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Back disorders and nonneutral trunk postures of automobile
assembly workers
by Laura Punnett, SCD,1,2 Lawrence J Fine, MD,1,3 W Monroe Keyserling, PhD,1
Gary D Herrin, PhD,1 Don B Chaffin, PhD1

PUNNETI L, FINE LJ, KEYSERLING WM, HERRIN GD, CHAFFIN DB. Back disorders and non
neutral trunk postures of automobile assembly workers. Scand J Work Environ Health 1991;17:337
46. A case-referent study was conducted in an automobile assembly plant to evaluate the health effect
of trunk postures, such as bending and twisting, that deviate from anatomically neutral. Cases of back
disorders were all those of workers who reported back pain to the medical department in a ten-month
period and met the severity criteria of an interview. The referents were randomly selected worker s free
of back pain according to medical department records , an interview, and an examination . For each of
the final 95 cases and 124 referents, the job was analyzed for postural and lifting requirements with a
video recording and software analysis system by analysts blinded to the case/referent status. Back dis
orders were associated with mild trunk flexion [odds ratio (OR) 4.9, 95 070 confidence interval (95 070 CI)
1.4-17.4], severe trunk flexion (OR 5.7, 95 070 CI 1.6-20.4), and trunk twist or lateral bend (OR 5.9,
95 070 CI 1.6-21.4). The risk increased with exposure to multiple postures and increasing duration of
exposure .

Key terms: back pain, ergonomics, job analysis method s, musculoskeletal disorders, postural analys is,
repetitive work, video record ing.

The most studied occupational risk factor for back
pain is the manual lifting of moderate to heavy loads
(1-8). In the United States, the risks associated with
lifting activities were considered well enough estab
lished by 1981 that the National Institute for Occupa
tional Safety and Health (NIOSH) issued the Work
Practices Guide/or Manual Lifting (9). Other risk fac
tors for back disorders in the work environment have
been cited (1-8), but the epidemiologic evidence is still
surprisingly sparse for most of them when the frequen
cy and cost of this problem in modern industry is con
sidered (9-11) .

In particular, most occupational ergonomists con
sider postures that deviate from anatomically neutral
to be physical stressors that should be minimized by
correct job, tool, and workstation design (12). How
ever, information is limited regarding the risk of in
jury imposed on the back by nonneutral trunk postures
such as bending forward or sideways, especially when
little or no load is held in the hands. A few studies have
demonstrated short-term effects (fatigue, pain, in
creased muscular activity, or increased intradiscal pres-
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sure) from unloaded static trunk postures such as for
ward flexion, twisting, and lateral bending (13-16) .

The epidemiologic data are even more limited re
garding the relationship between these "nonneutral"
trunk postures and either acute or chronic disorders
of the back. Some investigators have found exposures
to these postures to be reported more often by back
pain sufferers than by pain-free individuals (I, 2, 6,
17, 18), but these associations have not necessarilybeen
adequately controlled for potential confounding, es
pecially where heavy lifting is also performed. In most
cases, exposure to postural stress has been determined
by self-reports or assumed to be constant across job
title. Other studies have failed to find any association
with bending or rotation of the trunk when no weight
was held in the hands (4, 19-21).

The goal of this study, therefore, was to investigate
the potential relationship between the use of nonneutral
trunk postures at work and the risk of musculoskele
tal back disorders reported to an industrial medical
department. The specific postural and biomechanical
demands of jobs performed in an automobile assem
bly plant were evaluated and compared for workers
with and without back disorders.

Subjects and methods

Subjects

A case-referent study was conducted among the active
employees of an automobile assembly plant during
1984 and 1985. All of the workers employed in the four
major production departments (body, paint, trim, and
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chassis)were eligibleto participate. These four depart
ments employed about 1335 workers (monthly aver
age during the study period) and accounted for the
majority of the work force in the assembly plant.

Cases were defined as those workers who filed new
reports of back disorders at the plant medical depart
ment between 10 June 1984 and 4 April 1985, inclu
sive, and who had symptoms of back disorders in an
interview and an examination, with or without physi
cal findings. All workers who reported to the medical
department for any back condition during the study
period were identified, and those making repeat visits
for previous complaints were excluded.

The referents weredefined as those workers who did
not report any back disorders to the medical depart
ment during the study period and who had no symp
toms or signs of back disorders in an interview and
an examination. The rosters of the four production
departments were obtained at the beginningof the data
collection period. Names were selectedat random, and
the subjects were then excluded if a medical report had
been filed for any back, neck, or shoulder disorder
within the 90 d precedingthe interviewdate or prospec
tively from the start of data collection, whichever was
earlier. (The reason for excluding neck and shoulder
injuries was that the referents were also intended to
serve as the basis for comparison in a parallel study
of shoulder disorders. In addition, some ergonomic
risk factors for neck and shoulder disorders might have
been highly correlated with those under study for back
disorders.)

