Physical exposure, musculoskeletal
symptoms and attitudes related to
ICT use

Institute of Medicine
at Sahlgrenska Academy
University of Gothenburg

2009

UNIVERSITY OF GOTHENBURG



Published papers have been reproduced with permission frqoalbkisher.

Cover illustration: Kristina Wass, Department of Occupatiamal Environmental Medicine,
Gothenburg

Published and printed by
Intellecta DocuSys AB, Goéteborg, Sweden, 2009

© Ewa Gustafsson, 2009
ISBN 978-91-628-7807-8



Physical exposure, musculoskeletal symptoms and attitudedaied to ICT use

Ewa Gustafsson
Occupational and Environmental Medicine
School of Public Health and Community Medicine
Institute of Medicine, University of Gothenburg

Abstract
High prevalence of musculoskeletal symptoms/disorders in neck andaxppaEmities are
reported among computer users. Considering the widespreadingamiation and
communication technology (ICT) and mobile phones becoming more ardliker
computers with small keyboards it is of importance to idettié/factors and conditions
related to this use, that influence our health. Theatlvaim of this thesis was to obtain new
ergonomic knowledge of the physical exposure associated with tloé im$ermation and
communication technology with emphasis on small keyboards, compigerand young
adult ICT users. In an interview study with young adult ICT sisghere the data analysis
was performed with the grounded theory method, was showethéhwabdung adults
experienced ICT as a tool for being and acting in the preseog, social, efficient and
independent with almost unlimited opportunities but also risksmparative experimental
study with experienced computer mouse users evaluated mussaly &agth surface
electromyography and wrist positions/movements with electrogatigrduring work with a
traditional flat computer mouse (pronated hand position) andiiaaleromputer mouse
(neutral hand position). Work with the vertical computer mousesdsed the muscle activity
in the extensor muscles in the forearm and in the firstadlamterossei muscle, and the ulnar
deviation in the wrist compared to the traditional mouseeRperimental study, with young
adults with and without musculoskeletal symptoms from neck and/er epremities,
evaluated thumb positions/movements with electrogoniometry,lenastivity with surface
electromyography, and working techniques with an observationakpiatthen text entering
on a mobile phone. The young adults with symptoms had lower nactolay in the
abductor pollicis longus and tended to have higher velocityamdrfpauses in the thumb
movements compared to those without symptoms. Females had imigbele activity in the
first dorsal interossei and the abductor pollicis longus companetles. It was more
common in the group with symptoms to sit with the head lmewntafrd, to sit without forearm
and back support and to enter text with one thumb rather thacotwpared to those without
symptoms. Use of forearm support decreased the musclayaictithe trapezius muscles. Use
of one hand grip increased the muscle activity in the extengscles in the forearm. High
observed velocity in the thumb movements was associatednrttased muscle activity in
the extensor muscles in the forearm compared to low or medestaicity.

In conclusion, this thesis shows that computer mouse desigm ledfect on the muscle
activity in the forearm and hand, and on the wrist positlsmsmovements. It also shows that
the individual factors working technique and gender have art effemiuscle activity and
thumb movements when entering text on a mobile phone. Furtherimene were differences
in working techniques, thumb movements, and muscle activityelegithe young adults with
musculoskeletal symptoms in the neck and upper extremitiethasel without symptoms.
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1 Introduction

1.1 Information and communication technology

The development of the information and communication technology (H€Tast twenty
years has meant a change of life style in work/schobbmae and in leisure time for many of
us. The access and exposure to different kinds of informatioocanchunication
technologies such as computers and mobile phones has continne&sé over the last
decade (Roberts, 2000; Bohler and Schuz, 2004; Schuz, 2005; Dimonte andt&i@906;
Mezei et al., 2007; Nordicom, 2008). 87 % of the Swedish populatid (@79) had access
to a personal computer in 2007 compared with approximately 101%8in (Nordicom,
2008). The number of persons (aged 16-74) who use computers evéigsdagntinued to
increase, in just the past two years, computer use ti@msed from 79 % in 2006 to 87 % in
2008 (Statistics Sweden 2008). Ninety-six percent of the Sivedisulation (aged 9-79) has
access to a mobile phone and 62 % use the mobile phone for sendimgdeages (SMS) an
average day. Among those aged 15-29 the access of compas®8Wwo and of mobile
phones 100 %Nordicom, 2008).

ICT technology is offering new ways of communicating arehs a concern that this
widespread use of ICT could potentially have an adverse upactrapon individual and
social processes in everyday life. Today we have little kenbge of how this use of different
kinds of ICT influences the users’ behaviour, psychologicaleithg and health.
Considering the widespread use of ICT it is of importanddemntify the factors and
conditions, related to this use, which influence our health.

ICT may have an impact on psychological health although cawesdiamisms are
unclear. In an explorative prospective cohort study of young adulu$ens was found that
for women high combined use of computer and mobile phones was asdodidt increased
risk of reporting prolonged stress and symptoms of depressiomé¥grthe number of
mobile phone calls and SMS messages per day were assaodiststeep disturbances and
SMS use was associated with symptoms of depression (Thomiee2€07).

1.2 Input devices

Human interaction with the computers started with the mamaradling of punch-cards (key
punch operators or accounting machine operators) which in the 19@@'gex to inputting
data via keyboards. The design of the keyboard evolved fromdblkamical typewriter with
the keys placed in straight parallel rows with the lefbéaised in a special order called the
gwerty keyboard based on the order of the top left row of cteag Still most keyboards are
manufactured with the straight, parallel alignment of rawsl this design has been shown to
lead to non neutral hand and forearm postures.

Since the late 1980’s alternative keyboards have been intehduith most of the
keyboard designs split in the middle and/or tented. These kelgatiempt to straighten the
wrist (i.e. decreases extension and ulnardeviation) and résheé@em pronation (i.e. inward
rotation on of the hand towards the thumb) by another orientdtitie &eys. An alternative
keyboard design (split keyboard) promotes a more neutral wrisiquo&lecreased extension



and ulnar deviation) and an increased perceived comforirghidhda et al., 1999; Zecevic et
al., 2000). This design was suggested for the mechanical typesias early as 1926 by
Klockenberg (Klockenberg, 1926) but his idea for a more naturalestidirhand position
during keying did not become popular back then. In 1960’s and in 1976& dlesign
concepts were again suggested for keyboards but were neveaotared (Kroemer, 1972;
Nakaseko et al., 1985).

The first computer mouse was born at Stanford ResearclutestitCalifornia, USA in
1964, but the mouse was not made for common use until twenty gesardMost mice used
today still have the same shape and placement of the buttaheaghe mouse was first
designed. You hold them between the thumb and the little fimlgée the digit finger is used
to press the button and with almost fully pronated (inwardiootabwards the thumb)
forearm/hand. In later years mice that are higher othtiab side allowing a more neutral
forearm/hand position has been introduced. There is also intibdwsx called vertical
mouse which is designed more like a joystick and allow anéultral forearm/hand position
during use of the mouse (Aaras and Ro, 1997).

Several other non-keyboard devices besides the mouse dablav@day in combination
with the keyboard. One of the most common in Sweden itlee mouse, actually a long
stick, which is placed in front of the keyboard and the cussmoved by rolling the stick
with the fingers. Another is the trackball, a movable balinted in a fixed base placed on
the table. The touchpad, usually seen on laptops, is aiffate that can detect finger
contact. The computer pen is held like a traditional perisantbved over a graphics tablet
similar to a touchpad. Touch screens, today often semolile phones and iPods, are
integrated into existing displays and can be used astoégay. In later years mobile phones
have become more and more like small computers withuahksplay, built-in functions and
some with full-functioning, small qwerty keyboards.

1.3 Musculoskeletal symptoms/disorders

In general population

Upper extremity musculoskeletal symptoms/disorders are conmtbe general population
and particularly in the working population causing suffering asd bf salary for the
individual, loss of productivity and increased costs for the eneptogs well as for the
society. 32-34 % of the Swedish working population (16-64 years) inr2p@8ted that they
experience pain in neck and upper extremities every weaalstits Sweden 2008). There are
reported a difference between gender with women having higbealence of
musculoskeletal symptoms/disorders in neck and upper extresneti@pared to men
(Strazdins and Bammer, 2004; Treaster and Burr, 2004; Roquelalre2€06; Nordander et
al., 2007), which is in agreement with reported results fl@Bwedish working population
(women 38-42 %, men 26-27 %) (Statistics Sweden 2008).

Among computer users
Mostly reported musculoskeletal symptoms due to computer us®gpecific
musculoskeletal symptoms from neck/shoulder and upper extrerDisesders associated



with computer work are wrist tendonitis, and tenosynovitis, nhedid lateral epicondylitis,
De Quervain’s tenosynovitis, and carpal tunnel syndrome (Vikagéd, 2005).

Despite the low physical loads associated with the use higalpree of musculoskeletal
symptoms/disorders in neck and upper extremities are repon@ujacomputer users
(Ekman et al., 2000; Gerr et al., 2002; Brandt et al., 2004; JusteKsen et al., 2004;
Wahlstrom, 2005; Eltayeb et al., 2007). Computing related neckgmer extremity pain has
been reported among college and graduate students during ties lgsars (Katz et al., 2000;
Schlossberg et al., 2004; Jenkins et al., 2007; Menendez et al., 2009)

In line with the findings in the general working population ¢here reported a difference
between gender also among computer users with female Haghey prevalence of
musculoskeletal symptoms/disorders compared to men (Jerasgnl®98; Gerr et al., 2002).
It has also been reported that women apply a greater eetatse and work with higher
levels of muscle activity compared to men (Karlgvistletl®99; Wahlstrom et al., 2000).

Today computers and mobile phones are introduced to childrereatlgrage both at
home and in school which mean they will be exposed to possklaciors at an earlier age
and to a greater amount compared to the adult population of tiygrowing concern
how this early and intense exposure will influence the phyamalpsychological health of
this generation and the incidence of musculoskeletal sympt@osidrs in their adult life.
Due to the widespread use of computers and mobile phone ideiatifiofrisk factors for
musculoskeletal disorders are of great importance.

The dramatically increased use of small keyboardsnfiobile phones, smart phones,
Blackberrys; Netbooks etc) for texting and functions involving intenisey pressing with the
thumbs especially among young people has raised the question howrtoraically evaluate
the physical exposures associated with this use and how tdydesktifactors for mss/msd
due to this use.

Associations with input device use

Already in the early 1910’s a report about telegraphists’ pramas presented by the
Departmental Committee of the General Post Office in Lorahahproblems were observed
with any key arrangements: “any instrument which calls foeaisgal fine muscular
movements of the same kind may involve a relative ‘occupapasm’ or ‘craft neurosis’”
(Thompson and Sinclair, 1912; Kadefors and Laubli, 2002). In the 196€sipational
cramp” was identified among telegraph operators in Austifatiagh the conventional
keyboards had replaced the Morse machines in the fifti&ndgland among key punch
operators were observed musculoskeletal symptoms which werénexipde local fatigue
due to the repetitive movement of the upper limb and siroidaervations were made among
accounting machine operators (Komoike and Horiguchi, 1971; Hunting £080; Maeda et
al., 1980; Kadefors and Laubli, 2002).

Risk factors for developing neck and upper extremity musculoskeleta
symptoms/disorders due to computer keyboard use have been gartyusly studied over
the last fifteen years. Prolonged keyboard use, work in nonahgostures in the wrist and a
lack of forearm support have been reported to be risk faicotse development of upper
extremity musculoskeletal disorders (Aaras et al., 1998; Katlgvial., 1998; Blatter and
Bongers, 2002; Karlqvist et al., 2002; Jensen, 2003; Kryger @083, Lassen et al., 2004).



In a review from 2006 of the literature on keyboard use and nasd@létal outcomes among
computer users (Gerr et al., 2006) was concluded several methodblgitations,

including non-representative samples, imprecise or biased mease@rgposure and health
outcome, incomplete control of confounding. The most consistemdnehs the association
observed between hours keying and arm/hand outcomes. Placing the @dydloar the
elbow, limiting head rotation, and resting the arms appeaestdt in reduced risk of
neck/shoulder outcomes. Minimizing ulnar deviation and keyboard thickpegsrs to result
in reduced risk of arm/hand outcomes.

An association between non-neutral postures of the wrist and dllmvg computer
work and neck and upper extremity musculoskeletal symptoms havecpeeted in a
longitudinal study (Gerr et al., 2002) which supports the findirgs Beveral earlier cross-
sectional studies (Bernard, 1997; Punett and Bergqvist, 1997; Gédrr2000).

A randomised controlled intervention study found that forearm support diginguter use
had a protected effect for neck/shoulder disorder and to redukisimaadder and upper
extremity pain (Rempel et al., 2006) which supported findings &grospective
epidemiological study which found arm support to be associatedavatier risk of
neck/shoulder symptoms and disorders (Marcus et al., 2002) and eadie sectional

studies (Hunting et al., 1981; Aaras et al., 1998; Aaras,&C4l1; Gerr et al., 2006). In a
recently published experimental study the same patternouas among children aged 12-14
years (Straker et al., 2008a). Forearm support has been shdecréase muscle activity in
neck and shoulders during keyboard and mouse use in (Aaras and RAAd@S7et al.,

1998; Karlgvist et al., 1998; Woods et al., 2002; Cook et al., 2004).

