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The purpose of this study was to quantity body perceived discomfort and trunk
muscle activities experienced during three prolonged sitting postures (i.e. forward leaning,
upright, and slump sitting postures). A study with a repeated-measure design was
conducted in 10 healthy office workers. Each subject sat for an hour in three sitting
postures (i.e. upright, slump, and forward leaning sitting postures). Two-way analysis of
variance (ANOVA) for repeated measures was employed to determine the effects of sitting
posture, time and their interaction on the EMG activity of trunk muscles. The Borg scores
(discomfort scores) after 60 minutes of sitting were compared among three sitting postures

using a one-way analysis of covariance (ANCOVA).

Regardless of sitting posture, the Borg scores in the neck, upper back, low back
and hip/thighs were significantly increased after 60-minute sitting compared with at the
beginning. Forward leaning sitting posture led to higher the Borg scores in the low back
than those in upright (p = 0.002) and slump sitting postures (p < 0.001). The Borg score in
the low back in upright sitting posture was higher than that in slump sitting posture (p =
0.021). For trunk muscle activity, forward leaning posture was significantly associated with
increased ICL and MF muscle activity compared with upright and slump sitting postures.
Upright sitting posture was significantly associated with increased I0/TrA and ICL muscle
activity compared with slump sitting posture. Thus, sitting in an upright posture is
recommended because it increases IO/TrA muscle activation and causes only relatively

moderate ICL and MF muscle activation.
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CHAPTER 1

INTRODUCTION

1.1 Background and rationale

Low back pain (LBP) is common among office workers, which leads to
considerable economic loss (Truchon, 2001; Spyropoulos et al., 2007; Du Bois et al.,,
2009). LBP is a significant health problem with a 1-year prevalence rate of between
41-64% (Manchikanti, 2000; Barrero et al., 2006) and approximately 60-80%
individuals reported experiencing LBP once in their life time (Manchikanti, 2000;
Ihlebaek et al., 2006). A significant portion of individuals will develop chronicity of
LBP (Henschke et al., 2008; Costa Lda et al., 2009). As a result, LBP creates a socio-
economic burden on society. Its total social-economic burden in US 2006 exceeded
100 billion US dollars (Katz, 2006), and in the Netherlands 3.5 billion euro in 2007
(Lambeek et al.,, 2011). Evidence shows that 34% of office workers in Bangkok,
experienced LBP in the previous 12 months (Janwantanakul et al., 2008). Currently, in
Thailand, there are a total of 4,794,200 office workers. Therefore, approximately
1,630,000 office workers (34%) would suffer from LBP (National Statistical Office,
2012). The cost of LBP is estimated to be about 2,266 baht per person per year
(Janwantanakul et al., 2006). Consequently, economic loss due to LBP in office

workers is approximately 3.2 billion baht annually.

Poor sitting posture is a risk factor of LBP in office workers (Hartvigsen et al,,
2000). Office work usually involve working with computer, participation in meeting,
giving presentation, reading, phoning and few walking, standing or lifting (Umker et al,,
2006). Thus, office workers spend their time mainly in sitting position and,
theoretically, prolonged sitting may lead to LBP by causing an increase pressure on
intervertebral discs, ligaments and muscles, altering spinal curvature and weakening

paravertebral and abdominal muscles (Harrison et al.,, 1999; Wahlstrém, 2005). In a



systematic review of prospective cohort studies, the combination of postural risk
factor and job strain was associated with nonspecific LBP in office workers
(Janwantanakul et al., 2012). Evidence suggests that sign of body perceived
discomfort, such as tension, fatigue, soreness, or tremor, are predictor of LBP
(Hamberg-van Reenen et al., 2008). Many of us experience these musculoskeletal
discomforts particularly at the buttock and low back regions during prolonged sitting
(Sondergaard et al., 2010). Increased discomfort from prolonged sitting has been
attributed to increased muscle fatigue (Hosea et al., 1986), decreased intervertebral
disc nutrition (Maroudas et al., 1975), and reduced blood flow in muscles (McGill et
al., 2000). Occupational groups exposed to poor postures while sitting have an

increased risk of having LBP (OR=9.0, Cl 4.9-16.4) (Lis et al., 2007).

Pain is generally viewed as a long-term effect of an imbalance between work-
related physical factors and physical capacity, whereas perceived discomfort
indicates a short-term effect (Hamberg-van Reenen et al., 2008). Hodges and Moseley
(2003) proposed that LBP can affect motor control by changing the excitability in the
motor pathway, influence the sensory system, and reducing muscle activity. The
altetred motor control patterns have been shown to recruit trunk muscles that
compromises the stability of the lumbar spine (Hodges and Moseley, 2003). Thus, it
would seem that perceived discomfort of muscle reflect early sign of altered muscle

activity and have received limited attention.

To date, no studies have investigated the effect of different prolonged sitting
postures influence trunk muscle activity and body perceived discomfort. Such
information would provide a clue on how prolonged sitting leads to LBP. Therefore,
the aim of this study is to investigate how different prolonged sitting postures affect

trunk muscle activity and body perceived discomfort.



1.2 Objectives

To describe the effects of different prolonged sitting postures on trunk

muscle activation and body perceived discomfort.

1.3 Hypothesis

Different prolonged sitting postures have different levels of trunk muscle

activation and body perceived discomfort.

1.4 Scope of the study

A convenient sample of healthy office workers from workplaces in Bangkok
provinces, Thailand, who met the inclusion criteria, was invited to participate in the

study.

1.5 Brief method

A study with a repeated-measure design was conducted in healthy subjects.
Each subject sat for an hour in three sitting postures (i.e. upright, stump, and forward
leaning sitting postures). Subjects were asked to record body perceived discomfort
using the Borg’s CR-10 scale at the beginning and after 1-hour sitting.
Electromyographic activity of trunk muscle activity, including superficial lumbar
multifidus (MF), iliocostalis lumborum pars thoracis (ICL), internal oblique
(I10)/transverses abdominis (TrA), and rectus abdominis (RA) muscles was recorded

using bipolar surface electrodes during prolonged sitting.



1.6 Conceptual Framework
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Figure 1.1 Conceptual framework

1.7 Advantage of the study

Information obtained from the present study would provide a clue on which
sitting posture may be an appropriate sitting posture for those who usually spend a

long period of time in sitting to prevent the development of LBP.



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

This chapter summaries knowledge about the definition of low back pain,
definition of office workers, prevalence and incidence of low back pain in office
workers, pathomechanism of work-related low back pain and its chronicity,
biomechanics of sitting, muscle physiology, motor control, the stabilizing system of
the lumbar spine, electromyography (EMG), body perceived discomfort questionnaire,

relationship between sitting posture and trunk muscle activity.

2.2 Definition of chronic low back pain

LBP is defined as pain and discomfort localized between the 12" ib and the
inferior gluteal folds, with or without radiation to lower extremities (Krismer and van
Tulder, 2007). LBP is commonly classified on the cause of symptoms and the
duration of symptoms. The cause of LBP can be divided into two groups: ’specific’
and ‘nonspecific’ LBP. Specific LBP is defined as LBP with known pathological change
of lumbar spine such as herniated nucleus pulposus (HNP), infection tumor,
osteoporosis, inflammation, fracture or rheumatoid arthritis (Krismer and van Tulder,
2007). Nonspecific LBP is defined as LBP without recognizable, pathology that can be

identified as the cause of pain (Airaksinen et al., 2004; Krismer and van Tulder, 2007).

