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The aim of this research was to investigate the effects of different types
of activities during rest-breaks interventions on neck and shoulder muscular
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performing prolonged computer work. Systematic review was conducted to
evaluate the available evidence of rest breaks on musculoskeletal health,
productivity and muscle activity. Test-retest reliability was conducted to examine
the reliability of EMG normalization in VDU operators with neck and shoulder
symptoms. RCT was carried out among symptomatic VDU operators randomly
assigned to stretching, dynamic movement, and reference group. Subjects
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work. Root mean square (RMS) and median frequency (MF) were calculated for
neck and shoulder muscle activity. Muscular discomfort was measured by Borg CR
10 scale. Productivity was measured by word counting. Neck and shoulder

postures were obtained from the 3D motion analysis system.

Evidence supported that the rest-break interventions had beneficial
effect to reduce musculoskeletal discomfort. MVIC-normalization method could
be measured with sufficient reliability for neck and shoulder muscles in
symptomatic VDU operators. Three types of activity during breaks showed
favorable effect on neck and shoulder muscle activity, postures, and productivity,

and positive effect on muscular discomfort for symptomatic VDU operators.
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CHAPTER |
INTRODUCTION

1.1 Background

Work-related musculoskeletal disorders (WMSDs) or overuse injury defines as an
inflammation and degeneration diseases and disorders of the muscles, nerves,
tendon, joints, cartilage, and spinal disc related to physical and psychosocial
exposure in the workplace (Barbe and Barr, 2006; Buckle and Devereux, 2002; Forde,
Punnett, and Wegman, 2005; Wahlstrém, 2005). WMSDs become common problems
in office workers, due to introduction of computer-based tasks at workplace. Thus
office workers have to use computers for long periods, especially among those who

are intensive users such as accountants.

Furthermore, WMSDs among office workers are a significant problem in the
head/neck and shoulder areas (Janwantanakul, Pensri, Jiamjarasrangsri et al., 2008;
Ortiz-Hernandez, Tamez-Gonzalez, Martinez-Alcantara et al., 2003; Sillanpaa, Huikko,
Nyberg et al., 2003), which is predominantly affecting on the trapezius muscle
(Westgaard and Winkel, 1997) and resulting in pain and limiting functional activity in
daily life (Buckle and Devereux, 2002).

The prevalence of musculoskeletal disorders (MSDs) among office workers has been
increasing in Europe (European Agency for Safety and Health at Work, 2010) including
Thailand. The annual prevalence of MSDs in head/neck region among office workers
in Thailand had been reported about 42% (Janwantanakul et al., 2008). These
disorders have an important economical impact in term of sickness absence and
chronic disability (Hush, Michaleff, Maher et al., 2009; van den Heuvel, S., ljmker,
Blatter et al., 2007). As in recently report, MSDs cost Thai office worker about 38,820

Baht per person per year (Janwantanakul, Pensri, Jiamjarasrangsri et al., 2005).

The etiology of MSDs is multidimensional which is associated with individual, physical
and psychosocial factors. Based on both experimental and epidemiologic
investigations, the physical job characteristics are often cited as major risk factors for
MSDs (Punnett and Wegman, 2004). These risk factors are included repetitive motion
patterns; insufficient recovery time; awkward postures; static postures lead to

continuous low level muscle activity and discomfort (Liao and Drury, 2000; Seghers,



Jochem, and Spaepen, 2003). Characteristics of computer work tasks involve a
prolonged viewing of visual display terminals (VDTs) and repetitive motions of the
upper extremities while maintaining static postures requiring static muscle
contractions in the neck, shoulders, upper back and upper limbs (European Agency
for Safety and Health at Work, 1999). Thus, working with computer and mouse use
could be developed to musculoskeletal disorders as it produces several risk factors

for musculoskeletal disorders (Kumar, 2001).

Although several ergonomic interventions such as workstation design, correcting work
posture can help to reduce the prevalence rate of musculoskeletal disorders in
computer users, the problems are persisted. Westgaard and Winkel (Westgaard and
Winkel, 1996) suggested the guideline for the reduction of occupational
musculoskeletal load through the reduction of the exposure variables (Winkel and
Westgaard, 1996). The three conceptual variables are: 1) exposure level, 2) temporal
pattern of exposure delivery (repetitiveness) and 3) exposure duration. However, if
the exposure level is high and the work situation does not allow a reduction in

exposure level below a safe limit, guidelines are given on requiring rest pauses.

Therefore, rest breaks have been proposed as a means in order to reduce static
loads on the musculoskeletal system as well as repetitive strain injuries associated
with prolonged computer work (Barredo and Mahon, 2007; Carter and Banister, 1994;
Fisher, Andres, Airth et al., 1993; Hagberg and Sundelin, 1986; Hales, Sauter, Peterson
et al,, 1994; Salvendy and Sauter, 1987; Samani, Holtermann, S@gaard et al., 2009b;
Sundelin and Hagberg, 1989). Furthermore, frequently rest breaks during work is
considered a practical recommendation because it is not costly for the workplace
(Fisher et al., 1993).

Rest breaks, rest, or breaks, in this consideration are defined as a cessation of
computer work tasks. During the break, the computer users are not required to stay
still (Barredo and Mahon, 2007). In some articles use the word “pauses” instead of
rest breaks, or breaks (Crenshaw, Djupsjobacka, and Svedmark, 2006; Samani et al.,
2009b). Pauses during computer work tasks are classified to active and passive pause.
The passive pauses in these appraisals mean that the participant leaves from
computer tasks and sit relaxing during this period, while during the active pause the
participant required to perform a specific movement such as shoulder elevation
(Crenshaw et al.,, 2006; Samani et al., 2009b).

Several rest-breaks or pause interventions were aimed to the identify characteristics

of pauses (e.g., how often, duration, etc.) and their outcome. Their findings showed



that limitation to have rest breaks during work is main causative factor in developing
musculoskeletal disorders among computer users (Balci and Aghazadeh, 2003;
Galinsky, T. L., Swanson, Sauter et al., 2000; Henning, Jacques, Kissel et al., 1997;
Henning, Sauter, Salvendy et al., 1989; McLean, Tingley, Scott et al.,, 2001; Sundelin
and Hagberg, 1989).

Some studies aimed to investigate the effect of active and passive pause.
Surprisingly, a few studies have compared beneficial effects of active and passive
pause and their focus was on oxygenation in muscle (Crenshaw et al., 2006; Sundelin
and Hagberg, 1989). Recently, one literature had reported that active pauses
contributed to a more variable muscle activity pattern during computer work than
that of passive pause (Samani et al., 2009b). Moreover, passive pauses are shown
insufficient for attaining complete relaxation of the trapezius muscle (Blangsted,
Sogaard, Christensen et al., 2004).

Although, there are many recommendations concerning work-rest schedule and
exercise assign during rest breaks, but those recommendations are based on
literatures which some of them use subjective assessment as a tool to explain the
benefit of exercises on muscular discomfort (Fenety, Putnam, and Walker, 2000;
Saltzman, 1998; Sauter, Dainoff, and Smith, 1990). In addition, large variation in types
of activities such as stretching (Galinsky, Swanson, Sauter et al., 2007; Henning et al,,
1997), sub-maximal contraction (Crenshaw et al., 2006), dynamic movement
(Sundelin and Hagberg, 1989), and eccentric contraction (Samani et al., 2009b) have
been implemented. However, there is still no consensus on type of activities given
during rest breaks intervention given as an intervention for reducing MSDs in
computer users. In addition, there is still limited clinical trial research that addresses
on the effects of different types of exercise during rest- breaks intervention for

computer users in term of change in muscular activity, posture and other variables.

Therefore, the aim of this study is to investigate the effects of different types of
activities during rest-breaks interventions on neck and shoulder muscular activity,
posture, muscular discomfort and working performance of computer users

performing prolonged computer terminal work.

1.2 Rationale for this thesis

According to VDU characteristic, the task requirement is high exposure regarding to

precision and repetitive demands but low force demands. In addition, based on the



Cinderella hypothesis, duration of exposure may be major effect on musculoskeletal
symptoms in VDU workers (Forde, Punnett, and Wegman, 2002). Thus, considering
the logic of exposures which causes neck and shoulder musculoskeletal disorders in
VDU operators, physical load and mental stress may reduced by adding rest breaks.
Further, in case of the exposure level in the work situation can not be controlled in a
safe limit, rest breaks have been recommended to decrease musculoskeletal
symptoms (Westgaard and Winkel, 1996).

Likewise, proper recovery of muscles is believed to be of crucial conditions for
avoiding musculoskeletal disorders. In this context, the general purpose of exposure
variation is to give the motor units that would otherwise be overloaded an

opportunity to relax (Mathiassen, 2006).

Adding rest breaks enhances recovery time periods and also disrupt period of static
posture, exposure duration and repetitiveness of VDU work, therefore, metabolic and
circulatory variables within muscles will be improved as well as local muscle loads
will be decreased (Westgaard and Winkel, 1996). However, there is limited evidence
for the effectiveness of the rest-break interventions over VDU operators with work-

related upper extremity disorders (WRUEDs).

van den Heuvel and colleagues (van den Heuvel, de Looze, Hildebrandt et al., 2003)
found that symptomatic computer workers receiving rest-break intervention with
taking additional breaks and performing physical exercises got more recovery of
complaints than the control group receiving no break. However, there were no
significant differences on the severity and frequency of the complaints between pre-
and post-intervention scores among the three groups. Considering to productivity,

there was higher productivity of both rest-break interventions than the control group.

Regarding to healthy VDU operators, there is conflicting evidence concerning the
effectiveness of rest-break interventions at any aspects as type of breaks

(exercise/non-exercise break) and work/rest schedule on muscular discomfort.

However, there is still no consensus on type of activities given during rest breaks
intervention given as an intervention for reducing MSDs in symptomatic VDU users. In
addition, there is still limited clinical trial research that addresses on the effects of
different types of exercise during rest- breaks intervention for computer users in term

of change in muscular activity, posture and other variables.



Therefore, there is a need to enhance the knowledge of rest-break intervention for
musculoskeletal health in VDU operators with work-related in non-specific neck and

shoulder symptoms.

This present research have tried to identify which kind of rest-break interventions will
be most effective impact on musculoskeletal health, and examine how much
reduction of muscle activity after any rest breaks during performing prolonged
computer work among VDU operators presenting work-related neck and shoulder
symptoms. In this regard, perceived discomfort of musculoskeletal health, postural
changes, neck and shoulder muscle activity, and performance will be measured as
indicators of effectiveness for rest-break interventions on reducing physical-load
factors. Laboratory study of assembly computer task will be set for this study in
order to enhance the precision in estimation of exposure-load relationships that can
be used to complete the picture for developing musculoskeletal disorder in work

environments (Silverstein and Clark, 2004).

Furthermore, this present research has tried to gain a better insight in the effects of
rest-break intervention in asymptomatic and symptomatic VDU operators by

systematic review.

1.3 Research questions

(i) Does physical activity during breaks improve neck and shoulder

musculoskeletal disorders in VDU operators? (Study |, systematic review)

(i) Is EMG measurement available pertaining to the reliability of
electromyography (EMG) activity of the shoulder and neck musculature in
symptomatic VUD operators? (Study I1)

(iii) How much improvement in neck and shoulder musculoskeletal disorders can
be obtained after any rest breaks? (Study Ill, IV)

(iv) What is the specific activity protocol during breaks beneficial effects for VDU

operators with neck and shoulder symptoms? (Study Ill, IV)



1.4 Aims

The overall aims of the research are

(i) to identify which type of rest-break interventions will be most effective

impact on musculoskeletal health

(i) to examine how much variation of muscle activity after any rest breaks during
performing prolonged computer work among VDU operators presenting work-

related neck and shoulder symptoms

This research composes of four studies. The specific aims are as follow:

Study I: The effects of rest break on musculoskeletal discomfort, productivity, and

EMG activity in VDU operators: A systematic review

(i) to evaluate the available evidence of rest-break intervention on EMG activity,

musculoskeletal discomfort, and productivity in VDU users

(i) to investigate the effectiveness of rest-break intervention to induce

improvement on musculoskeletal disorders and productivity
(iii) to assess the strength of the evidence

Study II: Repeatability of electromyography of the neck and shoulder muscles in

VDU operators with neck and shoulder symptoms

(i) to determine the test-retest reliability of EMG measurement of the neck and

shoulder muscles in symptomatic VDU operators

Study ll: Effect of different types of rest-break interventions on neck and shoulder
muscle activity, perceived discomfort, and productivity in symptomatic VDU

operators.

() to evaluate the effect of rest-break interventions on EMG activity pattern of
neck and shoulder muscles, perceived discomfort, and performance over 1-
hour computer typing task

Study IV: Impact of rest-break interventions on neck and shoulder posture during
prolonged computer terminal work.

(i) to evaluate the effect of rest-break interventions on neck and shoulder

posture over 1-hour computer typing task



1.5 Hypotheses

Study |

(i) Rest-break interventions have a significant impact on musculoskeletal

outcomes and productivity in VDU operators
Study I

(i) There is the stability of the estimation of EMG amplitude and spectrum
frequency of the neck and shoulder muscles at maximal voluntary isometric

contraction in symptomatic VDU operators
Study Il

(i) The rest-break intervention is effective on increase variability of the neck and

shoulder muscles during prolonged computer work.

(i) There will be the reduction in muscular discomfort of neck and upper limbs
during performing the computer work task in the rest-break intervention

groups.

(iii) The rest-break intervention groups will get more productivity than a reference

group.
Study IV

(i) Neck flexion angle (craniovertebral angle) and forward shoulder angle of the

rest-break intervention groups are better than a reference group.

1.6 Conceptual frame work

Based on the ecological model of musculoskeletal disorders modified by Wahlstrém
(Wahlstrom, 2005), this present research is designed to alter the physical demand of
the VDU user by 3 types of rest-break intervention. Thus, the expected result is that
the VDU users will have better results in musculoskeletal outcomes (i.e. muscular
discomfort, and variability of neck- shoulder muscle activity), performance, and neck-

posture posture. The conceptual framework is illustrated in figure 1.1.
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Figure 1.1 A conceptual framework of the present study.

1.7 Expected benefit and application

The overall finding of this present study will provide the information on which type
of rest-break interventions will have most effective impact on musculoskeletal

health for the VDU operators. In addition, the results will adding the knowledge on

how much variation of muscle activity after any rest breaks intervention during

performing prolonged computer work task among VDU operators presenting work-

related neck and shoulder symptom.



CHAPTER Il
LITERATURE REVIEW

2.1 Visual display unit work

VDTs (visual display terminals) and VDUs (visual display units) also call as are
standard equipment for VDU users composing of computers and computer
workstations (Gerr, Monteilh, and Marcus, 2006). The nature of computer work task
have been described as typing, editing, retrieving, precision making, and monitoring
for a period of time via the use of VDU equipment composed of a keyboard, a
display, and a mouse (Kumar, 2001). Exposures to VDU work are including the
duration of computer use (mouse and keyboard use), the repetition of keystrokes
and mouse clicks, the working-period variation (between days, weeks), and the
number of computer distribution usage (breaks during VDU work) (IJmker, Blatter, van
der Beek et al., 2006).

The VDU work is often characterized with monotonous and prolonged static posture
with low static muscular contraction (Forsman and Thorn, 2007; Strgm, Rge, and
Knardahl, 2009) especially in the trapezius muscles (Waersted and Westgaard, 1997,
Westgaard and Winkel, 1996). Muscle activity of upper trapezius during VDU work is
ranged from 2-11% of maximal voluntary contraction (MVC) which depends on
different work tasks such as typing, editing, or precision task (Thorn, Sogaard,
Kallenberg et al., 2007). Thus, the VDU work is also considered as a high physical

exposure job with regard to precision and repetitive demands (Wahlstrém, 2005).

2.2 Increased amount of computer work

Trends in global working life suggest that the occurrence of work characterized by a
long period of low-level muscle activity is increasing and towards less physical
exposure variation in jobs and tasks (Mathiassen, 2006). Visual display units (VDU)
have become widespread for routine use in work places (Aards, Horgen, Bjgrset et al,,
1998). Epidemiology study reported that neck and shoulder symptoms in VDU users
were associated with long period of computer use (Jensen, Finsen, Sggaard et al.,
2002; Johnston, Souvlis, Jimmieson et al., 2008).
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2.3 Work-related musculoskeletal disorders in VDU work

Work-related musculoskeletal disorders (WMSDs) or overuse injury are defined as an
inflammation and degeneration diseases and disorders of the muscles, nerves,
tendon, joints, cartilage, and spinal disc related to physical and psychosocial
exposure in the workplace (Barbe and Barr, 2006; Buckle and Devereux, 2002; Forde
et al., 2002; Wahlstrom, 2005). The adverse effects on musculoskeletal system, MSDs,
have been identified to be associated with VDU work (Blatter and Bongers, 2002;
Cook, Burgess-Limerick, and Chang, 2000; Jensen et al., 2002; Kumar, 2001; Ortiz-
Hermnandez et al., 2003).

The prevalence of WMSDs among office workers has been increasing in industrialized
countries in Europe (Gerr, Marcus, and Monteilh, 2004; Gerr et al., 2006;
Janwantanakul et al., 2008; Klussmann, Gebhardt, Liebers et al., 2008; Ye, Honda,
Abe et al., 2007; Zakerian and Subramaniam, 2009), and Thailand (Janwantanakul et
al., 2008). Furthermore, work related musculoskeletal disorders (WMSDs) are a
significant problem in the head/neck and shoulder areas among office workers (Gerr
et al,, 2004; Janwantanakul et al., 2008; Sillanpaa et al., 2003), which is
predominantly affecting on the trapezius muscle (Waersted and Westgaard, 1997) and

resulting in pain and limiting functional activity (Buckle and Devereux, 2002).

Working with VDU is increased risk of having musculoskeletal disorders, and/or neck
and shoulder symptoms (Johnston et al., 2008). A cross-sectional survey of female
office workers had been found that 53% of female computer users had experience
of neck pain of mild intensity (Johnston et al., 2008). In addition, the VDU users’
forward-bending posture when working with VDU task was reflected in increased
forward flexion of the head and the upper back, and shoulder tended to be more
flexed and less abducted when working with the VDU work task comparing to
ordinary paper task (Waersted and Westgaard, 1997). Thus, the VDU work usually
comprise of a monotonous work task and awkward posture resulted in sustained
muscle activity, especially of type | motor units, may be a primary cause of Upper
Extremity Musculoskeletal Disorders or UEMDs, and an increase in the load on non-
contractile tissues have been considered important intrinsic factors contributing to
the development of the MSDs symptoms (Szeto, Straker, and O’Sullivan, 20053,
2005b; Westgaard, Vasseljen and Holte, 2001).
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2.4 Pathomechanics of work-related neck and shoulder musculoskeletal

disorders

Low level contraction related to work is defined as the muscles can be activated in
the level of a long period of time. In case of VDU work, the nature of work is
characterized by controlling position of eyes and fixing of neck during the repetitive
movement of hand such as typing the keyboard and drig-drag the mouse. In order to
move arm and hand effectively, the stabilizing shoulder muscles will be increased
and performed as co-contractions, while task need more speed and precision
demand (Sj@gaard and Jensen, 2006).

According to static exertion of prolonged time with the low levels of muscle activity
during VDU work, there are several hypotheses proposed for pathomechanisms of
work-related neck and shoulder musculoskeletal disorders. A brief review of the

different hypotheses will be provided.

2.4.1 Impaired blood flow

de Costa and Vieira (2008) (da Costa and Vieira, 2008) described that static muscle
contraction for a prolonged period causes compression of veins and capillaries in the
muscles, and lacking of oxygenation and nutrition consequently. If VDU work
persistently performs after an initially inflammatory period over prolonged time, the
self-perpetuating vicious cycle of injury will be initiated and then a chronic stage of

inflammation will be progressed (Barbe and Barr, 2006).

2.4.2 Ca2+ accumulation

The cumulative effect from the exposure leads to tissue deformation and
degradation, then soft tissue micro-trauma occurs (Kumar, 2001). Accumulation of
Ca”" in the skeletal muscle cell during prolonged motor unit activity has been
detrimental effect on the membrane of muscle fibres because of increasing in the
susceptibility of membrane lipids to free radicals, and considered to impair
adenosine triphosphate formation in the mitochondria, which is a prerequisite for

active force production of muscle (Staal, de Bie, and Hendriks, 2007).
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2.4.3 Cinderella hypothesis

The occurrence of work-related neck/shoulder musculoskeletal disorders may be
due to size principle that low threshold motor units composed of type | muscle
fibres are recruited at the start of work and sustained low-level of isometric
contractions for a long period (Hagg, 2000). The Cinderella hypothesis was proposed
by Hagg (1991) that low-threshold motor units (MUs) which are first recruited. Thus
sustained muscle contraction during a long period of static work are the first risk for
selective fibre injuries (Hagg, 2000). Thorn and co-worker (Thorn, Forsman, Zhang et
al., 2002) also supported the Cinderella hypothesis. They found that some low-
threshold motor units of the trapezius were continuously active during 60 min of
static isometric contraction corresponding to approximately 5% MVC (Thorn et al.,
2002).

According to the Cinderella hypothesis, it might be explained that the duration of
exposure to low intensity of static muscle contraction and lack of muscle rest, rather
than the force level alone, would be the critical exposure to work-related

musculoskeletal disorders (Forde et al., 2002).

Although, a static muscle activity of 2-5% MVC is the acceptable limits of
recommended by Westgaard and Winkel (1996), 5% MVC over 1-2 h distinctly
changes in potassium homeostasis and losses of calcium homeostasis (Forde et al.,
2002). According to the ion homeostasis changes during static prolonged muscle
activity, the muscle cell damage may be occurred and a vicious cycle of pain may be
induced as well (Forde et al., 2002; Visser and van Dieé&n, 2006).

Based on this theory, it had been postulated that continuous muscle activity with
low static workloads and lack of muscle rest periods caused metabolic overload of
low threshold motor units (Cinderella units) leading to these motor units damage,
and consequently the occurrence of WMSDs (Forde et al., 2002; Forsman and Thorn,
2007).

2.4.4 Postural induced muscular imbalance

Due to less variability and low levels of upper trapezius activity during VDU work for
prolonged periods, neck an d shoulder musculoskeletal disorders would be
developed, furthermore, these phenomenal resulted in an increase in static posture
(Weersted and Westgaard, 1997; Wahlstrém, 2005). The static posture interrupts

circulation and limits movement. If this circumstance is maintained for prolonged
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periods, muscle imbalances will be developed. It is due to some muscles being

overused and others being underused (Kumar, 2001).

