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Objectives  This study evaluated the effect of un intensive ergonomic approach and education on workstation
chunges and musculoskeletal disorders among workers who used a video display unit (VDU ).

Methods A rundomized controlled design was used. The subjects (N=124) were allocated into three groups
fintensive ergonomics, ergonomic education, reference) using stratified random sampling. The evaluation
involved guestonnaires, a diary of discomfort, measurements of workload. and an ergononne rating of the
workstations. The assessments were made 2 weeks before the intervention and after 2 and 10 months of follow-
up

Results The intensive and training groups showed less musculoskeletal discomfort than the reference group
after 2 months of follow-up. Positive effects on discomtort were seen primarily for the shoulder, neck, and upper
back areus. No signiticunt differences were found for the strain levels or prevalence of pain. After the interven-
tion the ergonomuc level was distinetly higher in the intensive ergonomic group than in the education or reference
group,

Conclusions Both the intensive ergonomics approach and education in ergonomics help reduce discomfort in
VDU work. In attempts 10 improve the physical ergonomics of VDU workstations, the best result will be
achieved with cooperative planning in which both workers and practitioners are actively involved.

Keylerms diary of discomfort, musculoskeletal discomfort. musculoskeletal pain, musculoskeletal strain, neck

pauin, participatory ergonomics, shoulder pain, randomized controlled trial, workload.

The use of graphies software and nonkeyboard input
devices (eg. the mouse) has increased rapidly and cre-
ated new demunds for the design of office workplaces,
In the European Union 40% of the workforee used com-
puters tor more thin a tourth of their worktime in 1996
(1), The number of computer users has ncreased enor-
mously since then.

Postural siress caused by poor workstation ergonom-
1cs, number of hours of computer usage. and high work
demands have been associated with a variety of muscu-
loskeletul and visual problems. Redesign, ergonomic im-
provements, and education have generally been recom-
mended as solutions for the prevention of musculoskel-
elal disorders in work with a video display unit (VDU)
(2-3). A limited number of well-designed intervention
studies with reference groups has been published to

evaluate the effectiveness of ergononiic intervention in
the office environment (4, 6-8). There is some evidence
that keyboard and mouse users may experience a reduc-
tion in upper-extremity and neck pain when using cer-
tain alternative keyboards or types of mouse than when
using conventional ones (9-11). A training program in
ergonomics (12). workstation adjustment (5, [13=15), and
frequent breaks in VDU work (16) have been shown to
decrease the prevalence of musculoskeletal disorders
and discomfort. However. only a few of these lutter stud-
ies have followed the standards for reporting rand-
omized controlled trials (17).

We carried out a randomized controlled nal on the
effects of physical ergonomics on musculoskeletal
symptoms in VDU work. We studied the effects of an
infensive  participatory  ergonomue  approach and
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education on the level of musculoskeletal discomfort [ Subjects

and strain and also on the prevalence of pain.

Subjects and methods

Design

The study was carried out durig 1998-1999 in three
administrational units of a medium-sized city in Finland.
Employees working with a VDU in the office for more
thun 4 hours a week (N=515) were asked to fill our a
guestionnaire. Questions on musculoskeletal pain and
strain, general health. work environment factors. time
working with a VDU and input devices, types of soft-
ware, and work organizational and psychosocial factors
were inquired about. One hundred and twenty-four sub-
jects with musculoskeletal symptoms were selected and
randomly allocated into three intervention groups. Data
on workplace layout and dimensions were collected be-
fore the intervention and also 2 and [0 months after it
by two experts in ergonomics. They were blinded to the
group assignment of the study subjects. The outcome
measure was musculoskeletal discomfort as recorded in
a diary kept for 2 weeks during the 2- and 10-month
follow-ups. In addition. pain and strain symptoms were
inquired about in a questionnaire 12 months after the
preliminary survey (ie. about 7-10 months after the in-
terventon) (figure 1).