Between 11 June 1984 and 4 April 1985, a total of
144 potential cases was identified, and an additional
310 workers were selected as potential referents. Of
these, 377 workers (84 0J0) were interviewed and ex
amined, comprising 259 potential referents and 118
potential back cases. The proportions of workers in
terviewed were almost identical (84 % referents, 82 0J0
cases).

Ninety-five (81 0J0) of the 118workers who reported
back pain to the medical department and were inter
viewed also met the study criteria for pain in an inter
view and were defined as cases. Forty-five of these
(47 0J0) had one or more positive findings in a physi
cal examination of the back. Jobs were identified (ac
cording to the aforementioned criteria) and analyzed
for all 95 cases.

Among the 259 workers interviewed as potential
referents, 135(52 0J0) reported being free of back, neck,
or shoulder pain. Ten of these experienced back pain
in the physical examination and were subsequently ex
cluded. The job of one referent could not be analyzed.
Thus 124workers met the criteria for inclusionas refer
ents.

Of the 219 final study subjects, 215 were men. They
ranged in age from 29 to 64 years. The median length
of employment in the plant was 11.8 years, average
10.6 (SD 8.0) years; 69 0J0 had been in their current
job for less than five years.
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Interview and examination

Each study subject was interviewedwith a standardized
questionnaire that had previously been tested in a pilot
study. The questionnaire included items on demo
graphies, work history, medical history, and nonoc
cupational activities. The cases and referents were in
terviewed concurrently throughout the study period.

Back pain was defined in the interview as a history
of at least three separate episodes, or at least one epi
sode lasting for at least one week, within the year
preceding the date of the interview. This finding de
termined the inclusion of potential cases and the ex
clusion of potential referents. It also prompted the ad
ministration of a supplementary questionnaire to ob
tain additional information about pain characteristics
and the jobs and tasks associated with the first onset
and aggravation of back pain.

After the interview, each worker received a screen
ing examination consisting of a seriesof 26 active, pas
sive, and resisted motions that concentrated on the
ranges of motion of the back, neck, and shoulders (22).
This examination evaluated the status of the inert tis
sue of the joints and the muscle/tendon groups about
the joints. When a worker reported pain for any com
ponent of the examination, he or she was asked to rate
it on a scale from 1 (very mild) to 8 (very severe).

Ergonomic job analysis
For each worker interviewed, one job was selected for
videotaping and analysis. For the cases, the preferred
job for analysis was the one held at the time of first
onset of the current episode, if that job was still per
formed in the plant. However, in automobile assem
bly, annual model changes frequently result in some
changes in job content and physical demands. There
fore this option was not possible for 14 (15 0J0) of the
final cases. In such situations, the "study job" was
defined as a job that the worker had experienced as
aggravating the pain, if it was still performed in the
plant, or, otherwise, the current job, if the worker still
had pain in that job. For all the referents, the current
job was videotaped.

A few subjects refused to be videotaped after the
interview, no longer performed the identified "study
job," or could not subsequentlybe located in the plant.
(See "Use of Proxy Subjects" in the Results section.)
In that event, permission to videotape was requested
from another worker performing the "study job" of
the index subject.

Most jobs performed in automobile assembly are
machine-paced and highly repetitive; the speed of the
line throughout this plant was approximately 60 units
per hour. Work cycles were observed to vary relative
ly little over the course of the workday. The cycles to
be analyzed were selected to avoid any obvious inter
ruptions or unusual events. Thus the characterization
of physical demands during one selected cycle was
assumed to describe the majority of the ergonomic



stressors to which a subject was exposed during a typi
cal workday.

The postural analysis system involved reviewing a
videotape of the work cycle in "simulated real time"
and keying in postural changes as observed (23). The
software system performed the time-keeping functions
and provided a continuous record of the trunk postures
used during the work cycle. Several summary statis
tics were generated for each job analyzed (ie, the to
tal time spent in each posture, in seconds and as a per
centage of the work cycle, and the number of times
per cycle that the back entered the specified posture).
The posture classifications were defined as neutral
(< 20 degrees of bending or twisting in any direction),
mild forward flexion (21-45 degrees), severe forward
flexion (>45 degrees), and lateral bending or twisting
(>20 degrees) (figure 1). Fewer than 10 workers each
were required to work in other postures [standing with
the trunk extended (bent backwards), sitting with the
back flexed or twisted, kneeling, or lying flat], and
therefore the effect of these postures could not be
evaluated.

