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The purpose of s study was o wennly Tactors associated with reductions
wbserved o musculoskeleal symproms when oflice workers were moved 1o a
new building. A gquestionnaire including items regarding symproms and aspects
ol the work environment was sdministered 1o 577 office workers belore and
aler they woere moved from mine buildings 1o a sngle new facilig i 1992
Employees working in two relerence buildings, where they remained throughouw
the study period, were also surveyed. Two musculoskeletal vutcomes. hand/arm
and neck/shoulder/back, were selected Tor study. In matched multivariate analy-
ses. the reduction in hand/arm symploms from 1992 10 1993 was assoviaed
with improved satisfaction with the physical worksiation (odds rato |OR] =
2.0): the reduction in neck/shoulder/back symproms was associated with
improved chair comfort (OR = 1.8}, fewer housckeeping responsibilities (OR =
3.6). female gender (OR = 181 and low pay range (OR = 1.7). Longnudinal
results suggested that changes in workstations resulted in decreased symploms
Results of this investigation might be used o develop workplace changes that
result in reductions of musculoskeleal disorders

INTRODUCTION

Musculoskelelal sympioms have been
shown 10 be associated with physical auribut-
es of the work environment, psychosocial
stressors, and personal characteristics of indi-
viduals employed in office buildings. Increases
in back. neck. shoulder, arm, and hand pain
have been shown 1o be related 1w intensive
keyboard work, char and workstanon charac.
wristics, job dissavsflaction, poor psychologic
work environment, increased job demands,
and Temale gender (Bammer, 1987, Berpyvist,
Wolgast, Milsson, & Voss, 1995 Bernard,
Sauter, Fine, Perersen, & Hales, 1994; Bonguers,
e Whinter, Kompaer, & Hildebrandi, 1993,
Hunting, Laubli, & Grandjean, 1981, Linton
& Kamwendo, 1989, Punnett, 1994, Sauter,
Gottleb, Junes, Duodson, & Robrer, 1985
Smith, Cohen, & Stwnmerjohn, 1981 Siudy

populations have included newspaper report-
ers, computer programmers. clerical and
administrative stall. and data and word proces.
sors, with particular emphasis on keying and
use of computers,

Armstrong and colleagues suggesied o
dynamic cascading model for work-related
musculoskeletal disorders, in which external
exposures in the work enviromment (worksti
tion confliguration. work Now, supervisory sup-
port) comroibute w an internal “dose” legp
bicmechanical load on the shoulder girdle, Tre
guency of Tinger extension, conlheting de-
mands) that leads 1w o response Lealenm on
asccumulanon i oantrscellular spaces, endon
creep, muscle contraciion) that in wum be
comes a new dose with cascading responses
(Armstrong ot al. 19931 This relationship s
mediaed bwoandadual capacity tape, pendoer,
health, endurance, and anthropomenryy
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Depending on the miensity, [requency, and
duranon of exposures, the ultimate elfect can
be salubrious (training effect) or damaging
twork-related musculoskeletal disorders), The
expression of a disorder (repanting, disabality)
is often mediated by individual capacity and
social climate. In this model. it is unlikely thar
a work-related musculoskeletal disorder
would develop in the absence of physical over-
load. However, some have suggested that sub.
jectively reported psychological risk lactors
van have physiological consequences that can
lead 1o muscle pain in the absence of overt
muscle activity (Bongers et al., 1995; Vasscljen
& Wesigaard, 1995),

The current study examines associations
between musculoskeletal symploms and indi-
vidual and office workplace characteristics in
an attempt o identily factors associated with
lower rates of disorder. This study examines
symplom rates in office workers at two paints
in time (before and after the group was moved
from nine separate buildings to 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 comfon and reduce the
likelihood of musculoskeletal disorders, The
study hypothesis was that musculoskelenal
symptom rates would decrease aflter employ-
ees were moved to the new facility. Two out-
comes were selected: hand/arm and neck/s
shoulder/back symptom groups. Of particular
interesl were potential differences in risk lac-
tors identified for the two musculoskeletal
outcomes and comparison of results for the
relocated group of employees. who changed
locations between surveys, with those for a
reference group of employees, who remained
in the same facilities over the study period.
Few investigations have used a prospective
study design to examine changes in muscu-
loskeletal symploms and their potential risk
factors over time,