Intervention
| Inclusion criteria " [ Intensive
- MS symptoms S | group(h=39) |
- Mouse use >5% of } ) ‘@J‘ : R
| VDU worktime T » ‘ Education ‘
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(N=124) ‘ g . —
= o 4 | Reference
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Respondents to ‘ Raseling
questionnaire v.
| (N=416) '
Questionnaire survey
'3
| Study base
- 3 administrational
units

-VDU work »4h/
week (N=515) /

—

The baseline guestionnaire was returned by 416 employ-
ees (222 women. 194 men) of the study base (N=515).
The employees were mainly secretaries. technicians,
architects, engineers. or draftspersons.

The study population for the interventions was se-
lected on the basis of reported musculoskeletal symp-
toms, mouse usage. and age with the following critera

« symptoms in the neck. shoulders. or upper-limb re-
zron m at least one and, at most, eight anatomical
arcas (out of 11 areus illustrated by a manikin in the
questionnaire) during the preceding month (30 days):
the aim was to recruit subjects who had only a mod-
erate number of symptoms and might therefore ben-
efit most from the ergonomic intervention (6 subjects
were excluded due to too many symptoms);

«  mouse used for more than 5% of the worktime with
a VDL

* age <O yveurs.

The subjects fulfilhing the inclusion criteria (N=124)
were allocated into three groups (Intensive ergonomics,
education in ergonommces, reference) using stratified ran-
dom sampling. The three admimistrational units were
used as a stratum. The success of the randomization was
checked with regard o age. gender, VDU worktime,
mouse usage, and symptoms in the neck. Table | de-
scribes the charactenstics of the groups.

The subjects were given written information on the
aims and the contents of the study before they signed

Questionnaire
) survey__ ) B
Intensive Flmenswe ‘
group (N=39) > aroup (N=37) |
Education - N Education :
L4 | qroup {N=35) qroup (=33} J
Ref | Rterence
elerance - Erence
> | group (N=33} . ‘ graup (N=32)
2-month follow-up 10-maonth tollow-up
$ r
Diary of discomfort

Workload measurements
Workplace measurements
Video recordings

Figure 1. Study design. (MS = musculoskeletal, VDU = video display unit)
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Tahle 1. Charactenstics of the study subjects at the beginning of the study. (VDU = video display unit)

Warn- Men

Group Preva- Dominant hand Age Height Body weight Work VDU work  Mouse use
en (%) lence %) {years) [cmy) {ka) experignce (% of total (% of tonal
{%a) ol pain {years) work ime)  wark time|
(U"'n:t
MNeck  MNeck  Right Left Ambi-  Mean Range Mean Range Mea'n Range Mean Range Mean Range Mean Range
{localy {radi- dax-
ating) trous
Intensive
{N=39) 60 40 78 35 90 5 5 46 29-59 170 158190 73 48-110 17 2-35 44 5-90 41 3595
Education
{N=35) 60 40 77 a7 BE 3 i 49 27-60 169 150-192 71 47-102 19 6-33 46 5-80 45 10-85
Reterence ;
(N=35) 54 a6 77 58 a1 B 3 49 31-59 169 152-194 72 46-135 13 1-30 5-90)

44 10-90 4

the consent torm. Those in the reference group were told
that, after the study period. they would be given the pos-
sibility to receive ergonomic advice similar to that giv-
en to the mtensive group. The local ethics committee
accepted the study protocol.

Nine subjects refused to participate in the study. Five
had a long sick leave. and one subject had died. Thus,
at the beginning of the study. there were 109 partici-
pants, [n the 2-month tollow-up there were 107 partici-
pants (| changed workpluces and | had a long sick
leave), and, in the 10-month follow-up. there were 102
subjects still remaining (3 changed workplaces and 2
had a long sick leave) (figure 1),