Fast repetitive finger movements due to an activatio-afontraction in neck and upper
limb muscles and a lack of variation in activation of matoits is considered to be a risk
factor for the development of musculoskeletal symptoms/diso(&ssen et al., 2000;
Sandsjo et al., 2000; Schnoz et al., 2000; Sjogaard et al., 20@jffidient rest breaks from
computer work has been reported as risk factor due to lacktofmnit silence during work
(Forsman et al., 1999; Kadefors et al., 1999; Birch et al., 2Z@0&en et al., 2000; Kitahara et
al., 2000; Forsman et al., 2001; Sogaard et al., 2001; Forsmiar2€@0&2; Thorn et al., 2002).

Double clicking on the mouse button has been reported asfaagisk due to fast motor
unit firing induces peak muscle load (Sjogaard et al., 2001 ;a8dgd al., 2001). Low levels
of muscular rest for the forearm extensor muscles havefoaed during mouse operations
(Bystrom et al., 2002). Extreme wrist extension has been espasta risk factor during
intensive mouse use due to high pressure in the carpal tunneé{kir1999). More
extreme ulnar deviation of the wrist has been shown amamguter mouse users compared
to keyboard users (Karlgvist et al., 1994).

A moderate evidence for a positive association betweedutfagion of mouse use and
upper extremity symptoms/disorders has been concluded in re@@stalso with indications
for a dose-response relationship (Jensen, 2003; Kryger et al., 2088e\ét al., 2005;
ljmker et al., 2007; Torngvist et al., 2009).

In a repeated measures laboratory experiment (Dennerleimlansioh, 2006) where 30
adult computer users completed five different computer tasteder to determine
differences in biomechanical risk factors across compuks taere found that keyboard-
intensive tasks were associated with less neutral poisures, larger wrist velocities and



accelerations, and larger dynamic forearm muscle actiitle mouse-intensive tasks were
associated with less neutral shoulder postures and leabiligriin forearm muscle activity.

A mixture of mouse and keyboard use was associated with highedshoulscle activity,
larger range of motion and larger velocities and accedeimbf the upper arm.

Some alternative pointing devices (e.g. trackball and ecaériouse) have been shown to
have a positive effect on musculoskeletal outcomes compagedaioventional mouse (Aaras
et al., 1999; Rempel et al., 2006).

Excessive mobile phone use with active texting has is@ @port been related to first
CMCJ arthritis of the thumb (Ming et al., 2006) and in anothgorntebeen related to a tender
swelling in the dorsi-radial aspect of the mid-forearm (M&G85).

In recent years reports of musculoskeletal symptoms from tiekdrad forearm after
intensive use of smartphones or blackberrys have been presentedneh and these
symptoms have been referred to as Blackberry thumb.

Repetitive pushing (e.g. during pipetting) and repetitive nmares with the thumb (e.qg.
during piano playing and typing) have been reported as risk fdotadsveloping
musculoskeletal disorders in the thumb and the extrinsic thumsbutature in the forearm
(Fredriksson, 1995; Moore, 1997).

There is no studgublished that has evaluated the physical exposure during testhgnte
on mobile phone.

The development of musculoskeletal symptoms/disorders

Today the relationship between the development of musculodkstatptoms/disorders and
the low level exposure as in computer use is considered to tiéaotatial though not still
fully explained. Generally, physical factors, psychosociabfacand individual factors are
considered to be present (Bongers et al., 2006).

Already 300 years ago Bernardino Ramazzini (Ramazzini, 19¢0 flablished 1713))
described the multifactorial background of musculoskeletal symg/disorders. In 1700 he
wrote about the relationship between “word processing” and uppenety disorders: The
maladies that afflict the clerks arise from three causestfFconstant sitting, secondly the
incessant movement of the hand and always in the same diréletidly, the strain on the
mind from the effort not to disfigure the books by errors. Constatihgvconsiderably
fatigues the hand and whole arm on account of the continual and almostaesies of the
muscles and tendons. | knew a man who was skilled in rapicigvatid by perpetual writing,
began first to complain of an excessive weariness of his wgbtearm, which could be
removed by no medicines, and which was at last succeedepklfeet paralysis of the whole
arm”. Unfortunately his work was not further developed. Not until 2&5ry later Maeda
described the multifactorial background of musculoskeletal disbmddight mechanical
work (Maeda, 1977).

Physical risk factors

Physical factors causing musculoskeletal symptoms/disordessigpesed to exert their
effects through physical (mechanical) forces arising in the bicglythe physical load). These
forces may initiate or contribute to pathophysiological changdsiee suggested to be
expressed as biomechanical events occurring in the body. resptenses e.g. perceived



exertion and increased oxygen consumption are developedhondiieas a consequence of
this internal exposure. In the long run chronic effects such asutuskeletal disorders or an
improved oxygen transportation system may develop (Winkel and &4atim, 1994).

An ecological model of presumed pathways from exposureftoriignual work, as
computer work, to musculoskeletal outcomes were describeduigrSand Swanson in 1996
(Sauter and Swanson, 1996), later modified by Wahlstrom (Waimis#005) and Lindegard
(Lindegard, 2007). The model covers the physical ergonomic exposwedl as the
psychosocial exposure and biomechanical as well as psychologidedmsos causing
musculoskeletal outcomes.

Psychosocial risk factors
Psychosocial factors as high demands, low decision latitumdke piessure, mental stress, job
dissatisfaction, high work load and lack of social support baes proposed as psychosocial
risk factors alone or together with physical factors for theldgwnent of musculoskeletal
symptoms. These psychosocial factors seem to be more #sgawith disorders in the
neck/shoulders, than in the arm/hand (Ariens et al., 2001ayAeieal., 2001b; Andersen et
al., 2002; Bongers et al., 2002; Johansson Hanse, 2002; Hanna2@Q% .Torngvist et al.,
2009). Mental load, distress and/or time pressure have been shaverease muscle activity
(Lundberg et al., 1999; Rissen et al., 2000; Sandsjo et al., 200@a8jogt al., 2000). Mental
stress induced during computer use in laboratory settings has simagsociation with
increased physical load such as increased muscle adtigihgr velocity in wrist movements,
increased forces applied to the computer mouse (Lundberg22@2;, Wahlstrom et al.,
2002; Visser et al., 2004). Furthermore, mental load has been shaetivate the same
motor-units as computer operations do (Forsman et al., 1999; Kade&drs1999; Birch et
al., 2000; Jensen et al., 2000; Kitahara et al., 2000; Forsnaan2001; Sogaard et al., 2001,
Forsman et al., 2002; Thorn et al., 2002).

An exposure to a combination of physical and psychosocialatskrs seems to increase
the risk for developing musculoskeletal symptoms compared topbmisical factors or only
psychosocial factors (Punett and Bergqvist, 1997; Wigaeus Tormed\akt 2001).

Individual risk factors

Several studies have shown an association between indifédt@is (e.g. age, gender, and
anthropometry) and an increased risk for the development afulos&eletal
symptoms/disorders (Karlgvist et al., 1998; Cassou et al., Ra0Rjvist et al., 2002; Cote et
al., 2004; Ostergren et al., 2005; Oude Hengel et al., 2008; Taregeis, 2009). One study
has investigated the effect of varying thumb sizes iriogldéo the experience of using mobile
phone for sending text messages. The results confirmed thyatg/érumb sizes affect users’
text messaging satisfaction (Balakrishnan and Yeow, 2008). Anatbertant individual
factor to consider when estimating risk factor for the tgraent of musculoskeletal
symptoms/disorders is the individual performance technique or wadghgique.

Working technique
The concept of working technique is considered to consist obasw elements (Kjellberg et
al., 1998): the method used to carry out a task (e.g. s#tanrgling, one/two hands grip,



one/two thumbs key press) and the individual motor performante ¢dsk (e.g. movement
velocity, range of movements, pause pattern). The conceymr&fstyle is used similar to
working technique but is more multidimensional including cognitive, bebeai and
physiological stress response to work (Feuerstein, 1996 gtArtgk work style includes
taking shorter or fewer breaks, working through pain, and making higaranon one’s
own performances (Feuerstein et al., 2005).

Working technique has been shown to affect physical loadsofdseearm support
during computer work has been shown to decrease the museity acineck/shoulder
(Aaras and Ro, 1997; Aaras et al., 1998; Karlqvist et al., M@®ds et al., 2002; Cook et
al., 2004). Different working methods during computer mouse use sdohearm/shoulder
movements compared to wrist movements have been showndbratfecular loads
(Wahlistrom et al., 2000). Computer users classified as haygongdworking technique have
been shown to work with less muscular load in the forearmratig trapezius muscle on the
mouse operating side compare to those classified as having wg®org technique
(Lindegard et al., 2003).

1.4 Exposure assessment

Physical exposure
Measurement of physical (mechanical) exposure can be obtainedjbgtve judgements
(self reports or expert judgements), systematic observaticest(observations or video
observations) and direct measurements (in real life or durmgagions in the laboratory).
Direct methods of measurements have higher precisionhibasthier methods and
systematic observations give more detailed informatiom ¢jugstionnaires. Important
physical variables to measure in order to adequate absgsiysical exposure are postures,
movements, muscle activity and forces. The data of the @ysiposure variable are
suggested to include the three conceptual variables exposurélapéitude), temporal
pattern of exposure (repetitiveness or frequency) and exposuredykinkel and
Mathiassen, 1994; Westgaard and Winkel, 1996; van der Bedkriaugd-Dresen, 1998).

Postures and movements
In a systematic overview and evaluation of the methods usegidmtifying mechanical
exposures were concluded that self reported exposure data cantigtregliace observations
or direct measurements in the assessment of the duragepagure to working postures
during a specific period and that trained observers are abdtinttaée body angles of subjects
in a static posture to a high level of both accuracy andspoecibut validity proved to be
unsatisfactory for very dynamic tasks. For the assessmem\aments were concluded that
only by video observation in slow motion and by direct methods ofune@agnt can one or
more of the dimensions of exposure to movement be assessededg@mdtobservational
methods are generally suitable to accurately assess eareibut the working method (van
der Beek and Frings-Dresen, 1998).

Direct measures of e.g. wrist or thumb positions can bernpeetd by a manual or an
electrogoniometer. Manual goniometry is considered to be amalidod when measuring
postures in computer users (Ortiz et al., 1997). For objeatideguantitative measures of



postures and movements, expressed in ° or °/s the use otangdeiometer is necessary.
Furthermore, the electrogoniometry measure gives you data akauean power frequency
(MPF), which has been proposed as a measure of repetitivenmeats (Hansson et al., 1996;
Viikari-Juntura and Silverstein, 1999), the velocity, and thespgattern of the movements.

Muscle activity

The working muscle is producing electrical activity which barmeasured by
electromyography (EMG) either through intra-muscular or suteerodes. This method of
direct measurement is common in ergonomic research tcsassssle activity. In most
studies the EMG data is normalized to a reference coianadtie to the large inter-individual
differences in the amplitude of the signal (Mathiassen e1295).

Mechanical load has been supposed to be a risk factorefaetirelopment of musculoskeletal
disorders, due to the intramuscular pressure, which impaitsdod flow and therefore affect
the nutrition of the tissue (Jarvholm et al., 1991). Consequlesity/limits based on the %0
(static load), 58 (median load), and §0(peak load) percentiles of the amplitude distribution
were proposed to quantify the EMG data in relation to this(donsson, 1982).

However in activities like computer use, characterizetbiwievels of muscle activity, later
studies have concluded that no safe lower limit of mustieitgexists (Westgaard and
Winkel, 1996). Increased awareness of the need for la@tiva have occurred and
measures of gap frequency (i.e. number of periods witltlmastivity below predefined
threshold level per time unit) and muscular rest (i.e.dta time with muscle activity below
the predefined threshold level relative to the total duratigheofecording time) can be used
to assess the muscle activity pattern (Veiersted,et@93; Kadefors et al., 1999; Hansson et
al., 2000; Forsman et al., 2001; Lundberg et al., 2002; Thorn 208R).

Psychosocial exposures/conditions

The psychosocial exposure is usually assessed through self reportstiynmaéres, diaries
and interviews. Psychosocial conditions are complexed and diffaccaépture while
gualitative methods can be useful. Qualitative research airdeveloping concepts that help
us to understand social phenomena in interactions, emphasisisgliject’'s own experience,
views and deeper meanings (Denzin and Lincoln, 2000). One ofdsieused method in
gualitative research is the grounded theory method developedesmhiwd by Anselm
Strauss and Barney Glaser between 1920 and 1950 at the Chibagb@&Sociology
(Glaser and Strauss, 1969).