MATERIALS AND METHODS
Study Group

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

ings lovated in o single ciny. This group was
moved from separate work lacilities (o a single
new building in the summer of 1992,

Workstations in the Tormer Tacilities varied
in size, type, furnishings, and illommanon level
In the new building, more than 90% ol work-
stations were designed as modular units with
uniform square footage, dlumination level, wall
partitions. furnishings, and adjustable work
surface heights. Workswations were equipped
with personal computers with adjusiable-height
keyboards and fully adjusiable chairs. NMew
chairs were available in three sizes with ad-
justable seat pan height and angle and scal
back tilt. Chairs for employees whose major job
responsibilities included data 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 training, 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 reference buildings who were also
included in the swudy: these workers remained
in the same lacilitics over the study perod.

One reference building was an older faciliny
(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 furnishings
had been installed when the building was con-
structed. Work spaces in both buildings in-
cluded private offices, shared rooms, and open
spaces with and without partitions

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

Questionnaire

Potential study participants were invited 1o
complete a sell-administered questionnaire in
March 1992, three 1o six months belore the



move ook place. Participation in the survey
was encouraged but voluntary, The study was
approved by the State of Washingions De-
partment of Social and Health Services
Human Subyects Research Review Board.

An identical questionnaire was adminis-
tered in March 1993, one year alter the lirst
survey was conducted and seven months alter
the move 1o the new building was completed
Questionnaire responses from 1992 and 1993
were individually linked using a unique code
created by respondents in order 1o preserve
their anonymity. Individuals had 1o complete a
questionnaire in both 1992 and 1993 in order
to be included in the study group.

The questionnaire was adapted rom a vari-
ety of instruments used by other researchers,
including the U.5. Environmental Protection
Agency (EPA) Indoor Environmental Quality
Survey, the National Institute for Occupational
Salety and Health (NIOSH) Mational Center
for Health Statistics building and Library of
Congress building study questionnaires, and the
NIOSH Job Stress Instrument {(Hurrell &
McLaney, 1988; Hurrell, Sauter, Fidler,
Wilcox, & Homung, 1990; National Institute
for Occupational Safety and Health, 1991).
Questionnaire items included questions regard.
ing demographic characteristics, physical and
psychosocial attributes of the work environ-
ment, job satislaction, work pace, influence
over responsibilities, and stressors unrelated 1o
work, The original NIOSH/EPA instrumeni,
which was used in a number of indoor air qual-
ity investigations, included questions regarding
respiratory, mucosal, dermal, and central ner-
vous system symploms (Malkin, Wilcox, &
Sieber, 1996). Questions on musculoskeletal
symploms 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 ol questions regarding
environmental characteristics and psycho-
social aspects of the workplace were included
in the questionnaire. Given that many inde-
pendent varables measured similar phenome-
na and were highly correlated. Tacior analyses
{varimax rotation) were carricd ou 1o deter-
mine which variables could be combined 10

create Tewer gnd unigue dimensions, Facior
analyses were completed using the 1992 ques-
tionnaire responses; analyses ol potennial risk
factors were conducted separately for the
rhysical environmem and for psychosocial
aspects of the workplace. Some variable scales
were reversed as necessary 1o ensore that all
included in any particular lactor were in the
same direction.

Similarly, questionnaire responses for museu.
loskelewal symptoms were highly correlated lor
several anatomic regions: factor analysis tech-
nigques were used 1o create Tewer and unique
outcome measures, Two dependent variables
were created: hand/arm symptoms (numbness
in hands or wrists, pain in hands or wrists,
waking up a1 might because of hand pain, arm
pain or numbness), and neck/shoulder/back
symptoms (pain or stiffness in neck or shoul-
der, pain or siiffness in back), A case was
defined as a report from any individual of a
least one ol the symptoms in each group for
one 1o three days per week in the previous
four weeks (or more), with symplom improve-
ment when away lrom work.