Besides, Forsman and Thorn (Forsman and Thorn, 2007) have proposes pathogenesis

pathway of computer work and MSDs as presented in Figure 2.1.
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Figure 2.1 A framework of pathogenesis pathway of computer work (Forsman and

Thorn, 2007)

2.5 Multi-factorial aetiology of musculoskeletal symptoms in VDU operators

Several literatures have suggested that musculoskeletal symptoms in VDU users are

associated with the use of computer and mouse (Buckle and Devereux, 2002;

SE O
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Devereux, Vlachonikolis, and Buckle, 2002). In addition, the etiology of MSDs is
multidimensional which is associated with physical, individual, and psychosocial
factors (Bongers, ljmker, van den Heuvel et al,, 2006; Buckle and Devereux, 2002;
Devereux et al., 2002; Wahlstrém, 2005) as shown in Figure 2.2.
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Technology Factors Outcomes
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f f .

lsymptom reporting/complaints

health care utilization
disability
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Figure 2.2 A model of musculoskeletal disorders and computer work (Wahlstrom,
2005)

2.5.1 Physical or physical load factors

Physical load factors are defined as factors relating to biomechanical forces
generated in the body. In some literatures, this also has been defined as
“mechanical exposure” or “physical exposure” to indicate that other factors (i.e.
lighting, noise, temperature, work organization, psychosocial factors, etc.) in the work
environment are not considered (Westgaard and Winkel, 1996). The physical
exposures involving in development of neck and shoulder complaint in VDU
consisted of duration of the load exposure (Barbe and Barr, 2006; Blatter and
Bongers, 2002; Buckle and Devereux, 2002; Forde et al., 2002; Winkel and Westgaard,
1992), lack of muscle rest periods (Veiersted and Westgaard, 1993), and repetitive
exposure (Barbe and Barr, 2006; Winkel and Westgaard, 1992) as well as maintenance

of posture over a prolonged period (Forde et al., 2002; Kumar, 2001).
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2.5.2 Psychosocial factors

In general, psychosocial factors relate to non-physical areas of work. Whilst the term
of “psychosocial exposures” is expressed as overall in aspects of job such as
workplace environment, work organization, and technological change, and individual
that contribute to job stress (Sauter and Swanson, 1996). Sauter and Swanson (Sauter
and Swanson, 1996) has been proposed the ecological model in which the
psychosocial risk factor influence the WMSDS. From the model, the psychosocial risk
factors are hypothesized to be factors influence WMSDs development via their effect
on physical factors at work, or as factors interact with physical and individual factors
(Hughes, Babski-Reeves, and Smith-Jackson, 2007).

Many studies have suggested that psychosocial factors as risk factors (i.e. high job
demands, low decision latitude, time pressure, mental stress, job dissatisfaction, high
workload and lack of social support) for WMSDs including in the neck/shoulder
region (Wahlstrom, 2005). In addition, several studies been identified that the
duration of VDU work is a risk factor for musculoskeletal symptoms of the neck and
upper limbs (Jensen, 2003; Jensen et al., 2002; Marcus, Gerr, Monteilh et al., 2002).
Further, a long duration of VDU and computer mouse use have also found
associated with an increased risk for hand/wrist symptoms among computer

operators (Jensen, 2003; Jensen et al., 2002; Marcus et al., 2002).

Previous studies have also suggested that cognitive and emotional loads, adverse
psychosocial conditions and stress indicate an elevated risk of shoulder-neck
complaints independently of the physical load level (Bongers, de Winter, Kompier et
al., 1993; Ekberg, Bjorkqvist, Malm et al., 1994; Faucett and Rempel, 1994; Johnston
et al,, 2008; Westgaard, Jensen, and Hansen, 1993). However, the evidences of MSDs
occurrence in VDU operators related to psychosocial stress remains uncertain. In
addition, the evidence of a causal relationship between psychosocial risk factors is

less commonly seen.

2.5.3 Individual factors

Individual factors related to MSD can be classify into three classes 1) genetic factors
(e.g. intelligence), 2) acquired aspects (e.g. social class, culture, educational
attainment), and 3) dispositional factors (e.g. personality characteristics or attitude

such as job satisfaction). Several studies indicate that work-related musculoskeletal
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disorders are relatively common among VDU operators, and add to the evidence that

some individual factors are related to the occurrence of these disorders.

Female computer users are at higher risk of having MSDs at neck/shoulder region
(Akrouf, Crawford, Al-Shatti et al.,, 2010; Andersen, Mortensen, Hansen et al., 2011;
Bostrom, Dellve, Thomée et al., 2008; Tornqvist, Hagberg, Hagman et al., 2009). In
addition, operators with previous history of neck/shoulder injuries are at higher risk of
neck and upper extremity musculoskeletal disorders (Andersen et al., 2011; Shiri,
Viikari-Juntura, Varonen et al., 2006). Besides VDU operators with some host factors,
e.g. smoking, obesity were found to have higher rate of MSDs (Akrouf et al., 2010;
Shiri et al., 2006). The period of at least two years for working in a current job has
been admitted at reasonable time to develop neck and shoulder symptoms in
workers participating in sedentary work (Westgaard, Jansen, and Jensen, 1996).
Moreover, operators who lack of experience or training are prone to develop MSDs at
neck/shoulder more than that of skilled operators (Shiri et al., 2006).

2.6 Model for work-related musculoskeletal disorders

2.6.1 Exposure-response effect model

This model describes the interaction of four concepts:-exposure, dose, capacity and
response as shown in figure 2.3. Dose refers to the internal forces acting upon the
tissues of the body over time when worker perform any activity. The dose causes a
response in the body such as increased blood circulation, local muscular fatisue and
other various physiological and biomechanical effects. The response of the body
may reduce the body’s capacity over time. If there is insufficient time to recovery, a
further series of response is likely to deteriorate the available capacity. If this
exposure continues until the occurrence of structural tissue damage, the worker may

experience the result in term of pain, swelling or limitation of rage of motion.
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Figure 2.3 A conceptual model for work -related neck and upper limb
musculoskeletal disorders (Armstrong, Buckle, Fine et al., 1993)

2.6.2 A model on the development of musculoskeletal disorders

National research Council (National Research Council, 1999) has proposed a
framework for understanding both pathogenesis and the relationship of
musculoskeletal disorders with work as shown in Figure 2.4. In this framework, risk
factors can be grouped into three different categories (e.g. physical, psychosocial,
and personal). This framework contains these factors and shows the possible
pathway on how they are inter-related with one another, and have influence on the
physiological mechanisms that underlie the development of work-related
musculoskeletal disorders.



18

WORK-RELATED "FJEST‘»gggK-RELATED
FACTORS Physiological Pathways
Load
Work,
Procedures, v
Equipment and Response
Environment
Fy
1 Individual Physical
l and Psychological
Organizational Y -— Factors and Non-
Factors, 8.0, | | SYmptoms |«  Adaption Work-Related
Deadlines Activities
] Impairment
Social Context L
e.g. —»
Atmosphere Disability
Participation
problem

Figure 2.4 A framework on the development of musculoskeletal disorders (National
Research Council, 1999)

2.7 Ergonomic intervention strategy for occupational musculoskeletal load

In term of “mechanical exposure” at the workplace, the quantity of external
exposure and internal exposures is related to musculoskeletal health (Westgaard and
Winkel, 1996). External exposure is exposure factors generating biomechanical force
in the body as working situation, the actual working method, and posture,
movements and exerted forces, which are characterized by work demands (van der
Beek and Frings-Dresen, 1998; Westgaard and Winkel, 1996). Internal exposure is
considered as biomechanical forces within the body (van der Beek and Frings-Dresen,
1998; Westgaard and Winkel, 1996). Therefore, external and internal exposure
measurements are used to evaluate biomechanical work load of individual for design

guidelines on optimized work method.

Westgaard and Winkel (Westgaard and Winkel, 1996) proposed the strategies for

occupational musculoskeletal load that it should be reduced mechanical exposure
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at all three dimensions including 1) exposure level, 2) temporal pattern of exposure
delivery (repetitiveness), and 3) exposure duration in order to get the successful

interventions corresponding to musculoskeletal health.

Exposure level is referred to intensity of physical load which is usually estimated by
electromyography (van der Beek and Frings-Dresen, 1998). Repetitiveness is variability
in mechanical exposure over time such as the working day or week (Westgaard and
Winkel, 1996). Moreover, Westgaard and Winkel (Westgaard and Winkel, 1996)
emphasized that the guidelines for mechanical exposure should have a final aim to

increase productivity, reduce fatisue, and improve musculoskeletal health.

2.8 Ergonomic methods for assessing exposure to risk factors for work-related

musculoskeletal disorders

The methods have been classified into three categories: self-reports from workers;

observational methods; and direct measurements (David, 2005).

2.8.1 Self-reports

Physical and psychosocial risk factors can be collected by using data form the
workers’ self-reports regarding their exposure at the workplace. Self-reports method
was used in many forms such as workers diaries, interviews and questionnaires.
Recently, the self evaluation of video film of work task and the web-based
questionnaires were also included in this method (Dane, Feuerstein, Huang et al,,
2002; Kadefors and Forsman, 2000).

Body map and a rating scale or questionnaire is generally tool for assessing work-
related body-part discomfort. The rating scales used in experimental research
(Cameron, 1996) include “The Numeric Pain Scale” (NPS), “The Visual Analog Scale”
(VAS), and “The CR-10 scale” (Borg, 1982). The selection of scale should be
considered on a precision of measurement and ease of use. This present study chose
the CR-10 scale which derived from psychophysics as a tool for measurement
discomfort because it provides more precise than the others, however, it tend to be
hard to use (Cameron, 1996).

The most commonly used self-reports questionnaire for WMSDs is the Nordic
Musculoskeletal Questionnaire (NMQ). This NMQ is useful tool as a screening tool for

MSDs of workers in different occupations (Kuorinka, Jonsson, Kilbom et al., 1987).
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Further, the questionnaire to assess the psychosocial risk factors at the workplace by
Karasek was commonly used (Karasek and Theorell, 1990; Karasek, 1979). Both NMQ
and Karasek’s questionnaires are widely use and acceptable as valid tools for

assessing risk factors for MSDs and psychosocial risk factors at work.

Self- reports have the advantages of being straightforward to use, suitable for many
types of workplaces and working situations, and also appropriate for a large survey.
However, large number of sample size is normally required in order to gather the
representative data of each group.

However, the main disadvantages of this method are that the perceptions of worker
regarding their exposure were usually found to be imprecise and unreliable. Further,
the workers may face to the difficulty of self-reports methods due to the level of
worker literacy, comprehension and interpretation of questions (Spielholz, Silverstein,
Morgan et al., 2001).

2.8.2 Observation

A variety of observation methods have been implemented to assess occupational
risk factors for WMDS at the workplace. It could be divided this method into two

subcategories as simple and advanced observational method.

2.8.2.1 Simple observational method

Simple observational methods have been developed for systematically recording
worker’s exposure via their working posture and assessed by the observer. The
commonly used simple observational methods are including: Ovako Working Posture
Analysis System (OWAS) use to assess quality and quantity of working posture (Karhu,
Kansi, and Kuorinka, 1977). Rapid Upper Limb Assessment (RULA) is designed to
assess the severity of postural loading especially for the sedentary work (McAtamney
and Corlett, 1993). Rapid Entire Body Assessment (REBA) is a postural assessing
method for estimating the risks of work-related disorders for entire body (Hignett and
McAtamney, 2000). The advantages of these methods are inexpensive and practical
for use in a wide range of occupations. However, these methods may challenge with

intra and inter-observer reliability (van der Beek and Frings-Dresen, 1998).
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2.8.2.2 Advanced observational method

Video-based observational method has been used to assess the postural variation,
especial for dynamic activities (Chaikumarn, 2001; Forsman, Hansson, Medbo et al.,
2002; Kilbom, Horst, Kemfert et al., 1986). Each method record data on videotape or
computer, and then analyze data using specific software by a highly trained staff.
These methods have been used to quantify the exposure of the workers in term of
time spent in each posture, the pattern of the movement and posture variation
(Chaikumarn, 2001; Forsman et al., 2002; Kilbom et al., 1986). Further, these methods
may include the use of biomechanical model to calculate the moment and force of
the body segment (Chaffin, Stump, Nussbaum et al., 1999). However, these methods
is time consuming and costly, since they require intensive technical support and

skilled staff for analysis of data.

Photographs can be used to quantify exposure via joint position and it has been
proposed since 1964 (Miller, 1985). The photographs methods have been use to
record posture by attaching markers to specific bony landmarks to represent body
segment (Kumar, 1974). Many studies have been used photographs technique to
study the posture change during computer (Gerr et al., 2004; McLean, 2005; Yoo and
An, 2009). Further, this method has advantages since it is simple, noninvasive, and
less expressive than video-based observational method. However, the validity and
reliability of photographic method depend on the specific procedure and type of
analysis (Vieira and Kumar, 2004).

2.8.3 Direct measurement

A wide range of direct measurement methods has been developed to assess the
exposure variables. These methods range from simple to sophisticated tools to
assess joint motion, muscular activity, force, and pressure. An example of the
methods is a lumbar motion monitor (LMM). LMN is a tri-axial electrogoniometer
which use to assess the back posture and motion (Marras, Fathallah, Miller et al.,
1992). Inclinometer is a tri-axial accelerometer that record movement of head, upper
limbs, and back (Bernmark and Wiktorin, 2002; Hansson, G. A., Asterland, Holmer et
al., 2001). EMG is used to record myoelectrical activity from the existing muscles in
order to estimate the variation of muscular activity (Straker, Burgess-Limerick, Pollock
et al., 2009; Szeto, Straker, and O'Sullivan, 2005a, 2005b). Force measurement tool is

used to determined force exposure of body parts such as fingers (Johnson, Hagberg,
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Hjelm et al., 2000). A CyberGlove is a glove which can measure wrist, hand and finger

motion with superimposed grip pressure (Frievalds, Kong, You et al., 2000).

The disadvantages of direct measurement methods are that they required consider
investment to purchase the equipment, as well as recourse need to cover the
maintenance (David, 2005). Further, these methods are rarely been used in industries

since they intervene the worker mobility (Buchholz, Paquet, Punnett et al., 1996).

2.9 Measurement of neck and shoulder posture

Craniovertebral angle (CV angle) is the angle between the horizontal line through the
spinous process of C7 and the line through the targus of the ear (Watson and Trott,
1993). It represents the measurement of lower cervical spine and upper cervical
spine (Yip, Chiu, and Poon, 2008). The ideal of head and neck posture is considered
that the plumb line passes through the external auditory meatus and passes
anteriorly through the shoulder joint (Haughie, Fiebert, and Roach, 1995). The CV
angle is related to the centre of monitor height. The centre of monitor height of 0°, -
17.5°, and -35° below eye height is related to CV angle at 36°, 38°, and 42°,

respectively (Sommerich, Joines, and Psihogios, 1998).

An appropriate posture is considered as a state of musculoskeletal balance with less
stress and strain on the body. Regarding to VDU operators, the remaining of sitting
posture for prolong period is mainly characteristic in VDU task. The static sitting
posture can produce the increasing of forward neck flexion (Liao and Drury, 2000;
Szeto, Straker, and Raine, 2002). There are many physical problems caused by
forward head posture such as an increase of upper cervical curvature (C1-C4), a
decrease of lower cervical curvature, and protraction, elevation and downward
rotation of the scapulae (Harrison, Harrison, Croft et al., 1999). In addition, increased
forward head posture during VDU work causes an increasing of muscular activity in
the neck-shoulder musculature in order to hold the head and neck this position

(Szeto et al,, 2002) which may result in muscle fatigue and muscle imbalance.

2.10 Assessment of muscular load with electromyography

Muscle activity in quantitative terms performed during occupational activities is
widely obtained by electromyography (EMG). Motor unit action potentials occurring

during muscle activity can be recorded by either from inside the muscle using fine



23

wire or needle electrodes or from the skin using surface electrodes (Finsterer, 2001).
Regarding exposure dimensions (exposure level, duration, and frequency), EMG
recording is the practical method for directly evaluation of muscle activity during
occupational work (van der Beek and Frings-Dresen, 1998). EMG activity also provided
an indirect method of muscle fatigue evaluation (Cifrek, Medved, Tonkovic et al,,
2009; Vollestad, 1997). In addition, surface electromyography is a non-invasive
method which broadly used to measure the biomechanical exposure of the neck

and shoulder region (Mathiassen, Winkel, and Hagg, 1995).

The EMG data procession application considering to muscle force and muscle fatigue
dimensions are amplitude and spectral parameters. Amplitude analysis is related to
muscle force and muscle activity, while spectral frequency is used as an indicator of
localized of muscle fatigue. Therefore, this study deals with SEMG to measure the

combination of these two variables classes.

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

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

motor units (Hagg, Melin, and Kadefors, 2005).

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

Further, a negative slope coefficient with a downward trend presented by the
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method of a linear regression analysis was assumed as an occurring of a fatigue
process (Maclsaac, Parker, and Scott, 2001; Potvin and Bent, 1997).

2.11 Electromyography as a measure of muscular activity

Blatter and Bongers (Blatter and Bongers, 2002) reported that neck and upper limb
disorders among female office workers associated with the computer work duration
more than 4 hrs./day. The EMG activity showed significantly increased during
computer work for 30 min (Strgm et al., 2009). Besides, the Upper trapezius muscular
activity in computer work presented a lesser variation compared to that of a paper
work because of less variation of neck and trunk posture (Waersted and Westgaard,
1997).

2.12 Rest breaks

Pauses during computer work were defined as rest breaks, rest, and breaks. Whilst
the operators were not required to stay still, however they should not perform any

vigorous exercise (Barredo and Mahon, 2007).

2.12.1 Evidence of rest break in VDU operators

Rest breaks or pauses during computer work sessions are classified into active and
passive pause. The active pauses involve that any VDU operator require to perform a
specific movement such as isometric shoulder elevation while passive pauses mean
sitting in relax manner and also removing their hand from the computer to lap
(Crenshaw et al., 2006; Samani, Holtermann, Sogaard et al., 2009a; Samani et al.,
2009b).

The effects of rest breaks aimed to address a work-rest schedule on VDU operators

had been study in field work and laboratory work.

In field work study, there were several studies (Galinsky, et al., 2007; Galinsky, et al.,
2000; Henning et al., 1997) determining rest-break schedules with any breaks were
lasting for 7 s, 30 s, 3 min, or 5 min every work at 15 min, 35 min, or 60 min
throughout the work shift, and another one trial (Waersted and Westgaard, 1997)
provided a 10-min break at halfway of the work shift. Galinsky (Galinsky et al., 2000)
and Galinsky (Galinsky et al., 2007) provided supplementary breaks for 5 min of each
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hour work from conventional mid-morning and mid-afternoon rest breaks. Short rest
breaks lasting either 30 s or 3 min at 15 min interval in VDU conducted in VDU
operator at different works sites indicated that workers at a smaller work site had a
beneficial effect on productivity and musculoskeletal symptoms, but no

improvement at a larger work site (Henning et al., 1997).

Galinsky and colleagues (Galinsky et al., 2007; Galinsky et al., 2000) found significantly
lower muscular discomfort in favor of breaks (supplementary breaks comparing to
conventional breaks). They (Galinsky et al., 2000) found significantly improved in
productivity of supplementary breaks (Galinsky et al., 2000) while the other one
(Galinsky et al., 2007) found no different of work/rest schedule.

In two laboratory studies (McLean, Tingley, Scott et al., 2000; McLean et al., 2001)
work/rest schedules were examined at 20 min, 40 min intervals, or any time
whenever participants felt need for short breaks at 30 s during 3 hours of computer
work session. McLean and colleagues (McLean et al., 2001) found positive effects to
take rest breaks on reducing musculoskeletal discomfort, especially at 20 min/30 s of
work-rest schedule comparing to other groups that taking a break at every 40 min

and taking their own discretion breaks during a session of 3-hour computer work.

2.12.2 The documents focus on effects of activity during breaks

There was a large variation of types of physical activity during breaks. Crenshaw and
colleagues investigated in the effects of active (performing dynamic wrist extension
exercise against resistant) versus passive (relaxing while seated with hand in lap)
pauses after each 20-min computer mouse work on muscle oxygenation and EMG of
the forearm extensor carpi radialis muscle (Crenshaw et al., 2006). There was a
tendency that haemoglobin during 1-hr computer mouse work (painting rectangles)
was greater for the active pause than the passive pause (p<0.01). EMG amplitude and
median frequency tended to decrease (p=0.08 and 0.05, respectively) during the
mouse work but was not different between pause types. Borg ratings of forearm
fatigue showed an overall increase during the activity (p<0.001). Active pauses by
performing isometric shoulder elevation during computer work contributed more
variability of upper trapezius activity in RMS from before to after a pause (p < 0.05)
(Samani et al., 2009b).

Henning and colleagues (Henning et al., 1997) examined the effects of physical

activity during breaks in healthy VDU operators. The study found no significant
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difference of muscular discomfort among no break, passive break by sitting with
relax, and active break by performing some stretching in the large work site. The
report showed an opposite result at the smaller work site that there had been
significantly improved in comfort across leg and foot in a rest-break intervention
group with stretching comparing to a control group with neither breaks nor exercises.
Galinsky and colleagues (Galinsky et al., 2007) presented no significant differences of
stretching during breaks on discomfort, while the study of Lacaze and colleagues
(Lacaze, Sacco Ide, Rocha et al., 2010) reported that active breaks with stretching and
joint mobilization were significantly more improvement on muscular discomfort than
passive breaks. However, there is no consensus about an appropriate technique

during a rest break VDU operators.

2.13 Operational definition

VDUs

VDUs (visual display units) and also call as VDTs (visual display terminals) are
standard equipment for VDU users composing of computers and computer
workstations (Gerr et al., 2006).

VDU work

The term of VDU work is the occupational computer use of keyboard and input
devices (mouse and keyboard use), reading, and checking the results on the
computer screen over a certain time period (IJmker et al., 2006; Korhonen, Ketola,
Toivonen et al., 2003).

VDU operator/ VDU users/ computer worker

VDU operators, VDU users, or computer workers are any workers who usually use
display screen equipment as a significant part of their normal work (Rauterberg and
Krueger, 2001).
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Office worker

Office workers mean any workers who perform main tasks as computer work,
participation in meetings, reading some document, giving presentations, and phoning
(Umker et al., 2006).

Neck/shoulder symptoms (complaints)

A neck/shoulder symptom (complaints) is defined as musculoskeletal symptoms of
either neck or shoulder in separately or combined both which are not resulted from
acute trauma, neoplasm, and systematic disease (Huisstede, Miedema, Verhagen et
al., 2007). However, it can be either work related or not work related (Health Council
of the Netherlands, 2000). Thus, work-related neck and shoulder pain can be

classified into specific and non-specific conditions.

Non-specific neck and shoulder pain

Non-specific neck and shoulder pain is defined by the location of symptoms and it
can not clearly justify or diagnosed pathology (Health Council of the Netherlands,
2000; Huisstede et al., 2007; Verhagen, Karels, Bierma-Zeinstra et al., 2007).

In term of work-related in non-specific neck and shoulder pain, pain is not caused by
an injury occurring outside of work hours or acute trauma (Blatter and Bongers, 2002;
Boocock, Collier, McNair et al., 2009; Huisstede et al., 2007; Sluiter, Rest, and Frings-
Dresen, 2001). The individual reports pain without radiation and pain gradually
increase during work. Pain is getting worst at the end of working day. Sings of non-
specific neck and shoulder pain are included tenderness at the areas of neck and
shoulder, decrease in active range of motion of neck, and no neurological deficits
(Hagberg, 1996). The significant discomfort is greater than 3 in 10 assessed by visual

analog scale (Tsauo, Jang, Du et al., 2007)



CHAPTER IlI
METHODOLOGY

3.1 Research framework

This research was divided into 4 studies as shown in Figure 3.1.

Study | :The effects of rest

break: Systematic review
I

Study Il : Repeatability of
EMG in symptomatic VDU
operators
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Figure 3.1 The Research framework of the present study.



3.2 Sampling procedure

The sampling procedure and the number of participants in the four studies are

presented in Figure 3.2.

Sample |

Male and female VDU operators
from multiple occupations aged 18
years and over were included in
the study.

The literature was conducted from
1980 to March 2012.

Sample |l

Female VDU operators age
between 18-40 years who
reported discomfort work-related
musculoskeletal disorder in the
area of neck and/or shoulder

region.

\ 4

Study |

Systematic review
(n=550)

Figure 3.2 The sampling procedure and the number of participants of the study.
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3.3 Summary of key methodology

30

Summary of key methodological feature of the 4 studies is showed in Table 3.1.