In each job, the peak biomechanical forces on the
spine were analyzed for up to nine postures where a
load weighing at least 44.5 N (10 pounds) was held in
the hands. The peak reactive torques for three back
muscle groups and compressive forces acting at the
L5/S1 spinal disc were estimated according to a three
dimensional biomechanical strength model (24). In the
jobs that did not require the lifting of at least 44.5 N
the peak biomechanical forces were estimated for the
effect of body weight on the posture that deviated the
most severely from neutral.

Statistical methods
The cases and referents were compared with respect
to their exposures to both nonneutral postures and bio
mechanical forces. The exposure data were treated
both as dichotomous (yes/no) and as continuous vari
ables. All the analyses were performed with the SAS
(statistical analysis system) software package (25).

The frequency of each exposure, as a dichotomous
variable, was compared between the cases and refer
ents from computations of the odds ratio (OR), inter
preted as the incidence density ratio, and its approxi
mate 95 010 confidence interval (95 0J0 CI) (26). The
Student t-test was used to the compare continuous vari
ables, if they were normally distributed, with equal or
unequal variances as indicated by the F statistic (27);
the Wilcoxon rank sum test for nonparametric com
parisons was used for continuous variables with non
Gaussian distributions (28).

In order to evaluate and control for potential con
founding and effect modification, we obtained infor
mation on gender, age, length of employment, recrea
tional activity, medical history, and the maximum
weight lifted in the study job. The distributions of the
casesand referents were compared across strata of each
third factor in turn. The stratum-specific odds ratios
were tested for homogeneity (29), and, if appropriate,
the Mantel-Haenszel estimator of the common or
pooled odds ratio was calculated along with the cor
responding 95 0J0 CI (30).

The duration of each posture was also trichotomized
(no use, use up to 10 010 of the work cycle,use for more
than 10 0J0 of the cycle time), and odds ratios were cal
culated for the second and third of these tertiles com
pared with the first. Chi-square statistics on one de-
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Figure1. Standard trunk posture classifications.
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Results

Table 1. Associations between back disorders and trunk
postures.

Many of the study jobs involved substantial postural
loading of the trunk muscles. There were 185 subjects
(84070) who worked with the trunk in mild flexion for
any amount of time during the workday, 112 subjects
(51 %) who were exposed to severe trunk flexion for
any length of time, and 98 subjects (45 %) who were
exposed to work with the trunk bent laterally or
twisted. Only 20 workers (3 cases and 17 referents)
could be classified as "unexposed" on the basis of
maintaining the trunk in a neutral posture during the
entire job cycle.

Some of the study jobs had highly static postural
demands. The subjects were found to maintain mild
flexion postures for up to 80 % of the work cycle,
severe flexion up to a maximum duration of 74 % of
the work cycle, and twist or lateral bend up to 35 %
of the cycle. The back cases, compared with the refer
ents, spent a significantly greater proportion of the
work cycle, on the average, with the trunk in both mild
flexion (12.8 versus 9.7 %, Wilcoxon P = 0.04) and
severe flexion (7.4 versus 4.1 %, Wilcoxon P = 0.02).

gree of freedom (31) were used to test for linear trend
in the odds of being a case with increasing postural
exposure.

Multivariate logistic regression analysis was used to
estimate the odds ratio for back disorders as a func
tion of workplace postural stress, other independent
variables being simultaneously controlled for. Because
of the covariance among the times spent in the three
trunk postures, the exposure variable used was the sum
of these durations (ie, the total proportion of the work
cycle in any nonneutral posture). With only a few sub
jects with zero exposure to postural stress, this con
tinuous exposure variable would be more sensitive to
changes in relative proportions of cases and would also
permit a measure of exposure-response.

Tests of statistical significance and confidence in
tervals were calculated from the maximum likelihood
estimates of the coefficients and their standard errors.
The contribution of adding each new term to a model
in a nested series was evaluated by the likelihood ratio
test, which is twice the difference of the maximized
log likelihood statistics for the models with and with
out the new term, distributed approximately as a chi
square statistic (29).

In other study jobs, the postural stress to the back
was more dynamic than static in nature. The frequen
cy of postural changes ranged as high as 18.5 trunk
movements per minute of the work cycle. The cases
changed trunk posture in any direction more frequently
than the referents (8.2 versus 6.4 movements per min
ute, Wilcoxon P = 0.03). These changes included more
frequent mild flexion (2.3 versus 1.8 per minute), more
frequent severe flexion (0.9 versus 0.6 per minute), and
more frequent trunk twisting or lateral bending (0.8
versus 0.6 per minute).

The cases were roughly five times more likely than
the referents to work with the trunk in mild flexion
for any length of time and about six times more likely
to work with the trunk either in severe flexion or
twisted or bent sideways (table I).