Cross-sectional relationships between
health outcome and potential risk factors were
examined for the 1992 data set. Potential risk
lactors examined in analyses consisted of gen-
der, year of 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 characieristics, and ouiside
responsibilities (child care, elder care, house-
keeping, course work, or volunteer activitics).
For continuous or scored variables, dichoto.
mous variables were created using median
values as cut points, Potential risk factors tha
were statistically significantly related 10 healih
outcomes {p < 05) in two-way analyses were
included in subscquent multivariate analyses.
Relationships among independent variables
were examined to identily potential colineariny
to cnsure that no risk factors included in mul-
tivariate models were strongly associated with
one another

The multivarine statistical approach used a
logistic model, where the logit translorm of
the outcome probahility in each risk category



is expressed as a linear funciion of regression
vanables for which the values correspond 1o
levels of cxposure to the risk faciors, as fol.
lows (Breslow & Day, 1980);
In [PAC1 =PV = PBg + Pyxy + Poxp+ ..o+ Pexy.
I denotes the probability of the healih out-
come, and calculated coelficients correspond
1o odds ratios (OR), which estimate the rela.
tive risk of a particular [actor or exposure, The
relative risk for presence of a dichotomous

factor 15 estimated by exponentisting the co.
clhicient for that vanable: Tor contimuous vari-
ables, exponentating the coefhicient calculates
the increase in nisk for an increment of 1 on
whatever scale is used. An OR greater than |
indicates increased risk; an OF less than 1
indicates decreased nsk.

Multivanate logistic regression (including
stepwise logisiic regression) was used for
developing Ninal models, In siepwise logistic
regression analyses, critena used 1o determine
variables that would remain in final models

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

Created by Grouping Cuestionnaire Variables

Variables Included

Factor Name Direction Cronbach’s
Alpha
Environmental factors
Desk comfort . 87
Physical + .87
Satisfaction
Glare - .
Chair comfort + B4
Fsychosocial factars
Good supervision i 85
Clear expectations + 88
Wark hard/last - 79
Job satisfaction + 7é
Influence workplace + BB
Conflicting demands - JB
High concentration  +/- A
Salary satisfaction + 55

Satisfaction with desk, arm rests, computer
maonitor or keyboard, telephone handset

Satisfaction with workstation, privacy, armount
of 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 treatment,
competence, praise, and policies

Clearness of job responsibilities, work
abjectives, and expectations

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

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

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

Often given work projects to do by multiple
supervisors that conflict with one another

Job requires a great deal of concentration

Satisfaction with salary and opportunities for
advancement

Mates Cronbach's alphas represent conelations among vasables combined to create faciors [uming 1992 quest-onnare respanses

foe relocated group, no= 577}



TABLE 2 Resporse Rates, 1992-1993

Reference Group

Relocated Group

1992 1993 1992 1993
Mo in building 287 187 1452 1616
Mo. respondents 179 110 998 1239
% response 62 4 58.8 &8 7 167
Total no. matched questionnaires 55 577
% of respondents 30.7 50.0 5.8 466
% of target population 19.2 29.4 kL 5.7
included significance levels of .05 for entry RESULTS

into and removal from models. SAS statisti-
cal sofltware was used (SAS Instilute, Inc.,
1996).

To compare results for the two years,
matched statistical testing was carried out
by linking individuals’ 1992 and 1993 ques-
lionnaire responses. Logistic regression mod-
¢ls 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 from
one year 1o the next {e.g.. gender) or might
have changed from 1992 1o 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),

Factor Analyses

Four physical-environment risk laciors
were identilied, which explained 60.4% of the
variance of the 17 individual vaniables 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 coelficients ranged from .55
1o .88 for the standardized variables that 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 lor these two facilities were combined,

TABLE 3: Comparison of Matched Respondents 1o Total Population

in Relocated and Reference Groups, 1993

Reference Group Relocated Group
Target Matched Target Matched

n 187 55 1616 577
% female 55.1 &5.5 bbb 71.4
% age 20-29 53 1.9 12.3 8.7
10-39 25.7 2946 N 298
A0-4% 40.6 35.2 315 9.6
50-59 230 29.6 15.7 19.2
L 5.3 iz 29 2.7




TABLE 4 Matched Questonnare Responses, 1992-1991 Physical Charactenstics of the Work Environment

Relerence Group n = 55)

Relocated Group (n = 557)

% Yes Response

Charactenstic 1992 1993
Desk comion 59 &a
Physcal satisfacton 18 18
Chaw comlon Sé &4
Problems with glare n a2
Work at VDT > & h/day kL) 3&
Work = 40 hiweek &9 ¥

