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The purpose of this study was 1o wdennly Bictors associted with reductons
observed m musculoskeleal symptoms when oflice workers were moved 1w s
new building. A gquestionnaire including e regardimg symptoms and aspreces
ol the work eovironment was administered 1o 577 office workers belore snd
aher they were moved from nine buildings 1o 4 smple new Taciliy m 149492
Employees working in two reference buildings. where they reninned throughout
the study penod. were also surveyed. Two musculoskeletal vutcomes, hand/arm
and neck/shoulder/back, were selected for study. In matched multivariate analy-
ses. the reduction in hand/arm symploms from 1992 1w 1993 was associated
with improved satisfaction with the physical workstation (odds rano |OR] =
2.0% the reduction in neck/shoulder/back symproms was associaicd with
improved chair comfort (OR = 1.8), fewer housckeeping responsibilities (OR =
3.6). female gender (OR = 1.8). and low pay range (OR = 1.7}, Longnudinal
resulis suggested that changes in workstations resulied i decreased sympioms
Resulis of this investigation might be used 1w develop workplace changes that
result in reductions of musculoskeleral disorders

INTRODUCTION

Musculoskelcial symproms have been
shown 1o be associated with physical atiribut.
es of the work environment, psychosocial
stressors, and personal characieristics of indi-
viduals employed in office buildings. Increases
in back, neck. shoulder, arm. and hand pain
have been shown 1o be relaed 1o inensive
keyboard work, char and workstatnon charac-
wenistics, job dissavsfaction, poor psychologic
work enviromment, incressed job demands,
and female gender (Bammer, 1987, Berpgvist,
Wolgasi, Nilsson, & Voss, 1995 Bernard,
Sauter, Fine, Petersen, & Hales, 1994, Bongers,
De Winter, Kompier, & Hildebrand, 1993,
Hunting. Laubh., & Grandjcan, 1981, Linton
& Kamwendo, 1989, Punnci, 19494, Souter,
Gottleib, Jones, Dodson, & Robrer, 1985
Smith, Cohen, & Suwomenohn. 19810 Study

populations have included newspaper repon:
crs. computer programmers. ¢lerical and
administrative stall, and data and word proces.
sors, with particular emphasis on keying and
use of computers,

Armstrong and colleagues suggested a
dynamic cascading model for work-relawed
musculoskeletal disorders, in which external
exposures in the work environment (worksta
tion configuration. work flow, supervisory sup-
purt) contribute o an internal “duse” (eg,
biomechamcal load un the shoulder girdle, Tre
guency of Dinger extenswon, conflicung de-
mands) than leads 1w a response tealomwm won
accumulanon i antracellular spaces, wodon
creep, muscle contracnon) that m wm be.
comes a new dose with cascading responses
(Armsirong v al., 19931 This relanonship s
moedised by omdiadual capaciy tage. pendor,

health, endurance. and anthropomerrya
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Depending on the imtensity, Treguency, and
duration of exposures, the uliimate effect can
be salubrious (traming effect) or damaging
(work-related musculoskeletal disorders), The
expression of a disorder (reporting, disabulity)
is often mediated by individual capacity and
social climate. In this model, 1 is unlikely tha
a work-related musculoskeletal disorder
would develop in the absence of physical over-
lvad. However, some have suggesied that sub-
jectively reported psychological risk faciors
van have physiological consequences that can
lead to muscle pain in the absence of over
muscle activity (Bongers et al., 1993; Vasseljen
& Wesigaard, 1995).

The current study cxamines associations
between musculoskeletal symptoms and indi-
vidual and office workplace characteristics in
an attempt to identily faciors associated with
lower rates of disorder. This study examines
symptom rates in office workers at two poinis
in time (belore and after the group was moved
rom nine separate buildings 1o a single new
facility). In the new building, employees were
moved 1o workstations with adjusiable chairs
and keyboard trays that were specifically se-
lected 1o improve comflort and reduce the
likelihood of musculoskelelal disorders, The
study hypothesis was that musculoskeleial
symptom rates would decrease after employ-
ees were moved to the new [acility, Two out-
comes were selected: handfarm and necks
shoulder/back symptom groups. Of particular
interest were potential differences in risk fac-
tors identified for the two musculoskeletal
outcomes and comparison of resulis for the
relocated group of employees, who changed
locations between surveys, with those for a
relerence group of employees, who remained
in the same facilities over the siudy period
Few investigations have used a prospective
study design to examine changes in muscu-
loskeletal sympioms and their polential risk
lactors over time,

MATERIALS AND METHODS
Study Group

The relocated population consisted of 1452
Washington State Department of Labor and
Industries employees working in nine build.

ings located i a single oty This group was
moved Trom separae work [acilines 1o o single
new building in the summer of 1992,

Workstations in the fornmer Tacilities vaned
in size, type, lurnishings, and dlunination level
In the new building, more than 90% ol work.
stations were designed as modular units wath
unifonm square footage, illumination level, wall
parttions, furnishings, and adjustable work
surface heights, Worksuations were equipped
with personal computers with adjustable-heigh
keyboards and fully adjustable chairs. Mew
chairs were available in three sizes with ad.
justable seat pan height and angle and scal
back tili. Chairs for employees whose major job
responsibilities included dma entry had addi
tional features, including adjustable arm rests
and a lumbar pump. Upon the move to the new
building. all employees received 1| h of ergo-
nomics awareness Lraining, instruction in chair
adjustment, and, il requested, a personal evalu.
ation of their worksiations and chair adjust.
ments by an agency physical therapist,

There were 287 department employees work-
ing in two relerence buildings who were also
included in the swdy: these workers remained
in the same facilities over the study penod.

