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The scientific literature on work-related back disorders was reviewed to identify consistent risk factors and to
determine the strength of the association between the two. Thirty-five publications were selected with quantita-
tive information. Lifting or carrying loads, whole-body vibration, and frequent bending and twisting proved to
be the physical load risk factors consistently associated with work-related back disorders. Job dissatisfaction and
low job decision latitude proved to be important, but the evidence was not consistent across different studies and
study designs. The epidemiologic studies illustrated the importance of several confounders, especially age,
smoking habits, and education. In this review, gender, height, weight, exercise, and marital status were
consistently not associated with back disorders in occupational populations.
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For several decades back disorders have been recognized
as a major cause of sickness absence and disability
among many occupational populations. With advancing
mechanization and automation it was thought that its
occurrence would decline. In general, this has not been
the case, and in most occupations back disorders are still
a primary cause of disability (1, 2). In spite of the large
number of epidemiologic studies in the past 2 decades,
the etiology and risk factors of work-related back disor-
ders are not well understood (3). Quantitative guidelines
for physical load at work have been derived from experi-
mental studies with outcome variables such as perform-
ance, oxygen consumption, fatigue, and several physio-
logical parameters (4—6). However, these guidelines are
based on short-term physiological, biomechanical, and
psychophysical responses to physical load experienced
during a limited period. There is little, if any, epidemio-
logic evidence to support or refute the appropriateness of
these guidelines to prevent the development of back dis-
orders in occupational populations. To date, epidemio-
logic studies have shown disappointing progress in vali-
dating the contribution of the factors well-established in
experimental research (7).

In the process of unraveling the multifactorial etiolo-
gy of back disorders and the specific contribution of
work-related risk factors, epidemiologic surveys have

identified various individual, psychosocial, and physical
factors (8—14). Contradictory observations have been
reported for most risk factors. An important reason for
the current confusion is that many studies have estimated
risk factors by job title only and, hence, presented crude
associations between risk factors and back disorders (15,
16). These studies do not allow quantitative exposure-
response relationships to be established and are of little
avail to the prevention of back disorders. The overall
picture is also blurred because most epidemiologic
studies are dominated by the role of a limited number of
risk factors, whereas only a few studies take into con-
sideration all the relevant factors that have previously
been studied (17).

In this article the epidemiologic data accumulated on
work-related risk factors for back disorders over the past
15 years have been reviewed. The aim is to clarify to
some extent the controversy as to which risk factors are
important. While various review articles on work-related
risk factors and back disorders have been published (2,
8—14, 17), few have presented quantitative information
on the strength of associations and the consistency of
findings in various study designs concerning potential
risk factors. This review evaluates publications that have
provided quantitative information on relationships be-
tween work-related risk factors and back disorders. The

1 Liberty Mutual Research Center for Safety and Health, Hopkinton, Massachusetts, United States.
2 Department of Public Health, Erasmus University, Rotterdam, The Netherlands.

Reprint requests to: Dr Alex Burdorf, Department of Public Health, Erasmus University Rotterdam, PO Box 1738, 3000 DR

Rotterdam, The Netherlands [e-mail: burdorf @mgz.fgg.eur.nl].

243




Risk factors of back disorders

LET

evaluation takes into account “positive”, “inconclusive”,
and “negative” studies in order to identify the risk factors
that are consistently shown to be associated with back
disorders and those consistently shown not to be predic-
tors. To further the discussion of the likelihood of causal
inferences, the evidence presented in the epidemiologic
literature is summarized by the range of risk estimates of
work-related risk factors, their corresponding 95% confi-
dence intervals, and the proportion of back disorders that
was attributable to these risk factors. In addition, it is
determined whether contradictory observations can be
explained by study characteristics, potential bias, or pos-
sible artifacts. The primary goal of this review is to
identify the important risk factors for work-related back
disorders, to present information on the strength of the
associations, and to estimate their relative contribution to
the occurrence of back disorders in occupational popula-
tions.

