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Just t1s " sl,ift from infectious to cl1m11ic disease epi­
demiolog)' required 11ew appro<1cl1es.for 111u/erstc111di11g 
the origins and plltlerns of disease, so 100 will we need 
to dei•e/op 11ew ll'll.\'S of 1mdersta11tli11g tl,e orig ills a11d 
pntlems t1/ il/11esses a11d disee1ses produced by cha11ges 
i11 tedmology from a l111111C111-111etliated work process to 
" c11111p111er-111eclit1ted work process.' 

There are no accurate statistics on the 
number of workers in the United Slates who rou­
tinely use computers in their jobs. Estimates of 
the number of people engaged in computer-medi­
ated work also are difficult to determine. 
However, based on the number of workers in oc­
cupations known to use computers lo some de­
gree, a conservalive estimate is that about half of 
the 120 million workers in the U.S. are now 
spending some lime during lhc workday al a com­
l)lller keyboard. With the continued rapid expan­
sion of computer technology to all sectors of the 
economy, the numbers will only increase. 

The effects of the physical aspects of lhe 
computer work environment on worker heahh 
have long been a concern; studies since lhe 1970s 
have indicated a link between ergonomic aspects 
of the work environment and musculoskeletal and 
other prohlems.11·16•21.lS.?b,Jo Although this research 
has prompted significant improvements in the 
design of office equipment and environments, 
musculoskelelal prohlcms among computer users 
arc still common. Thus, attention has increas­
ingly turned to other occupational risk factors, 
namely work organization factors, which may, in 
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conjunction wilh physical risk factors, play a role in lhe etiology of musculoskelelal 
disorders. Work organization is defined here as the way in which work is slruclured 
and managed, and it encompasses factors such as job design, the scheduling of work, 
interpersonal aspects of work, career issues, management practices, and organiza­
tional characleristics.2~ In this definition, work organization includes what have 
more commonly been called psychosocial factors or job stressors (e.g., job content 
factors such as skill usage and control; interpersonal relationships). 

There is uncertainly regarding lhe ways in which work organi1i11ion 111ay he elio­
logically linked with 111usculoskelclal disorders. Models proposing u 1111111her of polcn­
tial pathways have been developed but largely remain untestecJ.rn .. ,., .. ,~ 'Ille ecological 
model of Sauler and Swanson will guide the analyses reported in this chapter.32 

AN ECOLOGICAL MODEL OF MUSCULOSKELETAL 
DISORDERS IN OFFICE WORK 

Although this ecological model was developed with office work and muscu­
loskeletal disorders as the primary foci, it is a holistic approach that is applicable to 
other types of work environments and health outcomes. The model suggests various 
ways in which work organization and physical factors may act singly or in concert lo 
result in musculoskeletal symptoms and disorders (Fig; I). 111e major pathways in­
clude the following: 

• Physical demands imposed by the job may lead lo biomechanical strain and 
subsequent musculoskeletal outcomes. 

• Changes in the way lhal work is organi1..ed (e.g .• scheduling, job demands) can 
change the physical demands of the job, leading lo musculoskclclal outcomes. 

• Changes in work organization may create stress, which may result in in­
creased biomechanical strain (e.g., increases in muscle tension) and an in­
creased risk of musculoskeletal problems. 
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FIGURE I. Model describing the pathii rmm office technology to muscultl!lkeletol outcomes. 
(Adapled rrom Sauter SL, Swaniiun NG: An eculogical model of musculuskcletal disorders in 
office work . In Moon S, Sauler SI. (eds): Rcyontl Biumcdrnnics: Psychosocial Aspects of 
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f'IGURf.' 1. Modified model describing the analytic palhs from office technology 10 
musculoskclclal outcomes. 

• Work organization factors may create psychological strain, which in turn may 
affect lhc detection and lahcling/allribulion of musculoskeletal symptoms 

· (e.g .• symptoms may he more readily detected in boring, repetitive, narrow 
johs where there is little stimulation lo compete wilh symptoms for allentionJ. 

lndivit!tial. factors such ~s age or gentler may modify lhe effects of physical or 
work ,~r~a111za1mn/psycl)~soc1al d~mands (e.g., older workers may be more suscepti­
ble lo mJury untler cond11mns of 111gb work demands). Finally, the model recognizes 
lhal .musl·uloskelelal outcomes encompass a range of factors, including symptom re­
portmg, hcallh care ulilizalion, aml disability. 

'J_l1e ~lala sci in the present study contains measures of physical demands, work 
orgamzalmn, psychological strain, labeli11g/at1ribu1ion, symptoms, health care uli­
lizalion, ant.I disability. Figure 2 shows the model and pathways that these variables 
allow us lo lest. Allhough several of the pathways listed ahove arc tested, pathways 
dependent on measurement of hiomechanical strain cannot he tested fully given the 
lack of lhal measure in the data sci. 