Assessment of the fevel of ergonamics and workload

At the begimning of the study. the two experts in ergo-
nomics made video recordings of the subjects in their
usual daily tusks; the recording was repeated 2 months
and 10 months after the intervention. A continuous 4-
minute extract was chosen from the recordings of cach
subject al cach swudy time point to represent the sub-
Jeet’s most common VDU task, Two researchers, also
blinded to the group status of the subjects, anulyzed
these extracts in random order. Both of them gave an
overall ergonomic rating on a scale from 4 (“poor”) to
HO {excellent™ ). a scale used in the Finmish education-
al system. The mean of the ratings of the two research-
ers was used o describe the ergonomic level of each
workstation, The interobserver repeatability of the rat-
ing had been tested before the study (Pearson’s correla-
tion coelficient r=0.85),

During the 2-week period at baseline, when the
worker filled in the diary, a special program (Work-
Pace™. Niche Software Limited. New Zealand) was
used to monitor keyboard iand mouse usage continuous-
Iy. Data were saved into a daily lile containing the ex-
act history of kevbouard and mouse cvents with an accu-
racy of 1 mulliseconds. For the assessment of daily
workload. daily computer usage (in minutes) was cal-
culated Pauses longer than 2 minutes for keybourd use

20
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and longer than 30 seconds for mouse use were exclud-
ed from the calculation. Due to technical problems. this
recording was successfully completed for 56 subjects
only (19 in the ntensive ergonomics, 21 in the educi-
tion. and 16 in the reference groups).

Health outcomes

The participants were asked to keep a diary on comtort
three times per workday: at the start of the workday. at
noon. and at the end of the workday. The diary consist-
ed of questions on discomfort in ditferent anatomical
areas. (See table 4 in the Results section.} The rating of
discomfort had five levels ranging from | “feel good”
- A manikin (moditied
Nordic questionnaire) was used to define the anatom

cal areas (18), The subjects kept the diary tor 2 weeks
beftore the intervention. and for 2 weeks during the 2-
month and 10-month follow-ups.

The baseline and the follow-up guestionnaires in-
cluded questions on musculoskeletal stramn and pain.
Strain after the usual workday during the preceding
month (30 days) was assessed by o five-level scale rang-
g from | “no strain at all” to 5 “very much strain™,
The questions on pain during the preceding month (30
days) addressed the number of days with pain. and the
responses were classificd into "no puin™ (1) day) and
“pain” (21 days),

w5 “feel very uncomfortable™

Interventions

A one-page leaflet on musculoskeletal health in associ-
ation with VDU work was given to each subject on the
day of the baseline measurements. Similar general in-
formation is available in daily newspapers.

intensive ergonomics. Two physiotherapists visited 1he
worksite of every member of the mtensive ergonomics
group. First, they introduced an ergonomic checklist tor
VDU work (see http:/fwww.occuphealth. i/ergonomy/
checklist.html} to the subject. The checklist emphasized
the following three items: the layout and environmental



conditions of the workroom (4 questions). adjustments
of the workstation (7 questions ), and breaks during work
(1 gueston). The subjects independently assessed then
workstations with the wd of the hist and answered the
guestions. If they found any need for improvement, they
wrote down their suggestions, Potential ergonomic -
provements based on the workers” own views, as well
as on the physiotherapisis’ observations, were then dis-
cussed. First adjustments and alterations m the existing
furniture and work equipment were used in an attempl
to reach the best solution. The worker was encouraged
to participate actively in the redesign and rearrangement
of his or her workstation. New torearm and wrist rests
were readily available if needed. For 11 workstations,
the acquisition ol a new piece of furniture (desk. chair,
ete) was suggested. The workers were also advised to
pay attention to their work postures and to add short
pauses into their work, The ergonomic evaluation and
the implementation of the mmmediate changes for u
workstation ok approximately 1.5-2 hours. Two of 39
workstations remained unchanged because the workers
seemed 10 be reluctant to make any changes,

Ergonomic education. The workers attended a |-hour
training session in ergonpomics i groups of 2 10 6 per-
sons. A traiper in ergonomics instructed the workers
concerning the prmeiples of ergonomics in VDU work.
They received the same checkhist as the intensive group
members and were encouraged to evaluate their own
workstation, implement changes, and ask for new equip-
ment and turniture it needed. Moreover, the workers
were instructed to add short pauses and adopt relaxed
work postures. All the subjects in the education group
attended the training session,

Reference. The one-page leatlet was the only interven-
tion given the reference group. in addition to measure-
ments similar to those of the other groups.