Grounded theory
The method studies basic social processes and the aim foethed is to generate
theoretical frameworks which explain the collected data.riié#hod is mostly inductive
since the classic grounded theory method emphasizes the develgitheatry from
empirical data (Glaser and Strauss, 1969; Glaser, 1992) butealsotive since concept and
theories are constantly changed and developed in constant compétistre experiences
from the empiricism.

A constructivist version of grounded theory has been develop&dthy Charmaz
(Charmaz, 2000), which assumes that multiple realities exgiritrast to the classical



grounded theory which assumes a “one and only real realitgxtannal reality that
researchers can discover and record. She assumes that grounded #re interpretative
descriptions of the studied world rather than exact picturgsiofcontrast to Glaser and
Strauss, who assumed an objective external reality wituttal observer, a grounded theory
separated from the observer, she means that construction of gtdbhadses is influenced

by interactions between the people involved in the researchgsothe researcher is part of
what he/she studies, not separated from it. A theory shouldasmplunderstanding rather
than explanation. According to Charmaz, the potential strenggfoahded theory lies in its
analytic power to theorize how meanings, actions, and sociatwtes are constructed. The
grounded theory methodology is offering tools for understanding subgeapstical worlds
(Charmaz, 2000; 2006). The two main characteristics of groundexy thee the systematics
in the methodology and the constant comparative method. Everyf plagt data, i.e.

emerging codes, categories, properties, and dimensionsratitly compared with other
parts of the data to explore variations, similarities affdréinces in the data (Hallberg, 2006).



1.5 Aims

The overall aim of this thesis was to obtain new ergonomic letge of the physical
exposure associated with the use of information and communitetienology with
emphasis on small keyboards, computer mice and young adult I&T use

Specific research questions were:
o0 What experiences, attitudes and health beliefs are erprassong young adults
related to their ICT use?

o Are there any differences in physical exposure when workitlyawertical computer
mouse (neutral hand position) compared to a traditional flat cemputuse (pronated
hand position)?

o Are there any differences in thumb movements and musiiléy¢a) across various
mobile phone tasks (b) between young adults with and without musdekaske
symptoms in the upper extremities and (c) between gender?

o0 Are there any differences in postures and working techniquegé&e young adults
with and without musculoskeletal symptoms in the upper extremities using a
mobile phone for text entering? Are there differences in rewstivity and thumb
movements between different postures and working techniques?



2 Materials and Methods
2.1 Study designs and study populations

This thesis comprises both quantitative and qualitative stesligias Paper lis an interview
study with a qualitative approach, in which the analysdath was performed with the
grounded theory method (with a constructivist approach), in ampttto understand
experiences of, and attitudes and health beliefs to Idr(hation and communication
technology) among young ICT usePaper Ilis a comparative experimental study which
evaluated muscle activity, wrist positions/movements, perdecomfort, perceived exertion
and productivity among experienced computer users while workingwatllitferent
computer micePaper Il and IVare lab-based experimental studies where subjects entered
text messages on mobile phones. In these two studies, thumb maov€ithdvij, muscle
activity (111,1V), perceived exertion (1V), postures (I\&And working techniques (IV) were
compared between young adults with and without neck and/or upper ésemi
musculoskeletal symptoms.

The study population iRaper Iconsisted of 25 young ICT users (18-24 years). They
were recruited from different programs at the University ofi@nburg (medical, computer
and engineering; 5 women, 4 men, median age 22 years) andseppadary schools
(construction and health care; 3 men, median age 19 yed@sthenburg to represent
different kinds of ICT usage as well as different lengthstedy programmes (strategic
sampling). An equal sex distribution was also a concetimeirsampling. They participated
voluntarily in the study by registering themselves in answarrmessage on the notice board
at their university/school. The interviews were carriedio@001. During the week
immediately prior to the interview, they all used the twajor information technologies,
personal computer and mobile telephone. The areas of use waig coamunication with
friends or family members and seeking information.

The study population iRaper Il consisted of 19 (10 female and 9 male) experienced
computer mouse users recruited from the department of OccupatehBnvironmental
Medicine (24-64 years). In this study a traditional flat compuoneuse (pronated hand
position) and a prototype vertical mouse (neutral hand position)cserpared (Figure 1). At
their own computer workstation, the subjects performed aatdisdd text editing task for 15
minutes with each mouse. All subject used their right handdmtpthe computer mouse.
Their hand sizes (hand width x hand length) varied betweexn 6% cm and 10.5 x 21 cm
(Md 9.0 and 18.5 cm respectively).



Figure 1 The traditional mouse with the pronated hand position to tharefthe vertical
mouse with the neutral hand position to the right. The maiomuof the vertical mouse is
placed under the pad of the index (or middle) finger when grigpmgnouse and you use the
button by pushing it horizontally towards the mouse.

Working at their normal workpace subjects were instructedlézisrandomly located
highlighted characters in paragraphs of text with each mam¢hen delete the characters by
hitting the delete key on the. The order between the twe maés balanced with respect to
sex and the time of day the experiment took place (morninfjeznaon). (Figure 2)

Gender Male Female

am/\pm am/\pm
/SN /N /\ / \

PN

Time of day

Hand position PN PN

Figur 2 Order of the hand positions (i.e. the two mice) balancdd geéhder and time of day.
am = morning; pm = afternoon, NP = neutral - pronated hand podttibr; pronated -
neutral hand position.

The study population iRaper Il and IVconsisted of 56 ICT users (19-25 years)
recruited from an ongoing cohort of 3000 young adults. Participantsdeadasked to fill out
a web survey on their use of ICT and their musculoskeletéhh®atential study subjects
were interviewed over the phone. To be included in this stutlyects had to report that they
used their mobile phone daily to send SMS messages or ptasg®uestions were also
asked to ascertain whether subjects were with or witmoistuloskeletal pain. Of the 56
subjects recruited, 15 subjects were healthy and 41 hadandéir upper extremity
musculoskeletal symptoms. The young adults without symptoms e who reported no
pain in the shoulder girdles/arms/wrists/hands or numbnedsiting hand/fingers during the



last 12 months in the web survey and reported to be paitftae time of interview. The
young adults with symptoms were those who reported ongoing symptdheslast seven
days in the web survey and reported to be in pain aintigedf interview. The young adults
with symptoms were all clinical examined by physicians atingrto a prescribed medical
protocol (Hagberg and Violante, 2007). The diagnoses of the young adblsywiptoms
were neck pain (cervicalgia, n=13), neck and arm panvigmbrachial syndrome, n=22) and
arm-hand pain (brachialgia, n=6).

In Paper Il the young adults performed four distinct tasks with the Sataadard”
mobile phone (Nokia model 3310, Eshoo, Finland, 113mm x 48mm x 22mnonartdsk on
their own personal mobile phone. The first task they perfornaesdmaking a phone call with
the “standard” mobile phone and then talking on the phone for foutesif). This task
acted as a reference task since talking required grippéghone (as during text entering)
but not pressing the keys (the factor we wanted to study)., Tinperformed three different
SMS tasks with the standard phone: entering a 300 charatdastized SMS message from
a piece of paper while sitting (B), composing and entering tbein” 300 character SMS
message while sitting (C) and composing and entering their “8@@character SMS
message while standing (D). The experiment concluded wityotlneg adults composing and
entering their own 300 character SMS message on their owaradmobile phone while
sitting (E). During the standardized SMS task (B) theyeviiestructed to turn off and not use
the automatic word completion function, which required that baslto text every character.
During their “own” SMS tasks (C-E) they were instructeavtde and use the functions they
normally did when entering an ordinary SMS message. The ofdee four SMS tasks (B-E)
was randomised for each subject. The standardized SMS re¢askdB) was performed by
all 56 subjects and 24 of the 56 subjects performed all (Ask$.

The young adults were instructed to sit and stand usingthe positions and working
techniques that matched how they used their mobile phones lifee@he chair used in
sitting tasks had a backrest, and armrests and no whAeatieo documentation was made of
the subjects” posture during every task.

In Paper IVthe young adults were instructed to compose and enter an own 386teha
text message with the standard mobile phone while sitting.

2.2 Measuring methods

In Paper Ithe data were collected through individual thematised iiet@s: An interview
guide with open questions was used, and the young adults wergayed to talk in their
own words about their experience of IT (information technology) Tise main questions
were: Can you describe your use of information technology (Wt are your views about
the use of IT?; Do you think the use of IT can influence hgptikitively and/or negatively?
Probing questions such as “Can you tell us more about that?” audt‘@ou give an
example?” were used to keep the conversation focused atweindttitudes, coherence and
health beliefs. The interviews lasted about 25-60 minutes areltaje-recorded and
transcribed verbatim.



Registration of muscle activity

The muscle activity was registered by electromyograpMGHEPaper II: Muscle Tester
ME3000P4, Paper llI-1V: Muscle Tester ME 3000P8, Mega Eleatsonid, Kuopio, Finland)
using two 10 mm diameter disposable EMG electrodes (N-00-Scchtedt A/S, Ballerup,
Denmark) with a 20 mm inter-electrode spacing.

In Paper llthe muscle activity in four muscles was registrered:itie extensor
digitorum (ED) and the right extensor carpi ulnaris (ECUhafbrearm, the right first dorsal
interossei (FDI) in the hand and the pars descendent ofytitenapezius muscle in the
shoulder. The electrodes for the ED and the ECU were placeslireddrom the lateral
epicondyle, on 1/3 of the distance between the epicondyldharsiyioid process of radius
(ED) and styloid process of ulna (ECU) respectively andnfer=DI the electrodes were
placed over the muscle belly in the web between the ttramdlihe index finger (Perotto,
1994). The electrodes for the trapezius were placed 20 mral latehe midpoint of the line
between the seventh cervical vertebra and acromion (Matmeet al., 1995). (Figure 3)

Figure 3 The position of the EMG electrodes and the electrogoniometesriawith the
vertical mouse ifPaper Il

In Paper Il and IVthe muscular activity in six muscles in the right forelland and
both shoulders was registered: the right extensor digitoruny, (B®right first dorsal
interossei (FDI), the right abductor pollicis longus (APL), rilgat abductor pollicis brevis
(APB) and the pars descendent of the right (RTRAP) anddgfezius (LTRAP) muscle. The
electrodes for the APB were placed over the muscle belyeest the MCP and the CMC
joints (Perotto, 1994). The APL electrodes were placed ofotearm proximal to the styloid
process of radius where the working muscle was palpated. filleedectrodes were placed
as described for Paper Il above. (Figure 4)



Figure 4 The position of the EMG electrodes during text entering on mphaee in
Paper Il and IV

The EMG signals were monitored in real-time for qualdgteol and recorded on-line at
1000 Hz to the hard disc of a laptop computer. The EMG sigrebaadpassed filtered
between 8 - 500 Hz. In the data analysis, the EMG sigaalrectified and averaged using a
125 ms moving window.

Standardized contractions were performed by the young adwaltdento normalize
muscle activity. For the ED, the ECU, FDI, APL and ARigximal voluntary electrical
activity (MVE) was obtained while the subject was askegetdorm a 5 s maximum
contraction against manual resistance. They performed ¢baes@actions while seated, with
their forearm supported on a table surface individually adjustetbow height. For the
trapezius muscles a submaximal reference voluntary eleddtaity (RVE) was used for
normalisation. The RVE was determined as the mean gateabrded while the subject was
seated and abducting both arms to 90° (in the frontal planeg ttiitling a 1 kg dumbbell
fully pronated in each hand for 15 s.

The EMG-data in Paper Il were analysed in the ME3000®addtversion 1.5, in Paper
II-1V in Labview (Version 6.1; National Instruments; AustiiX, USA) and the 19 (static
level), 50" (median level) and $0(peak level) percentile of the muscle activity forleac
subject were calculated.

Registration of wrist positions and movements

In Paper Il a biaxial electrogoniometer and a data logger (Model X65 and DL1001,
Biometrics; Gwent, UK) were used to register flexion/extamand radial/ulnar deviation of
the right wrist (Figure 5). The goniometer was applied taltiveal side of the wrist on the
right hand according to the manual of the goniometer used.



Figure 5 Radial/ulnar deviation and extension/flexion movements in tist.Wiodified after
Greene & Heckman (Greene and Heckman, 1994).

The reference (zero) position of the wrist was recordedhheforearm fully pronated was
held in a deviation and flexion/extension neutral position ighpalm down on the desk
(Greene and Heckman, 1994). The sampling rate was 20 Hz amg¢#isairing data were
transmitted after the measurement from the data loggeP®, where they were analysed
using a program written in Labview. The program calculated., 50" and 98 percentile
of the wrist angle distribution, the mean velocity and thammower frequency (MPF) for
both flexion/extension and radial/ulnar deviation. A power spectvascalculated using the
Auto Power Spectrum virtual instrument (VI) in Labview. MP&svealculated on the portion
of the power spectrum between 0 and 5 Hz with a low frequeutegff of 0.033 Hz to
eliminate the DC component of the spectrum (MPF caledlbetween 0.033 — 5 Hz). MPF is
defined as the centre of gravity for the power spectrum antden used as a measure of
repetitiveness (Hansson et al., 1996).