The cases were subsequently divided into those with
and without findings in the physical examination, and
odds ratios were calculated for each subgroup of cases
in comparison with the referents. There was little
difference in the exposure prevalence between the two
subgroups of cases (for each posture, Fisher's exact
P = 0.14). However, sinceall three unexposed cases had
negative physical examinations of the back, the asso
ciations were even stronger in the stratum with posi
tive findings in the physical examination.

The distribution of exposure time for each posture
was divided into the following three categories: zero
elapsed time, less than 10 % of the work cycle, and
10 % or more. Odds ratios for cases versus referents
were calculated for the second and third categories of
exposure duration, compared with no exposure. The
magnitude of the odds ratios increased with in
creasing length of exposure to both mild and severe
trunk flexion (table 2).

Most of the subjects were exposed to more than one
nonneutral trunk posture during the work cycle. The
separate effect of each identified posture (mild flexion,
severe flexion, or twisting/lateral bending) was esti
mated among those subjects who used only that pos
ture. Exposure to either mild flexion or twisting alone
had an odds ratio of about 2.3, based on small num
bers of subjects. Only three cases and one referent were
exposed exclusively to severe flexion; the odds ratio
for this posture alone was 17.0 but highly unstable be
cause of the sparse data.

The subjects exposed to more than one posture were
used to estimate the effects of each posture combina
tion observed in the workplace. Exposure to both mild
flexion and twisting was associated with the greatest
increase in risk (table 3). However, the estimate for
each separate combination was based on a relatively
small number of subjects.

95 % confidence
interval

Odds
ratioTrunk posture (yes/no)"

a Exposure to specified trunk posture during a regular work
cycle of the study job, compared with no exposure to any
nonneutral posture. The exposures are not mutually exclu
sive. See the text and figure 1 for the posture categories.

Mild flexion
Severe flexion
Twist or lateral bending

4.9
5.7
5.9

1.4-17.4
1.6-20.4
1.6-21.4

Stratified analyses
The cases were somewhat younger on the average
(referents 41.4 years, cases 38.6 years) and had been
employed for slightly less time (mean 3.8 years) than
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Table 3. Associations between back disorders and trunk pos
ture combinat ions .

Table 2. Trends in risk of back disorders with duration of ex
posure to postural stress.

a Compared with no exposure to any nonneutral posture.
b P-value from the test of linear trend (chi-square with 1 de

gree of freedom) .

the likelihood ratio test (P = 0.01). The odds ratio
representing an increase from 0 to 100 % of the work
cycle in any non neutral posture was 7.4 (95 070 CI
1.5-35.4). For comparison with the effects calculated
from the trichotomized exposure variable, the odds ra
tios for 10, 30, and 50 % of the work cycle exposed
(compared with zero exposure) were 1.2, 1.8, and 2.7,
respectively. (The discrepancy was due to the fact that
the distribution of the exposure data was skewed to
the right rather than Gaussian.)

The additional independent variables considered for
inclusion in the model were gender, age (years), years
in the plant, years in current job, history of back in
jury or ruptured spinal disc (yes/no), history of sys
temic disease (yes/no), type of weekly recreational ac
tivity , hours per week in hobbies or sports, lifting or
holding of a part weighing at least 44.5 N (yes/no),
and estimated peak low-back compressive force (in
newtons).

Both forward and backward stepwise regression
procedures were used to determine which variables
should be added to the univariate model, the covari 
ances among them being taken into account. None of
the additional variables resulted in any marked change
in either the point estimate or the confidence interval
for the effect of the primary exposure variable for
postural stress.

0.42

0.006

0.014

0.003

P-valueb

4.2
6.1

4.4
8.9

3.8
5.5

6.6
3.8

Odds
ratioTrunk posture-

Any posture

0-10 % of cycle time
~ 10 % of cycle li me

Mild flexion

0-10 % of cycle time
~ 10 % of cycle ti me

Severe flex ion

0-10 % of cycle time
~ 10 % of cycle time

Twist or lateral bending

0-10 % of cycle time
~ 10 % of cycle time

the referents (mean 5.1 years) in their current jobs.
The odds ratios for each of the three postures (di
chotomized) in the top half of table 1 were recalcu
lated after stratification in turn by decade of age and
by decade of length of employment, both in the plant
and in the current job. For both age and years in the
current job, all of the Mantel-Haenszel (M-H) odds
ratios for the effect of postural stress were slightly
higher than the corresponding crude estimates. For
years worked in the plant, there was no change from
the crude odds ratios to the M-H estimates, but the
confidence intervals were slightly narrower.

Sixty-eight subjects reported at least one acute back
injury prior to the reported onset date of the current
back pain. The odds ratios for workers without prior
injuries were slightly lower than the crude estimates.
The odds ratios for workers with prior injuries could
not be estimated because there were no unexpo sed
cases.