LBP is also typically divided into 3 groups: acute, subacute and chronic LBP.
Acute LBP is sudden injury at the lumbar spine after a period of a minimum of 6
months without LBP and lasts for less than 6 weeks. Subacute LBP is LBP lasting
between 6 weeks and 3 months. Chronic LBP is defined as LBP persisting for twelve

weeks or more (Airaksinen et al., 2004; Krismer and van Tulder, 2007).



2.3 Definition of office workers

Office workers are defined as the people who spend most of their times in
workplace and their work usually involve with computer, participation in meeting,
giving presentation, reading, phoning and few walking, standing or lifting (IUmker et al.,
2006). Office workers usually work with computers and spend their time mainly in

sitting position.

2.4 Prevalence and incidence of low back pain in office worker

LBP is common among office workers. A survey of 1,428 office workers found
that 34 percents of office workers experienced LBP in which they attributed to work
in the previous 12 months (Janwantanakul et al., 2008). A study in Southwestern
Nigeria found that 38-51 percents of office workers reported LBP in the previous 12
months (Omokhodion and Sanya, 2003; Ayanniyi et al., 2010). A study in Greek found
that 33 percents of office workers experienced LBP at the time of survey, 38 percents
in the previous 1 year and 42 percents in the previous 2 years. One-year prospective
cohort study on 3,361 office workers found that 23 percents had new onset of LBP

symptoms (Juul-Kristensen et al., 2004).

2.5 Pathomechanism of work related low back pain and its chronicity
2.5.1 Conceptual framework of work-related musculoskeletal disorders

Several previous studies indicated that work-related musculoskeletal
disorders in office workers have a multi-factorial origin. Various physical factors
increase physical demand, such as sitting over long periods of time, sustained
awkward posture while sitting, which increases physical load on the body parts.
Increased physical load leads to increased muscle activity and fatigue. If there is
insufficient time to allow regeneration of body tissue capacity, then a series of

responses (muscle fatigue) may further reduce the available capacity. This may



continue until some types of structural tissue deformation occur, leading to

musculoskeletal disorders (Buckle and Devereux, 2002).

Working with computer (VDU/office technology) has a direct path to physical
demands, as defined by the physical coupling between the worker and the tool (i.e.
workstation ergonomics, computer programs) (Fig 2.1). There is also a direct path
from work technology to work organization. The path from work organization to
physical demands suggests that the physical demands from work can be influenced
by work organization. Increased time pressure leads to an increased number of
keystrokes or implementation of new software leads to increased computer mouse
use, which in turn may increase the physical load and mental stress. Individual
factors are hypothesized to modify the association between physical demands and
physical load (i.e. low muscle endurance may result in rapid muscle fatigue).
Moreover, individual factors, such as working technique and gender, may affect the
physical load. Individual factors are also hypothesized to modify the association
between work organization and mental stress. Mental stress may increase muscle
activity, which compounds physical load induced by physical demands. Mental stress
has been hypothesized to moderate the relationship between physical load and
musculoskeletal outcomes (i.e. neck and/or low back pain). The reason for having a
direct path from mental stress to musculoskeletal outcomes, not mediated through
physical load, is that the mechanisms behind nonspecific musculoskeletal symptoms
are not well understood. Muscular tension is hypothesized to be an early sign of
musculoskeletal symptoms. Finally, the experience of musculoskeletal symptoms
are negative feedback to increase mental stress and causes alteration in work

organization (Wahlstrém, 2005).
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Figure 2.1 A model of musculoskeletal disorders in office workers (Wahlstrom, 2005)

VDU = visual display unit

2.5.2 Risk factors for chronicity

The etiologies of chronicity of musculoskeletal disease are multifactorial
(Gatchel et al., 2007; Horsley, 2011). Factors consistently associated with chronicity
fall into four main groups: occupational (physical limitations and job dissatisfaction),
socioeconomic (low educational attainment and low income), medicolegal (whether
the cause was a work-related injury making the patient eligible for compensation or
whether any other form of litigation is involved), and psychological factors

(depressive tendency and feeling of always being sick) (Valat, 2005).

One of important risk factors for chronicity is occupational factors.
Occupations that seem to carry a high risk are those requiring heavy lifting,
maintaining a specific posture, or being exposed to vibrations (Waddell et al., 1992).
Chronic LBP is significantly associated with poor working conditions and repetitive

work, concerning about making mistakes, and tight time constraints (Waddell et al.,



1992). Other studies found that chronic LBP was associated with common symptoms
of work-related stress (nervousness, sleep disorders, and anxiety) (Heliovaara et al.,

1991; Gatchel et al., 1995; Valat et al., 1997; Valat, 2005).

2.6 Biomechanics of sitting

Sitting position for the standard tests is the position that subject feels most
comfortable every time when he or she sits (Hostens et al., 2001). Seated posture is
affected by seat-back angle, seat-bottom angle and foam density, height above floor,
and presence of armrests. Sitting causes the pelvis to rotate backward, leading to
changes in lumbar lordosis, trunk-thigh angle, knee angle, muscle effort, and

intervertebral disc pressure (Harrison et al., 1999).

Harrison et al (1999) classified sitting postures into three types: anterior,
middle, and posterior sitting postures. The authors noted that these three postures
differed with respect to the location of the center of gravity of the body, the
proportion of body weight transmitted to the floor by the feet, and the shape of the
lumbar spine. Harrison et al (1999) showed radiographically that during transition of

standing to sitting subjects posteriorly averagely rotated their pelvises 40 degrees.

In the middle position (Fig 2.2, C), the center of gravity is above the ischial
tuberosities, and the feet transmit about 25% of the body weight to the floor. In
sitting in a relaxed middle position, the lumbar spine is either straight or in slight

kyphosis.

The anterior position can be obtained from the middle position either by a
forward rotation of the pelvis (Fig 2.2, B) or by creating a kyphosis of the spine by

flexing without much rotation of the pelvis (Fig 2.2, A). In this anterior position, the
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center of gravity is in front of the ischial tuberosities, and the feet transmit more than

25% of the body weight to the floor.

In the posterior position (Fig 2.2, D), the center of gravity is above or behind
the ischial tuberosities, and less than 25% of the body weight is transmitted by the
feet. This position is obtained by extension rotation of the pelvis and simultaneous

kyphosis of the spine (Harrison et al., 1999).

C;G :
Eall !
_.Zf__ _;:_ _i.rl__

Figure 2.2 Three sitting categories on the basis of center of gravity location (Harrison
et al,, 1999). RS = reaction force through the seat bottom. RF = reaction force from

the ground at the feet. CG = center of gravity.

The common seating guideline to apply for all types of chair is as followed

(Treaster, 1987):

1. Avoiding compression force under the thighs because it may reduce blood
flow to the lower extremities and increase load to nerve, causing pain and

numbness.