THE STUDY POPULATION 
. ~lie data for this analysis come from the Ergonomics and Your Health Project, 19 

m which 1779 workers al a large aerospace manufacturing company in the Northeast 
compleled a self-administered survey, on company lime, in 1992. The overall re­
sponse rare was 64%, and dala from lhe questionnaire have been linked with admin­
istrative data including workers' compensation and sick hours. 

111e snmple for this analysis excluded nonsalaried or factory/shop floor work­
ers and workers not using a video display terminal (VDT). The response rate for 
salaried (office) workers, lhe focus of this analysis, was 65%. A total of 282 wo111en 
and 523 men completed the questionnaire. A group of 117 salaried engineers were 
excluded from the analysis because of the inability lo reliably define their physical 
demands. These engineers spent all or none of their lime at the VDT depending on 
wlwrh,•r rh, •v "'"l'I' d, ·~ i,. nirw a 111•w wnrl PHWt'Ss implr111rnlin1! a new work 
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process, modifying an existing production set-up, or solving a problem on the shop 
floor. The engineers exclusively worked on the floor or in the office. Excluding this 
group did not change results and yielded an analytic sample of 249 women and 439 
men. 

MEASURES USED IN PATH MODELS 
This section discusses the specific domains of the ecological model that are de· 

picted in Figure 2. · 
Physlcal demands are measured as the amount of time spent during an aver­

age week working in front of the VDT. Observers-industrial engineers and occu• 
pational safety and health staff-working in the business units where computers 
were being used determined the amount of time. Individuals were classified into 
one of five groups (0-29 hours per week, 30-49 hours, 50-79 hours, 80-100 
hours, and variable hours). The "variable group" comprised the engineers and was 
deleted. 

Work organization is measured with a set of psychosocial measures. 
I. Job decision latitude is an index specified by Karasek and is a combination 

of decision authority (have freedom to make decisions, can choose how to perform 
work, have a lot of say on the job) and skills discretion (keep learning new things, can 
develop skills, job requires skill, task variety, repetitious, job requires creativily). 11 It 
assesses the amount of control a person has over what is done and how it is done. 

2. Psychological job demands is a measure of the amount of effort required to 
carry out the work (excessive work, conflicting demands, insufficient time to do 
work, work fast, work hard) developed by Karasek. 17 

3. Role ambiguity is a measure of the lack of clarity in work responsibilities and 
duties (clear on responsibilities, what others expect of you is predictable, work objec­
tives well defined, clear what others expect) developed by Kahn and colleagues.9 

4. Role conflict is a measure of conflicting demands placed on the worker 
(people equal in rank and authority, people in a good position to see what you do, 
and people whose request should be met ask you to do things that conflict) devel­
oped by Kahn.9 

5. Work-related social support measures the amount o( instrumental and emo­
tional support provided by coworkers and supervisors during the workday (people 
go out of their way to make .work life easier, easy to talk with people, people can be 
relied upon when things get tough, people willing to listen to personal problems) de­
veloped by House.'4•15 

We attempted to reduce the number of work organization measures by exam­
ining the intercorrelation between the scales. This led to combining skill discretion 
and decision authority ( r = 0.65) into job decision latitude and coworker and super­
visor support (r = 0.40) into work support based on conceptual congruence. 
Although psychological job demands and role ambiguities are statistically corre­
lated (r = 0.42), we felt they were conceptually different enough to warrant not 
combining them. The remainder of the correlations were low, ranging from 
0.05-0.2. 

Psychological strain is measured with two scales. Global demoralization is a 
27-item nonspecific psychological distress measure developed by l>ohrenwend for 
use in community studies. 11 Job satisfaction measures the satisfaction the worker 
has with 10 facets of the job (job as whole, pay, people work with, boss/supervisor, 
type of work, chances of promotion, skills use, workstation, tools use, and job secu­
rity). It is based on earlier Quality of Employment Survey measures.~ 
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lndlvld1111l factors are measured with two variables. Age is a continuous mea­
sure. Ne11roticis111 measures the tendency of a person to report symptmns or other 
problems in life. It is a 48-item measure developed by Costa and McCrae.10 

Labellng/Allrlbutlon is assessed with a measure of social desirability. The 
13-item measure is tlerived from the original 64-item Crowne-Marlowe measure.l9 
People who score higher on social tlesirability tend to try to present themselves in a 
positive light and are less likely to report symptoms. 

Musculoskeletal outcomes are measured in three separate domains. 
I. A sympto111/d11ratio11 measure was created for each of six musculoskeletal 

areas (neck, shoulder, elbow, hand/wrist, back, and leg) by multiplying symptom 
frequency by duration. Each series of questions for a musculoskeletal region has an 
initial skip question ascertaining the presence or uhsence of symptoms. Workers re­
porting no symptoms were assigned a score of zero to retain them in the analysis. 

