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ABSTRACT

Muscul oskeletal disorders have been observed and experienced widely at
workplaces where the computers are frequently used. Increase in the num-
ber of employees working with computer and mouse coincides with an
increase of work-related musculoskeletal disorders (WRMSDs) and sick
leave, which affectsthe physical health of workers and pose financial bur-
dens on the companies, governmental and non-governmental organiza-
tions. This literature review study begins with the description of the risk
factors and followed by the discussion of general characteristics of the
muscul oskeletal disorders. The economic impact of work-related muscu-
loskeletal disorderswas reviewed. Thiswas followed by the discussion of
issues related with workplace ergonomics, an extensive review of com-
puter use related upper extremities musculoskeletal disorders, and com-
puter keyboarding with different postures. Finaly, the literature review is
concluded with a discussion of the effects of interventions.
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INTRODUCTION

TheNationd Institutefor Occupationa Safety and
Hedth (NIOSH) inthe USA definesaMuscul oskeletdl
Disorder (MSD) asadisorder that affectsapart of the
body’s musculoskeletal system, which includes bones,
nerves, tendons, ligaments, joints, cartilage, blood ves-
selsand spinal discs. Thesearetheinjuriesthat result
from repeated motions, vibrations and forces placed
on human bodieswhile performing variousjob actions.
Thefactorsthat can contributeto muscul oskd etd symp-
tomsinclude heredity, physica condition, previousin-

jury, pregnancy, poor diet, and lifestyle.

Work-related muscul oskeletal symptoms occur
when thereisamismatch betweenthephysical require-
mentsof thejob andthephysica capacity of thehuman
body. Muscul oskeletd disordersarework-related when
thework activitiesand work conditionssignificantly con-
tributeto their devel opment, but not necessarily thesole
or significant determinant of causation. Work-related
muscul oskeletd disorders(WRM SDs) describeawide
range of inflammatory and degenerative conditions af-
fecting the muscles, tendons, ligaments, joint, periph-
era nerves, and supporting blood vessels. These con-
ditionsresult in pain andfunctiona impa rment and may
affect neck, shoulders, elbows, forearms, wristsand
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hands.

The causes of musculoskeletal disordersin the
workplace are diverse and poorly understood. The
meaning that working hasto anindividual may helpto
explain why certain psychol ogical factorsare associ-
ated with musculoskel eta discomfort and may eventu-
ally provideoneway tointerveneto reduce M SD.

Muscul oskel etdl disordershave been observed and
experienced widely at workplaceswhere the comput-
ersarefrequently used. Increasein the number of em-
ployeesworking with computer and mouse coincides
with anincrease of work-related musculoskeletal dis-
orders (WRMSDs) and sick |eave, which affectsthe
physical heath of workersand posefinancial burdens
on the companies, governmental and non-governmen-
tal organizations.

Thisliteraturereview study beginswith thedescrip-
tion of therisk factors and types of musculoskeletal
disorders, and followed by the discussion of general
characteristicsof themusculoskeletd disorders Theeco-
nomic impact of work-related muscul oskeletal disor-
derswasreviewed. Thiswasfollowed by thediscus-
sion of issuesrelated with workplace ergonomics, and
an extensivereview of computer usereated upper ex-
tremitiesmuscul oskeletd disorders. Findly, thelitera-
turereview isconcluded with adiscuss on of computer
keyboarding with different postures and different key-
board designs.

WORK-RELATED MUSCULOSKELETAL
DISORDERS (WRMSDS)

Orthopedic Clinicsof North America(1996) cited
the causes of work-related muscul oskeletal symptoms
intwo categories:

Psychosocial factors

Theseinclude monotonouswork, time pressure, a
highworkload, unorganized work-rest schedules, com-
plexity of tasks, career concerns, lack of peer support,
apoor relationship between workersand their supervi-
sors, and poor organi zational characteristics (climate,
cultureand communicetions).

“Psychosocial factors at work are the subjective
aspects as perceived by workers and the managers.
They often havethe same namesasthework organiza-

tionfactors, but aredifferent in that they carry ‘emo-
tiond’ value for the worker. Thus, the nature of the su-
pervision can have positive or negative psychosocia
effects(emotiond stress), whilethework organization
aspectsarejust descriptive of how the supervisionis
accomplished and do not carry emotiona value. Psy-
chosocid factorsaretheindividua subjective percep-
tionsof thework organization factors™.,
Organization of work refersto theway work pro-
cesses are structured and managed. In general, work
organization refersto theway work processesare struc-
tured and managed, and it deal swith subjectssuch as
thefollowing:
= Scheduling of work (work-rest schedul es, hours of
work and shift work)

= Jobdesign (complexity of tasks, skill and effort re-
quired, and the degree of control of work)

» |nterpersond aspectsof work (rel ationshipswith su-
pervisorsand friends)

= Career concerns (job security and growth opportu-
nities)

= Management style (participatory management and
teamwork)

= QOrganizational characterigtics(climate, cultureand
communications).

Many of these elements are referred to as “psy-
chosocial factors” and have been recognized as risk
factorsfor job stressand psychologica strain. Stressis
considered as human body’s physical and emotional
reaction to circumstancesor eventsthat causefrighten-
ing, irritation, confusion, danger or excitement. Particu-
larly, stressisachangefrom aperson’s normal behav-
ior in responseto something that causeswear and tear
onthebody’s physical or mental resources.

Itistheextensive and intensive stressthat causes
thedisordersinthemusculoskeleta system. Thecauses
of the stressarise dueto experiencethefeelingslike
frustration, anger, irritation, confusion, nervousness,
or tension. Not only thefrequency of exposureto these
emotions, but also the repetition of the motionsand
activities causethemuscul oskeletal disordersor inju-
ries.

Physical factors

Theseincludeintense, repeated, or sustained exer-
tions; awkward, non-neutral, and extreme postures;
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rapid work pace; repeated and/or prolonged activity;
insufficient timefor recovery, vibration, and cold tem-
peratures.

Awkwar d postures

Body postures determinewhich jointsand muscles
are used in an activity and the amount of force or
stressesthat are generated or tolerated. For example,
morestressisplaced on the spinal discswhenlifting,
lowering, or handling objectswith the back bent or
twisted, compared with when the back is straight.
Manipulativeor other tasksrequiring repeated or sus-
tained bending or twisting of thewrists, knees, hips,
or shouldersalso imposeincreased stresses on these
joints. Activitiesrequiring frequent or prolonged work
on wrists and fingers, such as keyboarding, can be
particularly stressful.