2. Avoiding flattening the lumbar spine by providing a backrest for lower back

supports.

3. Pressure distribution should equally on the weight bearing bony

prominence (ischial tuberosities) in the buttock area
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4. Allowing adjustments to be made in the dimension of the chair (e.g. height

of seat, angle of inclination etc.) in order to accommodate a diversity of user sizes.

An office chair is an important component to encourage a good sitting
posture and to prevent tissue damage. Subjects in seats with backrest inclinations of
110 to 130 degrees, with concomitant lumbar support, have the lowest disc
pressures and electromyography recordings from spinal muscles. A 5-degree posterior
inclination of seat-bottom and armrests can further reduce lumbar disc pressures and
electromyography readings while seated (Harrison et al., 1999; Corlett, 2006). The
convex backrest combined with a firm seat help maintain an erect posture (Pynt et
al., 2002). The convex of backrest is usually called lumbar support, e.g. equipment
puts at the lower section of backrest, such as pillow or towels. The usage of 5 and
7.5 cm thick lumbar support is found to be significantly reduced the highest seat
buttock pressure (Shields and Cook, 1992). A previous study found that sitting with
reduced ischial pressure and using lumbar support (i.e. off-loading sitting posture;
upright sitting with the back part of seat tilted downward 20° with respect to the
front part of seat, and with protruded lumbar support) reduced sitting load on
lumbar spine and paravertebral muscle activity at lumbar spine, which may

potentially reduce sitting-related LBP (Makhsous et al., 2009).

2.7 Muscle physiology
2.7.1 Action potentials

Muscles are an excitable tissue due to the fact that they receive electrical
signals called action potentials, from motor nerves. Consequently, they respond by
contracting, producing force and movement (Silverthorn, 2007). Before and after an
action potentials takes place, the neuron has a resting membrane potential of -70
mV (Fig 2.3). Action potentials begin when a stimulus reaches the trigger zone and
depolarizes the neurons membrane to its threshold of -55 mV. As the cell

depolarizes, voltage-gated Na+ (natrium) channels open and positively charged Na+
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ions flow into the cell. This makes the inside of the cell more positive and the action
potentials peaks at about +30 mV. As a result the Na+ channels close. K+ channels
open and K+ ions (potassium) move out of the cell to the extracellular fluid. As K+
moves out of the cell, the membrane potential becomes more negative bringing the
cell towards its resting potential. When the membrane potential reaches -70 mV
again, the K+ channels are not yet closed and so potassium continues to leave the
cell. As a result the membrane hyperpolarizes, reaching -90 mV. Once the K+
channels close, retention of K+ and Na+ leak back into the cell, bringing the

membrane potential back to -70 mV (Silverthorn, 2007).
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Figure 2.3 Action potential
(http://biologicalexceptions.blogspot.com/2012/01/keeping-your-ion-ball-salts-and-
life.html, Retrieved 31 Dec 2012)

When an action potential is initiated, it travels down the somatic motor nerve
towards the corresponding skeletal muscle. Once it reaches the muscle, the nerve
releases a neurotransmitter called Acetylcholine into the neuromuscular junction,
which initiates an action potential in the muscle fiber. The action potential moves
across the cell membrane, down the T-tubules, triggering the release of calcium,

which combines with troponin and initiates a muscle contraction. A single action
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potential in a skeletal muscle fiber evokes a single twitch in the muscle (Silverthorn,

2007).

2.7.2 Motor units

Each somatic motor neuron innervates a certain number of muscle fibers.
This is called a motor unit. All the muscle fibers in a single motor unit function as a
whole, so when a motor neuron fires an action potential, all the muscle fibers within
that motor unit contract. Motor units vary in size and muscle fiber types (Silverthorn,
2007). Muscles controlling large gross movements have bigger numbers of muscle
fibers per motor unit (100-1000) than muscles controlling fine movements (usually
less than 10). The number of motor units per muscle varies throughout the body

(Sherwood, 2008).

Muscle force depends on the recruitment of motor units and their activation
frequency. To produce force in a single muscle, smaller motor units are recruited
first. As the force requirement increases, larger motor units are recruited. The
activation frequency is also a factor in producing force. As motor units fire at a faster
rate, more force is produced. Therefore, muscle force depends on the recruitment of

motor units and their activation frequency (Kamen, 2004).

2.8 Motor control

Motor controls including three levels (spinal reflex, brain stem balance, and
cognitive programming) combine to produce appropriate muscle response (Lephart
et al,, 1997). The spinal reflex pathway uses proprioceptive input from muscle
spindles and Golgi tendon organs. The brain stem pathway coordinates vestibular
and visual input using proprioception from joint receptors. Cognitive programming is
based on repeated and stored central commands, which lead to voluntary

adjustments. If a deficiency in proprioception is the main underlying cause of
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delayed muscle response to sudden loading and poor balance performance in
individuals with LBP, then a correlation between the measures of these two
phenomena should exist, especially in the absence of visual input. Changes in motor
control and function of the trunk muscles have been reported frequently in the
literature. These changes range from changes in recruitment to reduced strength and

endurance of the trunk muscles (Hodges and Moseley, 2003).

2.8.1 Possible mechanisms for effects of discomfort and pain on motor control of

trunk muscles

It is not certain whether pain causes changes in motor control or vice versa.
There is a model suggesting that deficits in motor control lead to poor control of
joint movement, resulting in repeated microtrauma and pain (Panjabi, 1992). Slow
reaction times have been linked to increased risk of musculoskeletal injury (Taimela
and Kujala, 1992). On the other hand, pain may lead to changes in motor control.
Numerous studies have provided evidence supporting this hypothesis (Arendt-Nielsen
et al,, 1996; Zedka et al., 1999). A model for the evaluation of motor control
strategies for stabilization of the spine necessarily involve identification of the
coordination and timing of contraction of muscles contributing to spinal stiffness
generation, i.e. transverses abdominis (TrA) and multifidus muscles (Hodges and
Richardson, 1996; lan et al., 2003). A number of mechanisms have been proposed to
explain the effect of pain on motor control (Fig 2.4), including changes in excitability
at the spinal or cortical level, changes in proprioception or afferent mediated
control, and specific cortical effects imparted by aspects of pain, such as its demand
on CNS resources, stress or fear (Hodges and Moseley, 2003). These changes range
from alterations in recruitment to reduced strength and endurance of the trunk

muscles.
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Figure 2.4 Possible mechanisms for pain to affect motor control. Multiple
mechanisms have been proposed for pain to affect motor control (Hodges and

Moseley, 2003).

2.9 The stabilizing system of the lumbar spine

The spinal stabilizing system consists of three subsystems. The passive
subsystem includes vertebrae, facet articulations, intervertebral discs, spinal
ligaments, and joint capsules, as well as the passive mechanical properties of the
muscles. The active subsystem consists of the muscles and tendons surrounding the
spinal column. The neural and feedback subsystem consists of the various force and
motion receptors, located in ligaments, tendons, and muscles, and the central
nervous systems. These passive, active, and neural control subsystems are

functionally interdependent (Panjabi, 1992).
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Figure 2.5 The spinal stability system consists of three subsystems: passive spinal

column, active spinal muscles, and neural control unit.