Registration of thumb positions and movements

In Paper IlI-1V a biaxial electrogoniometer (Model SG 110, Batnes; Gwent, UK) was
used to measure adduction/abduction i.e. palmarabduction (Greér¢eckman,
1994)(Greene and Heckman, 1994) and flexion/extension of the thumb.

The endblocks of the goniometer were applied on the dorsalfdige proximal phalange
on the right thumb and on the medial aspect of the radiuprjmsinal to the wrist joint
(Figure 6). Both goniometer endblocks were rigidly securedetsbject’s wrist and thumb
using double-sided tape. The thumb’s general orientation was catsakethe orientation of
the proximal phalange. The electrogoniometer signals were monitoredal-time and
recorded on-line at 1000 Hz at the same time as the Ejf@lsi



Figure 6 Definition of the neutral adduction/abduction (Ad/Ab) and flexioréasion
(Flex/Ext) posture and sign conventions used to define thumb pogitgdiisHand with
electrogoniometer in the goniometer calibration fixture (rightymb in neutral
adduction/abduction and flexion/extension position.

The electrogoniometer data were analysed using a programmvimitt@bview (Version
6.1; National Instruments; Austin, TX, USA). By taking evB@" sample, the program down
sampled the data to 20 Hz. For each movement axis, the pregteulated the 30
percentile thumb postures, the median thumb velocity, the pwaer frequency (MPF) of
the movements, the pause percentage — defined as thetpgecehtime thumb velocities
were below 5°/s, the mean pause duration and the number of pausesyier

Registration of posture and working technique
In Paper IVthe young adult’s individual posture and working technique during thevas
registered using an observation protocol. The observational prototeal whether the young
adult sat with or without back support, with the head in a akotrflexed position, with or
without forearm support, used a one or two handed grip on the phodey ase or two
thumb text entering technique, entering text with medial sigedftip of the thumb and had
high or moderate/low velocity in the thumb movements.

Neck flexion, shoulder abduction and shoulder flexion were measitted manual
goniometer during the first five minutes of the task. A vidsmording of the young adults’
postures and movements was obtained during the performance adkhe t



Perceived exertion

In Paper 1], using a Borg CR-10 scale (Borg, 1990), each subject faedoerceived
exertion in the neck, shoulders, arms, wrists and hands irataldbefore and after work
with the traditional and the vertical mouse. The differen¢edxn the rated perceived
exertion before and after work with each mouse was calculatedery rated body area.

In Paper 1V, using a Borg CR-10 scale (Borg, 1990), the young adults rated the

perceived exertion in neck and shoulder girdle, upper arm, foréend and thumb
immediately before and after completing a 300 charactentegsage on a mobile phone.

0 Mothing at all

0.5 Extromely weak
1 Voery weak

2 Weak

3 Moderate

4 Somoewhat strong
5 Strorg (heavy)

6 —_

7 NVoery strong

8 —_

9 —_

10 Cxtroemcly strong (clmost masx)
Maximal

Figure 7 Rated body areas (A-K) and Borg’s CR-10 scale.

Perceived comfort

In Paper llthe subjects after work with each mouse, rated the igectgeneral comfort
using a bipolar scale, ranging from —4, very poor comfort4{aexcellent comfort (Karlgvist
et al., 1995).

Productivity

In Paper Ilthe number of pages edited within the specified time lamdtamber of errors was
calculated for each hand position.

In PapenV the time to complete the 300 character text messagees@sled for each
subject.



2.3 Methods of analysis

Grounded theory

In Paper Ithe raw data in the transcribed interviews were agrdlyis a stepwise coding
procedure. The first step was to transform the raw dadacodes, which defined actions or
events within them. A set of questions were asked e.gt Whatually happening here (in the
data)? Systematic line-by-line coding was used, where gechflthe interviews was
examined and initial codes defined (Glaser, 1978; Charmaz,.Z0@®odes were then
grouped together into categories and subcategories by a constgatrisom with raw data
where the connections between a category and its subcategergesearched for. In the
focused coding, concepts which reappeared frequently were exbandelescribed in a
more abstract core category. This core category is céntifa data, can be related to all
other categories and subcategories, and accounts for mostvafititén in data.

Theoretical memos were used for the purpose of overviewsasalfydata. These theoretical
memos were discussed in seminars, compared with ravadtarther refined.

The analysis continued until theoretical saturation was eethje.e. until no new data
occurred in the interviews.

Statistical methods

In Paper llthe results of the group are presented as medians for fehehteao mouse
conditions as well as medians for the differences of allubgests with 95% confidence
intervals (ClI) for median values (Altman, 1991). As thexde¢re showed to be not normally
distributed, the differences in the results between thecommputer mice, offering a pronated
and neutral hand position respectively, were compared by tisng/ilcoxon signed rank test
for repeated measurement. Differences between gender obttiertwo hand positions and
time of day were compared with the Wilcoxon rank sumftesgroup comparison. The tests
of significance were two-tailed with a significance lee0.05. The p-values were read from
table B9 Wilcoxon one sample (or matched pairs) test andBdl§i&’he Mann-Whitney test
(Wilcoxon two sample test) in Altman (Altman, 1991).

In Paper 11l the muscle activity and thumb electrogoniometer data acro$suhtasks
(A, C-E) are presented as group means + one standard etiherrakan in the text, figures
and tables (n=24). As these data was approximately normatljodied, repeated measures
analysis of variance methods were used to compare theediffaisks (Figure 2, Table 3), one
model for each parameter. Fixed effects included in the mastel task, gender, group and
all interactions (Random Effects-Mixed Model in statistipadgram JMP). Where significant
differences were found between tasks, a Tukey's HSD postiafsies was used to identify
tasks that were different from one another.

Group and gender differences in muscle activity and thumb gompmetsures when
performing the standardized SMS task (B) were analysedinghr regression (n=56, Table
2 and 4). Determinants included in this model were group, gendé¢henderaction.

A power calculation showed that we had a power of 99 % to detditference of 5%RVE in
median muscle activity and a difference of 5° in the medragte of the thumb movements
between the groups assuming a standard error of 4.



Significance was accepted when p-values were less thanfbi@®salculations were made in
the statistical program JMP (version 5.0.1, SAS Institute NC, USA).

In Paper IVthe differences in working techniques between those with syngpand
those without symptoms are presented as proportions and diffenepeeportions with
95%Cl for the differences. The calculations were made isttestical program CIA with a
calculation method according to Wilson (Altman, 2000). The diffegs in muscle activity,
thumb goniometer data and productivity between the groups working \Wethedit working
techniques are presented as differences of group means with 9bB&@hanges between the
rated perceived exertion before and after the perfornsidaare calculated for each subject
for every rated body area. The calculated changes werd wvatie+1 for positive value
(increased exertion), with 0 for no change and with -1 foatieg value (decreased exertion).
The differences in changes in perceived exertion betweripgmwere compared with the
Wilcoxon’s rank sum test (Mann Whitney U test). Statistiatiicance was set at p-values
less than 0.05. These calculations were made in theisttmogram JMP (version 5.0.1,
SAS Institute Inc., NC, USA).

Power calculations showed that we had approximately 40 % poweteot a difference
in posture and working techniques between the groups and a power ab38:%ct a
difference of 5%RVE in median muscle activity and a diffeesof 5° in the median angle of
the thumb movements between the groups assuming a standaf drror



3 Results

In Paper Ithe focused coding generated one core category about thetsSubjecall
experience of, and attitudes to, information technoltigg two sides dfeing social, efficient
and independent here and notiheir private and social roles related to performance a
experiences of time were important aspetie core category included dimensions of almost
unlimited perceived opportunities as well as risks.

Four descriptive categories were related to the corg@ateA feeling offreedomand
efficiencyon the positive side, related to perceived opportunities, &eling ofrestrictions
on living spaceandintangibility on the other side, related to perceived risks. (Figure 8)

Feeling of freedom Restrictions on living space
) Personal
Time Dependence= Time

Independence= space
of Other people

Societal

Disru pti 0n< Distracting effects

Global Understanding Undesired information

|mmen3itY< Global "Connectedness”

Unlimited Area of use Restricted integritg( E]?rr;itgr;t availability

The two sides of being

social, efficient and independent

here and now

Feeling of being efficient Feeling of intangibility

Hard to find
- Speed Hard to gras Too much information
Time . . g
< Time-saving g Too fast development
. Unreal
Practical( Easiness AbStraCtness< Not concrete
Simplification Lack of trustworthiness
Accessibility Uncertamty< Lack of control
Sociak_ Maintaining contact Intangible relations g;:;’i‘j::less

Figure 8 Model of young adults’ experience of IT use. The core categoryhanfdur
descriptive categories.

Differences in physical exposure between a neutral and a pronatecpbaitidn in computer
mouse use

In Paper llthere were some differences in physical exposure found betivedraditional
and the prototype vertical mouse. Work with the vertical motfseing a neutral hand
position showed a decrease in ulnar wrist deviation (though igteaindividual differences),
a decrease in mean velocity in the deviation movementfuathérmore a decrease in the
muscle activity in the extensor muscles (EDC, ECUheright forearm and in the first
dorsal interossei muscle (FDI) in the hand compared to thetpobhand position with the



traditional mouse. No differences in muscle activity ledetghe right trapezius muscle were
seen between the two hand positions in the group though theeegweat interindividual

variation. (Table 1 and 2)

Table 1 Wrist positions and movements in work with a pronated and aahéaind position
and the difference between the two hand positions (n=15). Mdep3nedian, 95%Cl= 95%
Confidence Interval. A positive value in wrist anglesdtafor extension and ulnar deviation.
A negative value stands for flexion and radial deviation.

Wrist position Pronated Neutral Difference (Pronated-Neutral)
and movement

Md 95%Cl Md 95%C| Md 95%C| p-value
Flexion/extension
10" percentile (°) 14 4;22 11 -7:16 7 0;16<0.01
50" percentile (°) 23 14;32 18 2:31 5 1@ <0.1
g percentile (° 31 16;3¢ 23 1432 5 -4:1%z >0.2
MPF (HZ 0.6C 0.50;0.9¢ 0.6 0.46;0.9: -0.0¢  -0.19;0.12- >0.z
Velocity (°/s) 12.7 9.9;15.8 14.8 11.6;18.6 -0.8 -6.8;1.6 >0.2
Deviation
1" percentile (° -2 -7:2 -7 -11:-4 5 0;13 <0.0t
5C™" percentile (° 5 -2;7 -4 -9:;0 7 214  <0.01
90" percentile (°) 11 411 4 0;9 5 0;9 <0.02
MPF (Hz) 0.51 0.38;0.55 0.44 0.37;0.52 0.07 -0.08;0.17 >0.2
Velocity (°/s] 8.7 7.1;10.F 7.C 5.2;8.¢ 1.t -0.1;3.¢ <0.0t

Table 2 Muscle activity in work with pronated and neutral hand pmsigind the difference

in muscular activity in work with the two positions (n=19). Mde@ median, 95%CI=95%
Confidence Interval. %MVE (Maximal Voluntary Electrical Adty) and %RVE (Reference
Voluntary Electrical Activity) are given.

Muscle activity Pronated Neutral Difference (Fatad-Neutral)
Md  95%CI Md 95%ClI Md 95%CI  p-value
M Extensor digitorum
1g" percentile (%MVE) 5.0 3.6 3.0 2:4 2.0 1;3 <0
50" percentile (Y%MVE] 8.C 6:9 5.C 37 3.C 2:5 <0.001
og" percentile (%oMVE 13.C 8:1¢ 11.C 6;12 3.C 2:6 <0.001
M Extensor carpi ulnaris
1g" percentile (%MVE) 5.0 4:8 3.0 2:5 2.0 2:4 <@00
50" percentile (Y%oMVE 8.C 7:12 6.0 4:7 3.C 2:5 <0.001
90" percentile (%MVE) 17.0 13;18 12.0 9;13 5.0 3;6 <0.001
M Interossei 1
1gn percentile (%oMVE 2.C 1:4 1.C 0;2 1.C 0:1 <0.0t
50" percentile (%MVE 6.5 5;1C 2.C 1:4 5.C 37 <0.01
og" percentile (%MVE) 11.5 8:16 4.0 2.7 7.5 4:13<0.001
M Trapezius (pars descendent)
1gn percentile (%RVE 5.8 2:8 5.C 3:8 0 -2:1 >0.2
50" percentile (%RVE 12.C 8:1¢ 11.C 7:1€ 0 -34 >0.2
90" percentile (%RVE) 28.0 15;38 25.0 16;37 0 -9;4 >0.2




The perceived exertion was rated higher in right shoulder@®;2, p<0.1) and wrist

(Cl —-1,;2, p<0.05) in work with the traditional mouse compaoeiti¢ vertical mouse. In the
other rated body areas no statistically significant diffees in perceived exertion between
the two hand positions were found. Three subjects rated wdrkhvétvertical mouse offering
a neutral hand position to give better general comfort treapribnated position, while 19
subjects rated work with the vertical mouse less comfor{dide-1 scale step, CI -2;-1,
p<0.05).