Repetitivemotions

If motionsarerepeated frequently (e.g., every few
seconds) and for prolonged periods such asan 8-hour
shift, fatigue and muscle-tendon strain can accumul ate.
Tendons and muscles can often recover from the ef-
fectsof gretching or forceful exertionsif sufficient time
isdlotted between exertions. Effects of repetitivemo-
tionsfrom performing the samework activitiesarein-
creased when awkward posturesand forceful exertions
areinvolved. Repetitiveactionsasarisk factor candso
depend on the body area and specific act being per-
formed.

Duration

Duration refersto theamount of timeapersonis
continually exposed to arisk factor. Job tasksthat re-
quireuse of thesamemusclesor motionsfor long dura-
tions, such asprolonged typing, increasethelikeihood
of both localized and genera fatigue. In general, the
longer the period of continuouswork (e.g., tasksre-
quiring sustained muscle contraction), thelonger the
recovery or rest timerequired.

Frequency

Frequency refersto how many timesapersonre-
pesatsagiven exertion within agiven period of time. Of
course, the more often the exertion is repeated, the
greater the speed of movement of the body part being
exerted. Also, recovery time decreasesthe more fre-
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quently an exertioniscompl eted, and aswith duration,
thisincreasesthelikelihood of both localized and gen-
erd fatigue.

Psychological risk factors

In addition to the above conditions, other aspects
of work may not only contributeto physical stressbut
psychologica stressaswell. Whilethehuman body is,
indeed, amechanismlimited inmotionsby virtueof the
biologica characteristicsof thebody, it so containsa
thinking, reasoning, feeling brain. Human beingsexpe-
rience pain, joy, sadness, depression, anger, boredom,
frustration, fear, outrage, jea ousy, love hate, and (even)
schizophrenia

Responses such as anxiety, tension, depression,
anger, frudtration, fear, fatigue, confusion, hel plessness,
and lack of vigor arisewhen the human being exposed
to stress.

Thenature of WRMSDs

TheWorld Health Organization recogni zethe con-
ditionsthat result in pain and functiona impairment that
affect neck, shoulders, elbows, forearms, wrists, and
hands arework-rel ated when the work activitiesand
work conditionssignificantly contributeto thedevel op-
ment of work-related disorders but not asthe solede-
terminant of causation.

Baker et al.[®¥ thought that the causes of muscu-
loskel etal disordersin theworkplace arediverseand
poorly understood. Therefore, they conducted an ex-
ploratory study to seeif there was an association be-
tween themeaning of working discomfort and muscu-
loskeletal discomfort and if that association was pre-
dictive of the severity of thediscomfort. They asked
170 subjectstofill out asurvey about the meaning of
work, and aquestionnaire on muscul oskeletal discom-
fort. They entered seven component compositesof the
meaning of working (work centrdity, obligation, entitle-
ment, comfort, promotion/power, expressive, and so-
cid support) intoalinear multipleregressonmode. The
results suggested that therewasamoderate, significant
associ ation between overall muscul oskeletal discom-
fort and promotion/power aswell asthe control vari-
ables age, gender, job satisfaction, average hours
worked, andwork site. A logisticlinear regression found
that these composites, d ong with social support, could
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accuratdly identify who wasin anone/mild discomfort
category or amoderate/severediscomfort category 72%
of thetime. Theoveral pattern suggested that females
who worked longer hours, valued promotion and power
and didiked socid support weremost likely to devel op
moderateto severemusculoskeletal discomfort. Their
study provided apreliminary exploration of the asso-
ciation between meaning and muscul oskel etd disorders
(MSDs) intheworkplace.

Intheir review paperlt, stated that biomechanical
factorssuch asrepetitive motion, strenuousefforts, ex-
tremejoint postures and/or psychosocial factors es-
tablishesthekey roleinwork-related muscul oskel etal
disorders.

Punnet and Wegman®® indicated that work-rel ated
musculoskdetd disordersarehighly prevaentin manua
intensive occupationssuch asclerica work, mainly on
upper extremities. They listed thejob featuresthat cite
asrisk factorsfor muscul oskeletd disordersas; rapid
work pace, repetitive motion patterns, insufficient re-
coverytime, heavy lifting andforceful manua exertions,
non-neutral body postures, pressure concentrations,
segmentd or wholebody vibration, andlocal or whole
body exposureto cold. According to them; age, gen-
der, socio-economic status, ethnicity, obesity, smok-
ing, muscle strength and work capacity are psychoso-
cid risk factors).

McBeth and Jones*® examined the rate
of musculoskeletal pain in adolescent and adult popu-
lations, with afocus on threecommonly reported pain
disorders: shoulder pain, low back pain and
fibromyal gia/chronic widespread pain. Their results
showed that there was a paucity of data
on musculoskeletal pain in adolescent populations, pain
was common, although the actual rateswere unclear.
Painwas commonly reported among adult popul ations,
with amost onefifth reporting widespread pain, one
third shoulder pain, and up to one halfreporting low
back pain in a 1-month period. They stated that the
prevaenceof panvarieswithin specific population sub-
groups, group factors(including socioeconomic status,
ethnicity and race) andindividua factors(smoking, diet,
and psychological status) wereall associated with the
reporting of musculoskeletal pain.

Musculoskeletal conditions (MSC) are common

throughout theworld and their impact onindividuasis
diverseand manifold. Knowledge of the determinants
for disability and of strategiesfor prevention and reha-
bilitation management according to the scientific evi-
denceiscritica for reducing theburden of MSC. Weigl
et a.> reviewed the evidence for common determi-
nantsof functioning and disability in patientswithM SC.
They focused on environmental factors (EF) and per-
sonal factors (PF) and have structured them according
tothelnternational Classification of Functioning, Dis-
ability and Hed th (ICF) framework. They dso discussed
prevention strategies, prevention needsto addressthose
EF and PF. Furthermorethey described modern prin-
ciplesof rehabilitation and reviewed the evidencefor
specificrehabilitationinterventions.

Economicimpact and lost productivity

Muscul oskeletal disorders of the low back and
upper extremitiesisanimportant and costly health prob-
lem. Muscul oskel etal disordersaccount for nearly 70
million physician officevistsintheUSannuadly andan
estimated 130 milliontotal health care encountersin-
cluding outpatient, hospital, and emergency roomvis-
its. In 1999, nearly 1 million peopletook time away
from work to be treated and recover from work-re-
lated muscul oskel etal pain. Conservative estimates of
the economic burden imposed, as measure by com-
pensation costs, |ost wages and lost productivity are
between $45-54 billionannualy (US Commission on
Behaviora and Socia Sciencesand Education, 2000).