2.9.1 The global and local trunk muscle systems

The active or muscle system in its function of stability, provides protection to
articular structures. It can help minimize unwanted joint displacement, aid stress
absorption and generally prolong the cartilage serving time of the joint (Baratta et al,,

1988).

Trunk muscles have been divided into two muscle systems as follows: the
first is the global muscle system enabling movements. The global system describes
the large torque producing muscles linking the pelvis to the thoracic cage. Muscles of
the global system act to initiate movements leading to movement dependent phasic
activation patterns. Their role is in providing general trunk stabilization. The muscles
included are: the global erector spinae muscles, the internal and external obliques,
the rectus abdominal muscles and the lateral parts of the quadratus lumborum
muscles (Bergmark, 1989). The second is the local muscle system ensuring stability
and refers to those attaching directly to the lumbar vertebrae. Local system muscles

are permanently active at low levels, independent of movements. It appears that
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both multifidus and transversus abdominis are important components of this system.
These muscles are considered to be responsible for segmental stability as well as
controlling the positions of the lumbar segments (Bergmark, 1989; Richardson and
Jull, 1995). This system has the greatest capacity to affect segmental stiffness

through control of the neutral zone (Crisco and Panjabi, 1992).

2.10 Electromyography (EMG)

Electromyography (EMG) is measuring the electrical signal associated with the
activation of the muscle, by recording potentials from electrodes placed within or
close to a selected muscle. The EMG signal is a summation of the action potentials
generated by the motor units within the pick-up area of the electrode being used, as
more motor units are activated and their action potentials frequency increases one

would expect the EMG signal to become larger (lan et al., 2003).

The data collected by EMG are useful in determining the relative increase and
decrease in muscle activity or the on/off timing pattern of a muscle. They do not tell
us whether a muscle contraction is concentric, eccentric, voluntary or involuntary.
Furthermore, the EMG signal can neither tell us how strong a muscle is nor if one

muscle is stronger than another (Jacquelin and George, 1981; Siegler et al., 1985).

2.10.1 Types of EMG electrodes

EMG has mainly two types of electrodes; fine wires or needle or
intramuscular electrodes and surface electrodes. These electrodes can vary in size
and shape and be made from different material. Indwelling electrodes sample from
a small volume of muscle whereas surface electrodes sample a large volume. These

two methods have relative advantages and disadvantages (lan et al., 2003).
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Surface electrodes (typically of an Ag—AgCl design) are adhered to the skin
overlying the muscle to provide an indirect measure of muscle generated potentials.
Electrodes may record from several muscles at the same time (crosstalk), and may
move relative to these muscles as the subject performs a task. It is therefore
important to know the sensitivity of each surface electrode to the activity in each of
the muscles close to it. The most salient advantages are the non-invasive nature of
the surface electrodes (Koh TJ, 1993; lan et al., 2003). The surface electrodes have
been found to provide more reliable results between sessions than fine-wire or

needle electrodes (Krivickas et al., 1996).

Fine wires with uninsulated tips, or needles with electrodes built into them
transduce these signals directly. The most salient advantages are anatomical
specificity of the intramuscular electrodes. The advantages of using fine wire
electrodes are; more specific pick up area, increased signal band width, isolation of
specific muscle parts when testing large muscles and the ability to test deep muscles
as well as testing small ones without crosstalk from adjacent muscles being an issue.
The disadvantage of using this kind of EMG is that needles must be inserted which
causes discomfort. This can increase tightness or spasticity in the muscle which in
turn can cause cramping. It is also difficult to place the needle/fine wire in the same
area of the muscle each time when performing repeated measures, possibly weeks
or months apart, whereby different units may be sampled each time (lan et al,,

2003).

2.10.2 Frequency and filtering

Most of the EMG signal is contained at a frequency spectrum between 10 Hz
and 1 kHz. Little if any falls under or over these values (Kamen, 2004). For the
surface EMG signal the upper frequency limit is more bandwidth-limited, with the
highest frequency component at about 600 Hz. Fine wire electrodes collect data at a

larger band width, ranging from 2Hz-1kHz (lan et al., 2003).
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While recording, the EMG signal can be contaminated by the activity of other
sources such as movement of the electrodes and cables, activity in other muscles
and electromagnetic radiation in the environment (electric machines, power cords
and lights) (Enoka, 2002). These unwanted signals are often referred to as noise.
Filters can be used to attenuate certain parts of the frequency spectrum and thereby
reduce noise. When using a low pass filter, frequencies above the cutoff are
attenuated but lower frequencies remain unchanged. When using a high pass filter,
the cutoff is selected so that low frequencies are attenuated but high frequencies
remain (Derrick, 2004). Band-pass filters eliminate frequencies above and below
certain values. Band-stop filters reduce the signal of a certain frequency or range of

frequencies (Enoka, 2002).

To get a clear picture of the data being collected, the Nyquist limit can be
used. That involves collecting data at a sampling rate at least twice that of the
highest frequency component in the signal. This prevents signals above this

frequency from distorting the true signal (Kamen, 2004).

2.10.3 EMG recording

Surface electrodes recorded EMG signals from the target muscles. A reference
ground electrode is placed on the skin in another part. The measurement procedure
consists of two main steps. First the voltage difference between the signal detected
by the ground electrode and the two measuring electrodes is determined. Then the
difference between the voltages measured by each electrode is calculated and
amplified. The output is a voltage time signal called EMG (Enoka, 2002). The signal
difference between the two measuring electrodes is therefore the object of interest
and any signal that is common to both electrodes is greatly attenuated and

considered noise (Kamen, 2004).
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The EMG data processing application considering to muscle force and muscle
fatigue dimensions are amplitude and spectral parameters. Amplitude analysis is
related to muscle force and muscle activity, while spectral frequency is used an

indicator of localized of muscle fatigue.

Important parameter derived from amplitude measurement is the root mean
square (RMS) of the EMG which quantify to the relative muscle loading. The RMS
value represents the square root of the average power of myoelectric signal for a
given interval. The RMS amplitude was calculated as the square of phase amplitudes
averaged after full wave rectification and low-pass filtering, followed by calculation
of the root (Finsterer, 2001). It is influenced by the number of recruited motor units,
their firing rate, and degree of synchronization in recruitment (Kleine et al., 1999;

Finsterer, 2001).

Spectrum frequency analysis used to be a fatigue index has two mainly
parameters consisting of median frequency (MF) and mean power frequency (MPF).
The median frequency of the power spectrum (MF) is defined as the frequency that
divides the spectrum of the EMG into low and high frequency ranges with the same
power. A decrease of MF is found in muscle fatigue. It reflects the slowing of the
action potential conduction along the muscle fiber membrane and change of the

firing pattern of motor unit (Hagg et al., 2004).

