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Abstract

The main purpose of this review article was to hgglt some of the physical
consequences of sitting for prolonged periods aoifined setting. More specifically,
the review relates this research to call centrekvemrd where applicable comments on
the limited literature relating specifically to emgpmics research within call centre
settings. In particular the article explores thenmechanical stresses placed on the
musculoskeletal system during prolonged sitting atorkstation, and the physiological
consequences thereof. The paper then provideshpmssilutions to reduce the physical
strain placed on these workers by looking at wartkst design and work organisation
emphasizing worker education and the promotionarker well being.
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1 Introduction

A call centre can be defined as the operationsi(pbysical and virtual) performed by a
group of people who are required to spend mostheir ttime doing business via
telephone, most commonly using a computer-automatedronment (Bagnara and
Marti, 2001). Call centres are an increasingly ingoat aspect of industrial
development worldwide as customer relationship mament has become a key role
player in business. In the United States alonis, éstimated that there are over 78 000
call centres employing in excess of two million pkeo The global call centre services
market was suggested to be in excess of $ 58mii@003.

The relationship between musculoskeletal disordetscomputer use (as is the case of
most call centre operators) has been well docurddiftascarelli and Kella, 1993; Cook
and Burgess-Limerick, 2004). Further risk factoetating specifically to call centre
work are associated with the physical environmestalh as the chair and monitor
heights, the keyboard position and working postunech is seated and confined (Aaras
et al., 1997), organizational factors such as duradf work and psychosocial factors
such as stress relating both to job demands anprthenged sitting fairly isolated and
in an area with limited movement ability (Smith a@drayon, 1996). For the purposes
of the present review article only the physical oexgmic factors associated with
prolonged seated call centre work will be addresaliiough acknowledgment of the
importance of the other factors is paramount.
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Traditionally call centre work has been considetedoe both stressful and boring,
which has often led to the industry being plagugdcbronic absenteeism and high
worker turnover rates. Although the design of th# centre may not be the primary
cause of the problem, improvements to the workingrenment and work practices
have been shown to significantly improve worker Iweding. This article therefore
provides a review of the current literature relgtito the biomechanical and
physiological consequences of working in confinesited postures for prolonged
periods. The article also addresses possible sohkitto reduce the physical strain
experienced by workers involved in call centre work

2 Biomechanical consequences

The biomechanical strain placed on the human maskeletal system is primarily
dependent on the posture adopted, as this detesrthieeloading on the lumbar sacral
region of the spine, the area shown to be the vetakek in the kinetic chain.
According to Pheasant and Haslegrave (2006) theumosdopted in the working
environment is dependent on the relationship batwee individual’'s body dimensions
and the dimensions of the various items in the sgake. The extent to which posture
Is constrained in a call centre is reliant on tleure and number of connections
between the user and the workspace. If there imargional incompatibility, the short
and long term consequences for the well beingeirttividual can be severe.

Forces that act on the spine include body weignision in the surrounding muscles
and ligaments, intra-abdominal pressure and angrexit load. In an upright standing

position the centre of gravity is positioned arterio the spine, creating a flexion

moment. Thus to maintain this posture, the fleximoment must be counteracted by an
extensor moment generated by the back extensorlesugaue to the fact that lumbar

spinal muscles have very small moment arms, ieessary for them to generate large
forces to counteract the forward-bending momentséeh the major force acting on the
spine is usually from the activity of the spinalsoles.

In a standing position the pelvis is in a vertipasition, while the kS, vertebrae make
an angle of approximately 30° above and below tirizbintal respectively. Due to the
lack of flexibility when one sits, only part (appimately 60-70°, Corlett, 2006;
Pheasant and Haslegrave, 2006) of the right ahgkeis made between the thighs and
the trunk can be achieved though the flexion ofttipgjoint, as tension in the hamstring
muscles restricts this movement (Corlett, 2006).aA®sult of the limiting hamstring
tension, the tendency is to rotate the pelvis bace for the remaining 20-30°
depending on individual levels of flexibility. ABe sacrum is attached to the pelvis it is
also rotated, flattening the natural curve of tnaltbar spine. In other words, in order to
keep the trunk vertical there must be an equivafexion of the lumbar spine
(Callaghan and McGill, 2001; Beach et al., 2008).uhsupported sitting the lumbar
spine may be flexed to the edges of the range diomancreasing the contribution of
the passive tissues in the support of the uprigbtyse.