Inanationa household survey across Great Britain
in 1995 estimated that 5.4 millionworking daysarelost
annually dueto time off work because of work-related
neck and upper limb muscul oskeletal disorders. That
makes approximately 1 month’s work is lost annually
for eechindividud caseinthe UK. TheHedthand Safety
Executive (HSE) in Britain estimated that work-rel ated
upper limb disordersincurred an approximate cost of
£1.25 billion per year.

In Norway, 15% of all reports are considered to
be work-related, 40% in Denmark and Finland, and
70% in Sweden®. In Italy, 60% of claimsfor upper
limb muscul oskel eta disorderswererecognized asoc-
cupational diseasesand so resulted in compensation.

In France, the percentage of recognized and com-
pensated muscul oskel etal disorderscomparedto total
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number of occupationa ill-health diseases steadily in-
creased from 40% (2602 cases) in 1992 to 63% (5856
cases) intheyear 19962, Stated that work-related
muscul oskeletal disordersof the upper limb accounted
for over two-thirdsof all occupational disordersrec-
ognizedin France. Moreover, in Francethe cost of low
back pain wasestimated at nearly 1.3 billion Eurosin
19901,

Itisbelieved that direct costs dueto compensated
work-rel ated musculoskeletd disordersareonly arda
tively low proportion (30-50%) of thetotal costg® 4.
Estimated that the direct cost of neck painintheNeth-
erlandsfor 1996 was $160 million and theindirect cost
was $527 million, wherethe direct cost was approxi-
mately 30% of theindirect cost.

Toomingas®Y estimated that about 20-25% of all
expenditurefor medical care, sick leave and sickness
pensionsintheNordic countriesin 1991 wererelated
to conditionsof themuscul oskeletal system (of which
20-80% werework-related). In Sweden, muscul osk-
eleta conditionscongtituted 15% of dl sick-leavedays
and 18% of all sickness pensionsin 1994 (Statistics
Sweden, 1997).

Among work related upper extremity disorders,
Carpd Tunnd Syndrome (CTS) hasthebiggest impact
inthe professional computer users’ health and in the
industrial related medical and non-medical costs
(Fagarasanu and Kumar(*®l, CTS affect over 8 million
Americans (U.S. Department of Labor, 1999). From
the 37,804 cases of work-related CTS reported in
1994, 7897 (21%) were attributed to repetitive typing
or key entry datd*®. Inthe U.S. alone, approximately
260,000 carpa tunnel release operationsare performed
each year, with 47% of the cases considered to bework
related. Almost haf of the carpal tunnel casesresulted
in 31 daysor more of work loss(U.S. National Center
for Hedth Statistics, 2000). The non-medical costs of
aCTS casefrom compensation settlement and disabil-
ity average $10,000/hand. Thissumisincreased by the
medica cost andindirect coststhat raisesit to $20,000-
$100,000/hand“®. Upto 36% of al CTS patientsre-
quirelifelong medical treatment (U.S. Department of
Labor, 1999).

Computersand WRM SDs
In 1984, only 25 percent of the population used

computersevery day intheir jobs. By 1993, that num-
ber had climbed considerably to an estimated 45 per-
cent and has continued to climb ever since. The Occu-
pationa Safety and Hed th Adminigtration estimatesthat
over 18 million workersmust perform extensivekey-
boarding as part of their jobs.

Later in 1996, morethan 647,000 American work-
ersexperienced seriousinjuriesdueto overexertion or
repetitive motion on thejob. Thesework-rel ated mus-
culoskeletd disorders (WRM SDs) account for 34 per-
cent of lost workday injuries. WRM SDs cost empl oy-
ersan estimated $15 to $20 billionin workers’ com-
pensation costsin 1995 and $45 to $60 billion morein
indirect costs. (Occupational Safety and Health Ad-
ministration, Feb 1999)

TheUS Census Bureau reported that, in the USA
(1999), half of theemployed adultsused acomputer in
their jobs and the trend still continues (http://
www.census.gov/popul ation/pop-profile/1999/
chap10.pdf). It has been reported that 27% of office
workerswho work with acomputer havediscomfortin
the neck and shoul der*,

More than half of the working population (both
males and femal es) in the European Community use
computersintheir daily work. Increased computer use
timefor work purposes|eadsto an increased incidence
of work-related musculoskel etd disordersamong com-
puter users. High prevaence of health disturbanceshas
been associated with constrained posture, poor ergo-
nomic design of thework place, exclusive useof input
devicesaswdll asof stressrelated factorg™.

Intensive computer useisassociated with anin-
creased risk of neck, shoulder, elbow, wrist and hand
pain, paresthesias and numbness. Repetition, forceful
exertions, awkward positions and localized contact
stress are associated with the devel opment of upper
limb cumulativetraumain computer users. Therepeti-
tive computer use such astyping on the keyboard and
dragging themouse overl oad neck, shoulder, am and
hand musclesand joints. Asthey continueto be over-
worked cumulative traumahappeng®.

Jensen et al .[Z studied associ ations between dura
tion of computer and mouse use and muscul oskel etal
symptoms among computer users. They delivered a
questionnairewith a69% participationrate. Logistic
regression analyses on full-time working employees
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showed that working amost the wholeworking day
with acomputer was associ ated with neck symptoms
and shoul der symptoms among women and hand symp-
tomsamong men. Among respondents spending almost
all of their work time on acomputer the gender and
age-adjusted oddsratio for mouse use more than half
of thework timewas 1.68 for hand/wrist symptoms.
Call center and dataentry workersexperienced thel ow-
est possibilitiesfor such development at work.

Blatter and Bongert™ examined the association be-
tween work-related upper limb disorders (WRULDS)
and duration of computer and mouseusg, to investigate
differences in these associations between men and
women, and examined whether apossiblerelationship
between duration of computer useand WRULDswas
explained by physical or psychosocid risk factors. Par-
ticipants had filled out aquestionnaireon job charac-
teristics, job content, physical workload, psychosocia
workload and musculoskd etd symptoms. Workingwith
acomputer for morethan 6 h/day was associated with
WRULDsinal body regions. Their analyses showed
that the strength of the associ ationsdiffered between
men and women. |n men, only moderate associ ations
were seen for computer use of morethan 6 h/day. In
women, moderateincreaseswere observed for dura-
tion of computer use of morethan 4 h/day and strongly
increased risksfor acomputer usefor morethan 6 h/
day.