For response of muscle fatigue, there are increased in lactate concentration
and changed in intracellular pH, consequently, nerve conduction velocity decreases,
causing power spectrum frequency shifts to the left (lower frequencies) (Cifrek et al,,
2009). For the analysis of EMG amplitude, the RMS gradually increases because of the
phenomena of gradual additional recruitment of new motor units. Therefore,
decreasing in MF is an indicator of muscle fatigue (Kumar, 2001). A negative slope

coefficient with a downward trend presented by the method of a linear regression
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analysis was assumed as an occurring of a fatigue process (Potvin and Bent, 1997,

Maclsaac et al., 2001).

2.10.4 Signal processing

In order to use the information from the electrodes the signal needs to be
processed (Fig 2.6). The action potentials measured by the EMG electrodes have a
positive and negative phase that fluctuates about a baseline of zero. A mean value is
therefore not a valid indicator of the signals amplitude, as the mean value could be
close to zero. This is called raw EMG. To compute meaningful averaged amplitude
measured over a time period the signal must be rectified. This is done by converting
the negative phases to positive ones and thereby showing the absolute value of the
EMG signal. Next, the EMG can be integrated by smoothing the sharp peaks with a
low pass filter. This reduces the high frequency content of the signal. Quantification
can then be done by measuring the amplitude of the integrated signal. The outcome
of this process is an EMG signal that represents the change in force over a chosen
time period (Enoka, 2002; Kamen, 2004). EMG can be used in different fields such as
physical rehabilitation, gait analysis, clinical medicine, biofeedback control,

ergonomics, motor control, fatigue analysis and dentistry (Kamen, 2004).
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Figure 2.6 From top to bottom: Raw EMG signal without DC offset, 'rectified’, low-
pass filtered, integrated
(http://www.biomed.drexel.edu/labs/biomechanics/emg_analy.htm, Retrieved 31 Dec

2012)

2.10.5 Importance of normalization procedures

EMG normalization is the process by which the electrical signal values of
activity are expressed as a percentage of that muscle’s activity during a calibrated
test contraction. The voltage potential of the surface electromyographic signal
detected by electrodes strongly depends on several factors, varying between
individuals and also over time within an individual. Thus, the amplitude of the EMG
signal itself is not useful in group comparisons, or to follow events over a long period

of time (Lehman and McGill, 1999).

The fact that the acquired EMG amplitude is never absolute is mainly
because the impedance varies between the active muscle fibers and electrodes and
its value is unknown (Gerdle et al., 1999). The EMG is highly variable and is
dependent upon electrode application and placement (Jensen et al., 1993),
perspiration and temperature (Winkel and Jorgensen, 1991), muscle fatigue (Hansson
et al,, 1992), contraction velocity and muscle length, cross talk from nearby muscles,
activity in other synergists and antagonists (Mathiassen and Winkel, 1990),
subcutaneous fat thickness, and slight variation in task execution (McGill, 1991). It
would be impossible to control all these modulators of EMG amplitude in a clinical
setting. Therefore, normalization controls for the aforementioned variables and
facilitates the comparison of EMG signals across muscles, across time, and between
individuals, the EMG should be normalized (Yang and Winter, 1984; Mirka, 1991;
Knutson et al., 1994; Mathiassen et al., 1995).
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The raw EMG data will be normalized to MVIC. Percentage of MVIC result
allows comparison to other studies because normalizing to MVIC is the most
common approach used in EMG research. The main advantage of MVIC is that the
data have greater physiologic meaning because they represent the level of muscle

activity as a percentage of a person’s maximum muscle contraction (Mirka, 1991).

2.11 Borg’s-CR10 scale on perceived discomfort

The Borg CR10 scale is a psychophysiological method that has been
developed to measuring various sensory perceptions such as perceived exertion,
discomfort and pain. In recent years a new category ratio (CR) scale has been

developed to meet the twofold demands of ratio scaling and level estimations.

In the CR scale, the verbal expressions are anchored to the correct positions
on a ratio scale according to their quantitative meaning, which can be used to assess
subjective symptoms such as aches, pains, and discomfort. The basis for this scalar
concept is that numbers should relate to verbal expressions that are simple and
understandable by most people (Borg, 1982). A Borg rating of 3 corresponded to
“moderate discomfort”, 5 to “strong discomfort” and 7 to “very strong discomfort”.
Subjects got both verbal and written instructions regarding use of the scale. One very
special and important property of the Borg CR scale is that discriminates it from the
other scales is that the respondents have been provided with the opportunity to
report any discomfort that exceeds the previous maximum experiences (Borg, 1990).
Moreover, Previous study revealed good reliability for EMG median frequencies at
Borg ratings of three (ICC 0.63-0.88), five (ICC 0.62-0.84) and seven (ICC 0.67-0.87)
(Dedering et al., 2000).
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Borg's CR-10 scale
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Figure 4. The CR-10 scale, ie, the category (C) scale with ratio
(R) properties (6).

Figure 2.7 The CR-10 scale, ie the category (C) scale with ratio (R) properties (Borg,
1990).

2.12 Relationship between sitting posture and trunk muscle activity

Evidence suggests that significant changes in trunk muscle activation occur as
a result of changes in thoraco-lumbar sitting postures. O’Sullivan et al. in 2002
(O'Sullivan et al., 2002) reported a reduction in activity of the superficial lumbar
multifidus, internal oblique and thoracic erector spinae (TES) in slumped sitting when
compared to upright sitting. Recently, O’Sullivan et al, in 2006 (O'Sullivan et al., 2006)
compared the effect of three different thoraco-lumbar sitting postures (slump,
thoracic upright and lumbo-pelvic) (Fig 2.8) on spinal curvature and trunk muscle
activation in a pain free cohort. This study showed that different upright sitting
postures result in altered trunk muscle activation. Compared to lumbo-pelvic upright,
thoracic upright sitting involved less co-activation of the local spinal muscles, with
greater co-activation of the global muscles. Slump sitting and thoracic upright sitting
resulted in similar and lower levels of superficial lumbar multifidus activation. In the

forward leaning sitting, the pelvis tilts forward and the center of gravity is in front of
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the ischial tuberosities. The strong association between forward rotated pelvis and
back muscle activity in sitting indicates active use of these muscles to maintain an
upright sitting posture (Mork and Westgaard, 2009). Previous study indicated that
forward bending of the trunk during sitting significantly increased muscle activities of

the trunk extensors (Mastalerz and Palczewska, 2010).

Figure 2.8 (A) Thoracic upright sitting. (B) Slump sitting. (C) Lumbo-pelvic upright
sitting. (O'Sullivan et al., 2006).
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CHAPTER 3

MATERIALS AND METHODS

3.1 Study design

A study with a repeated-measure design was conducted to determine the
effects of 3 prolonged sitting postures on trunk muscle activation and body
perceived discomfort in office workers. Figure 3.1 shows diagrammatically the

methodology of the present study.