Selection of references

An extensive search of the available literature was made
for epidemiologic studies published from January 1980
to June 1996. Several strategies were undertaken to iden-
tify as many relevant articles as possible. Searches were
carried out on computer-based bibliographic data bases
such as MEDLINE (National Library of Medicine,
United States), NIOSHTIC (National Institute for Occu-
pational Safety and Health, United States), HSELINE
(Health and Safety Executive, United Kingdom),
CISDOC (International Labour Organisation, Switzer-
land) and Ergoweb (homepage of University of Utah on
the Internet). In addition, scientific journals which regu-
larly pay attention to the epidemiology of musculoskele-
tal disorders were manually searched. Review articles
were checked for useful references (8—14). All possible
articles were collected, except those published in foreign
journals that were not available through university librar-
ies. The initial selection criterion was that the articles
should describe the occurrence of back disorders in oc-
cupational groups or relate the occurrence of back disor-
ders in community-based populations to specific work
conditions. Altogether 140 articles were eligible for in-
clusion and subsequently scrutinized for available infor-
mation, methodological quality, and the interpretation of
exposure and outcome measures.

Three exclusion criteria were used to limit the selec-
tion to studies with quantitative information on associa-
tions between work-related risk factors and back disor-
ders. The first exclusion criterion pertained to lack of
quantitative information on work-related risk factors (ie,
a clear description of how the risk factors were measured
at least at the ordinal level) was needed for inclusion.
According to this criterion, 68 of 140 (49%) articles
were excluded. Of these 68 studies, 47 publications only
mentioned occupations or job titles, 7 articles applied
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expert assessments to determine the presence of risk
factors in jobs without presenting clear information on
the assessment procedure, 5 studies lacked a clear de-
finition of exposure to the risk factor, and 9 studies did
not adequately describe exposure conditions among the
compared groups. The second criterion excluded 30
(21%) articles that did not contain a suitable risk esti-
mate for work-related risk factors or sufficient informa-
tion that allowed the calculation of a risk estimate. Thus
14 studies were excluded in which the exposure informa-
tion was not directly linked to the population under study,
7 studies used composite scores to combine work-related
risk factors or health outcomes, and 9 studies applied
statistical techniques not suitable to derive risk estimates
such as the odds ratio or relative risk. The third exclusion
criterion was used to eliminate 7 (5%) articles with seri-
ous methodological concerns in relation to the particular
purpose of this review. Four studies of subjects drawn
from populations in hospitals or family practices were
not included because of potential selection bias (18—
21). In these studies, if the subjects selected were more
likely to be severely injured than workers in their regular
work environment, then true effects of the work-related
risk factors for back disorders may have been masked or
inflated. One study was not included because it had a
participation rate below 50% (22). Two studies were
excluded because the incidence of back pain was esti-
mated by the recall of back pain episodes up to 20 years
in the past (23, 24).

Thus there remained 35 (25%) publications that met
our selection criteria. These articles (25—59) formed the
basis for our detailed review of the associations between
work-related risk factors and the occurrence of back dis-
orders.

Analysis and presentation of risk estimates

On the basis of 5 authoritative review articles, the fol-
lowing list was drawn up of possible work-related risk
factors and important individual characteristics (8, 10—
13):

1. Physical factors at work

Manual materials handling
Frequent bending and twisting
Heavy physical load

Static work posture

Repetitive movements
Whole-body vibration

mTmOOw e

2. Psychological factors at work

Mental stress

Job dissatisfaction

Work pace

Low job support

Low job decision latitude or monotonous work

moawe



3. Individual characteristics

Age

Gender

Height

Weight

Smoking
Exercise or sport
Marital status
Education

ToEEoOw

This list was used to identify the associations between
work-related risk factors and back disorders and to eval-
uate whether the associations were adjusted for relevant
individual characteristics of the subjects under study.

The analysis focused on associations expressed by
risk estimates such as the odds ratio and the relative risk.
Whenever possible, the risk estimate was retrieved from
the original article, together with the variables that were
adjusted for in the statistical analysis. The risk estimates
from the original articles are used throughout the tables.
In several publications this information was not pre-
sented, but for all studies that provided sufficient raw
data for 2 x 2 tables, odds ratios or relative risks were
calculated with 95% confidence intervals. In cross-sec-
tional studies the prevalence odds ratio overestimates the
true risk when the prevalence of disease is rather high
(60). Since this condition is particularly true in studies
on back disorders, when possible and appropriate, the
raw data were reanalyzed in contingency tables to calcu-
late the prevalence rate ratio. Subsequently, the relative
risk of the longitudinal studies and the prevalence rate
ratio of the cross-sectional surveys were used to calcu-
late the attributable fraction (AF,). The attributable frac-
tion is the proportion by which the rate of the outcome
among the exposed would be reduced if the exposure
were eliminated (61). This fraction is calculated as the
ratio of RR — I over RR, where RR is the relative risk or
the prevalence rate ratio. The attributable fraction was
not calculated for case-referent studies since the study
design did not permit rate ratio calculations. The reader
should keep in mind that, in the tables summarizing the
findings of the epidemiologic studies, the risk estimate
refers to the original estimate presented and the attributa-
ble fraction refers to the recalculated rate ratio.