Intheir study, Fogleman and Lewis'" studied the
risk factors associated with the self-reported muscu-
loskeleta discomfort inapopulation of video display
termina (VDT) operators. They collected dataviaa
survey from 292 VDT users, and asked to report on
symptomsfor six body regions, aswell asjob require-
ment information, demographicinformation, and non-
occupationa hobbies. They constructed factor analysis
to determinedescriptiveinformation andlogisticregres-
sontoesimaetherisk. Their resultsindicated thet there
isadtatisticaly significant increased risk of discomfort
on each of the body regions (head and eyes, neck and
upper back, lower back, shoulders, elbowsand fore-
arms, and handsand wrists) asthe number of hours of
keyboard useincreases. Moreover, their resultsshowed
that improper monitor and keyboard positionweresig-
nificantly associated with head/eye and shoul der/back
discomfort, respectively.

Szeto et al.* compared the EMG changes and
discomforts experienced by asymptomaticand an as-
ymptomatic group of workerswhen they were chal-
lenged by the physical stressors of increased typing
speed andincreased typing force. They divided there-
spondentsinto 2 groups, 21 female officeworker inthe
Case Group, and 20 in the Control Group. The re-
spondents were asked to participate atyping test for
20 minutesin 3 conditions; normal, faster, and harder.
The Case group showed trendsfor higher muscle ac-
tivitiesinal three conditionsin both upper trapezius
and cervical erector spinaemuscles. Thereweregreater
increases in muscle activities in both groups under
“faster”’ condition, implying that increasing the typing
speed wasamore difficult demand. They further di-
vided the Case Groupinto High and Low groups. They
realized that it wasmainly the High group that showed
the greatest changesin termsof muscleactivitiesand
discomforts.

Shuva and Donchin*Y examined therel ationship
between ergonomic risk factorsand upper extremity
muscul oskel etd symptomsin VDT workers, by taking
into account individua and work organizationd factors,
and stress. Their datawas derived from a question-
naire responded by 84 workers from computer pro-
grammers, managers, administrators, and marketing
specidigs, whileergonomic datawere collected through
two direct observationsviarapid upper limb assess-
ment (RULA) method. Their resultsof RULA obser-
vationsindicated that excessive postural |oading with
no employeein acceptable postures. Hand/wrist/finger
symptomswererelated to the RULA arm/wrist score
(inalogigticregresson model) aswell asworkingwith
aVDT between 7.1 and 9 hours per day. Neck/shoul -
der symptomswererelated to: gender (female), work-
ing morethan 10 hoursper day, working for morethan
2 yearsinahi-tech company, and being uncomfortable
at theworkstation.

Dennerlein and Johnson™ studied the differences
inbiomechanical risk factorsacrossdifferent computer
tasks: typingtext, completing an html-based form with
text fields, editing text within adocument, sorting and
resizing objectsin agraphicstask and browsing and
navigating aseries of intranet web pagesthrough par-
ticipation of 30 touch-typist adults (15 femades, and 15
males). Their resultsindicated that keyboard-intensve
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taskswere associated with lessneutra wrist postures,
larger wrist velocities and accel erationsand larger dy-
namic forearm muscleactivity. Mouse-intensivetasks
(graphicsand web pagebrowsing) wereassociated with
lessneutrd shoulder posturesand lessvarigbility infore-
arm muscleactivity, larger range of motion and larger
vel ocitiesand acceleration of theupper arm. Addition-
aly, thar resultssuggested that comparing different types
of computer work demonstrates that mouse use is
prevaent in most computer tasksand isassociated with
more constrained and non-neutra posturesof thewrist
and shoulder compared to keyboard use.

Computer display height and desk design to
alow forearm support are two critical design features
of workstationsfor information technol ogy tasks. How-
ever thereiscurrently no 3D description of head and
neck posture with different computer display heights
and no direct comparison to paper based information
technology tasks. Thereisal so inconsistent evidence
ontheeffect of forearm support on posture and no evi-
dence on whether these features interact. In their
study!“®! compared the 3D head, neck and upper
[imb postures of 18 male and 18 female young adults
whilst working with different display and desk design
conditions. Their results show that therewas no sub-
stantia interaction between display height and desk
design, and lower display heights increased head
and neck flexion with more spinal asymmetry when
working with paper. Furthermorethe curved desk, de-
signed to provide forearm support, increased
scapulaelevation or protraction and shoulder flexion /
abduction.

Samani et d.*¥ eva uated effects of activeand pas-
svepausesand investigate thedistribution of thetrape-
zius surface electromyographic (SEMG) activity
during computer mouse work. Twelve healthy male
subjectsperformed four sessonsof computer work for
10 min in one day, with passive (relax) and active (30%
maximum voluntary contraction of shoulder elevation)
pauses given every 2 min at two different work paces
(low/high). Bipolar SEMG from four parts of the
trapezius muscle was recorded. The relative rest time
was higher for thelower parts compared with the up-
per of thetrapezius (p < 0.01). The centroid of expo-
surevariation anaysis(EVA) aong thetimeaxiswas
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lower during the computer work with active pause com-
pared with passiveone (p < 0.05). The results of this
study revealed (i) lower rest timefor the upper parts of
trapezius compared with thelower parts, in linewith
previousdlinica findings, (ii) active pausescontributed
to a more variable muscle activity pattern
during computer work that might have functional impli-
cationswith respect to work-rel ated muscul oskel etal
disorders.

Past research on work- related muscul oskel etal
disorders (WRM SD) hasfrequently examined theac-
tivity of neck—shoulder muscles such as upper trape-
zius(UT) and cervical erector spinae (CES) during typ-
ingtasks. Increased € ectromyographic activity inthese
posturd stabilising muscleshasbeen cons stently found
inchronicneck pain patientsunder different physicaly
stressful conditiong™. compared muscleactivity when
female officeworkerswith chronic neck pain (n = 39)
and asymptomatic controls (n = 34) adopted two rest-
ing postures: (1) with hands on laps versus; and (2)
hands onakeyboard. Their resultsindicated that rest-
ing handson keyboard elicited significantly increased
muscleactivity intheright upper trapezius(UT) of sub-
jectswith high discomforts(n = 22), similar to that ob-
served during actua typing. In contrast, the asymptom-
atic controls showed no differencein muscle activity
between the resting postures. Their results suggested
that altered muscle activation patternsweretriggered
by some anti cipatory task demand associated with a
task-gpecific positionin someindividuals.

Postures

Inorder toimprovethework performance; work-
place, working posture, and discomfort are needed to
bejustified. Liao and Drury?® demonstrated the inter-
actions between workplace, work duration, discom-
fort, working posture, aswell as performanceina?2
hour typing task. They used threelevelsof keyboard
heightstoinvestigate the effects on working posture,
and discomfort (perceived body part discomfort) and
performance (typing speed, error rate and error cor-
rection rate). Their results showed that theinterrela-
tionshipsamong posture-comfort-performance were
supported. Moreover, keyboard height had effectson
theworking posture adopted.