Each of the 10 participants

Borg’s CR-10 scale before
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¢

Borg’s CR-10 scale after 1 hour sitting

Figure 3.1 The experimental procedure
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3.2 Data collection
3.2 1 Subjects

Ten healthy office workers were recruited for the repeated-measure-design
study. Based on the sample size of the study (n = 10), the power analysis revealed
that the study has sufficient power (80%) to detect a ‘moderate to large’ effect (f =
0.454-1.973). Inclusion criteria for the study were subjects with at least one year
experience in the current work position and required to sit at least two hours per
working day. Exclusion criteria were neck and back pain in the preceding 12 months,
current or past history of known spinal disorders, sign of neurological deficit (i.e.
muscle weakness or loss/disturbance of sensation), osteoarthritis, rheumatoid
arthritis, gout, kidney diseases, open wound or contusion at the buttock and
posterior thigh region, hemorrhoids, pregnancy. Those with body mass index <18.5 or
>23 kg/m2 or skin fold thickness in the abdominal and supra-iliac area >20 mm (to
reduce electromyography [EMG] artifact due to interposed adipose tissue between
the surface electrode and the target muscles) were also excluded (Anuurad et al,,
2003). All subjects were given information about the study and signed a consent

form. The study was approved by the Institutional Human Ethics Committee.

3.2.2 Procedures

An experiment was conducted in which outcomes were repeatedly measured
on subjects who sat in different sitting positions for a period of 60 minutes. Three
common sitting postures were investigated in the present study, including forward
leaning, upright, and slump sitting postures (Harrison et al., 1999). The measurement

outcomes were body perceived discomfort and trunk muscle activity.

At the start, the subject was instructed to complete the Borg’s CR-10 scale.
Following the application of surface electrodes, the subject sat unsupported on an
adjustable stool with their hips and knees at 90 degrees, their feet positioned

shoulder width apart, and their arms relaxed at the side of their body. The subject



28

was asked to sit for an hour during which time the EMG signal of MF, ICL, IO/TrA, and
RA were collected. After the completion of 1-hour sitting period, the subject was

asked to complete the Borg’s CR-10 scale again.

Each subject sat in three sitting postures (i.e. upright, slump, and forward
leaning sitting postures) on 3 separate days with a 1-day lapse between the
measurements. The sequence of sitting posture was randomized. Upright sitting
posture consisting of sitting with anterior rotation of the pelvis, thoraco-lumbar spine
extended and shoulder blades slightly retracted (O'Sullivan et al., 2006). Slump
sitting posture was when the pelvis was posterior rotation, thoraco-lumbar spine
relaxed while subjects looked straight ahead (O'Sullivan et al., 2006). Forward leaning
sitting posture was when the pelvis was anterior rotation, thoraco-lumbar spine
extended and bended forward more than 10 degrees (Nachemson, 1965). In the
forward leaning sitting posture, the subject was asked to cross their arm to prevent

using the arms to support body weight.

To control the alignment of sitting postures during the study, two adjustable
aliscnment boards were developed and attached to the right side of a regular stool
(size 30x45x45 cm) (Fig 3.2). Two infrared sensors (Infrared Analog Distance Sensor;
GP2YOA21YKOF, Sharp Ltd.) were inserted into the vertical board at T1-level and T10-
level (Claus et al., 2009). Once the subject deviated from the selected sitting
posture, an auditory feedback signal from the sensors was heard and reminded them

to return to the proper sitting posture.
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Figure 3.2 The stool with infrared sensors

3.2.3 Instruments
3.2.3.1 Borg’s-CR10 scale on perceived discomfort

The Borg’s CR-10 scale, a measuring tool for postural discomfort, was used to
determine a subject’s level of discomfort during prolonged sitting. The Borg’s CR-10
scale along with a body chart from a standardized Nordic questionnaire was created
such that the subject can indicate at which parts of their body (i.e. the neck,
shoulder, upper back, low back, hip/thigh, and knee) and how much discomfort is
felt (on a scale of 0-10; 0 being no discomfort and 10 being extreme discomfort)

(Borg, 1990).
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3.2.3.2 Electromyography

The EMG signal of trunk muscles, including superficial lumbar multifidus (MF),
iliocostalis lumborum pars thoracis (ICL), internal oblique (I0)/transversus abdominis
(TrA), and rectus abdominis muscles (RA), was recorded using the two Ag/AgCl
disposable surface electrodes with a distance between electrodes distance is 20 mm
(Blue sensor electrode, model P-00-S/50, Ambu, Denmark) and an electrical contact
surface area of 1 cm’. Prior to electrode placement, the skin was prepared to reduce
skin impedance below 5 kQ by cleaning with an alcohol swab. Electrodes were
placed parallel to the following muscles on both sides recommended by the
European Recommendations for Surface Electromyography (SENIAM): MF (L5 level, 2
cm from the spinous process); ICL (level of L1 spinous process, midway between the
midline and lateral aspect of the participant’s body); IO/TrA (1 cmn medial to the
anterior superior iliac spine); and RA (1 cm above the umbilicus and 2-cm lateral to
midline) (De Foa JL et al,, 1989; Hermens et al., 1999; Danneels et al,, 2001). The
reference electrode was placed over the right iliac crest. All electrodes were
anchored securely by double-sided tapes to avoid excessive movement of the leads

and remained in place throughout the session.

The EMG signal was recorded by the TeleMyo 2400T G2 (Noraxon U.S.A., Inc.).
The EMG signal was sampled at 1500 Hz, bandpass filtered between 20-450 Hz,
amplified (analogue differential amplifier, common mode rejection ratio 100 dB, total

gain 500), and stored in a personal computer for later analysis.

The EMG signals were collected, stored, displayed, processed and analyzed
by MyoResearch XP software version 1.08. The raw EMG signal was first visually
checked for electrocardiac artifacts. The raw EMG signal was processed by making
ECG reduction, band-pass filter at 20 to 450 Hz using a fourth order zero lag
Butterworth filter, full-wave rectification, and then smoothing within 50ms to

determine the RMS.
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Two minutes of every 10-minute of normalized EMG data from 60-minute
sitting period (0—2nd minutes, 9th—11th minutes, 19th—21St minutes, 29th—31St minutes,

39".41" minutes, 49"51" minutes and 59"-61th minutes) were retrieved for analysis.

EMG normalization

EMG data was normalized to the maximal voluntary isometric contraction
(MVIC) values obtained for each muscle, resulting in EMG data expressed as a percent
of maximum voluntary isometric contraction (%MVIC). For the right and left RA, the
subject was positioned supine with the legs straight and strapped with a belt. The
investigator (standing at the head end of the couch) applied resistance on the
shoulders of the subject through resisted curl-up with maximal manual isometric
resistance applied in a symmetrical manner (Dankaerts et al., 2006). For the right
IO/TrA, a resisted crossed curl-up with the left shoulder moving toward the right and
maximal manual isometric resistance was applied on the left shoulder by the
investigator (standing on the right side). For the left IO/TrA, the same procedure was
repeated on the opposite side. For the ICL and MF, the subject positioned prone,
legs straight, and strapped with a belt. The subject with hands on the neck was
instructed to lift the head, shoulders, and elbows just off the examination table.
Symmetrical maximal manual resistance was provided to the scapular region by the

investigator (standing at the head of the subject) (Danneels et al., 2001).