Ergonomic consultations with an occupational
phiysiotherapist

The workers had therr occupational health services. in-
cluding preventive health care, i a nearby occupation-
al health unit of the city. An occupational physiothera-
pist was avatlable for problems in ergonomies. Ergo-
nomic consultations were recorded during the follow-
up period,

Statistical analysis

A one-way analysis of variance was used (o test for dif-
ferences in the ergonomic ratings between the three
groups. Each time point was handled separately. In the
cases i which the F-test was statistically significant, we
apphied the unpaired t-test for comparisons between two

groups (ntensive versus reference and education ver-
sus reference ). A 59 level was considered to be staus-
tically significant

Musculoskeletal strain and maximal discomfort from
the follow-up guestionnaire and diary were kept as con-
tunuous outcome variables when the analysis of covari-
ance was apphied. The baseline value of the outcome
variable, the ininal ergonomic rating. and the baseline
workload value (keyboard and mouse events) were in-
cluded in the models as covariates. Due to missing data
un workload, this modeling was carried out also with-
out workload. The adjusted means of the outcomes and
their standard errars were calculated. and the one-sided
Dunnett’s test was used to determine statistical sigmifi-
cances between the differences in the adjusted micans
ol the groups (1Y), The two mtervention groups were
contrasted against the reference group.

Musculoskeletal pain from the 10-month question-
naire was handled as a binary vanable, and logistic re-
gression models were applied (o assess the association
hetween the pain and type of intervention. The baselne
vilue of the outcome variable was used as a confound-
er 1n these models.

Results

Changes in workstation ergenomics

Table 2 hists the most common changes in the worksta-
tions observed or measured by two blinded experts.
Changes in screen height or keyboard height or the ac-
quisition of accessories (ie, wrist and forearm support)
occurred tvpically in the intensive ergonomics group,
whereas adjustments of chair or mouse location were
made in all the groups. It should be noted that the data
in table 2 do not contain information on whether the
changes were beneficial or not.

Ratings of workstation ergonomics i .

The means of the ergonomic ratings did not differ be-
tween the groups at the beginming of the study. At the
time of the 2- and 10-month follow-ups the ergonomic
level was rated significantly higher in the intensive
eroup than 1 the education or reference group (lable
3). The imerobserver repeatability of the rating wus 0.78
(Pearson™s correlution coetficient).

Daily ratings of discomfort

In the 2-month follow-up the mtensive group had less
discomfort than the reference group in the neck, in the
area between the neck and shoulder on the right side. in
the right and left shoulder, in the fingers of the left hand,
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and in the upper back (adjustment for the baseline meas-
urements of musculoskeleral discomtort and mitial er-
gonomic rating). As compared with the workers in the
reference group, the education group had less discom-
fort in the neck, in the area between the neck and shoul-
der on the right side. in the right torearm, and in the

Table 2. Changes in the workstation dimensions or accessories
in use at the 10-month follow-up.

Type of change Intensive  Education Reference
graup graup group
{N=37) {N=35)  (N=32)
(%) (%) {%a)
Screen height 78 29 56
Keyboard deek height 78 26 47
Chair adjustment 62 57 41
Mouse lacation 49 a7 K}
Wrist support acquisitian 49 14 3
Forearm support acquisition 24 0 0

upper back. The results showed the same trend at the
I0-month follow-up even though there were no signifi-
cant differences between the groups (table 4).