The slumped posture associated with unsupporteithgsinot only increases spinal
compression forces compared to standing, but aswlts in deformation of the
intervertebral discs, which are compressed at rivet fand separated at the back. As a
result prolonged sitting has been associated wiit therniations (Kelsey, 1975).
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Furthermore, over time the intervertebral discsodaf resulting in more of the load
being transferred to the facet joints (Cheung ¢t28103), and pressure being placed on
the nerves in the spinal column (Corlett, 2006)order to ‘sit up straight’ and place the
lumbar vertebrae in their natural standing posijtitme spinal muscles need to be
activated to support the weight of the trunk. Unpl@longed sitting conditions, such as
found in call centres, this static muscle loadingynbecome a source of postural
discomfort, especially in those predisposed toegufbm back trouble.

Several studies have shown that although sittisgifiis not closely related to lower
back pain, sitting in association with other fastsuch as awkward postures show a
significant increase in the risk of lower back nyjHartvigsen et al., 2000; Lis et al.,
2007). One of the key factors determining the pastload and hence the risk of
musculoskeletal disorders associated with callreembrk is static muscular contraction
(Aaras et al.,, 1997). Ferreira and Saldiva (2002ued that the prolonged static
postures associated with call centre work are nmradee complex by the fact that
operators require communication skills, cordialitgsponsibility and efficiency, all
while under significant time pressure and direchitaring of performance.

Recently Beach et al. (2005) found that passivadtestiffness was increased in males
after only one hour of sitting, while it increasater two hours in females. Additionally
it increased the risk of injury as well as conttibg to the experience of lower back
pain. According to Corlett (1981) the intensity décomfort experienced is related to
the exposure time, and that recovery time from@rgéd exposure to static contraction
is significantly longer than the holding time (Gait] 2006). Compression forces on the
spine during standing are significantly lower th#nose experienced when sitting.
Spinal compression forces in upright sitting canasemuch as 140-150% of those
experienced during standing, while these forcesease to as much as 180-200% when
sitting in a slouched position (Hall, 2007). Calag and McGill (2001) found
compression forces in sitting to be as high as 1898Although these values are
significantly lower than the 3600 N compressioncéorlimit set by NIOSH, the
prolonged nature of call centre work, resultingatigue of the spinal structures, needs
to be taken into account.

An appropriate chair design with sufficient lumbsupport being provided by the
backrest can help to significantly reduce the ddmeding experienced by the user by
relaxing the erector spinae muscles and maintammbér lordosis (Corlett and Eklund,
1984). As such seat design becomes an importaatndigiant of biomechanical risks
associated with call centre work. Another importaeating factor to consider is the
inclination of the seat. Kayis and Hoang (1999uarthat when an individual is sitting
in a reclined position, the back rest supports wieeght of the thorax resulting in a
reduction in lumbar muscle activity and consequertiucing the lumbar load.

There is controversy in the literature as to wheteats that are most comfortable are
necessarily those that place the lowest biomechhstcain on the spine. Corlett and
Eklund (1984) found a direct relationship betwepmal shrinkage (used as a measure
of biomechanical strain) and comfort ratings. I2&an Dieen and colleagues found
no relationship, while more recently Carcone andt K2007) found that seat designs
that were most comfortable for the user were notessarily those that were
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biomechanically optimal. Therefore caution needsbéotaken when assessing seat
design in industry as there is a complex interfdagwveen ratings of comfort and least
biomechanical strain.