Three MVIC trials of 5 seconds duration each (Soderberg and Knutson, 2000)
with a 3 minute rest period given between trials to avoid the cumulative effect of
fatisue were performed (McLean et al., 2003). The MVIC of each muscle was

averaged over the three trials.

3.3 Qutcome measures

This section describes the outcome measures in this study, including

dependent and independent variables.
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3.3.1 Dependent variable

The dependent variables in the present study were EMG activity and Borg

Scores.

3.3.2 Independent variable

The independent variable in the present study was 3 different prolonged

sitting postures.

3.4 Statistical analysis

Descriptive statistics were calculated for all variables. Sharpiro-wilk test was
performed to check the distribution of data. The paired-sample t test was used to
compare the Borg scores before and after 60 minutes of sitting in each sitting
posture. Also, the Borg scores after 60 minutes of sitting were compared among three
sitting postures using a one-way analysis of covariance (ANCOVA), with the Borg
scores at the starting as a covariate. The Bonferroni procedure was performed to

determine whether two selected means were significantly different from each other.

Two-way analysis of variance (ANOVA) for repeated measures was employed
to determine the effects of sitting posture, time and their interaction on the EMG
activity of trunk muscles. When a significant interaction between sitting posture and
time was detected, the effects of sitting posture and time were examined separately
by using one-way ANOVA. The Bonferroni procedure was used to determine whether
two selected means of the EMG activity of trunk muscles were significantly different

from each other for the EMG activity of trunk muscles.



All statistical analysis was performed using SPSS statistical software, version

V17.0 (SPSS Inc, Chicago, IL, USA).
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CHAPTER 4

RESULTS

4.1 Introduction

The result, including subjects’ characteristics, body perceived discomfort

score and trunk muscle activation, are presented in this chapter.

4.2 Subjects’ characteristics

Ten healthy office workers were recruited in this study. Demographic characteristics

of participants are presented in Table 4.1.

Table 4.1 Characteristics of study population (n = 10; male = 3, female = 7)

Characteristics Mean (SD)

Age (year) 26.3 (1.6)

Height (cm) 164.2 (7.3)
Weight (kg) 56.1 (7.5)

Body mass index (kg/mz) 20.7 (1.4)

Skin fold thickness (mm)
Abdominal area 15.7 (3.0)

Supra-iliac area 7.4 (3.3)
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4.3 Borg score on perceived discomfort

The Borg scores after 60-minute sitting were significantly greater than those at
the beginning at the neck, upper back, low back and both hip/thighs but not at the
both shoulders and both knee (Table 4.2).

A comparison of the Borg scores among three sitting postures after 60-minute
sitting, when adjusted for the Borg scores at the beginning, indicated no significant
difference among three sitting postures in all body regions (p > 0.05), except for the
low back (F,,6 = 23.208, p < 0.001). The Bonferroni procedure revealed that the
adjusted Borg score in forward leaning sitting posture was significantly greater than
those in upright (p = 0.002) and slump sitting postures (p < 0.001). The adjusted Borg
score in upright sitting posture was significantly greater than those in slump sitting

posture (p = 0.021).
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4.4 Trunk muscle activation

Paired t-tests revealed no significant difference between sides for the EMG
data, therefore left and right side data were averaged. Two-way ANOVA for repeated
measure indicated no significant effect for sitting posture (F,13=0.591, p=0.564), time
(Fs54=0.113, p=0.994) and their interaction (Fy510s=1.110, p=0.359) for RA EMG activity.
There was a significant effect for sitting posture for I0/TrA (F,15=5.012, p=0.019), ICL
(F,,15=33.587, p<0.001) and MF (F,4=39.809, p<0.001) EMG activity. No significant
effect for time and the interaction between sitting posture and time were found for
IO/TrA (F15,108=1.206, p=0.288), ICL (F;,105=0.587, p=0.848) and MF (F;,105=0.549,
p=0.877) EMG activities.

The Bonferroni precedure revealed that IO/TrA EMG activity in upright sitting
posture was significantly greater than those in slump sitting posture (p = 0.009) (Fig
4.1). The EMG activity of ICL in three sitting postures was significantly different from
each other (p = <0.001-0.007). The EMG activity of MF in forward leaning sitting
posture was significantly greater than those in upright and slump sitting postures (p <

0.001).
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Figure 4.1 Mean (D) of %MVIC of four muscles during 60-minute sitting in three
sitting postures. RA, TrA/IO, ICL, and MF represented rectus abdominis,
transversus abdominis/internal abdominal oblique, iliocostalis lumborum
pars thoracis, and superficial lumbar multifidus, respectively (* P value <

0.05)
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CHAPTER 5

DISCUSSION

5.1 Introduction

To our knowledge, this study was the first study investigating the effects of 3
different prolonged sitting postures on trunk muscle activation and body perceived
discomfort in office workers. In this section, the findings regarding the effects of 3
different prolonged sitting postures on trunk muscle activation and body perceived
discomfort in office workers are discussed. In addition, clinical implication from the
findings, limitation of the present study and suggestions for further study are

provided.

5.2 The effects between body perceived discomfort and prolonged sitting and

LBP

Results from the present investigation revealed that 1-hour sitting in upright,
slump, or forward leaning sitting postures led to increased discomfort at the neck,
upper back, low back and hip/thighs. Different sitting postures influenced the Borg
scores after 1-hour sitting only in the low back. Sitting posture with the highest low
back discomfort after 1-hour sitting was forward leaning posture, followed by upright
and slump sitting postures. The results of the present study are in line with the
findings of previous studies showing that body perceived discomfort increased
significantly during prolonged sitting (Sondergaard et al., 2010). Vergara and Page
(2002) reported that discomfort occurred mainly in the neck and low back (Vergara
and Page, 2002). Perceived musculoskeletal discomfort is a predictor of LBP among
healthy subjects (Hamberg-van Reenen et al., 2008). Thus, our findings lend further
support to the notion that prolonged sitting may lead to the development of LBP.
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5.3 The effects between trunk muscle activation and sitting posture and LBP

The result of the study showed that the local (superficial lumbar multifidus
and internal oblique/transverses abdominis) and global (iliocostalis lumborum pars
thoracis) muscles of the lumbo-pelvic region can be preferentially facilitated in
different sitting postures. Results from the present investigation revealed that the
forward leaning sitting posture was associated with increased ICL and MF muscle
activity compared to upright and slump sitting postures. Upright sitting posture was
associated with increased I0/TrA and ICL muscle activity compared to stlump sitting
posture. We found no effect of 1-hour sitting, regardless of sitting posture, on trunk
muscle activity. There was no significant difference in rectus abdominis activities
across any of the 3 sitting postures, indicating that its role does not change in
maintaining the different sitting postures as defined in this study, similar to the

previous studies (O'Sullivan et al., 2002; O'Sullivan et al., 2006).