Table 3.1 Key methodological feature of the 4 studies presented in this thesis

Study Study | Study Il Study I Study IV
feature
Study design | Systematic Test-retest RCT RCT
review reliability
Participants | Male and Female VDU operators with work-related
female VDU neck/shoulder symptoms
operators
Intervention | Rest-break - Rest-break intervention in

intervention in

laboratory and

laboratory

field work
studies
Method Methodological | EMG analysis | EMG analysis, Video-based
assessment, Self-report, observational
method
Level of Productivity
evidence measurement
assessment
Key Available Peak- RMS, Neck and
outcomes evidence of amplitude, MF shoulder
rest-break ostures
) ) MF Discomfort, P
intervention,
Word count

Strength of

evidence
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3.4 Methods

3.4.1 Methodological assessment

For this systematic review in study I, this present research used the study-quality
assessment using criteria adapted from Downs and Black (Downs and Black, 1998) in
which contained 13 items for quality assessment. Grading criteria based on answer
format and each item was given 1 point for “yes”, and 0 for “no” or “don’t know”.
The maximum score of overall methodological quality rating is 13. The descriptive
reporting data are represented in items 1 — 7. The criteria lists for internal validity
evaluation are represented in items 1 — 11. One of the two remaining items is

statistical reporting score and the other is external validity criteria.

3.4.2 Musculoskeletal disorders

In study Il, lll, and 1V, the screening questionnaire was used to screen the quality of
subjects such as general characteristics, work profiles and discomfort. The
questionnaire presented in Appendix D. In study I, Ill, and IV, the Modified Nordic
questionnaire was used to assess WMSDs of the neck, shoulder, arm, and back

(Appendix E).

In study lll, the Borg CR-10 scale was used to measure muscular discomfort on neck,
shoulder, and upper extremities where 0 represents no discomfort and 10
representing the worst discomfort (Appendix F). This present study chooses the CR-
10 scale which derived from psychophysics as a tool for measurement discomfort
because it provides more precise than other scales (Cameron, 1996). Definitions of
‘discomfort’ involving the assessment of work-related musculoskeletal disorders
seems often described as uncomfortable sensations (e.g., pain, fatigue, muscle

cramping) resulting from the experimental task (Cameron, 1996).

3.4.3 Direct measurement of physical workload

For recording of muscular load (study Il and IlI) of the right side of upper trapezius,
lower trapezius, anterior deltoid, and cervical erector spinae, this research used
surface EMG which recorded by silver/silver chloride surface electrodes with a

contact diameter of 6 mm (Blue Sensor P-00-S, Medicotest A/S, Denmark).
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Maximal voluntary isometric contraction (MVIC) method was used to normalized EMG

in study Il and lIl.

3.4.4 Video-based observational method

3D motion measurement and analysis used in study IV. The commercial software
(Kin Tools RT, Motion Analysis, Santa Rosa, CA) was used to quantify the postural

variation of neck and shoulder.

3.4.5 Productivity

In study lll, word count per minute of typing task was measured as productivity.



CHAPTER IV
STUDY I: THE EFFECTS OF REST BREAK ON MUSCULOSKELETAL
DISCOMFORT, PRODUCTIVITY, AND EMG ACTIVITY IN VDU OPERATORS:
A SYSTEMATIC REVIEW

4.1 Introduction

The etiology of MSDs is multidimensional which is associated with individual, physical
and psychosocial factors. Based on both experimental and epidemiologic
investigations, the physical job characteristics are often cited as major risk factors for
MSDs (Punnett and Wegman, 2004). These risk factors are included repetitive motion
patterns; insufficient recovery time; awkward postures; static postures lead to
continuous low level muscle activity and discomfort (Liao and Drury, 2000; Seghers
et al,, 2003). Characteristics of computer work tasks involve a prolonged viewing of
visual display terminals (VDTs) and repetitive motions of the upper extremities while
maintaining static postures requiring static muscle contractions in the neck,
shoulders, upper back and upper limbs (European Agency for Safety and Health at
Work, 1999). Thus, working with computer and mouse use could be developed to
musculoskeletal disorders as it produces several risk factors for musculoskeletal
disorders (Kumar, 2001).

Although several ergonomic interventions such as workstation design, correcting work
posture can help to reduce the prevalence rate of musculoskeletal disorders in
computer users, the problems are persisted. Furthermore, Westgaard and Winkel
(1996) suggested the guideline for the reduction of occupational musculoskeletal
load through the reduction of the exposure variables (Winkel and Westgaard, 1996).
These three conceptual variables are: 1) exposure level, 2) temporal pattern of
exposure delivery (repetitiveness) and 3) exposure duration. However, if the
exposure level is high and the work situation does not allow a reduction in exposure

level below a safe limit, gsuidelines are given on requiring rest pauses.

Therefore, rest breaks have been proposed as a means of reducing static loads on
the musculoskeletal system as well as repetitive strain injuries associated with

prolonged computer work (Carter and Banister, 1994; Hagberg and Sundelin, 1986;
Hales et al., 1994; Salvendy and Sauter, 1987; Sundelin and Hagberg, 1989; Winkel
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and Westgaard, 1996). Furthermore, frequently have rest breaks during work is
considered a practical recommendation because it is not costly for the workplace
(Fisher et al., 1993).

Pauses during computer work were defined as rest breaks, rest, and breaks. Whilst
the operators were not required to stay still, however they should not perform any
vigorous exercise (Barredo and Mahon, 2007). Further, active short rest breaks which
particularly including stretching, hand writing tasks, talking with co-workers, and
strengthening desk, provide more advantage than passive rest breaks (sit back in a
chair) (Henning et al., 1997).

Although, there are many recommendations concerning work-rest schedule and
activities assigned during rest breaks, but those recommendations are based on
literatures which some of them use subjective assessment as a tool to explain the
benefit of exercises on muscular discomfort (Fenety et al., 2000; Saltzman, 1998;
Sauter et al., 1990). In addition, large variations in types of activities such as stretching
(Fenety et al., 2000; Galinsky et al., 2007; Henning et al., 1997; Saltzman, 1998; Sauter
et al,, 1990), sub-maximal contraction (Crenshaw et al., 2006), dynamic movement
(Sundelin and Hagberg, 1989), and eccentric contraction (Samani et al., 2009b) have
been implemented. However, there is still no consensus on type of activities during

rest breaks intervention given as a preventive measure for MSDs in computer users.

Therefore, the purpose of this systematic review were (i) to evaluate the available
evidence of rest-break intervention on EMG activity, musculoskeletal discomfort, and
productivity in VDU users, (i) to investigate the effectiveness of rest-break
intervention to induce improvement on musculoskeletal disorders, productivity and
muscle activity, (iii) to assess the strength of the evidence regarding the available

rest-break interventions.
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4.2 Methods

4.2.1 Selection criteria

4.2.1.1 Types of studies

Randomized controlled trials (RCTs) and non-randomized controlled trials published

in peer-reviewed journals were recruited in this systematic review.

4.2.1.2 Types of participants

The populations of interest in this review were VDU operators, any workers who
usually use display screen equipment as a significant part of their normal work, from
multiple occupations (Rauterberg and Krueger, 2001). Both male and female aged 18
years and over were included. Subjects suffered from neurological diseases, acute

trauma, or inflammatory diseases were excluded.

4.2.1.3 Types of interventions

The populations of interest in this review were VDU operators, any workers who
usually use display screen equipment as a significant part of their normal work, from
multiple occupations (Rauterberg and Krueger, 2001). Both male and female aged 18
years and over were included. Subjects suffered from neurological diseases, acute

trauma, or inflammatory diseases were excluded.

Among guidelines for rest periods in VDU workers, Japanese International Center f or
Occupational Safety and Health (JICOSH) recommended VDU operations should take
one or two short breaks within one continuous VDU work, and 10-15 min break
periods should be added after 1 hr of upper limit of continuous operation time

(Japan International Center for Occupational Safefy and Health).

Exercise breaks are often considered exercises which are not any vigorous exercise in
a pause period of computer work in ten minutes or less. Therefore, exercise break is
included a rest-break intervention such as stretching exercise, work-station exercise,
dynamic contraction, and strengthening desk and non-exercise break such as, sitting

back in chair, talking with co-workers, and changing to the other work.
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4.2.1.4 Types of outcomes measurement

The following outcomes involved in this study were

(i) Musculoskeletal symptoms: pain, perceive discomfort (e.¢. visual analogue
scale (VAS), Borg category ratio 10 (Borg CR 10), pressure pain threshold)

(i) Productivity (e.g. number of tasks, number of words)

(i) EMG activity (e.g. Root mean square (RMS), median frequency)

4.2.2 Search strategy for identification of studies

The following lists of computerized databases: PubMed, CINAHL Plus with full text,
The Cochrane Library, Science Direct, PEDro, ProQuest, PsycNet, and Scopus were
conducted from 1980 to March 2012. The literature searches were limited reviews to
articles published in English with a full report. We excluded any literature presented
in books, abstracts, letters, conference proceedings, and posters. The following key
terms used in the searches were VDU, VDT, computer users, office workers,
musculoskeletal disorders, rest, breaks, pauses, exercise, stretching, posture,
muscular discomfort, productivity, EMG activity, and ereonomic intervention. Boolean
technique was used in this literature search. The references of relevant articles were

sifted by the reviewers in search strategy as well.

4.2.3 Methods of the review

4.2.3.1 Study selection

There were two primary reviewers (NN and MC) independently selected each article
based on title and abstract. The two reviewers also looked through title and abstract
of each article for the first pass to clearly identity that they all met the selection
criteria as types of studies, participations, and interventions. The relevance articles
met the eligible criteria were retrieved in a full text paper and passed to final
analysis of quality of design and data analysis by recording information of each study
on a data extraction form. The reviewers made a discussion to gain consensus for a

final selection if there was doubt or disagreement in some of articles.
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4.2.3.2 Methodological quality assessment

Both reviewers (NN, MC) independently insight evaluated the studies in the
parameters concerning participants, interventions, outcome measurements, and
results and recorded those information on a standardized form. In case of the two
reviewers had disagreement on assessing quality, it was crucial to resolve by

consensus from a third reviewer (PJ).

4.2.3.3 Rating scales

For this systematic review, we used the study-quality assessment using criteria
adapted from Downs and Black (Downs and Black, 1998) in which contained 13 items
for quality assessment (Table 4.1 A-B). Grading criteria based on answer format and
each item was given 1 point for “yes”, and 0 for “no” or “don’t know”. The
maximum score of overall methodological quality rating is 13. The descriptive
reporting data are represented in items 1 - 7. The criteria lists for internal validity
evaluation are represented in items 1 — 11. One of the two remaining items is

statistical reporting score and the other is external validity criteria.

A summary quality score was judged as “a high-quality study” at 50% cut-off point
on total score, otherwise, the trial was defined as “a low-quality study”. A
methodological quality score concerns issues of internal validity, external validity,
and statistical criteria. Therefore, the summing scores for individual items present as

a quality score ranging in possible score of 0 to 13.



Table 4.1 (A) The checklist for measuring study quality (modified from Downs and

Black) (Downs and Black, 1998).
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ltem

Question

Internal validity score

Possible response

Were inclusion and exclusion criteria of the

subjects clearly described?

Yes/No/Don’t know

Were the interventions of interest clearly described
and were there adherence to the intervention

assignment?

Yes/No/Don’t know

Were the distributions of principal confounders in
each group of subjects to be compared clearly
described and provided appropriate methods for

controlling confounding variables?

Yes/No/Don’t know

Were the main outcome measures used of the
study clearly described and demonstrated valid

and reliable for measuring the outcomes?

Yes/No/Don’t know

Was an attempt made to blind the outcomes

assessor of the intervention status of the subjects?

Yes/No/Don’t know

Were the statistical tests used to assess the main

outcomes appropriate?

Yes/No/Don’t know

Were the subjects in different intervention groups
(trials and cohort studies) or were the cases and
controls (case-control studies) recruited from the

same population?

Yes/No/Don’t know

Were study subjects in different intervention groups
(trial and cohort studies) or were the cases and
controls (case-control studies) recruited over the

same period of time?

Yes/No/Don’t know

Were study subjects randomized to intervention

groups?

Yes/No/Don’t know




Table 4.1 (B) The checklist for measuring study quality (modified from Downs and
Black) (Downs and Black, 1998).
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ltem | Question Possible response

Internal validity score

10 | Was the randomized intervention assignment Yes/No/Don’t know
concealed from both subjects and staff until
recruitment was complete and irrevocable?

11 | Were dropout subjects taken into account? Yes/No/Don’t know
Statistical reporting score

12 | Did the study provide estimate of the random Yes/No/Don’t know
variability in the data for the main outcomes?
External validity

13 | Were the subjects asked to participate in the study | Yes/No/Don’t know

representative of the entire population from which

they were recruited?

4.2.3.4 Data extraction

The reviewers (NN and CM) independently extracted and evaluated key data in the

following categories: characteristics of participants, specific interventions, outcomes,

and results. The Level of study design was evaluated by using The American
Academy of Cerebral Palsy and Developmental Medicine (AACPDM) (Table 4.2 A-B)
(O’Donnell, Darrah, Adams et al., 2004).
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Table 4.2 (A) Levels of research design (O’Donnell et al., 2004)

Level

Non-empirical

Group Research

Outcomes Research

Systematic review of
randomized control
trials (RCT)

Large RCT (with narrow
confidence interval)
(N>100)

Systematic review of

cohort studies

Smaller RCTs (with
wider confidence
intervals) (N<100)

Outcomes research
(very large ecologic

studies)

Systematic review of

case-control studies

Cohort study with

concurrent control

group

Cohort study without
concurrent control
group (e.g. with
historical control group)

Case series

Case-control study
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Table 4.2 (B) Levels of research design (O’Donnell et al., 2004)

Level | Non-empirical Group Research Outcomes Research

\% Expert opinion

Expert opinion based on
theory or physiologic
research

Case study or report
Bench research

Common

sense/anecdotes

4.2.3.5 Data analysis

If the studies provided sufficient data for taking statistical pooling of the results, a
meta-analysis should be used to provide an overall treatment effect estimate, with a
95% confidence interval for each comparison, as a quantitative analysis. If the
included studied were considered heterogeneous, it was no empirical evidence exists
to perform a quantitative analysis, therefore, a qualitative analysis should be applied
by attributing various levels of evidence to the effectiveness of interventions,
participants, outcomes and methodological quality (van Tulder, Furlan, Bombardier
et al,, 2003).

The effectiveness of rest-break interventions was declared in two dimensions based
on activity during breaks and work/rest schedules regarding to outcomes of

measurement of musculoskeletal symptoms, productivity, and EMG activity.

Based on activity during breaks, rest-break intervention could be grouped into

exercise breaks, and non-exercise breaks. Considering with work/rest schedules, rest-
break intervention could be classified as frequent, supplementary and conventional
breaks. In order to examine the effectiveness of rest-break interventions, any finding

were classified as positive in condition that followed:

(i) exercise breaks showed statistically more improvement at least one key

outcome than a control group (either of non-exercise breaks or no break).

(i) non-exercise breaks showed statistically more improvement at least one key

outcome than no break.
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(iii) frequent breaks statistically more improvement at least one key outcome

than a control group (either of conventional break or no break).

(iv) Supplementary break showed statistically more improvement at least one

key outcome than either of convention break or no break.

A negative rating was indicated in condition that the rest-break interventions
provided at least one key outcome statistically less benefit than a control group. If
any finding did not present statistical differences between rest-break interventions

and a control group in any key outcomes, it defined as neutral.

The rating system consists of five levels (van Tulder, Esmail, Bombardier et al., 2000)
of scientific evidence regarding the methodology quality and outcome of the studies

as follow:

(i) Strong evidence: provided by generally consistent findings (similar findings in

> 75% of the studies) in multiple (two or more) high-quality RCTs,

(i) Moderate evidence: provided by generally consistent findings in one high-

quality RCT and multiple low-quality RCTs
(iii) Limited evidence: one low-quality RCT
(iv) Conflicting evidence: inconsistent findings in multiple RCTs

(v) No evidence: no RCTs available

4.2.3.6 Subgroup analysis

Based on important characteristics of VDU operators, this study planned to evaluate

the effectiveness of rest breaks in subgroups as healthy VDU operators and WRUEDs.
The evaluation within subgroups was included work/rest schedule and activity during
breaks.

4.2.3.7 Sensitivity analysis

A sensitivity analysis was conducted looking at different cut-off point for
methodological quality. A higher quality was defined as 60% or more of total score
was also performed.

Based on a summary quality score, only high-quality studies were conducted in a

sensitivity analysis. A cut-off point at 50% of scores or more was defined as a high-
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quality study (van Tulder et al.,, 2003). The low-quality studies being less than 50%
were excluded.

4.3 Results

4.3.1 Results of the search

Searching results using Boolean technique to link the keywords presented a total of
2,753 articles to be reviewed. These articles were retrieved from PubMed, CINAHL
Plus with full text, the Cochrane Library, Science Direct, PEDro, ProQuest, PsycNet,
and Scopus database at 248, 169, 137, 1,984, 1, 94, 0, and 120, respectively. Based
on title and abstract, 22 articles were identified to review. Reasons for exclusion were
1) study population did not address occupation, 2) the intervention did not involve
in rest-break protocol, and 3) the study did not get an appropriate outcome
measurement. There were 5 of 22 articles concerned the duplicate study, so 17 full-

text articles were independently evaluated by the two reviewers.

4.3.1.1 Included studies

Based on the inclusion and exclusion criteria during more declare in the detail of 17
studies, there were 7 remained eligible for final selection to quality assessment. The
reasons for exclusion were that the rest-break interventions taken in undergraduate

students, graduate students, or healthy people whom unidentified occupation. A

flow diagram of study selection was presented in Figure 4.1.
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PubMed CINAHL Plus with Science Direct Scopus
(n=248) full text (n=169) (n=1,984) (n=120)

e

Cochrane Library PEDro |4 ProQuest PsycNet
(n=137) (n=1) (n=94) (n=0)

2,753 potentially relevant citations

2,731 articles excluded after

title and abstract screening

A 4

22 full-text articles retrieved for detailed review

5 articles was duplicated

A 4

17 full-text articles included for review

10 articles excluded because
they studies in students or

they did not report
participant’s occupation

A 4

7 eligible studies included in systematic review

Figure 4.1 Flow diagram of study selection
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4.3.2 Quality assessment

The level of evidence coded by the recommmendation of AACPDM methodology
ranged from | to IV which 1 study (van den Heuvel, S. G., de Looze, Hildebrandt et
al., 2003) was RCT contributed Level | evidence, 2 studies (Galinsky, T., Swanson,
Sauter et al., 2007; Henning et al., 1997) were RCT with small participants contributed
Level Il evidence, 2 studies (Lacaze et al.,, 2010; McLean et al., 2001) were control
clinical trial contributed Level Ill evidence, and 2 studies were case series study
(Galinsky et al, 2000; McLean et al., 2000) contributed Level IV evidence.

Table 4.3 detailed the methodological assessment using evaluative criteria. The
methodological-quality scores in a total of 7 trials ranged from 5 to 11 scores, with a
mean of 7.3. The five trials (Galinsky et al., 2007; Galinsky et al., 2000; Malean et al,,
2001; Sillanpéa et al., 2003) were considered as high-quality studies with a mean of
8.2, and the other two trials (Henning et al., 1997; Lacaze et al., 2010) were low-
quality studies with a mean of 5. The number of “don’t know” scores was reflection

of the fact that these studies were generally not adequately described.
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4.3.3 Study characteristics

4.3.3.1 Participants

The systematic review recruited 550 participants age between 18-60 years in a total
of all eligible articles. All of them were identified as VDU operators from various
offices such as insurance company, call-center of the airline company, offices of the
Workplace Health, and Government Offices. Three of seven trials did not present
health status of the 185 participants at baseline data, however, 95 participants from
3 trials were free from musculoskeletal disorders, and 268 participants from 1 trial

had complaints in the neck or/and upper limb considered as work-related.

4.3.3.2 Outcomes

MSD discomfort was the main outcome measurement in 6 of 7 articles to be review.
Researches used several instrument to evaluate musculoskeletal symptoms, for
example, VAS, severity and frequency of complaints, number of days of sick leave,
and questionnaire. In addition, productivity had been used to measure in 5 of 7 trials
by number of tasks, or number of word. There were 2 trials which investigated
muscular activity as a main outcomes concerning in the effect of rest-break
intervention by amplitude and frequency. One of two trials defined amplitude and
mean frequency of the cervical paraspinal extensors, the lumbar erector spinae, the
upper trapezius, and the forearm extensors as main outcomes during performing
computer work both with and without rest breaks. The other also used outcome
assessment as mean frequency at the same four main muscles as the previous

mention.

4.3.3.3 Interventions
The rest-break interventions were categorized based on work/rest schedule and type
of activity during breaks as follows:

(i) Work/rest schedule

There were various work/rest schedules have been studied during computer work in
VDU operators of this review. In one laboratory study (McLean et al., 2001),

work/rest schedules were examined at 20 min, 40 min intervals, or any time
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whenever participants felt need for short breaks at 30 s during 3 hours of computer
work session. The another laboratory study (McLean et al., 2000) used the duration

of breaks for 30 s at 20 min work interval comparing to no break in the morning.

In field work study, there were 4 trials (Galinsky et al., 2007; Galinsky et al., 2000;
Henning et al., 1997; van den Heuvel et al., 2003) evaluating rest-break schedules
with any breaks were lasting for 7 s, 30 s, 3 min, or 5 min every work at 15 min, 35
min, or 60 min throughout the work shift, and another one trial (Henning et al., 1997)
provided a 10-min break at halfway of the work shift. The two trials (Galinsky et al.,
2007; Galinsky et al., 2000) out of 5 designed an experiment by providing
supplementary breaks for 5 min of each hour work from conventional mid-morning

and mid-afternoon rest breaks.

(i) Type of activity

Based on type of activity in this review, rest breaks may be divided into subgroups as

exercise breaks and non-exercise break.

Exercise breaks was studied in 4 trials with stretching exercises in various target sites
(hamstrings, neck, shoulders, back, and upper extremities), and joint mobilization
(hands, wrists, shoulders, column, hips, knees, and ankles). Brief stretching was
performed in the muscles which participants felt tense and remained each position
lasting for 10 s to 15 s during a total of 30-s break to 10-min break (Henning et al,,
1997) however, some trials assigned four exercises lasting 45 s each at the start of
break (van den Heuvel et al., 2003) and nine stretches within 2 min (Galinsky et al.,
2007) during breaks. Lacaze and colleagues (Lacaze et al., 2010) assigned exercise
breaks including stretching and joint mobilization for a 10-min daily rest break
compared to the control group instructed not to perform any physical activity during
break period. Effects of exercise breaks were compared to a control group receiving
no break (Henning et al., 1997), or a break-only group receiving relax sitting (Henning
et al., 1997), changing forms of work (Henning et al., 1997), getting up and walk away
from workstations (Galinsky et al., 2007), which defined as non-exercise breaks.

Summary of studies characteristics was presented in Table 4.4 (A-H)



Table 4.4 (A) Characteristics of included studies
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Author | Design | Population | Intervention Outcome Results Comments
Evidence (instrument)
level

van | 268 I: control Perceived Participants | RCT with

den computer group (6 recovery in the cluster

Heuvel, users with locations, (questionnaire | intervention | randomizati

et al, WRUEDs > 2 | n=90) on a 7-point groups got on.