All subjects edited fewer pages (Md -2.5 pages, Cl —-3.25;p<0.05) when working with
the vertical mouse compared to the traditional mousesulljects preferred to work with the
traditional mouse compared with the vertical mouse usdteistudy, but both advantages
and disadvantages with the vertical mouse were expresseatidhqed advantages with the
vertical mouse among the users were above all the neunglpusition, a lower resistance of
the mouse button and a comfortable grip. Experienced disadvamtageabove all a lower
precision, a bad hand size fit, and a difficulty in mowing mouse.

Muscle activity during mobile phone use

In Paper Il compared to talking on the mobile phone which was the refeexqmsure,
median muscle activity was higher in four of the six misaleen entering SMS messages
into the mobile phone. The two exceptions were the FDI anddRTiRuscles. While seated
the median muscle activity levels in the APB averag2d%.6 %MVE, in the APL 8.0 £ 0.9
%MVE, in the FDI 5.2 + 0.6 %MVE, in the ED 5.6 + 0.6 %M, and in LTRAP and RTRAP
2.8+ 1.1% and 4.3 = 1.5 %RVE respectively.

When comparing muscle activity when the young adults enteredn$&4Sages on their own
and the standard phone while sitting, only small differenae wbserved in muscle activity.
The only statistical differences were seen in the FDI fautite median (p=0.052) and peak
90" (p=0.046) percentile, with higher muscle activity when theydubkeir own phone.

Thumb postures and movements during mobile phone use

In Paper Ill with respect to thumb position, entering an SMS messagegkhe thumb in
abduction and flexion relative to adducted and extended thumb @egten talking. During
SMS messaging, the MPF and thumb movement velocities vgaiécantly higher compare
to talking, with higher velocities in Ad/Ab compared to F/Ehere was significantly less
pause time, significantly fewer pauses and shorter meae pauations during text entering
compared to talking on the phone. When the young adults entered Sdd8gae with their
own phone, the thumbs were less abducted (p = 0.02) compareatievitandard phone.

Gender differences

In Paper Il when entering the standardized SMS message, while saateg the standard
phone there were significant differences in muscle activityéden gender in the extensor
muscle (p<0.01) and the abductor pollicis longus (the median peecgrtd.02) with

females having higher muscle activity than males (Tabl&l&)re were also some gender
differences in thumb movements with females working ingiaedpduction (p=0.24), moving
the thumb with higher velocity (p=0.20 in flexion/extension) taking fewer pauses (p=0.13



in flexion/extension) than males; however none of these differeveresstatistically
significant (Table 4).

Differences betweesubjects with and without musculoskeletal symptoms
In Paper Il there were significant differences in muscle activityhie abductor pollicis
longus between the young adults with and without musculoskeletatsys (the 50
percentile, p=0.04) with higher muscle activity in the grouphait symptoms (Table 3). The
trapezius muscle activity was consistently higher in the gnotipsymptoms, though not
statistically significant (p=0.11-0.66). The young adults wyttmgtoms tended to move the
thumb faster (p=0.20 in flexion/extension), and to take fewergsaps-0.17-0.35) than those
without symptoms, though none of these differences were statissgnificant (Table 4).

There were no statistical significant differences incteuactivity or thumb movements
between the young adults with and without musculoskeletal symitases! on the
diagnosed symptoms (neck/arm pain, forearm/hand pain or botlotecat pain). All three
sub groups of diagnosis showed the same pattern as the whole gyoup@fdults with
symptoms compare to the healthy group.

No interactions between gender and groups in muscle actndtyhamb movements
were seen (p=0.33-1.00 and p=0.09-0.94 respectively).

Table 3Gender and group differences in"1.60" and 98 percentile muscle activity levels
while performing the standardized task. Group means and stamdendare given. (APB=
appollicis brevis; APL=appollicis longus; FDI=first dorsal imtesei; ED=extensor digitorum;
LTRAP=left trapezius; RTRAP=right trapezius; %MVE= %ximaal voluntary electrical
activity; %RVE= % reference voluntary electrical adtiyi

Female Male Difff Healthy w/Symptoms Diff
Muscle n=3C n=2& n=1Ft n=4(
APB p0.1C 14+0. 13+0. 01| 1.0+0. 15+0.: -0.E

(%MVE) p0.50 53+0.6 38+06 15| 42+08 48+05 -06
p0.90 162+15 127+16 35 |159+22 142+13 17
APL p0.10 3.8+0.3 2.8+04 10| 4207 31+02 1.1
(%MVE) p0.50 7.3+0.6 52+0.7 21| 7.7+13 58+07 19
p0.90 129+1.1 89+12 40 |13.3+22 103+08 3.0
ED p0.10 32+03 2.0+02 12| 29205 25+02 0.4
(%MVE) p0.50 55+04 35+04 2.0| 5007 45+04 05
p0.90 9.2+06 6.0+05 32| 80+1.0 7.6+05 0.4
FDI p0.1¢ 2.1+0: 15+0. 06| 1.7+0. 18+0. -0.2
(%MVE) p0.50 4.9+0.6 34+05 15| 38+05 4406 -06
p0.90 12.3+1.3 92+13 3.1 |103+13 11.2+12 -0.9
LTRAP p0.1( 20+0.! 15+0( 05| 08+0: 21+0! -1.2
(%RVE) p0.50 35+0.8 28+08 07| 17+06 3.7+07 -20
p0.90 7.9+11 61+11 18| 50+1.0 7.9+1.0 -2.9
RTRAP p0.10 22+0.8 27+11 -05| 20+08 2.6%0.9 -0.62
(%RVE) p0.50 3.8+1.1 40+14 -02| 31+12 42+11 -11
p0.90 6.7+14 67+18 0 | 47+16 7.4+14 -3.0




Table 4 Gender and group differences in thumb postures and movementpeitideming
the standardized task. Group means and standards error areAgp@sitive value in median
angle stands for abduction and extension while a negative stalnes for adduction and
flexion. (Ad/Ab=adduction/abduction; Flex/Ext=flexion/extension)

Female Male Diff | Healthy w/Symptom.  Diff
Parameter Position n=31 n=25 n=15 n=41
Median angle (°) Ad/Ab 18.2+19 12.1+28 6.1| 13.0+21 149+22 -19

FlexExt -9.5+24 -11.5+1.8 -2.0| -13.2+3.2 -94+1.8 3.8
Median velocity (°/s)  Ad/Ab 6.6+0.5 6.2+05 04| 6.2+£0.7 6.6+0.4 -0.4
FlexExt 6.3+0.3 5.7+0.3 06| 52+04 6.5+0.3 -1.3

MPF (Hz, Ad/Ab  0.35%0.0. 0.31+0.0. 0.04|0.32+0.0 0.34+0.00 -0.0z
Flex/Ext 0.40 £0.01 0.37+0.02 0.03]| 0.38+0.02 0.39+0.01 -0.01
Pause ¢ Ad/Ab  0.190.0. 0.18+0.0. 0.01|0.22+0.0: 0.19+0.0. 0.0¢
Flex/Ext 0.17 +0.01 0.20+0.02 -0.03| 0.21+0.02 0.17+0.01 0.04
Pause duration (s) Ad/Ab 1.05+0.03 1.06 +0.03 -0.01| 1.06 £0.04 1.05+0.03 0.01

Flex/Ext 1.04 +0.03 1.04+0.04 0.00| 1.07+0.03 1.03+0.03 0.04
Pauses/Minute (n) Ad/Ab 10.0+0.8 10.0+0.8 0.0| 10.9+1.2 10.0 +0.6 0.9
FlexlExt 9.4+0.6 11.0%0.8 -1.6| 11.3+0.8 8.8 +0.6 15

In Paper IVduring the texting task it was more common in the group witbcmoskeletal
symptoms to sit with the head bent forward and to sit witfamearm and back support
compared to the group without symptoms. Also a higher proportioousfgyadults with
musculoskeletal symptoms entered text with one rather trathtwmbs though this
difference was not significantly different from the group witheyrhptoms. (Table 5)

Table 5 Differences in posture and working technique between young adtiitand without
musculoskeletal symptoms. Proportions and differences of proportitn9%%Cl are given.

Proportion:

Posture No symptoms Symptoms Diff of prop 95%ClI

(n=15) (n=41)
Back suppol 13/15 (0.87 18/41 (0.44 0.4< 0.14;0.60
Neck flexion (observed) 10/15 (0.67) 38/41 (0.93) 0.26 -0.51;-0.04
Neck flexion 20° 12/15 (0.80) 36/41 (0.88) -0.08 -0.34;0.11
Neck flexion 30° 7/15 (0.47) 26/41 (0.63) -0.17 -0.42;0.11
Neck flexion 40° 1/15 (0.07 17/41 (0.42 -0.3¢ -0.51;-0.08
Forearm support 14/15 (0.93) 27/41 (0.66) 0.28 0.01;0.44
1-hand grip 7/15 (0.47) 14/41 (0.34) 0.13 400139
1-thumb key pres 7/15 (0.47 28/41 (0.68 -0.22 -0,47;0,0¢
Key press with medial side 9/15 (0.60 28/41 (0.68 -0.0¢ -0.35;0.1°
the thumb

Key press velocity (observed) 3/15 (0.20) 14/2.34) -0.14 -0.34;0.14



Muscle activity in work with different posture and workindhtéque

In Paper lll sitting and standing influenced trapezius muscle activlyen entering an SMS
message while standing, the muscle activity in the trapemuscles was significantly higher
compared to performing the same task sitting. Whetheraheg adults were sitting or
standing also affected thumb position, they worked with lessith abduction (p = 0.04)
when entering an SMS message while standing.

In Paper IVlower muscle activity in the left and right trapeziusstles was registered in
the group who used forearm support during the given text task cedwéh/to those who
did not used forearm support. Higher muscle activity wastergis$ in the ED muscle in the
group who used one hand grip compared to those who used two handsgrpoup who
worked with observed high velocity had higher muscle actieigls in both the ED muscle
and the APL muscle.

Thumb postures and movements in work with different posture anchgvtekhnique

In Paper IV, the group who used a single hand, thumb key press technighegghadmedian
velocity, lower pause % and lower number of pauses per esimoimpared to those who used
a two thumbs technique. Higher median velocity (though not signijiead higher MPF was
registered for the group with high observed velocity compiaréiubse with observed
low/moderate velocity.

Productivity and perceived exertion in work with different presand working technique
In Paper IV, the young adults who worked with observed high velocity showgeehi
productivity, (i.e. they took less time to perform the tegk), than those who worked with
observed moderate or low velocity (1.7 minutes difference, 9934C2.7).

No differences in productivity were seen between the youngsadittt musculoskeletal
symptoms compared to those without symptoms. However, the subgagmosed with
hand/arm symptoms showed higher productivity, i.e. they needetgstiore to perform the
task, compared to the group without symptoms (1.4 minute=eliite, 95%CI 0.2;2.6).

The young adults who pressed the key with the medial sitfe ehumb rated higher
perceived exertion in the forearm compared to those whotheqshd or tip of the thumb (p-
value 0.040). No significant differences in changes irdrptgceived exertion before and
after the text entering task were seen between thegyadults with and without
musculoskeletal symptoms (p-value 0.36-0.65). However, a higbgonion of the females
rated higher perceived exertion in the hand after perforthiegask compared to the males
(64 % and 33 % respectively, p-value 0.018).



4 Discussion
4.1 Experiences and attitudes related to IT/ICT use

The main findings ifPaper Iwere the young adults’ experience of being social, efficad
independent here and now; IT was described as a tool for bedracting in the present.
However, they experienced an ambivalent relation to theirwse and to IT use in general.
While they perceived almost unlimited opportunities in conneatitim IT, they also had
misgivings and perceived risks in relation to IT use. Ejgerience of both opportunities and
risks in IT use is supported by a Swedish study about the hurmanibe¢he information
society (Bradley, 2000), which concluded that the use of ITeahtb access and integration
or isolation; to autonomy and self-determination or decrel@sets of control; to balance or
overload (or underload) in contacts and information.

Increased freedom and efficiency, if IT is used in tgbtrivay, can lead to increased
quality of life, but there is also a risk of negativess: The phenomenon called IT stress has
been characterised as too much (or too little) workloadrnmdtion, contacts with people and
flexibility. “Internet stress” has later been describededated to information overload,
contact overload, requirements of availability, difficultysgparating noise from essentials, a
changing level of expectations and a changed perception otichepace (Bradley, 2000).
These are factors that were all experienced by the yalultsan the present study.

The young adults experienced a risk of distanced relatiahe inse of IT. They expressed
that people can hide behind the computer screen, avoid confliat®id difficult meetings
with others, experiences that could contribute to personaligramd development. The use of
IT can give us more time for human contacts, but it has giteduced the opposite effect and
pointed out that children and young people may lose an importaatiperthe development

of their identity if they are exposed too early and too intehgito electronic communication
without face-to-face meetings (Bradley, 2000).