Original studies investigating postures adoptednduprolonged sitting found only
small variations in lumbar angle (Bridger, 1988pwéver more recently Callaghan and
McGill, 2001, found that only 50% of the subjectaintained a static posture during 2
hours of sitting, while the remaining subjects r@tethe lumbar angle on a frequent
basis. In order to reduce the risk of injury, theman body requires movement.
Movement provides nourishment for the bony striegusuch as the nucleus pulposus
and the intervertebral discs (Holm and NachemsB83;1Callaghan and McGill, 2001,
Corlett, 2006). Furthermore movement provides pkeioest periods for the muscles,
reducing the likelihood of fatigue from prolongeittisg. Furthermore Callaghan and
McGill (2001) have shown that adopting multiple fpwes and cycling between them
during the work shift helps to prevent static loaygirelieving the passive tissues of the
spine.

The lower back is not the only part of the bodyt ikasusceptible to injury during call
centre work. Neck pain and work-related upper lohidorders (WRULDSs) affecting the
hand, wrist and arm are all characteristic of ogeraf the muscles and other soft tissues
in these areas. The overuse is likely due to pg#drstatic loading, repetitive motions,
acute overexertion or more commonly due to any ¢oation of these. Several authors
(Hales et al., 1994; Cook and Burgess-Limerick,Z0tve argued that the relationship
between neck and WRULDs and computer work is wedudnented, although Palmer
et al. (2001) suggest that risk estimates are ldkgar previously reported. It is believed
that one of the leading causes of neck and showaddrarm and hand disorders is
working without arm supports (Bergqvist et al., 39@ook and Burgess-Limerick,
2004).

3 Physiological consequences

When working in seated and confined spaces suehca#l centre, where movement is
limited and getting up and walking around is nosgble, there is less demand on the
circulatory system. As the individual is essenyiafl a ‘resting’ state, heart rate is low
(McArdle et al., 2001) and there is virtually nondynic muscular activity. Although
this may appear to place little strain on the bagliting for prolonged periods with
limited movement can lead to swelling of the low&tremities (Stranden and Kroese,
1998; Stranden, 2000). This swelling is due torameased net transcapillary filtration
which exceeds the removal of fluids by the lymphaystem (Stranden, 2000). The
dominant factor causing the oedema is the increasgillary hydrostatic pressure
caused by increased venous pressure (Stranden). 200@n in a horizontal position,
the venous pressure at the feet is approximatetyriig, increasing to 70-80 mmHg in
an upright position while at passive sitting thregsure is between 45 mmHg and 60
mmHg (Stranden, 2000). Walking decreases the pressibetween 25 mmHg and 30
mmHg (Gardner and Fox, 1989). A consistent venaeassoare of 45-60 mmHg with no
respite to lower it by walking could have seriowm®equences. The most serious of
which is ‘economy-class syndrome’ which was a teomed by Symington and Stack
in 1977. This describes the venous problems cabyedramped seating conditions
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particularly in the economy class section of moderrcrafts. Although call centre work
is not in an aircraft at altitude, according tabdratory study by Hitosugi et al. (2000),
this happens in all conditions where prolongedngjtis required and is likely due to
changes in blood viscosity. These authors repdtatiafter even a fairly short period
of 2 h of quiet sitting, thrombotic tendency insed locally in the leg. Stricker et al.
(2003) also found a decrease in thrombin generatiwimg sitting. These findings could
therefore be applied to call centre workers andresges the importance of active rest
breaks to improve blood circulation.

It is well known that the human body was designednbve, and as the number of
sedentary jobs has increased, so has the numimeusifuloskeletal disorders (MSDs).
Approximately 50% of the body’s muscles contrachtdd the body motionless while
resisting gravity (Valachi and Valachi, 2003) ahe static forces resulting from these
postures have been shown to be much more taximgdyr@amic movements (Ratzon et
al., 2000). Limited mobility also contributes to sculoskeletal disorders due to
localized tension on certain regions of the body.Figure 1 it can be seen that
prolonged static postures can lead to muscle fateyud muscle imbalances. Reduced
blood flow can result in muscle ischemia resultingpain and protective muscle
contraction. The likely consequence is joint hyportty, nerve compression or spinal
disk degeneration. The neck and lower back aracpatly affected and there is a
steady compression on the vertebrae which canibatérto premature degeneration.
When a person sits down, the hip and knee jointdled the iliopsoas muscles shorten
and the hip extensors lengthen (Link et al., 183@jger, 2003). Bridger (2003) reports
that the balance of antagonistic muscle forceschvkeeps the pelvis at an anterior tilt,
changes to a posterior tilt and continues in proporto the flexion of the hip. To keep
the head erect, the lumbar spine flexes to comperasal lumbar lordosis diminishes
and eventually disappears (Bridger, 2003). Proldrgjing at work is associated with
lower back pain (Hoogendoorn et al., 2000) andigalty, many people with bad backs
gravitate towards sedentary work (Bridger, 2003)m@ared to many typical office
workers, call handlers may be at a greater riskdfareloping MSDs because they use
display screen equipment so intensively and hassedeportunity to take breaks.