One reference building was an older lacility
(built in 1958); many employees working in
this facility were out of the building for at
least part of the work week. Furnishings and
workstations were highly variable, but most
had not been changed in 10 years or more.
The other reference building, built in 1990,
was more similar to the new facility: Work.
stations were modular, and new [urnishings
had been installed when the building was con-
structed. Work spaces in both buildings in-
cluded private olfices, shared rooms, and open
spaces with and without partitions.

Functions carried out in agency buildings
included administration of the siate workers'’
compensation claim system and the workplace
inspection program. Employee job responsibil-
ities included clerical, adminisirative, and pro-
fessional support

Questionnaire

Potential study participams were mvited 1o
complete a sell-administered guestionnaire in
March 1992, three to six months before the



move ook place. Participation in the survey
was envouraged but voluntary, The study was
approved by the State of Washingion’s De.
partment of Social and Health Services
Human Subjects Research Review Board.

An idenuical questionnaire was adminis-
tered in March 1993, one year alier the first
survey was conducted and seven months alter
the move o the new building was completed
CQuestionnaire responses [rom 1992 and 1993
were individually linked using a unique code
created by respondents in order 1o preserve
their anonymity. Individuals had 10 complete a
questionnaire in both 1992 and 1993 in order
to be included in the swudy group

The questionnaire was adapted lrom a vani-
ety ol instruments used by other researchers,
including the U.S. Environmental Protection
Agency (EPA) Indoor Environmental Quality
Survey, the National Institute for Occupational
Safety and Health (MIOSH) Mational Center
for Health Statistics building and Library of
Congress building study questionnaires, and the
NIOSH Job Stress Instrumenmt {(Hurrell &
McLaney, 1988: Hurrell, Sauter, Fidler,
Wilcox, & Homung, 1990; National Institute
for Occupational Safety and Health, 1991).
Questionnaire items included questions regard-
ing demographic characienstics, physical and
psychosocial anributes of the work environ.
ment, job satislaction, work pace. inflluence
over responsibilities, and stressors unrelated 10
work. The original NIOSH/EPA instrumemnt,
which was used in a number of indoor air qual-
ity investigations, included questions regarding
respiratory, mucosal, dermal, and central ner-
vous system symptoms (Malkin, Wilcox, &
Sieber, 1996). Questions on musculoskeletal
symptoms were developed lollowing the same
format. A copy of the full questionnaire is avail-
able from the authors upon request.

Statistical Methods

A large number of questions regarding
environmental characteristics and psycho-
social aspects of the workplace were included
in the questionnaire. Given that many inde.
pendent vanables measured similar phenome-
na and were highly correlated. lacior analyscs
(varimax rotation) were carricd out to deter.
mine which variables could be combined 10

create fewer and umigque dimensions. Facior
analyses were completed using the 1992 ques.
tionnaire responses: analyses of potential risk
faciors were conducied separately lor the
physical environment and for psvchosocial
aspects of the workplace. Some vanable scales
wiere reversed as necessary 1o ensure that all
included in any particular factor were in the
same direction.

Similarly, questionnaire responses for muscu.
loskeletal symproms were highly correlated lor
several anatomic regions; lactor analysis tech-
niques were used 1o create fewer and unique
oulcome measures. Two dependemt variables
were created: hand/arm symploms (numbness
in hands or wrisis, pain in hands or wnsis,
waking up at night because of hand pain, arm
pain or numbness), and neckfshoulder/back
symptoms (pain or stiffness in neck or shoul-
der, pain or stiffness in back). A case was
defined as a report from any individual of ai
least one of the symptoms in cach group lor
onc to three days per week in the previous
four weeks (or more), with symptom improve-
ment when away from work.

Cross-sectional relationships between
health outcome and potential risk factors were
examined for the 1992 data set. Potential risk
faclors examined in analyses consisied of gen.
der, year ol birth, education level, history of
rheumatoid arthritis, hours worked per week,
times leaving the work building per day, pay
scale, hours working at a video display termi-
nal per day, factors for physical and psychoso.
cial workplace characteristics, and ouwside
responsibilities (child care, elder care, house.
keeping. course work, or volunleer activities).
For continuous or scored variables, dichoto-
mous variables were created using median
values as cut points, Potential risk factors that
were statistically significantly related 1o health
outcomes {p < 05) in Iwo-way analyses were
included in subsequent multivariate analyses.
Relationships among independent variables
were examined 1o identily potential colinearny
1o ensure that no risk factors included in mul-
tivariate models were strongly associated wath
one another