Security, contacts and communication with other people agrerienced by the young
adults. These are factors that constitute the basic nebits are required to achieve mental
health. Social support, which can provide for security, seoiafacts, approval and belonging
are considered to have a positive influence on the individha&#th and well-being (House
and Kahn, 1985; Johnson and Hall, 1988). A development towards an @tcresesl for local
affiliation to balance the increase in global contactsbleas described (Bradley and Bradley,
2001), which can explain the perceived need among the young @adailligys be accessible
and always be able to reach others. A feeling of “connecistihas been presented as an
important protective factor when it comes to health risksdotescents (Blum, 1998). It is
important to be accepted, to belong and to identify onestilfthe group. Too many contacts,
however, as well as sound and visual impressions and too moamation, are factors that
lead to overstimulation, which can result in negativesstrBifferent kinds of experienced
disruptions are also related to overstimulation. Increasezld of cognitive demands when
using IT at work have been shown to influence the streshealth of employees (Carayon,
2001). The degree of stress depends on the individual's cogrpiivaisal of the event,
whether it is a threat, a challenge, harmful or is benigmalevant. Personal factors that



affect cognitive appraisal are commitments; that is, \whimportant to people, and their
beliefs (Folkman, 1997).

Some of the experienced feelings, such as increaseddisme and a feeling of
intangibility, are related to an experience of lack oftec@nExperiencing lack of control
gives the individual a feeling of helplessness and is corsiderinfluence his or her self-
esteem and in the long run health (Seligman, 1975). Sihsdtappraisals of control have an
influence on emotion and the way we cope with a situatiorafuszand Folkman, 1984).
The response to psychosocial exposure of IT/ICT use seems to delgigee be depending on
individual factors/conditions like experiences and attitudes expras&eager |

4.2 Physical exposure in work with a vertical compa  red to a traditional
computer mouse

Muscular activity

In Paper Ilthe muscle activity in the extensor muscles of the foremtneased during work
with the vertical mouse (neutral hand position), comparedthwhraditional mouse
(pronated hand position). This result is in agreement with anstidy evaluating the muscle
activity in work with a vertical mouse (Aaras and Ro, 199it) @an probably be explained by
the fact that the neutral hand position is a more relaxingigo$or the muscles with the

wrist in a rest position similar to the position when stanghith the arm hanging relaxed
beside the body. In work with the neutral hand position the hashavest was resting on the
vertical mouse. Another explanation may be that the verticaise irPaper Illike Aaras’
vertical mouse was mainly moved by whole arm movements. Tdreas® in muscle activity
in the FDI during work with the vertical mouse (neutral handtimwgicannot entirely be
explained by the hand position but is probably partly due to tteHat less force was needed
to click the button of the vertical mouse and the diffeggiit compared to the traditional
mouse.

Wrist positions and movements

In Paper Ilthe decrease in ulnar deviation in work with the verticalise (neutral hand
position) could be expected since the ulnar side of the handr&sidire resting on the mouse
during the mouse operations. The trend indicating a decreasesirextension and frequency
of deviation movements in work with the vertical mouse (neusratllposition) can also be
explained by the design of the vertical mouse, which mostjyired the subjects to use
grosser arm movements rather than finer wrist movemiénts. consider the effect of the
goniometer measurement errors due to crosstalk and offset @ssodated with
supination/pronation (Jonsson and Johnson, 2001; Johnson et al., 2002)ethdifference

in wrist extension between the vertical and the traditiom@lse would be larger and the wrist
position in the deviation plane would be more neutral withvérgcal mouse (neutral hand
position).

Perceived exertion and comfort
There was a great variation in perceived exertion amuwngubjects during work with the
two mice. This can probably be explained by differences in wgrldchnique between the



subjects and the fact that some of them had difficulties myavie vertical mouse smoothly
on the desk surface. The differences in perceived exertiworikwith the two mice for each
subject were small, except for the right shoulder and handatishe perceived lower
general comfort can probably also be explained by thelfatsbme of the subjects had
difficulties moving the vertical mouse smoothly. In work witle tvertical mouse (neutral
hand position), most of the subjects used a technique where theg thevaput device with
arm movements, in contrast to the traditional mouse (promated position), where they
moved the input device with hand or finger movements. Arm movenmerdlve larger
muscles, with the end result being rougher and more coavgbbreas hand and finger
movements involve smaller muscles resulting in more contrathedor movements.

Productivity,preference and users comments

The lower productivity expressed by the number of pages edited duwikgwith the vertical
mouse (neutral hand position)Raper Ilis supported by another study (Straker et al., 2000)
which found a decrease in performance by 11 % even after Zwépkactice with a vertical
mouse. IrPaper Ilalmost all subjects considered work with the vertical m¢uneatral hand
position) to be more restful and convenient for the hand and thehbwt all subjects still
preferred to work with the traditional mouse. Half of the satyj considered the vertical
mouse to have less precision and to be more difficult to i@rethe traditional mouse used
which can probably at least partly be explained by their fartiliwith this mouse design but
may also be explained by the design of the vertical mouseusieg study.

4.3 Physical exposure during text entering on a mob ile phone

Muscle activity

In Paper Ill and IVthe trapezius (below 5 %RVE, i.e. approximately 1 %MVE) fanelarm
(5-8 %MVE) muscle activity levels during text entering weslatively low compared with
previous reported median muscle activity levels during comrompater activities,
including gripping, mouse clicking and/or key pressing, exposuresiatgesbwith
musculoskeletal symptoms (Aaras and Ro, 1997; Jensen et al. L a9@&en et al., 2001,
Thorn et al., 2005; Thorn et al., 2007).

Compared to talking, muscle activityBaper Il was higher in four of the six muscles
when entering SMS messages into the mobile phone. The two exceptienthe FDI
muscle and the right trapezius muscle. The higher musalétyaat the FDI muscle during
talking compared to entering an SMS message is likelyaltiee fact that the FDI muscle is
involved in holding the phone in opposition with the thumb when thelenphone is held up
against the ear. When an SMS message is being enteegzhone can rest in the palm of the
hand, and as a result, unlike when held against the eagripgerce is needed to hold the
phone since users do not have to counteract gravity in order enptbe phone from
slipping out of the hand. The higher muscle activity in thietrigapezius muscle during
talking is likely due to this muscle’s role elevating ther @nd stabilizing the shoulder girdle
when holding the phone up against the ear.

When comparing muscle activity when the young adults enteredns®4Sages on their
own and the standard phone while sitting, differences were ounhdfin FDI muscle activity.



When the young adults used their own phone, both median and psale ractivity was
higher. This difference in FDI muscle activity may be duéhe subjects’ own phones being
smaller in size relative to the standard phone.

Thumb postures and movements

In Paper Ill and IVtext entering placed the thumb in an abducted and flexed poéthen
the young adults entered SMS messages with their own veesatandard phone, their
thumbs were less abducted (p = 0.02) when using their own phoathaldifferences were
not statistically significant. These differences in thuposture may be due to phone size
since the young adults’ own phones were on average shorter, naaraviéhinner than the
standard phone.

Gender differences

In Paper Il there were significant gender differences in muscutvity in the extensor
digitorum and the abductor pollicis longus with females having higiuscle activity levels.
Other studies have demonstrated that, during computer mousera&d tend to have
higher muscular activity levels than males (Karlqvistlet1999; Wahistrom et al., 2000).
These muscle activity differences were assumed to &eedelo differences in anthropometry
and muscular strength. Furthermore females tended to workategthumb abduction, to
move their thumbs with higher velocities and to have feyaeises in the thumb movements
compared to males. All factors may lead to the largangés in rated perceived exertion in
the hand for females compared to males fourfébiper I\, The larger thumb abduction for
the females ifPaper Il is probably due to smaller hand size resulting in latgenb
movements in order to reach the keys. This, perhaps togethehe females having higher
median velocity, less pause percentage and fewer pausendbes) could explain the higher
muscle activity in the ED and the APL.

Differences between subjects with and without musculosksjetedtoms

In Paper Il there were significant differences in muscle activityhie abductor pollicis
longus between the young adults with and without symptoms; howevgoting adults
without symptoms tended to have higher levels of muscle iyctivie trapezius muscle
activity was consistently higher in the young adults with spmgt though not statistically
significant. The “vicious circle model” (Johansson and Sojka, 199dgests that muscle pain
probably lead to increased muscle activity during muscle worict¢ordance with this, one
study has found higher electromyographic activity in the nadksaoulder muscles in
subjects with neck and shoulder complaints (Madeleink, &093). The lower muscle
activity in the APL in the group with symptoms is a contramictesult but might be
explained by the findings in a study where they found lowerrelagiographic activity in the
extensor carpi ulnaris in high activity phases in low pregisomputer mouse work during
experimental muscle pain (Birch et al., 2000).

In a study with female industrial workers with highly refpegi work tasks it was found
that subjects with hand/wrist pain moved their wristhwiwer velocity compared with
subjects without pain (Balogh et al., 1999). It would be reasotabegpect that due to pain
the young adults with symptomskaper Il should move the thumb slower. On the contrary,



the young adults with symptoms tended to move their thumbs witlehépeed compared to
those without symptoms. The higher velocity may partially &rplvhy they have developed
symptoms/disorders. High movement velocity has been shownaaisle factor for
musculoskeletal disorders (Marras and Schoenmarklin, 1993) artddadgi movements are
considered to be a risk factor for developing De Quervaineasiés(Moore, 1997). One study
has shown that occupations involving repetitive thumb movement here was a
perception of not having enough rest breaks, there was anegleisk for osteoarthritis of
the thumb (Fontana et al., 2007). This finding is in accordartteawdase report of CMCJ
arthritis associated with excessive texting with a mattiene (Ming et al., 2006).
Furthermore the young adults with symptoms tended to have éweshorter pauses
compared to those without symptoms. Several studies have foatglbjects with
neck/shoulder complaints show less trapezius muscle reshitsmwithout complaints
(Veiersted et al., 1993; Hagg and Astrom, 1997; Sandsjo et al., PBOf et al., 2007). If
one presumes that the pause pattern of the thumb movemelmg&eddo the pauses of
muscle activity in the thumb muscles, perhaps one can eoribel pause pattern as a
probable risk factor for musculoskeletal disorders in the handoaearm. Although not
significant, symptomatic young adultsPaper Il were found to move their thumb faster and
to take fewer and shorter pauses compared to those withoutsgmgthis is in accordance
with earlier studies which have shown an association bethiglrrepetitiveness in wrist
movements and musculoskeletal disorders in the neck/shoulddreandnd/arm area (Marras
and Schoenmarklin, 1993; Ranney et al., 1995; Latko et al., 1988riMuntura and
Silverstein, 1999). There are also studies that have foundiassns between high velocities
and repetitiveness in thumb movements and musculoskeletpt@ysidisorders in the
thumb and forearm (Moore, 1997; Ming et al., 2006; Fontana €08l7,).

Differences in productivity and perceived exertion betweéjests with and without
musculoskeletal symptoms
An association between self reported reduced productivity anduhog&eletal symptoms in
the upper extremities were found in a prospective cohort study of 2914 gdultg (Bostrom
et al., 2008). In a cross-sectional designed study of 654 compartieers with neck/shoulder
or hand/arm symptoms were self reported productivity loss ingatv@6 % of all the cases
and in 36 % of cases with both neck/shoulder and hand/armaymmvan den Heuvel et al.,
2007). We found no significant differences in productivity betwese with and without
symptoms. However, on the contrary the subgroup diagnosed wittahargl/mptoms
needed shorter time to perform the task, compared to the githqut symptoms. The higher
productivity in this group despite their symptoms may partiallgXygained by the short
duration of the task. When they are working for hours in schoobdk their symptoms may
affect their performance more.

No differences in changes in rated perceived exertforé and after the text entering
task were seen between the young adults with and without foskeletal symptoms.

Postures and working techniques
In Paper lll sitting or standing while performing an SMS message influktiee muscle
activity in the trapezius muscles. When entering an SMSsage while standing, the muscle



activity in the trapezius was significantly higher compacegerforming the same task
sitting. A study evaluated the muscle activity of computerkers during a whole working
day (Mork and Westgaard, 2007) found that muscle activity itrépezius was lower in
standing compared to sitting during computer work. However, wiaitedgg the subjects in
their study were not doing the same task as in sitting posisimg the computer but talking
to colleagues, handling print-outs etc. In the present study sittileg, the young adults were
able to rest their arms on their thighs, the armrests tietable in front of them, the higher
trapezius muscle activity while standing was probably dueetgabing adults not being able
to support their arms. Forearm support during keyboard and mousesuseehareported to
decrease neck and shoulder muscle activity (Aaras et al., A8gss et al., 2001; Woods et
al., 2002; Cook et al., 2004) and the results in this studyateltbat having arm support,
while text entering, may reduce trapezius muscle load. Mghéhe young adults were sitting
or standing also affected the thumb position. They worked esththumb abduction but
larger flexion while standing. These postural differencedilely the result of the arms being
unsupported allowing a greater flexibility in the wrist and hahdn entering text while
standing.