Fourteen cases and nine referents reported a history
of rheumatoid arthritis, gout, or ruptured spinal disc
in the interview . Nine of these workers also reported
the ruptured disc as a previous back injury. No sub
ject reported ankylosing spondylitis. The odds ratios
for postural stress after the exclusion of these 23 work
ers were slightly lower than the crude estimates.

Fifty-one (54 070) cases and 62 (50 %) referents
reported engaging weekly in one or more hobbies,
sports, or second jobs. The distributions of cases and
referents did not vary among the reported types of ac
tivities (racquet or ball sports , other sports, music, or
household activities). Among the workers participating
in these activities, the cases did so for an average of
7.0 h and the referents for 9.4 h per week (Wilcoxon
P=0.34). Only 16 (17 %) cases and 18 (15 %) refer
ents regularly participated in baseball, golf, or bowling
(OR 1.2, 95 % CI 0.5-2.6). The effect of trunk pos
ture was higher among the workers who did not en
gage in any outside activity (OR ~ 9.3 for each pos
ture).

Twenty-one (22 %) cases and 16 (13 % ) referents
were observed to lift parts or tools weighing at least
44.5 N. Among these 37 workers, the estimated mean
peak compression at the L5/S1 disc was low relative
to the NIOSH guideline (9) for both the cases (1938 N)
and the referents (2437 N) (P=0.16). Among all 219
workers, the estimated peak low-back compressive
forces were virtually the same between the cases (mean
1915 N) and the referents (mean 1871 N). The M-H
odds rat ios for postural stress were slightly lower after
control for lifting, and the confidence intervals were
slightly narrower.

a Compared with no exposure to any nonneutral posture.

Logistic regression analysis

The logistic model was fitted initially to the primary
exposure variable, the total proportion of the work
cycle maintained in any nonneutral posture. The
univariate model was highly statistically significant by

Trunk posture (yes/no)a

Mild and severe flexion
Mild flexion and tw ist
All three postures

Odds
ratio

5.1
7.4
5.9

95 % confidence
interval

1.4-19.2
1.8-29.4
1.5-22.7

4 34\



Table 4. Final logistic regression model of back disorders.

-2 log likelihood (intercept only) = 299.75
-2 log likelihood (model) = 275.97
Model chi·square on 4 degrees of freedom =23.78 (P<0.OO1)

a Postural stress in the study job, as the proportion of work
cycle (sum of durations of mild flex ion, severe flexion, and
twisting).

b Coded 0 = no, 1 = yes.
c History of back injury or ruptured spinal disk prior to first

onset of pain.

Independent variable

Time nonneutral
Lift 44.5 Nb
Age (years)
Back injuryb, c
Intercept

Odds
rat io

8,09
2,16
0.96
2,37

95 % confidence
interval

1.5-44.0
1.0-4.7
0.9-1.0
1.3-4.3

of the resultant bias was estimated in the analysis.
Stratification on the basis of whether or not another
worker had been substituted in the job analysis showed
that the risks for each posture were greater among the
group filmed in their own jobs (table 5). These odds
ratios could not be accurately estimated because of a
zero cell (no unexposed cases in this stratum), but the
pooled estimate for each trunk posture and posture
combination was approximately twice the corre
sponding crude estimate . When an indicator variable
for job analysis of a proxy subject was added to the
logistic regression model, it was strongly negative
(P<O.OOOl), and the coefficient for the main effect
of posture was somewhat larger (OR 9.8 for 100 %
exposure).

The "final model" included history of ruptured disc
or acute back injury, lifting 44.5 N, and age (onlymar
ginally significant) in addition to total duration of ex
posure to any nonneutral posture (table 4). The odds
ratio for the effect of the duration of exposure was
slightly greater than that estimated from the univari
ate model. The effect of postural stress (extrapolated
to 100 % of the work cycle) on the risk of back dis
orders was almost four times greater than the effect
of lifting 44.5 N at least once per minute throughout
the workday.

Use of proxy subjects
Eighty-three (38 %) of the 219 workers could not be
videotaped in their own jobs , and proxy or substitute
workers were videotaped performing the jobs that the
study subjects had designated in the interview. (See
"Ergonomic Job Analysis" in the Methods section.)
This was true for 59 cases (62 %) compared with 24
referents (19 %). The difference in proportions prob
ably occurred because the cases were asked in the in
terview to name the jobs associated with first onset of
pain (which were not always their current jobs) and
because the cases were more likely than the referents
to change jobs after developing back pain.