The multivarine statstical approach used a
logistic model, where the logit transform of
the outcome probability in each risk category



is expressed as a lincar function of regression
variables for which the values correspond 1o
levels of exposure to the risk factors, as fol-
lows (Breslow & Day, 1980):

I 1PH =Y = o+ PByxy + Popxp v oo oo sy

P denotes the probability of the health out-
come, and calculated coelficients correspond
o odds ratios (OR), which estimate the rela-
tive risk of a particular factor or exposure. The
relative nisk for presence of a dicholomous

lactor 15 estmated by exponentiating the co.
elficient for tha vanable: for coninuous vari-
ables, exponentiating the coelhcient caleulaes
the increase in nsk for an incremem of 1 on
whatever scale is used. An OR greater than |
indicates increased risk; an OKR less than |
indicates decreased nisk.

Multivanate logistic regression (ncluding
stepwise logistic regression) was wsed for
developing linal models. In siepwise logistic
regression analyses, criteria used 10 determine
variables that would remain in final models

TABLE 1: Factors Representing Environmental and Psychosocial Characteristics of the Workplace

Created by Grouping Questionnaire Variables

Variables Included

Factor Name Direction Cronbach’s
Alpha
Environmental factors
Desk comfort . B7
Physical + 87
Sausfaction
Glare - q6
Chair comfon . B&

Psychosocial factors

Good supervision + 85
Clear expectations . .88
Work hard/fast - 19
Job satisfaction . 26
Influence workplace + 68
Conflicting demands - 8
High concentration  +/- &4
Salary satislaction . a5

Satisfaction with desk, arm rests, computer
monitor or keyboard, 1elephone handset

Satisfaction with workstation, privacy, amount
ol space, overall physical environment, prob-
lems with distraction

Problems with glare related to lights, computer
screens, windows

Satisfaction with chair adjustment or comfort

Satisfaction with supervisory reatment,
competence, praise, and policies

Clearness of job responsibilities, work
objectives, and expectations

Having to wark hard or fast {requently, having
a lot of work to do and little time

Overall satisfaction with job, would take same
job again, recommend it to others

Amount of influence over amount of wark,
work matenals, polcies, equipment

Often given work projects to do by muluple
supervisars that conflict with one another

Job requires a great deal of concentration

Satisfaction with salary and opportunitios for
advancement

Motes Cronbach’s slphas repieiont correlatsont among vanables combned 10 create lacton luseng 1992 Queitanneie reipontet

los relocated growp, m = S17)



TABLE 2 Response Rates, 1992-1993

Reference Group

Relocated Group

1992 1993 1992 1991
Mo, in building 287 187 1452 1616
No. respondents 179 110 998 1239
% response &2 4 588 &8 7 17
Total no. matched questionnaires 55 5F7
% of respondents 10.7 50.0 578 46.6
% of warget population 19.2 294 9.7 57
included significance levels of .05 for entry RESULTS
inte and removal from models. SAS statisti-
cal software was used (SAS Institute, Inc,  Factor Analyses

1996).

To compare results for the two years,
matched statistical testing was carried out
by linking individuals® 1992 and 1993 ques-
tionnaire responses. Logistic regression mod-
cls examined the relationships between
dichotomous health outcomes (symptom
improvement vs. no improvement from 1992
to 1993) and potential risk factors. Longi-
tudinal analyses included the same potential
risk factors used in cross-sectional analyses
{listed previously): however, independent
variables might have remained the same lrom
one year 1o the next (¢.g. gender) or migh
have changed from 1992 10 1993. The latter
were expressed by subtracting 1992 values
from 1993 values. Unconditional logistic re-
gression procedures were identical 1o those
employed in cross-sectional analyses (des.
cribed previously),

Four physical-environment risk laclors
were identilied. which explained 60.4% of the
variance of the 17 individual vanables includ-
ed in the analysis (Table 1), Eight psychosocial
factors were identified, which explained
62.9% of the variance of the 29 individual
variables included in the analysis (Table 1),
Cronbach alpha coellicients ranged from .55
10 .88 for the standardized vanables thar were
created.

Study Participants

Table 2 shows questionnaire response rates
by year for the relocated and reference groups
(which ranged from 59% 10 77%). In both
survey years, response rates were higher
for the relocated group than for the reference
group. Because maiching rates were par.
ticularly low for the two reference buildings,
results for these two [acilitics were combined,

TABLE 3: Comparison of Matched Respondents 1o Total Population

in Relocated and Reference Groups, 1993

Reference Group Relocated Group
Target Matched Target Maiched

n 187 55 1614 5717
% female 551 655 bbb 74
% age 20-29 53 19 123 a7
30-39 257 2946 na 298
40-49 406 35.2 315 396
5059 23.0 294 15.7 19.2
&0+ 5.3 37 29 2.7




TABLE 4 Matched Queshonnave Responses, 1992-1991 Physcal Charactenstics ol the Wark Envronment

Relerence Group (n = 55)

Relocated Group (n = 557)