Working techniques and musculoskeletal symptoms/disorders

In Paper IVduring the text entering task it was more common in the gratip w
musculoskeletal symptoms to sit with the head bent foramaddto sit without forearm and
back support compared to the group without symptoms. Also a highgorgion of young
adults with musculoskeletal symptoms entered text withraier than two thumbs though
this difference was not significantly different from thewgp without symptoms.

The high proportion of sitting with head bent forward in the group miusculoskeletal
symptoms compared to those without symptoms is in agreembneavlier studies on
different occupational groups. Two prospective cohort studiesdiawen an increased risk
for neck or neck/shoulder pain or sick leave due to neckipavwork with neck flexion 20°
more than 40 % and two thirds of the working time respegtiwel 45° more than 5 % of
working time (Ariens et al., 2002; Andersen et al., 2003). Irsa-cantrol study with
computer users a tendency for greater head-neck flexion was sitivengroup with
reported neck and shoulder discomfort compared to those withoute@piistomfort (Szeto
et al., 2002; Szeto et al., 2005). A recently published studyifigel that neck flexion greater
than 20° during keyboard use can discriminate between individuflsnd without
musculoskeletal disorders of the upper extremity (Baker,2@08).

The lower proportion of forearm support use in the group with symp®msgreement
with earlier studies of computer users. There has been sloassociation between forearm
support use and reduced risk of neck/shoulder symptoms or reduction choeddér pain
among computer users (Aaras et al., 1998; Aaras et al., 2@0tud/et al., 2002; Gerr et al.,
2006; Rempel et al., 2006; Straker et al., 2008b).

Eighty-seven percent of the young adults without symptoms prefeersat with back
support compared to 44 % of those with symptoms. Back support nhagnicé neck posture,
promoting more neutral neck postures and thereby decreasingrrisck/shoulder
symptoms (Ariens et al., 2002; Andersen et al., 2003).



Entering text with one thumb rather than two was more comarmmng those with
symptoms though the difference was not significant. Since thithoneb technique resulted
in higher velocities and less pause time compared to thef iegh thumbs this technique
may increase the risk for developing musculoskeletal symptoms.

Muscle activity and thumb postures and movements in work wiheahf posture and
working technique

In Paper IVthe group who supported their forearms during the texting had sagmtify lower
muscle activity in the trapezius muscles compared to tivbsedid not support their
forearms. Forearm support has been shown to decrease nesthoalder muscle activity
during keyboard and mouse use among computer users (Aaras and R&at89%t al.,
1998; Karlqgvist et al., 1998; Woods et al., 2002; Cook et al., 2004 uathefmore, as
mentioned above, to reduce the risk for neck/shoulder symptoms.

The group who used a one hand grip when performing the text erterthg mobile
phone showed higher muscle activity in the ED muscle whictddmikexpected since this
muscle is active in gripping activities.

The group who entered text with one thumb had higher mediacitye lower pause
percentage and lower number of pauses per minute in the thumb erdsemhich was
logical and could be expected since they used the same thualbkey presses in contrast to
those who alternated between both thumbs.

Those who used the medial side of the thumb when pressingytipade rated higher
exertion in the forearm and they had a tendency to higher maoléy in the FDI muscle.
These results may be explained by the awkward thumb postoaded with this technique
which is likely to affect the FDI muscle.

The group who performed the texting task with high observed weload higher
measured median velocity and higher MPF compared to the grdlujowior moderate
observed velocity which gives a validation to the observed\egitity variable. This group
also had higher productivity (i.e. they performed the taskorter time) and higher muscle
activity in the ED and the APL. The higher muscle actiintyhe ED could be associated with
the greater demands associated with stabilizing the phone dhigimgelocity thumb
movements. High thumb velocities have been shown to beiatesbwith higher static load
in the ED muscle (Jonsson et al. 2009, In manuscript).



4.4 A model of musculoskeletal outcomes in ICT use

The pathway from ICT use to the development of musculoskslatgitoms/disorders may
be explained as in the model in Figure 9 (items in gdi@ve been studied in this thesis),
modified from an ecological model of musculoskeletal disore¥OT work (Sauter and
Swanson, 1996). It can be hypothesized that ICT use implies batltghgnd psychosocial
exposure to the user e.g. mouse dedrg@pér 1), phone sizeRaper 1lI-1V), task Paper 1),
demands of constant availabilifydper ), and control/lack of controP@per ). These
exposures are influenced (“filtered”, illustrated by the brdkez) by individual factors e.g.
gender and working technique before they cause biomechanical analoolpgical internal
events in the body e.g. muscle activiBaper II-IV) and feelings of
independence/dependené&aper ). These events can be detected by the individual as e.g.
perceived exertion and comfoRdper I, I\V) and has been suggested (Wahlstrom, 2005) as
early signs of musculoskeletal symptoms/disorders. Sauteéwaadson hypothesized in their
original model that an individual’'s reaction (labelingfatition) on the detected sensation
probably affects the musculoskeletal outcome.

ICT
use

Physical ! ! | Biomechanical
exposure | i | events
7 e.g. _’E i
mouse ! ! e.g.
design, ' Individual ! ] muscle activity, -
phone size, | ! factors/ ! wrist and thumb\ Detect Labeling/
task ' conditions | /| positions/ sensation  Attribution
i i movemen eq Musculoskeletal
1 eg. ! A N ™ outcome
Psychosocia | ' gender, : / perceived
' . ' Psychological exertion
exposure ' working ! events oth
' technique, | perceived
e.g. _,i anthro- : eg comfor
' -9 A
demalnds ! pometry, dependence,
socia t i attltuo!es, i independence,
support, : experience, | mental load
control ' '
Lo f _———l

Figure 9 A model of musculoskeletal outcomes in ICT use. Modified fRaater & Swanson
(Sauter and Swanson, 1996).

Possible effects on musculoskeletal outcomes of expresseesgernd attitudes related
to IT/ICT

The young adults iRaper | perceived both opportunities and risks in their use of IT. The
perceived opportunities, with the feeling of freedom and tHenggef being efficient, may
imply a positive psychosocial exposure and in many ways inctieeisejuality of life, and



their physical and mental health. The perceived risks adedawith IT, with the feelings of
restrictions of living space and the feeling of intangwilihay on the other hand imply a
negative psychosocial exposure, which may lead to negatass sMental load in relation to
computer use has been found to increase muscle activity (Lunebel, 1999; Rissen et al.,
2000; Sandsjo et al., 2000; Sjogaard et al., 2000; Wahlstrom 20@2) and to be a risk
factor for neck pain (Ariens et al., 2001b).

Possible effects on musculoskeletal outcomes with a neutral hatidiposicomputer mouse
use
In Paper llthe mouse design influenced biomechanical events and pEdatertion and
comfort. A decreased muscle activity in the extensor hassi the forearm and in the first
dorsal interossei muscle in the hand, and a decreased extangdidaviation in the wrist
were seen during work with the vertical mouse (neutral handgrgsit

High muscular load in the forearm muscles, like high repetess in wrist movements
and extreme postures in the wrist, has been associatethusttuloskeletal disorders (Marras
and Schoenmarklin, 1993; Ranney et al., 1995; Bernard, 1997; Viikatira and
Silverstein, 1999). Low levels of muscular rest for the foreextensor muscles have been
found during traditional mouse operations (Bystrom et al., 2002). Exingisieextension has
been reported as a risk factor during intensive traditional mmesdue to high pressure in
the carpal tunnel (Keir et al., 1999) and minimizing ulnar denappear to reduce risk of
arm/hand outcomes. According to this it is likely that a rédand position in work with a
computer mouse can decrease the risk of musculoskeletal dssordgensive computer
mouse use. This is also in agreement with a longitudinal $Aaias et al., 1999), which
showed that work with the vertical mouse used significaetiyced the pain in the neck,
shoulder, forearm and hand for VDU workers who experienced paiese aireas.

Possible musculoskeletal outcomes when text entering on a mobike phon

In Paper Il and 1Vphone size and task affected the biomechanical events. ihgoung
adults used their own phone, which was smaller, the mediapeakdmuscle activity in the
FDI was higherl(l) and the thumb was less abduct® compared with using the standard
phone. When text entering, the muscle activity was hightur of the six muscles
compared to when talking.

In Paper Il and IVthe individual factors gender, working technique and probably
anthropometry affected the biomechanical events. Femalesdiet muscle activity levels
in the extensor muscles in the forearm and in the abductaipéingus compared to males
(1I1). Furthermore, females tended to work in greater thumb abdutgiomove their thumbs
with higher velocities and to have fewer pauses in the thmmements which could explain
the higher muscle activity in the extensor muscle and the tdycaallicis longusi(l). The
differences in muscle activity and thumb abduction may be ieguldy differences in
anthropometry between females and males. The higher museigyantthe extensor muscle
and the thumb abductor may have resulted in the found largegehan rated perceived
exertion (detect sensation) in the hand for femadlgs Sitting or standing affected the muscle
activity in the trapezius and the thumb abductidir).(This higher muscle activity was
probably caused by a lack of arm support in the standing positi®aper I\Vforearm



support affected muscle activity in the trapezius, one or twdshgrip and the observed
velocity in the thumb movements affected the muscleigctivthe extensor muscle in the
forearm, and one or two thumbs press technique affected thetyelnd the pause pattern in
the thumb movements.

In Paper IVthe young adults with musculoskeletal symptoms had differerkimg
techniques than those without symptoms. It was more common gndte with symptoms to
sit with the head bent forward, to sit without forearm supposjt without back support, and
to enter text with one rather than two thumbs compared ta i gvithout symptoms.

In Paper 11l the young adults with musculoskeletal symptoms had differaatia
activity levels in the trapezius and the abductor pollaigus, and different velocity and
pause pattern in the thumb movements compared to those withqatbgsysn These
differences in biomechanical events could be explained by teeatites found in working
techniquesly).

Due to the cross-sectional design of the studaiper I, Ill and IVwe can not draw any
causal conclusions of associations between any exposure and mkedetdbsutcomes.

4.5 Methodological considerations

Most of the students interviewedRaper lassociated IT with computers and the Internet, but
also with mobile phones. This has probably influenced thetseddibst of what they
expressed was related to these technologies, which is niag¢gealse it was these
technologies they mainly used. The sample of subjects iateed is not necessarily
representative of young adults in general. The subjects sedected to represent different
kinds and amounts of IT use. The age group was selected bet#usie entrance in working
life would occur within a couple of years. We are all iaflaed by people in our
surroundings, such as friends and family, teachers, the miedilh is uncertain whether it
really was their own experience the study group expressedather their attitudes were
influenced by the surrounding environment, but both are equally impéndamta health
perspective. The subjects were instructed to speak fabelyt their own experience of IT
use. The interviewers felt that the subjects talkedyfralebut their experience and did not in
any essential way adjust their narratives according to thbgtthought we wanted to hear.
The analysis continued until saturation was achieved. Hoywexeadopt the constructivist’s
view of saturation, i.e. a more elastic concept relateitni® and context (Charmaz, 2000). A
constant comparison between different aspects of theatawhs made in every step of the
analysis, and discussed within the research group in ordehieve credibility. The
theoretical model of young adults’ experience of IT use can bédeved to have reliability
since similar relationships between phenomena frequently echéam the data (Dellve et
al., 2002).

In Paper llan electrogoniometer was used to measure wrist positioma@rements.
Forearm pronation/supination has been shown to affect wrist geteomeasurement
accuracy (Hansson et al., 1996; Buchholtz and Wellman, 1997; Johredqr2602). One
study (Jonsson and Johnson, 2001; Johnson et al., 2002) has evaluated areddbepar
crosstalk and off-set error during use of two differenttedgoniometer systems including the



system used in the present study. The goniometers wéseatad with the subject’s wrist in
90° pronation as in the present study. Their study showed thattmsured values differ from
the true values. The true value can be calculated by atlérggror shown in their study to
the measured value. According to this, if we perform theutation of the effect for one
typical subject, represented by the group median valuesréprasentative wrist position
(the 50" percentile of flexion/extension and deviation) the effect efftiiearm
supination/pronation in the present study would be in pronated haridp@30° pronation)
+1° in flexion/extension and +4° in deviation. Hence, the tralue for the SBpercentiIe
should be 24° extension and 9° deviation. In neutral hand positioogfasion/0°

pronation) the effect would be —9°fiexion/extension and +5° in deviation. Hence, the true
value for the 58 percentile should be 9° extension and 1° deviation. If we consiidesftect
of forearm supination/pronation the difference in wrist extensidirbe larger and the wrist
position in the deviation plane will be more neutral compardtd measured values
presented in the present study in work with the neutral hantioposompared to the
pronated hand position.

Since the EMG analysis program only provided EMG resultstegers units, there is an
uncertainty in the size of the calculated differencesbfo MVE/RVE. This might affect the
results, especially where the differences are small, sinigel9 subjects were studied.
Since the standardised task only consisted of text editingesiéis of this study can only be
assumed to be valid for this kind of computer work.