Babski-Reeveset d .12 studied the effects of moni-
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tor height and chair type onlow back and neck muscle
activity, percaeivedlevd of discomfort, and postureshifts.
Theyinvestigatedif chairsat opposingendsof their price
spectrumdifferin physiologicd benefits. Their findings
indicated that theinteraction of monitor height and chair
typesignificantly affectstheloads placed on the human
body. Task demands a so played animportant rolein
theloads placed on the body, posturefixity, and level
of discomfort reported. Therefore, they stated that the
location of VDT equipment and chair selection should
be based on task demandsto minimize static loading
and discomfort.

Laptop computerswereintroduced into thework-
placefor reasons of portability. However laptop com-
puter screensand keyboards arejoined, and therefore
they are cannot be adjusted separately intermsof screen
height and distance, and keyboard height and distance.
Straker et al .[“4 studied the postural implicationsof us-
ing alaptop computer. Their results showed that there
weresgnificantly greater neck flexion and head tilt with
laptop use. Trunk, shoulder, elbow, wrist, and scapula
did not show any statistica differences. Additionaly,
the average discomfort experienced after using the
laptop for 20 minuteswas not significantly greater.

Straker and Mekhord® investigated the effects of
monitor placement in agroup of normal subjects. Ten
mal e and ten femal e subjects within theworking age
range volunteered to perform acomputing task for 20
minintwo different VDU monitor placement condi-
tions; high monitor position (HMP) and alow monitor
position (LMP). Postural angles(gaze, head, neck, and
trunk), normalized el ectromyography (upper trapezius
and cervical and thoraci c erector spinag), discomfort
(upper body), and individual preferencefor monitor
placement weredetermined. Their resultsindicated that
thegaze, head, neck, and trunk anglesinthe LMPwere
sgnificantly grester (moreflexed) thanthoseintheHMP,
Therewasatrend for lower level sof e ectromyographic
(EMG) activity for trapeziusintheHMP. Therewere
significantly lower levelsof EM G activity for cervica
and thoracic erector spinaein HMP. Theresultsof their
study suggested that subjectsmay useal essflexed head,
neck and trunk posture and less cervical and erector
spinae muscleactivity when workingwithaHMP.

Notebook computers users reported more con-
strained postureand higher neck muscleactivitiesthan

those of desktop computers. Jonai et d . investigated
theeffectsof liquid crysta display (LCD) tiltangleof a
notebook computer on posture, muscle activitiesand
somatic complaintsin 10 subjects. They found that at
thetilt angle of 100°, the subjectswerenoted to have
relatively lessneck flexion. Also, the static neck exten-
sor muscle activity was observed to bethe lowest at
thistilt angle. Their resultsstrongly suggested that the
ergonomic features and problems attri butableto note-
book computersaredistinct from the desktop compuit-
ers.

There hasbeen substantia research carried out to
evaluatethe effects of workingonaVDT, keyboard
and input device using desktop PCs. In responseto
discomfort, poor posture and restricted movement due
totheinability to separate the keyboard and VDT in
laptop PCs, “laptopstations’ have been introduced to
themarket. Berkhout et a.[® studied theeffect of using
laptopstation and alaptop PC and how thisdifference
inwork setup affected themechanica |oad onthe neck,
and productivity. Their resultsindicated that therewas
asignificant (p<0.005) differencewith theuse of the
|aptopstation resulting in decreased torque, less per-
ceived grain a theneck and ahigher productivity score.
Additionally, their results confirm the importance of
adjustable work tool sthat recognize anthropometric
differences and biomechanicsto meet theneedsof in-
dividual customersduring continuousVDT work.

Cook and Burgess-Limerick!™ examined the ef-
fect of three different postures during keyboard use:
forearm support, wrist support and floating (no sup-
port, used asareference condition), in order to under-
stand the effect of forearm support on wrist posture.
Electromyography was used to monitor neck, shoul der
andforearm muscleactivity. Ther findingsindicatethat
typingwith upper extremity support in conjunctionwith
awrist may be preferableto thefloating posture.

Supporting theforearm on thework surfaceduring
keyboard operation may increase comfort, decrease
muscular 1oad of the neck and shoulders, and decrease
thetime spent in ulnar deviation. Cook and Burgess-
Limerick* investigated the muscul oskel etal discom-
fort effectsof using forearm support in intensive com-
puter usersinacall center. A controlled study was con-
ducted on 59 subjects; group 1 with forearm support,
group 2with “floating” posture. Their results showed
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that therewere significantly fewer reportsof discom-
fortinthe neck and back, although the difference be-
tween thegroupswasnot statisticaly sgnificant. There-
fore, their findingsindicate that forearm support may
be preferableto the “floating” posture for computer
workstation setup.

Muscul oskeletd problems reported by school chil-
drenusing computers have often been linked to bad pos-
ture. Intheir study, Robbinset d .7 investigated whether
posture education affects the reported prevalence
of musculoskeletal symptoms amongst secondary
school children using computers. They designed a pro-
spectiveblinded randomized controlled tria. The par-
ticipantsin their study were seventy-one school chil-
dren aged 11-12 years divided into intervention
(n=37) and control (n = 34) groups. They assessed
both groups received posture training delivered by
teachersat the school and on their knowledge of cor-
rect posture. Thenthey gaveafollow-uplesson 1 week
later during which theintervention group al so received
automated posture warnings and tips on their
personal computers. They noted the prevalence and se-
verity of musculoskeletal symptoms were measured at
the start of the study and at the start and end of the
follow-up lesson and any differences between thetwo
groupsfound over the course of the 60 min follow-up
lesson. Their resultsindicated that by the end of the
follow-up lesson, themean visua analoguepainscale
representation of the degree of discomfort due to
the musculoskeletal problems fell significantly from 1.53
to 0.39 for theintervention group, whilethat for the
control group only fell from 1.23to 1.13 (non-signifi-
cant). Furthermore, their overall incidence
of musculoskeletal problems in the intervention group
showed agresater trend towardsreduction, faling sig-
nificantly from 32.4% to 5.4% compared with the con-
trol group, whichfel from 29.4%to 20.59% (non-sig-
nificant).

Psychosocial factors

Work-related musculoskeletal disorders
(WRMSD) haveamultifactorial etiology that includes
not only physical stressorsbut also psychosocial risk
factors, such asjob strain, social support at work, and
job dissatisfaction. Onceaninjury hasoccurred, psy-
chosocid factors, such as depression and maadaptive
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pai N responses, arepivota inthetranstion from acute
to chronic pain and the devel opment of disability™!.