2003 weeks Braak scale) more Randomiza-
(range 18-50 intervention | Frequency of recovery of | tion of each
years) (8 locations, | complaints complaints | location

n=97) (choose from than the assigned by
work/rest the control a
schedule at | categories; no group (55%, | spreadsheet
35min/5 | pain, 1 day, 2- | 39%) program.
min and 5 3 days, or 4-7 | No Baseline was
min/ 7's days) significant recorded of
lll: break and | Severity of differences complaints,
AVA S« complaints of severity sick leaves,
intervention (1-10 rati and personal

-10 rating fre fact d
(8 locations quency actors, an

' | scale)
n=81), of work
perform 4 Sick leave complaints | characteris-
exercises for | (Questionnaire | and sick tics.
45 s of each ) leave
at the start Productivity among
of rest (key strokes a | three
breaks day, accuracy | SfOUPS.
rate) Significant
?—Week _ higher
|nt§rvent|on productivity
period in both
intervention

groups than
the control

group.
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Author Design Population | Intervention Outcome Results Comments
Evidence (instrument)
level
Henning I 92 VDU Discomfort No A between-
et al, computer operators at (5-point significant subjects
1997 operators large work site | rating scale) | differences | design was
from two randomized Productivity over conducted
work sites. into 3, nearly (number of musculoske | in the large
Large site equal groups e letal work site. A
(n=78, 8 (n > 20): orocessed, discomfort within-
males, 65 W Zantioldns ik of all subjects
females, 19- bk for available for | treatment design was
53 years, Lloiet B effects in conducted
mean 26.1 o=ty | orocessing) the large in the
years) Small | work site. small work
site (n=19, 4 | lll: breaks and Significantly site.
males, 15 oEre improved Data form
females, 18- | 5 \yeek pre- comfort the
42 years, treatment across leg baseline
mean 24.6) | paseline, 4- and foot in | period was
week break and used as
treatment exercise covariate
period intervention | to correct
Participants at at the small | group
small work work site. difference.
site received Productivity
no break or did not
exercises (3- present
week significantly
baseline), difference
followed by in
breaks only (3 treatment
weeks), and effects.
breaks and
exercise
intervention

(3 weeks)
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Author Design Population | Intervention | Outcome Results Comments
Evidence (instrument)
level
Galinsky I 51 data- Stretching Muscular Significant Mixed
et al, entry intervention | discomfort lower study
2007 workers (47 | |, Control (Questionnair | muscular design; a
females, 4 group [no e) discomfort | between
males, stretching, Productivity in subject for
range 23-60 n=a5 @ehber of supplement | stretching
years, mean | 4o key ary breaks exercise
36 years) assigned into | strokes/h) comparing | and a
2 groups; to within-
donSat anal convention | subject for
Ak al breaks. a study- on
supplementa No rest break
ry break significant schedule
(n=22)] differences | 39
II: Stretching of dropouts.
group [n=45 stretching Insufficient
ereor on data for
assigned into discomfort | analysis.
2 groups; comparing Stretching
conventional to the group
break (n=23), control dropout 21
group.
supplementa NG
ry break No stretching
(n=22)] ssmﬂcant group
differences dropout 30

of work
performanc
e between

stretching -
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Author

Design

Evidence

level

Population

Intervention

QOutcome

(instrument)

Results

Comments

Rest-break

schedules

l:
conventional
break, 15-
min breaks
of each mid-
half shift
work during
8 hours shift

II:
supplement-
ary break,
add
additional
break 5 min
of each hour
working (60
min/ 5 min)
from
traditional
break

8-week
intervention,
4-week
phases to
alternate
between
break

conditions

and control

groups.

Data-entry
speed was
significant
faster with
supplement-
ary breaks
comparing to
conventional

breaks
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Author Design Population | Intervention Outcome Results Comment
Evidence (instrument) S
level
Lacaze Il 64 call- l: an Level of Muscular Control
et al, center experimental | Muscular discomfort clinical
2010 operators group discomfort decreased in | trial (CCT)
free from received a (10-point both group. Two
musculoske | 10-min daily VAS) In the aroups
letal FXerCas Location of experiment worked in
disorders during work o group, there | separated
. shift for 2 .
Experiment 1 discomifort were location
al group: pnens statistically
n=32, 11 (n=32) (?ody significant for
males, 21 Exercise discomfort the spine,
females, including MapABDAY) buttock and
mean 34 stretching and the sum of
years joint segments
Control mobilization
group: exercise of
n=32 6 spinal
males, 26 cotumn,
females, Upper
i Y] extremities,
years and lower
extremities.
II: control
group

received al0-
min daily rest
break for 2
months
(n=32).




Table 4.4 (F) Characteristics of included studies
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Author Design | Population | Intervention | Outcome Results Comments
Evidence (instrument)
level
MclLean Il 15 vDU l: 20 min Musculoske- | Microbreak Participants
et al, operators work/ 30 s letal had a were
2001 free from rest with discomfort positive randomly
neuromus- non-exercise, | (VAS) effect to assigned to
cular and not to Productivity reduce one of three
musculoske | perform any erber of discomfort experiment-
letal activity word type) and not any | tal groups.
disorders d N negative
(range 23-50 cvjri/n;lg . B egian effect on
frequency)
years, rest with work
median age fereazetcte, productivity.
34 years)- A e Microbreak
perform any did not
activity significantly
differ
IIl: Control: between
Kiasi break and
whenever no break
ponticiichi intervention
felt need for upper
trapezius

and neck.




Table 4.4 (G) Characteristics of included studies
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Author Design Population | Intervention | Outcome Results Comments
Evidence (instrument)
level
MclLean v 18 Break EMG (Slope No Case series
et al, computer intervention: | of amplitude | significantly | study.
2000 terminal taking a and mean difference Participants
operators break by frequency) between no | were
free from getting up break and received
CTDs at the | from a chair break the
time of and walking intervention | intervent-
study (range | around work of muscle jons in
28-56 years, | area for 30 s activity of random
mean 38 at 20 min cervical order of
years) intervals in erector protocols
the morning. spinae, on two-
N Dol lumbar consecu-
intervention: erector tive day
sitting at spinae,
workstation upper
all morning trapezius,
and forearm
wo extensor.
interventions
received in
random

order at the
same
work/rest
schedule (20
min/ 30 s).




Table 4.4 (H) Characteristics of included studies
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Author Design Population | Intervention | Outcome Results Comments
Evidence (instrument)
level
Galinsky v 42 data- Conventional | Discomfort Significantly | A within-
et al, entry break: breaks | (question- lower subjects/
2000 operators of 15 minin | naire at 5- discomfort repeated
(31 females | the middle point rating under design.
and 11 of the first scale) supplement
males, and second Productivity ary than
range 19-50 | shift of 8- (keystroke, convention-
years, mean | hour shift. i al break.
30°years) Supplement- | documents/ | Rest-break
ary break: 5- | day) schedule
min breaks in did not
each hour detrimental
adding to effects on
conventional data-entry
break performan-
protocol. ce.
All
participants
performed
each
intervention
in 4-week

phases of 16
week
intervention.
Interventions
were
assigned at
random

order.
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4.3.4 Data analysis

4.3.4.1 Quantitative analysis

The methodological analysis showed that 2 studies were lacking of validity by scoring
less than 50%, and the data were considered too heterogeneity. A meta-analysis

was not feasible to apply in the review.

4.3.4.2 Qualitative analysis

The levels of evidence were recommended in the use of qualitative analysis of RCTs
as a usual; however, there were a few RCTs on the topic of this review. Therefore,

the levels of evidence were extended to apply beyond non-RCTs as well.

4.3.4.3 Subgroup analysis

This systematic review performed a “best evidence synthesis” within the several
subgroups according to the effectiveness of rest-break intervention on the main

outcomes as musculoskeletal symptoms, productivity, and EMG activity.
() Musculoskeletal symptoms

In six studies composed of four high-quality studies (Galinsky et al., 2007; Galinsky et
al., 2000; Henning et al., 1997; van den Heuvel et al., 2003) and two low-quality
studies (Henning et al., 1997; Lacaze et al., 2010) rest-break interventions were
significant positive results on musculoskeletal symptoms. One high-quality study (van
den Heuvel et al., 2003) found that VDU operators with WRUEDs in intervention
groups with taking rest breaks only and rest breaks with exercise got more recovery

of complaints than the control group with no break.

In one high-quality study (McLean et al., 2001), rest-break schedules at 20 min work/
30 s rest and 40 min work/ 30 s rest with not to perform any activity were compared
to a control group receiving break whenever participants need. The result showed
microbreak had a positive effect to reduce discomfort. Another two high-quality
studies (Galinsky et al., 2007; Galinsky et al., 2000) found significantly decrease the
feeling of muscular discomfort in VDU operators getting supplementary breaks
comparing to conventional breaks. One low-quality study (Henning et al., 1997)

evaluated effect of rest breaks in healthy VDU operators working at large and small
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work sites. The results showed positive effects of rest breaks with exercise at the
small work site, in the opposite, there were no significant differences over
musculoskeletal discomfort at the large work site. One low-quality study (Lacaze et
al., 2010) found positive effect of rest break with and without exercise in 10-min daily

during work shift on reduce muscular discomfort.

We conclude that there is strong evidence concerning the beneficial effect of rest
breaks on MSDs.

(i) Productivity

Two high-quality studies (Galinsky et al., 2007; Mathiassen, 2006) presented positive
effect of rest breaks on productivity. There was significantly faster in data-entry speed
in adding supplementary breaks comparing to conventional breaks (Galinsky et al.,
2007). In addition, the rest-break intervention showed higher productivity in the
groups receiving break only and exercise breaks when compared to the control group
(van den Heuvel et al., 2003).

Two high-quality (Galinsky et al., 2000; McLean et al., 2001) and one low-quality
(Henning et al., 1997) studies found no difference (neutral effect) of rest breaks on
productivity. One of high-quality study showed micro breaks in 30 s of either 20 min
or 40 min work interval did not difference on productivity from taking a break

whenever participants felt need (McLean et al., 2001).

There was no difference on productivity between supplementary and conventional
breaks in another high-quality study (Galinsky et al., 2000). The result of one low-
quality study (Henning et al., 1997) presented no difference on productivity in any

rest-break interventions (break only, exercise breaks) when compared to no break.

Therefore, there is conflicting evidence that taking additional rest breaks are more
effective than conventional breaks or no break. However, all studies present no

detrimental effect of rest breaks on work performance.

(iii) EMG activity
The study of McLean and colleagues (McLean et al., 2000) considered as high-quality
study found no significant difference (neutral effect) of rest break on EMG activity.

McLean and colleagues (McLean et al., 2000) compared muscle activity of cervical

erector spinae, lumbar erector spinae, upper trapezius, and forearm extensor
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between break by getting up from a chair and walking area and no break. The results
showed no significant differences of EMG amplitude and mean frequency on those
muscles. In the other high-quality study (McLean et al., 2001), EMG activity provided
evidence that rest breaks without exercise at 20 min work/ 30 s rest and 40 min
work/ 30 s rest had a higher mean frequency at wrist extensors comparing to the
control group with break whenever participants felt need. The mean frequency of
cervical extensors were higher in the rest-break group at 40 min work/ 30 s rest and
the control group comparing to the rest-break group at 20 min work/ 30 s rest. For
lumbar erector spinae, there was higher mean frequency in VDU operators taken
break at 20 and 40 min work. There was no significant change in the mean frequency

of upper trapezius.

There is no evidence on RCTs available of the effect of rest-break interventions on
EMG activity. However, the two non-RCT trials studied the effect of rest breaks on

EMG activity presented inconsistent finding on the results.

VDU operators were characterized as having Work-related upper extremity disorders
(WRUEDs) when they had complaint in the neck, shoulders, arms, wrists, hands, or
fingers for at least 2 weeks and considered as work-related musculoskeletal
disorders. Otherwise, healthy VDU operators were refrained from musculoskeletal

disorders.

4.3.5 Subgroup analysis according to characteristics of VDU operators

4.3.5.1 Evidence of the effectiveness of the rest-break interventions in VDU

operators with WRUEDs

One high quality study (van den Heuvel et al., 2003) evaluated the effects of three
interventions following, control group (no break, no exercise), non-exercise break
intervention (taking additional breaks), and exercise-break intervention (performing
physical exercises during breaks) on the recovery from work-related neck and upper-
limb disorders, and productivity among computer workers. The report found that the
intervention groups got more recovery of complaints than the control group.
However, there were no significant differences on the severity and frequency of the
complaints between pre- and post-intervention scores among the three groups.
Considering to productivity, there was higher productivity of both rest-break

interventions than the control group.
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Therefore we conclude that there is limited evidence for the effectiveness of rest-
break interventions on musculoskeletal discomfort and productivity over VDU
operators with WRUEDs. There is no evidence of the effect of rest-break interventions
on EMG activity in VDU operators with WRUEDs.

4.3.5.2 Evidence of the effectiveness of the rest-break interventions in healthy

VDU operators

(i) Work/rest schedule

One high quality study (McLean et al., 2001) found positive effects to take rest breaks
on reducing musculoskeletal discomfort, especially at 20 min/30 s of work-rest
schedule comparing to other groups that taking a break at every 40 min and taking
their own discretion breaks during a session of 3-hour computer work. The rest-break
interventions showed no evidence of a detrimental effect on productivity and no

changes of the mean frequency (MNF) at the shoulder.
Two high quality studies (Galinsky et al., 2007; Galinsky et al., 2000) found

significantly lower muscular discomfort in favor of breaks (supplementary breaks
comparing to conventional breaks). Galinsky and colleagues (Galinsky et al., 2007)
found significantly improved in productivity of supplementary breaks, while the other

one (Galinsky et al., 2000) found no difference.

Thus, there is limited evidence for the effectiveness of work/rest schedule as the

rest-break interventions in healthy VDU operators.

When supplementary breaks are evaluated as the rest-break intervention in health
VDU operators, two high-quality studies found beneficial effect on musculoskeletal
outcomes (Galinsky et al., 2007; Galinsky et al., 2000) and one of these high-quality
studies showed beneficial effect on productivity (Galinsky et al., 2007), but Galinsky
and colleagues (Galinsky et al., 2000) found no difference on productivity. Therefore,
we conclude that there is limited evidence that supplementary breaks are more

effective on musculoskeletal discomfort and productivity.

(i) Activity during breaks

One high quality study and two low quality studies (Henning et al., 1997; Lacaze et
al.,, 2010) examined the effects of exercises during breaks among healthy VDU

operators. One low quality study (Henning et al., 1997) reported no significant
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difference of muscular discomfort among no break, non-exercise break intervention
by removing hands off a computer, remain sitting with relax, and exercise break
intervention by performing some stretching in the large work site, at the opposite
results, the small work sites showed significantly improved comfort across leg and
foot comparing to a control group (no break, no exercise). Productivity presented no

significantly difference in the intervention effects.

Comparing between exercise and non-exercise breaks, one high quality study
(Galinsky et al., 2007) presented no significant differences of stretching during breaks
on discomfort, while another low quality study (Lacaze et al., 2010) found that
exercise breaks with stretching and joint mobilization were significantly more
improvement on muscular discomfort (at the spine and buttocks) than non-exercise
break intervention which did not perform any physical activity during breaks. The
report of Galinsky and colleagues (Galinsky et al., 2007) presented no significant

difference of productivity between exercise and non-exercise breaks.

Therefore, we conclude that there is conflicting evidence about the positive effect of
stretching during break when compared to break without exercise on
musculoskeletal discomfort. Whist, there is moderate evidence that there is
indifferent in productivity between stretching during exercise and non-exercise break

among healthy VDU operators.

(iii) Non-exercise break and no break interventions

In one high quality non-RCT study (McLean et al., 2000), the result of muscular
activity showed no significant difference on slope of amplitude and mean frequency
of cervical erector spinae, lumbar erector spinae, upper trapezius, and forearm
extensor between no break and non-exercise break interventions by getting up from

a chair and walking around work area.

Thus, there is no evidence on RCTs available on the effectiveness of rest-break

intervention on EMG activity between non-exercise break and no break interventions.
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4.3.6 Sensitivity analysis

Different cut-off point for methodological quality was performed. An analysis cut off
of 60% was defined as high quality study. Thus, there were only three trials (Galinsky
et al., 2007; Galinsky et al., 2000; van den Heuvel et al., 2003) accepted as high
quality studies.

4.4 Discussion

Besides including any articles that examined the effect of rest-break intervention in
all type participants working with computer, we included studies that investigated
the effect of rest-break intervention only in VDU operators. Thus, only 7 articles were

included in this systematic review.

Though, included participants were from different occupations, but they still work as
VDU operators. All eligible articles studied the effect of rest-break intervention in
VDU operators on musculoskeletal discomfort. Five studies (Galinsky et al., 2000;
Henning et al., 1997; McLean et al,, 2001; van den Heuvel et al., 2003) have
evaluated the effect of rest-break intervention in on productivity of VDU operators.
Two studies (McLean et al., 2000, 2001) have considered the effect of rest-break
intervention on EMG activity of VDU operators. Furthermore, only one study (van den
Heuvel et al,, 2003) has examined the effect of rest-break intervention in VDU
operators with WRUEDs.

According to the level of evidence based on research design, Three of seven
included articles were one RCT placed in Level | (van den Heuvel, S. G. et al., 2003),
and two RCT placed in Level Il (Galinsky et al., 2007; Henning et al., 1997). The rest of
studies were place in Level lll (Lacaze et al., 2010; McLean et al., 2001) and IV
(Galinsky et al., 2000; McLean et al., 2000) of evidence.

Due to the feasibility to assess both RCTs and non-RCTs eligible studies, a
methodological quality assessment was performed using the criteria adapted from a
checklist of Down and Black (Downs and Black, 1998). Although, the criteria from
Down and Black’ checklist had not been standardizes, these criteria had been proved

that it have high internal consistency, sood test-retest and criterion validity.

We found heterogeneity of selected studies in terms of outcome measures and type
of rest-break interventions. Although, all selected studies examined the effect of res-

break intervention on musculoskeletal discomfort, however the wide varieties of
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outcome measures were found. These outcome measures were VAS, BDM (Body
discomfort map), muscular discomfort questionnaire, perceived recovery
questionnaire, severity of compliant, frequency of complaint and 5-point discomfort
scale. Though, some of these outcome measures are valid and widely used, but still
based on subjective assessment of the participants. Thus, future studies of which
valid and standardized objective assessments of muscular discomfort (i.e. pressure

pain threshold) are recommended.

Several outcome measures for productivity of the VDU operators were also used in
the eligible studies. These were typing speed, keystroke/day, keystroke/h, accuracy
rate, number of word counts and number of claim process. Thus, future study

should consider these outcome measures for comparability between trials.

Varieties in measuring the EMG activity outcomes were also found. These outcome
measures were slope of amplitude and mean frequency (McLean et al., 2000), while
another study (McLean et al., 2001) used mean frequency cycling as outcome
measures. Though, the outcome measures for EMG activity found in this review came
from the same author in two studies, but different outcome measures and protocol
of interventions were implemented. Thus, it is hardly to make a comparison

between these two studies.

Heterogeneity in types of rest-break intervention is also a problem. Two main
subgroups of rest-break intervention could be determined (i.e. “work-rest schedule”
and “activity during break”). Within “work-rest schedule” subgroup, variety of a
“work-rest schedule” as: microbreak (McLean et al., 2001), and supplementary break
(Galinsky et al., 2007; Galinsky et al., 2000) were provided, which made it difficult to

compared the results between studies.

An “activity during break” subgroup was the largest one that could be divided into 2
small subgroups (i.e. exercise and non-exercise during break). Within “exercise during
break”, participants were actively stretch their muscles (Galinsky et al., 2007; Henning
et al,, 1997; Lacaze et al,, 2010; van den Heuvel et al., 2003), or doing joint
mobilization of their body (Lacaze et al., 2010). However, the details of assigned
activity have not clearly stated in any study. Within “non-exercise during break”,
participant were either getting up or walk away from workstation, or remain sitting. As
a result of wide variety of activities during break, it is hardly to draw a conclusion of
the positive effect of rest-break intervention form all included studies in one time

without doing subgroup analysis.
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As a result of heterogeneity of outcome measures and type of rest-break
interventions, it is impossible for us to conduct a quantitative analysis (i.e. meta-
analysis) of the results across the selected seven studies. Thus, the qualitative

analysis (i.e. subgroup analysis) was preformed instead.

4.4.1 Effect on muscular discomfort

This review assessed the strength of evidence regarding the available rest-break
interventions. The results showed that there is strong evidence concerning the
beneficial effect of rest breaks in term of “work-rest schedule” and “activity during

break” on decreasing muscular discomfort among the VDU operators.

Concerning supplementary breaks as the rest-break intervention in healthy VDU

operators, one high-quality RCT (Galinsky et al., 2007) and one non-RCT (Galinsky et
al., 2000) found beneficial effect on musculoskeletal outcomes. Therefore, there is
limited evidence that supplementary breaks are more effective on musculoskeletal
discomfort. However, there is conflicting evidence that taking additional rest breaks

are more effective than conventional breaks or no break.

There were three studies (Galinsky et al.,, 2007; Henning et al., 1997; Lacaze et al,,
2010) examined the effects of exercises during breaks among healthy VDU operators.
All studies used stretching as exercise during breaks. However, it reflects in conflicting
evidence about the positive effect on musculoskeletal discomfort between

stretching during break compared to break without exercise.

Although, based on an overall score of methodology quality over 50 %, there were
one high quality study (Galinsky et al., 2007) and two low quality studies (Henning et
al., 1997; Lacaze et al., 2010) were concerning the effects of exercises during breaks
and non- exercise break among healthy VDU operators. However, these three studies
were had no score on the internal validity criteria list (ltem 2) when define as “Were
the interventions of interest clearly described and were there adherence to the
intervention assisnment?” Since there was unclear descriptions of stretching exercise
assigned in each study. Thus, comparing assigned stretching exercise to each other

become difficult.



65

4.4.2 Effect on productivity

Concerning supplementary breaks as the rest-break intervention in healthy VDU
operators, one of high-quality RCT (Galinsky et al., 2007) showed beneficial effect on
productivity, but Galinsky and colleagues (Galinsky et al., 2000) found no difference
on productivity. Consequently, there is limited evidence that supplementary breaks

are more effective on productivity.

The results from one high quality study (Galinsky et al., 2007) and one low quality
studies (Henning et al., 1997) shows that there is moderate evidence that there is no
significant difference in productivity between stretching during exercise break and
non-exercise break among healthy VDU operators.

There is limited evidence for the effectiveness of rest-break interventions on
productivity over VDU operators with WRUEDs. Since, there was only one high quality
RCT (van den Heuvel et al., 2003) have done the study in VDU operators with
WRUEDs and found significantly higher productivity of rest-break intervention group.
However, the finding of this review showed that there is none of evidences report
the adverse effect of rest break intervention on productivity among healthy and

symptomatic VDU operators.

4.4.3 Effect on EMG activity

This review found no evidence on RCTs available of rest-break intervention on EMG
activity. However, two non-RCTs (McLean et al., 2000, 2001) investigated the effect of
rest breaks invention on EMG activity presented inconsistent finding on the results.
Further, there is no evidence on EMG activity of rest-break interventions in VDU
operators with WRUEDs. Thus, future researches which will evaluate the effect of

rest-break intervention for VDU operators with WRUEDs are needed.

4.4.4 Limitations

Limitations of this systematic review are based on the following factors. Eligible
articles were limited to English - language publications, which may not have allowed
a broad perspective of the possible evidence. Although, the between -raters
reliability for the study quality rating has not been evaluated, we use a discussion on

any disagreements until consensus was reached.
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4.5 Conclusions

We conclude that there is strong evidence supporting the beneficial effect of rest
breaks on MSDs in VDU operators. The review on productivity shows conflicting
evidence on effectiveness of additional rest breaks when compared to conventional
breaks or no break, however, all results present no detrimental effect on

productivity.