% Ye: Response

P value

pvalue 1992 1993
a4 49 63 < 0001
10 49 74 < 000
15 55 74 < 0001
083 A 54 003
&2 49 A a3
16 B 92 <.0001

MNotes Delnataons los Dest low characiernins sppeas w Table | For continuous or scored varabies, dicholomous varables were
Created wieng modian values a1 Cul pOnts D values compare rewpomies for 1997 and 199) fuseng matched analytcal methods)

When age and gender distributions were
compared for the maiched 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 maiched and 1arge
groups: for the relocated group, maiched
respondents tended 10 be slighily 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 characieristics of the work

environment for the relocated and reference
groups for 1992 and 1993. In general, em.
ployees who were moved to the new building
reported significantly more comlort and fewer
problems with their physical work environ.
ments alter the move. Similar but less marked
changes were seen from 1992 1o 1993 for ref.
erence building respondents (except for over-
all satisfaction with the physical workstation),
No differences were statistically significant
for the reference group because numbers
were small. Table 5 shows responses regard.
ing psychosocial aspects of the workplace.
Most psychosocial workplace characteristics
remained stable from 1992 1o 1993 for both
groups.

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

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

Reference Group (n = 55)

Relocated Group (n = 557)

% Yeos Response % Yes Response

Charactenistic 1992 1993 p value 1992 1993 p value
Good supervision 46 45 10 56 56 74
Clear expectations a9 53 &2 a2 a5 A9
Wark hardflast 36 50 035 54 57 20
Job satisfaction &7 55 034 51 54 13
Influence workplace 52 54 74 53 48 010
Conflicting demands n 29 B0 a0 a1 49
High concentration 7 73 80 (] &9 07
Salary satsfaction &0 51 iz &1 61 93

Notes Delintions lor charactertics appeas s Table 1 For contimeous of scored vanables. dechotomous vanables were created g
median values 34 Cut ponls B values compaie responies for 1992 and 1993 (usng matched analytical methods)



rates decreased from 1992 10 1993 for nearly
all anatomic regions, but particularly Tor the
neck/shoulder/back, Overall symplom vnes
were lower for the reference group than fu
the relocated group. Neck/shoulder/back
symploms rates also decreased substantially
from 1992 10 1993 lor the relerence group,
bur changes were not stanisucally signilicam
because numbers were small. Reports of leg
symploms increased lor this group.

1992 Cross-5ectional Multivariate Analyses

Table 7 shows Spearman correlation co-
efficients for relationships among independent
variables (capressed as scores) included in
1992 cross-sectional multivariate logistic
analyses. Correlations were not strong. Risk
faciors for hand/arm and neck/shoulder/back
symploms identified in multivariate analyses
are shown in Table & (using dichotomous
expressions for all independent variables).
Hand/arm symptoms were negatively associat-
ed with desk comfon and overall sauisfaction
with the physical workstation and positively
associaled 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 1aking college courses outside
of work, lfemale gender, and perception of
having to work hard or fast (Table 8).

1992-1993 Matched Analyses

Table 9 shows Spearman correlation co.
ellicients for relationships among independem
variables included in 1992-1993% matched
multivariate logistic analyses. Correlations
wiere wiik,

For 11.9% of relocated respondents,
handfarm symploms improved from 1992 1w
1993 (7.9% reporied symplom worsening,
whercas 806" remained the samc), In pwo-
way analyses. improvement in hand/arm
symploms was associated with changes in
three lactors (from 1992 1w 1993): improve-
ment in desk comfort, improvement in overall
satisfaction with the physical worksiation, and
having fewer housekeeping responsibilities in
the home (Table 10). In multivariaie analyses,
only overall satislaction with the physical
workstation remained statistically significantly
associated with improvement in hand/arm
symptoms, with an OR of 2.0,

For 20.0% of relocated participants,
neck/shoulder/back sympioms improved [rom
1992 10 1993 (10.3% reported symplom
worsening, whereas 69.7% remained the
same). Improvement in neck/shoulder/back
symptoms from 1992 10 1993 was associated
with five lactors in Iwo-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 housekeeping responsibilities in the

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

Reference Group (n = 55)

Relocated Group (n = 557)