2. Heoltl, care 11tilizatio11 was measured by combining responses to a series of 
questions about health care. visits (seeing a physician, nurse, physician assistant, 
nurse practitioner, chiropractor, physical therapist, therapeutic masseuse, surgeon) 
and treatment (having surgery for current musculoskeletal problem). Weighting fa­
cilitated combining the items into a single meaningful scale. Seeing a provider once 
during the past year was considered much less significant than two to five times 
(weighted 3) or more than five times (weightctl 6). Having surgery was also 
weighted as 6, and seeing a surgeon was weighted as 3. 

3. Disability was measured by the number of sick hours in the year following 
survey administration. The data were obtained through administrative records and 
are the actual recorded sick hours linked to each individual observation. 

TESTING HYPOTHESES USING PATH ANALYSIS 
Path analysis forces the person to think ecologically about the effects of office 

technology on musculoskeletal outcomes. We propose to test the series of hypothe­
ses listed in Table I; these hypotheses represent the arrows shown in the analytic 
framework in Figure 2. We leave untested certain hypotheses (e.g., work organiza­
tion has a direct effect on musculoskeletal symptoms) because we did not feel a 
priori justification existed; no plausible mechanisms are extant to justify a direct 
path. All analyses were completed using Stata software.lb Because preliminary 

Ttt/lU;; I. Slalcmcnl of llypolhcs.:s 

I. Work organization (lower job decision lalilude, lower work support, higher psychological job 
demands, higher role ambiguity and connicl) is associalcd with grealcr level$ of video display 
terminal (VDT) use as a percent of Iola! work time. 

2. Work organization, greater VDT use as a percent of total work lime. and more ncurolicism arc 
Hsocialed wilh higher levels of glohal demoralization. 

3. Work organization, grealcr VDT use as a percent of IOlal work lime. and more ncurolicism arc 
associalcd wilh lower levels of job sa1isf1c1ion. 

4. Orealer VDT use is associated wilh more social dcsirabilily. 
S. Orc11er VDT use, more psychological slrain (higher global demoraliza1ion, low job salisfaclion), 

more social desirabili1y. and ncurolicism arc associaled wi1h higher levels of musculoskelelal 
symplmn/duralion scores. 

6. Orea1er VDT use as a pcrccnl of l<>lal work lime, psychnlngical strain. ncurolicism. and higher levels 
of musculoskelelal symp101n/duralion scores are associalcd wilh more hcallh care u1iliza1ion due 10 
musculnskclclal proMcms. 

7. Neurolicism, a higher level of musculoskelc11I symp1om/dura1ion scores, and more hcallh care 
ulilizali1K1 due lo musculoskclclal prohlcms are associalcd with more sick days. 
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TABLE 2. Description of Sample: Means fOf' All Variables in Parh Models by Gender 

Mile (n .. 439> Frn,ak (II "' 2•11) ) 
--·----·· 

Aec 39.4(9.901 l 7 ~ I 11 .20) 

Phy1k11l dtmands 
~ VDT Use(~ SO%) 48.7 (50.04) 70.7 ( .. S.61) 

Work orpnlullon 
Job decision lalitl.ldc 3.73 (0.64) J..46 (0.66) 
Psychologkal job demands 3.39(0.73) 3.39(0.73) 
Role 1mbiguily 2.09(0.66) 2.02 (0.68) 
Role ronOict 1.78 (0.62) 1.77 (0.65) 
Worlcsuppon 15.46 (2.27) 15.63 (2.50) 

lndMdual ractor 
Neurocicism 2.34 (G.47) 2.55(0.51) 

P11choloak1l 11traln 
Olobal dcmOlalizalion 0.75 (0.45) 0.95(0.56) 
Jub salisractlon 2.88 (0.49) 2.90(0.SI) 

Sodal deslnhilll y 
Social desirability .68(0.20) 70 (0.21) 

Mmculoskelel1l 1ymptnm/dur1llon 
Neck region 3.74 (6.21) 7.33 (3.75) 
Shoulder region 2.60 (S.83) ... 79(9.21) 
Elbow region 1.56 (4.67) 2.10(5.90) 
lland region 2.51 (S.54) 5.43 (8.18) 
Biele region 4.38 (6.56) 6.99(9.15) 
Leg region 3.70(7.41) 4.44 (11.01) 

l lc-ahh cnrc util irn tinn assori a tcd 11ilh 
Neck problems 1.12(2.94) 1.95 (4.71) 
Shoulder problems 1.53 (3.00) 2.64(4.n> 
Elbow problems 0.90(2.03) I.BO (l.JS) 
Hand problems 1.09 (2.118) 2.09 (4.04) 
Back problems 1.66 ().14) 2.12 ().88) 
l..eJ problems 2.118 (3.9') 2.71 (4.60) 

DlsabUlly 
Siclchoun 11.92 (24.07) 25.72 (42. 72) 

----- - - ---- -- ----
< ) a Standard deviation, VDT • video display terminal 

analyses revealed gender differences in findings, all resulls are presented by gender. 
Table 2 shows all variables used in the path analysis by gender. 

