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This study aimed to investigate seat pressure distribution characteristics, i.e.
average pressure (AP), peak pressure ratio (PP ratio), frequency of postural shift, and
body perceived discomfort (BPD) during 1-hour sitting in office workers with and
without chronic low back pain (LBP). Forty-six participants (chronic LBP = 23 and
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hour. A seat pressure mat device was used to collect the seat pressure distribution
data. The results showed that workers with chronic LBP sat significantly more
asymmetrically than their healthy counterparts. During 1-hour sitting, all workers
assumed slumped sitting postures after 20 minutes of sitting. Healthy workers had
significantly more frequent postural shifts than chronic LBP workers during prolonged
sitting. The findings suggest that a person should avoid an asymmetrical sitting

posture, change postures frequently, and have a short break from sitting every 20

minutes.
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CHAPTER |

INTRODUCTION

1.1 Background and rationale

Low back pain (LBP) is a major problem for office workers, affecting 34% and
51% of them annually (Janwantanakul et al., 2008, Ayanniyi et al., 2010). Between
14-23% of office workers reported a new onset of LBP during the 1-year follow-up
(JuulKristensen et al., 2004, Sitthipornvorakul et al., 2015). The annual prevalence of
chronic LBP has been reported to range from 15% to 45%, with a point prevalence
of 30% (Manchikanti et al., 2009). LBP is often the cause of significant physical and
psychological health impairments. It also affects work performance and social
responsibilities. As a result, LBP can be a great burden on patients and society
(Manchikanti, 2000). Its total socio-economic burden in the US in 2006 exceeded 100
billion US dollars (Katz, 2006), whereas in the Netherlands the total cost of LBP in
2007 was estimated at 3.5 billion euro (Lambeek et al., 2011). In Thailand, there are a
total of 4,794,200 office workers (National Statistical Office, 2012) and 34% of those
experienced LBP in the previous 12 months (Janwantanakul et al., 2008).Thus,
approximately 1,630,000 office workers (34%) suffer from LBP. Consequently,
economic loss in Thai-office worker was approximately 3.2 billion baths annually

(Janwantanakul et al., 2006).

Office works usually involve with computer, participation in meeting, giving
presentation, reading, phoning and few walking, standing or lifting (IUmker et al,,
2006). Thus, office workers are usually required to sit for long hours on a computer
and spend most of their time mainly in sitting position. Prolonged sitting, particularly
with poor workstation ergonomics, may cause prolonged static contraction of
muscles; increased pressure on the intervertebral discs and tension on ligaments and

muscles; decreased tissue flexibility; altered spinal curvature and increase the risk of



musculoskeletal injury in the spine (Harrison et al., 1999, Wahlstréom, 2005). Although
prolonged sitting by itself was not associated with the risk of developing LBP (Kwon
et al,, 2011), occupational groups exposed to poor postures while sitting for longer
than half a day have a considerably increased risk of experiencing LBP (OR=9.0, 95%
Cl 4.9-16.4) (Lis et al., 2006). Previous studies showed that, in sitting, LBP subjects
placed their spines closer to the end range than their healthy counterparts
(O'Sullivan et al., 2006, Womersley and May, 2006). Seated closer to the end range of
spinal movement may lead to increased passive system loading and reduced activity
of spinal stabilizing muscles (O'Sullivan et al., 2006). Subjects with LBP also assumed
more static posture and had large, infrequent rather than subtle, regular spinal
movements while sitting (O'Sullivan et al., 2012). Prolonged, low-level static load on
the back during sitting means continuous and relatively high activity of a fraction of
the motor units in the muscles (van Dieen et al., 2001). Contraction level of the trunk
extensors as low as 2% of maximum voluntary force has been shown to impair
oxygenation and create waste product buildup of this musculature (McGill et al,,
2000). Evidence suggests that prolonged sitting induces discomfort in the low back
(Waongenngarm et al., 2015), which is a strong predictor of LBP (Hamberg-van

Reenen et al., 2008).

Sitting is dynamic and short-duration investigations of sitting posture may not
completely represent time-dependent biological responses to prolonged exposure.
Seat pressure distribution measurement is one of methods to study sitting posture
for long period. Although seat pressure distribution measurement is not a direct
measure of sitting posture, several previous studies indicated the correlation
between seat pressure distribution and sitting postures (Koo et al., 1996, Makhsous et
al., 2009, Van Geffen et al., 2009, Zenk et al., 2012). High pressure at the ischial
tuberosities has also been shown to closely associate with high load to the spine (Gyi
et al,, 1998, Makhsous et al., 2009, Van Geffen et al., 2009). Seat pressure distribution
measurement is a reliable and objective measure that is associated with the

subjective rating of perceived discomfort (De Looze et al., 2003).



To date, no study has investigated the difference in seat pressure distribution
pattern and discomfort responding in office workers with and without chronic LBP
during 60 minutes continuous sitting position. Such information would provide basic
information for development of a guideline to promote healthy sitting to prevent

LBP in those required prolonged sitting.

1.2 Objective of the study

To investigate sitting posture, using seat pressure distribution measurement,
and body perceived discomfort (BPD) during 60-minute sitting in office worker with
and without chronic LBP. Specifically, the primary aim was to describe the
characteristics of average pressure (AP), peak pressure (PP), and frequency of postural
shift during prolonged sitting. The secondary aim was to compare the PP between

comfortable/neutral sitting postures.

1.3 Research question

Are there differences in seat pressure distribution pattern, in terms of AP, PP, and
frequency of postural shift, and body perceived discomfort level during 60-minute

sitting between office workers with and without chronic LBP?

1.4 Hypothesis of the study

1. Office workers with chronic LBP will have AP and PP higher than office
workers without chronic LBP during 60-minute prolonged sittins.

2. Office workers with chronic LBP will have a frequency of postural shift less
than office workers without chronic LBP.

3. Office workers with chronic LBP will have body perceived discomfort level
greater than office workers without chronic LBP during 60-minute prolonged

sitting.



4. Sitting in comfortable posture will have a seat pressure distribution; both AP

and PP, higher than sitting in neutral posture.
1.5 Brief method

23 Office workers with chronic LBP and 23 office workers without chronic LBP
were recruited in this study. The office environment station was set up. The
participants were asked to sit on the standard office chair with a pressure map
device. Participants typed the standard document task in 60 minute. During sitting,
participants were asked to rate their body perceived discomfort using the Borg’s CR-
10 scale. It was rated before starting of the test and at 10th, 20th, 30th, 40th, 50th,
and 60th minutes.

1.6 Advantage of the study

The results might provide basic sitting suideline for those who are required to
sit for long period of time. Also, this information obtained would provide information

for further research to developed suitable ergonomic chair designs.



1.7 Conceptual framework

Seat pressure distribution measurement

/

Poor posture and inactive movement
- Asymmetry seat between laft and right sides

e Borg CR 10 scale
- Static/high average pressure and peak pressure
Prolonged seat work \ : of discomfort

LY i —

Physical Body Perceived
demand Discomfort

vDu/

S 7

Individual

Office technology factors

Musculoskeletal
disorder (LEP)

Mental
stress

Work
organization




CHAPTER Il

LITERATURE REVIEWS

2.1 Definition
2.1.1 Definition of chronic low back pain

LBP can be classified on the cause of symptoms. There are ‘specific LBP” and
‘nonspecific LBP’. Specific LBP is defined as LBP with clearly known pathological
change of lumbar spine (such as cancer, spinal infection, spinal fracture of
inflammatory arthritis, herniated nucleus pulposus (HNP), osteoporosis, or
rheumatoid arthritis). Non-specific low back pain is defined as symptoms that without
a clear specific cause. The diagnosis is mainly base on exclusion of specific
pathology. LBP can be classified on the duration of symptoms. There are acute, sub-
acute and chronic LBP. Acute LBP is defined when symptom persists for less than six
weeks, sub-acute between six weeks and three months, and chronic when symptom

lasts longer than three months (Koes et al., 2001, Briggs et al., 2010)

Chronic LBP is defined as a back pain problem that has persisted at least 3
months and has resulted in pain on at least half the days in the past 6 month. The
region defined as the low back, indicating the space between the lower posterior

margin of the rib cage and the horizontal gluteal fold (Deyo et al., 2014).
2.1.2 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. Office
workers usually work with computers and spend their time mainly in sitting position

(IUmker et al., 2006).



2.1.3 Definition of seat pressure distribution, peak pressure (PP) and average pressure

(AP)

Pressure is force per unit area. It is the force distribution normal to the surface.
The units of pressure are pounds per square inch or Pascal (N/m2) or mmHg, etc. A
pressure distribution (pressure map) is a visual representation in graphic and numeric
of the normal forces between two surfaces. It gives a good picture of where the
forces are high and how closely they change from high to low. The seat pressure
distribution is an interface pressure between the user and the seating surface which
can be detected by specific measurement. It is the parameter most commonly used
to evaluate how surfaces distribute the pressure of the user’s body (Gil-Agudo et al.,
2009). Peak pressure (PP) and average pressure (AP) are pressure data recorded. Peak
pressure (PP) represents maximal pressure around ischial tuberosities. It can be
calculated between maximum 4 adjacent sensors of seat pressure mapping. Average
pressure (AP) is the total pressure divided by the total sitting contact surface area

(Ferguson-Pell M andD., 1993)
2.1.4 Definition of body perceived discomfort level

Definition of body perceived discomfort (BPD) in this study describe as
individual perceived the uncomfortable sensation such as pain, fatigue, muscle
cramping etc. resulting from performance of the experimental task. Body perceived
discomfort is assessed by using a Borg CR 10 scale of discomfort with body map from
standardized Nordic questionnaire. The Borg scale CR 10 of discomfort consists of 0-
10 scale where scale 0 being no discomfort and scale 10 being extremely strong
discomfort. It will be rated to determines a subject’s level of discomfort in

prolonged sitting interval (Cameron, 1996).

2.2 Prevalence and incidence of low back pain in office worker

Several cross-sectional studies showed that the 12-month prevalence of LBP
among office workers varied from 20%-63% (Omokhodion, 2003, Spyropoulos et al.,

2007). In Thailand, a survey of 1,428 office workers in Bangkok found that the 1 year



prevalence was 34% (Janwantanakul et al., 2008). In Greek, a study found that 33%
of office workers experienced LBP at the time of survey, 38% in the past 1 year and
42% in the past 2 years (Spyropoulos et al., 2007). For incidence, a study in
Southwestern Nigeria reported 38%-51% of 1 year incidence of office workers
(Omokhodion, 2003, Ayanniyi et al., 2010). In Denmark, a study found that the 12-
month incidence of LBP was 47% (Juul-Kristensen andJensen, 2005). One-year
prospective cohort study on 3,361 office workers found that 23% had new onset of

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

2.3 Pathomechanism of work related low back pain
2.3.1 The model of work-related musculoskeletal disorder

Several previous studies indicated that work-related musculoskeletal disorders
in office workers have a multi-factorial origin. The excessive physical demands
leading to physical overload are proposed to be the primary cause of MSD. Physical
demands (i.e. prolong sitting, sustained awkward posture) will increase physical load
on the several structural body parts. Increased physical load leads to increased
muscle activity and fatigue. If there is insufficient time to allow human tissue to
recovery, then the tissue deformation will occur and leading to musculoskeletal

disorders (Buckle andJason Devereux, 2002)

A model of MSDs and computer work which was modified from Sauter and
Swanson (1980) was shown Figure2.1. It is suggested that working with computer
(VDU/office technology) has a direct path to physical demands which is defined as
the physical coupling between the worker and the tool, and work organization. In
this relationship, physical demands can be influenced by work organization.
Increased working time cause an increased number of keystrokes which increase the
physical demand. Physical load factor are defined as factors relating to
biomechanical generated in the body. In some literature, this also has been defined
as “mechanical exposure” or “physical exposure” to indicate that other factors (i.e.

lighting, noise, temperature, work organization, psychosocial factor, etc.) in the work



environment are not considered. Individual factors, such as working technique and
gender, may affect the physical load. Many studies have suggested that mental stress
or psychosocial as risk factor for MSDs. Mental stress or psychological factor such as
high job demand, low decision latitude, job dissatisfaction may increase muscle
activity, which compounds physical load induced by physical demands. Mental stress
has been hypothesized to adjust the relationship between physical load and
musculoskeletal outcomes (i.e. neck and/or low back pain). Perceived muscular
tension is hypothesized to be an early sign of musculoskeletal symptoms. Finally,
the experience of musculoskeletal symptoms are feedback to increase mental stress

and causes alteration in personal work organization (Wahlstréom, 2005).