% Yes Response

Charactenstic

% Yes Response

P walue

1992 1993 p value 1992 1993
Desk comlon 59 &4 a4 49 L) < 0001
Physscal satisfaction 8 18 10 49 74 < 0001
Chaw comion 54 64 i5 55 74 < 0001
Prablems wath glare n 42 081 a6 54 003
Work at VDT > & hday 39 36 62 49 a6 a3
Work » 40 hiweek &9 &2 16 84 92 <. 0001

Motes Delestanr lor fain fows (harscierntcn sppeas v Tabile | Fov comteout o scored vanabley dhthotomou virabley e
Crrated wing meduan valuel 33 Gl PONIL D vsluey Compare rewsontes lor 1997 snd 199 (uteng matched analytacsl methady)

When age and gender distnibutions were
compared for the matched respondents and
the target population, maiched respondents
were slightly more likely 10 be female (Table
3). For the reference buildings. age distribu-
tions were similar for the matched and target
groups: for the relocated group, matched
respondents tended to be slightly older than
the warget population.

Questionnaire Findings

The majority of study participants were
female; in 1992 the average ages were 41 and
44 for the relocated and reference groups,
respectively. Both groups had an average of
two years of college education.

Table 4 shows questionnaire responses
regarding physical characteristics of the work

environment for the relocated and reference
groups for 1992 and 1993. In gencral, em-
ployees who were moved to the new building
reported significantly more comlon and fewer
problems with their physical work environ.
ments after the move. Similar but less marked
changes were scen from 1992 to 1993 lor refl.
erence building respondents (except lor over-
all satisfaction with the physical workstation),
No diflerences were statistically signilican
for the relerence group because numbers
were small. Table 5 shows responses regard.
ing psychosocial aspecis of the workplace,
Most psychosocial workplace characteristics
remained stable from 1992 10 1993 for both
groups.

Musculoskeletal symptom rates are reported
in Table 6. For relocated employees. symptom

TABLE 5: Matched Questionnaire Responses, 1992-1993: Psychosocial Aspects of the Work Environment

Reference Group (n = 55)

Relocated Group (n = 557)

% Yes Response % Yes Response

Characteristic 1992 1993 p value 1992 1993 p value
Good supenvision 46 45 10 58 56 94
Clear expectations a9 53 &2 42 a5 19
Work hardfast 36 50 035 H4 57 20
Job satsfacton &7 55 034 51 54 13
Influence workplace 52 54 [ 53 a8 010
Conflicting demands n 29 80 a0 41 49
High concentration n 13 BO &4 &9 007
Salary satsfaction &0 51 k ) 61 61 93

Noter Delatons lor characienstias appess o Table | For contemns of scored vansblen, duthotomou vanables mere treated ving
medhan valuey 31 ¢ut POlL D valers compaie responies lor 1997 and 1993 fuieng matched anatytucsl methodsl



rates decreased from 1992 10 1993 (or nearly
all anatomic regrons, but particularly for the
neck/shoulder/back, Overall symplom rates
were lower Tor the reference group than fur
the relocmied group. Neck/shoulder/back
symproms rates also decreased substantially
from 1992 10 1993 for the relerence group,
but changes were not statistically significam
becsuse numbers were small. Reports of leg
symproms increased lor this group,

1992 Cross-Sectional Multivariate Analyses

Table 7 shows Spearman correlation co-
elficients for relationships among independent
variables (cxpressed as scores) included in
1992 cross-scctional multivariate logistic
analyses. Correlations were not strong. Risk
laciors for hand/arm and neck/shoulder/back
symptoms identified in multivariate analyses
are shown in Table 8 (using dichotomous
expressions lor all independent variables).
Hand/arm symploms were negatively associal-
ed with desk comfornt and overall satisfaction
with the physical workstation and positively
associated with number of times out of the
workplace per day and using a visual display
terminal for more than 6 h/day, Neck/shoulder/
back symptoms were negatively associated
with desk and chair comfort and positively
associated with taking college courses outside
of work, [emale gender, and perception of
having to work hard or fast (Table 8).

1992-1993 Matched Analyses

Table 9 shows Spearman correlation co.
ellicwents for relationships swmong independent
variables included in 1992-1993% matched
multivaniate logistic analyses. Correlations
were weak

For 11.%% of relocated respondems,
hand/arm symproms improved Trom 1992 1w
19935 (7.9% reported symplom worsening,
whercas 80.6% remained the same). In 1wo-
way analyses, improvement in hand/arm
symploms was associaled with changes n
three factors (from 1992 10 1993): improve.
ment in desk comfort, improvement in overall
satisfaction with the physical worksiation. and
having lewer housekeeping responsibilities in
the home (Table 10). In muliivariate analyses,
only overall satisfaction with the physical
workstation remained statistically significantly
associated with improvement in hand/arm
symploms, with an OR of 2.0,

For 20.0% ol relocated participants,
neck/shoulder/back symptoms improved [rom
1992 1o 1993 (10.3% reported symplom
worsening, whereas 69.7% remained the
same). Improvement in neck/shoulder/back
symptoms lrom 1992 1o 1993 was associated
with five factors in two-way analyses: gender,
lower pay range, improvement in chair com-
fort (from 1992 1o 1993), an increase in per-
ception of having influence over one’s job, and
decreased housckeeping responsibilities in the