Hudiburg, Pashaj, and Wolfe?!! reported that pre-
liminary studieshavefocused more on the outcomes of
human-computer interactions and less on the persona
characteristics of the computer users. Costa and
McCrag*? extended thedimensionsof persondity traits
of Eysenck and Eysenck tofive broad traits: Neuroti-
cism, Extraversion, Opennessto Experience, Agree-
ableness and Conscientiousness. In order to evaluate
the computer use and knowledge of the participants, a
research questionnairewascongructed withthreescaes:
the Computer Hasd es Scde, SCL-90, andthe Big Five
Inventory. The Computer Hasd es Scdewassgnificantly
correlated with somatization or anxiety rating. The Big
Fivepersondity traitsyielded only afew significant cor-
relationswith computer users’ stress and stress out-
comes. Only Opennesswassignificantly corrdated with
the Computer Hassles Score. Only Neuroticismwas
significantly correl ated with the somati zation or anxiety
ratings.

MIT hasacontinued interest on human-machine
interaction. Duringinteractionwith computers, humans
encounter unpleasant Sdeeffects, whichlead to strong,
negative emotional states. Frustration, confusion, an-
ger, anxiety can affect not only theinteractionitself, but
asoproductivity, learning, socid relationships, and over-
all well-being. A design was conducted by Klein?® at
MIT to study frustration in human subjects by using
socid, emotiond content feedback strategiesto helpto
relievetheir emotional state. Theresultsshow that so-
cid, emotiond content i nteraction with acomputer, us-
ersexperiencingfrustration can helptordievethisnega
tivestate.

Suh#7indi cated that, with theintroduction of com-
puter-based technology to the officework environment,
theconcernfor adverse menta and physica hedth out-
comesof officeworkersbecameaprimaryissueinjob
stressresearch. Complaintsof visua discomfort, mus-
cular aches, and psychological disturbancesaroused
by unhedlthy working conditionswith theincreased de-
pendency on technology. Preliminary researcheshave
studied the linkage between work factors to muscu-
loskeletal discomfort and stress. It was suggested that
thesefactorsare combined in asystemto create stress-
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inducing Situations, whichresult inmusculoskeletd dis-
orders. A research was constructed to test the concep-
tual modedl of risk perceptioninthework organization.
Themodd assumesthat individud’s perception of work-
related risk hasasignificant impact on the outcome of
stress. A tool for measuring risk perception, withits
degree of contributionto muscul oskeletal discomfort
and stressexplored the primary tasksin the study.

Carayon et d.* proposed several pathwaysfor a
theoretical relationship between job stress and
WRM SDs. These pathways highlight the physiol ogi-
cal, psychological, and behavioral reactionsto stress
that can affect WRM SDsdirectly and indirectly. Their
model stipulatesthat psychosocial work factors (e.g.
work pressure, lack of control), which can cause stress,
might also influence or berelated to ergonomic factors
such asforce, repetition, and posture that have been
identified asrisk factorsfor WRM SDs.

Peper et a. reviewed the ergonomic and psy-
chosocia factorsthat affect musculoskeletal disorders
at theworkstation. Thus, they constructed threediffer-
ent methods, wherethe partici pantswereasked to work
on acomputer. First wasamodel of aphysiological
assessment protocol that incorporated surface-elec-
tromyography (SEMG) monitoringwhileworkingona
computer. The participantshad ergonomic chairs, docu-
ment holdersand foot supports, and obtained an ergo-
nomicaly comfortablepostion. They used atypingtes,
whereaword appearsdirectly above an edit box, and
the participants were asked to type that given word.
SEMG wasmonitored from four musclelocations. The
results showed that therewasas gnificant differencein
right forearm extensor-flexor muscletensonandinright
upper trapezius muscletensi on between typetasksand
rest. Also, therewasasignificant increaseinrespiration
rate from resting to type tasks. Second was a study
that showed that participantslack of avarenessof their
muscletension as compared to the actual SEMG lev-
els. Thistime, the keyboard was placed on atray that
could bemoved forward or backward and locked into
position. Themoveablekeyboard tray wasmarked with
fivepogtionsat 4.5 cmintervas. The participantswere
monitored during sequentia non-typing and typing tasks.
Participantsrated shoul der, forearm, trapezius and del -
toid muscletensionssignificantly higher during typing
than during non-typing. Their find study illustrated how

anintervention program can reducerepetitivestrainin-
jury symptoms, decreaserespiration rate, and lower
SEMG activity. Thistime, the participants performed
thefollowing sequencein two phases, without training
andwithtraining: Sitting quietly with handsinlap, hand
resting on mouse, tracking task (using themouse), a
correcting task (using again the mouse), hand resting
onthe mouse, and handsresting on lap. Theinterven-
tion study demongtrated thet, the participantscould learn
tolower trapezius SEM G activity and respiration rate
and reduce symptomsof repetitivestraininjury.
Sprigg et a.[“? discussed that the demands of the
modern officearethought to contributeto the devel op-
ment of musculoskeletal disorders. According to them,
for upper body and lower back disorders, these effects
were hypothesized to be mediated by psychological
strain. They made astudy of 936 employeesfrom 22
call centerswhich supportsthishypothesis. Usinglo-
gisticregression and structural equation modeling, they
found that the rel ati onship of workload to upper body
and lower back musculoskeletal disorders was largely
accounted for by job-related strain. Thismediating ef-
fect waslessevident for arm disorders. On the other
hand, they showed that job autonomy had neither a

direct nor a moderating effect on
any musculoskeletal disorder.
Physical factors

Coury et d . investigated theinfluence of gender
on work-related muscul oskeletal disordersin repeti-
tivetask. They compared WRM SDs symptomsfor fe-
mal e and male workers doing the samerepetitivein-
dudtrid tasks. Logigtic regresson analysisindicated that
symptomswere primarily influenced by thework done.
Symptomswere secondarily influenced by gender, job
tenure, and age. When compared within the sameage
group or inthesamejob tenure, they found that, there
wasno sgnificant differencein symptomsbetween mae
and femaleworkers. Thus, according to them, when
confronting poor working conditions, replacements of
femaleworkersby maleworkersisaworthless strat-
egy to control WRMSDs.