Physical Perceived
Physical load

\ 4
v

»
\ 4

demands 4 muscular tension

A

A

VDU/office Individual |
factors

technology

Musculoskeletal
disorders (MSD)

Work

organization

y

—p Mental Stress

A 4

a

A

Figure 2.1 A model of musculoskeletal disorders in office workers (Wahlstrom,

2005)

2.3.2 Risk factors for chronic low back pain

In general study, there are 4 main factors associated with chronicity;
occupational, socioeconomic, medicolegal, and psychological factors (Valat, 2005,
Horsley, 2011). One of important risk factors for chronicity is occupational factors.

Especially, occupations are those requiring heavy lifting, maintaining a specific
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posture, or being exposed to vibrations (Waddell et al., 1992)(Waddell et al.,
1992)Waddell et al.,, 1992)(Waddell et al., 1992)(Waddell et al., 1992)(Waddell et al,,
1992)Waddell et al.,, 1992)(Waddell et al., 1992)(Waddell et al., 1992)(Waddell et al,,
1992)Waddell et al.,, 1992)(Waddell et al., 1992)(Waddell et al., 1992)(Waddell et al,,
1992)(27)(Waddell et al.,, 1992)(Waddell et al., 1992)[271(Waddell et al., 1992).
(27)[27]For the risk factors for chronic LBP, numerous studies have been conducted
but often with conflicting results. However, a number of factors were consistently
found can be showed in to 4 groups; (Rozenberg et al., 2012)
1. Factors related to the LBP episode: severe functional impairment,
concomitant sciatica
2. Individual factors: older age, poor general health
3. Psychological factors: high level of psychological or psychosocial stress,
negative thoughts about the LBP
4. Work-related factors: negative relationship with co-workers, physically

demanding work

Chronic LBP is significantly associated with poor working conditions and
repetitive work, concern about making mistakes, and tight time constraints. Other
studies found that chronic LBP was associated with common symptoms of work-

related stress (nervousness, sleep disorders, and anxiety) (Valat, 2005).

2.4 Biomechanics of sitting
2.4.1 General classification of human sitting posture

To determine human sitting posture, it is convenient to categorize seated
posture by location of the center of gravity (CG). The classification of sitting postures
is based on the basis of the location of CG, the proportion of body weight
transmitted to the floor and the shape of the lumbar spine. In 1999, Harrison and
colleague classified sitting postures into three types; anterior, middle, and posterior
sitting postures (Figure 2.2). The middle position (Figure 2.2, C), the CG is above the
ischial tuberosities and the feet transmit about 25% of the body weight to the floor.
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The shape of lumbar spine is either straight or in slight kyphosis. For the anterior
position, the CG is in front of the ischial tuberosities and the feet transmit more than
25% of the body weight to the floor. For the shape of lumbar spine, it can either by
a pelvis anterior rotation (Figure2.2, B) or by creating a kyphosis of the spine by
flexing without much rotation of the pelvis (Figure2.2, A). Finally, the posterior
position (Figure 2.2, D), the CG 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
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Figure 2.2 Three sitting categories. Rs (the reaction force from the seat
bottom). Rf (the reaction force from the ground). CG (center of gravity).

(Harrison et al., 1999)

2.4.2 The optimal sitting posture

The Posture Committee of the American Academy of Orthropaedic Surgery
defined the posture as “skeletal alignment refined as a relative arrangement of the
parts of the body against injury or progressive deformity.” Healthy sitting posture can
be thought of as occurring when unnecessary (static) muscle activity, ligamentous
tension, intradiscal pressure, and zygapophysial joint forces are minimized, and when
body weight is distributed evenly through the ischial tuberosities and thighs to the
seat and through the torso via the backrest (Pynt et al., 2001).
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In prolonged sitting, there are two components to promote the spinal postural
health. First component is active movement during sitting. Movement during sitting
has been shown to increase and decrease lumbar discal pressure, there by
promoting fluid exchange in the IVD and enhancing its nutrition. Sustained posture
without movement causes fluid loss form disc, the capsules of the facet joint and
the ligament. The study suggested that sustained sitting in fully kyphosed posture for
20 minutes causes the capsules of the facet joint and ligament elongated, resulting
in joint laxity. Prolonged static back muscle activity which occurs in static lordosed
posture increases intra-discal pressure and IVD injury. Therefore, it can be conclude
that sustained sitting without movement in end-ranged posture; both lordosis or
kyphosis, is potentially harmful to the disc, zygapophysial joint, and ligaments (Pynt
J, 2002 ). However, the active movement alone is not sufficient to maintain spinal
postural health. Second component for spinal postural health is seat with spine in
optimal posture. It has been proposed that an optimal sitting posture for LBP
subjects who are sensitized to flexion or extension is a more neutral spine position
involving slight lumbar lordosis and a relaxed thorax. This neutral posture avoids
potentially painful end-range positions, as well as activating key trunk muscles
(O'Sullivan et al., 2010). The goal of neutral sitting position is therefore to promote
maximum orthopedic symmetry between left and right sides of the body via a
neutral pelvis to avoid obliquity, rotation and posterior tilt of the pelvis. This is to

provide equal distribution weight for stability and comfort (Harrison et al., 1999).
2.4.3 Sitting induced low back pain

Prolonged sitting alone was not associated with the risk of developing LBP. The
co-exposure factors of awkward postures can induce the risk of LBP increased (Lis et
al.,, 2007). In addition, 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).

The extended period of sitting induce many changing to human body. High risk

of back problem, numbness and discomfort in the buttocks, legs and feet from
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surface under pressure is a sequence from prolonged sitting. In a seated posture, the
pelvis rotates backward; the lumbar spine may flatten and lose lordotic curve, and
the sacral decrease inclination. The weight of the head, torso, arms, hands, and any
mass suspended in hands are supported down the spinal column (Figure 2.3). The
figure indicated a series of individual vertebrae interfaced with compliant discs, able
to withstand compressive forces acting axially through the column. The muscles,
acting in tension, apply compressive loads between the ends of skeletal members to
apply rotational force at the pivots. In a dynamic condition, the spinal column acts
like a shock absorber or an energy absorber and transmits vertical forces. The spinal
column vertical forces are applied in shear and compression through ligaments to
the pelvis. The pelvis, in a seated position, distributes these forces through the
buttock muscle via surface area around the lower pelvic bone surface. The buttock
muscle area directly beneath the ischial tuberosity is in compression across the
muscle. The compression forces on the buttock and surrounding muscle compromise
their ability to exchange nutritional input and metabolic by-products with the
circulatory system, resulting in lactic acid accumulation, influencing stimulus of

fatigue and pain (Mehta andTewari, 2000) (Figure 2.3).

o « Spinal
/g ty column

Tschial
tuberosity

Figure 2.3 Force acting on a seat worker (Mehta and Tewari, 2000)
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Controversy exists in the literature concerning the importance of lordotic or
kyphotic lumbar spinal posture in healthy sitting. Proponents of kyphosed sitting
posture argues that lordosed sitting posture produce potentially damasging localized
peaks of compressive stress in the posterior annulus of the disc. However, this
disadvantage is less significant than the disadvantage by kyphosed sitting posture in
the view of spinal ligament and intervertebral disc (IVD). The study by Hedman and
Fernie demonstrated that the posterior ligament force in the kyphosed sitting
posture was threefold that found in the anterior ligament in the lordosed sitting
posture. These massive forces lead to potential for damage to the disc and posterior
lisament. The authors also demonstrated that significantly increased compressive
load and shear force in the discs in the kyphosed posture, as compared with the
lordosed posture. Despite, the effect of the lordosed and kyphosed sitting posture
on lumbar facet joints is in controversial. The intra-articular surfaces of the lumbar
facet joints show two areas of impaction loading. The first area that can impact by
loading is in the middle lower portion of the superior articular when performing the
motion in extension or lordosed sitting posture. The other area of impaction is in the
medial upper portion of the superior articular process. This area will be damaged
when the facet joint are resisting anterior translation, which is component part of
kyphosed sitting posture. To conclusion, first, both kyphosed and lordosed sitting
posture may be injurious to spinal posture if sustained is presented. Second, both
kyphosed and lordosed sitting posture result in some impingement of lumbar facet
joint. The deleterious effect of extra-articular facet impingement by disc narrowing, as
may occur in sustained sitting without movement, highlight the importance of
movement during sitting for the maintenance of spinal posture health (Pynt et al.,

2001, Pynt J, 2002 ).
2.4.4 The effect of chair and supporting device on sitting posture

A number of studies have reported interaction between LBP and
biomechanical changes such as decreased lumbar lordosis, mal-alignment of lumbar
curvature, and narrowing of disc space (Harrison et al., 1999). A chair is one of the

important factors that can effect to sitting posture. Good chair design and supporting
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device have a potential to prevent tissue damage. As several suggestions, the best
shape of the lumbar spine during sitting is lumbar spine in slightly lordosis curve. This
can be influenced by the convex backrest combined with a firm seat. It is help to
maintain the erect posture of whole spine (Pynt J, 2002 ). The study of showed that
sitting with backrest inclinations about 110-130 degrees with lumbar support have
the lowest disc pressures as well as electromyography recordings from spinal
muscles (Harrison et al., 1999, Corlett, 2006). The usage of 5 and 7.5 cm thick lumbar
support is found to be significantly reduced the highest seat buttock pressure

(Shields andCook, 1992).

There are several factors that affected to seated posture such as seat-back
angle, seat-bottom angle, foam density, height above floor, and presence of
armrests. The common sitting guideline to apply for all types of chair is as followed.
First, the high compression force under the thighs can cause the reducing of blood
flow to the lower extremities as well as increase load to nerve which cause pain and
numbness. This situation should be avoided. Second, the flattening of the lumbar
spine should be avoided by providing a backrest for lower back supports. Third,
pressure distribution from on bony prominence (ischial tuberosities) must equally in
the buttock area. Finally, it is better that the chair can be adjusted in many
dimensional such as seat height, angle of inclination in order to accommodate a

diversity of user sizes (Treaster andMarras, 1987).
2.5 Seat pressure distribution measurement

Seat pressure distribution measurement is the main instrument for seating

discomfort evaluation. It is developed in an automotive industry and expected that

the method would provide rapidly and easily quantifiable data. It indicates areas of

the seat which are causing seat comfort or discomfort (Gyi et al., 1998).

In early studies, seat pressure distribution measurement was used by medical
professional to show the number of interface pressure as a mean of preventing
ischemic ulcer or pressure sore (Shields andCook, 1992, Stinson et al., 2003).

Recently, the seat pressure distribution measurement has been modified to use in
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chairs and car seats design for evaluating the comfort and pelvic position (Mehta

andTewari, 2000, Tam et al., 2003).
2.5.1 General approach to evaluate seat pressure distribution measurement

There is standard guideline to employ seat pressure distribution measuring
system. The diameter of the individual sensors should be small relative to the
interface curvature to ensure good contact with the skin. The sensors should be
flexible to conform to the curved surfaces of the body without producing error
associated with the distortion of the sensing mechanism itself and should be durable
and the readings not significantly affected by environmental temperature and

humidity.
2.5.2 Type of measurement sensors

Seat pressure measurement has mainly three types of sensors; electronic

transducer, pneumatic sensors and electro-pneumatic sensors.

Electronic transducer consists of a deformable component to which a sensing
element is attached. Applied force resulting in variations in resistance or capacitance
can be measured electrically. This type of technology has been used in many studies
(Stinson et al., 2003, Tam et al., 2003, Van Geffen et al., 2009). Although, earlier
technologies were unreliable in terms of repeatability and validity, recent
developments in electronics technology have led to reproducible and accurate

measurements in some of the new commercially available systems.

Pneumatic sensor is an air cell connected to an air reservoir. In order to inflate
the sensor, the pressure in the air reservoir must slightly exceed that applied to the
sensor. As inflation pressure rises above applied pressure, the volume of air in the
sensor increases suddenly, causing an abrupt drop in the rate of pressure increase.
The pressure in the air reservoir at which change in the rate of pressure increase

occurs is recorded as applied interface pressure.

Lastly, electro-pneumatic sensor has electrical contact on the inner surface of

a flexible, inflatable sac. Air is pumped into the sac and when internal and external
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pressure are in equilibrium, the electrical contact breaks and pressure at this point is

recorded as interface pressure (Gyi et al., 1998).