When additional adjustment was made for workload
(N=36) 2 months after the intervention. the intensive
group had less discomtort than the reference group in
the neck, in the area between the neck and shoulder on
both sides, in the right and left shoulders, in the fingers
of the left hand, and in the upper back. The education
group also had less discomfort in the neck. in the area
between the neck and shoulder on both sides, in the
shoulders on both sides. and in the upper back. The re-
sults showed the same trend in the 10-month follow-up
even though there were no significant differences be-
tween the groups,

Musculoskeletal strain and pain

In the 10-month tollow-up the intensive group showed
a tendency towards less strain than in the education or

Table 3. Ratings of workstation ergonomics (workstation settings and postural stressors) before the intervention and in the 2- and 10-

month follow-up (scale from 4 to 10)

G oup Before intervention 2-month follow-up 10-month follow-up

1 Mean a0 N Mean 5D P-yalue N Mean 5D P-value
Intensive 39 B.7 0.2 39 [ 0.2 0.001+ a7 8.0 0.1 0.002 ¢
Education 35 68 02 35 6.7 0.2 0.73¢ 33 71 0.2 060"
Reference 35 6.7 (.2 13 6.8 02 . 32 743 02

* Unpaired t-test between intensive and reference group.
I Unpaired 1-test between education and reference group.

Table 4. Musculoskeletal discomfort in the 2- and 10-month follow-ups (adjusted for the baseline value of discomfort and expert rating
of ergonomics) (N=85). (SE = standard error of the least square means)

Body area 2-month follow-up 10-month follow-up
Intensive group Educaton group  Reference group  Intensive group Education group  Reference group
(N=28) (N=31) (N=26) {N=28) {N=31} [N=26)
Mean SE  P-value ' Mean SE P-value® Mean SE fMean SE P-value* Mean SE P-value® Mean SE

Head 25 02 0088 27 02 030 30 02 27 02 013 28 02 026 30 02
Eyes 26 02 D24 28 02 054 29 02 30 02 038 31 02 048 32 02
Neck 27 02 0M4 27 01 0013 33 02 29 02 D24 30 01 030 32 02
Area between neck and

shoulder {nght) 25 01 0Qon? 25 01 0.002 31 02 27 02 037 26 02 027 29 02
Area between neck and

shoulder (left) 23 02 017 23 Do 26 02 26 02 0869 26 02 065 26 D2
Right shoulder 22 02 0022 24 01 o012 28 02 26 02 053 25 02 036 27 D2
Left shoulder 189 01 0025 21 01 015 24 02 22 02 061 24 02 086 23 D2
Right forearm 2101 0077 20 0.1 0.009 25 D02 23 02 036 21 02 014 25 02
Left larearm 19 01 087 19 01 059 20 09 21 02 056 20 02 048 22 02
Right wrist 21 02 013 20 0.2 0062 24 02 25 02 087 21 02 03 23 02
Left wrist 19 01 019 19 01 026 21 01 21 02 086 21 02 086 20 02
Right tingers 19 01 0075 21 01 038 23 01 21 02 031 22 02 035 23 0.2
Left fingers 18 01 007 18 01 0.092 23 01 21 02 072 21 02 073 21 02
Uppar back 22 01 0001 24 01 0005 29 01 26 02 024 25 02 017 29 02
Low back 23 02 013 25 02 040 27 02 25 02 055 27 02 075 26 02

* Dne-sided Dunnett's 1est between the intensive and reterence groups
¢ One-sided Dunnett's test between the education and reference groups
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reference proups during the preceding 30 days mn 12 an-
atamical arcas atter adjustment Tor the baseline values
of musculoskeletal strin (questionnaire) and the ergo-
notic ratings. No stenificant differences were found be-
tween the groups. Nor were there differences in the
previdence ol masculoskeletal pmn during the preced-
ing M) dinys,

Consultations with the occupational physiotherapist
Ten suhjects in the imtensive group. seven in the educa-
tiom group. and eight in the reference group comacted
the occupational physiotherapist to get ergonomic ad-
vice during the 10 months of follow-up.