There is no evidence on RCTs available of the effect of rest-break intervention on
EMG activity, but evidence from Non-RCT trails (2 trials) is inadequate in VDU
operators and inconsistent in quality. Conclusive rest-break intervention
recommendation in the issue of work/rest schedule cannot be made at this time
because of limit evidence that supplementary breaks are more effective on

musculoskeletal discomfort and productivity for healthy VDU operators.

Considering the issue of activity during breaks, it has been not concluded that rest
breaks with performing some exercises are more effective than non-exercise breaks
for MSDs due to conflicting evidence on the issue. However, there is indifferent in
productivity when performing either of exercise break or non-exercise break in

healthy VDU operators.

There is limited evidence for the effectiveness of rest-break interventions on
musculoskeletal discomfort and productivity of VDU operators with work-related
upper extremity disorders (WRUEDs). There is no evidence on EMG activity of rest-

break interventions in VDU operators with WRUED:s.

This review clearly shows a need for high quality RCT studies. In addition, there is a
need for more studies use an objective assessment as outcome measures (i.e. EMG
activity). Further, there is an indication for evidence of the effectiveness of rest-break

intervention in any forms of study in symptomatic VDU operators.



CHAPTER V
STUDY II: RELIABILITY OF EMG NORMALIZATION OF THE NECK AND SHOULDER
MUSCLES IN VDU OPERATORS WITH NECK AND SHOULDER SYMPTOMS

5.1 Introduction

Working with Visual Display Unit (VDU) is increased risk of having musculoskeletal
disorders (MSDs), neck and shoulder symptoms (Johnston et al., 2008). A
neck/shoulder symptom (complaints) is defined as musculoskeletal symptoms of
either neck or shoulder in separately or combined both which are not resulted from
acute trauma, neoplasm, and systematic disease (Huisstede et al., 2007). Female
computer users are at higher risk of having MSDs at neck/shoulder region (Akrouf et
al., 2010; Andersen et al., 2011; Bostrom et al., 2008; Torngvist et al., 2009). A cross-
sectional survey of female office workers had been found that 53% of female

computer users had experience of neck pain of mild intensity (Johnston et al., 2008).

For the reason that the VDU work usually comprise of a monotonous work task and
awkward posture resulted in sustained muscle activity, especially of type | motor
units, may be a primary cause of Upper Extremity Musculoskeletal Disorders or
UEMDs, and an increase in the load on non-contractile tissues have been considered
important intrinsic factors contributing to the development of the MSDs symptoms
(Hughes et al., 2007; Sauter and Swanson, 1996; Veiersted and Westgaard, 1993).

Regarding exposure dimensions (i.e. exposure level, duration, and frequency),
electromyography (EMG) is the practical method for directly evaluation of muscle
activity during occupational work (van der Beek and Frings-Dresen, 1998). EMG activity
also provided an indirect method of muscle fatigue evaluation (Cifrek et al., 2009;
Vollestad, 1997). In addition, surface electromyography (SEMG) is a non-invasive
method which broadly used to measure the biomechanical exposure of the neck

and shoulder region (Mathiassen et al., 1995).

The EMG data procession application considering to muscle force and muscle fatigue
dimensions are amplitude and spectral parameters. Amplitude analysis is related to
muscle force and muscle activity, whilst spectral frequency is used as an indicator of
localized of muscle fatigue. Therefore, this study deals with SEMG to measure the

combination of these two variables classes.



68

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

Two mainly parameters of spectrum frequency analysis consist of median frequency
(MF) and mean power frequency (MPF). However, MF is more sensitive than MPF to
analyse the low frequency band of power spectrum (Hagg, G. M., 1992; H&gg, G. M.
and Kadefors, 1996). The median frequency of the power spectrum (MF) is defined as
the frequency that divides the spectrum of the EMG into low and high frequency
ranges with the same power. A decrease of MF is found in fatigue muscle. It reflects
the slowing of action potential conduction along the muscle fibre membrane and

changes of the firing pattern of motor units (Hagg, G. M., Melin, and Kadefors, 2004).

The electrode locations of SEMG based on the muscle group which activate as a
mainly function of such a movement and relevant in a particular occupation work
(Choi and Vanderby, 2000). This present study deals with the SEMG, therefore, the
muscles investigated not only based on the major stabilizing function of neck and
shoulder region during VDU work but also these muscles must be accessible through
SEMG. There are four muscles selected to investigate in this study i.e. cervical erector
spinae (CES), upper trapezius (UT), lower trapezius (LT), and anterior deltoid (AD). Not
only these muscles display similar function, they also develop most tension during
isometric extension (Choi and Vanderby, 2000) which is important for normalization
method.

SEMG normalization is performed in order to compare the muscle activation
between muscles and individual both within- and between-days. Thus, the maximal
voluntary isometric contraction (MVIC) method has been accepted for reliability as a
reference contraction for the SEMG normalization of neck and shoulder muscles

(Netto and Burnett, 2006; Sommerich, Joines, Hermans et al., 2000).

The previous work showed high levels of reliability on SEMG used to assess the
upper trapezius and sternocleidomastoid muscle in healthy subjects during
functional tasks (Kallenberg, Preece, Nester et al., 2009). In addition, the reveal of

high-level of reliability of SEMG variables using sub-MVIC during normalization in the
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sternocleidomastoid and anterior scalene muscles presented in healthy subjects
(Falla, Dall'Alba, Rainoldi et al., 2002).

Despite the previous use of SEMG in the analysis of the neck and shoulder
musculatures, there are repeatability studies of myoelectric variables mainly in
healthy subjects (Falla et al., 2002; Kallenberg et al., 2009; Thuresson, Ang, Linder et
al., 2005). Therefore, the reliability of SEMG on the variables of amplitude and
spectral frequency is needed to be investigated specifically in the neck and shoulder
muscles in symptomatic subjects. In addition, none of reliability studies had been

done among the symptomatic VDU operators.

The aim of the study was to determine the reliability of EMG normalization of the
neck and shoulder muscles in symptomatic VDU operators. MVIC method was used
for following muscles: cervical erector spinae (CES), upper trapezius (UT), lower
trapezius (LT), and anterior deltoid (AD).

5.2 Methods

5.2.1 Subjects

5.2.1.1 Inclusion criteria

1) Female full-time office workers age between 18-40 years
2) Participants work on a VDU more than 4 hours a day on duty time

3) Participants report local discomfort in the area of neck and/or shoulder
regions at a level of 3 and above on the Borg’s CR-10 scale, and discomfort is
lasted more than 3 months and have been presented in the past 7 days and

on the day of testing.

4) Participants’ s discomfort at neck and shoulder areas has been involved in

work related

5) Right-handed female volunteers
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5.2.1.2 Exclusion criteria

BMI (Body Mass Index) is more than 25 kg/m2 (WHO Expert Consultation, 2004)

Having sign and symptoms of musculoskeletal disorders, especially, in the

area of neck, shoulder and arms, and trunk, caused by accident
Acute trauma, neoplasm, and inflammatory diseases
Had been a surgery at the spine

Congenital anomaly of spine, rheumatoid arthritis, sepsis of spine and disc,
ankylosing spondylitis, lumbar spondylolisthesis, lumbar spondylosis, tumour,

SLE, spasmodic torticollis, osteoporosis
Having neurological disorder

Pregnancy

5.2.2 Material

1)

Noraxon Telemyo System (Noraxon, USA Inc., USA) was used to capture the
EMG signals. (intrinsic frequency of 1,000 Hz and a bandwidth of 10-500 Hz), a
high-pass filter at 20 Hz and low-pass filter at 200 Hz

Four pairs of silver/silver chloride surface electrodes with a contact diameter
of 6 mm (Blue Sensor P-00-S, Medicotest A/S, Denmark)

A flexible scale band
Timer
A pen

Modified Nordic questionnaire providing a body map was used to evaluate
the subject’ s musculoskeletal discomfort of the neck, shoulder, arm, and
back (Appendix E)

Borg CR 10 scale was used to measure muscular discomfort where 0

represents no discomfort and 10 represent the worst discomfort. (Appendix F)
Velcrostrap

Screening questionnaire: general characteristics, work profiles, typing style,

discomfort (Appendix D)

10) Physical examination form (Appendix G)
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11) Hypoallergenic tape

12) Weight-station machine with maximum resistance of 220 pounds

5.2.3 Variables

5.2.3.1 Independent variables

Neck and shoulder muscles: Rt side of upper trapezius, lower trapezius, anterior

deltoid, and cervical erector spinae

5.2.3.2 Dependent variables

1) EMG amplitude: peak amplitude

2) EMG spectrum frequency: MF

5.2.4 Setting

5.2.4.1 Skin preparation procedure

The located skin and the skin for a reference electrode were prepared by cleansing

with an alcohol pad.

5.2.4.2 Electrode placement

Bipolar surface electrodes were placed on Rt upper trapezius, lower trapezius,
anterior deltoid, and cervical erector spinae (as a detail in Appendix H). The four

locations of electrode placement (Figure 5.1) presented as following:

1) upper trapezius -- at 2 cm lateral to the midpoint between the spinous
process of C7 and the acromion process (Jensen, Vasseljen, and Westgaard,
1996)

2) lower trapezius -- the distal electrode at 2.5-3 cm lateral to T6, the proximal
electrode at 45° parallel to muscle fibres and 20 mm above the distal (Szeto
et al., 2005a)
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3) anterior deltoid -- midpoint between electrodes at 2 cm anterior to midpoint

between acromion and deltoid tuberosity (Szeto et al., 2005a)

4) cervical erector spinae - the distal electrode at 1 cm lateral to C5 spinous

process and the proximal electrode at 20 mm above the distal (Szeto et al,,
2005a)

Figure 5.1 Electrode placement: a) Upper trapezius; b) Lower trapezius; c) Anterior

deltoid; d) Cervical erector spinae

5.2.5 Experimental procedure

The subjects answered a short questionnaire on personal data, work experience, and
possible history of discomfort on the neck and shoulder regions. The potential
subjects were asked to give an informed consent (Informed consent A). They
received the physical examination by the second author (MC). Then the investigator
(NN) prepared the skin and applied the surface electrodes to the subjects over the

concerning muscles.

The subjects performed stretching of muscles around neck and shoulder for injury
prevention. Prior to the actual MVIC, the subjects practiced the test with the sub-
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maximal voluntary isometric contraction (sub-MVIC) lasting for 5 second of each

muscle to get familiar with the direction of movement exertions (i.e. shoulder

abduction, shoulder depression, shoulder flexion, and neck extension). The

description of testing position and movement exertions of neck and shoulder

muscles was presented in Table 5.1. The testing positions and movement exertions

of individual muscle MVIC were presented in Figure 5.2.

Table 5.1 The description of testing positions and movement exertions of neck and

shoulder muscles tested in normalization

Muscle

Description

Upper trapezius
(Mathiassen et al.,,
1995)

Lower trapezius
(Konrad, 2005)

Anterior deltoid (Szeto
et al., 2005a)

Cervical erector spinae
(McLean, 2005)

Subjects sit on a chair. A vertically adjustable strap fixed to
stationary resistance is placed over right arm above the
elbow. A horizontal strap is fixed to trunk of subject and
the chair to prevent unwanted movement. Subjects
perform unilateral maximal isometric contraction of
shoulder abduction 90° in frontal plane with palms facing

downwards.

Subjects sit on a chair with full support of her back and
grasp the bar fixed to static resistance. Horizontal strap is
placed over both thighs and fit to the chair. Subjects
perform maximal shoulder depression against fixed

resistance with shoulder flexion 90°, elbow flexion 90°.

Subjects sit on a chair, shoulder in 30° forward flexion,
elbow in 75° flexion. Subjects perform a static forward
flexion of Rt. shoulder. Resistance is provided with a strap

placed on proximal to the elbow joint.

Subjects are in prone lying. Subjects perform a static neck
extension against resistance provided by a strap placed
behind the head.
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Figure 5.2 The testing positions and movement exertions of individual muscle for
MVIC: a) Upper trapezius; b) Lower trapezius; c) Anterior deltoid; and d) Cervical

erector spinae
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Subjects performed 5-s MVIC against fixed resistance. The MVIC procedure was
carried out for 3 repetitions for simultaneous recording of EMG for each muscle. Each
subject was asked to increase the force against the fixed resistance, reach the
maximum effort and held it for EMG recording. During the test, visual feedback from
the monitor and verbal encouragement were provided in order to enhance the

subjects’ peak performance.

Contraction order was randomized to avoid an ordering effect. Physiological recovery
was facilitated by allowing a 2-min recovery between the MVIC of each muscle (De
Luca, 1997), and 5-min interval between the different muscles. Thus, a total of 12
contractions were performed by each subject. The same investigator (NN) who is a
physical therapist performed all these measurements. The experimental
measurements were carried out in the research laboratory at the department of
physical therapy of Chulalongkorn University and the experiments were conducted in
the morning between 8.00 — 12.00 a.m. The maximal voluntary isometric contraction
and EMG measurements were conducted twice in the same procedure on two

different days with an interval between 3 and 7 days.

5.2.6 EMG data processing

The highest EMG amplitude of three maximum voluntary isometric contraction of
each movement (i.e. shoulder abduction, shoulder depression, shoulder flexion, and
neck extension) was selected for further analysis to express as the maximal voluntary
electrical activation (MVE) for the corresponding contraction. MF was also analysed in
EMG processing (Mathiassen et al., 1995).

The Noraxon Telemyo System (Noraxon USA Inc., USA) was an instrument used to
capture EMG signals. The raw EMG was transmitted through low pass filters and high
pass filters at 20 to 200 Hz. The signals were carried out via a differential amplifier
located in active leads with a common mode rejection ratio > 100 dB, input
impedance > 100 I\/\Q, and base gain at 500 times to get high quality signal. The

baseline noise was filtered below 1 yV RMS.

The raw EMG signals were recorded during the experiment. The recorded raw data
were processed by making ECG reduction, full-wave rectification, and then averaging
within 200 ms to determine the RMS. The maximum EMG amplitude was used to
normalise. In this study, the maximum activation was calculated by taking the

average over a 200-ms window to express the Peak RMS (Hansson, Asterland, and
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Skerfving, 1997). In term of spectrum frequency analysis, the Fast Fourier Transform

(FFT) was used to estimate the Median Frequency (MF).

5.2.7 Statistical analysis

The intra-class correlation coefficient (ICC) (model [3, 1]) (Portney and Watkins, 2009),
the relative standard error of measurement (%SEM), and the relative coefficient of
variation (%CV) were calculated to evaluate the reliability for each EMG values. The
ICC ranges from 0.00 to 1.00. It is calculated using variance estimates obtained
through an analysis of variance. It reflects both degree of correlation and agreement
among ratings. The difference is significant at the 0.05 level. The ICC values will be
interpreted as follows: > 0.90 = high reliability; 0.80-0.89 = good reliability; 0.70-0.79
= fair reliability; and < 0.70 = poor reliability.

The SEM was obtained from the formula: SEM = S, 1 — ICC where S, was the

pooled standard deviation. The SEM was used to calculated %SEM as follows: %SEM

SEM .
= * 100 where & I was the pooled mean (Keller, Gunderson, Reikeras et al.,
XL

2003).

v 0.5%d=

The %CV was obtained from the formula: %CV = 100%* . Where dz was the

Xpair
squared difference between session 1 and 2, and xpair was the mean of the two

measurement (Keller et al., 2003).

5.3 Results

5.3.1 Characteristics of subjects

Characteristics of subjects in age, height, weight and BMI were presented in Table 5.2.
There were 11 subjects had muscular discomfort at the neck region and 4 subjects
had muscular discomfort at both the neck and right shoulder regions. The average of
the feeling of muscular discomfort on the testing day at the neck region was 5 (range
3-8/10) and at shoulder regions was 3.25 (range 3-4/10) on the Visual Analogue Scale
(VAS) (0 = nothing at all; 10= extremely strong).



Table 5.2 Characteristic of the subjects

e

Mean (SD) Range
Age (years) 27.1(5.2) 22-39
Weight (kg) 51.6 (7.5) 40-65
Height (cm) 160 (5.8) 153-171
BMI (kg/m’) 20.2 (2.5) 15.8-23.8
Work experience (years) 3 (0.5) 2-9

The mean and standard deviation of the EMG variables across the female-VDU

subjects between the two-experiment sessions of the reliability measurement were

presented in Table 5.3.

Table 5.3 Summary of Mean (SD) of EMG parameters of neck and shoulder muscles

for the two measurement sessions in symptomatic female-VDU subjects (N=15)

Parameters

Mean (SD)

Session 1

Session 2

Peak RMS (uV)

Rt. upper trapezius
Rt. lower trapezius
Rt. anterior deltoid

Rt. cervical erector spinae

Median frequency (Hz)
Rt. upper trapezius
Rt. lower trapezius
Rt. anterior deltoid

Rt. cervical erector spinae

576.5 (244.7)

171.5 (60.4)

379.7 (145.4)

177.1 (54.6)

61.8 (6.1)
50.1 (5.6)
65.1 (9.5)
51.7(9.2)

530.1 (227.1)
163.6 (58.1)
367.4 (139.4)
166.3 (55.8)

62.3 (5.9)
48.0 (6.0)
65.2 (8.5)
51.3(7.8)

RMS, root mean square; pV, microvolt; Hz, Hertz



78

5.3.2 Reliability of peak RMS and MF

The results of ICC, %SEM and %CV were showed in Table 5.4. According to the ICC
values, high reliability were identified in upper trapezius, anterior deltoid, and
cervical erector spinae for Peak RMS. The result also showed high reliability on upper
trapezius and anterior deltoid for MF variable. However, there were a good reliability
for Peak RMS and a fair reliability for MF in lower trapezius. Further, the ICC value

revealed good reliability for MF of cervical erector spinae.

The %SEM of MF showed considerably lower than Peak RMS for all muscles. The
results showed that %SEM varied from 2.65 to 5.82 for MF and from 7.72 to 12.56 for
Peak RMS. The %CV varied from 2.3 to 5.9 for Peak RMS, and ranged from 0.2 to 2.9
for MF.

Table 5.4 Summary of reliability of SEMG measurement by using MVIC method in

normalization in the neck and shoulder muscles (N=15)

Parameters ICC %SEM %CV
Peak RMS

Rt. upper trapezius 0.95 9.48 5.9
Rt. lower trapezius 0.87 12.56 33
Rt. anterior deltoid 0.94 9.19 2.3
Rt. cervical erector spinae 0.94 7.72 4.5

Median frequency

Rt. upper trapezius 0.92 2.65 0.6
Rt. lower trapezius 0.76 571 29
Rt. anterior deltoid 0.94 3.26 0.2

Rt. cervical erector spinae 0.87 5.82 0.5
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5.4 Discussion

This present study was conducted to evaluate the reliability of the electromyography
normalization derived from amplitude and spectrum frequency variables in
symptomatic VDU operators. The data were obtained from UT, LT, AD, and CES
during performing MVIC in the reliability testing which were done in the morning on
different days. ICC was used to be an index of reliability of the electromyography
measurement. In addition, this study used %SEM to define response stability which
indicated the range of EMG-variable scores varied from measurement to

measurement.

The results of this study showed high reliability during MVIC method of UT, AD, and
CES for Peak RMS. For the MF, the ICC derived from UT, AD, and CES expressed good
to high levels of reliability varied from 0.87 to 0.94, except LT showed fair reliability
(0.76). Further, %SEM of Peak RMS (7.72-12.56) was higher than of MF (2.65-5.82) for

all muscles.

5.4.1 Reliability of peak RMS and MF

The results of the present study agree with the study by Burnett and colleagues
(Burnett, Green, Netto et al., 2007). They found high reliability in the peak EMG
amplitude for the MVIC of the posterior and posterolateral aspect of the neck (ICC =
0.986, %SEM = 7.5) in six asymptomatic male subjects (Burnett et al., 2007). In
addition, Oksanen and colleagues (Oksanen, Ylinen, Péyhonen et al., 2007)
investigated the reliability of CES during MVIC in healthy adolescents who not
reported neck-shoulder pain. They found the mean of the maximal averaged EMG of
CES during MVIC of neck extension was ranged between 102.5 uV and 111.7 pV for
the two measurement sessions. The ICC value were interpreted as high reliability (ICC
= 0.97) of the EMG measurement for CES in the healthy adolescents. Besides, the
report of Oksanen and colleagues (Oksanen et al., 2007) also presented high
reliability of the test-retest EMG measurement for CES in adolescent subjects with
headache (ICC 0.96-0.98).

Furthermore, Seitz and Uhl (Seitz and Uhl, 2012) found that the ICC intra-session
reliability of MVIC maximum amplitude (mV) was high between 0.97 and 0.98 in the
anterior deltoid, upper trapezius, and lower trapezius and the SEM was ranged
between 33 and 58 of those muscles. Additionally, they also found the Inter-session

reliability of MVIC maximal amplitude in the anterior deltoid was good (ICC = 0.89,
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SEM = 85), good for lower trapezius (ICC = 0.82, SEM = 144), and poor for upper
trapezius (ICC = 0.36, SEM = 223). However, there were difference in maximal EMG
amplitude between the finding of the present study and the previous report. Since,
the starting arm positions used to investigate the maximal EMG amplitude of the
anterior deltoid and the lower trapezius in the previous report were different from
this study.

Thuresson and colleagues (Thuresson et al., 2005) also evaluated the reliability of
SEMG of neck muscle fatigue in helicopter pilots during performing isometric
contraction in extension for 48 s. Their results found the between-day ICC of sloped
median frequency for upper neck with electrode placement on the level of C2 with
poor reliability (0.45-0.54) in sustain neck extension at 75% MVIC for 15s, 30s, and
45s, respectively. In addition, the lower neck which EMG recording on C7-T1 level
showed lower ICC values (0.12-0.42) than that of the upper neck (Thuresson et al,,
2005).

5.4.2 Factors affecting the results

The arm positions and attempted movements can influence EMG magnitude during
normalisation (Mathiassen et al., 1995). The effect may be explained by the changing
in length and moment arm which means a change in generating capacity of muscular
exertion (Sommerich et al., 2000). In the present study, the researcher controlled the
arm positions of each subject by taking note of the distance of the arm position in
the first session. The researcher used the same arm position distance in the second

trials thus so as limit the variations of EMG magnitude during normalization.

Although only anatomical landmarks were used during EMG electrode placement,
there might be small difference of electrode placement between two sessions.
However, the same tester done all electrode attachment in this study, thus the
variation is considered to be low. Further, Elfving and colleagues (Elfving, Nemeth,
Arvidsson et al., 1999) found that the small difference of inter-electrode distance

affect the median frequency slope less than 10%.

Netto and Burnett (Netto and Burnett, 2006) explored reliability of SEMG on the neck
and shoulder musculatures, and found that cervical trapezius location produced ICC
values of 0.83 and %SEM values of 10.1% from maximal normalization method
against a maximal manual resistance. However, between-day reliability of SEMG for

MVIC made from using an isokinetic dynamometer and a portable cable
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dynamometer with an attached strain gauge was higher (mean ICC = 0.89) than a
manual resistance (Netto and Burnett, 2006). Whilst in this study the subjects
performed MVIC against fix resistance, and found good to high reliability of Peak RMS
(ICC range from 0.87-0.95 ) and fair to high reliability of MF (ICC range from 0.76-0.94 )
Therefore, performing MVIC against fix resistance can be used and reflecting in

acceptable reliability.