Over the last 10 years, computerized pressure-sensing array (Electronic sensor
type) have been developed and used for cushion prescription for individual at high
risk factor for pressure sores and increasingly in the evaluation of positioning
strategies and postural support. These computer-based systems use seat-sized
sensing pads and graphic display that measure the full buttock- cushion interface,
eliminating the need for multiple sensor placements over different site. High pressure
areas associated with bony areas, asymmetries, and patterns associated with pelvic
position can be visualized, located, and monitored both qualitatively and
quantitatively. New pressure mapping systems can measure normal forces in real
time. Clinicians can use this information to assist in prescription, patient education,
and documentation for justification to research (Ferguson-Pell, 1980, Ferguson-Pell M

andD., 1993).
2.5.3 Seat pressure mapping technology

The Tekscan, Inc. had previously developed pressure mapping systems for
dental occlusion, foot-shoe interface and wheelchair seat mapping. Sensing elements
consists of a proprietary force sensitivity ink, which is applied to two thin (0.35 mm)
flexible polyester substrates in grid of rows and columns. As pressure is applied to
the ink, conductive particles are brought close together, thereby reducing the
electrical resistance. When a force is applied at the intersection of a row and
column, a measurable decrease in electrical resistance occurs. The pressure-sensitive
ink can be modified to exhibit a desired force versus resistance curve. The sensor

array connects to a handle assembly and scanning circuit in the computer.

The Texscan system seat system is 21.23 x 24.35 inch and provides 1,024
sensors in a 32x32 array. Sensor arrays were provided with a protective tape.
Software allows adjustment of sensitivity and color coding for the user’s range of
interest and includes an option to smooth the data using an averaging algorithm

between adjacent sensors in the array. The smoothing also ignores values that are
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extremely high or low due to creasing or sensor failure (Ferguson-Pell, 1980) (Figure
2.4).

Sensor Specifications
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Qvorall Length (L}
Tab Length (A)
R L/
ruRME SEAT FRONT A J/
Tehscan
L—Ovemlmd!h(w) ~
General Dimensions Sensing Region Dimensions Summany
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Figure 2.4 Sensor specification of Tekscan system (Ferguson-Pell, 1980)

In addition, the system enables the user to perform a Pressure Calibration. This
process usually takes about 5-6 minutes. This function can be provided to
simultaneously normalize (reduce the coefficient of variation) and calibrate the
sensor at the same time. The sensor is placed within the Calibration Device, and a
series of pressures are applied at fixed time intervals. The pressure being applied is
input into the software and the software uses that information to create a calibration
curve that is unique to that sensor. The Sensitivity Adjustment feature enables the
user to actually change the level of response or the digital output of the software
and sensor to a given pressure. The advantage of changing the amount of response is

that the user more closely matches the system and sensor’s pressure level to the
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individual application; increasing or decreasing the range and resolution of your

pressure measurements.
2.5.4 Data record

The pressure data can be recorded as total contact area (TCA), peak contact
pressure (PP) and average pressure (AP). The data presented of PP under the ischial
tuberosities are presented by calculated between maximum 4 adjacent sensors in
each region. As well as PP, AP are presented by calculated the total pressure in one

region divided by the total sitting contact surface area in that same region.

The seat mat is divided into 2 horizontal regions (A: anterior and P: posterior). It
allows description of pressure distribution of each region. The data output is
designed for viewing and interpreting in color-coded 2D or 3D pressure as well as dot
matrix distribution maps. Data are displayed in real time with options to save a
“snapshot” measurement or record a “movie” incorporating maximum 1,000 Hz. The
movie can be saved, replayed in its entirety, and forwarded or reversed frame-by-
frame. Individual frame can be printed. The software can be provided for ASCII file

(Ferguson-Pell M andD., 1993, Makhsous et al., 2009) (Figure 2.5).
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Figure 2.5 Interval of seat pressure (>70: high pressure,

26-30: low pressure) (Ferguson-Pell M and D., 1993)
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2.6 Factor affecting seat pressure distribution pattern during sitting

Factors associated with seat pressure distribution include gender, weight or BMI,

seating position, and chair design.
2.6.1 Gender

PP about the buttock and thigh regions was significantly higsher among males
(mean & SD = 5.18 £ 1.71 psi) than females (4.68 £ 1.47 psi). Contact area about the
buttock and thigh region was significantly greater for males (233.83 £ 28.08 inz) than

fernales (210.99 T 25.92 in’) (The Ergonomics Center of North Carolina, (2012). On
the other hand, both AP and PP were independent of gender (Stinson et al., 2003).

The gender effect to seat pressure distribution is still controversial.
2.6.2 Weight or BMI

In general, as participants weight increase, PP and average contact area increase
as well ) (The Ergonomics Center of North Carolina, (2012) . AP has a significant

positive correlation with BMI (r=.381, 0l=.01 level) (Stinson et al., 2003).
2.6.3 Seat position

Recline of the chair by 30° significantly reduced AP (P<.001), whereas recline by
10° or 20° had no significant effect. Recline by 10°, 20°, and 30° did not significantly
alter peak pressure. Supporting participants’ feet versus leaving them unsupported is

significantly increased AP and PP (Stinson et al., 2003).
2.6.4 Chair design

Office chair design and materials significantly affected the distribution of the
sitting pressure and buttock-thigh tissue perfusion (Figure 2.6). Low AP and high TCA
give the best distribution of body weight for tissue health and comfort. The ischial
tuberosity and posterior sitting area are of greatest concern because these spots
present the greatest risk for discomfort because of the amount of weight placed on
this area and the presence of bony prominences. AP and TCA were found highest in

both foam designs (Foam A: polyurethane foam and Foam B: urethane foam), and
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the lowest AP was found in the suspension A design. However, the bi-compliant chair
had the lowest AP on the posterior area as compared with all the other tested office
chairs. Across all tested chair designs, the anterior portion of the seat sustained the

lowest contact pressure (Makhsous et al., 2012).

Figure 2.6 Five office chairs: (A) Suspension A, (B) Suspension B, (C) Foam A
(polyurethane), (D) Foam B (urethane foam), and (E) bi-compliant

(Makhsous et al., 2012)

2.7 The effect of sitting posture on seat pressure distribution

During sitting, 64.8% of body weight is carried mainly by the ischial tuberosities.
Sitting posture has significantly higher low back compressive load than standing
(Makhsous et al., 2009). Issues of trunk imbalance and uneven distribution of
pressure when sitting can be detected by seat pressure measurement (Pope et al,,
2002). In sitting position, the gravity load from the body is transmitted to the seat via
the prominence on the base of pelvis and ischial tuberosities. Soft tissues around the
buttock and between the ischial tuberosities and seat pan are capable of
transmitting pressure without damages. Body weight should not be distributed under
the whole contact area. It should be transferred to protuberance under the ischial
tuberosities (Corlett, 2006). A comparison between normal sitting posture (upright
sitting with full support of the seat and flat backrest) and sitting in off-loading posture
(upright sitting with the back part of the seat tilted downward 20° with respect to the
front part of the seat and with protruded lumbar support) showed that sitting in off-
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loading posture significantly shifted the center of force and the PP on the seat
anteriorly towards the thighs. Sitting in off-loading posture also significantly
decreased the contact area on the seat and increased the contact area on the
backrest as well as the lumbar muscle activities. The effect were similar in individuals
with and without LBP (Makhsous et al., 2009). Seat pressure distribution can indirectly
describe the pelvic position. Evidence supports strong relation between pelvis
rotation and buttock load (r2>O.8). In frontal and sagittal plane, the pelvis rotates up
to 9” and 19°, respectively. To influence buttock interface pressures, the sagittal
pelvic adjustment is most effective to manage sacral pressure and that the frontal
pelvis adjustment is most effective to manage tuberal pressure. Sacral and tuberal
pressure reliefs were measured up to 40% and 34%, respectively (Van Geffen et al.,
2009). When anterior pelvic tilts about 11.2 degree, the PP is located 19.2 mm

behind the normal PP location (in normal pelvic position) (Tam et al., 2003).

2.8 Sitting characteristics in individual with low back pain

Usually, a sitting person unconsciously adjusts their body position when he
feels discomfort. The amount of pressure is proportional to the weight transferred to
each point of contact between the body and the contacting surface on which it
rests. The discomfort or pain varies directly with the time during which the tissue is
subjected to the pressure and inversely with the area of contact. One of the most
generally accepted methods of preventing pressure related discomfort is to reduce
the duration of pressure on a particular site by regular repositioning of the sitter or
by increasing the contact area of distribution through which the pressure is applied
for a given time (Hostens et al., 2001). During prolonged sitting, LBP sufferers moved
more than asymptomatic individuals and reported increased LBP overtime. LBP
sufferers used as much 80% of their lumbar spine ROM while sitting and
demonstrated large, frequent shifts in lumbar spine posture. Shift is defined as a
step-like change in lumbar spine angle. The shifting increased in amplitude and

frequency over time along with low back pain development. Over the entire sitting
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period, low back pain sufferers shifted once every 7.2 + 4.7 minutes, whereas healthy
person shifted every 12.6 + 4.5 minute. After 45 minute of prolong sitting, the shifted
behavior is significant different between low back pain sufferers and healthy person

(Dunk andCallaghan, 2010). The analyzed sitting behavior of healthy subjects by using
interface pressure measurement found that subjects shifted their posture on average

7.8 + 5.2 time and hour (Reenalda et al., 2009).

The study of relationship between discomfort and mobility in sitting indicated
that great change of posture are a good indicator of discomfort and the lordotic
postures with forward leaned pelvis and low mobility are the principal causes of the
increase of discomfort (Vergara andPage, 2002). LBP sufferers shifted every 4 minutes
and in every 10 minute in healthy person. Asymptomatic individual generally
adopted the “static” sitting strategy, while low back pain individuals were “dynamic”
strategy (Dunk andCallaghan, 2010). Previous study on the frequency of postural
change in healthy subjects who sat in a wheelchair for 90 minute found that health
subjects change their posture every 9+6 minute in the sagittal plan and every 6+2
minute in the frontal plane. The frequency of postural changes in normal subjects

was higher than those reported in patients with pressure ulcer (Linder-Ganz et al.,

2007).

2.9 Body perceived discomfort

Seat pressure distribution interface is the main equipment for seating
discomfort evaluation and appears to be the objective measure with the most clear
association with the subjective rating (De Looze et al., 2003). Definitions of discomfort
relating to the assessment of work-related musculoskeletal disorders often describe
as uncomfortable sensation (e.g. pain, fatigue, muscle cramping) resulting from the

experimental task.

Borg CR 10 of discomfort is one of the scales for reporting postural discomfort
which was developed from Borg's scale for the Rating of Perceived Exertion, the RPE

scale. It was used to determine a subject’s level of discomfort in prolonged sitting
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interval. The CR-10 scale was a category scale with ratio properties. Thus, the best
qualities of both the ratio and category could be integrated into one general
psychophysical scale. In this scale, the numerical values range from zero to ten.
Verbal descriptors selected, on the basis of quantitative semantics, are associated
with the numeric values in the scale. These verbal descriptors (i.e extremely weak,
moderate, etc.) introduce a frame of reference which makes it possible to make
inter-individual comparisons of intensity. They are associated with particular numbers
in the CR-10 scale to create a ratio measure of intensity. It can imply that a
perceived intensity of 4 will be twice as great as a perceived intensity of 2. Thus, the
Borg CR 10 scale of discomfort can be used to determine a subject’s level of

discomfort in prolonged sitting period (Cameron, 1996)



CHAPTER 1lI

MATERIALS AND METHODS

3.1 Study design

A cross-sectional study was conducted on office workers with and without

chronic LBP.
3.2 Participants

A pilot study was conducted to calculate sample size (10 office workers with
chronic LBP and 10 office workers without chronic LBP) (Appendix A — sample size
calculation), As a result, forty-six (10 male, 36 female) full-time office workers who
work in Chulalongkorn University were recruited into the study. Participants were
divided into 2 groups: chronic LBP (n=23) and control groups (n=23). Age, gender, and
body mass index (BMI) were matched between groups. A power analysis revealed
that the study had sufficient power (80%) to detect a moderate effect size (f = 0.212-
0.322). Office workers were defined as those working in an office environment with
their main tasks involving the use of a computer, participation in meetings,

presentations, reading, and phoning. Inclusion and exclusion criteria are as followed:
3.2.1 Inclusion criterion
3.2.1.1 Chronic LBP group

1. Full time office worker and have at least one year experience in the

current work position;
2. Age between 20-45 years;
3. Report sitting at least four hours on a working day;

4. Have non-specific chronic LBP. Nonspecific chronic LBP is defined as a
back pain problem that has persisted at least 3 months and has

resulted in pain on at least half the days in the past 6 month (Deyo et
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al.,, 2014). The region defined as the low back, indicating the space
between the lower posterior margin of the rib cage and the horizontal
gluteal fold. The area of LBP was defined according to the standardized

Nordic questionnaire (Kuorinka et al., 1987);

5. Report prolonged sitting as one of aggravating factors of current LBP

episode.
3.2.1.2 Healthy eroup

1. Full time office worker and have at least one year experience in the

current work position;
2. Age between 20-45 years;
3. Report prolonged sitting at least four hours on a working day;

4. Report no LBP in the previous 6 months prior to the testing period or
a period of pain lasting for less than 1 day (Hush et al., 2009) or
reporting VAS pain scored less than or equal to 3 (Tsauo et al., 2007).