% Yes Response

% Yes Response

Charactenstic 1992 1993 p value 1992 1993 p value
All hand/arm pain 1" 7 32 18 14 052
Hand/wrist numbness 7 7 1.0 B 5 022
Hand/wrist pain & 4 5é 13 B 20
Woke up at ight
with hand pain 2 2 1.0 3 2 a1
Arm pain 4 4 1.0 & & 1.0
Leg pain 4 & &b & 5 a5
All neck/shoulder/back pain n 20 13 38 28 < 0001
Meck/shoulder pain 27 20 29 i3 23 < 0001
Back pain 20 13 29 20 15 005

Motes Delfinatson lor symplom (dehotomous] Indaadual repored ymgoem 1-3 dayy prod week o Ll 4 weeks [or mosel wath sypmptom
improvemen] when sway lrom work p valves compare responiet lar 1992 and 1993 Tusang matched analyiscal methods)
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TABLE 7. Spearman Correlation CoeHicients for Relationships Among Independent Vanables Included
in 1992 Cross Secnional Stepwise Multivanate Analyses

Variable 1 2 3 4 5 & 7 8 ¥ 10
Hand/Arm Analyses
1. Times outsdedday 1.0
2 Physical satisfaction =04 10
3. Chair comlon 03 20 10
4. Desk comlon 04 A6 52 10
5. VDT use (h/day) 04 -23 -07 -16 10
4. Good supervision -.08 iz 0% 25 -046 10
7. Work hard/fast 05 -.24 =07 =22 15 -.23 1.0
8. Job satislaction =04 24 05 1M =09 47 -18 10
9 Influence workplace  -.08 s 12 18 -20 35 -2 3z 10
10. High concentration 0 -5 -0 -5 4 -0 48 -08 -12 10
Meck/Shoulder/Back Analyses
1. Gender 10
2. Physical satisfaction -05 1.0
3. Chair comfort -13 20 10
4, Desk comion -4 .34 S52 1.0
5 VDT use (h/day) 07 =23 =07 =16 1.0
&. Good supervision 07 .32 05 25 =06 10
7. Work hardffast 05 =24 07 -22 A% =23 1.0
B. Influence workplace -.05 34 2 A8 =20 a5 =21 10
9. High concentration 02 -15 -08 -15 4 -0 48 -12 1.0
10. College course work 06 09 -07 -6 03 -p4 -05 -07 -04 10

Notes: Gender and college couwse work are dichotomous vanables llor gender, code O = male, code 1 = lemalel. The remainng

wamnabley are soeird vanables

home (from 1992 10 199%) (Table 100, In
multivariate analyses, more chair comfort.
female gender, lower pay range. and fewer
housckeeping responsibilitics remained statis.
tically significantly associated with improve.
ment in Symploms.

DISCUSSION

We were fortunate to be able 1o 1ake advan.
tage of the planned move of employces 1o
determine il workplace changes were associal-
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, partitions separating work.
stations, and adjustable chairs and computer
keyboards, These changes were perhaps re.
Nected in the relocated group'’s increased over-
all sausfaction with physical characteristics of
the workstation (from 49% 10 74% (rom 1992
1o 1993). Unlortunately. it was not possible 10
study effects of specific changes, as all changes

in the physical work environment occurred
simultaneously 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 lor this was that most workers were
moved from interior office spaces withow
windows or direct natural light 10 cubicles
that were close 10 windows that causcd glare
problems. The reason for the increased per-
ception of glare reporied by the reference
group is not apparent, however.

On average, employces had worked in the
new building for seven months when the sec.
ond survey was conducted. A potential limia-
tion of the study s thar although a reduction in
symploms was noted [rom March 1992 o
March 1993, i is possible thay il participams
had been lollowed for a longer period of ume,
symplom reporting might have changed. For
example, in a prospective study of oflice work-
ers carricd oul over seven years, Berggvist
(1995) observed increased hand/wrist symp-
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TABLE 8: Cross-Sectional Multwvanate Logitic
Regreswon Analyses, 1992, Factors Associated
with Hand/Arm and Neck/Shoulder/Back
Symptoms in Relocated Employees (n = 577)