Karlqist et . studied the preva ence of muscu-
loskeletdl symptomsamong maleandfemaeVDU op-
erators, and the associations between work-related
physical and psychosocia exposures and neck and
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upper limb symptoms by gender. They collected data
on physical and psychosocia exposures and muscu-
loskeletal symptomsby questionnaires. Their results
showed that 19% of women (n=785) and 12% of men
(n=498) did morethan 3 hoursof continued computer
work without breaks of morethan 10 minutesat |east
twice aweek. Men experienced high job strain twice
aswomen. Additionally, ahigher proportion of women
than men reported symptoms moreat |east 3 daysthe
preceding month from theupper body. Their resultsaso
indicated that duration of computer work was associ-
ated with symptomsamong both menand women. Only
among men, duration of work with anon-keyboard
computer input devicewas associ ated with symptoms.
Only amongwomen, job strain wasassociated with the
symptoms. Time pressure was found to be associated
with higher prevalence of symptoms among women.
Women experienced higher preval ence of symptoms
than menin all body regionsand they were more often
exposed to physical and psychosocia conditions.

Balcy and Aghazadeh®introduced thecon-
sideration of proper work-rest scheduleto helptore-
ducethemusculoskeletd disordersfor VDT operators.
Their study compared work-rest schedules (60 min
work/10 minrest, 30 minwork/5 minrest, 15 minwork/
micro-breeks) for VDT operators considering dataentry
and mentd arithmetic tasks. Ten participantswerecho-
sen among ma e college studentsand the methodol ogy
of the study included adiscomfort questionnaireand
performance measures. Ther resultsindicated that the
15/micro-bresksscheduleresultedin sgnificantly lower
discomfort intheneck, lower back, and chest than the
other schedules. The 30/5 schedule followed by 15/
micro-break schedulewerefound to havethelowest
eyestrainand blurred vision. In addition, discomfortin
the elbow and arm wasfound to belowest with the 15/
micro-breaks schedulefor the mental arithmetic task.
The 15/micro-break scheduleresulted in the highest
speed, accuracy, and performancefor both of thetasks.
Moreover, their results showed that the dataentry task
resulted in significantly increased speed, accuracy, and
performance, and lower shoulder and chest discomfort
than themental arithmetic task.

Villageet a %@ worked on high injury ratesin In-
termediate Care (IC) facilitiesand theunclear factors
related totheseinjuries. Their objectivesof thisexplor-
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atory sub-study, which was part of alarge multi-fac-
eted study in8IC facilitieswereto: (1) evduate EMG
mesasured over afull-shift in theback and shoulders of
32 careaides(CAS) asanindicator of peak and cumu-
lativeworkload (n=4x8 facilities); investigate the rela-
tionship between EM G measuresand injury indicators;
and exploretherelationship between EM G measures
and other workload measurements. They converted
lumbar EM G predi cted cumulative spinal compression
andrangedin CAsfrom 11.7t022.8 MN s with amean
of 16.4 MN s. Their results indicated that the average
compressionwassgnificantly different during different
periodsof theday (p<0.001) with highest compression
during pre-breakfast when CAsass st most with activi-
tiesof daily living. Significant differenceswerefoundin
average compression between low and highinjury fa-
cilitiesfor 3 of 5 periods of the day (p<0.010). Peak
compressionsexceeding 3400 N occurred for very little
of theworkday (e.g. 11.25 s during the 75 min period
pre-breakfast). Intheir study the peak neck/shoul der
muscleactivity waslow (99%APDFranged from 8.33%
t0 28% MV C). They a so indicated that peak and cu-
mul ative spina compression weresignificantly corre-
lated with logt-timeand musculoskeletal injury rates as
well aswithtotal tasksobservedinthe CAs (p<0.01),
perceived exertion was only correlated with peak
compressions (p<0.01). Also they stated facilitieswith
low injury rates provided significantly more
CAs (p<0.01) to meet resident needs, and subsequently
CAsperformed fewer tasks, resultinginlesspesk and
cumulative spind loading over theday.

Menega do et d.*2 showed anew method to esti-
mate the muscle forces in musculoskeletal systems
based on the inverse dynamicsof amulti-body system
associated optimal control. Their redundant actuator
problemwas solved by minimizing atime-integral cost
function, augmented with atorque-tracking error func-
tion, and muscledynamicsiscons dered through differ-
entia congraints. Their method wascomparedto apre-
vioudy implemented human posture control problem,
solved using a Forward Dynamics Optimal Control
approach andto classical static optimization, with two
different objectivefunctions. Their new method pro-
vided very similar muscleforce patternswhen com-
pared to theforward dynamics sol ution, but the com-
putational cost wasmuch smaller andthe numerica ro-
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bustnesswashigher. Their results achieved suggested
that thismethod was more accuratefor themuscleforce
predictionswhen compared to static optimization, and
can be used asanumerically ‘cheap’ alternative to the
forward dynamicsand optimal control in someappli-
cdions.

Helland et a.¥ investigated the effect of moving
from single occupancy officesto alandscapeenviron-
ment. Thirty-four Visud Display Unit (VDU) operators
reported significantly worsened condition of lightingand
glareinadditiontoincreased visual discomfort. Their
resultsshowed thet for visua discomfort, thedifference
with 95% confidenceinterval was10.7 (1.9-19.5) Vi-
sua Analog Scale (VAS) asgroup mean value. They
indicated that the operatorswere glared from high lu-
minancefrom thewindows, when the Venetian blinds
were not properly used. Moreover, accordingto their
resultsglarewas significantly correlated with visual
discomfort, r =0.35andbothilluminanceandluminance
inthework area, and contrast reduction ontheVDU
screen werein linewith recommendationsfrom CIE
for VDU work. Through aregression analysis, they
showed that the visual discomfort explained 53% of
thevariancein the neck and shoulder pain. They found
amarked dropin eyeblink rateduring VDU work when
thiswascompared to “casy conversation” (VDU work,
mean=9.7 blinks per minute; “easy conversation,”
mean=21.4 blinksper minute) for 12 randomly sdlected
operatorsfromthe 34 participants. Intheir study, par-
ticipantsreported many of the organizationa and psy-
chosocid conditionsand work factorsworsewhen land-
scape officewas compared to single occupancy office.
It wasindicated that thesefactorsmay haveinfluenced
the musculoskeletal pain. However, the pain level was
still low at 6 yearsand not significantly different when
compared withthe start of the study period, except for
asmd| but sgnificant increasein shoulder pain. Intheir
study, visud discomfort wasclearly associated with pain
inthe neck and shoulder area.