The use of exposure data obtained from a worker
other than the study subject was considered to be a
potential source of misclassification. The magnitude

Discussion

The results of this case-referent study demonstrated
a strong and consistent relationship between occupa
tional exposure to nonneutral trunk postures and mus
culoskeletal disorders of the back. Only 20 subjects in
this population wereunexposed to all of the nonneutral
postures studied . Nevertheless, a strong increasing
trend in risk was observed with both intensity of ex
posure and with duration of exposure. In particular,
the risk from trunk flexion increased both with the du
ration of exposure and with the degree of flexion from
"mild" to "severe." The lack of exposure-response
trend for duration of lateral bend or twist was prob
ably due to the small number of subjects with exposure
lasting more than 10 % of the work cycle. Exposure
to two or three nonneutral postures in the regular work
cyclewas found to involve a higher risk than exposure
to only one posture.

Low-back pain is a nonspecific disorder with a very
high prevalence and incidence (1-3,8-11,32). It is
intermittent and episodic in nature, with recurrence
rates as high as 85 % in certain age groups. Back pain
is highly variable in its time course and severity. Most
episodes resolve relatively quickly, while a small num
ber result in long-term disability. No standardized defi
nition of disease exists (34). Diagnostic evaluations are
of limited usefulness in that at least 50 % of low-back
pain symptomatology can never be attributed to a

Table 5. Associations between back disorders and trunk postures, st ratif ied by use of substitute workers In job analyse.
(M·H = Mantel·Haenszel)

Substitute workers M-H est imates

Trunk posture- Yes
Nob Odds 95 % confidence

Odds 95 % confidence ratio interval
ratio interval

Mild flexion 5.1 1.1-23.6 10.5 9.9 2.3-42.2
Severe flexion 5.0 1.0-24.4 12.9 10.4 2.4-44.7
TwisUlateral bending 5.7 1.1-28.8 12.3 11.5 2.6-51.3

a Compared with no exposure to any nonneutral posture.
b No cases unexposed to any posture; odds ratios undefined, estimated here using 0.5 correction in each cel l.
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specific structural finding (33). Findings in physical ex
aminations appear to be correlated with recent and
severe episodes, rather than with lifetime history. For
these reasons, back pain is actually a continuous out
come rather than a dichotomous one , and the iden
tification of onset or "incidence" of a back disorder
is problematic, both conceptually and operationally.
Thus both cases and referents are difficult to define
for an epidemiologic study. (Epidemiologic studies of
most musculoskeletal disorders must address these
problems, which can only be avoided through a pro
spective investigation with very frequent monitoring
of symptoms and signs for all the study subjects .)

In this investigation, cases were defined as those
workers who flied new reports of back disorders at the
plant medical department during the study period and
who had findings of back disorders that met prede
fined criteria in the interview and examination. The
goal of these criteria was to identify those workers with
a complaint of minimum severity that might be con
sidered to be of clinical significance, and with recent
onset, to minimize possible recall bias, and to concen
trate on factors related more to the incidence than
to the prevalence of back pain. Cases were included
regardless of the findings of the physical examination.
However, analysis of the subset with physical findings
showed stronger associations with posture . Case selec
tion was not restricted to back pain deemed compens
able by the company so that the risk factors for pain
could be studied rather than the factors predictive of
the ability to obtain compensation (32).

The referents in this study were defined as those
workers who did not report any back disorders to the
medical department during the study period and who
had no symptoms or signs of back disorders in an in
terviewand examination. The goal of these criteria was
to identify individuals with no back pain of more than
minimal severity in the present or recent past. (An
alternative approach might have utilized "case-base"
sampling, for increased efficiency in the study of mul
tiple outcome events.)

In the original group of 214 randomly selectedwork
ers who were intended to serve as referents, 134(63010)
had symptoms or signs of back disorders but had not
reported these problems recently to the plant medical
department. This finding is consistent with that of
other studies of musculoskeletal disorders, in which
more cases have been identified through the use of in
terviews and physical examinations than through the
use of company records alone (35). Further studies are
required to evaluate the relative importance of clini
cal, socioeconomic, and psychological factors in de
termining whether or not, and when, a worker reports
a condition to the medical department. Without being
able to explore this question in the present study, we
chose to use the medical reporting system as the pri
mary basis for the case definition because it was pos
sible toobserve the moment in which an individual be
came a case. This delineation would be almost impos-

sible for a definition not based on the reporting of
pain, where the identification of the appropriate job
for exposure characterization would be even more
troublesome. In addition, we wished to define cases
and referents so as to maximize the contrast between
their experiences of back pain , in order to maximize
the power of this investigation to identify risk factors
for more recent, severe, and persistent back disorders.
However, a limitation of this approach is that the de
cision to report a chronic disorder does not represent
a standardized point in the disease progression among
all cases.