To test the ecological framework, we used path analysis hy multiple linear re­
gression. 3 Tcsling for the significance of any path is a parsimonious way of hypothc· 
sis tesling.2 A significance level of 0 .05 was considered appropriate for this 
preliminary test. Indirect and direct effects arc calculated providing estimates of the 
total effect (the sum of the direct and indirect-the product of 1111 effects along 1 

path-effects) for each office and individual domain to the musculoskelelal out­
comes.27 The utility of path analysis resides not only in its ability to parlilion vari­
ance but in tesling the appropriateness of the s1ructure of the model. 12 

We present our findings as a series of palh diagrams for men and women with 
the significant direct eITecls shown. All the variables are standardized (subtract mean 
and divide by standard deviation) hcforc being entered into the regression equations. 
Six separate regres11ion models were estimated for men and women. Because of the 
high intcrcorrelntion between demoralization and ncuroticism (r = 0.74), entering 
both in one model cnuses collincnrity problems. Thus, ncuroticism is only Included 
in models with joh satisfnrtion. Recause multiple measures of work organization 

OfAc1; ToolNOLOCJY AND MusctlUlSKEU.,-AL l.>ISURUERS IOJ 

and psychological strain are used, we present multiple findings within single-path 
diagrams. Age was considered lhc only significant confounder and therefore is inlro­
duced in all models. There are few differences between models. Where differences 
exist (e.g .. lwo significant correlations differing by 0.03), we report the lower value. 
Thus, our effect estimates are conservative. 

FINDINGS 

Paths to Individual Psychological States 
Work organization does not predict physical demands for men or women (Fig. 3). 

Physical demands do not predict global demoralization or job satisfaction. Psychosocial 
work organization predicts global demoralization and job satisfaction. For each mea­
sure the relatioo.'>hip is as predicted; for example, positive aspects of work organization 
are posilively associated with job satisfaction w1d negatively a.'>sociatcd with demoraliza­
tion. lwo measures used in job strain research-job decision latitude and psychological 

% Weck VDT Use . 
(NS. NS) 

· Phys ica l ·Dem ands .I 

Work Organization - ~ . , 
Job Decision ~ 

La tllucfe (NS. +.34) l -·-.--· 
Psychosocial Job Psyc holog 1ca l Strain 

Demnmls (NS, -. l B) Ocmorahzation 
Role Ambiguity (+ 07 , -.39) _!~~ Sat1sf~cti on _ _ _ 

:~7k Conflict (+ 09, -.27) _ --- _ j 
Support (· 06, + 52) ~ 

- - - ---- -- --- - Individual Factors 
,\ ~_euro1ic1s1~ 66:...:.:.10) 

~ l-1 y-s i ~;i-·D- c_n_rn_ncl s-

% Weck VDT Use 
(NS. NS) 

W ork Organization --- - ~ . 

Job n cc,s,011 ~ 
La t,tucJc (· 09, + 4 ,1) I 

Psychosocial Job Psyc holog ica l Stra in 
Dernancls Dcmoralizat,011 

(·• .07, · .19 ) Jou Sa tisfaclion 
n ole A111bin11ity (+ . 10. -.33) _ __ l ---
Rote Conllict ( 1 08 . . 20 ) 
Wo1k 

Support (NS. +.47) , --- ----
- --- ------ Individual Factors 

B ~~~cism (+ 73. · •.~! 

FIGURE .f. Palhs from off1ec technology 10 psychologic1I ,train outcomes. A, For men (n 

= 439). n. For women (n = 249). Path cocfficienl1 for demoralization and satisfaction arc in 
paren1hci1r~. X = no i;ignificant effects for specified path, VDT= video display tcnnlnal, NS -
not signilkant. 



I04 AMICK, SWANSON, CHANG 

joh dcmamls-<lid not predict demorali1.alion for men.•~ Ncurolicism was very highly 
correlated with global demoralization (partial correlation ranges 0.~).7). 

Paths to Musculuskeletal Outcomes 
M11sculoskeletal .ry1111110111!d11mtio11 outcomes are nol predicted by percent VDT use 

?r social desirahili1y for men or women (Fig. 4 ). The lack of a relationship belween phys­
ical demands and VDT use is counlerinlUitive, because research has shown using the 
VDT for at least half of lhe day predicls musculoskelelal disorders (WRMDs). In fact, in 
other analyses of this <lain set where a more restriclive case definition for WRMDs was 
used, grenler than 50% VDT use increased !he risk of hand/wrist WRMDs by 87%. '9 In 
our analysis we did not a<lo(ll lhe National lnslilute for Occupational Safety and Heallh's 
crileria for defining a self-reported case of WRMDs, e.g., excluding workers who report 
that the symptoms were not work-related and did not occur on the cu1tc11t jot,.21 This has 