Sedentary employees may also demonstrate a grddteloration in health if they do
not lead an active lifestyle outside of the workiemgyvironment. Leading a sedentary
lifestyle contributes to an increased risk for tlevelopment of coronary heart disease
and many chronic diseases of lifestyle such asrgmsion and hypercholesterolemia.
Chronic diseases of lifestyle are increasing intSoAfrica in all population groups.
Sparling et al. (1994) found that manual workerSauth Africa were largely protected
from heart disease due to the physical natureef tork. They found a dose-response
effect between increased physical activity and ceduheart disease risk. Likewise,
individuals who are not employed in manual work are do no recreational exercise,
have a higher prevalence of obesity and chronieadiss. According to the South
African Health and Demographic Survey, over 20%vbfte women and over 30% of
black women are obese. Although levels of obesigy lawer in black males, white
males also have a prevalence above 30% (Puoare 20@2). Obesity is a complex
condition whereby excess body fat predisposes dividtual to many different health
problems (Lang and Froelicher, 2005). This accutiareof body fat is a reflection of
energy imbalance where energy intake exceeds tletpenditure over a period of time
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(Lang and Froelicher, 2005). Therefore, call centgkers who expend less energy
than they take in, are likely to develop obesity dhe associated risks. Total daily
energy expenditure is comprised of the individudé&sal metabolic rate, the thermic
effect of feeding and the energy required to penfar physical activity. To counteract
this expenditure, food is eaten so that energynigalés maintained over time. Low daily
energy expenditure results from either a low basatiabolic rate or due to inactivity or
insufficient activity (Speakman, 2004) and low a@yeexpenditure with a high energy
intake will result in weight gain (McArdle et ak001). However, it should be noted
that genetics can explain up to 25% of an individuaody composition (McArdle et
al., 2001). Clearly, individuals’ working in sedant occupations such as call centres
need to be educated about the benefits of partiogpén regular physical activity so as
to negate the negative effects of their occupatiocertain diseases of lifestyle.

Prolonged Static Posture

l

Muscle Fatigue/Muscle Imbalance

|

Muscle Ischemia/Necrosis

Trigger points and muscle substitution

l

Pain

v
Protective Muscle Contraction

v
Joint Hypomobility/Nerve Compression/Spinal disc dgeneration

v
Musculoskeletal Disorder

Figure 1. Flowchart showing how prolonged static posturesmagress to pain or
a MSD.
(Adapted from Valachi and Valachi, 2003)

12



Ergonomics SA, 2007, 19 (2)
ISSN Number : 1010-2728

4 Possible Solutions

In recent years call centres have evolved intoajrtbe most rapidly growing industries
worldwide (Bagnara and Marti, 2001), and thus itinsportant to consider the
conditions under which operators work in these mmments. Ideally, workstation
design within call centres should be driven by wdlial needs, however in an industry
where workforce turnover can reach 20% per annuagiiBra and Marti, 2001), this is
prohibitively expensive to implement. Neverthele$f®rt must be made to match the
workplace to worker and task characteristics to iaidproductivity and reduce the
problems previously detailed in the current revielwurthermore ergonomic research
does suggest that there are cost effective impreugsrthat can be made to existing call
centre workstations to alleviate the musculosktlgtaysiological and psychophysical
strain evidenced amongst seated workers.