Factor Odds Rato

Hand/arm symploms

P value

Desk comion® 0.38 0002
Physical satisfaction® 0.49 00a
Times outside/day 1.8 oz
VOT use > 6 hiday 18 0194
Neck/shoulder/back symploms
College course waork 2.5 0077
Desk comlon® 0.48 0003
Chair comfort* 0.49 0003
Female gender 1.9 0048
Work hard/fast* 1.8 o7

MNotes: Oxdds rataon refer 1o dhotomered vanables (lor contng-
o aned nocred winabden, madhan values weete wied oy DUl posita)

* Delwutions for theve Iacion sppest o Table |

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 penod appeared 1o
alleviate other (neck, shoulder, and upper arm)
symptoms. In another prospective study of
electronics workers in which participanis were
examined three times over two years, cervico-
brachial symptoms decrcased after one year;
participants who were moved 1o more varied
tasks showed improvement over the following

year (Jonsson, Persson, & Kilbom, 1988} The
current study was similar 1o the laner mvesti-
gation in that it could detear dilferences in
symptom reports over only the short term: it is
hoped, however, that the health outcome than
was studied represented the lower end of the
severity contimuum and consequently could be
reversible in a shon penod of time.

In fact, the health outcome measures used in
the current study woere perhaps 100 resinctive,
i that it was required that symptoms improve
when away (rom work. In this attempt 1o
exclude disorders unrelated 10 work, partici-
pants 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 eliminated
from the case group. Even so, the symplom del-
inition that was utilized represented discomlon
that was lrequent and persisient.

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

TABLE ¢: Spearman Correlation Coefficients for Relationships among Independent Variables Included
n Matched 1992-1993 Stepwise Multivariate Analyses

2 k] 4 5

Hand/frm Analyses

Varnable 1
1. Increased desk comfort® 1.0
2. Increased satisfaction with

physical work environment® 22

3. Decrease in housekeeping

responsibilities* -.02

=03 10

MNeck/Shoulder/Back Analyses

1. Female gender 1.0
2. Increased char comfort® 08
1. Increase in influence over job® 04
4, Lower pay range =23
5. Decrease in housekeeping

responsibulities? -04

10

10 10

-07 -08 10

-02 -04 -02 10

Notes Gender and houtebeepeng varabley are dahotomous The remander are wored varables

* yanabile refers to percered change brom 1992 1o 1991
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TABLE 10 Relocated Group Matched Analyses: Factors Associated with Improvement in Hand/ Arm
and Neck/Shoulder/Back Symptoms lrom 1992 10 1993 (0 = 577)

Unvanate Analysis

Odds Rate

Decrease in housekeeping

responsibilities® 7
Increased satislaction with

physical environment® 20
Increased desk comfon® 1.4

Hand/ffArm Symptom Improvement

Multivanate Analysis

Meck/Shoulder/Back Symptom Impravement

Decrease in housekeeping

responsibihties® 3.1
Female gender 21
Increased chair camfan® 19
Lower pay range 1.9
Increase in influence over job® 1.6

P value Odds Rano pwalue
028
oz 20 oe
050
025 14 036
005 1.8 047
003 1.8 014
005 1.7 022
08

* Facror refers 1o percewed change fram 1992 1o 199

in keying activities {Washinglon State Depari-
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 at video
display terminals. Given that keying may rep-
resent only a portion of time spent working at
a visual display terminal, these resulls appear
consistent. They may also demonsiraie that
sell-reponts oversiate keying time: Bernard e al,
{1994) observed similar results in which
employees appeared to over-report time spent
in typing activities. In that study. over-report
was nondiflerential with regard 1o symptom
reporting and thus did not appear (o bias
results. Il keying tme was indeed over-reported
in the current siudy, then its relationship with
musculoskeletal symptoms was underestimated.
In another comparison - an independem
measure of musculoskeletal injury and illness for
agency employees - the workers™ compensation
claim rate decreased lrom 1992 10 1993 (from
3.8 10 3.3 per 100 employees), which is consis.
tent with the decrease in reported symproms.
Other limitations of the siudy relate 1o
response rates and difficulty in maching the
1992 and 1993 questionnaires. particularly for
the two relerence buildings, The proportion of
linkable questionnaires was low because of

incomplete or missing record identification
numbers, dilfering respondents from one year
to the next, and, perhaps, differing reporting
of encoded identilication numbers rom one
year 10 the next. However, responses 1o ques.
tionnaire items did not statistically signilicantly
differ for 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 proup were slighily
more likely 10 be female and slightly older. It
was nol possible to compare the 1wo groups
with regard 1o other characieristics,