In this review, 3 types of statistical associations have
been distinguished (61). The association is described as
positive when the occurrence of back disorders is statisti-
cally associated with higher values of the risk factor. In a
negative association, a higher value of the risk factor is
statistically associated with a lower occurrence of back
disorders. In null associations, the risk estimate does not
differ statistically from unity. The null associations were
further evaluated as to whether the results actually sug-
gest the absence of an effect or whether the studies are
inconclusive due to lack of information (62).
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Findings from epidemiologic studies

Table 1 summarizes the work-related risk factors and
individual characteristics investigated for the 35 publica-
tions selected in this review (25—49). These publica-
tions comprise 36 epidemiologic studies since 1 pub-
lication was both cross-sectional and longitudinal (47).
Division by study design showed that 20 (55%) were
cross-sectional surveys among occupational populations,
8 (22%) were cross-sectional community-based studies,
6 (17%) were longitudinal studies among workers, and
2 (6%) had a case-referent design. Tables 2 to 5 present
the basic characteristics of these studies and the risk
estimates of the significant associations between work-
related risk factors and back disorders. One cross-sec-
tional survey (37) and 1 longitudinal study (50) are not
included in these tables since none of the evaluated work-
related factors were associated with back disorders. The
results of all the selected studies are reviewed in the
following sections.

Manual materials handling

The importance of lifting and other forceful movements
has been demonstrated by various authors. Independent
of study design, 16 of 19 studies reported a positive
association between back disorders and the lifting or
carrying of loads (table 1). The risk estimates varied
from 1.12 to 3.07 with attributable fractions between
11% and 54%. The 2 highest odds ratios were associated
with heavy lifting among miners (36) and firefighters
(46). The 6 studies among nurses illustrated that the
lifting of patients is an important risk factor for back
disorders. Handling 1 or 2 patients per shift resulted in a
significantly increased odds ratio of 1.40 for low-back
pain in the past year (45, 54) and of 2.19 for a back injury
claim (58). Arad et al (25) showed a trend in 1-month
prevalence rates of low-back pain for nurses with in-
creasing numbers of patient lifts per shift. A correspond-
ing effect was observed among French nurses for low-
back pain and a lifting index comprising several lifting,
pushing, and pulling movements (45).

Three studies found no relationship with regard to the
effect of lifting activities on back disorders. A communi-
ty-based survey among working women reported an ele-
vated odds ratio of 1.23 that failed to reach statistical
significance for low-back pain (57). A cross-sectional
study among concrete workers found no association be-
tween the duration of lifting loads over 10 kg during
work and the prevalence of back pain in the past 12
months, but there was very little contrast in exposure
among the occupational groups (33). In a longitudinal
study among commercial travelers no influence of fre-
quent load carrying was observed for self-reported back
pain, whereas the cross-sectional analysis at the start of
the study demonstrated a positive association (47).
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Tahle 1. Epidemiologic studies with positive, null, and negative associations between risk factors and back disorders.?