Psychological factors

Steingrimsdottir et al.[*¥! studied the relationship
between musculoskeletal or psychological complaints
and muscular responsesto standardized cognitiveand
motor tasks. Their design examined (i) whether com-
plaint severity predictsmuscul ar responsesduring stan-

dardized tasksand (ii) whether themuscul ar responses
predict changes in complaint severity over one
year. They recorded musculoskeletal and psychologi-
ca complaintsby monthly reportsfor four monthspre-
ceding and 12 months succeeding awork sessoninthe
laboratory; complaint-severity indiceswere computed
from complaint-severity scores (intensity
score x duration score). They also recorded surface
electromyography (EMG) bilaterdly from theupper tra-
pezius, middieddtoid, and forearm extensor muscles in
45 post-officeworkers (30 women) during two identi-
cal task series. Between the series, they performed ex-
haugting submaxima muscle contractions (25% of peak
torque). Intheir adjusted regression models, norela-
tions between musculoskeletal complaints during the
previousfour monthsand muscle activity during the task
serieswerefound. However, intheir study psychologi-
cal complaints in the last four months predicted
higher muscle activity levels and a steeper rise
inmuscle activity in the muscles not engaged in motor
task performance. Their results also showed that sleep
disturbance was the strongest individual predictor of
increased muscle responses. In contrast, they predicted
psychological complaintsthelast four monthslower
EMG levdsinthetask-engaged muscle during the com-
plex-choice-reaction-timetasks. Moreover, they stated
that none of the muscle-activity responses to the stan-
dardized tasks predicted changes in severity
of musculoskeletal or psychological complaints over the
subsequent one-year period.

Effect of interventions

It was shown that therewasaUS $17.8 return on
investment for every dollar invested in an ergonomics
intervention strategy. Asaresult of theredesign of an
assembly line process, theworker compensation costs
for work-related muscul oskeletal disorderswerere-
duced from $94,000 to $12,000 in atel ecommuni ca-
tionsorgani zation. Between 1990 and 1994, ergonom-
icsintervention saved $1.48 millionin worker compen-
sation costsfor the same organi zationf?Y.

Mekhoraet d .Y investigated thelong-term effects
of ergonomicintervention on neck and shoulder dis-
comfort among computer userswho have symptoms of
tension neck syndrome, using s mplematerialsand pro-
tocols. They conducted two pre-teststo determine sub-
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jects’ level of discomfort before the planned interven-
tion commenced. Discomfort eval uations (head, neck,
shoulders, arms, and back) were conducted eight times
within 6 monthsfor both groups. The same patterns of
decreaseinthelevelsof discomfort of all body parts
were present in both groups. They observed substan-
tid variationinthelevd of discomfort over timefor each
body part in each subject after theintervention. How-
ever, themean levelsof discomfort ratingsbeforeand
after receivingintervention weres gnificantly different.
They concluded that ergonomic intervention can help
reducethediscomfort level of subjectswithtenson neck
syndrome.

Lewiset d.1*! assessed the effectiveness of an of -
ficeergonomicstrainingprogramfor VDT usersinthelr
study. They examined theworker compensation costs
andinjury ratesfor theVDT related muscul oskel etal
disordersbeforeand after implementation of training at
two company locations. The average cost per claim
was considerably reduced from $15,141 in the pre-
intervention period to $1,553 in the post-intervention
period. Theaverageinjury rate d so reduced in the post
(6.94 per 1000 employees) versus pre-intervention
period (16.8 per 1000 empl oyees).

Bal dwin® analyzed the problem of chronic disabil-
ity associated with muscul oskel etal disordersfroman
economic perspective, focusing on thesmall fraction
caseswith extraordinarily high costs. Shereviewed the
evidence on the costs of muscul oskeletal disordersin
general, and back painin particular, identifying the
sources of disproportionately high costs. Then, focus-
ing on work-related back cases, shereviewstheem-
pirica evidence onworkplace characteristicsand eco-
nomicincentivesassociated with long term disability and
largeproductivity losses.

Lin and Chan'® studied the effect of ergonomic
workstation design on musculoskeletal risk factors
(MRFs) and musculoskeletal symptoms (MSSs) reduc-
tion among fema esemiconductor fabrication room (fab)
worker. They conducted a prospective study to follow
up 40 female fab workers over 3 months after inter-
vention. Theintervention program focused on reducing
shoulder loadingsfor 20 femalefab workersby rede-
signing nineworkstations. They made simultaneous
comparisonsfor the other 20 fema efabworkersusing
origina workstations. They used one customized ob-
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servation checklist and
Nordic musculoskeletal questionnaire to evaluate work-
ers’ MRFs and MSSs, respectively. They found that
onemonth after intervention, MRFs of awkward shoul-
der posturesand repetitivemotionsand M SSsin shoul-
dersfor theintervention group weresgnificantly lower
than thosefor the control group. Thelowering effects
persisted for 3 months on awkward shoul der postures
but lasted for only 1 month on repetitive motionsand
shoulder symptomsafter intervention.

Robertson et al.!* undertook alarge-scalefield
intervention study to examinethe effectsof officeergo-
nomicstraining coupled with ahighly adjustablechair
on office workers’ knowledge
and musculoskeletal risks. They assigned office work-
ersto one of three study groups: agroup receiving the
training and adjustable chair (n=96), atraining-only
group (n=63), and acontrol group (n=57). They cre-
ated office ergonomicstraining program using an in-
sructiona systemsdesign model and they administered
apre/post-training knowledgetest to all thosewho at-
tended thetraining. They observed body posturesand
workstation set-ups before and after theintervention.
Their resultsindicated that perceived control over the
physica work environment was higher for both inter-
vention groupsas compared to workersin the control
group.Also, they observed asignificantincreasein over-
all ergonomic knowledgefor theintervention groups.
Their both intervention groups exhibited higher level
behavioral translation and had
lower musculoskeletal risk than the control group.

CONCLUSION

Musculoskel etdl disordershave been observed and
experienced widdy at workplaces where the comput-
ersarefrequently used. Increasein the number of em-
ployeesworking with computer and mouse coincides
with an increase of work-related musculoskeletal dis-
orders (WRMSDs) and sick |eave, which affectsthe
physical health of workersand posefinancial burdens
on the companies, governmental and non-governmen-
tal organizations.

There are extensive and detailed studies on the
WRM SDsintheliterature. However, noneof the stud-
iesintheliterature providesacomprehensive descrip-
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tion, causesof the WRM SDs, and throughout investi-
gation of the previousresearches. Thischapter fillsthe
gapintheliteratureby providing theresearchers proper
guiddines, andin-depth description of thepreviousstud-
iesinthearea.

Theliterature on WRM SDs dueto computer use
hasfocused on the gender differences, physica and psy-
chological aspectsof the user and no study yet consid-
ered acomprehensivereview of thesedisorders. This
study presentstheideaof understanding the nature of
WRM SDs due to computer usefrom abroad angle,
providesavery useful resourcefor theresearcherswho
work onthisfield, and fillsanimportant gapinthelit-
erature.
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