3.2.1 Exclusion criterion:

1. Have body mass index (BMI) less than 18 kg/m2 and more than 23 kg/m2
(Anuurad et al., 2003);

2. Have a history of spinal surgery, trauma, or accidents;

3. Have been diagnosed with congenital anomaly of the spine, rheumatoid
arthritis, infection of the spine and discs, ankylosing spondylitis, lumbar
spondylolisthesis, lumbar spondylosis, tumor, systemic lupus erythymatosus, or

osteoporosis;

4. Have spinal scoliosis;

5. Have a sign of neurological deficit over the lower extremities;
6. Report pregnancy;

7. Have wound or contusion at the buttock and thigh region;
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8. Have hemorrhoids.

The participants were screened by using a self-administered questionnaire

(Appendix B- Screening questions).

3.3 Data collection
3.3.1 Equipment and measurement
3.3.1.1 Seat pressure distribution measurement

The peak pressure (PP) and average pressure (AP) while sitting were recorded
by using a seat pressure mat device (Tekscan Comfromat, Boston, USA) with a
specific-designed program (Tekscan conformat research 7.10) at a frame frequency of
5 Hz throughout 60 minute (Dhingra et al., 2003, Dunk andCallaghan, 2005). The
device consists of 1024 (32*32 square) (1.5*%1.5 cm’) pressure elements, which was
calibrated with an upper limit threshold of 32.5 kPa (250 mmHg) and a lower limit
threshold of 0.7 kPa (5 mmHg). The recording parameters for measuring both PP and
AP are presented below in Table 3.1. The calibration was performed following to
manufacturer’s instruction using a Linear Calibration method. The participant’s
weight was loaded on sensors. Participant was asked to sit still without any
movement on the office chair for 90 second during the program calibrating. Their
entire weight was on the sensor. Participant’s arms, legs, and back were not touching
anything by adjusting the chair until their legs clear out of floor as well as place
participant’s hands in their lap. The auto adjust-sensitivity was selected. Once the
calibration had been completed the results were verified by observing the "Force"
displayed on the Real-time Status Bar of monitor, while the participant was still
seated on the sensor. This force value was approximately the same as the
participant’s entered weight. The seat pressure mat was placed over the office chair

(Figure 3.1).



28

The seat pressure distribution was determined through three variables; the

average pressure (AP), peak pressure (PP) and dispersion index (DI), which are defined

as follows.

() AP is the total pressure divided by the total sitting contact surface area.

(i) PP is maximal pressure around ischial tuberosity. It is calculated between

maximum 4 adjacent sensors of seat pressure mapping. PP ratio was

calculated by the higher PP side to lower PP side. Higher PP ratio indicate

more asymmetrical sitting between left and right sides during sitting.

(iii) Dispersion index (DI), a relative measure of the load on the sitting surface,

refers to the load on one tuberal zone divided by the total load on the

sitting surface.

The seat pan was divided into two horizontal regions (anterior seat or thigh

region and posterior seat or buttock region), which allowed description of pressure

distribution of each region. In addition, the locations of PP along the left/right on seat

were located. A typical seat pressure distribution recording of CLBP participant and

healthy participant is shown (Figure 3.2). The system and sensor specification of seat

pressure mat were presented in Appendix F.

Table3.1 Recording pressure parameter

Frame to Frequency Period Duration External
record (Frame/sec) (Sec/frame) (Sec) synchronize
18,000 5 0.2 3600 Computer 1




Figure 3.1 Seat pressure mat on the office chair

Office worker Office worker
with Chronic low back pain without Chronic low back pain

Thigh

region

Buttock region
region

Figure 3.2 Typical Seat pressure distribution



3.3.1.2 Borg CR 10 scale of discomfort

The Borg CR-10 scale, a measuring tool for postural discomfort, was used to
determine each participant’s level of discomfort during 60-minute of sitting. The Borg
CR-10 scale and a body chart from a standardized Nordic questionnaire (Kuorinka et
al., 1987) were presented in such a way that the participants could indicate which
parts of their body experienced discomfort (i.e., the neck, shoulder, upper back, low
back, hip/thigh) and how much discomfort was felt (on a scale of 0-10; 0 being no
discomfort and 10 being extreme discomfort) (Appendix E- Borg CR 10 scale of
discomfort) (Borg, 1990).

3.3.2 Test session

At the beginning, participants were asked to change into legging pants without
underwear and were instructed to complete the Borg CR-10 scale. After
anthropometric measurement, participants sat on the adjustable office chair with a
pressure mapping device placing over the seat pan. The initial seat position was hips
and knees at 90 degrees flexion and feet fully contacted with the floor. The distance
between monitor and participant was about 18-30 inch approximately at the eye
level. No backrest support or lumbar pad was used in this study. Participants were
instructed to continuously type a standardized text passage at their normal pace for

an hour.

At the start of 1-hour sitting, each participant sat in their comfortable sitting
posture for a minute then changed to the neutral sitting posture for a minute. The
neutral sitting posture consisted of sitting with slight lumbar lordosis and a relaxed
thorax (O’Sullivan et al., 2006a). After the completion of sitting in the neutral sitting
posture, participants were able to change their sitting posture freely with the
constraint imposed on no leg crossing or lifting buttocks. During the 1 hour of sitting,
the BPD level was rated at the 10th, ZOth, 30th, 40th, 50th, and 60th minutes of sitting
period. Prior to actual testing, participants were given a practice run about 5 minute

in a room with a constant temperature of 25 degree Celsius (Figure 3.3).
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Figure 3.3 The experimental procedure



32

3.3.3 Reliability

Before data collection, the within-session repeatability of AP, PP and Borg CR
10 scale of discomfort were assessed on 20 subjects; CLBP (n=10) and healthy group
(n=10). The data was collected according to the procedure described above. Each
participant was tested twice on two separated days with at least a 24-hour lapse
between the measurements. The intra-class correlation coefficient (ICC) (3,1) were

calculated. (Shrout PE, 1979).

3.4 Outcome measure
3.4.1 Independent variable

A) Group: office workers with CLBP and office workers without CLBP
B) Time: 1 hour

3.4.2 Dependent variable

A) Seat pressure distribution: AP at anterior seat, AP at posterior seat, PP ratio and
frequency of postural shifts

B) Borg score
3.4.3 Control variable

A) Age, gender, and BMI were matched between groups.

B) Same office chair (Modern form, Model E1b6, Bangkok, Thailand)

C) The seat pan and back rest angle was set at 90 degree with no device for back
support.

D) The computer tasks was typing standard document task.

E) Room temperature was set at 25 degree Celsius.

3.4 Data processing

The measurement outcomes in this study were AP, PP ratio, postural shift and

Borg scores. The raw pressure data (i.e. AP, PP) were collected, displayed, and
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extracted by using the CONFORMat Research software version 7.10. To eliminate the
artifact caused by movement of postural switching, data that fell in the posture
switching stage (1" minute for comfortable sitting posture and 2" minute for neutral
sitting posture) was discarded. Every 10 minute of AP at anterior seat, AP at posterior
seat, PP (left) and PP (right) data from 60 minute sitting period (i.e., 3rd —10th minutes,
11th—20th minutes, 21th—?‘>0th minutes, ?’>1th—40th minutes, 41th—50th minutes, and 51th—60th
minutes) were retrieved for analysis. The data at 3" 10" minute was analyzed as a

baseline data.

Postural shifts were defined by analysis of the DI data of both ischial
tuberosities. The raw data from the pressure mapping device were exported in ASCII
(American Standard Code for Information Interchange) format. A MATLAB script (the
MathWorks; Nattick, Massachusetts) was performed to define a region that was
expected to surround the ischial tuberosities; this region was defined by a zone of
6x6 pressure sensors (9x9 sz) to calculate the DI. To calculate posture shifts in the
sagittal plane, the sum of the mean DI values of the right and left ischial tuberosities
was determined. For movement in the frontal plane, the ratio of the mean DI values
of the left and right ischial tuberosities was calculated. Threshold values for sagittal
and frontal movements of +10 percent were defined. When the signal exceeds the
threshold, a posture shift was identified. Posture shifts that occurred within 1 minute
were regarded as one posture shift. The postural shifts in 1-hour of sitting were a

combination of postural shifts in the frontal and sagittal plane (Reenalda et al., 2009).

3.5 Statistical analysis

Shapiro-Wilk test was performed to check the distribution of the data and the
results indicated normally distributed. Characteristics of participants were compared
between groups using the independent t-test for continuous data and the Chi
squared test for non-continuous data. The effects of sitting time, group, and their
interaction on AP at anterior seat, AP at posterior seat, PP ratio, and frequency of

postural shift were examined using a two-way mixed analysis of variance (ANOVA) for
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repeated measures. When a significant interaction between independent variables
was detected, the effect of each variable was examined separately using one-way
ANOVA. The Bonferroni procedure was performed to determine whether two

selected means were significantly different from each other.

The effects of sitting time, group, and their interaction on the Borg scores were
investigated using a two-way mixed analysis of covariance (ANCOVA), with the Borg
score at the beginning as the covariate. When a significant interaction between
independent variables was detected, the effect of each variable was examined
separately using one-way ANCOVA. The relationships between the Borg score and
seat pressure distribution variables and frequency of postural shift during 1-hour of
sitting was examined using the Pearson correlational coefficients. The effects of
comfortable/neutral sitting postures, group, and their interaction on PP ratio were
examined using a two-way mixed ANOVA for repeated measures. Statistical analyses
were performed using the SPSS statistics software, version V17.0 (SPSS Inc, Chicago,

IL, USA). For all tests significance was determined using a 0.05 level.

3.7 Ethical consideration

The identity of each subject was not disclosed under any circumstances. Only
the result as a whole group was presented in the thesis and published paper.
Moreover, an approval of the study protocol was sought from the Ethical Review
Committee for Research Involving Human Subjecting, Chulalongkorn University

(APPENDIX |- THE CERTIFICATE OF ETHICAL APPROVAL).



CHAPTER IV

RESULTS

4.1 Introduction

The results, including test-retest reliability for measurement variables,
demographics of participants, seat pressure distribution characteristics; AP at anterior
seat, AP at posterior seat and PP ratio, frequency of postural shift and Borg score, are

presented in this chapter.

4.2 Test-retest reliability
Table 4.1 shows the test-retest reliability results. The results demonstrated

moderate to excellent reliability of measurement variables with the ICC (3,1).

Tabled.1 Test-retest reliability of measurement variable of participants (n=20)

Chronic LBP (N=10) Control (N=10)

Average pressure (AP) 0.71-0.93 0.78 - 0.97

Peak pressure (PP) 0.72-0.91 0.75-0.97

Borg score 0.76 - 1.0 0.77-1.0




4.2 Demographics of participants

Table 4.2 shows characteristics of participants in both groups. There was no

significant difference in any characteristic of participants, except for the BPD scores at

the low back. The Borg score of the low back at baseline in the chronic LBP group

was significantly greater than those in the control group (p < 0.001).

Tabled.2 Characteristics of participants (N= 46)

Characteristics Chronic LBP Healthy p-value
Mean (SD)  Mean (SD)
(n=23) (n=23)
Age (years) 29.6 (5.34) 29.6 (5.11) 1.00
Gender
Male 5 5 1.00
Female 18 18 1.00
Weight (kg) 56.1 (6.7) 56.2 (6.3) 937
Height (cm) 162.0 (7.6) 162.7 (6.8) 744
Body mass index (BMI) (kg/m"’) 21.2(1.6)  21.2(15) 995
Baseline body perceive discomfort
Neck 0.4 (1.3) 0 186
Shoulder 0.8 (1.6) 0.2 (0.77) .98
Upper back 0.5(1.2) 0.3(1.1) 612
Low back 1.5(0.9) 0.2 (0.6) <.001*
Thigh 0.4 (1.5) 0.4(0.2) .33
LBP characteristic
Duration of LBP
3-6 month 5 -
6 month - 1 year 11 -
1-5 year 6 -
More than 5 year 1 -
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Pain intensity using VAS (cm) 3.6 0.4 <.001*

LBP = low back pain; BMI = body mass index; BPD = body perceived discomfort; VAS
= Visual analog scale
*p < 0.05
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4.3 Seat pressure distribution during 1-hour sitting

Table 4.3 summaries AP at anterior seat, AP at posterior seat, PP ratio, and

frequency of postural shift during 1-hour sitting.