Risk factor® Positive association Null association Negative
association
1. Physical risk factors of work
A. Manual materials handling (N = 19) 25, 35, 36, 39, 43, 44, 45, 46, 47, 48, 33, 47,57 —
51, 54, 55, 56, 58, 59
B. Frequent bending and twisting (N = 10} 31,32, 33, 39, 43, 48, 49, 51, 58 50 -
C. Heavy physical load (N =7) 35, 38, 40, 42, 46, 56 26 —
D. Static work posture (N=7) 34, 47, 52 39,43, 47,57 —
E. Repetitive movements (N = 3) 51 42,57 —_
F. Whole-body vibration (N = 13) 27,28, 29, 30, 31, 32, 33, 41, 43, 50
44, 47, 51
2. Psychological risk factors of work
A. Mental stress (N = 5) 38, 39, b4 51,57 —
B. Job dissatisfaction (N = 7) 26, 39, 53, 56, 57 44, 46 —
C. High work pace (N = 4) 40 37, 50, 51 —
D. Lack of job support (N =2) —_ 39, 50 —
E. Low job decision latitude or
monotonous work (N = 7) 39, 40, 51, 56, 57 37,50 —
3. Individual risk factors
A. Age (N =30) 27, 30, 31, 38, 39, 40, 43, 47, 49, 26, 28, 32, 33, 34, 35, 39, 42, 45, 47, 25, 27,29
51, 53, 57 48, 50, 58, 59
B. Gender (N =9) 40, 53 26, 38, 42, 43, 47, 51, 58 —
C. Height (N =12) 38, 54 27,28, 33, 34, 38, 39, 42, 45, 47, 51
D. Weight (N = 18) 43 27,29, 31,32, 33, 34, 35, 38, 39, 42,
44, 45, 46, 47, 51, 58, 59
E. Smoking (N = 15) 38, 39,42, 43,47 25, 31, 32, 38, 39, 44, 46, 47,50, 51,54  —
F. Exercise or sport (N = 14) 45, 50 25, 32, 35, 39, 40, 44, 48, 49, 51, 54 31,46
G. Unmarried (N=7) e 25,26, 31, 44, 46, 47, 58 —_
H. Low education (N = 11) 31, 32,40, 42, 43 26, 32, 46, 47, 50, 51, 57 —

a The numbers in this table are reference numbers, some publications present associations for several health outcomes.

b N = number of studies.

Frequent bending and twisting

Ten studies have focused on the association between
back pain and postural load due to frequent bending and
twisting of the trunk. Nine studies reported positive asso-
ciations, and the observed risk estimates ranged from
1.29 to 2.80 with an outlier of 8.09. The latter risk esti-
mate was derived from a case-referent study that extrap-
olated the risk from 0% to 100% trunk flexion or rotation
or both, while adjusting for lifting activities. This study
showed that the risk of back disorders increased with
exposure to multiple awkward back postures and in-
creasing duration of exposure. It was also able to disen-
tangle the separate effects of bending and twisting, illus-
trating that both mild flexion and twists had an odds ratio
of about 2.3 (48). Two other studies among tractor drivers
and concrete workers also reported dose-response rela-
tionships for duration of worktime in awkward postures
with the prevalence of back pain (31, 33). Riihiméki et al
(49) confirmed the association between sciatic pain and
trunk flexion or rotation among office workers whose
work rarely involved lifting. In the 3-year follow-up of
office workers, machine operators, and carpenters the
average duration of trunk flexion or rotation per shift
was significantly associated with the incidence of
sciatica, but this association was not statistically signifi-
cant when adjusted for occupation, smoking, history of
back pain, and physical exercise (50).
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Heavy physical load

Seven studies dealt with heavy physical work and back
disorders. Four cross-sectional community-based studies
demonstrated increased risks of 1.54 — 2.58 with associ-
ated attributable fractions between 31% and 58% (38,
40, 42, 56). In these studies, heavy physical load was
assessed as a dichotomous variable in a self-adminis-
tered questionnaire. A cross-sectional survey among
nurses found an odds ratio of 2.07 for high physical load,
expressed by prolonged standing, frequent bending, and
other awkward postures. This risk estimate was adjusted
for manual materials handling (35). In a case-referent
study among fire fighters, physical exertion during work
was strongly associated with a back injury claim (46). A
large longitudinal study failed to demonstrate an associa-
tion between physical load and the incidence of back
injury claims during the follow-up period (26).

Static work posture

The importance of changes in work posture has been
stressed by several authors in recent years (8, 13). Pro-
longed sedentary postures have been positively associ-
ated with low-back pain among dentists and crane oper-
ators (34, 52), but this association was not confirmed in
other studies (39, 43, 50, 57). Similar contradictory ob-
servations have been reported on the duration of stand-
ing on the job (47). In a community-based study among
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Table 2. Significant associations between work-related risk factors and the occurrence of back disorders in cross-sectional epidemiologic
studies among occupational populations. (OR = odds ratio, 95% Gl = 95% confidence interval, AF, = attributable fraction exposed,

F = female, M = male)