Physicill Dtmnnds 
% Weck Vl>T Use 

(NS, NS, NS,NS,NS~S) 

[

Psycholo&il'III Strain 
Dcmoralita1io11 
(+.12, +.09, NS,+.! I , NS, +.12) 
Job satisfaction 
(NS, NS, NS, NS, NS. NS) 

A 

1

--- - ~ -
Physlcal Demands 

% Weck VDT Ilse 
1(NS, NS. NS .NS .NS. ~s,j 

lntlivldual Factors 

Labeling/Attribution 
Social l>csirabilily 
(NS, NS, NS, NS.NS, NS) 

r -=~-·-··· -
Musculoskeletat Symptoms 
Neck 
Shoulder 
Elbow 
lland/Wrisl 
llack 
Leg 

Ncurolicism (NS,NS, NS, NS.NS.NS) 

Lllbellng/Attributlon ··-! 
Social J>csirahilily I 
(NS, NS, NS, NS.NS, NSI 

l 
I Musculoskelelal Symplom1···· 

... ~ Neck 
- Shoulder 

~

Psychologlcal Strain ;~-1 Elbow 
Demoralization f-------•lo I land/Wrisl 

(+.12,NS,NS,NS,NS,+.13) Hnck 
Job satisfaction Leg 

(~.22,-. 15, NS,.NS.-.16,.-.11) I 

lndlvltluill Faclors 
u Neuroticism (NS, NS, NS, NS, NS, NS) 

FIGURE 4. Poths from physical demands and psychological strains lo musculoskeletal 
symptom/duration oulcomcs. A. For men (n = 4391. R, For women (11 = 249). The pRth 
coefficients (in pnrenthcscsl from left lo right llfe for each musculoskelctal n:gion from neck 
to leg. Dashed arrow = a pnlh whose effects have been shown in a prior figure, VDT = video 
displny tcnninnl. NS = 1101 si~nificnnt . 
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ll'hyslcal Uemands 
~-~ Weck VDT Use 

L~t_:!S.NS,NS,NS,NS, NS) .. 

Psychological Slraln 
Demoral ization 
(NS, NS, NS, NS, NS, +.21) 
Joh salisfaclion 
(NS, NS, NS, NS, -11, NS) I I 

I 
. --- - ·-- -- ··-- ·- ···- ! 

A 
r · 
; Physltal Demands 

I % Week VDT Use 
<NS.NS,NS,NS,NS, NS) 
---·- ··-

- ~-----

1 Psychological Strain 
t>cnmralization 
(NS, NS, NS, NS, +.21, NS) 
Joh satisfaclion 
(NS, NS, NS, NS, NS, NS) 

n 

. . . . -- ' 

Individual Faccon 

llealth Care Ulilliallon 
Use ofHeallh ScrvicesFor; 
Neck Problems 
Shoulder Problems 
Elbow Problems 
Hand/Wrist Problems 

l Back Problems 
·!. Leg Problems 

; Neurolicism (N_S! N_S,NS, NS, NS, NS) 

.:Health Care Utilization ·t ,;:·. 
! Use of I lcallh Services For: 
. Neck Problems 

Shoulder Problems 
· Elbow Problems 

lland/Wrisl Problems 
: Dock Problems .I 
' l..cg Problems I 
'---'-'-' ---

Individual Factors 
Ncurolicism (NS, NS, NS, NS, NS, NS) 

FIGURf: .~. Paths from physical demands and psychological strains to heallh care 
urilizalion oulcomcs due to musculoskelelul injuries. A, For men (n = 439). B, For women (n 
= 249). The parh coefficients (in parentheses) from left lo right arc for each musculoskeletal 
region from neck 10 leg. Dashed arrow = a path whose effects have been shown in a prior 
figure, Vl>T = video display terminal, NS= not significant. 

the po1c11tinl lo altenuale the effects of work. In future analyses we intend lo separate lhc 
effects of nonwork demands lhrough lhe introduction of new palhs. 

Glnhal demoralization predicts neck and leg symptoms for both men and 
women: lhe higher. !he general psychiatric morbidity, lhe higher the level of symp­
lom/durnlion. Men who are demoralized are more likely to report shoulder and 
hand/wrist symptoms. Job dissatisfaction is a strong predictor of neck, shoulder, 
back, and leg symptoms for women but not men. 

Hen/th care 11tiliz.atio11 associated wilh musculoskelctal injuries is not predicted 
by physical demands, psychological strain, or neuroticism for men or women (Fig. 5) 
For mrn demoralization predicts heallh care use associated wilh leg symptoms, 
while joh dissatisfaction predicts back symptom health care utilization. Musculo­
skeletnl symptoms predict heallh care utilization for both men and women (Fig. 6). 
Women with hood/wrist symptoms are more likely 10 seek health care, but lhere is 
no signilknnl rcla1ionship for men (I\= 0.061, p = 0.253). 