Tabled.3 Mean (+SD) of average pressure (AP) at anterior seat, AP at posterior seat,
peak pressure (PP) ratio, and frequency of postural shift during 1-hour sitting in the

chronic low back pain (LBP) and control groups (p<0.05)

Chronic LBP Control

(n = 23) (n = 23)
AP at anterior seat (kPa) 7.49 + 0.94 7.51 + 0.96
AP at posterior seat (kPa) 10.67 + 1.18 10.42 + 1.36
PP ratio 1.22 + 0.15*% 1.12 + 0.10

Frequency of postural shift 55+38 9.6 +83

(times/hour)

*5 < 0.05
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4.3.1 AP at anterior seat

The 2-way ANOVA indicated no significant effect for sitting time (F5,,0 = 1.952, p
= 0.087), group (Fy 44 = 0.13, p = 0.909), and their interaction (Fs 50 = 0.657, p = 0.657)

on the AP at anterior seat during 1-hour sitting (Figure 4.1).
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Figure 4.1 Mean (+SD) Average pressure (AP) distribution at anterior seat during 1-
hour of sitting in the chronic low back pain (LBP) (n = 23) and control groups (n =

23) (p<0.05).
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4.3.2 AP at posterior seat

The 2-way ANOVA indicated significant effects for sitting time (Fs 5,0 = 11.69, p <
0.001) on the AP at posterior seat during 1-hour sitting. No significant effect for group
(Fiaq = 0.39, p = 0.541) and interaction between sitting time and group (Fs 5, = 0.38,
p = 0.863) was detected.

Post hoc Bonferroni tests indicated that AP at posterior seat increased
progressively and significantly from baseline after 20 minutes of sitting in both

chronic LBP and control groups (p < 0.05) (Figure 4.2).
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Figure 4.2 Mean (+SD) Average pressure (AP) distribution at posterior seat during 1-
hour of sitting for all participants (n=46) (* means significant different from

baseline) (p < 0.05)
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4.3.3 PP ratio during 1-hour sitting

The 2-way ANOVA indicated significant effects for sitting time (Fs 20 = 9.29, p <
0.001) and group (Fy 44 = 10.43, p = 0.002) on the PP ratio during 1-hour sitting. No
significant effect for interaction between sitting time and group (Fs 2,0 = 0.36, p =

0.871) was found.

Post hoc Bonferroni tests showed that PP ratio at the 51"-60" minutes was
significantly greater than those at baseline in both chronic LBP and control groups (p
< 0.05) (Figure 4.3). In addition, PP ratio in the chronic LBP group was significantly
greater than those in the control group (p < 0.05) (Tabled.3).
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Figure 4.3 Mean (+SD) Peak pressure ratio (PP ratio) during 1-hour of sitting for all

participants (n=46) (* means significant different from baseline) (p < 0.05)
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4.4 Frequency of postural shift

The 2-way ANOVA indicated significant effects for sitting time (Fs 2,0 = 3.37, p =
0.006) and group (Fy 44 = 4.63, p = 0.037) on frequency of postural shift (the sagittal +
frontal planes). No significant effect for interaction between sitting time and group

was found (fs 550 = 0.35, p = 0.880).

Post hoc Bonferroni tests indicated that frequency of postural shifting after 40
minutes of sitting was significantly greater than those at baseline in both chronic LBP
and control groups (p < 0.05) (Figure 4.4). In addition, frequency of postural shift in
10 minutes during 1-hour sitting in the chronic LBP group (0.9 [0.5-1.4] times) was
significantly lower than those in the control group (1.6 [1.1-2.1] times) (p < 0.05).
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Figure 4.4 Frequency of postural shift during 1-hour sitting in the chronic low back
pain (LBP) (n = 23) and control groups n = 23) (*means significant different from

baseline) (p < 0.05)
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4.5 Body perceive discomfort

A two-way ANCOVA, with the Borg score at the beginning as the covariate,
indicated significant effects for sitting time (F4 255 = 63.0, p < 0.001), group (Fy 43 =
14.94, p < 0.001), and their interaction (Fg 555 = 12.31, p < 0.001) on Borg scores at the
low back. Thus, follow-up analyses were performed using one-way ANCOVA to
investigate the effect of sitting time within each group and the effect of group for

each sitting time.

Investigation of the effect of sitting time in each group revealed that Borg
scores at the low back was significantly affected by sitting time for both groups (F4 3 =
39.10, p < 0.001 for chronic LBP; Fs3g = 7.31, p = 0001 for control group). Post hoc
Bonferroni tests showed that Borg score in both the chronic LBP and control group
were significantly greater than those at baseline after 10-minute sitting (o < 0.05)

(Figure 4.5).

Investigation of the effect of group on each time point revealed that Borg
scores at the low back was significantly affected by group after 20-minute sitting (p <
0.05). Post hoc Bonferroni tests indicated that the Borg scores in the chronic LBP

group were significantly greater than those in the control group (p < 0.05) (Figure 4.5).
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4.6 Comfortable and neutral sitting posture

The 2-way ANOVA indicated significant effects for sitting posture (Fy 44 = 11.36, p
= 0.002) and group (F; 44 = 11.22, p < 0.02). No significant effect for interaction
between sitting posture and group was found (F; 44 = 0.13, p = 0.724).

Post hoc Bonferroni tests revealed that PP ratio for both comfortable and
neutral sitting postures in the chronic LBP group was significantly greater than those
in the control group (p < 0.05). In addition, PP ratio decreased significantly in neutral
sitting posture comparing with those in comfortable sitting posture for both groups (p

< 0.05) (Figure 4.6).
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Figure 4.6 Peak pressure (PP) ratio during comfortable and neutral sitting postures
in the chronic low back pain (LBP) (n = 23) and control groups (n = 23). (* means
significant different between posture) (# means significant difference between

groups) (p < 0.05).
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4.7 The correlation between discomfort, AP, PP ratio and frequency of postural

shift

Table 4.4 shows the result of the correlations between the Borg score and seat
pressure distribution variables and frequency of postural shift during 1-hour of sitting.
Significant positive correlations between the Borg score and AP at posterior seat and

frequency of postural shift during 1-hour of sitting were detected.

Tabled.4 Pearson correlation coefficients between Borg score and seat pressure
distribution variables (i.e. average pressure [AP] at anterior seat, AP at posterior seat,

and peak pressure [PP] ratio) and frequency of postural shift of all participants (n=46)

Borg score (1)

Borg score 1

AP at anterior seat 0.250
AP at posterior seat 0.996*
PP ratio 0.414
Frequency of postural shift 0.929*

* mean the correlation is significant at the 0.01
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CHAPTER V

DISSCUSSION

5.1 Introduction

This chapter presented a discussion of the different in seat pressure distribution
and low back perceived discomfort during 1-hour prolonged sitting in office workers
with and without chronic LBP. This included AP, PP ratio, frequency of postural shift
and Borg sore during 1-hour of sitting. Also, PP ratio in comfortable/neutral sitting
posture is presented. In addition, the clinical implication, the limitations of this study,

and suggestion for further study were present respectively.
5.2 Seat pressure distribution
5.2.1 Peak pressure distribution ratio (PP ratio)

The finding of this study demonstrated that office workers with chronic LBP had
significantly greater PP ratio, which is an index of asymmetrical sitting posture, than
healthy counterparts in both comfortable and neutral sitting postures. Difference in
PP ratio between the chronic LBP and control groups remained throughout 1-hour

sitting.

Previous study indicated a link between pelvic asymmetry and altered trunk
motion in sitting position and higher stress on the lumbar spine (Al-Eisa et al., 2006).
Asymmetry of the pelvic may lead to changes in soft tissue tightness and
accompanies dysfunctions of the motor system (Cibulka, 2002). It has been suggested
that sitting asymmetry leads to deviation of the lumbar spine from its neutral
position (Riegger-Krugh andKeysor, 1996). This secondary alteration has been
suggested to contribute to structural changes and eventual low back pain (McCaw &
Bates, 1991). Neutral sitting posture, consisting of sitting with slight lumbar lordosis
and a relaxed thorax, has been proposed as an optimal seat posture at work

(O’Sullivan et al 2006, 2010). Neutral sitting posture was associated with increased
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internal oblique and transversus abdominis muscles activity compared to slumped
sitting posture (O'Sullivan et al., 2006, Waongenngarm et al., 2015). The current study
showed that asymmetry in sitting posture when sat in neutral sitting posture,
although still persisted and was greater than those in healthy participants, reduced
significantly in chronic low back pain participants. The results lend further support to
the notion that the neutral sitting posture seems to be a healthy sitting posture for

the low back because it leads to more symmetrical sitting posture.
5.2.2 Average pressure distribution and body perceived discomfort

During 1-hour sitting, both chronic LBP and healthy workers assumed slumped
sitting posture after 20 minute of sitting, which may partly be explained by increased

discomfort experienced in the low back.

The occurrence of high local pressure over long periods of time at the human-
seat interface is known to cause rapid fatigue, soft tissue deformation, restricted
blood and nutrient flows leading to human discomfort (Treaster andMarras, 1987).
Thus, low AP would give the best distribution of body weight for tissue health and
comfort (Makhsous et al., 2012). After 20 minute of sitting, both participants with and
without chronic LBP resumed sitting posture with significantly increased AP at
posterior seat, indicating pelvic backward tilting or slumped sitting posture. High
pressure at the ischial tuberosities was cloesly associated with high load to spine and
the intervertebral disc (van Geffen et al,, 2009, Zenk et al.,, 2012). The reason for an
increase in pressure in intervertebral disc is a combination of bending and
stabilization of the spine by muscle contraction and ligaments. When the seat
position is not optimal, more muscular activity is needed for stabilization resulting in
a distinctly larger pressure in the disc (Zenk et al., 2012). Evidence suggests that
internal oblique and transversus abdominis muscle fatigue was induced by slumped
sitting posture after 1-hour of sitting in office workers (Waongenngarm et al., 2015).
There is a transition of load from active stabilizing structure to passive spinal

structure in slumped sitting posture (Solomonow et al., 2003).
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This study found that low back discomfort in all participants was significantly
greater than those at baseline after 10-minute sitting and continuously increased
overtime. The results are in line with the findings of previous studies showing that
BPD increased significantly during prolonged (Sondergaard et al., 2010). Vergara and
Page (2002) found a strong relationship between discomfort and great changes of
sitting posture (Vergara andPage, 2002). In this current study, a significant correlation
between the Borg score at the low back and AP at posterior seat was detected. This
finding Thus, based on our findings, it is hypothesized that sitting for as short as 10
minutes has a deteriorate effect on low back by causing low back discomfort, which

consequently induces the posterior seat posture.
5.3 Postural shift during 60-minute sitting and body perceived discomfort

The results of this study showed that healthy participants had significantly
more frequent postural shift than chronic LBP participants during prolonged sitting,
despite chronic LBP participants reported significantly greater low back discomfort

than their healthy counterparts.

In terms of postural shift, healthy participants had more frequent postural
shift, either in the sagittal or frontal plane, than chronic LBP participants by 43%
during 1-hour sitting. The frequency of postural shift in healthy participants reported
in the present study (9.6 + 8.3 times/hour) was in line with a previous study (7.8 + 5.2
times/hour) (Reenalda et al., 2009). The results concur with a study by Dunk and
Callaghan (2010), who reported less frequent postural shift in LBP subjects compared
to healthy subjects. Excessive load transmission and tissue deformation associated
with prolonged loading in certain posture may contribute to degenerative change in
spinal tissues (Hedman and Fernie, 1997, McGill and Brown, 1991). Postural shift has
been found to increase subcutaneous oxygen saturation (SO,), which positively
influences tissue viability (Reenalda et al., 2009). Postural shift may reduce LBP and
low back discomfort during sitting through alternating activity between different parts

of the trunk muscles (van Dieen et al., 2001).
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The current study found a significant correlation between the Borg score at the
low back and frequency of postural shift, indicating that greater low back discomforts
lead to more frequent postural shift. However, it is interesting to note that, despite
chronic LBP participants had significantly greater Borg scores than those in healthy
participants after 20 minutes of sitting, chronic LBP participants changed their sitting
postures less frequent than their healthy counterparts during 1-hour sitting. The
findings shed some light on the notion that sitting characteristics, particularly
frequency of postural shift, may relate to etiology of LBP in those required to sit for

long period of time.