TABLE &: Matched Questionnaire Responses, 1992-1993: Musculoskeletal Symptom Reports

Relerence Group (n = 55)

Relocated Group (n = 557)

% Yes Response % Yes Response

Charactensuc 1992 1993 p value 1992 1993 p value
All hand/arm pain 1 7 iz 18 14 052

Hand/wrist numbness 7 7 1.0 8 5 022

Hand/wrist pamn & 4 54 13 " 20

Woke up at ight

with hand pan 2 2 1.0 3 2 41

Arm pain 4 4 10 & & 1.0
Leg pan 4 & b6 [ 5 a5
All necki/shoulder/back pain n 20 13 38 28 <.0001

Meck/thoulder pain 27 20 9 i3 21 <0001

Back pain 20 13 29 20 15 005

Noter Defentaon lor symptiom ldehotomou] Indendusl repened yymptom 1

days ped week 0 AL ek (o0 morel with ypemgtom

smgeovement when swiy bom work o valves compare responses lor 1992 and 199] lusng matched snalytscal methodt)
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TABLE 7 Spearman Correlation Coelicients lor Relationships Amang Independent Varables Included
in 1992 Cross-Sectional Stepwise Multivanate Analytes

Vanable 1 2 3 4 S b 7 B ? W
Hand/Arm Analyses
1. Tumes outssde/day 10
2 Physical satslaction -06 10
1 Chaw comlon 03 20 10
4 Desk comion 04 36 52 10
5. VDT use (hiday) M -23 -07 -1 10
& Good superision - 08 32 05 25 -06 10
7. Work hardffast 05 -24 .07 -22 15 -23 110
8. Job satislaction - 04 24 05 14 -0% 47 -18 10
9. Influence workplace  -.08 s 12 18 -20 s -2 2 0
10. High concentration 01 -15 -08 -5 4 -0 48 -08 -12 10
Neck/Shoulder/Back Analyses
1. Gender 10
2. Physical satisfaction =05 1.0
3. Chair comfort =13 20 10
4, Desk comfon [ 36 52 10
5. VDT use (h/day) 07 =23 =07 -1 10
b. SUPENVIIOn 07 .32 05 25 =06 10
7. Work hardffast 05 -4 -0 -22 A% =23 10
B. Influence workplace -.05 36 a2 A8 =20 A5 -1 10
9. High concentration 02 -5 -08 -15 A4 -0 48 -12 10
10. College course work 06 =09 =07 -1s 03 -04 -05 -07 -04 10

Mates Gender and college couie work are dicholomous vansbiles llo: geader, code 0 = male, code | = lemalel The remamng

warsabley are wosed wanabley

home (from 1992 1w 1995%) (Table 100, In
multivariate analyses, more chair comfort,
female gender, lower pay range. and fewer
housekeeping responsibilities remained statis.
tically significanily associated with improve.
ment in Symploms.,

DISCUSSION

We were fortunate 1o be able 1o 1ake advan.
tage of the planned move of employees to
determine il workplace changes were associat-
ed with reductions in musculoskeletal symptom
rates. For many employees. the new work.
place represented an improvement over the
old, with increased square lootage per person,
betier lighting. partinons separating work.
stations, and adjustable chairs and computer
keyboards, These changes were perhaps re
Nected in the relocated group's increased over-
all sansfaction with physical characteristics of
the workstation (from 49% 10 74% (rom 1992
1o 1993). Unlortunately, it was not possible 1o
study effects of specific changes. as all changes

in the physical work environmemt occurred
simultancously at the time of the move.

A notable exception 1o the general increase
in satisfaction with the physical work environ.
ment was the increased perception of glare
problems. For relocated employees. a possible
reason for this was that most workers were
moved from interior office spaces without
windows or direct natural light 10 cubicles
that were close 10 windows that caused glare
problems. The reason for the increased per-
ception of glare reporied by the relerence
group is not apparent. however.

On average. employees had worked in the
new building for seven months when the see.
ond survey was conducied. A potenuial limita.
tion of the study s that although a reduction in
symptoms was noted lrom March 1992 10
March 1993, it 15 possible that il participams
had been followed for o longer period of nime,
sympiom reporting might have changed. For
cxample. in a prospective study of office work.
ers carricd out over seven years, Berggvist
(1995) observed increased hand/wrist symp.
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TABLE B Cross-Sectonal Multwanate Logate
Regresuon Analyses, 1992 Facton Anocuated
with Hand/Arm and Neck/Shoulder/Back
Symptoms in Relocated Employees (n = 577)

Factor Odds Ratio  p value
Hand/arm symploms
Desk comfon® 038 0002
Physical satislaction® 0.49 0045
Times cutnde/day 18 onr
VDT use > 6 hiday 18 0194
Neck/shoulderback symploms
College course work 25 0077
Desk comlon® 0.48 0003
Chawr comlon® 0.49 D03
Female gender 19 0048
Work hard/fasn* 18 0017

Moter Ocdy v staon reler 10 dchotomered varables (lor Comtsrs-
oun s siored warabiey, maedhan valor weve vaed 1 0ot posetad