106 

LabalinglAtt.ribution 
Social Dewal}iltty ..................... ...... 

Health Care Utilization· 
Use of Health Servlr, s 

(+20, NS,134. • 3$, 21,-13B) 

A 

... -·· __ ;_t•"' 

l11dividu 11 I Fac: tors 
Neuroticism (NS1 

Laboling/All rl hulio11 
Social Dosirobitity ..... . .. ..... .. .. .... ... ... 

Haalth Carn Ulil iza tion 
Use ol Heal1h Se111lcos 
(NS,N S.NS,NS.NS,NS) 

-"' 
: ....... ··· ······· 

AMICK, SWANSON, CHANG 

I Musculoskelctal Symptoms .. 
Nock ( 1 15) fNS) 
"houltlni f .. 16) (NS) 

Elbow fNSJ (NS) 
, ,~1HINo/r1s1 (NS) (·I I 8) 

I LB···e"o~c,,I • ( • 2 6) (N :-: l 
_ (• 7.2) INS) 

. \-
-

Musc uloskeletal Symptoms·• 
Noel; (• 23) (NS) 
S1io11 llll?1 ( 1 .?.2) (NS) 
Elbow (NS) (NS) 
H,rnd/W1lst ( • 30) (NS) 
8R&. (, 27) (NS) 
Leg {+ 29) (NS} 

.. ,Y - \ ~ 

Individual Factors 
Neurolicism (NS) 

I Difm bil ity 

lf--------
1 Slck Hour& 

n. _____ _ 

FIGURE 6. Paths from musculoskeletal symptom/duration and health care utilization to 
disabilit~. A, For men (n = 4J9). B. For women (n = 249). • ·n1e path cocnicients correspond 
lo the umque effect of each musculoskelctal region on sick hours. •• 'Ilic first column of path 
coefficients corresponds to the impact of each symptom on health care use: lhe second of each 
symptom on sick hours. Dashed arrow = a palh whose effects have been shown in a prior 
figure, NS = not significant. 

Disability, measured hy sick hours, is prcdiclcd hy heallh care ulilizalion only 
for men. Health care use associaled with all musculoskclelal regions except the 
shoulder is associated wi1h more sick hours. Musculoskeletal symplOms do not di­
rectly predict sick hours for men or women; rather, they indirectly influence sick 
hours for men through health care use. 

Estimating the Total Impact on 1\·lusculoskeletol Outcomes 
An advantage to path analysis is lhnt you can estimate direct and indirect effecls. 

In this chapter we iuc i11teres1cd in the direct and indirct·t cffccls of work mganizalion 
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TABLE .l. Summary of Direct and Indirect Effects in Path Models for Hand/Wrist 
Musculoskelctal Region for Men and Women 

Men 

Effects oo SymplOIIIJ Effec11 on Health Care Use Effects on Disability 

Direct Indirect Total Direct lndirecl Total Direct lndir«I Total 

VDT use 0.0322 0.0028 0.0349 0.0320 0.0026 0.0346 0.0180 0:0180 
Role ambiguity 0.0117 0.0117 0.0045 0.0045 0.0036 0.0036 
Ncurolicism 0.0761 0.0761 0.0103 0.0103 0.0076 0.0168 0.0245 
Olobal dcmorali- 0.1140 O.ll40 o.oon 0.0077 O.ol54 0.0252 0.0252 

ulion 
Social desirability --0.0100 -0.0100 -0.0007 -0.0007 -0.0020 -0.0020 
Musculoskclelal 0.0677 0.0677 0.1747 0.0234 0.1981 

symptoms 
llcallh CftIC USC 0.3448 0.3448 

Women 

Effccls on Symptoms Effcc11 on Hcallh Care Use Effects on Disability 

Dirccl Indirect Total Direct Indirect TOlal Direct Indirect Total 

VDT use 0.0867 -0.0047 0.0820 0.0413 0.0246 0.0659 0.0132 0.0132 
Role ambiguity 0.0056 0.0056 0.0011 0.0011 0.0008 0.0008 
Neuroticism 0.0616 0.0616 0.0229 0.0229 0.227.5 0.0089 0.2365 
Global demorall- 0.0834 0.0834 0.0057 0.0253 0.0310 0.0121 0.0121 

Ulion 
Social desirability 0.0150 -0.0150 -0.0046 -0.0046 -0.0021 -0.0021 
Musculoskclelftl 0.3037 0.3037 0.1312 0.0115 0.1426 

symptoms 
Health care use 0.0378 O.CJ,378 

Nole: Total efkcls arc the sum of the dir«I and indirect cff«ts. 
VDT,. video display terminal 

and physical demands on musculoskeletal symptoms, health care use assoch1ted 
with musculoskeletal symptoms, and sick hours. We do nol present all effects but 
have chosen several illuslralive palhs. We choose only lwo musculoskelelal regions 
(hand/wrist and back), one work organization factor (role ambiguity), and one psy­
chological slrain (global demoralization) to illustrate the lotal effects. Care shwld 
be taken in interpreting effecl sizes in Tables 3 and 4 because paths conlributin;~ to 
an effect may he nonsignificant even though correlalions are large. Below, we point 
out instances where this occurs. 