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



Musculoskeletal symploms were reported fre-
gquenily in both the relocated and reference
groups (38% and 31% repored neck/shoulder/
back symptoms, respectively) but were nearly
always higher overall for relocated employees,
Symptoms of the neck/shoulder/back were
most frequent, occurring two to three times as
often as hand/arm symploms. Symptlom rates
decreased [vom 1992 10 1993 [or most muscu-
loskeletal symptoms lor 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 worsened. For example, 20% of
relocated employees experienced an improve-
ment in neck/shoulder/back symptoms from
1992 10 1993, whereas 10.3% reported wors-
ening. It might be argued that in matched
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 results.

A possible explanation for the observed
diflerences over time in relerence buildings is
the ergonomics awareness training received
by agency supervisors in the summer of 1992,
which was unanticipated by study investiga-
tors. Health and saflety siafl were concerned
about conditions affecting agency employees
and attempted 1o reduce perceived risk
through supervisor training and individual
job modifications for symptomatic workers.
In one reference [acility, supervisor training
and job evaluations took place in the summer
of 1992: in the other facility, training and
workstation modifications 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 for musculoskeletal disorders de.
creased from 1992 10 1993, which might sug-
gest that the department’s efforts were
successful.)

The lower overall symptom prevalences in
reference 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 careying oul workplace inspec
tions, I is also possible than resulis lor the rel-
crence group rellected the Tact that they
repurted spending less time working i a visual
display terminal and perhaps also performed
less intensive keying than the relocated group,
Finally, it is possible that the observed reduc.
tions in symptoms in both groups were ar-
lacts related 1o being included in a rescarch
investigation (the Hawthorme effect). Tt was
fur this reason that a reference group was
included in the study. i the expeciation that
hypothesized improvements in sympioms in
the relocated group would exceed baseline
cflccts or Hawthorne-cffect changes. Not all
questionnaire responscs changed over time,
however (psychosocial variables in particular
were stable over the study period), suggesting
that results were not attributable 1o operation
of a Hawthorne 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 laciors
such as gender (Bammer, 1987; Bernard et al.,
1994; Bongers et al., 1993: Hunting et al., 1981.
Linton & Kamwendo, 1989: Sauter et al.,
1983%; Smith e al., 1981}, The cross-sectional
analyscs identified four factors associated with
hand/arm symptloms and five factors associat-
cd with neck/shoulder/back symptoms in
1992 and 1993, One lactor - desk discomfor -
was shared by both health outcomes. Risk fac-
tors identified for hand/arm symploms were
largely related to physical aspects of the work
environment, Risk faciors for neck/shoulder/
back symptoms were mixed, including factors
related to physical and psychosocial work-
place characteristics and other factors tic.,
gender and 1aking outside course work).
These results might be interpreted as similar
to those of Bernard et al. (1994), who lound
that psychosocial risk factors appeared 1o be
more related 1o disorders of the neck and shoul.
der region than those of the hand or wrist. In
a study of neck, shoulder, and back symproms
in salespeople, Skov, Borg, and Orhede (1996)
found that both psychosocial and physical risk
lactors were associated with symptoms, In
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parncular, neck symproms were associated
with lactors related 1o job demands,

A number of recent studies have examined
relationships between musculoskeleial disor-
ders and the use of video display terminals
(VDTs). In a cross-sectional stedy of VDT
operators (who used VDTs more than 4 h/
week) in the editorial 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 latiwude (OR = 1.07).
The risk of potential upper extremity disorders
increased with increased daily hours of VDT
use (OR = 1.49).

This is similar to our lindings of increased
nsk of hand/arm symptoms with increased
VDT use (more than 6 h/day, OR = 1.8). In
the current study, psychosocial varables 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 latter might be considered 10
support Faucett and Rempel's observed associ-
ation with low decision latilude. Physical risk
factors identified in the Faucent study included
having keyboard height above elbow height,
which tends 10 increase load in the neck/
shoulder region, In the present swudy, desk dis.
comlort was associated with both hand/arm
and neck/shoulder/back symploms.