Because exposures could not be measured at the
moment of first onset (incidence) of back pain, it is
possible that the risk factors identified were a mix
ture of those that aggravated existing disorders and
those associated with etiology. There is no substantive
reason to believe that factors predictive of onset are
likely to be very different from those that aggravate
preexisting back conditions. However, to the extent
that these factors are different, this study would have
had limited ability to distinguish between the two
groups of stressors.

It seems unlikely that the positive associations
reported in this investigation were artifacts of selec
tion or information bias. The participation rates of the
back cases and referents were similar and relatively
high (82-84 %) . The data on postural and force job
requirements were collected and analyzed objectively
by members of the research team who were blinded
as to the case-referent status of the study subjects.

The possibility of "healthy worker selection" out
of this study population should be considered . The
cases and referents were selected from actively em
ployed individuals in that it was not possible to de
fine and study a full cohort of individuals at the be
ginning of employment. Approximately half of the
cases had experienced prior incidents of back pain
more than six months before the index report; it is pos
sible that other workers who developed back problems
during the course of their employment had already left
the plant. If self-selection out of employment did not
occur randomly with respect to exposure, the associa
tions estimated from this data set could be underesti
mates of the true values (36). There is some evidence
that such a selection effect had occurred in this popu 
lation in that back pain was not positively associated
with either age or length of employment.

Self-selection of workers could also occur out of
highly exposed jobs, rather than out of employment
altogether. Almost 75 % of the cases reported diffi
culty in doing their current or past jobs, and about
one-third reported that they had voluntarily trans
ferred from previous job assignments because of back
pain. We were unable to determine whether these
workers had transferred to jobs with markedly dif
ferent ergonomic exposures than those of the jobs they
had held at the time of reported onset. The evalua
tion of exposure for the cases was based on the jobs
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that they had held at the time of first onset of back
pain, in order to reduce this potential selection bias.
However, the jobs for 14 cases were no longer per
formed in the plant, and current or "aggravating" jobs
had to be analyzed instead. Any resulting misclassifi
cation would be likely to bias the estimates of effect
toward the null hypothesis .

Since postures during work could not be observed
prior to the cases' first onset of back pain, we have
no information about whether workers might have al
tered their work methods and postures after the onset
of pain . Any such changes would very likely have oc
curred as a result of the subjects' attempts to reduce
pain by reducing the intensity or duration of exposure
to postural stress. Therefore, if there was any misclas
sification of exposure, it would again probably have
been in the direction of an underestimation of the
postural exposures of the cases prior to or at the onset
of back pain and thus an underestimation of the mag
nitude of the associations.

On automobile assembly lines, most jobs are per
formed by only two workers at any given time. Be
cause of the small number of jobs performed by more
than one study subject, it was not possible in this study
to examine directly the important question of interin
dividual variability in work postures. Again, when
postural data from one worker are applied to another
study subject, any such variability would result in ran
dom misclassification of exposure and an underesti
mation of the true parameters . In this study, the neces
sity to use postural data from one worker to estimate
the exposure of another, for a minority of study sub
jects, did appear to result in an underestimation of the
magnitude of the associations. The odds ratio for each
trunk posture, when calculated only for the workers
who were filmed performing their own jobs, was more
than double the crude estimate.

Some of this difference may reflect the importance
of individual anthropometry or work methods, or
both, in determining posture in the workplace. Some
of it may also have been due to the fact that job con
tent and ergonomic exposures may have changed
slightly since the cases' first onset, given the constant
state of flux in the automobile assembly process.

This finding is of inherent interest because it demon
strates the importance of characterizing exposure to
postural stressors for each subject individually, as well
as the possible magnitude of exposure misclassifica
tion in studies in which exposure is evaluated only at
the level of job title or other group variable.

Nonoccupational risk factors that have been demon
strated or postulated for low-back pain include age,
height , weight, acute traumatic spinal injury, certain
recreational activities, muscular strength and general
physical fitness, smoking, psychosocial characteristics,
severe disc degeneration, specific structural radio
graphic abnormalities (spondylolysis, spondylolisthe
sis), severe scoliosis, and autoimmune diseases such
as ankylosing spondylitis (32,33). Gender does not ap-
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pear to be a risk factor in the general population (l ,
2, 8, 32).

Data on age, gender, medical history, prior injuries,
and sport s, hobbies or second jobs were obtained by
interview, and their effects were examined. Only two
of these variables (a history of ruptured disc or acute
back injury and lifting of 44.5 N) were significantly
associatedwith back disorders in the multivariate logis
tic regression. Ruptured spinal disc was included even
though it might in some instances represent an acute
outcome of the ergonomic risk factors under study,
rather than a confounding variable. (Including it in the
statistical analysis would therefore reduce the estimated
effect of these factors.) None of the additional vari
ables had a substantial effect on either the magnitude
or the stability of the estimated odds ratios for postural
exposures. Specifically, no effect was found for weekly
baseball, golf, and bowling. The negative association
observed with recreational activities was judged like
ly to be due to the self-selection of back pain cases out
of participation in sports, rather than to a protective
effect.