In the forward leaning sitting posture, the pelvis tilts forward and the center
of gravity is in front of the ischial tuberosities. Forward rotation of pelvis or forward
bending of the trunk during sitting significantly increases back muscle activity (Mork
and Westgaard, 2009; Mastalerz and Palczewska, 2010). In the current studly,
Prolonged sitting in forward leaning posture significantly increased discomfort in the
low back compared to sitting in upright and stlump postures, and ICL and MF muscle
activities were significantly greater in forward leaning sitting posture than upright and
slump sitting postures. Prolonged activation of muscle may lead to localized muscle
tension, muscle strains, muscle fatigue and other soft-tissue damage. The paraspinal
muscle fatigue reduces the muscular support to the spine, causing impairment of
motor co-ordination and control as well as increased mechanical stress to ligament
and intervertebral discs (McGill et al., 2000; Wilke et al., 2001). In addition, the load
on vertebral body increased approximately 48% at 15-degree trunk flexion
(Rohlmann et al., 2011). Moreover, Vergara and Page (2002) reported that forward

rotation of pelvis and increased lumbar lordosis was associated with LBP (Vergara and
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Page, 2002). It is hypothesized that sitting in forward leaning posture for a long period

of time may lead to the development of LBP.

Our findings that upright sitting posture was associated with increased 10/TrA
and ICL muscle activity compared with slump sitting posture, concurs O'Sullivan et al
(2006) study. Internal oblique muscle activation is generally accepted to represent
the activation of TrA in all tasks (McGill et al., 1996). Evidence suggests that the main
dynamic stabilizer of the lower back and pelvis is TrA. Contraction of transversus
abdominis was found to be significantly delayed in patients with low back pain
(Hodges, 1999). Core stability (transversus abdominis and multifidus strengthening)
exercises have strong theoretical basis in treatment and prevention of LBP, as is
evidenced by its widespread clinical use (Akuthota et al., 2008). Furthermore, the
internal oblique muscle activity observed in upright sitting may reflect the central
nervous system’s response to the balance of forces with the back muscles (Thelen
et al,, 1995) as well as the requirement to maintain intra-abdominal pressure in this
posture (Bergmark, 1989). Thus, upright sitting posture with increased activation of

TrA and would be an appropriate posture for long period of time in sitting.

A reduction in EMG activity of trunk muscles in slump sitting has been
reported consistently in the literature (Callaghan and Dunk, 2002; Morl and Bradl,
2013). When postural muscle activity decreases, the lumbopelvic region becomes
dependent on its passive structures to maintain the position against gravity at end-
range spine flexion (O'Sullivan et al., 2002). This phenomenon plausibly makes the
spine susceptible to injury. Moreover, sustained stretch of passive lumbar structures
in combination with essentially silent muscles may exacerbate low back pain in

sedentary workers (Mork and Westgaard, 2009).
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5.4 Clinical implication from the findings

Although there is still a lack of international consensus over the ideal sitting
posture, the findings of the current study suggest that a person should avoid sitting
continuously in forward leaning posture for a prolong time because it causes high
perceived discomfort and back muscle activity, which may lead to the development
of LBP. Slump sitting posture is the most comfortable sitting posture for the low back
after 1-hour sitting. However, slump sitting posture reduces muscle activation of the
trunk, which may adversely cause overloading of lisaments and intervertebral discs,
leading to LBP later on. Upright sitting posture seems to be healthy sitting posture for
the low back because it leads to activation of the local spinal stabilizing muscles, i.e.

TrA, and causes only moderate discomfort after prolonged sitting.

5.5 Limitation of this study and suggestion for further study

The major strength of this study is the design of the study was repeated-
measure design (within-subject) for reduction in error variance associated with
individual differences, which is likely to enhance the internal validity of the study.
However, there are a number of methodological limitations that are noteworthy. The
present study only investigated body perceived discomfort and trunk muscle activity
in young healthy subjects. Change in body perceived discomfort and trunk muscle
activity during various sitting postures for a prolong time in those with LBP may not
respond in the same fashion as in an asymptomatic population. Thus, extrapolation
of these results to people with LBP should be made with caution. Further research is
required to examine the effect of prolonged sitting posture on body perceived

discomfort and trunk muscle activity in patients with LBP.
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CHAPTER 6

CONCLUSION

In summary, The current study examined body perceived discomfort and
trunk muscle activity in different prolonged (1 hour) sitting postures, i.e. forward
leaning, upright, and slump sitting posture. The results showed that the highest low
back discomfort after 1-hour sitting is forward leaning posture, followed by upright
and slump sitting postures. Forward leaning sitting posture was associated with
increased ICL and MF muscle activity and upright sitting posture was associated with
increased I0/TrA and ICL muscle activity. The findings from this study suggest that
upright sitting posture may be an appropriate sitting posture for those who usually

spend a long period of time in sitting to prevent the development of LBP.
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APPENDIX A

SAMPLE SIZE CALCULATION

Aim
To determine the sample size that suited to the current study.
Method
The sample size was calculated from the following equation (Portney and

Watkins, 2009):

and N2 =SSb / SSb+SSe

From pilot study: Superficial lumbar multifidus muscle activities
SSb (between-groups sum of squares) = 16723.302
SSe (error sum of squares) = 4313.058

N2 = 16723.302 / (16723.302+4313.058) = 0.795
When N2 =0.795

n2 V0.795  0.892
- J1-m2  V1-0.795 0.452

=1.973

When compared with Table 8.4.4 in (Cohen,1988)
At A = 0.05, power = 80% and Dfb =2: n =6

Therefore, 10 office workers will be the sample size of the present study.
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APPENDIX C

BODY CHART

wrunnsnglddmsunsusslivanuidnliauigvessiniesiuiu Borg CR-10

NECK

SHOULDERS

UPPER BACK

ELBOWS

LOW BACK

WRISTS/HANDS

HIPS/THIGHS

KMNEES

. ANKLES/FEET

Reference: Kuorinka et al in 1987 (Kuorinka et al., 1987)



APPENDIX D

SITTING POSTURES

JUvea 3 vin Alglunnsidy

1. Upright sitting posture

2. Slump sitting posture
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3. Forward leaning sitting posture
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COLLECTING DATA FORM
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CHECKLIST FORM
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Topic

1St times

Screening form

Skin fold thickness measurement

Inform consent form &

information sheets

NO. of Samples for random order

2nd times

d
3r times

Placed the electrodes
-RA, 10

-MF, ICL

Generate MVICs

1" Body perceived discomfort

Sustain sitting posture 1 hour

" Body perceived discomfort

Check & save raw data

Sign name to received

compensation fee

Time table




APPENDIX G

SCREENING QUESTIONNAIRE

(wuuAnnsasdmiunguUsTrInvisegiidiusauluniside)
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) v v 1 a o |
THARUITINATY e DT etz eeeneenens 0y ST TR
UNRUN oo, AN, AVUB oo YU, AUVULIANY e, nn/al

AINSURIY: NTINANUAUNVDITULAR IV,
- w989 (Abdominal): ............. LN SRS S mm

- 1W9n97U (Supra iliac): .............. Forrieererieninns + e . S mm
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119 (gout) Lilesen (tumor) lsALeauaadviselsagla (systemic

lupus erythymatosus (SLE)) M%@Iiﬂﬂiz@ﬂwqu (osteoporosis)
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APPENDIX H

PARTICIPANT INFORMATION SHEET
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INFORMED CONSENT FORM
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