It is possible that the time of practice with the prototymeise was too short for some of the
subjects. A longer time of practice would perhaps have giver a¢sults, above all
regarding productivity, perceived comfort and preference. Homawe study (Straker et al.,
2000) has shown the same results with a vertical mouse deetvad weeks of practice. It is
also possible that 15 minutes of work with each mouse waghtmt. A longer time of
measurement would perhaps have given other results, espesiglrding perceived exertion.
We are fully aware of the difficulty in measuring thumb moeets due to the complexity of
its function with the principal motions flexion/extension, adductiodigtion and opposition.

In Paper 11l and IVthe proximal phalange of the thumb was used to measure thumb
position/orientation relative to the forearm. However, thertb is composed of more than
just the proximal phalange and articulates about multiple jointbamnes. As a result, the
electrogoniometer was measuring over three joints (the M@R-jbe CMC-joint and the
radiocarpeal joint), so it was possible that the measuretigndsiientation at the proximal
phalange could have contributions from more than one joint. Howéwais been shown that
electrogoniometers has validity for measuring simple thumb mewtnand that
electrogoniometers can provide quantitative information on thmmiements during thumb
intensive activities such as text entering on a mobile pfioresson et al., 2007).

The measures of muscle activityRaper Il and IVdo not cover all muscles in the
neck/shoulder, forearm and thumb area that can be affectetfdrgnli postures and
performance techniques. The results of differences in mustlgyaare influenced by our
choice of which muscles to measure. Since we used surfatedts to register the muscle
activity we were limited to superficial muscles. Chaiéether muscles may have shown
other differences in physical load due to different postureparidrmance technique.



The order between the different tasks in Paper Ill was raisgédimAt the end of the trial the
subjects performed the standardised task once again. In osleltate the test-retest
reliability of the muscle activity in the trapeziusnatched-pairs analyse was conducted
(using the matched pairs function in the analyse prograR).JMhe mean of the differences
between the two measures was 0.6 %RVE with higher ¥aiube second measure. In
comparison with the level of the muscle activities in thpézius muscle during the tasks this
is a small difference and a difference of no clinical imgoaee. The limits for the confidence
interval for the mean difference were -1.85 to 3.07 %RME even this difference is consider
to be of no clinical importance.



5 Conclusions

General conclusions

Computer mouse design has an effect on the muscle activhyg forearm and hand, and on
wrist posture and movements. The individual factors working tecerdgd gender have an
effect on muscle activity and thumb movements when entenib@ea mobile phone.
Furthermore, there were differences in working technique, mastiety, and thumb
movements between young adults with musculoskeletal symptontsasedwithout
symptoms.

Specific conclusions:

The young adults experienced information and communication techn@®gyas a tool for
being and acting in the present, to be social, efficieniradependent with almost unlimited
opportunities but also risks. The believed physical healtb viske related to long duration of
use, uncomfortable/awkward work postures, and less physicatadtiRaper )

Work with a vertical computer mouse (neutral hand position) deetethe muscle activity in
the extensor muscles in the forearm and in the first dorgabssei muscle in the hand, and
the ulnar deviation in the wrist compared to a traditionalise (pronated hand position).
(Paper I

Postures (sitting or standing) and the type of mobile phone task aftiscle activity and
thumb positions during mobile phone use. The young adults with musculoskghefaoms
had lower muscle activity levels in the abductor pollicigyus and tended to have higher
velocity and to have fewer pauses in the thumb movementsarechto those without
symptoms. Females had higher muscle activity in the extemssele in the forearm and the
abductor pollicis longus when text entering compared to mRbkgsef 111)

It was more common in the group with musculoskeletal symptorsis with the head bent
forward and to sit without forearm and back support compartgetgroup without
symptoms. Furthermore, use of forearm support decreased thie mcibaty in the trapezius
muscles. Raper 1\j



Future research

Considering the widespread use of information and communidatbnology not only in the
working population but especially among children and adolescentsfigreat importance to
continue to identify factors and conditions related to thighaecan influence their future
health. Further evaluation is needed to confirm whether saméng techniques among ICT
users are risk factors for developing musculoskeletal disordedsyThere are a lot of
ergonomic guidelines aimed to prevent musculoskeletal disordewvgver with rather weak
scientific bases. Still, limits for safe exposure aresmigs There is an urgent need of
establishing safe exposure limits in ICT use in order to prewestuloskeletal disorders.



Summary

Physical exposure, musculoskeletal symptoms and att itudes related to ICT use

High prevalence of musculoskeletal symptoms/disorders in neck andaxppaEmities are
reported among computer users despite the low physical losatsaed with this use.
Considering the widespread use of information and communidatbnology together with
mobile phones becoming more and more like small computersudiittunctioning, small
keyboards, it is of importance to identify the factors and camditrelated to this use, that
influence our health.

The overall aim of this thesis was to obtain new ergonomic letge of the physical
exposure associated with the use of information and communitetienology with
emphasis on small keyboards, computer mice and young adults.

Specific research questions were:

o What experiences, attitudes and health beliefs are erprassong young adults
related to their ICT use?

o Are there any differences in physical exposure when workirfyavitertical computer
mouse (neutral hand position) compared to a traditional flapgtenmouse (pronated
hand position)?

o0 Are there any differences in thumb movements and musiiléy¢a) across various
mobile phone tasks (b) between young adults with and without musdekaske
symptoms in the upper extremities and (c) between gender?

o Are there any differences in postures and working techniguesée young adults
with and without musculoskeletal symptoms in the upper extremities using a
mobile phone for text entering? Are there differences in rewstivity and thumb
movements between different postures and working techniques?

This thesis comprises both quantitative and qualitative stesigias Paper lis an interview
study with young adult ICT users. A gualitative approach was usedich the analysis of
data was performed with the grounded theory method with a comgsuapproachPaper Il

is a comparative experimental study which evaluated masthaty and wrist
postures/movements, perceived comfort, perceived exertion addgbivity among
experienced computer users during work with a traditional (promated position) and a
vertical (neutral hand position) computer mowaper Il and IVare lab-based experimental
studies with young adults with and without musculoskeletal sympiimmmsneck and/or
upper extremities, in which thumb movements, muscle actpisceived exertion, postures
and working techniques when entering text on a mobile phone weretedalua

In Paper Ithe main findings were the young adults’ two-sided experiehoggormation
technology as a tool for being and acting in the present, $odal, efficient and independent
with almost unlimited opportunities but also risks. The beligyegsical health risks were
related to long duration of use, uncomfortable/awkward workupestand less physical
activity. InPaper Ilit was showed that work with a vertical computer mouse (alchand
position) decreased the muscle activity in the extensoclesis the forearm and in the first
dorsal interossei muscle in the hand, and the ulnar deviatitwe wrist compared to a



traditional mouse (pronated hand position)Phper Il and I\ when text entering on a
mobile phone, higher muscle activity in the thumb, the extemsiscles in the forearm and
the left trapezius muscle was found compared to talkingeptibne. Standing increased the
trapezius muscle activity compared to sitting. The young swtith musculoskeletal
symptoms had lower muscle activity in the abductor pollicingus and tended to have
higher velocity and fewer pauses in the thumb movements codnjgatteose without
symptoms. Females had higher muscle activity in thedostal interossei and the abductor
pollicis longus compared to males. It was more common igringp with symptoms to sit
with the head bent forward, to sit without forearm and bapkesrt and to enter text with one
thumb rather than two compared to those without symptomsoflfeeearm support
decreased the muscle activity in the trapezius musdtesof one hand grip increased the
muscle activity in the extensor muscles in the forearigh ldbserved velocity in the thumb
movements was associated with higher productivity and iredeasiscle activity in the
extensor muscles in the forearm compared to low or modezhteity.

In conclusion, this thesis shows that computer mouse desigm leffeet on the muscle
activity in the forearm and the hand, and on the wrist ijpositand movements. It also shows
that the individual factors working technique and gender havéiest en muscle activity and
thumb movements when text entering on a mobile phone. Furtherimene were differences
in working technique, muscle activity, and thumb movementsdsrtihe young adults with
musculoskeletal symptoms in the neck and upper extremitiethasel without.



Sammanfattning

Fysisk exponering, muskuloskeletala symtom och atti tyder relaterat till ICT
anvandning

Muskuloskeletala symtom/besvar i nacke och dvre extremiteteppanrteras vara vanliga
bland datoranvandare. Den utbredda anvandningen av informations- och
kommunikationsteknologi (ICT) och utvecklingen av mobiltelefonernattilhlitmer likna
sma datorer med sma tangentbord gor det viktigt att ideatifédatorer och forhallanden,
relaterade till denna anvandning, som paverkar var halsa.
Det 6vergripande syftet med denna avhandling var att fa ny ergekkonskap om den
fysiska exponeringen vid anvandning av informations- och kommuniksglordogi, med
sarskild inriktning pa sma tangentbord, datormdss och unga vuXnanizindare.
Specifika forskningsfragor var:
o Vilka erfarenheter, attityder och upplevelser av hdlsokonsekveziaterat till deras
ICT anvandning uttrycks bland unga vuxna?
o Finns skillnader i fysisk exponering vid anvandning av en tradii@atormus
(pronerad handstallning) jamfért med en vertikal datormus (Mdwralstalining)?
o Finns skillnader i muskelaktivitet och tumrorelser (a) vidalppgifter pa
mobiltelefon? (b) mellan unga vuxna med och utan muskuloskelgtatars i nacke
och Ovre extremiteterna? och (c) mellan méan och kvinnor?
o Finns skillnader i kroppsstéllningar och arbetsteknik hos unga vugdaooh utan
symtom nar man skriver textmeddelanden pa mobiltelefon? Fillmader i
muskelaktivitet och tumrdrelser mellan olika kroppsstéallniragdr arbetstekniker?

Denna avhandling innehaller bade kvalitativ och kvantitatudiedesigneiStudie lar en
intervjustudie med unga vuxna ICT anvandare. En kvalitativ aneagsdes och
dataanalysen utfoérdes enligt grounded theory metoden mieshettuktivistiskt synsatt.
Studie llar en jamférande experimentell studie som utvarderade rnakkéet med emg
(elektromyografi), handledsstallningar/handledsrérelser neddrejoniometri, upplevd
anstrangning och komfort samt prestation hos vana datormusanvéaman¥a&ndning av en
traditionell horisontell datormus som greppas med en proneid@dofierad) handstéllning och
en vertikal datormus som greppas med neutral handstélitadie Il och IVar
experimentella studier, med unga vuxna med och utan muskuloskeletsdtam i nacke och
Ovre extremiteterna, som utvarderade tumpositioner/tumrorakseelektrogoniometri,
muskelaktivitet med emg, upplevd anstrangning med skattningskkapgsstallningar och
arbetsteknik med observationsprotokoll vid textinmatning (SMS) paltalefion. Studie |
visade att de unga vuxna upplevde ICT som ett verktyg for a@todr agera i nuet, att vara
sociala, effektiva och oberoende med nastan obegransade méjligies ocksa risker. De
upplevda fysiska héalsoriskerna var relaterade till Iangamigindning, obekvama/olampliga
arbetsstallningar och minskad fysisk aktivittudie Ilvisade att arbete med den vertikala
datormusen (neutral handstallning) minskade muskelaktivitetederarmens
extensormuskler och i férsta bakre interosseusmuskeln i haademumardeviationen i
handleden jamfort med den traditionella musen (pronerad hdnogjglStudie 11l och IV



visade att muskelaktiviteten var hogre i tummen, i underasragtensorer och i vanster
trapeziusmuskel vid textinmatning (SMS) pa mobiltelefon jamfiatl samtal pa telefonen.
Staende textinmatning 6kade muskelaktiviteten i trapeziusmoaklBe unga vuxna med
muskuloskeletala symtom hade lagre muskelaktivitet i tummegsa labduktormuskel
(abductor pollicis longus) och tenderade att ha hogre hastigh&roetpauser i sina
tumrorelser jamfort med dem utan symtom. Kvinnor hade hogreetaksivitet i handens
forsta dorsala interosseimuskel och i tummens langa abduktornjarsi@éit med man. Det
var mer vanligt i gruppen med symtom att sitta med huvudefragjat, att sitta utan att
avlasta underarmarna, att sitta utan ryggstod och ataskriext med en tumme hellre &n tva
jamfért med dem utan symtom. Avlastning av underarmarnakade muskelaktiviteten i
trapeziusmusklerna. Anvandning av enhandsgrepp 6kade muskelaktiviteiderarmens
extensormuskler. Hog observerad hastighet i tumrorelserrassacierad med hdgre
muskelaktivitet i underarmens extensormuskler jamfort medll&gneattlig hastighet.
Sammanfattningsvis visar denna avhandling att datormusdesigrk@dnarskelaktiviteten i
underarm och hand samt handledsstallningen och handledsrérel3emnasar ocksa att
individfaktorerna arbetsteknik och kén paverkar muskelaktivitettamrorelser vid
textinmatning (SMS) pa mobiltelefon. Dessutom fanns skillnaddrétsteknik,
muskelaktivitet och tumrérelser mellan unga vuxna med muskuldakesymtom i nacke
och dvre extremiteter och de utan symtom.
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