5.4.3 Limitations

We assumed that the subjects developed the maximal voluntary effort during the
MVIC normalization. The limitation of this study is inherent that the resistive force
was obtained from a securely immovable object i.e. a strap fixed to a stationary
machine for upper trapezius and deltoid, a strap fixed to an examination table for
cervical erector spinae, and a bar fixed to static resistance of a weight machine for
lower trapezius. However, we did enhance the subjects to reach maximal effort by
giving them strong verbal encouragement and visual feedback during the MVIC
normalization. We also gave the best control for postures and movement exertions
for aiming at obtaining the largest EMG amplitude (Mathiassen et al., 1995). We
expected that all procedures (postural correction, strong encouragement, and visual
feedback) we made for the subjects would be reliable on the MVIC during EMG
normalization. Thus, our findings revealed that the MVIC normalization provided fair
to high reliability for upper trapezius, lower trapezius, anterior deltoid, and cervical

erector spinae in symptomatic VDU operators.

Another limitation when using surface electrode to detect the EMG signal is crosstalk.
We carefully considered that the EMG signal was not related to adjacent muscles. To
be ensured the fidelity of the EMG signal, we applied the muscle function testing
techniques for specific muscle actions prior to the MVIC test under consideration that
the EMG signal originated from the interested muscle and not activated form nearby

muscles (De Luca, 1997).

In this study, we used surface EMG because it was practical to determine the signal
during VDU work. However, it had a limitation to assess for superficial muscles (De
Luca, 1997). There were different in biomechanical models for the correspondence
of muscle and electrode sites (Choi and Vanderby, 2000; Moroney, Schultz, and
Miller, 1988). Sommerich and colleagues (Sommerich et al., 2000) indicated that the
surface electrode located at C4/5 level could access to semispinalis capitis, splenius

capitis, and trapezius. However, they reported that trapezius did not contribute to
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head or neck motion or stabilization at that site (C4/5).Therefore, in this study; we
chose to place the surface electrodes at C4/5 level for cervical erector spinae (CES)
under the assumption of the same neck muscle group which produced the similar
function as neck extension. Further study can address this issue and might be

replicating this study in other deep muscles via an invasive technique.

5.4.4 Clinical application

The acceptable repeatability of the EMG of neck and shoulder muscle using MVIC
method in symptomatic VDU operators shows the usefulness in clinical setting.
Thus, the between-day reliability can be used to compare the effect of training and
ergonomic intervention giving to the symptomatic VDU operators (Thuresson et al,,
2005).

5.5 Conclusions

In this study, the SEMG measurement on Peak RMS and MF variables of neck and
shoulder muscles proved to be reliable in terms of ICC and %SEM. The findings of
this study suggest that the SEMG measurement is useful for the cross-sectional study

in female-VDU operators with muscular discomforts on neck and shoulder regions.



CHAPTER VI
STUDY Ill: EFFECT OF DIFFERENT TYPES OF REST-BREAK INTERVENTIONS
ON NECK AND SHOULDER MUSCLE ACTIVITY, PERCEIVED DISCOMFORT,
AND PRODUCTIVITY IN SYMPTOMATIC VDU OPERATORS: A RANDOMIZED
CONTROLLED TRIAL

6.1 Introduction

Work-related musculoskeletal disorders (WMSDs) become common problems in
office workers, due to introduction of computer-based tasks at workplace (Robertson,
Ciriello, and Garabet, 2013). WMSDs among office workers are a significant problem in
the head/neck and shoulder areas (Janwantanakul et al., 2008; Ortiz-Hernandez et
al., 2003; Sillanpaa et al., 2003), which is predominantly affecting on the trapezius
muscle (Westgaard, R. H. and Winkel, 1997) and resulting in pain and limiting
functional activity in daily life (Buckle and Devereux, 2002). A prevalence report had
been found that 53% of female VDU operators had experience of neck pain of mild
intensity (Johnston et al., 2008). These disorders have an important economical
impact in term of sickness absence and chronic disability (Hush et al., 2009; van den
Heuvel et al.,, 2007). As in recently report, musculoskeletal Disorders (MSDs) cost Thai
office worker about 1339 US dollars per person per year (Punnett and Wegman,
2004).

The reasons for develop such MSDs in VDU operators are multifactorial factors.
Computer work tasks are often characterized with a prolonged viewing of a monitor
while maintaining static postures with repetitive movements of the arms (European
Agency for Safety and Health at Work, 1999). The VDU work is also characterized with
monotonous and prolonged static posture with low static muscular contraction
(Forsman and Thorn, 2007; Strgm et al., 2009). The VDU work requires static loading
of the muscles in the back, neck, shoulders, and upper arms. Thus the VDU work is
also considered as a high physical exposure job with regard to precision and
repetitive demands (Wahlstrom, 2005) that can produce several risk factors to

develop musculoskeletal disorders (Kumar, 2001).
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According to VDU characteristic, the task requirement is considering high exposure
due to precision and repetitive demands but low force demands. In addition, based
on the Cinderella hypothesis, duration of exposure may be major effect on
musculoskeletal symptoms in VDU operators (Forde et al., 2002). Thus, considering
the logic of exposures which causes neck and shoulder musculoskeletal disorders in
VDU operators, physical load and mental stress may reduce by adding rest breaks.
Further, in case of the exposure level in the work situation cannot be controlled in a
safe limit, rest breaks intervention have been recommended in order to decrease
musculoskeletal symptoms (Janwantanakul et al., 2008). Likewise, proper recovery of
muscles is believed to be of crucial conditions for avoiding musculoskeletal
disorders. In this context, the general purpose of exposure variation is to give the
motor units that would otherwise be overloaded an opportunity to relax
(Mathiassen, 2006).

Adding rest breaks enhances recovery time periods and also disrupt period of static
posture, exposure duration and repetitiveness of VDU work (Westgaard and Winkel.,
1996). Therefore, metabolic and circulatory variables within muscles will be
improved (Westgaard and Winkel, 1996) and local muscle loads will be decreased
(Carter and Banister, 1994; Hagberg and Sundelin, 1986; Hales et al., 1994; Salvendy
and Sauter, 1987; Sundelin and Hagberg, 1989; Winkel and Westgaard, 1996).
Furthermore, rest breaks taken at the VDU operators’ discretion are a practical
recommendation since they are not costly for the workplace (Fisher et al., 1993).
However, there is limited scientific evidence that address on the effectiveness of the

rest-break interventions for the VDU operators with WMSDs.

Rest breaks, rest, or breaks, in this consideration are defined as a cessation of
computer work tasks. The individual operator can perform some physical activity,
exercise, or even change in posture during the breaks (Barredo and Mahon, 2007).
In some articles use the word “pauses” instead of rest breaks, or breaks (Crenshaw
et al., 2006; Samani et al., 2009b). Pauses during computer work tasks are classified
to active and passive pause. The passive pauses in these appraisals mean that the
participant leaves from computer tasks and sit relaxing during this period, while
during the active pause the participant required to perform a specific movement

such as shoulder elevation (Crenshaw et al., 2006; Samani et al., 2009b).

Some studies aimed to investigate the effect of active and passive pause.
Surprisingly, a few studies have compared beneficial effects of active and passive

pause and their focus were on oxygenation in muscle (Crenshaw et al., 2006;
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Sundelin and Hagberg, 1989). Furthermore, there is still limited clinical trial research
that addresses on the effects of different types of activities during rest- breaks
intervention for VDU operators in term of change in local muscle loads, discomfort,

and productivity.

This present study has tried to identify which kind of rest-break interventions will be
most effective impact on musculoskeletal health. Therefore, the aim of this study is
to investigate the effects of different types of activities during rest-breaks
interventions on neck and shoulder muscular activity, muscular discomfort and
productivity of symptomatic VDU operators performing prolonged computer terminal

work.

6.2 Methods

6.2.1 Design

The study was carried out in the laboratory room which assembly set computer
workstation, and environment as an actual office work. The experiment occurred in
the morning. Fifty females working with a VDU more than 4 hours a day and having
experience of discomfort at neck and/or shoulder were recruited through written
advertisements sent to 7 offices in Bangkok, Thailand. The female VDU operators
were asked to complete the questionnaires on muscular discomfort, general health,

and work profile and receive the physical examination.

Thirty qualified subjects were randomly allocated into three intervention groups.
They performed typing test in Thai for 5 minutes in order to be used as a base-line

performance.

6.2.2 Subjects

Subjects were selected on the basis of the following criteria:
1) age between 18-40 years
2) work on a VDU more than 4 hours a day

3) symptoms of muscular discomfort in the area of neck and/or shoulder
illustrated by a Modified Nordic Questionnaire at level of 3 and above on the

Borg’s CR 10-scale (i.e. 0 = nothing at all, and 10 = extremely strong),
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muscular discomfort had been lasted more than 3 months and had been
presented in the past 7 days and on the day of testing (3 subjects were

excluded because the present symptoms were less than 3.)
4) experience of muscular discomfort related to computer use
5) right handedness
6) work in the current position for a minimum of two years
7) ability to give an informed consent

Out of the criteria above, subjects were excluded if they were pregnant or on
maternity leave, Body Mass Index (BMI) above 25 kg/mz, defect of eyesight with no
correcting eyesight.

6.2.3 Interventions

The subjects in all three intervention groups were received an instruction and
supervised by a physical therapist how to perform for intervention activities. In order
to make sure that the subjects could perform correctly activity during a break, they
had been received the guidance and get a chance to practice before an actual

experiment.

6.2.3.1 Rest-break intervention with stretching

Subjects were instructed to perform some stretching at bilateral upper trapezius,
lower trapezius, anterior deltoid, and cervical erector spinae muscles for 15 s of each

in 3-minute break.

Subjects stood up beside the chair and computer work and performed each stretch
of neck and shoulder muscles for lasting 15 seconds at a sufficient intensity to elicit
a feeling of stretch, not pain. The subjects made consequently stretch at Rt. upper
trapezius, Lt. upper trapezius, Rt. lower trapezius, Lt. lower trapezius, both anterior
deltoid, and cervical erector spinae, and then repeat these stretches again.
Therefore, the subjects performed stretching for 2 times of each muscle during any
3-minute break periods. During the experiment, the subjects performed stretching

follow the video. The guidance for stretching is described in Appendix I.
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6.2.3.2 Rest-break intervention with dynamic contraction

Subjects were instructed to perform simple exercise of neck and shoulder such as

shoulder elevation, shoulder flexion, neck extension during 3-minute break.

Each subject performed 3 sets of different dynamic contractions. Each set involves 1
minute sequential phase for 20 min/3 min work/rest schedule. The dynamic
contractions gradually increased and decreased in length and tension of the muscles

as so call as isotonic contraction.

The activities during the dynamic contraction were composed of shoulder elevation,
shoulder flexion, and neck extension for five times of each as a set and repeat for 3
set in a 3-minute break. The subjects received an advice from a physical therapist
before doing the experiment. During the experiment, they performed the dynamic
contraction activity following the video to get the same manner and rhythm set by a
metronome at 30 beats per minute. The order of movements was the same as in the

video.

6.2.3.3 Reference intervention

The subjects in reference group were instructed to hand off the computer and relax

sitting back on chair during any breaks.

6.2.4 Material

1) Noraxon Telemyo System (Noraxon, USA Inc., USA) was used to capture the
EMG signals. (intrinsic frequency of 1,000 Hz and a bandwidth of 10-500 Hz), a
high-pass filter at 20 Hz and low-pass filter at 200 Hz

2) Four pairs of silver/silver chloride surface electrodes with a contact diameter
of 6 mm (Blue Sensor P-00-S, Medicotest A/S, Denmark)

3) A flexible scale band
4) Timer

5) Apen

6) Alcohol pad

7) Modified Nordic questionnaire providing a body map was used to evaluate

the subject’ s musculoskeletal discomfort (Appendix E)
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8) Borg’s CR 10 scale was used to measure muscular discomfort where 0
represents no discomfort and 10 representing the worst discomfort (Appendix
F)

9) Screening questionnaire: general characteristics, work profiles, typing style,

discomfort (Appendix D)
10) Physical examination form (Appendix G)
11) Metronome set at 30 beats per minute
12) VDO of stretching and dynamic contraction activity
13) Visual display unit:

(i) a standard desk-top computer composing of monitor (20-inch LCD display,

keyboard, mouse, CPU, and speaker
(i) a standard computer table
(iii) an adjustable chair with back support
(iv) an adjustable document holder
14) Document for computer work task (Appendix J)
15) Hypoallergenic tape

16) Weight-station machine with maximum resistance of 220 pounds

6.2.5 Variables

6.2.5.1 Independent variables

1) Rest-break intervention: 3 levels
() Reference group
(i) Rest-break intervention group with stretching
(iii) Rest-break intervention group with dynamic contraction

2) Muscle: Rt side of upper trapezius, lower trapezius, anterior deltoid, and

cervical erector spinae
3) Performance at a baseline (word count for 5 minute of typing test)

4) Time: 3 intervals (every 20-minute work) for EMG analysis
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5) Occasion: 6 occasions at Oth, ZOth, 23rd, 43rd, 46th, and 66th minute for muscular

discomfort

6.2.5.2 Dependent variables

1) Muscle electrical activity of the Rt. side of upper trapezius, lower trapezius,

anterior deltoid, and cervical erector spinae
(i) EMG amplitude: RMS
(i) EMG spectrum frequency: MF
2) Muscular discomfort: Borg CR 10 scale on neck, shoulder, and upper
extremity

3) Productivity

6.2.5.3 Control variables

1) Experimental work station such as desk height, seat height, foot rest,

document holder position, keyboard and mouse position, height of monitor

2) Environmental factors such as temperature, light, sound, and the day time of

experiment

3) Typing task

6.2.6 Setting

6.2.6.1 Work station set up

Computer workstation and environment were suitably controlled for an individual
during the experiment according to the Occupational Safety and Health
Administration (OSHA) (Occupation Safety & Health Administration, 2005). The
workstation consisted of a standard computer desk with an adjustable slide-out tray
for keyboard, an adjustable height swivel chair with arm rests, 20-inch LCD screen,
standard mouse and keyboard. The subjects were instructed to adjust the keyboard
tray and the chair in order to assume a good posture for computer use. The seat
height was adjusted depending on individual popliteal height so that the subjects’

feet resting flat on the floor or footstool. Back is fully supported with backrest when
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sitting vertical. Keyboard and screen were centered in front of the subjects. The top
of LCD screen was adjusted at approximately the horizontal eye height of the subject
with the eye-screen distance of individual arm length, so that the head-neck region
was in a reasonable erect posture. The contrast and brightness of the computer
screen were constant for all subjects. The subject’s forearms were supported on the
arm rest with elbows flexed 90 degree. The adjustments of height and positions of
the computer workstation were made so that the subjects’ body parts were well
supported and their overall postures were similar in order to eliminate unnecessary
movements contributing to variations in musculoskeletal load during VDU work. The
experiment was conducted in a laboratory with the lighting maintained at 300 lux

with minimal reflect or directed glare. The room temperature was kept around 25°C.

6.2.6.2 The computer typing task

The task consisted of document for typing in Thai during 1-hour work. The document

was placed on the document holder on the right side.

6.2.6.3 Skin preparation procedure

The located skin and the skin for reference electrode were prepared by cleansing

with an alcohol pad (2%alcohol) and shaved if necessary.

6.2.6.4 Electrode placement

The locations of electrode placement were presented in Table 6.1 (A-B).
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Table 6.1 (A) Electrode placement and muscle action tested in normalization for

neck-shoulder muscles

Muscle Electrode position Starting position Muscle action

and application

resistance
Upper 2 cm lateral to the Sitting in upright Shoulder abduction
trapezius midpoint between the position and against fixed
urm spinous process of C7 shoulder abduction | vertical resistance
Uensen et and the acromion 90° in frontal plane
al., 1996) process with palms facing

downwards
(Mathiassen et al.,
1995)

A vertically
adjustable strap
fixed to stationary
resistance was
placed over right
arm above the

elbow.

A horizontal strap
was fixed to trunk
of subject and the
chair to prevent
unwanted

movement.
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Table 6.1 (B) Electrode placement and muscle action tested in normalization for

neck-shoulder muscles

Muscle Electrode position Starting position Muscle action
and application
resistance

Lower Distal: 2.5-3 cm lateral to | Sitting and grasping | Shoulder

trapezius (LT)

(Szeto et al.,

T6

the bar fixed to

static resistance

depression against

fix resistance

2005a) with shoulder
Proximal: at 45° parallel .
flexion 90° and
to muscle fibers and 20 r
elbow flexion 90°
mm above distal
(Konrad, 2005).
Anterior Midpoint between Sitting, shoulder in Forward flexion of

deltoid (AD)

(Szeto et al,,

electrodes at 2 cm

anterior to midpoint

30° forward flexion,

elbow in 75° flexion

shoulder

2005a) between acromion and
deltoid tuberosity
Resistance was
provided with a
strap placed on
proximal to the
elbow joint (Szeto
et al,, 2005a).
Cervical Distal: 1 cm lateral to C5 | Prone lying Neck extension
erector SpIiNOUS process, against resistance

spinae (CES)
(Szeto et al,,
2005a)

Proximal: 20 mm above
distal

Resistance was
obtained by a strap
placed behind the
head (McLean,
2005).
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6.2.7 Data acquisition, processing, and analysis

6.2.7.1 Muscle electrical activity

The surface myoelectric activity (SEMG) signals were collected from Rt. cervical
erector spinae (CES), Rt. upper trapezius (UT), Rt. lower trapezius (LT), and Rt. anterior
deltoid (AD). These muscles were selected because they activate as a mainly
function during VDU work (Choi and Vanderby, 2000).

Four pairs of bipolar silver/silver chloride surface electrodes with a contact diameter
of 6 mm (3 x 2 mm) and a centre to centre distance of 2 cm were placed over neck
and shoulder muscles at the landmark points (Jensen et al., 1996). A neutral
reference electrode was positioned at the acromion process. Each electrode cable

was firmly fixed by regular tape to avoid cable movement artifacts.

The Noraxon Telemyo System (Noraxon USA Inc., USA) was an instrument used to
capture EMG signals. The raw EMG was transmitted through low pass filters and high
pass filters at 20 to 200 Hz. The signals were carried out via a differential amplifier
located in active leads with a common mode rejection ratio > 100 dB, input
impedance > 100 I\/\Q, and base gain at 500 times to get high quality signal. The

baseline noise was filtered below 1 pV RMS.

The raw EMG signals were recorded during the experiment. The recorded raw data
was processed by making ECG reduction, full-wave rectification, and then averaging
within 200 ms to determine the RMS. The muscle electrical activities of the right side
of UT, LT, AD, and CES were recorded during the computer typing task. The muscle
activity variable as the RMS was analyzed in term of normalized EMG and expressed
as percentage of MVE. In term of spectrum frequency analysis, the Fast Fourier

Transform (FFT) was used to estimate the Median Frequency (MF).

The SEMG normalization procedures were carried out prior the 1-h typing task. Each
subject performed three 5-s trials of isometric maximal voluntary contractions (MVCs)
for each muscle. Before commencing the MVC measurement, the subject performed
a warm up with the active stretching of the neck and shoulder muscles. The testing
position and movement exertion for EMG normalization of each muscle was
described in Table 6.1. During all normalization contractions, data were sample for 5
s, root mean square amplitudes (RMS) was computed across each contraction using a

moving window of 200 ms. The highest window across all contractions and all
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repetitions were used to represent the maximum voluntary activation amplitude
(MVE) for each muscle (McLean, 2005).

6.2.7.2 Muscular discomfort

Definitions of ‘discomfort’ involving the assessment of work-related musculoskeletal
disorders seems often described as uncomfortable sensations (e.g., pain, fatigue,

muscle cramping) resulting from the experimental task (Haughie et al., 1995).

The subjects gave the verbal rating for the feeling of muscular discomfort in a total
of 7 areas at the neck, shoulders, elbows, and wrists/hands on the Borg’s CR 10-scale
before commencing computer work, at the end of 20-min sessions of 60-min
computer work and immediately after each break. Therefore, the subjects gave the
rating of muscular discomfort at Oth, ZOth, 23@’ 43rd, 46th, and 66th minute in a total of

6 times.

6.2.7.3 Productivity

The productivity was calculated to compare the typing productivity between
interventions. The productivity of typing was calculated by dividing the total number

of correct words that the subject typed by the overall time of typing work.

6.2.8 Experimental procedure

The experiment occurred in the morning. The qualified participants performed typing

test in Thai for 5 minute in order to be a base-line performance.

Participants perform a typing task at her normal pace in 60 minutes. They received
rest breaks for 3 min every 20-min work. There were measurements of muscular
discomfort and EMG activity during working on a VDU. Work productivity was assessed
as word counting after work for 60 minutes. The experimental procedure was

presented in Figure 6.1.
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Participants
Screening by questionnaire and physical examination = Exclusion
N/ Inclusion
Potential subjects
Describe the detail of an experiment.
The subjects were asked to give an informed consent (Informed consent B).

Randomized the subjects into 3 groups by drawing method

v

1. Reference group (n=10)

2. Intervention group with stretching (n=10)

3. Intervention group with dynamic

contraction (n=10)

5-min adjustment phase of work-station setting (seat height, desk height, document

holder position, keyboard and mouse position, height of monitor)
N2
Typing test for 5 minutes
N2
Skin preparation, electrode placement, and reflexive marker placement for 5 minutes
N2
Checking the EMG signal for 5 minutes

N

(Continue next page)
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Reference group

20-min work
J

3-min rest: relaxed
sitting
20-min work

N

3-min rest: relaxed
sitting

\Z

20-min work

Intervention group

with stretching

20-min work
\Z
3-min rest: stretching
\Z
20-min work
\Z
3-min rest: stretching

\Z

20-min work

Intervention group

with dynamic

contraction
20-min work

\Z

3-min rest: dynamic

contraction
20-min work

\Z

3-min rest: dynamic

contraction

20-min work

\Z

\Z

Outcomes

rd rd

rating at 6 occasions (0, 20th , 23,43

3. Productivity: Word count in 60-min work

1. Feeling of discomfort by Borg’s scale CR 10 (0 = no discomfort, 10

= maximal discomfort): Subjects were asked to give the verbal

th

, 66 min)

2. RMS, MF by Surface EMG: Data were collected at 3 separated
intervals of 20-min typing task (minutes 0-20, 23-43, and 46-66).

Figure 6.1 Conceptual framework of the experimental procedure
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6.2.9 Statistical analyses

The SPSS statistical software, version 17.0 (SPSS, Chicago, IL, USA) was used to
perform the statistical analyses and significance was set at a p-value < 0.05. The
participants were matched in terms the characteristics of work profile,

anthropometry, and age.

Repeated measures ANOVA was used to test for a main effect of the rest-break
interventions for the dependent variables as EMG parameters (RMS and MF), and the
rate of perceived exertion of neck and upper limbs. Time was introduced as a factor

of repeated measure.

To analyse the effects of rest-break interventions on EMG variability of the neck and
shoulder muscles during 60-min computer typing task, a 2-way repeated ANOVA with
rest-break intervention groups (between-subject factor, three groups) and time

(within-subject factor, three levels) was performed.

To examine effects of rest-break intervention on muscular discomfort, time was
introduced as a factor in a repeated measure ANOVA with 6 levels (pre, at the end of

each 20-min working session, and immediately after each break).

The sphericity test was used for any repeated measures factors. If the assumption
indicated lack of sphericity, a Greenhouse-Geisser correction was used. If there were
significant effects, post-hoc comparisons using the Bonferroni correction were applied

to locate the differences.
Descriptive data was expressed as mean and standard deviation (SD) for all variables.

A paired t-test was used to compare two means of work performance between at
baseline and at a total of 60-minute work in case of the variable presents as a
normal distribution. If the variable was not presents as normal distribution, a

Wilcoxon matched-pairs signed-ranks test was used instead.