Two plausible explanations to why LBP participants changed their sitting
postures less frequent than their healthy counterparts have been proposed. First,
LBP individuals may possess some underlying pathologies that are aggravated by
increased movement in sitting. Movement in sitting may lead to reduced spinal
stability or strain on tissues that are already vulnerable (Dunk andCallaghan, 2010).
Second, previous studies indicated poor proprioception and poor postural control of
the lumbar spine in LBP participants (Radebold et al., 2001, Astfalck et al., 2013). The
altered movement and postural pattern in LBP participants are mediated in part by
changes in the sensory motor cortex linked to distortions in body schema. These
changes may be driven by factors such as the presence of pain, stress, beliefs, fear,
and cognitive factor (Moseley, 2003, Wand et al., 2012). A recent randomized control
trial has demonstrated that a cognitive functional approach that targeted beliefs,
cognitions, as well as postural and movement behaviors was more effective than

manual therapy and stabilizing exercise for non-specific LBP(Vibe Fersum et al., 2013).
5.4 Clinical implication

Although there is still a lack of international consensus over the ideal sitting
posture, the findings of the current study suggest that, to minimize adverse effect of
prolonged sitting on the low back, a person should avoid asymmetrical sitting
posture. They should be encouraged to change postures frequently during sitting.

Regarding length of time for continuous sitting, sitting for longer than 20 minutes is
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not recommended because it induces significant low back discomfort and slumped

sitting posture.
5.5 Strength and limitation of the study

A major strength of this study is that characteristics of prolonged sitting were
objectively and continuously assessed using seat pressure mat device distribution
measurement. Additionally, because LBP among office workers is unlikely to originate
from identical causes, a distinct group of participants with chronic LBP was selected
for the present study, that is, those reporting prolonged sitting as one of aggravating
factors of current LBP episode. However, at least three main limitations are
noteworthy. First, the cross-sectional study design only allows the association
between exposure and outcome to be examined. It is not possible to establish a
causal relationship between exposure and outcome. Therefore, a prospective study
design is required to validate the findings of this study. Second, in this study, healthy

participants was defined as those reported no LBP or a period of LBP pain lasting less

than 1 day or LBP with pain intensity on VAS <3 on a 100-mm over the 6 months
prior to the testing. Chronic LBP participants were those having non-specific LBP that
persisted at least 3 month and has resulted in pain on at least half the days in the
past 6 month. Different results may emerge with different definition of healthy and
symptomatic cases. Third, the sitting postures tested in this study were controlled.
Participants were not allowed to cross their legs or lifting their buttocks as well as to
use back rest during testing. Variations in how a person sits may exist and affect
outcome measurement. Further research on the effect of leg crossing, lifting
buttocks, or back rest on seat pressure distribution and perceived body discomfort is

recommended.



CHAPTER VI

CONCLUSION

In conclusion, this has investigated sitting posture, using seat pressure
distribution measurement, and body perceived discomfort (BPD) during 60-minute
sitting in office worker with and without chronic LBP. The results showed that,
regardless of sitting postures, chronic LBP sat more asymmetrical than their healthy
counterparts. During 1-hour sitting, participants with and without chronic LBP
resumed slumped sitting posture after 20 minutes of sitting and healthy participants
had significantly more frequent postural shift than chronic LBP participants. Greater
asymmetrical sitting posture and more frequent postural shift was detected toward
the end of 1-hour sitting period in both chronic LBP and control groups. Positive
relationships between BPD and slump sitting posture and frequency of postural shift
were also found during 1-hour of sitting in both chronic LBP and control groups. The
findings from this study provide a guideline for prolonged sitting, which includes
avoiding asymmetrical sitting posture, changing postures frequently, and having a

short break from sitting every 20 minutes.
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APPENDIX A

Sample size calculation

The sample size was calculated from the following equation (Portney and Watkins,

2009):

SSb
SSe

From a pilot study: Peak pressure distribution in dominant side
SSb (interaction effect (time*group) sum of squares) = 646.254
SSe (error sum of squares) = 9494.603

646.254
0068 0.26
SSe 1] 9494.603

When compared with Table 8.4.6 in (Cohen, 1988)

At A = 0.05, power = 80%
Df = (time-1) x (group-1) = (60-1) x (2-1) = 59x1=59
N =15

From a pilot study: Average pressure distribution in dominant side

SSb (interaction effect (time*group) sum of squares) = 6.055

SSe (error sum of squares) = 134.294
SSb 6.055
v/0.045 - 0.21
SSe 134. 294

When compared with Table 8.4.6 in (Cohen, 1988)

At A = 0.05, power = 80%
Df = (time-1) x (group-1) = (60-1) x (2-1) = 59x1=59
N =23
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From a pilot study: Borg CR 10 of discomfort
SSb (interaction effect (time*group) sum of squares) = 8.118
SSe (error sum of squares) = 77.864

SSb 8.118 e
= = = 0.104 = 032
f SSe 77.864

When compared with Table 8.4.5 in (Cohen, 1988)
At A = 0.05, power = 80%

Df = (time-1) x (group-1) = (7-1) x (2-1) = 6x1=6

N =22

Total sample size in this study = Office worker with chronic LBP (23) + Office worker

without chronic LBP (23) = 46 office workers
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APPENDIX B

Screening Questionnaire
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APPENDIX C

Testing procedure

Yunaun 1 : finsiunuiduiuendals “leyadmsunguuszyng” wazvinisidudusey
NNy

14

AUl 2 : Hi1715718897 3TN ULUUANN SOIUAYUUUTO UNIY
Yunaui 3 : fiin$Imddy Wasunmanewiet i wazdrSunisinanuediusingeg

999519018 4 @u (M1 Appendix D) Tawn

(1) AugMIVIMBUUY (2) ANEIVVIRUENS

(3) mnunisvesarlnnuaizs (4) mmqqmﬂﬂaﬂﬁqﬁwﬂmsﬁ’a

Suneudt 4: {3swesu1eT5N iR uLLn I NEUIEYO T TnekiTeasawdenainly
aUIEYeITNNIEY 5 dau laln Ao Ina vasdauvy vasaiuanuayaslwn/vmeuuy (mu
Appendix F)

Sumeul 5 : fAdveiueiniaiily vinimunagdenisisienu (Neutral position) 1if

AL N91938TUN T NN S mnu3Tenslurinding 1 §Idu9snTivdeurintikas

QIJYJQJI

YSuwily aunsensgiinsinanddeianudilasunsansluridsnarilaegigndes

Y

Tumaudl 6 : it nsIesuiliesuIsdunaunninudaya waiaIntussinizdiaas

agunasal nIsiiudeyanss 1 sou

(% (%
Y A o w

® MsIaREnIUNITAl A {lUnTINaTeuIadTinukas U TRnuTuney

° ] & v a o X4 Yy v av a v
7.1-7.5 371U 1 ﬁa‘Uﬂ@‘UﬂqiLﬂ‘Usﬂaﬂuaﬂﬁﬂ WQULW@I“E\JILTW?JSJQ']U'JQEJN@'M&ILSUWIQ&LU

Tunaunsiiutoya wazioligdnsinuidelianuduieeivaniuidiaes Wiy

(% (%
Y A

AoNfimes indd N wiwinnsnszremn neunsiudeya



71

a v

Yupaudl 7 : maiutayasuide

7.1 Wigdr3meudde devumaddnau (Vuesesianisnsgangdmin) deluvimsnin

EEL%’]?’]%J\‘I’]U?J?]JEJ&WTN’MLﬁuﬂﬁzﬁﬂﬂﬂiﬂﬂ\‘iwﬁﬂLfgﬁg (lailevintnauns, lu39ine v3eenan
a3

7.2 fiuRzdeuny 8In15kaure (Borg CR 10 scale of Discomfort) A3 1 Lﬁ'@éufjmmi
aovamenisliauy fATeadlidygraundionimunuided “Sudufniionaslda:”
AiinmeAdoGusuianiienans Wuna 1 il Weasuivun 1 und {ideasli
Funaidn “asu 1 nfiudire. aansadswrinisldne”

7.3 fiinimanuddeasidsunndeiniienansly viniimsnazdenisuasinau (Neutral

Va v

position) Wutan 1 Wil Weasumnue 1 Wil §I3eazlidugiain “Asu 1 uiiiuan

Ay...aunsalasuviniilens ”
7.4 ihswemAdesinienansiuimeunfvesidnsiueuide Wunan 1 4alue Jsvas
NULDNA1TALTNTADUIUDINS Wlau1eMARTUNMNA 7 A5 lawn NeuSuRuNLeNans

LazNT 10 WauNsEiensy 1 il

44' N va v v o Do Y v o |
7.5 waAsu 60 UM r}_p%ﬁ]ﬂ%aigiyﬂmﬂ AU 1 GU’JIINLLETWWS %Qﬁ]gmﬂqﬁﬁ@Uﬂ’]M@qﬂ"lﬁlﬂJ

avnailumsigniing Jid1390939e gneenainindle duaanisiudeyaide

9 Y

U8R

o nuneiigidrsaneniveauldvazinudayavegnuauligitrsiasnisenienas
w5edunsinudaya



72

APPENDIX D

Anthropometric dimensions measurement

gUn30in159a : a8 InNNRIgIUeT 150 WuRues (60 4))
phiiueeld

1. AU viowuu (Upper leg length)
o Jaluvhdiu: Wigd1siuanwddeduiings nuhauninweslva wWimdeanse
flaaosdn samendean
L] i@uﬁuum?ﬁ IAUILIN Trochanter 99 Lateral condyle
2. AUV aua1s (Lower leg lengths)
o Jaluvhdiu: Wigdsiuanwideduiings nnuhauninweslva wWimdeanse
faaoedna uruldennsednedi
L] i’mﬁuumﬁq 910 The lateral condyle £19 The lateral malleolus
3, pruninevesasinn vzl (Seated hip width)
o Soluvinifas WdrmamAdetmdmss mevheuninsvestadlng swinvsaes
Mavuiiy serondaN
o adunnueu vesszeziiniiigavesaslnnvasy

o lnefidrsunuidedesiinnuninsvesasinnliiu 50 cm.

o

4. S3UENTENINNUDITOFADN YT (Elbow heights)
o Falwiids: Wigidrsrunuidetmdmss menuhanunitsvesislye fuvmseaes
VU 9ABNAIRN

o TAwduLWING MNYUTBABNDINY

(2 ~ _
I ﬁ e ,l {’?
0 N 28

Vo l:xib:j E; . 3 4 T : _ \
Ji— '}.,’_ T‘:f.‘.- ] \f)
{1 i 1T I |'|Ir
! ? iy /RN

Ilustration of Anthropometric dimensions specified
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APPENDIX E

BORG’S CR-10 of discomfort

dusulssidiussauanudnlilavievessnnme

(0 Az Lifienn1siae waz 10 A diAduidnluauleunign)

0 Lifianudnlalauieae

05  Sanliauietenadieds Buidn

1 Sanldaueteeuin

2 Sanlyavetes éntoy o

3 Sanlaunguunans swouLoes
q UPPER BAGK
5 Sanldauneun 1N Low
6

7 Sanldauieanng F
8

9

10 fAnldausegnads {Roufign

. SAnlalauneanniign

Reference: Modified from Borg in 1990
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System & sensor specification of seat pressure mat; Tekscan comformat, Boston,

USA

System & Sensor Specifications

Sensor Technology

Resistive

Accuracy

+ 10%

Pressure Range

0-250 mmHg (0-5 psi)

Thickness

0.35 mm (0.014 in)

Sensel Density

0.5 sensels per square centimeter

(3.0 sensels per square inch)

Sensing Area

471.4 mm x 471.4 mm (18.56 in. x

18.56 in.)
No. of Sensing Elements 1,024 sensels
Map material Dartex

Graphics

® Color-coded adjustable sensitivity

® 2D with option for graph of sum

force overtime

® 3D with adjustable perspective

File/record

® Export data files in ASCIl format

® Save data file as AVI movies
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APPENDIX G

The document task
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APPENDIX H

THE CERTIFICATE OF ETHICAL APPROVAL

The certificate ethical approval granted by the Ethical Review Committee for
Research Involving Human Subjects and/or Use of Animal in Research, Health Science

Group of Faculties and Institutes, Chulalongkorn University, Thailand.