* Delrstoons for these Tacton sppes = Table 1

toms that were associated with increased use
of visual display terminals. For some individu.
als, however, new keyboards that were pur-
chased during the study period appeared 1o
alleviate other (neck, shoulder, and upper arm)
symploms. In another prospective study of
electronics workers in which participants were
examined three imes over 1wo years, cervico-
brachial symptoms decreased afier one year;
participants who were moved 10 more varied
1asks showed improvement over the following

year (Jonsson, Persson, & Kilbom. 1988). The
current study was sinnlar 10 the latier invest.
gation n that it could detect dilferences
symprom reports over only the shon o i s
hoped, however, thar the health outcome that
was studicd represented the lower end of the
seventy continuum and consequently could be
reversible in a shon penod of time

In faci, the health outcome measures used in
the curment study were perhaps 100 resinctive,
n that it was required that symploms improve
when away [rom work. In this anempt to
exclude disorders unrelated to work, partici-
panis with long-standing work-related dis-
orders that may have shown little or no
improvement upon leaving the workplace at the
end of the day might have been climinated
from the case group. Even 5o, the symptom del-
inition that was utilized represented discomforn
that was froquent and persistent.

A second limitation of the study relates to
the fact that information on health outcomes
and potential risk factors was obtained by sell-
report, Several independent comparisons were
carmied out 1o examine the validity of ques-
tionnaire responses. In a separate evaluation
of employees working in the agency’s workers'
compensation claims initiation arca, which
was carried out at the same time as the cur-
rent study (1993), ergonomists observed tha
workers spent 54% of their workday engaged

TABLE 9: Spearman Correlation Coefficients for Relationships among Independent Vanables Included
n Matched 19921993 Stepwise Multivaniate Analyses

Variable 1 2 3 4 5
Hand/Arm %
1. Increased desk comfort® 10 aevy
2. Increased satsfaction with
physical work environment” .22 10
1. Decrease in housekeeping
responsibilities” -02 -03 10
Neck/Shoulder/Back Analyses
1. Female gender 1.0
2. Increased char comfant® 08 1.0
3. Increase in influence over job* 04 10 10
4. Lower pay range -23 -07 - 08 10
5. Decrease in howsekeeping
responibilities” =04 =02 - 04 - 02 10

Foted Cuerdes aed bouieberpeng varabley sre dahiiomout The reemaesder s wored varabien

* \anabile refen 1o priteeeed change from 1997 1o 1993
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TABLE 10 Relocated Group Matched Analyses: Factors Associated with Improvement i Hand/Arm
and Neck/Shoulder/Back Symptoms from 1992 10 1993 (n = 577)

Univanate Analysis

Multmwanate Analysis

Odds Ravo

Decrease in housekeeping

responsibilitios® 7
Increased satsfaction wath

physical envronment® 20
Increased desk comfon® 18

Hand/Arm Symplom Improvement

MNeck/Shoulder/Back Symptlom Improvement

Decrease in housekeeping

responsibilities® i
Female gender 21
Increased chair comfort® 19
Lower pay range 19
Increase in influence over job* 1.4

p value Odds Ratvo p value
028
o7 20 o
050
025 14 036
005 1.8 nar
003 1.8 ma
00s 1.7 022
018

* Factor relers 1o precered change am 1992 1o 1991

in keying activities {Washington State Depart-
ment of Labor and Industries, 1993). Sell-
reported questionnaire data for the same
group suggested that approximately 75% of
their total time was spent working al video
display terminals. Given that keying may rep-
resent only a portion of time spent working a
a visual display terminal, these resulls appear
consistent. They may also demonstraie that
sell-reports overstate keying time: Bernard et al,
(1994) obscrved similar results in which
employees appeared to over-report time spent
in lyping activitics, In that study, over-report
was nondifferential with regard (o0 symptom
reporting and thus did not appear (o bias
results. I keying time was indeed over-reported
in the current study. then its relationship with
musculoskeletal symploms was underestimated.
In another comparison - an independent
measure of musculoskeletal injury and iliness for
agency employees - the workers” compensation
claim rate decreased from 1992 10 19935 (from
3.8 10 3.3 per 100 employees), which 15 consis.
tent with the decrease in reported symptoms,
Other limitations of the swudy relae 1o
response rates and difficulty in marching the
1992 and 1993 questionnaires, particularly for
the two reflerence buildings. The proportion of
linkable questionnaires was low because of

incomplete or missing record identification
numbers, differing respondents from one year
1o the next, and, perhaps, differing reporting
of encoded identification numbers from one
year 1o the next. However, responses to ques-
tionnaire items did not statistically significantly
differ lor linkable and nonlinkable question.
naires; thus it appears that the matching fail-
ure did not bias results.