Discussion "

his study investigated the efficacy of the participatory
ergonomic approach and education on musculoskeletal

discomtort and stran. as well as on the prevalence of

pain in VDU waork. The mtensive and the education
aroups showed less musculoskeletal discomfort than the
relerence group in the 2-month follow-up. However,
Jong-term effects on discomfort, strain, or pain were not
found in the 10-month follow-up, After the intervention
the Tevel of ergononiics, rated by two researchers, was
distinctly higher in the mtensive ergonomics group than
m the education or reference group. Furthermore, most
chinges in the workstation dimensions and accessories
occurred 1n the mtensive ergonomics group. This occur-
rence suggests that the changes made to workstatuons
had a positive impact on therr ergonomic conditions.
The workstation modifications mainly included ad-
justinents ol the sereen, mouse, keyboard. forearm sup-
ports, and chair. These modifications changed the head.
neck. and arm postures and movements, Since the posi-
tive effects were seen primanly in the shoulder, upper
arm, neck, and upper back area. it 15 possible that the
health effects were brought about by these changes.
The streneth of our study was that all three groups
were comparible as regards demographie characteris-
tics and oceupational fuctors measured at the beginning
of the study. The subjects were chosen for the three
eroups by individual randomization using the adminis-
frative unit as the stratum. Hence culwral differences
between the units were controlled for. On the other
hand. it was practically impossible to prevent personal
nterschion between the groups. The changes in the
workstation dimensions, and the slight ergonomic im-
provement in the reference group may have been due to
such interaction hetween the reference group and the
imtensive or education group or simply the result of a
continupus development of the workplaces. The

Ketola ef al

abserved effect of the mtervention may therefore be un
underestumation of the true effect,

Moreover. techmeal problems. resulting 10w loss of
workload data for a third of the subjects, may have
weakened the power of our unalysis. The loss of meas-
urements was, however. evenly distributed between the
aroups.

On the average, the prevalence of pam and the hase-
line values ol the strain ratings were relatively Jow,
Therelore, itis not surprising that no major effects were
seen in this study. Nevertheless, the intervention de-
creased discomtort and theretore indicated that the sen-
sation of discomfort is more reversible than puin or
strain. Itis a common hypothesis, as vet unproved, that
discomfort and strain are predecessors of pair.

In a controlled intervention study, Brisson et al (12)
found an ergononne traiming program to he an effectuve
tool in improving the ergononiics of VDU workers’
workstations. The intervention of Menozzi et al (20) also
showed training to be useful in optinnzing ergonoms
in VDU work. [n our study the ergonomic level did not
differ between the education and reference groups. It
may be that the short I-hour training session wus not
efficient enough to activate workers to improve their
workstation ergonomics. Furthermore, workers may
need concrete help and guidance o plan and mp
changes in their workstutions,

cnment

Although there were anly some improvements in the
ergonomic level of the education group. this group re-
ported less discomfort than the reference group. Tt may
be that the workers adopted a better work technique or
had found other ways 1o improve the organization of
their work or they added more pauses to thewr work. Fre-
quent short breaks from VDU work have been shown
to reduce musculoskeletal discomfort and other com-
plaints (16).

Mekhora & Liston (14) modified VDU workstations
1o comply with the dimensions caleuluted by o compu-
ter application based on the anthropometry of the work-
ers. The authors concluded that changes m workstation
dimensions could help 1o reduce the discomfort level of
the participants by changing the wark postures. Gerr
(21} found. however, that work postures are not greatly
affected by workstation dimensions, He pointed ool that
many computer users do not work in so-called neotral
postures. People. while sitting. use @ range of dilfercnt
postures. Feelings of discomtort or tangue also modily
the sitting posture, Good workstation design supports i
heneficial posture and the variety of postures during
VDU work. In our study. we utihized ¢ participatory ap-
proach and personal guidance i order to take o ac-
count the individual preferences of workers and chang-
es in worktasks,

Our study concentrated only on physical ergonom-
ics. In order (o make ergonomic intervention more

Scand J Waork Environ Health 2002, vol 28, no | 23
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effective. psychosocial and organizational workplace
factors also deserve greater attention (4, 22).

Our results showed that both an intensive ergonom-
1es approach and education in ergonomics help reduce
discomtort in VDU work. To improve the level of phys-
ical ergonomics in VDU workplaces. the best result will
be achieved by cooperative planning in which both
workers and practitioners are actively mvolved.
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