3 3 2 2 2 3 3
5 2 2 2 2 - 2 2 2 3 3
6 1 1 1 1 1 1 1 2 P 2
7 1 1 1 1 1 2 P 3 3 3
8 1 1 1 1 2 1 1 2 2 3
9 3 2 2 2 2 2 2 3 3 3
10 p) v 2 2 2 2 2 2 2 3
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