AF 01-12

- o 9 4 2 - o
ﬂm%ﬂ‘iiwn11ﬁ@1'§ﬂl1ﬂiﬂf'§’i«”ﬂiai‘l][ﬂ'uﬂu ﬂq‘uﬂ'ﬂﬂﬂ]uu '[ﬂﬁ] MAINUURITIN QY

¢
Y omaniu2 4u 4 sespinaansal 62 auungln warlyudy nganme 10330

Tt Tnadwil: 0-2218-8147 TN3mT: 0-2218-8147 E-mail: cocu@chula.ac.th

COA No. 100/2558

TuSuseadnsamsise

a { o ¥ A o o !
Tnsamsiden 04s.1/58 : asAnndnsazasnszetmin luind luminaoudninaund
- TR 2
uaz lifloimylandedouaaEess

o

v o a o & s
faetan : WRAMUAI GATNAR 13A
¢ a o
‘mimam : ﬂﬂ«lxﬁﬂl'ﬂfmﬂﬂ; FHIMNTUUNNINUIRY
= a aw ' o a o = o
ﬂm:ﬂﬁ‘illﬂ'li‘ﬂ'ﬂﬁﬁﬂiliﬂﬁi51|ﬂ"li'ﬁlil.l'l‘lﬂ1‘l NAUANHTDIVU TAN 1 IHIBINTHUNIING DY

18 %9150071 Taulémdn uea The International Conference on Harmonization — Good Clinical Practice

(ICH-GCP) oysia i uiiunsfninisudeasondn'ld

e Fhia
M. o ezt S mnm. L T A
Gosmnaannsd wowmiBam Yrudszfug  @emansisd asaio’ dovuzaamlsad
IEE At DITUMIUAZAIIYNTI
Fufi¥uses @ 28 mwon 2558 Tunuaoigy 1 27 WEwY 2559

ienmsfnuznsunsiuses
1 Iasinsidy .
gitdui wlumsIounz luusauvesngulszannsnediidudwlunsii
GRS R S R . 0451!')‘3 .
im?;ﬁnm‘.........._..‘,Z.‘g,,,w‘ﬂ‘ 2558
TRRRHO M, e 1WA 7559 —

2 doyadmiunguilszyasy
o
3 e >

s
4)  wuuTaun N

5)  Tulszandinin!

dewly

1. mdiums wdniumsaneiosssy wnduiumnfudeyansitedon WivmseysAvnnuensrunsAnsuniosssunsives
P

S . s mey  ad , L e v
2 wnlyfusodTaranritonveeng nisdniung g tiadentdonigde yaii T aanith Wefand7 1 o nieudusioam
rawfaninisiia

Fasduiunis Womwisey 1 Tnrmiieedaninia

Mhenastayadmiungurrzrnndefidmiatunn s Wiveovvemndumbizyinriofidmsm umsits uosnenmbath

=

, .
swite i) mmeifssivanauzassumsiniy

. nnfiamgesd iftalszaedonssluaa it fudoyaitvaayifninauenrrunts fosnonmnusnrunizaely 5 uiiny

wndnmfieulasmsduiunsTis Wdmazassuainsefysosesudiiums

)

PO S = s P as P 2. o 2,
7. Inzemsdis hidu 1 1 dawyreauiugalnzima3iv (e 03-12) unsundadenamy Ioume u 30 3u e Tnzana3ibmTedu dmiy




91

APPENDIX |

PARTICIPANS’S INFORMATION SHEET

1Y

¥ ° ' = v 1 ] a o
dayadwmiunguuszanviediidiuiialunside

¥olATINSIVY nNsAnwIanwurnIsnseatsdntnluvindelundnaudidnaunivesldd

21N5UINNEIFINA19L5 D5

Forf3de weanilnms dasindlya

RIIRZIN] Taandngns memansumUndin (Menmidn) Anganvaans
PHIAINTNUVTINGRY

amuﬁamﬁia:ﬁ“a Hv9) aadvnenmitn aaanvaEns PRI TN

154 .n5e57y 1 wyaedalyl LWAUNHIY NFIMNT 16330

a

WU1W) 79/73 81, ANALTAT YOUNYTINYN 48 LYV LWANTEIASY

£

N3NNI 10160
nsAnn (Ynau) 02-218-3767

Insfwiiilede 085-1122-507 E-mail : Nipaporn.pt@gmail.com

Lyelioudgihudiswluniside neufivihuazdndulaidnsanlunsive danududufiviniunasiaiu
Wilad euddeivinmsewmglawazifertesiuesls nsanldiianluniserudeyadelullegsasden

JOUABY Uardsunudayaiufiuvisedeyaiilidaaulinaaniian

2. Tasean1siingadasnunisiveasls
A5 ATeidunisfnwdneaenisnsyateivtnluindadunan 60 wd Tuniinauditinaiu

Pfwarlifonnsuinunasdnanaisasa

3. IUsTAIAYRINITIY
WisaSuleivdnvarvenisnszatedmtnluniits luveulwavesAdvitnasgau aza1min
wie Tduanuidnldauisiiinturastahnulagldaeuiimessallenlusseziian 60 unil Anwily

nauntinaudinnunivasliifionnsuinndsduanses

o

4.579az188nvaH 3w TuN193TY

@

nginsaaihvasidnsilunmAdenie1n1suiavdsidesnis

o Wunidnauddnauivhowduaa (fulltime) lnentdnauddnaumaneds galdnardiulvgjves
nsvhauegnelud1iinau dnwasanuimihietesiunsildiniosneuianesidundn saufuns
Wn3mUsEYd NMSUIENRIIU N158UENATS waznsldlnsAnRnsauwazinauegssiallioly

Pouni 1 U audeTundnsiulasenisi


mailto:Nipaporn.pt@gmail.com

92

91838MIN 20-45 U IUNAYISUAZLNANI
AnwazuinIsIIeE1etey 4 Talusna Ty
T91M5UIAUSIUNAIAINEN5D5A RgD1N15UINNEIEIUAN58T MUNeDe 81n15UIANAINTBINTg

711099819108 3 Hau kaY 191N15UINNa0819tasASIIUlLY 6 WDUNNILLN

& o & = v A Y 9 v a o
ﬂ']3u@wq37ULﬂu1ﬁuqb‘Lu{jﬂﬂﬁlWﬂ33GJUGLViLﬂﬂ@']ﬂ'ﬁ"d’l@‘ﬁaﬂ

nginsaaivesidsilumAdenliionmshandwadns

Junilhaudninaudivhausuaa full-time) lneninaudinaunineia galdiadmlngjves
msinuegneludiinemu Shvasnuiviniferdesiunsdiddieiesneufinnesilundn siudunis

Wn3mUsyyy NMsUENeIIU N158UeNaTs waznstilnsdnnfnnenuuarinauegesielliosl

=% o o v

Younth 1 U sudeTuiidhsnlasensd

918581313 20-45 U ﬁy’amﬂmauamwm@a

Snwazauiinisdiegdos ¢ Flusiety

Liflornstnusamdsdiuaslutae 6 Weufiiumn e fernstaluuinasingts Wunaites

N1 1 U viTe ANUTULSITRENIMTEWINAU 3 910 10 Usulilugie visual analog scale (VAS)

\NQUQ9IN13ARERN

@

fgvtinanieteendt 18 kg/m” wazannnd 23 ke/m’

weldsunisrdnusnansegndunas wie TuszTRUszaugURme/lasuuiaduuinaunsegndunds
Wneou

Iesumsitideiniiniganuinunivesnsegnduvdudniiiia viielsadesdniauunesn niedinisin
\devoansgndunduazruouseansegndunds uielsansegndundsdainuds nsvgndunduniou
nszgndundaden viennuilosen videlsagila viefinnznsegnuguundluvned
finznszgndundsan
fionsuansisrnuinuninisdnussuulsramiuanudinuinmssdeiiaesdig
ogfluszwhenakensss

funauzu/duine

FRLPESEGIZRN

agluseninanisiivszdniouvnsiudoyaide

Tngduudidnsanaddendesnsiaun wihiu 46 aulasuusnguiidnsimaniddedu 2 nqu

loun nauntinaudtnaunienisuiavasdiua1asesidiuim 23 au wasnguntnaudtinaunlid

g ItIanasEINEIFes W 23 AU Bavzddiunsinudeyalugianamdndniiu

(AausitIan 16:00 -19:00 w.) ganfiulasanisasdsenduiusiudumhenuveain iieve@yrinudisu

Tassnsimuanuadasta



93

5.152UUNN5I8

v
o I N a

nsrUIUNSINENnsgyiseidnTinauAdenmueiiifive fe wieanidawms dasinAlvadugln
Toyauazaniun1svianun aauilunmsdniunisfe Auganyrans PnaINTalunInendy

TngfiTunaumazIa luksasTunausal

YunaU 318aIBYANINTTY IoYILIAN

1 daulahilasinsaglasuneuienarstoyadmiuuseyinsiiedns vy | 5 il
au1saaudnunIniiveasde anduvzveliasuinluludugeuidisig

ANSANY

[

KNS INUITADULUUANNTDILAZLUUFBUAY 10 W9

i
Y
diinsamanddedieuldnanafiwseul idwiunsinudeys nasantudi 10 w1l

FUMInTIvInAMUEMEIUAT9Y VBIINElaln (1) ANeIIIviauUY (2)
ANNENIVWIBUAN (3) AnunIvasazlnnuueila (4) ANUgINABNRiiY
Uauwila

(nefideazinAnuenisaneudagaIu 3 ASe liemALade)

q AidpesueisnislinsuuunliauIeveITanewnfidisinaide lny 3 Wil

U

mgazaudeNUliau1eve9snanie 5 @ lewn Ao e ndsdInuL naa

U

duanauaraylnn/viouuY

9 o '

5. | #3dweturgienisisly virimangausden sleinny ungidisinewide | 2 ud

va v '

Nndulvigidnsinanuidedaluiidendts lnedideagnsiaasuvintauas

U

Yuwdly aunseiadidnsiuaidduanunsatsluvidnanliegnsgndos

6 fidnsmeidesuilidesuistunsunisiiudaya vdwintuariinisdiaas | 5 undl

dn1unisal msfiudeyadss 1 seu
e N1331aesan1UN1TAl Ae FRAErve lRld1s I WIT vy
madnausasUfiRnutuney 7.1-7.5 91U 1 FeUnU

mMaivdeyadse Milieligidisinnuidedanudilaly

Yy Y

Tunaunsiiutoya wazieligdnsinwidelianuduasiv

]
o w

A0NUN91894 1PzAURIABS 1N19E1TNIU WEUIANISNSEANE

Wwiin neunsiiudeyads

& 2 v a ¢ o a e o v ~
7 mumauﬂqﬁLﬂU‘Sﬂ@Ha Iﬂ&]ﬂqi‘WﬂJ‘WLf’]ﬂﬂ’]ﬁu‘lﬂmgﬂaﬂwqLW@SVILW?U@JI’J Wutan 60 UM

1 lusmeiasny ds1uasidunnadl

¥ v 1

7.1 giininnuddedivunadiinau @ileiesianiinszang

Wniinangeg) lnetsluvimisdnd Adidnsanauidederineny

Wulsyan wazluiandnidd (laildvindnauns Tudving wssen

LRICTeTath)




94

va v va v

7.2 {idgaeuniu anslidauny AN 1 a1ty (Rdeaglvdy i

Y
14 [

ARSI “Susuiiuilenansiace” gidn9ineuiae

o_
2

'
a ¥ a L Ya o

SuAURLNenaIs Wual 1 Uil Weasunivue 1 Uil H39e

&

1 ]

IAFUQII “ATU 1 WITkalAY.. aunsalasuvintslany

ALY}

73 finTinanuddeiasunntsivriionatsly vinianausani sl

a VA v

M9 Wunan 1wl Weasuiviun 1 Wil §iveaglidmne

Y

11 “ATU 1 wiikdAg. aunsafeurinlalase
7.4 fiirimanuddeleiarienatsiuvimiaunfveadiinsineuie

UATULIAN 1 Tl Fevaugiiusitonansasiinisaeuniueinisla

v (% 1%
= Y [

AUIETANTUNINUA 7 AT bAWA NBUSURUNWLONENT UIAT 10

W9120 WNIN1 30 W40 W50 wAEASIAAYINY UIIT 60

'
IS a Ya o

75 WOATU 60 W WAz lidey

Y

1431 “ATU 1 TILULAAE

& (2
124 a

&y
AL139191398 gneenaniindld duasnisivdeyaidy

o

(nsaruanuldaureimiaduruzinauldiiatanuasias 1

U9)