4.1  Workstation design

Call centre workers typically sit for long perioaftime interacting simultaneously with

a personal computer and a customer, each condlitesenting a specific challenge by
exposing operators to various risk factors (Bagraaé Marti, 2001). Much research
has focused on the ‘ideal’ seated workstation, vawéhere is no consensus within the
literature. These suggested solutions aim to peoai thorough overview of ergonomic
opinion as to the ‘ideal’ office environment sudiatt stations can be modified or
designed accordingly.

4.1.1 Chair design

As sustained, awkward seated postures have bestifie as important risk factors for
MSDs, it is important to consider the chair whdre operator spends the majority of the
working shift. It has been suggested that chawsukl encourage a ‘good’ posture
(Rempel et al., 2006; Lis et al., 2007), however fgudies detail what this posture
entails. Since the late ¥&entury, chair designs have attempted to produttea that
encourages this elusive ‘good’ posture based orstientific knowledge of the time
(Harrison et al., 1999), resulting in evolving ahaiiofiles. A major design goal appears
to be a chair that allows for an optimal postureilevimaintaining comfort and
functionality; however this cannot encompass irdiral responses (Dunk et al., 2005).
Design issues have centered around factors susbaadeight, depth, seat pan tilt and
backrest specifications which all play an integnadl interactive role in determining seat
acceptability and user comfort (Pheasant, 1991).

The majority of the literature emphasizes the ingmre of correct seat height to
attenuate pressure on the back of the thighs, liigymeventing ischemia and perceived
discomfort (Menta and Tewari, 2000). The indivitkideet should be in contact with
the floor to allow transfer of 25% of body weightdugh the legs, effectively reducing
lumbar pressure (Harrison et al., 1999; Parcelid.e1999). Pheasant (1991) advocates
that seat height should be at popliteal heightr@pmately 380-535mm, while Smellie
(2003) extends this range to 590mm with 130mm ghistchent. More recently
produced office chairs are adjustable, allowingsi$e correct seat height accordingly.
For those situations where seat height may nothetable, authors have suggested use
of a footrest (Kroemer, 1971; Pheasant, 1991; Rakinand Mitsuya, 2002), which is
increasingly evidenced in industry.
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To avoid unacceptable pressure on the back ofribesk and allow feet to be in contact
with the floor/footrest, seat depth must not excbaetlock-popliteal length (Parcells et
al., 1999; Smellie, 2003), approximately 435mm fbe 3" percentile for females
(Pheasant, 1991). Correct seat depth encourages tise backrest, which is agreed as
the most important aspect of the chair for atteéngattresses on the spine (Carcone and
Kier, 2007). This is achieved by simultaneouslpwing relaxation of passive and
active structures in the spine and encouraging &rrtdrdosis (Schulthess, 1905; Kayis
and Hoang, 1999; Van Dieen et al., 2001; VergachRage, 2002; Carcone and Kier,
2007). Spring loaded backrests have been propasedost efficient at tracking torso
movements, allowing for variation in posture (vaiedh et al., 2001).

Controversy exists as to the most effective degfdmckward leaning with estimates in
the range of between 1@nd 28 (Keegan, 1953; Knutsson et al., 1966; Parcelt.et
1999; Smellie, 2003; Corlett, 2006). Furthermdtkaugh the presence of a backrest is
agreed to be important, the literature contains ymaonflicting standards and
recommendations (Coleman et al., 1998) particuleglyarding lumbar and scapular
support (Goossens et al., 2003). For this reasolen@an et al. (1998) recommend
height adjustable backrests, accommodating for ¢eahghanges in operator preference
and providing a prudent compromise. In the absefadjustability, various authors
advocate the use of a lumbar pad (Kroemer, 197i¢dda and Keir, 2007). While
research has not clarified preferred size, decdeasek flexion and increased lumbar
lordosis have been evidenced during lumbar padeusag

Increasing the trunk-thigh angle has been showredace undesirable kyphosis of the
lumbar spine (Parcells et al., 1999; Corlett, 20@8)ich can be achieved by tilt seating.
While several authors report that tilting seat pares practically negligible in reducing
spinal load (Kayis and Hoang, 1999), most recommititer 5 forwards (Parcells et
al., 1999) or between’Sorwards and backwards (Bendix and Biering-Sorensé83;
Smellie et al., 2003). While the excessive forwaltthg seen in kneeling chairs leads
to instability (Pheasant, 1991) as well as kyph@endix et al., 1996), small degrees
of tilting allow for frequent posture changes (VvRreen et al., 2001), recognized as
beneficial in constrained seated jobs (Legg eRaR).