Height, weight, and smoking history were not
recorded in this study. We did not measure muscular
strength capacity of the trunk and endurance or psy
chological attributes. Socioeconomic status was as
sumed to be relatively invariant within the study popu
lation .

Thus, within the limitations of this study, the rela
tionship of back disorders to nonneutral postures was
not explained by nonoccupational factors such as gen
der, age, prior injury, or medical history .

The four occupational risk factors most commonly
identified in epidemiologic studies of low-back pain
are frequent, sudden or heavy lifting; prolonged sit
ting; whole-body vibration; and driving motor vehi
cles (1-8, 32). Very few of the workers in this study
were observed to be exposed to any of these except
lifting. Thus this factor was the only occupational ex
posure of interest to be characterized in addition to
the postural demands.

The additional biomechanical forces imposed by the
lifting tasks in the jobs studied appeared to be low to
moderate, since most of the workers lifted only small
parts or handtools. Detailed biomechanical analyses
were performed only if the object lifted involved at
least 44.5 N. [In most situations this weight represents
a relatively low load by ergonomic criteria, although
if lifted with the arms extended it would exceed the
strength capability of more than 50 0J0 of the female
working population (24 chapter 6).] Less than 3 070 of
the analyzed postures resulted in peak compressive
forces of 3430 N, the value equivalent to the action
limit recommended by NIOSH (9).The highest peak
compressive force estimated in these jobs was 5337 N,
or below the maximum permissible limit of 6370 N of
NIOSH . (The action limit and the maximum permis
sible limit represent estimated relative risks of 3



and 8, respectively, for back injury among exposed
workers.)

Some attention has previously been focused on the
effect of lifting in a " stooped" posture [ie, with the
trunk flexed forward (4, 6, 37) or in a posture in which
the trunk is twisted or flexed laterally (38-42)]. These
outcome measures have been short-term ones, in
cluding compressive force estimated or measured at
the lumbar spine, metabolic rate, erector spinae elec
tromyographic activity, and voluntary strength capa
bility in specified postures . The hypothesis for each
of these measurements concerns the extent to which
the posture used at the beginning of the lift increases
the strain of a lifting task. These measurements are
also applicable to tasks in which only the weight of
the body is being supported, but they may not com
pletely describe the effect of postures that are held for
longer periods of time.

In any event, estimates derived from biomechani
cal models would suggest a greater incremental stress
on the soft tissues, when moving from "mild" to
"severe" flexion, than the small increase in risk
demonst rated with the present results. It may be that
random misclassification (analyst error in distinguish
ing the two grades of flexion) diluted the difference
betweenthe two estimates. Alternatively, it may be that
the mechanism of injury produces a nonlinear expo
sure-response curve, possibly because of a combina
tion of biomechanical and physiological effects.

There are several competing pathologic mechanisms
hypothesized for chronic low-back disorders. They in
clude disc-related factors, such as mechanical failure
resulting from compression or poor nutrition (16), and
acute or chronic fatigue of the soft tissues, such as that
measured as high electrical activity of the spinal mus
cles (43), deformation of the bone and soft tissues
(44-47), or chronic ligament strain (48). One recent
study showed that cyclic compressive loading of the
lumbar vertebrae, presumably similar in nature to that
produced by repetitive flexion in l -rnin work cycles,
greatly increases the probability of disc failure as com
pared with a single, sustained exposure to the same
magnitude of compressive force (49). Other investiga
tors have argued against the role of spinal disc com
pression (46) or of muscular insufficiency (13).

The relative importance of these suspected causal
mechanisms in the etiology of low-back pain remains
unclear (32, 33). However, each of these arguments
would be at least partially consistent with the present
findings, since all of these biomechanical and physio
logical stresses can be generated by one or more of the
trunk postures studied.

The limited prior epidemiologic evidence has been
inconclusive regarding the risk from occupational ex
posure to postures such as forward flexion, lateral
bending, and twisting, although methodological
difficulties may account for some of the negative
results reported. The etiologic fraction of back cases
due to the effects of nonneutral trunk postures in this

population was estimated to be about 75 0/0. On the
basis of these findings, we have recommended to the
company and the union that jobs with high postural
demands on the trunk be redesigned, when possible,
to eliminate such stressors, in addition to the more
traditional concern over the high stressesresulting from
lifting heavy loads. If future investigations confirm
that occupational posture requirements are important
causes of chronic back disorders, then another means
of preventing this highly prevalent and costly problem
could be achieved through anthropometric and postur
al considerations in the design of tasks, tools, and
workplaces.
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