KRUNYLIAG
o syuszazamsaulunsAn®Il Usyunnd 1 93lu9 35 w1
° mqLmﬁ@fﬁﬁ'amm‘iﬁamﬂémmzLﬁuﬁa;ﬂa%Qﬂmauiﬁ@%’ﬁamwu%’amwé’qLﬁ%ﬁ]

dgunisiiudoua

o Jawsdumsideuditeyadiuiinnedesiuiiiisiunuiderianunasgniinaned

Y

MendinsUssiianaEsady uasiTeasiulanedoyanediunisnszateuinin

vuziuardeyarnuliiausvosienisffstuiievluAnudelusuian
6.35nslvidayaunviny
{Advarlideyautviulneriiuenarsadull uarBufinoumaiuvosiunndiniuegeiiian
FADALIAT
7.m3fansesfiiinndse nvinuliegluinausidad uazegluaniaziiauadsldfuaiudaemae/
wugidn

°

varlimuuziviedeyafivinudosnisnsiu wie Auwuzdy/deyaifianudndudmsurinu

pENANgAINTITEazansaviila
8.3unTIeviTeANIHE oYU UUIEL]
vimwenadinnudnliavisamnydivessmedetuldluduneuvesnisiivieya udaruidnll

aveiananlasUnfazmeluluiuivsefeuiuiidleduaanisiudoya



95

wnulazunisuiaiulagainnisidhsinnudse viuagldsunisuguneiuiadesduaintn
nMenInUIURui

9. Uselgwilunisidngauiae

)
o

Tunsidsunsfinyidensadl inwenaldlasuusslevidmynnalag uenannslasuainug
Renfumsiahauivanzaudsaansmi ludiuldsonuesld

ogidlsfinu Ysslomimadnnsedusniasistuanmaiinimmsfinuidevesiluade
ildun madianud erudlafaguuuumsnssaeimiinluhdehouremidnauddnmuiiiuaglaid
omsthands Ssanunsathididuamudiugiunsdestuonisuamddluninaudineusely
10805009t

matdallassnsfnuiifevesiuedsd Dululneatasle vuaunsoufiasiiasidninmio
naufrnmITElinuaslaglidedlingna Tnovinuazhigyideusslovidsldiunieldfunanseny
AanIguasny

' o

11 mnvinuiideasdelviaounuiianinls Tnsanunsadnsogideldnaonnauasmniiseidoyariudud
HulsslevivdelnuReiumsidedideasudslivhunsuegima

12 doyaiiAgtosiuiazgniiufuaudu smnfinsauenansidoaziaueidunmsm doyalad
ansaszudaiaiule avlivnnglusienu

13, Tumsdhsalassnsid vihulddeaderlddnglag sau uazfiTeaziirnumvuzuazAvaseLian
adeludunismouiny Wuswaudu 500 v Aridldnsanaasnandiinlasemnisi

14, mnvinlilF3unmsufiRnudeyadinaniaunsaseadeuldil angnssunsiansanaiesssunside
Tuau nduananitu gefl 1 guiaensaiuminetds du 4 ern1sanitu 2 gesqwiawnsal 62 auungln
WAUMITU NTIMNY 10330 Insénn 0-2218-8147 vive 0-2218-8141 Insans 0-2218-8147 E-mail:

eccu@chula.ac.th



mailto:eccu@chula.ac.th

96

APPENDIX J
INFORM CONSENT SHEET

VIO MENIAINUTULBUTTIUNTIVY

1l Usennsiognaeriiausmlunsige. .
i Aldasnuiendedod veuansaruBusemdnsulasinsive
Folasen133ds nsfnwdnumenisnssnetminluihddundnanuddnnuiifiuey s
oImsthamdsdauanaFess
798 wantning sasinmlye
iiRnda (fivinau) AATYINBAMUITRN ALLAITANENT PINTAUNINESE
(vt 79/73 .ANSEIAS BRUNYTINWYL 48 UEN 16 WUV LS

L2385y AN 10160

nsAns 085-1122-507

Jman sunsuneasiBenneiuinwazingUszaadlunisvinide sieazdentunaunie 1
wfoslURnalasun1suun Anudeydunse waslseloridasiintuannsidesel nuldeu
Teazdealuenastuasidnsunsidelaenaen warldsumeduienndide audilaluednediugs

o

mdsasinsladnsanlulasansided anufissyliluenarsduasidisunsidelaedimdn

guee
o pouLuUAANTEIinTIINAT AsuluaBUITeyAINBITUANYAENMTUIALTUNTEUY
nsggniandilelusey 12 Weuiinun uazneuwuuasunudeyadmiugiionnisuan
ndsduanaiods (iamzflonnsuiandsduaaiosastiy)

o I V| Ao o’ - ° v .«:4' °
O SUUAANTDNNEUITIINTUINY UBUU 3 DU MOUN 1 91UIU 3 VD MBUN 2 IN1UIU 2

98 WAYADUN 3 71U 5 U SIUNIAU 10 YaAnnny

0 wuugeundeyaisiudnuaznisuindunesruunszgnuaznduielusey 12

WauH1WIN SITAINIUTaVILA 9 Uo
O meuLUUdsUNNTaYAd nSUAeNTUIAvATEd LTS (lemeRilonnisUInnag
drudasesauyiiy) fderanuvianun 7 4o

o TualunismeukuvdsuaIuiaviaa 10 w1¥l

e LI5UNMTINANYNIEIUATTDITNNY 4 @I LAWA (1) AIUIVIVIOUUY (2)

ANNYNIVIVBUAN (3) ANNUNINTBIALINNTULTI (4) ANUEIINADNDIN UV



97

79 IR ALTNAINULNITNNEWARLEAIY 3 ATILALLNDNALRAY TUa1tunng

¥
e
(3

TANIEUL0 W

° L%’w%"umiLﬁusﬁau”aé’wmsﬁfw‘hmuima’t%’mmﬁaLma':?uut,ﬂ%aﬁﬂmsmzmﬂ

Y

Yndn Wuszezinaiuiu 60 U1 37uU 1 A

a o

Pdrdidnsasudreenanmsidedielailamunnulsyasd Inelidowudamnana Jan1sneu

v
7

fMvanannTiTeuu agludinansenulumslag Aetimanviedu
DmdlasuAsusesi fITeasujidetmimudeyanseyliluenansiuasidnsiunisie

Ya o

wardoyalaq Mierdesiuimdr {ATeazinuinenduainudu lnsazinauedoyanisideidunainsiu
winly lufideyalalunisseanuiiagilugmsseyddm
P P WM Yo a wva an v =1 ¥ ¥ awv v v

mndrmdlaildsunsufifaseunldszyl Sluenasduasdidisiunside Tmdiaunse
Soasoulananznssun1siansanssusssunideluay nquananIu 4efl 1 Pnaensaluminendy 4u
4 91A3antu 2 Yepuansel 62 auungtn waunuiu ngemwe 10330
nsfng 0-2218-8147 nsa1s 0-2218-8147 E-mail: eccu@chula.ac.th

hwdldasaneiiotelidudAgronimeu dalldmidldsudiunenarsiuasdidsiuniside
wardunnadenansnnudueanlinan

¥ P M Yo a wva Al v X ¥ ¥ av v P o a v

mndridldlafumsuiansenunlaszyliluenasiuasidnsiunside mdraunseseauseuld
VIAENIIUNITRATUNTTTUNMTIREIUAU NguavanITu Y7l 1 PAINTAUNMINGEE TU 4 91AN3
a0t 2 Yeequnaansal 62 auunglyn waUnuiu N 10330
Tnsdwai 0-2218-8147, 0-2218-8141 nsa1s 0-2218-8147 E-mail: eccu@chula.ac.th

i limsanedoteliluddysdenimen Maddmdldsudiuienarsiuaidisauniside

wardunniadenansnnudueanliuan

(WEMTNNT BASNARLYA) (oo )

HIdEman filauslumsidy



VITA

Miss Nipaporn Akkarakittichoke was born on March 5, 1990 in Bangkok,
Thailand. She graduated her high school form Strirwatabsornsawan school. She
enrolled in Department of Physical therapy, Faculty of Allied Health Science,
Chulalongkorn University, Thailand. She graduated with Bachelor degree, Second
class honor, in 2011. After she graduated her degree, she decided to further study

and enrolled in Master degree of Musculoskeletal, Faculty of Allied Health

Science, Chulalongkorn University in 2012

98



	THAI ABSTRACT
	ENGLISH ABSTRACT
	ACKNOWLEDGEMENTS
	CONTENTS
	LIST OF FIGURES
	LIST OF TABLES
	CHAPTER I  INTRODUCTION
	1.1 Background and rationale
	1.2 Objective of the study
	1.3 Research question
	1.4 Hypothesis of the study
	1.5 Brief method
	1.6 Advantage of the study
	1.7 Conceptual framework

	CHAPTER II  LITERATURE REVIEWS
	2.1 Definition
	2.1.1 Definition of chronic low back pain
	2.1.2 Definition of office workers
	2.1.3 Definition of seat pressure distribution, peak pressure (PP) and average pressure (AP)
	2.1.4 Definition of body perceived discomfort level

	2.2 Prevalence and incidence of low back pain in office worker
	2.3 Pathomechanism of work related low back pain
	2.3.1 The model of work-related musculoskeletal disorder
	2.3.2 Risk factors for chronic low back pain

	2.4 Biomechanics of sitting
	2.4.1 General classification of human sitting posture
	2.4.2 The optimal sitting posture
	2.4.3 Sitting induced low back pain
	2.4.4 The effect of chair and supporting device on sitting posture

	2.5 Seat pressure distribution measurement
	2.5.1 General approach to evaluate seat pressure distribution measurement
	2.5.2 Type of measurement sensors
	2.5.3 Seat pressure mapping technology
	2.5.4 Data record

	2.6 Factor affecting seat pressure distribution pattern during sitting
	2.6.1 Gender
	2.6.2 Weight or BMI
	2.6.3 Seat position
	2.6.4 Chair design

	2.7 The effect of sitting posture on seat pressure distribution
	2.8 Sitting characteristics in individual with low back pain
	2.9 Body perceived discomfort

	CHAPTER III  MATERIALS AND METHODS
	3.1 Study design
	3.2 Participants
	3.2.1 Inclusion criterion
	3.2.1.1 Chronic LBP group
	3.2.1.2 Healthy group

	3.2.1 Exclusion criterion:

	3.3 Data collection
	3.3.1 Equipment and measurement
	3.3.1.1 Seat pressure distribution measurement
	3.3.1.2 Borg CR 10 scale of discomfort

	3.3.2 Test session
	3.3.3 Reliability

	3.4 Outcome measure
	3.4.1 Independent variable
	3.4.2 Dependent variable
	3.4.3 Control variable

	3.4 Data processing
	3.5 Statistical analysis
	3.7 Ethical consideration

	CHAPTER IV  RESULTS
	4.1 Introduction
	4.2 Test-retest reliability
	4.2 Demographics of participants
	4.3.1 AP at anterior seat
	4.3.2 AP at posterior seat

	4.4 Frequency of postural shift
	4.5 Body perceive discomfort
	4.6 Comfortable and neutral sitting posture
	4.7 The correlation between discomfort, AP, PP ratio and frequency of postural shift

	CHAPTER V  DISSCUSSION
	5.1 Introduction
	5.2 Seat pressure distribution
	5.2.1 Peak pressure distribution ratio (PP ratio)
	5.2.2 Average pressure distribution and body perceived discomfort

	5.3 Postural shift during 60-minute sitting and body perceived discomfort
	5.4 Clinical implication
	5.5 Strength and limitation of the study

	CHAPTER VI  CONCLUSION
	REFERENCES
	APPENDIX
	APPENDIX A  Sample size calculation
	APPENDIX B  Screening Questionnaire
	APPENDIX C  Testing procedure
	APPENDIX D  Anthropometric dimensions measurement
	APPENDIX E  BORG’S CR-10 of discomfort
	APPENDIX F  System & sensor specification of seat pressure mat; Tekscan comformat, Boston, USA
	APPENDIX G  The document task
	APPENDIX H  THE CERTIFICATE OF ETHICAL APPROVAL
	APPENDIX I  PARTICIPANS’S INFORMATION SHEET
	APPENDIX J  INFORM CONSENT SHEET

	VITA