This postural movement is specifically encouragettlynamic chairs’, which allow the
seat and backrest to move either together or indbgrely (van Dieen et al., 2001). This
IS important as it appears that the relationshipwveen backrest and seat tilting are
imperative in decreasing lumbar pressure (Lengsétlél., 2000). Moreover these
chairs impart passive forced motions (Callaghan BtafGill, 2001) which reduce
lumbar compression and promote leg movements (@rgr2000). Individuals tend to
use dynamic chairs if given a choice (Miedema et ¥099), however often worker
education is necessary to ensure correct use (i@nl2t al., 2001). Furthermore, the
user should be able to ‘lock’ the seat elementgasition as in practice, constant
movement may not always be psychophysically acbépt@Pheasant, 1991; Smellie,
2003). Debate remains as to the effectivenesgrwdrdic chairs (Dunk et al., 2005) and
the variety of methodology evidenced hinders comsparbetween existing studies.

Armrests have been shown to reduce muscular ewrertiothe trapezius muscles
(Harrison et al., 1999), however if used there ninesa gap between the armrest and the
backrest so that the ulnar nerve is not impede@g®mt, 1991) and furthermore, it
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must not compromise movement or accessibility ® dask (Smellie, 2003). Ideally
Smellie (2003) advocates that the armrests shoeldddtachable although this is
unlikely in all but custom made chairs.

Despite a high degree of adjustability in the cotri@ffice chair, it has been established
that these features are ineffective if workers raoe educated as to their correct use
(Rudnick, 2000; van Dieen et al., 2001). Thissthates the importance of continued
worker education with reference to workplace setingd correct adjustment of chairs.
Proper ergonomic set up of workstations tends thibdered by the ‘hot-desking’ that
often occurs in call centres, whereby operatorsstzonly use different workstations;
hence this practice should be minimized as faraasiple within organizations (Taylor
et al., 2003) to allow workers to efficiently adjilse workspace to their needs.

4.1.2 Workstation organisation

Margaritis and Marmarus (2007) emphasise the inapod of workstation layout in the
reduction of MSDs amongst seated workers. Incokegboard and visual display unit
(VDU) placement, insufficient table space, lackkarearm support and glare of screens
have all been identified as workstation problemsoeisted with MSDs and visual
problems (Hunting et al., 1981; Harrison et al.99;9Rudnick, 2000; Seghers et al.,
2003; Smellie, 2003; Rempel et al., 2006; Marga@nd Marmarus, 2007). Pheasant
(1991) thoroughly details workstation layout based anthropometric measures,
however this level of detail is only useful in tthesign process for office furniture.

In established workstations, frequently used objacich as the keyboard, mouse and
telephone, should be placed within easy reach @méa 1991; Rudnick, 2000).
Screens should be placed at right angles to windowisparallel to overhead lights to
reduce glare (Pheasant, 1991), while diffuse Ilightis preferable to direct overhead
light (Aaras et al., 2001). Authors agree that \@xhould be placed below eye height
to reduce neck muscle activity and take advantagéhe natural downward gaze
(Fujimaki and Mitsuya, 2002; Seghers et al., 2008)vever the actual degree varies,
with some authors advocating®1®heasant, 1991; Seghers et al., 2003) 8abw
(Smellie, 2003) while others argue that anythingveen 15 and 38 is acceptable
depending on user preference (Aaras et al., 198iQnting et al. (1981) recommend
VDU placement 400-800 mm away from the operatoleMAheasant (1991) argues that
500 mm should be the minimum viewing distance aath lthis author and Smellie
(2003) advocate 750 mm where possible.