6.3 Results

6.3.1 Subjects

The subjects who engaged in this study were mainly female VDU operators. They
were university office workers and civil service officers. Fifty female VDU operators

replied to participate. After report on health status, work profile and physical
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examination of musculoskeletal symptoms, fifteen subjects were excluded because

they did not meet the inclusion criteria for the interventions.

The subjects were qualified on the basis of inclusion criteria (n=35) and randomly
allocated into three groups as rest-break intervention with stretching (n=12), rest-
break intervention with dynamic contraction (n=12), and reference (n=11). After
randomization, five subjects were excluded because they reported no any symptoms
on the day of experiment. Thus, a total of 30 subjects participated in the experiment.
The flow chart of subjects through the intervention is illustrated in Figure 6.2. The
characteristics of subjects in three groups were matched with regard to age, weight,
height, BMI, symptoms in the neck/shoulder, and VDU working time. Table 6.2 shows

the general characteristics of three groups.

Assessed for eligibility (n=50)
ey
c
T ) .
= Excluded (n=1%]
E = # [otmesting inclusion criteria
= n=1%)
Randomized (n=3%)
S v W s
E Reference group (n=11) Stretching group in=12) Chynamic contraction
=l + Received allocated # FReceived allocated group (n=12)
<< intervention (n=10) intervention (n=10) # FReceived allocated
+ [Did not received # Did not received intervention in=10)
allocated allocated * [id not received
intervention (not intervention (not allocated
report any symptom report any symptom intervention inot
on the day of on the day of report any symptom
experiment (n=1) experiment in=2) on the day of
experiment (n=2)
Wy
A
=
(i} N " " " N .
E: Analyzed (n=10 Analyzed (n=10) Analyzed (n=10)

Figure 6.2 Flowchart of subjects
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Reference Stretching Dynamic
(n=10) (n=10) contraction
(n=10)

Age, years [mean(SD)] 27.6(3.0) 31.4 (5.9) 29.6 (5.9)
BMI, kg/m2 [mean(SD)] 20.4 (1.5) 20.6 (2.2) 20.0 (1.84)
Height, cm [mean(SD)] 156.6 (5.4) 158.0 (4.8) 159.7 (4.8)
Body weight, kg [mean(SD)] 50. 2 (5.3) 51.5(6.0) 51.0 (4.9)
Work in current position, years 3.3 (1.3) 4.6 (4.1) 5.2 (4.3)
[mean(SD)]
Computer use per day, h [mean(SD)] T2(N3) 6.5 (0.5) 6.6 (1.5)
Perceived Neck discomfort [mean(SD)] 3.3(1.8) 3.4(1.1) 5.3(2.7)
Perceived Rt. Shoulder 3.4 (1.6) 2.7 (1.5) 4.7 (3.1)
discomfort[mean(SD)]
Perceived Lt. Shoulder 2.1(1.9) 3.1(2.0) 4.5 (3.5)

discomfortfmean(SD)]

Informed consent was obtained from each subject and the study was approved by

the Ethics Review Committee for Research Involving Human Research Subjects,

Health Science Group, Chulalongkorn University.

There were no significant differences between groups in terms of age, BMI, work

profile (work in the current position, computer use per day), and perceived muscular

discomfort in neck and shoulders. It can be noticed that subjects in dynamic group

had higher muscular discomfort than the others.

6.3.2 Muscle electrical activity

A summary of repeated measure analysis of variance on root mean square, median

frequency value of each muscle during typing task with the factors time (O-ZOth, 23"

43th, 46th—66th minute) and rest break intervention group (reference, stretching,

dynamic) was presented in Table 6.3.



Table 6.3 Summary of repeated measure analysis of variance on root mean square,

median frequency value during typing task with the factors time and rest break

intervention group.

Factors
Group Time Group x Time

Upper trapezius

Root mean square F(2, 27) = 0.38, F(2, 54) = 5.06 F(4, 54) = 1.28, ns
ns p = 0.01*

Median frequency F(2, 27) = 0.14, F(1.59, 42.81) = F(3.17, 42.81) =
ns 535, p =0.013* 1.13, ns

Lower trapezius

Root mean square F(2,27)=1.13, K2, 54) = 0.74, F(4, 54) = 0.60, ns
ns ns

Median frequency F(2, 27) = 0.45, F(1.28, 34.43) = F(2.55, 34.43) =
ns 1.30, ns 0.64, ns

Anterior deltoid

Root mean square F(2, 27) = 1.05, F(2, 54) = 0.69, F(4, 54) = 0.75, ns
ns ns

Median frequency F(2, 27) = 0.08, F(2, 54) = 2.45, F(4, 54) = 0.30, ns
ns ns

Cervical erector

spinae

Root mean square F(2, 27) = 1.83, F(1.63, 43.90) = F(3.25, 43.90) =
ns 0.35, ns 0.50, ns

Median frequency F(2, 27) = 1.19, F(1.31, 35.37) = F(2.62, 35.37) =
ns 0.63, ns 0.85, ns

ns = non significant, * = significant at p < 0.05
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6.3.2.1 Normalized RMS

There were no significant group effects of rest-break interventions on normalized
RMS of UT [F (2, 27) =0.38, p= 0.685], LT [F (2, 27) = 1.13, p= 0.339], AD [F (2, 27) =
1.05, p= 0.363] and CES [F (2, 27) = 1.83, p= 0.180] during 60-min work.

There were no statistical differences in normalized RMS between three sessions of a
20-min computer typing task of UT [F (2, 54) = 5.06, p = 0.010], LT [F(2, 54) = 0.74, p
= 0.483], AD [F (2, 54) = 0.69, p = 0.507] and CES [F (1.63, 43.90) = 0.35, p = 0.662].
However, post-hoc analysis did not present the significant differences in normalized
RMS of UT between the task sessions.

There was no significant interaction between rest-break intervention and time during
60-min work normalized RMS of UT [F (4, 54) = 1.28, p = 0.289], LT [F (4, 54) = 0.60, p
= 0.665], AD [F(4, 54) = 0.75, p = 0.560] and CES [F(3.25, 43.90) = 0.50, p = 0.702].

The normalized RMS of upper trapezius, lower trapezius, anterior deltoid and cervical

erector spinae muscles were presented in Figure 6.3 (a-d).
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Figure 6.3 Normalized RMS of (a) Upper trapezius, (b) Lower trapezius
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Figure 6.3 Normalized RMS of (c) Anterior deltoid and (d) Cervical erector spinae

muscles
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6.3.2.2 MF

There were no significant group effects of rest-break interventions on MF of UT [F (2,
27)=0.14, p = 0.873], LT [F (2, 27) = 0.45, p = 0.641], AD [F (2, 27) = 0.08, p = 0.925]
and CES [F (2, 27) = 1.19, p = 0.320] during 60-min work.

There was a significant time effect on MF between three sessions of a 20-min
computer typing task of UT [F (1.59, 42.81) = 5.35, p = 0.013]. Post-hoc analysis
found significant difference between 1" session (0—20th minute) and 2™ session (23th—
43" minute) [F (1, 27) = 4.26, p = 0.049].

There was no significant interaction between rest break intervention groups and time
on MF of UT [F (3.17, 42.81) = 1.13, p = 0.351], LT [F (2.55, 34.43) = 0.64, p = 0.568],
AD [F (4, 54) = 0.30, p = 0.878] and CES [F (2.62, 35.37) = 0.85, p = 0.463].

The MF of upper trapezius, lower trapezius, anterior deltoid and cervical erector

spinae muscles were presented in Figure 6.4 (a-d).
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6.3.3 Muscular discomfort

A summary of repeated measure analysis of variance on muscular discomfort with
the factors time at 6 levels [pre (TO)], at the end of each 20-min working session (T1,
T3 and T5) and immediately after each break (T2 and T4) and rest break intervention
group (reference, stretching, dynamic) was presented in Table 6.4. There was no
significant different on muscular discomfort between intervention groups. The
muscular discomfort score were significant different across time at Neck [F (3.08,
83.16) = 10.35, p = 0.00), Rt. shoulder [F (2.49, 67.11) = 16.15, p = 0.00], Lt. shoulder
[F (3.28, 88.54) = 5.37, p = 0.001], Rt. elbow [F (3.40, 91.76) = 10.38, p = 0.00], Lt.
elbow [F (2.64, 71.36) = 5.35, p = 0.003], Rt. wrist and hand [F (2.72, 73.55) = 8.99, p =
0.000] and Lt. wrist and hand [F (2.43, 65.59) = 9.97, p = 0.000].
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Table 6.4 Summary of repeated measure analysis of variance on perceived
discomfort with the factors time at 6 levels (before commencing the typing task, at

the end of each 20-min working session, and immediately after each break) and rest

break intervention group (reference, stretching, dynamic contraction)

Factors

Group

Time

Group * Time

Neck

Rt. Shoulder

Lt. shoulder

Rt. Elbow

Lt. Elbow

Rt. wrist and hand

Lt. wrist and hand

F(2, 27) = 1.27, ns

F(2, 27) = 1.94, ns

F(2, 27) = 0.66, ns

F(2, 27) = 0.79, ns

F(2, 27) = 0.30, ns

F(2, 27) = 0.77, ns

F(2, 27) = 0.93, ns

F(3.08, 83.16) =
10.35, p = 0.000*

F(2.49, 67.11) =
16.15, p = 0.000*

F(3.28, 88.54) =
537, p = 0.001*

F(3.40, 91.76) =
10.38, p = 0.000*

F(2.64, 71.36) =
5.35, p = 0.003*

F(2.72, 73.55) =
8.99, p = 0.000*

F(2.43, 65.59) =
9.97, p = 0.000*

F(6.16, 83.16)
1.41, ns

F(4.97, 67.11)
1.30, ns

F(6.56, 88.54)
1.15, ns

F(6.78, 91.76)
0.91, ns

F(5.29, 71.36)
0.73, ns

F(5.45, 73.55)
1.14, ns

F(4.86, 65.59)
1.39, ns

ns= non significant, * = significant at p < 0.05
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Subjects in all groups had lower score of muscular discomfort at immediately after
each break (T2 and T4) than the discomfort score at the end of each 20-min working
session (T1, T3 and T5) in all body parts (Figure 6.5 a-g).
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O T T T T T 1
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(b)
Rt. Shoulder
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(2]
g 1A =aA= Dynamic contraction
O T T T T T 1
TO T1 T2 T3 T4 T5
Time

Figure 6.5 Muscular discomfort of 7 body parts such as (a) neck, (b) Rt. Shoulder at
immediately after each break (T2 and T4) and at the end of each 20-min working
session (T1, T3 and T5).
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Figure 6.5 Muscular discomfort of 7 body parts such as (c) Lt. shoulder, (d) Rt. elbow
at immediately after each break (T2 and T4) and at the end of each 20-min working
session (T1, T3 and T5).
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Figure 6.5 Muscular discomfort of 7 body parts such as (e) Lt. elbow, (f) Rt. wrist at
immediately after each break (T2 and T4) and at the end of each 20-min working
session (T1, T3 and T5).
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Figure 6.5 Muscular discomfort of 7 body parts such as (¢) Lt. wrist at immediately
after each break (T2 and T4) and at the end of each 20-min working session (T1, T3
and T5).

However, there was no significant group x time interaction. Neck [F (6.16, 83.16) =
1.41, p = 0.221), Rt. shoulder [F (4.97, 67.11) = 1.30, p = 0.273], Lt. shoulder [F (6.56,
88.54) = 1.15, p = 0.342], Rt. elbow [F (6.78, 91.76) = 0.91, p = 0.500], Lt. elbow [F
(5.29, 71.36) = 0.73, p = 0.613], Rt. wrist and hand [F (5.45, 73.55) = 1.14, p = 0.347]
and Lt. wrist and hand [F (4.86, 65.59) = 1.39, p = 0.242].

6.3.4 Productivity

The mean word per minute at baseline and after 1-hr typing task of each group was
demonstrated in figure 6.6. There is no statistical different in productivity after rest-

break interventions in all groups.
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Figure 6.6 Productivity (as measure by word/min) of the subjects

6.4 Discussion

6.4.1 Muscular electrical activity

6.4.1.1 Normalized RMS

The results showed that the dynamic contraction group had the highest amplitude in
UT, AD and CES, but had the lowest muscular activity in LT. Whilst the reference
group had the highest muscular activity in LT. Whereas the stretching group had the
lowest activity in UT and CES (Figure 6.3). However, the results neither revealed any
difference in normalized RMS between groups of rest-break interventions, nor three
sessions of a 20-min computer typing task of neck and shoulder muscles. According
to the study by Strem and colleagues (Strgm et al., 2009) had demonstrated the
significantly correlation in pain induced and increased in EMG amplitude during
computer work over time in workers with neck and shoulder pain. Although, these
rest break interventions could not reduce muscle activity during a computer work
task, the present results demonstrated the favourable effect of rest break
intervention in term of preventing more development of MSDs in VDU operators with

neck and shoulder complaint.
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In addition, regarding to the Cinderella hypothesis proposed by Hagg (Hagg, 1991),
shoulder/neck disorders resulted from the overuse of low threshold motor units
during sustained work e.g. computer work. This implied that changing in activity from
VDU task to perform the specific activity of neck and shoulder during breaks could
provide some muscular relaxation for symptomatic VDU operators. Likewise, proper
recovery of muscles is believed to be of crucial conditions for avoiding
musculoskeletal disorders. In this context, the general purpose of exposure variation
is to give the motor units that would otherwise be overloaded an opportunity to
relax (Mathiassen, 2006).

6.4.1.2 MF

The parameters examined in the present study were considered based on
physiological and psychological aspects. According to EMG parameters, MF and RMS
was split into 3 intervals respect to physical work exposure in 60 minutes for time

changes to localized fatigue.

The results of EMG measurement showed that there were no sign of neck and
shoulder muscles fatigue in any type of activities during breaks. Since, there were no
significant increase in EMG amplitude and decrease in MF in neck and shoulder

muscles.

This means that any type of activities during breaks has a beneficial effect to prevent
neck and shoulder muscles fatigue for the symptomatic VDU operators. The finding
also presented no trend of decreasing of MF and increasing of RMS of UT, LT, CES,

and AD over time between three sessions of a 20-min computer typing task.

Therefore, adding a 3-minute rest-break every 20-min interval show a favourable
effect on avoiding the neck and shoulder muscles fatigue among symptomatic VDU
operators as well. However, change in a rest-break scheme including more frequent

or longer break would lead to different results.

6.4.2 Muscular discomfort

The repeated ANOVA for the difference in muscular discomfort scores presented that
there was a time effect among all parts of neck and upper limbs. There was the

reduction in muscular discomfort at immediately after each break (T2 and T4)
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comparing with the discomfort score at the end of each 20-min working session (T1,
T3 and T5) in all body parts of all groups of subjects.

Base on this finding, the benefit of rest-break interventions in terms of their effect on
a reduction in muscular discomfort in neck and shoulder areas is unquestionable.
This agrees with the study by van den Heuvel and colleagues (van den Heuvel, et al,,
2003) found that symptomatic computer workers receiving rest-break intervention
with taking additional breaks and performing physical exercises got more recovery of
complaints than the control group receiving no break. Further, rest breaks had the
beneficial effect in a reduction of subjects muscular discomfort level (IUmker et al,,
2006; Streom et al., 2009).

In addition, a study of Lacaze and colleagues (Lacaze et al., 2010) reported that
active breaks with stretching and joint mobilization were significantly more
improvement on muscular discomfort than passive breaks. Likewise, the positive
effect of dynamic contraction on a reduction of discomfort level after rest-break
intervention could be a result from increasing muscle oxygenation (Crenshaw et al.,
2006).

6.4.3 Productivity

The finding regards the effect of rest-break intervention on productivity (as measure
by word/min) was that the subjects in reference group did not get more productivity
than others. There was a trend of reduction of productivity after 1-h typing task

comparing with the baseline in all groups.

However, there were no statistical differences in productivity in all groups. This
means that any type of activity during rest-break interventions have no detrimental

effect on productivity of the symptomatic VDU operators.

Thus, the finding was consistent with other studies, where no improvement in
productivity, but no significant adverse effect on working performance in the healthy

operators (Galinsky et al., 2000; Henning et al., 1997; Swanson and Sauter, 1992).

6.4.4 Active versus passive breaks

Samani and colleagues (Samani et al., 2009a) had reported that active pauses
contributed to a more variable muscle activity pattern during computer work than

that of passive pause (Samani et al., 2009b). Whereas, Blangsted and colleagues
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(Blangsted et al., 2004) report that passive breaks are shown insufficient for attaining

complete relaxation of the trapezius muscle.

Therefore, the present study aimed to determine the effect of two active breaks
(performing stretching, and performing dynamic contraction), and a passive break
(reference group) on EMG amplitude, median frequency, muscular discomfort of neck

and shoulder muscles and productivity.

The results demonstrated that there were no significant different between type of
activities during breaks. This is inline with a study of Crenshaw and colleagues
(Crenshaw et al., 2006) which investigated the effects of active (performing dynamic
wrist extension exercise against resistant) versus passive (relaxing while seated with
hand in lap) pauses after each 20-min computer mouse work on EMG of the forearm
extensor carpi radialis muscle. Their results reported that there was no different
between pause types on EMG amplitude and median frequency during performing

mouse work.

6.5 Conclusions

Rest breaks with variation on activities were not decreased the neck- shoulder
muscle activity level during computer work, however, it was found that muscle

activity present no sign of fatigue throughout the period of computer task.

Further, any type of rest-break interventions had positive effect on recovery of
muscular discomfort in VDU operators with complaint on neck and shoulder. No

adverse effects on productivity were observed when adding rest breaks.

In conclusion, there were no significant differences in muscle activity, muscular
discomfort, and productivity when comparing active breaks and breaks with lack of

activity for 1 hr computer work in the symptomatic VDU operators.



CHAPTER VI
STUDY IV: IMPACT OF REST-BREAK INTERVENTIONS ON NECK AND
SHOULDER POSTURE DURING PROLONGED COMPUTER TERMINAL WORK

7.1 Introduction

Visual display units (VDU) have become widespread for routine use in work places
(Aards et al., 1998). Epidemiology study reported that neck and shoulder symptoms
in VDU operators were associated with long period of computer use (Jensen et al,,
2002; Johnston et al., 2008). The prevalence of musculoskeletal disorders (MSDs) has
been identified to be associated with VDU work (Blatter and Bongers, 2002; Cook et
al., 2000; Jensen et al., 2002; Kumar, 2001; Ortiz-Hernandez et al., 2003).

A cross-sectional survey of female office workers had been found that 53% of them
had experience of neck pain of mild intensity (Johnston et al., 2008). In addition,
female computer users are at higher risk of having MSDs at neck/shoulder region
(Akrouf et al., 2010; Andersen et al., 2011; Bostrom et al., 2008; Torngvist et al,,
2009). Moreover, operators with previous history of neck/shoulder injuries are at
higher risk of neck and upper extremity musculoskeletal disorders (Andersen et al.,
2011; Shiri et al., 2006).

The VDU operators’ forward-bending posture was reflected in increased forward
flexion of the head and the upper back, and shoulder tended to be more flexed and
less abducted when working with the VDU work task comparing to ordinary paper
task (Waersted and Westgaard, 1997).

An appropriate posture is considered as a state of musculoskeletal balance with less
stress and strain on the body. Regarding to VDU operators posture, the remaining of
sitting posture for prolong period is mainly characteristic in VDU task. The static sitting
posture can produce the increasing of forward neck flexion (Liao and Drury, 2000;
Szeto et al,, 2002). In addition, the maintenance of static posture for prolong period
of time is considered to be risk factors of development of MSDs (Vieira and Kumar,
2004).

There are many physical problems caused by forward head posture such as an
increase of upper cervical curvature (C1-C4), a decrease of lower cervical curvature,
and protraction, elevation and downward rotation of the scapulae (Harrison et al.,

1999). In addition to, increased forward head posture during VDU work causes an
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increasing of muscular activity in the neck-shoulder musculature in order to hold the
head and neck in this position (Szeto et al., 2002) which may result in muscle fatigue
and muscle imbalance. Sustaining in awkward posture also leads to an increase in
the load on non-contractile tissues which have been considered as the intrinsic
factors to the development of MSDs symptoms (Szeto et al., 2005a, 2005b;
Westgaard et al., 2001; Westgaard, Vasseljen and Holte, 2001).

Working posture of the VDU operators has been commonly studied in two-
dimensional (2D) static posture. Photographs of the sagittal plane have been used to
measure 2D posture of the head, neck, shoulder, and trunk (Raine and Twomey,
1997; Straker, Jones, and Miller, 1997). Some studies used the video to record the
postural profile to provide information about the extent of the movement (Liao and
Drury, 2000; Szeto et al., 2002).

Recently, 3D motion analysis system has been used in ergonomic research in order
to analyze the movement of the body segments. The advantage of the 3D system is
that it can track the movement of multiple body parts simultaneously. In recent
years, some studies have examined the subjects posture in response to the changes
in workstation (Finley and Lee, 2003; Straker et al., 1997), and in response to sitting
posture (Finley and Lee, 2003). However, these studies have been conducted on

healthy pain-free persons.

Concerns over occupational musculoskeletal load primarily the neck and shoulder
regions, Westgaard and Winkel (Westgaard and Winkel, 1996) suggested the guidelines
for the successful interventions corresponding to musculoskeletal health. The
guideline considered on a reduction at the dimensions of mechanical exposure as
the level (intensity) of workload, and time dimensions on repetitiveness, and
duration of workload. However, if the exposure level is high and the work situation
does not allow a reduction in exposure level below a safe limit, guidelines are given

on requiring rest pauses.

On the dimension of a reduction of exposure level, most research studied on
workstation design focused on desk and display design (Sommerich, Joines, and
Psihogios, 2001; Straker et al., 2009). As the workstation design can influence the
short term variation in posture and muscular variability (Straker et al., 2009).
However, changing the workstation design could not be done in every office.
Therefore, rest breaks have been proposed as a means in order to reduce static
loads on the musculoskeletal system as well as repetitive strain injuries associated
with prolonged computer work (Carter and Banister, 1994; Hagberg and Sundelin,
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1986; Hales et al., 1994; Salvendy and Sauter, 1987; Sundelin and Hagberg, 1989;
Winkel and Westgaard, 1996). Furthermore, frequently have rest breaks during work is
considered a practical recommendation because it is not costly for the workplace
(Fisher et al., 1993).

Rest-break intervention during computer work tasks are classified to active and
passive pause. The passive pauses in these appraisals mean that the operator leaves
from computer tasks and sit relaxing during this period, while during the active pause
the operator required to perform a specific movement such as shoulder elevation
(Crenshaw et al., 2006; Samani et al., 2009b). Large variations in types of activity
during rest-breaks such as stretching (Galinsky et al., 2007; Henning et al., 1997), sub-
maximal contraction (Crenshaw et al., 2006), dynamic movement (Sundelin and
Hagberg, 1989), and eccentric contraction (Samani et al., 2009b) have been

implemented.

However, there is still limited clinical trial research that addresses on the effects of
different types of activity during rest- breaks intervention for VDU operators in term

of change in neck and shoulder postures.

The aim of this study was to examine the effect of rest-break interventions on neck
and shoulder posture of the symptomatic VDU operators whilst performing 1 hr
computer typing task. In this research, our focus was to determine which type of
activity during rest-breaks intervention will be most effective impact on the neck and
shoulder posture of symptomatic VDU operators when working with the same

workstation setting.