Authors Study population Back disorders Work-related risk factor ~ OR 95% Cl AF, Adjustments?
Arad & Ryan, 1986 (25) 831 nurses (F) l.ow-back pain in past Lifts per shift 247 1.78—3.42 41% None
month (42%) (> 6 versus less)
Bongers et al, 1990 (27) 133 helicopter pilots and Regularly experienced Whole-body vibration .00 4.90-16.40 80% 1B, 3A, 3C, 3D
228 nonflying officers (M)  low-back pain (a, > 0.5 m/s?)
(55% and 11%)
Boshuizen et al, 1992 (29) 242 drivers and 210 Low-back pain in past Whole-body vibration 173  1.06—2.81 18% 3A
operators (M) 12 months (a,> 0.5 m/s?)
(51% and 42%})
Boshuizen et al, 1990 (28) 450 tractor drivers and Regularly experienced Whole-body vibration 193 1.12—3.35 39% 1B,3A,3C, 3D
110 agriculture workers (M) low-back pain (a,> 0.3 m/s?)
(31% and 19%)
Bovenzi & Zadini, 234 bus drivers and 125 Low-back pain in past Whole-body vibration 362 1.60—8.22 1B, 3A, 3C, 3D, 3E,
1992 (32) maintenance workers (M) 12 months (a,> 0.6 m/s?) 3F, 3H
(83% and 66%) Awkward posture 229  1.22—4.29 1F, 3A, 3G, 3D, 3E,
(frequent) 3F, 3H
Bovenzi & Betta, 1994 (31) 1155 tractor drivers and Low-back pain in past Whole-body vibration 156  1.02—2.41 1B, 2A, 3A, 3C—3H
220 office workers (M) 12 months (3, > 0.5 m/s?)
(67% and 35%) Awkward posture (hard) 2.03  1.16—3.54 . 1F, 2A, 3A, 3C—3H
Burdorf et al, 1991 (33) 114 concrete workers and  Low-back pain in past Bends and twists 2.80 1.31—6.01 30% 3A
52 maintenance workers (M) 12 months (37% versus 27%)
(59% and 31%) Whole-body vibration 3.06 1.26—7.45 3A
(yes/no)
Burdorf et al, 1993 (34) 94 crane operators and Low-back pain in past Static sedentary posture  3.29  1.52—7.12 32% 3A
86 office warkers (M) 12 months (yes/no)
(50% and 34%)
Estryn-Behar et al, 1990 1505 nurses (F) Low-back pain in past Postural load (high 2.07 39% 1A, 3A,3D
(35} 12 months versus low)
(47%) Manual materials 2.00 38% 1B, 3A, 3D
handling (high versus
low)
Gilad & Kirschenbaum, 250 mine workers (M) Back pain in past Lifting (frequent 3.06 1.11—8.67 35% None
1986 (36) 12 months (59%) VErsus never)
Holmstrém et al, 1772 construction workers  Low-back pain in past Manual materials 112 1.01—1.256 11% 3A
1992 (39) (M)} 12 months (54%) handling (every 5 min
Versus less)
Daily stooping (>4 h 129  1.10—1.50 22% 3A
versus < 1 h)
Mental stress (high 130  1.20—1.60 23% 3A
versus low)
Job dissatisfaction 143  111—167 30% 3A
Low job discretion 125 1.11—143 20% 3A
Johanning, 1991 (41) 492 subway train operators  Sciatica in past Whole-body vibration 390 1.70—8.60 65% 3A 3B
and 92 control tower 12 months (a, > 0.4 m/s?)
operators (22% and 8%)
Magnusson et al, 1996 228 drivers and 137 Low-back pain in past Whole-body vibration 179 1.16—275 27% None
(44) sedentary workers (M) 12 months (yes/no)
(58% and 42%) Lifting (frequent versus ~ 1.55  1.01—2.39 None
none)
Mandei & Lohman, 428 nurses (F) Low-back pain in past Lifting (> 10 patients per 1.39  1.05—1.84 23% 3F
1987 (45) 12 months (42%) week)
Pietri et al, 1992 (47) 1709 commercial Low-back pain in past Whole-body vibration 2.0 1.3—3.1 39% 3A, 3B, 3E
travelers (M & F) 12 months (27%) (> 20 hversus <10 h)
Frequent load carrying 1.3 1.0—1.7 22% 3A, 3B, 3E
Prolonged standing 1.3 1.0—1.6  14% 3A, 3B, 3E
(yes/no)
Riihiméki et al, 1989 (49) 852 machine operators, Sciatica in past Bending and twisting 15 12—1.9 3A
696 carpenters, 12 months (rather much versus
674 office clerks (34%, 29% and 19%) rather little)
Shugars et al, 1984 (52) 487 dentists (M & F) Low-back pain (54%) Sitting (> 80% versus 171 1.04—2.81 22% None
< 80%)
Smedley et al, 1995 (54) 1616 nurses (F) Low-back pain in past Mental stress (frequent) 2.08  1.59—2.72 30% None
12 months (45%) Lifting (>1 patient per day) 1.4 11—1.6  19% 2A,3A,3C
Wells et al, 1983 (59) 196 letter carriers, 76 meter  Significant back pain Carrying weight (yes/no) 219 1.30—3.72 46% None