The major effect of the matching lailure
was 1o decrease the size of the study popula.
tion and a reduction in statistical power. When
respondents were compared with the target
population, the two groups were similar: The
individuals in the former group were slightly
more likely 10 be female and slightly older. It
was not possible to compare the 1wo groups
with regard 10 other characieristics,

An unfortunate consequence of the low
response rates was that the relerence group’s
results could not be examined in detail,
However, in a general sense, 1t appeared that
employees working in the reference buildings
reported opinions similar 10 those of the relo-
cated group with regard 10 the psychosocial
aspects of the workplace. Overall satislaciion
with the physical eavironment improved sub-
stantially for relocated employees: it did not
change for those in reference buildings,



Musculoskeletal symproms were reported fre-
quently in both the relocated and reference
groups (389 and 31% reported neck/shoulder/
back symploms. respectively) but were nearly
always higher overall for relocated employees.
Symptoms of the neck/shoulder/back were
most frequent, occurring two o three times as
often as hand/arm symptoms. Symplom rates
decreased [rom 1992 10 1993 [or most muscu-
luskeletal sympioms for employees who
moved; similar trends were observed for the
reference group. although differences were
not statistically significant because numbers
were few.

More individuals’ symploms improved over
time than worsencd. For example, 20% of
relocated employees experienced an improve-
ment in neckfshoulder/back symploms from
1992 10 1993, whereas 10.3% reported wors:
ening. It might be argued that in maiched
analyses. those who worsened should not have
been combined with the group that stayed the
same: however, the former were few in num-
ber and perhaps only diluted the magnitude of
observed resulis.

A possible explanation for the observed
differences over time in reference buildings is
the ergonomics awareness training received
by agency supervisors in the summer of 1992,
which was unanticipated by study investiga-
tors. Health and safety stafll were concerned
about conditions aflecting agency employees
and attempted to reduce perceived risk
through supervisor training and individual
job modiflications for symptiomatic workers.
In one reference facility, supervisor training
and job evaluations took place in the summer
of 1992; in the other facility. training and
workstation modilications were completed by
February 1993. These activitics might explain
the similar downward trend in symptoms in
the reference group. (Again. for the agency as
a whole, the rate for workers” compensation
claims lor musculoskeletal disorders de.
creased from 1992 1o 1993, which might sug.
gest that the depariment’s cfforts were
successlul))

The lower overall sympiom prevalences in
relerence buildings might be explained by the
fact that many employees spent at least part of
the work week (an average of hall a day) ow

ol the building carrying vul workplace inspec
tons. 1s also possible that resulis lor the rel-
crence group reflected the Tace than they
reported spending less tme working at a visual
display terminal and perhaps alse performed
less intensive keying than the relocated group
Finally, it is possible that the observed reduc
tions in symptoms in both groups were arn
facis related 10 being included in a rescarch
investigation (the Hawthome effect). It was
fur this reason that a reference group was
included in the study, in the expeclation that
hypothesized improvemenis in symploms in
the relocated group would exceed baseline
effects or Hawthorne-effect changes. Not all
questionnaire responses changed over time,
however (psychosocial variables in particular
were stable over the study period). suggesting
that results were not attributable to operation
of a Hawthome effect.

Risk factors identified in the cross-sectional
analyses were similar to those observed by
other investigators who studied office work-
ers, including hours of visual display terminal
use, chair and workstation comlort, psychoso-
cial workplace factors, and individual faciors
such as gender (Bammer, 1987: Bernard et al.,
1994; Bongers el al., 1993 Hunting e1 al., 1981.
Linton & Kamwendo, 1989: Sauter et al.,
1983; Smith et al,, 1981). The cross-sectional
analyses identified four lactors associated with
hand/arm symptoms and five factors associat-
cd with neck/shoulder/back symproms in
1992 and 1993, One [actor - desk discomfor -
was shared by both health outcomes. Risk lac.
tors identified for hand/arm symploms were
largely related to physical aspects of the work
environmeni. Risk faciors for neck/shoulder/
back symptoms were mixed, including faciors
related 10 physical and psychosocial work-
place characteristics and other factors (ie..
gender and taking outside course work).
These resulis might be interpreted as similar
to those of Bermard et al. (1994), who found
thin psychosocial risk laciors appeared 10 be
more related 10 disorders of the neck and shoul.
der region than those of the hand or wrist. In
a study of neck, shoulder, and back symptims
in salespeople, Skov, Borg, and Orhede (1996)
found that both psychosocial and physical risk
factors were associated with symptoms. In
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parncular, neck symploms were associated
with lactors related 1o job demands,

A number of recent studies have examined
relationships between musculoskeletal disor-
ders and the use of video display terminals
(VDTs). In a cross-sectional siudy of VDT
operators (who used VDTs more than 4 h
week) in the editonal department of a large
newspaper, Faucett and Rempel (1994) re-
ported that potential upper 1orso disorders
increased with greater daily VDT use (OR =
1.43) and less decision latilude (OR = 1.07).
The risk of potential upper extremity disorders
increased with increased daily hours of VDT
use (OR = 1.49).

This is similar 1o our lindings of increased
nisk of hand/arm sympioms with increased
VDT use (more than 6 hiday, OR = 1.8). In
the curremt swudy. psychosocial variables that
increased risk of neck/shoulder/back symp-
toms included perception of having 1o work
hard or fast (in cross-sectional analyses) and
low influence over one’s job (in longitudinal
analyses). The laner might be considered to
support Faucett and Rempel’s observed associ-
ation with low decision latitude, Physical risk
factors identified in the Faucen study included
having keyboard height above elbow height,
which tends 10 increase load in the neck/
shoulder region. In the present study, desk dis-
comlort was associated with both hand/arm
and neck/shoulder/back sympioms.