MllSClll .OSKELl!TAL SYMPTOMS 

For men global demoralizalion has the largest total effect on hand/wrist sy1rnp-
1om/duration scores (Table 3). While VDT use and global demoralization have simi­
lar effects on musculoskeletal symptoms among women, the paths used to calculate 
effecls are nonsignificanl (see Figs. 3 and 4). A similar pattern of effects exists for 
the back musculoskelelal region (Table 4). 

Hl!ALTII CARE. USE 

For women heallh care use associated wilh hand/wrist problems is being driven 
by hand/wrist musculoskeletal symptom/duration scores (see Table 3). The effec:t of 
VDT use nmong women is comparable lo lhe effect of musculoskeletal syimp-
1om/dura1i1111 scores for men, illuslrating a slriking gender difference; again, lhese 
paths are 11nnsignilicant. All other effccls are small. For bolh men and women with 
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rABLE 4. Summary of Direct and Indirect Effects in Path Models for Back 
Musculoskelctal Region for Men and Women 

Men 

Elfrl'ls on Sy111pl11111s Elkcis on I kallh Cnrc I Jsc Effcc1s 1111 Disahilily 

IJirtTI hulif<'l'I ·1i,1al Dirccl hulirC<"I T111al Dircc:1 ltulircc:I "li11al 

VDT use 11 .11255 (1 _(11)17 0.11272 -ll.0159 IJ .11089 -0 .0070 
Ruic ambiguity ll.llll78 0 .0()78 0 .0057 ll.1Ml.'i7 
Ncurolicism 
Olobal dcmorali- 9.0715 0.071S 0.0684 0.0192 0.0876 

za1ion 
Social desirability 0.0037 0.0037 0.0010 0.0010 0.0006 0.0006 
Musculuskclctal 0.2682 0.2682 0.110) O.OS75 0.1678 

,ymplorns 
llcallh care U'>C 0.2143 0.2i43 
--- -- ·- ·--------··-·--·-·· ----·· 

Women 

Effcct5 on Sympcom1 Effects on llcahh Cue U11e Effects on Disabilily 

Direct Indirect ·n,111 Direct Indirect Tolal Dirccl Indirect T<>11l 

VDT use 0.1028 -0.0055 -0.1083 0.0194 -0.0406 -0.0212 0.0005 0.0005 
Role ambiguily O.ol24 0.0124 0.0231 0.0231 -0.<JOOIJ -0.0009 
Neurolicism 0.0725 0.0725 0.1741 0.1714 0.1353 -0.0069 0.1284 
Global dcmorali- 0.0981 0.0981 0.2096 0.0261 0.2357 -0.0093 -0.0093 

za1ion 
Social dcsirnhilily 0.0042 0.0042 0.0011 0.0011 0.0000 O.IXXJO 
Musculoskclctal 0.2658 0.2658 0.0030 -0.0108 -0.0079 

symptoms 
llcallh care use 0.0407 -0.0407 

Note: Total cllects arc Ilic sum of the direct and indirect cffccls. 
VDT• video display tcm,inal 

back problems, musculoskclelal symptom/duration scores drive health care use (see 
Tnble 4). However. for women with back prohlems demoralization is a major effect 
along with the symptom/duration scores. While the effect size for neuroticism 
among women is large, we emphasize the nonsignificance of this factor in the path 
models. 

DIS,\BILITY 

For men henlth care use associated with hand/wrist problems is driving sick 
hours (see Table 3). For women the major effect is with hand/wrist musculoskeletal 
symptoms/durntion scores. For hnck musculoskeletal prohlems, sick hours or lost 
productivity is driven hy both health care use associated with hack prohlems and the 
back symptom/duration scores in men (see Tahle 4). 

DISCUSSION AND IMPLICATIONS 
We proposed and tested an ecological model for understanding the origins of 

musculoskeletal injuries.n Work organization has consistent effects on psychologi­
cal strain but small total effects on musculoskeletal symptoms, health care utiliza­
tion, and disahilily for men and on musculoskelelal symptoms and health care use 
for women. The patterns of effects do not vary substantially across musculoskeletal 
regions for office workers, potentially indicating a general influence of work organi-
1.at ion, i.e., work orgnnizalion would not he expected to target a specific body 
region. This is consistent with findings of other stmlics.~-•uo 
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A well-validated measure of social desirability did not relate to the 
symptom/duration measure. This finding was consistent across musculoskeletal re­
gions. A striking finding is the lack of strong and consistent neuroticism effects. 
McCrae and Costa describe neuroticism as a stable trait of adult life that reflects a 
person's tendency to report certain types of symploms.22 Although strongly related 
to global demoralization for both men and women, neurolicism was only modestly 
associated with musculoskeletal symptoms. The lack of a gender difference builds 
on earlier work to suggest that worker reports of musculoskelelal symptoms and 
health care use are not influenced by this un~erlying personality trail.'9 