7.2 Methods

7.2.1 Design

The present research employed a Randomised Control Trial study where subjects
were randomly allocated into three groups based on types of the rest-break
interventions as the following: (i) a reference group with no activity during breaks, (i)
a rest-break intervention with stretching, and (iii) a rest-break intervention with
dynamic contraction. The subjects were reasonably matched in terms of age, body
build, symptoms in the neck/shoulder, and work background. Table 7.1 shows the

general characteristics of three groups.
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7.2.2 Subjects

Thirty female VDU workers aged 18 — 40 years were recruited from university and
offices in Bangkok (Table 1). The subjects had current discomforts in the neck and
shoulder areas and presented more than 3 months and also in the past 7 days. The
subjects had to perform computer work at least 4 hr a day. All subjects were right-
hand dominant and had been on the current position at least 2 years. The subjects
reported experience of discomfort related to work. Subjects were excluded if they
had the following: Body Mass Index BMI (Body Mass Index) was more than 25 kg/m2
(WHO Expert Consultation, 2004), a history of onset symptoms in the area of
neck/shoulder and arms due to traumatic injury or accident, and surgery on the
spine or the shoulder, signs of neurological deficits, pregnant or on maternity leave,
and defect of eyesight with no correcting eyesight. A physical therapist performed all

assessments for inclusion and exclusion criteria.

Written consent was obtained from all subjects. The study was approved by the
Ethics Review Committee for Research Involving Human Research Subjects, Health

Science Group, Chulalongkorn University.

7.2.3 Material

1) 3D motion measurement and analysis
() Motion capture system: Raptor-E Digital RealTime System
(i) Motion capture software: Kin Tools RT

2) T infrared cameras with video capture at a sampling frequency of 50 Hz
(Motion Analysis, Santa Rosa, USA)

3) 3 reflective markers 12.5 mm
4) Calibration frame and wand
5) 7 tripods

6) Modified Nordic questionnaire providing a body map was used to evaluate

the subject’ s musculoskeletal discomfort (Appendix E)
7) Metronome set at 30 beats per minute

8) VDO of stretching and dynamic contraction activity
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9) Visual display unit:

(i) a standard desk-top computer composing of monitor (20-inch LCD display,
keyboard, mouse, CPU, and speaker

(i) a standard computer table
(i) an adjustable chair with back support
(iv) an adjustable document holder

10) Document for computer work task (Appendix J)

7.2.4 Variables

7.2.4.1 Independent variables

1) Rest-break intervention: 3 levels
(i) Reference group with passive pauses
(i) Rest-break intervention group with self-stretching
(iii) Rest-break intervention group with dynamic contraction

2) Occasion: 6 occasions at Oth, ZOth, 23rd, 43rd, 46th, and 66th minute

7.2.4.2 Dependent variables

1) Craniovertebral angle

2) Forward shoulder angle

7.2.4.3 Control variables

1) Experimental work station such as desk height, seat height, foot rest,

document holder position, keyboard and mouse position, height of monitor

2) Environmental factors such as temperature, light, sound, and the day time of

experiment

3) Typing task
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7.2.5 Workstation and task setting

Each subject was provided the proper adjustable workstation as the guidelines for
setting up a computer workstation according to the Occupational Safety and Health
Administration (OSHA) (Occupation Safety & Health Administration, 2005). A standard
office chair with armrests was adjusted to subject’s popliteal height. The top of a 20
inch- LCD display was adjusted at the eye level and the distance of display was
approximately the subject’s reach distance. A document holder was placed on the
right side. The subjects were instructed to sit in a comfortable posture for computer

work.

The study was conducted in the laboratory room which the climate, lighting, and

environment controlled for motion analysis laboratory.

A paper-based typing task was conducted in this study. The task required reading
from paper sheet documents placed on the document holder and completing of the
typing task in Thai by using keyboard and mouse. The subjects were asked to type at

their normal pace in 60 minutes. The subjects could be correct the error at all time.

7.2.6 Rest break conditions

The subjects were assigned to one of three conditions among reference, rest break
with stretching, and ret break with dynamic contraction. In all conditions, the

subjects received a 3-min break after every 20-min of work.

The subjects randomly assigned as the reference condition were provided a 3-min
breaks with no need to perform any activity. They handed off the computer and

were relax sitting back on chair during breaks.

In the rest-break condition with stretching, the subjects performed stretching at
bilateral upper trapezius, lower trapezius, anterior deltoid, and cervical erector
spinae muscles for 15 s of each in 3-minute break. The subjects received the
stretching guidance form a physical therapist before the actual experiment and they
did the stretching following the VDO instruction presented on the LCD display screen

during breaks.

The protocol of stretching were the following as: 1) getting off the computer work
and standing beside the VDU work station, 2) stretching and holding for 15 s at a
sufficient intensity to elicit a feeling of stretch without pain of each muscle at

consequently of Rt. upper trapezius, Lt. upper trapezius, Rt. lower trapezius, Lt. lower
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trapezius, both anterior deltoid, and cervical erector spinae, and 3) repeating all
stretching again. The positions and movements of stretching were shown in Figure
7.1

Figure 7.1 Stretching intervention; a) upper trapezius; b) lower trapezius; c) anterior

deltoid; d) cervical erector spinae

In the rest-break condition with dynamic contraction, the subjects performed full
range of motion of both shoulder elevation, both shoulder flexion, and neck

extension during 3-min breaks. The dynamic contraction would gradually increase
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and decrease length and tension of the muscles as so call as isotonic contraction.
The subjects stood nearby the work station and performed dynamic contraction
following the VDO instruction as consequently elevation of both shoulders, flexion of
both shoulder, and neck extension for 5 times of each movement. The rate of
movement was set by a metronome at 30 beat per minute. The movements were

shown in Figure 7.2.

Figure 7.2 Dynamic contraction intervention: a) shoulder elevation; b) shoulder

flexion; c) neck extension

7.2.7 Neck/shoulder postures measurement

The data of neck/shoulder postures were collected using a 7-camera infra-red

motion analysis system (Motion Analysis, Santa Rosa, USA) at 50 Hz.
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Three reflective markers (12.5 mm) were placed on the right side of each subject at
the following skeletal landmarks: targus, spinous process of C7, and lateral tip of
acromion process. The markers were attached to all subjects by the same physical
therapist. To calculate the craniovertebral and forward shoulder angles, the

commercial software (Kin Tools RT, Motion Analysis, Santa Rosa, CA) was used.

The craniovertebral and forward shoulder angles were derived from the data at the
Oth, 20th, 23rd, 43rd, 46th, and 66th minute of the typing task for a 60-s duration of each.

The craniovertebral angle was the angle between the line from the tragus to the C7
line and the X-axis at C7. The forward shoulder angle was the angle between the line
from the tragus to the C7 line and the X-axis at C7 (Yoo, Yi, Cho et al., 2008). Figure

7.3 showed the craniovertebral angle and forward shoulder angle.

Figure 7.3 The craniovertebral (CV) angle and forward shoulder (FS) angle

Before performing a video capture, the motion analysis system was calibrated to
determine the exact positions and orientation of the cameras. The calibration frame

and wand were used to determine the reconstruction volume.
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7.2.8 Experimental procedure

The experiment occurred in the morning. Reference sitting posture will be recorded
for 2 minutes as a baseline measurement in order to represent the subjects’” normal
sitting posture before performing the VDU work. The neck and shoulder postures
were recorded by a 3-D motion analysis system during 1-hour VDU work. Each
subject received a 3-min rest break of 20-minute work interval until 60-minute work.

The schematic and detail of experimental procedure illustrated in Figure 7.4 and 7.5.

Participants
2 > Excluded

Potential subjects
Random subjects into
Reference, Stretching, and Dynamic contraction groups
Experiment
Neck/shoulder posture
1) Cranivovertebral angle

2) Forward shoulder angle

Figure 7.4 Schematic of experiment procedure of study
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VDU work

20 min

TO T1

| |

T2 T3

T5

Neck and ShoulderPosture

Figure 7.5 Detailed experiment procedure of neck and shoulder angle measurement

7.2.9 Statistical analysis

The SPSS statistical software, version 17.0 (SPSS, Chicago, IL, USA) was used to

perform the statistical analyses and significance was set at a p-value < 0.05. The

subjects were matched in terms the characteristics of work profile, anthropometry,

and age. Repeated measures ANOVA was used to test for a main effect of the rest-

break interventions for the dependent variables as Craniovertebral angle (CV angle),

and the Forward shoulder angle (FS angle). To examine effects of rest-break

intervention on the CV and FS angles, time was introduced as a factor in a repeated
measure ANOVA with 6 levels (Oth, ZOth, 23rd, 43rd, 46th, and 66th minute). The

sphericity test was used for any repeated measures factors. If the assumption

indicated lack of sphericity, a Greenhouse-Geisser correction was used. If there were

significant effects, post-hoc tests were applied to locate differences.

7.3 Results

7.3.1 Subjects

Group characteristics of subjects were summarized in Table 7.1. There were no

significant differences between groups in terms of age, BMI, work profile (work in the

current position, computer use per day), and muscular discomfort level in neck and

shoulders.
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Reference Stretching Dynamic
(n=10) (h=10) contraction
(n=10)

Age, years [mean(SD)] 27.6(3.0) 31.4 (5.9) 29.6 (5.9)
BMI, kg/m2 [mean(SD)] 20.4 (1.5) 20.6 (2.2) 20.0 (1.84)
Height, cm [mean(SD)] 156.6 (5.4) 158.0 (4.8) 159.7 (4.8)
Body weight, kg [mean(SD)] 50. 2 (5.3) 51.5(6.0) 51.0 (4.9)
Work in current position, years 3.3 (1.3) 4.6 (4.1) 5.2 (4.3)
[mean(SD)]
Computer use per day, h [mean(SD)] 7.2 (1.3) 6.5 (0.5) 6.6 (1.5)
Neck discomfort [mean(SD)] 3.3(1.8) 3.4(1.1) 5.3(2.7)
Rt. Shoulder discomfortimean(SD)] 3.4 (1.6) 2.7 (1.5) 4.7 (3.1)

7.3.2 Craniovertebral (CV) angle

A summary of Mean + SD of craniovertebral (CV) angle of each intervention group

were shown in Table 7.2.

Table 7.2 A summary of Mean + SD of Craniovertebral (CV) angle

Rest-break Time

Intervention | g T1 T2 T3 T4 T5

Reference 53.25 + 52.95 + 53.10 + 51.12 + 52.52 + 50.04 +
7.07 7.92 8.86 7.58 7.93 8.05

Stretching 53.44+ 5272 + 53.89 + 53.64 + 5441+ 55.03 +
6.09 4.97 4.96 5.58 5.14 4.04

Dynamic 5412 + 52.34 + 53.01 + 54.63 + 52.71 + 52.72 +

contraction | 6.03 5.60 5.00 5.22 5.38 6.36
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A summary of repeated measure analysis of variance on craniovertebral and forward
shoulder angle with the factors time at 6 levels [Oth minute (T0)], at the end of each
20-min working session [20th minute (T1), (T3) and (T5)] and immediately after each
break [23th minute (T2) and T4)] and rest break intervention group (reference,

stretching, dynamic) was presented in Table 7.3.

Table 7.3 Summary of repeated measure analysis of variance on craniovertebral
and forward shoulder angle with the factors time at 6 levels (before commencing the
typing task, at the end of each 20-min working session, and immediately after each

break) and rest break intervention group (reference, stretching, dynamic contraction).

Factors

Group Time Group * Time
Craniovertebral angle F(2,27)=1.99, F(5 135)=1.12, F(10, 135) = 3.31,
Forward shoulder angle F(2, 27) = 0.60, F(3.13, 84.53) = F(6.26, 84.53) =

D= 056 5.07, p = 0.002*  3.06, p = 0.008*

*Significance level at 0.05

There was no significant group effect on CV angle. There was no significant time
effect on CV angle. However, there were significant group by time interaction effect
of CV angle [F (10,135) = 3.31, p = 0.001)] (Figure 7.6). This interaction effect indicated
that the profile of CV angle was different for subjects in different interventions across

time.
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Craniovertebral angle
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Figure 7.6 Cranioverterbral angle of the subjects in each group
7.3.3 Forward shoulder (FS) angle
A summary of Mean + SD of Forward shoulder (FS) angle of each intervention group

was shown in Table 7.4.

Table 7.4 A summary of Mean + SD of Forward shoulder (FS) angle

Rest-break Time

Intervention TO T1 T2 T3 T4 T5

Reference 70.13 + 70.17 + 68.88+ 65.73 + 66.43 + 68.24 +
5.28 5.41 5.25 5.20 6.14 6.63

Stretching 70.97+ 70.84 + 71.25 + 70.72 + 70.73+ 68.87 +
4.83 572 5.38 5.68 6.13 6.50

Dynamic 68.54 + 68.34 + 69.16 + 67.44+ 68.45 + 68.63 +
contraction | 5.38 5.20 5.08 5.22 5.40 5.10
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There were significant time effects on FS angle [F (3.13, 84.53) = 5.07, p = 0.002)].
Post hoc contrasts were conducted to explore the pattern of significant on time

effect. Thus, there was significant effect of time on FS angle between T1 and T3, T2
and T3, T2 and T4 (Figure 7.7).
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Figure 7.7 Mean forward shoulder angle across time
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In addition, there were significant group by time interaction on FS angle [F (6.26,
84.53) = 3.06, p = 0.008)] (Figure 7.8). This interaction effect indicated that the profile

of FS angle was different for subjects in different interventions across time.
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Figure 7.8 Forward shoulder angle of the subjects in each group

7.4 Discussion

7.4.1 Subjects

The subjects in each group were only female VDU operators with neck and shoulder
discomfort. There were no differences in age, BMI, computer use per day, and
muscular discomfort among groups. However, it can be noticed that subjects in
dynamic group had higher muscular discomfort than the others. Thus, it could be the

advantage of our experiment that the subjects had the same characteristic.

7.4.2 Craniovertebral (CV) angle

The risk to develop musculoskeletal disorders related to posture was resulted from
an increased gravity resisting moment with decreased CV angle (Straker, Burgess-
Limerick, Pollock et al., 2008). The smaller CV angles reflected the greater protraction
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of the head that mean a forward head posture (Joe, Elizabeth, and Aoife, 2003). Such
the posture increased flexion at the atlanto-occipital joint and also increased the
horizontal distance of the center of mass of the head from its axis of rotation
involved a consequence of the increased extensor moment (Burgess-Limerick, Plooy,
Fraser et al,, 1999). Straker and colleagues (Straker et al., 2008) also suggested that
the increased neck flexion angle during working increased moment around both the
lower and upper cervical spine and leaded to increase stress on tissue and a greater

risk to develop the musculoskeletal disorders.

In the present study, there were no significant differences of group effect on the CV
angle. However, the stretching and dynamic contraction groups revealed an
increased in CV angle after the typing task for 60 min compared to that of reference
group. In contrast, Szeto and colleagues (Szeto et al., 2002) reported that
symptomatic office workers demonstrated an approximately 10% increase in forward
head posture when working with the computer. This result showed that stretching
and dynamic contraction activities during rest-break interventions are assumed to
have positive influence on CV angle among the symptomatic VDU operators during
prolong computer typing task. Since, it was suggested that the larger CV angles the
better posture of head/neck alignhment in the sagittal plane of young female (Joe et
al., 2003).

7.4.3 Forward shoulder (FS) angle

The forward shoulder angle provides a measurement of the forward shoulder
position. A smaller angle indicates that the shoulder is further forward in relation to

C7 - in other words, a more rounded shoulder (Raine and Twomey, 1997).

Though, there was no significant group effect on FS angle. However, there were
significant time effects on FS angle. We found that the FS angle was reduced after
typing for 20 minutes (from 23th minute-43th minute) in the reference group. This
means that even though the subjects had a rest break before each typing, it is not
enough to prevent forward shoulder posture among them. In contrast, the FS angle
of the stretching and dynamic groups were increased after having rest-break
interventions. Szeto and colleagues (Szeto et al,, 2002) had study the shoulder
posture of the symptomatic and asymptomatic office workers, they found that
symptomatic subjects tended to have more protracted acromions (smaller FS angle)

when compared with asymptomatic subjects.
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Thus, our results indicated that the rest-break intervention in form of stretching and
dynamic contraction could give a positive effect on the shoulder posture in the

symptomatic VDU operators.

The dynamic contraction by performing simple exercises of neck and shoulders

during breaks aimed to improve neck and shoulder postures during VDU work.

Due to less variability and low levels of upper trapezius activity during VDU work for
prolonged periods, neck an d shoulder musculoskeletal disorders would be
developed, furthermore, these phenomenal resulted in an increase in static posture
(Waersted and Westgaard, 1997; Wahlstrom, 2005). The static posture interrupts
circulation and limits movement. If this circumstance is maintained for prolonged
periods, muscle imbalances will be developed. It is due to some muscles being

overused and others being underused (Kumar, 2001).

There was a tendency that haemoglobin during 1-hr computer mouse work was
greater for the rest break after 20-min computer work with dynamic wrist extension

than the rest break with relaxing while seated on a chair (Crenshaw et al., 2006).

Active stretching during rest-breaks intervention involved increasing flexibility around
the neck and shoulder (upper trapezius, lower trapezius, anterior deltoid, and
cervical erector spinae) which aimed to correct the posture during back to the

computer work.

7.4.4 Limitation

In this study, the effect of rest break intervention during 1 hr typing task was
investigated in the laboratory setting. Whilst the variability over longer term period of
times such as shift, whole days, from day —-to- day and filed studied should
examine. The effects of rest break interventions on neck and shoulder posture
reported here were for symptomatic female VDU operators average aged 26-31 years.
Further work should also investigate whether the variation found in this group similar

to that found in healthy or older operators.
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7.5 Conclusions

There were no significant different of rest-break interventions on neck and shoulder
posture. However, stretching and dynamic contraction shown more trend of positive
effect on CV and FS angles for the symptomatic female VDU operators during
prolong computer typing task.



CHAPTER VIII
CONCLUSIONS AND RECOMMENDATIONS

8.1 Conclusions: Which type of res-break interventions will have most effective

impact on musculoskeletal health?

8.1.1 EMG

The result demonstrated that there were no significant different between type of
activities during breaks on EMG amplitude and median frequency. However, it was no

sign of fatisue throughout the period of computer task

8.1.2 Muscular discomfort

All types of rest-break interventions have beneficial effect to reduce musculoskeletal

discomfort in symptomatic VDU operators.

8.1.3 Neck and shoulder postures

Active breaks with stretching and dynamic contraction could give a positive effect on

the shoulder posture in the symptomatic VDU operators.

8.2 Recommendations

Issues for further research

1) Investigate reliability of EMG of deep muscles of neck and shoulder by using

an invasive technique.

2) Investigate the effect of rest-break intervention on neck and shoulder

muscular activity during computer work tasks at the real workstation.

Investigate the long term effect of rest-break intervention on musculoskeletal health

and posture.
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APPENDIX D
SCREENING QUESTIONNAIRE
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APPENDIX E
MODIFIED NORDIC QUESTIONNAIR
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APPENDIX G
PHYSICAL EXAMINATION FORM
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3. NM5TATeNsAaaUlmveIRe ¥ad wazazinn lasldeasadila universal standard

goniometer

nsiadenlin Fumsiedeulm | A1Und
Neck flexion/extension 45°/0/45°
Neck Rt. Rotation/Lt. Rotation 45°/0/45°
Neck Rt. Lateral flexion/Lt. Lateral flexion 45°/0/45°
Trunk flexion/extension 90°/0/45°
Trunk Rt. Rotation/Lt. Rotation 75°/0/75°
Trunk Rt. Lateral flexion/Lt. Lateral flexion 45°/0/45°
Rt. Hip flexion/extension 135°/0/45°
Rt. Hip abduction/adduction 45°/0/45°
Rt. Hip internal rotation/external rotation 35°/0/35°
Lt. Hip flexion/extension 135°/0/45°
Lt. Hip abduction/adduction 45°/0/45°
Lt. Hip internal rotation/external rotation 35°/0/35°




4. nsUssilunznsegndundsan lagld Forward bending test
O (1) feulAeusnunszgnalas@nladnnisvomdsyuiuanegedaiau
O ) Lifiduldsusnanszgnalassdnladnnilwomdyuiuinedstaay

BBUALTIIRY v

5. A5UsELiU Head and neck posture lagld plumb line
[J (1) Normal head and neck posture

[ ) Forward head posture (ﬂ%wzagjﬁluﬁ%mm anterior position ¢1® plumb

line)

TOUBMTEITILL. ... sseseenenssesess s sssb o sss s

6. WANISNAADUAINUAIUITO bUNISNUNFURE

Y

DTUIUATRUNEUTAN VNG o AN/U9
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APPENDIX H
ELECTRODE PALCEMENT

A flexible scale band will be used to measure the distance of both located
points of EMG surface electrodes. Use a pen to mark the landmarks and orientation
lines. Bipolar surface electrodes with a contact diameter of 6 mm (3 x 2 mm) and a
center to center distance of 2 cm will be placed over neck and shoulder muscles at
the landmark points (Jensen et al., 1996). A neutral reference electrode will be
positioned at the acromion process. Each electrode cable will be firmly fix by regular
tape to avoid cable movement artefacts. The location of electrode placement

presents as the following:

1) Upper trapezius (Jensen et al., 1996)

Figure 1. Electrode placement of Upper trapezius

2 cm lateral to the midpoint between the spinous process of C7 and the

acromion process



2) Lower trapezius (Szeto et al., 2005a)

Figure 2. Electrode placement of Lower trapezius

Distal: 2.5-3 cm lateral to T6

Proximal: at 45° parallel to muscle fibers and 20 mm above distal

3) Anterior deltoid (Szeto et al., 2005a)

Figure 3. Electrode placement of Anterior deltoid

176
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Midpoint between electrodes at 2 cm anterior to midpoint between acromion

and deltoid tuberosity

4) Cervical erector spinae (Szeto et al., 2005a)

Figure 4. Electrode placement of Cervical erector spinae

Distal: 1 cm lateral to C5 spinous process, Proximal: 20 mm above distal
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APPENDIX |
GUIDANCE FOR STRETCHING

A physical therapist gives the stretching instructions and provides the general

guidance on posture to each participant (Armiger and Martyn, 2010).
1) upper trapezius
Position: standing with reaching right hand behind back

Motion affected: neck flexion with lateral side-bending to the opposite side and

rotation to the same side of the target muscle.

Stretch: To stretch the right side of upper trapezius, first depress right shoulder by
sliding right hand down right hip toward right knee. Turn head toward the right, then
place left hand over head and gently assist head into left side-bending.

Result: Participants feel a stretch along the lateral aspect of right shoulder and upper

trapezius.

2) lower trapezius

Position: standing with cross-over left hand to grab the medial border of the spine of

right scapula.
Motion affected: Rotation scapula superiorly and laterally

Stretch: To stretch the lower trapezius on the right, reach over right shoulder with
left hand in order to grab the medial border of the spine of right scapula with left
hand. Now pull right scapula superiorly and laterally with left hand. Finally, rotate

torso toward the left, while maintaining the pull with left hand.

Result: Participants feel a stretch along the right side of upper trapezius.

3) anterior deltoid
Position: standing with hands clasped behind body, elbows extended
Motion affected: Shoulder extension

Stretch: Lift hands up behind back as far as possible, keeping elbows straight and

being careful not to bend forward at the waist
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Result: Participants feel a stretch in the front of shoulders and upper arms.

4) cervical erector spinae
Position: Standing
Motion affected: Neck flexion

Stretch: Place both hands behind head and pull head slowly into flexion until chin

moves toward chest. Participants should feel a stretch in the back of neck.
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APPENDIX J
DUCUMENT FOR COMPUTER WORK TASK
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