The current study design might have dilut.
ed the effect of inensive keyboard work by
asking only about hours of use per day. It did
not differentiate between data entry (intensive
keying) and low-paced interactive keying. In a
study of 353 VDT workers, Berggvist et al,
(1995) noted no dillerence in muscle-related
disorders between participants doing VDT
work and those not doing such work (less
than 5 h/week). However, when VDT work
was limited to intensive keying, as in dala
entry or word processing for more than 20
hfweek, significam differences were observed,
Il additional factors such as limited rest
breaks or low keyboard location were includ-
cd, magnitude of risk increased (ORs = 2.8
10 4.8).

Of greatest interest in the current study
was identification of risk factors associaled

with improvement of sympioms lrom 1992 1w
1993, In univanate analyses, three lactors
related 1o changes in physical aspects of the
work environment were associated with
improvement in hand/arm symptoms. In mwul.
tivariate analyses, only improvement {from
1992 10 1995) in overall satislacuion with the
physical workstation remained associated with
symptom amprovement. Factors assocated
with improvement in neck/shoulder/back
symptoms in umvanate analyses included
physical and psychosocial workplace charac.
teristics, female gender, and housckeeping
responsibilities. In multivariate analyses,
improvement in chair comfort, female gender,
low pay range, and perceived decrease in
housekeeping responsibilities (from 1992 10
1993) were associated with sympiom im-
provement. It should be noted that most asso-
ciations observed in the current study were
not strong (with ORs of 2.5 or less for work.
related nisk factors).

In comparison with cross-sectional muli.
variatc analyses, longitudinal analyses identi-
fied fewer risk factors associated with
symptoms. Variables identified by longitudinal
multivanate analyses that did not appear as
significant in cross-sectional analyses included
low pay range and decrease in housckeeping
responsibilities, both of which were associated
with improvement in neck/shoulder/back
sympioms. The former factor was [airly stable
from 1992 10 1993 and was not associated
with symptoms in 1992 or 1993 cross-sectional
analyses. It might be that the move represent.
ed more of an improvement in the work envi-
ronment (and lower symptom rates) lor those
with lower pay than those with higher pay.
The association of symptom improvement
wilh a decrease in housckeeping responsibili.
ties might suggest that some physical activities
unrelated 10 work affect the risk of work-related
neck/shoulder/back symptoms.

Several other studies tha examined elfects
of leisure time and sports activities showed no
association with musculoskeletal symptoms or
disorders (Ekberg. Karlsson, & Axclson,
1995 Holmsirom, Lindell, & Moz, 1992:
Houtman, Bongers, Smulders, & Kompicr,
1994: Skov et al.. 1996). Another study sug-
gested that physical training in one’s spare



MUSCULOSKELETAL SYMPTOMS IN OFFICE WORK

_34%

e was related o improvement N cervieo-
brachial SYmpLoms {Jonsson et al,, 198R),
Housckeeping responsibilities might represent
more psychosocial than physical stress, which
15 consistent with our lindings.

When the same relationslips were exam-
ined for the relerence group, improvement in
hand/arm symptoms was associated with
increased overall satislaction with the physical
warkstation. Improvement in neck/shoulder/
back symptoms was associated with improve.
ment in chair comfort, female gender, and pay
range. Thus, for both relocated and reference
groups. neck/shoulder/back symptoms were
associated with perceived workplace changes
and other factors (including characieristics
that did not change from one year o the next),
Interpretation of results for the reference
group is dilficult, however, because numbers
were small and dilferences were not statisti-
cally significant.

In a swudy such as this, in which the health
outcomes of interest relate 1o sell-repont of
symptoms and many potential causative fac-
tors are examined, it is sometimes dilliculi 1o
determine relationships among them. Partic-
ularly in cross-sectional analyses, it is possible
that observed associations might not represent
cause-elfect relationships but, rather, might be
measures of the same perception. The lact
that some variables remained significant in
longitudinal analyses gives weight 10 their
imporiance.

CONCLUSION

In cross-sectional analyses, hand/arm symp-
toms were associated with desk comfort, satis-
faction with the physical workstation, and
visual display terminal use. Neck/shoulder/
back symploms were associated with desk and
chair comfort and perception of having 1o
work hard or fast. In longiludinal analyses, a
reduction in musculoskeletal symproms in the
relocated group appearcd 1w be related 10
improvements in the physical work environ.
ment that came along wath the move 10 the
new building. Similar relationships were also
observed Tor the reference group. which did
not experience any location changes. The T
ter did expericnce unanticipated and some-

whit less marked workstanon changes. which
were consistent with the observed reductions
in symploms. Resulis from both groups sug.
pested that changes in worksiations resulied
in decreased symptoms, As psychosucial job
characteristics remained lairly stable Tor both
groups over the study period. it was not possi-
ble 1o assess their potential relationships with
symptom changes over time,
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