The current study design might have dilut-
ed the effect of intensive 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 dilference in muscle-related
disorders beiween 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
hweek, significant differences were observed,
Il additional factors such as limited rest
breaks or low keyboard location were includ-
ed. magnitude of risk incrcased (ORs = 2.8
104 8).

Of greatest interest in the current study
was identification of nsk factors associated

with improvement of symproms from 1992 10
1993, In umivariate analyses, three laciors
related 1o changes in physical aspects of the
work cnvironment were associated with
improvement in hand/ann symproms. In mul-
tivariate analyses, only improvement (from
1992 10 19931 in overall sanslaction with the
physical workstation remained associated with
symplom amprovement. Factors associated
with improvement in neck/shoulder/back
symploms in unmivariate analyses included
physical and psychosocial workplace charac.
teristics, female gender, and housckeeping
responsibilities. In multivariate analyses,
improvement in chair comflort, female gender,
low pay range, and perceived decrease in
housckeeping responsibilities (from 1992 10
1993) were associated with symptom im-
provement. It should be noted that most asso-
ciations observed in the current study were
nol strong (with ORs of 2.5 or less for work-
related risk faciors).

In comparson with cross-sectional multi-
variate analyses, longitudinal analyses identi-
lied fewer risk lactors associated with
symptoms. Variables identified by longitudinal
multivariate analyses that did not appear as
significant in cross-sectional analyses included
low pay range and decrease in housekeeping
responsibilities, both of which were associated
with improvement in neck/shoulder/back
symptoms. The lormer lactor was fairly stable
from 1992 10 1993 and was not associated
with symptoms in 1992 or 1993 cross-sectional
analyses. [t might be that the move represent-
ed more of an improvement in the work envi-
ronment (and lower symptom rates) for those
with lower pay than those with higher pay.
The association of symplom improvement
with a decrease in housekeeping responsibili-
ties might suggest that some physical activities
unrelated 1o work alfect the risk of work-related
neck/shoulder/back sympioms,

Several other studies that examined effccts
of leisure time and sports activities showed no
association with musculoskeletal symploms or
disorders (Ekberg, Karlsson, & Axeclson,
1995; Holmstrom, Lindell, & Moritz. 1992;
Houtman, Bongers, Smulders, & Kompier,
1994; Skov ct al., 1996). Another study sug.
gesied that physical training in one’s spare



e was related o improvement inocervico-
brachaal symploms {lonsson et al,, 198K,
H{:usc-kurping responsibiliies might represent
more psychosocial than physical stress, which
15 consistent with our findings.

When the same relationships were exam-
ined lor the relerence group, improvement in
hand/arm symploms was associated with
increased overall satisfaction with the physical
workstation. Improvement in neck/shoulder/
back symploms 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 1o the next).
Interpretation of results for the reference
group is difficult, however, because numbers
were small and differences were not statisti-
cally significant.

[n a study such as this. in which the health
outcomes of interest relate o sell-report of
sympioms and many potential causative fac-
tors are examined, it is sometimes difficult 1o
determine relationships among them. Partic-
ularly in cross-sectional analyses, it is possible
that observed associations might not represent
cause-eflect relationships but, rather, might be
measures of the same perception. The fact
that some variables remained signiflicant in
longitudinal analyses gives weight 1o their
importance.

CONCLUSION

In cross-sectional analyses, hand/arm symp-
toms were associated with desk comfort, satis-
faction with the physical worksiation, and
visual display terminal use. Neck/shoulders
back symptoms were associated with desk and
chair comfort and perceprion of having 10
work hard or fast In longildinal analyses, a
reduction in musculoskeletal symploms in the
relocated group appeared 1o be related 1o
improvements in the physical work environ.
ment that came along with the move 1o (he
new building. Similar relationships were also
observed lor the reference group. which did
not experience any location changes. The lat.
ter did experience unanticipated and some-
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what less marked workstanon changes, wiich
were consistent with the obscrved reductions
in sympioms. Resulis from both groups sug.
gested that changes in worksutions resulied
in decreased symploms. As psychosocial job
characieristics remained fairly stable Tor both
groups over the study period, it was not possi-
ble 1o assess their potential relationships with
symplom changes over time,
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