The path models show that health care use associated with musculoskelelal in­
juries is not determined by mental health or individual traits that may lead one to 
seek care. Rather, symptoms drive health care utilization; the higher the level of 
symptom/duration, the more likely the worker will seek care. The implication for 
employers nnd practitioners is that lo reduce health care costs they must reduce 
musculoskeletal injuries through job redesign, ergonomics, or changes in work 
scheduling. 

The gender difference in the relationship between lost productivity as measured 
by sick hours was surprising. While WRMDs, especially of the hand/wrist, are more 
prevalent among women, this does not translate into greater lost productivity. These 
findings are strengthened by the prospective relationship between symptoms and 
lost productivity. While we have no data to account for the lack of relationship be­
tween health care use and sick hours for women, there are several plausible reasons 
for the observed effect: 

• Use of onsile health services that do not require use of sick lime could be 
higher among women. 

• Because women seek treatment for symptoms earlier than men, their treat­
ment for symptoms may not require extended absences.37 

• Women, in general, are more likely lo use sick time for family care, which 
could explain why women have a higher mean sick hour usage (see Table 2) 
nol related 10 health care use associated wilh musculoskeletal symptoms.6 

There are several limitations lo the current analysis. For example, the cross­
sectional design precludes the examining of temporal ordering (e.g., to definitively 
slate psychological strain is producing musculoskeletal symptoms rather than the re­
verse). Ailclitionally, rhysical demands are measured in a limited way, and biome­
chanical strnin measures are absent. 

lmpllcnfions for Research 
Musculoskeletal cumulative trauma disorders are difficult to diagnose, and 

there is continued debate on the most appropriate case definition. Musculoskeletal 
injuries as a class of injuries have many causes. These factors make the conduct of 
epidemiologic studies more challenging. 19 Future research should (I) incorporate a 
double-blind prospective design in which subjects are recruited prior to exposure 
and disease; (2) attempt to develop new measures of work organization that capture 
the importnnt elements of computer-mediated work (e.g., cognitive demands, online 
communicntion and support); (3) develop more complete assessments of the range 
of musculoskeletal outcomes (e.g., using workers' compensation and functional 
health meac;nrcs of disability); and (4) incorporate nonwork demands into the model. 

'nte use of multiple indicators of musculoskeletal outcomes is a new approach lo 
understaniling the broader health impact of office environments. Perhaps the single 
most impmtant new 1lcvcl11pment is the 111111liple pathways uncovered between 
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musculoskeletal symptom/duration, health care use, and sick days. This linkage has 
direct implications for the cost of doing business and should he a central research topic 
in the future. While there may never be resolution on the measurement of WRMD 
cases, showing the cost drivers and nondrivers will help in business decisions. 

Implications for Intervention 
The data do not strongly support reducing the amount or time al VDTs as a 

method for reducing musculoskelctal outcomes or lost productivity due lo disability. 
While there is a dosc-rellponse relationship between VDT use and musculoskcletal 
symptoms,28 recent research indicates that this relationship can he modified by work 
organization interventions such as more frequent rest breaks.·'~ 

Clearly the broader ecological model identifies the importance of preventing 
injuries to reduce health care costs and lost productivity. This is supported hy our 
findings that symptoms-not VDT use, neuroticism, or psychologicul strain-are 
linked with health care utilization and lost productivity. Therefore, interventions tar­
geting reduction of symptom development are needed. Although the role of psycho­
logical strain in musculoskeletal symptom/duration experience is well dcscrihed,U.1l.H 
the key predictor!! of pllychological strain in our model are not easily changed with­
out more widespread organi1.ational change. 

The role of providers in health care delivery can be important, as the gender 
differences shown in Figure 6 illustrate. Why men and women show these differ­
ences in lost productivity are intriguing. While there is much literuture on differen­
tial treatment of men and women hy providers, this prohahly docs not explain the 
observed gender differences. Rather, women may choose lo use sick hours to 
manage family crises rather than for injuries that did not require immediate atten­
tion. This suggests that the appropriate interventions are changes to the hcnelits pro­
grams to provide other supports for family crises. Given the known gender 
differences in health care behavior, encouraging all workers with symptoms to seek 
care earlier rather than changing provider behavior could he critical in reducing lhe 
impacl of symptoms on lost productivity. An alternative may he to train supervisors 
and give them incentives to encourage workers to seek care when symptoms begin 
instead of wailing until they can nu longer work. 
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