Keyboards should be kept at elbow height (Huntihgle 1981; Smellie, 2003) and
close to the desk surface so as to reduce wrigneixin (Rempel et al., 2006).
Ergonomic keyboards have been shown to be genepadierable to the traditional
QWERTY layout, however familiarity and associateghrhing requirements with
implementation has hindered the use of such keglso@mell and Kumar, 1999).
More commonly evidenced are forearm and wrist suppdorearm support has been
found to be advantageous by a variety of authorsdker, 1971; Hunting et al., 1981,
Aaras et al., 2001; Cook and Burgess-Limerick, 2@ their relatively cost effective
implementation has seen them frequently used ictivea ergonomic interventions
(Amell and Kumar, 1999). However Rempel et al.0@0caution that the whole
forearm must be supported, not just the wristsretine allowing for less localized
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contact stress. Nevertheless it has been suggdsgdif provided, the majority of
people will use forearm support as opposed to fhst desk being offered as a
supporting surface (Smellie, 2003).

Galinsky et al. (2000) suggest that the discomdertienced in the neck and shoulders
in seated workers has proven difficult to counteidaring ergonomic interventions.
Furthermore these authors report that the statstupes evidenced may not be fully
eradicated through workstation redesign, thereforganisational changes become
increasingly important

4.2  Work organisation

Regarding seated postures, research indicates résat breaks are fundamentally
important in reducing discomfort and injury alligd static muscular contractions

(Rudnick, 2000; Palmer et al., 2001; Corlett, 20@xgnie et al., 2007). The

proportional relationship between exposure and uwego time means cumulative

discomfort is unlikely to occur over a traditionahch break, indicating that rest breaks
should be short and frequent (Galinsky et al., 2000rlett, 2006). Furthermore

compulsory planned rest breaks encourage peeadtin that is traditionally scarce in

call centre work (Berquuvist et al., 1995), leadingncreased worker well being. These
may further help to relieve the cognitive straindewced in operators involved in

complex problem solving activities for the majoraf the working shift (Bagnera and

Marti, 2001). Furthermore standing/walking shoblel encouraged during breaks as
spinal loading patterns are significantly differamid provide relief for the structures of
the back (Callaghan and McGill, 2001).

Bagnera and Marti (2001) suggest that insufficigmining accounts for the high
cognitive strain reported amongst contemporary cafitre workers. By investing in
appropriate training strategies companies coul# kooincreasing worker productivity
and competency. Furthermore these authors exmesscessity for user-friendly
software and clearly defined organizational strreguas means of reducing cognitive
load on operators.

Regular worker education concerning ergonomicstecbrworkstation set up and the
dangers associated with long term constrained deadstures is a key element in
reducing the effects of these environments (Smel@3). Harrington and Walker
(2004) call attention to the importance of educatd seated workers specifically and
show that simple software and computer based trgipackages can be used to aid this
learning process. Simple leg exercises such as kaising, stepping and heel raising
have shown positive effects on sedentary workerslK&¥ and Jorgensen, 1986; van
Deursen et al., 2000). Leaflet-style instructioas,detailed by Coleman et al. (1998),
provide continual reference points to adjust sgagiccording to preference. It must be
noted that constant education is vitally importaRtidnik (2000) advocates that to
encourage successful outcomes companies must eoreigonomics as an on going
programme and encourage workers to do the same.

Moreover encouraging workers to participate in finscess leads to increased feelings

of well being and involvement (Rudnick, 2000). Flpersonal involvement may be
impractical in large companies, however ergononaacation would be particularly
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important here where supervisors are not on hanccaatinually provide basic
ergonomic principles.

5 Conclusions

The prolonged confined seated posture call cergesabors are required to assume has
been shown to have negative impacts from both andibanical and physiological
perspective. However appropriate workstation desgpecific to the needs of the
individual, and effective work organisation caneetively reduce the physical demands
being placed on the human operator. Optimizingctidecentre environment to suit the
physical capabilities of the workers will not ordignificantly reduce the risk of injury,
but also improve productivity.
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