readers, 127 clerks (M)

(28%, 21% and 11%)

2 For the identification of the covariates, see table 1.

women the explicit question on regular change in pos-
ture was not related to low-back pain in the past month

(57).
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Repetitive movements

Repetitive work was investigated in 3 community-based
studies. Two studies found no association with back pain
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Risk factors of back disorders

Tahle 3. Significant associations between work-related risk factors and the occurrence of back disorders in cross-sectional community-
based epidemiologic studies. (OR = odds ratio, 95% Cl = 95% confidence interval, AF, = attributable fraction exposed)

Authors Study population Back disorders Work-related risk factor OR 95% Gl AF,  Adjustments?
Helidvaara et al, 1991 2946 Finnish women and  Medically diagnosed ~ Physical load (yes/no) 258 2.10—3.16 56% 2A,3A,3B,3C, 3D, 3E
38 2727 Finnish men low-back pain Mental stress (yes/no) 157  1.28-1.94 33% 1C, 3A, 3B, 3C, 3D, 3E
(12% and 12%) Physical foad (yes/no) 248 1.82—337 58% 2A,3A 3B,3C,3D,3E
Medically diagnosed ~ Mental stress (yes/no) 1.84 1.36—2.49 44% 1C, 3A, 3B, 3C, 3D, 3t
sciatica (5% and 6%)
Houtman et al, 1994 (40) 5865 Dutch workers Back complaints Heavy physical load 162 1.36—1.91 20, 2E, 3A, 3B, 3H
M & F) (25%) (yes/no)
Work pace (yes/no) 1.21 1.06—1.39 - 1C, 2E, 3A, 3B, 3H
Monotonous work 135 1.10—1.64 - 1G, 2C, 34, 3B, 3H
(yes/no)
Leigh & Sheetz, 1989 (42) 1414 American workers ~ Back pain in past Heavy physical load 168 1.05—2.90 37% 1E, 3B,3C, 3D, 3E, 3H
(M &F) 12 months (20%) (ves/no)
Liira et al, 1996 (43) 8020 Canadian blue-collar Long-terrm back Bends & lifts 1656 125—218 39% 3A 3B, 3E
workers (M & F) problems (8.4%}) (> 50 times/day)
Frequent lifts (< 50 Ib; 146 112—1.89 32% 3A, 3B, 3E
19.68 kg)
Whole-body vibration 1.84 1.25—272 46% 3A, 3B, 3E
{yes/no)
Awkward back posture 2.33 172315 57% 3A,3B,3E
Saraste & Hultman, 2872 Swedish women Low-back pain (36%) Bends & twist (always/no) 259  2.06—3.27 56% None
1987 (51) and men Daily heavy lifting (yes/no) 189 156—2.30 40% None
Whole-body vibration 214 131—352 52% None
(yes/no)
Repetitive work (always/no)  1.97 1.63—2.38 41% None
Skovron et al, 1994 (53) 1865 Belgian workers Low-back pain ever  Job dissatisfaction (yes/no) 2.40  1.13—5.10 ~  3A3B
(M & F) (57%)
Svensson & Andersson, 940 Swedish men Low-back pain in past  Frequent lifting (yes/no) 1.12—2.58 36% None

1.70
1983 (56) 40—A47 years month (31%) Heavy physical load (yes/no) 1.54 1.00--2.40 31% None
Job dissatisfaction (yes/no) 197 1.22—319 38% None
Monotonous work (yes/no)  2.34  1.22—4.46  44% None

1.37

1.39

1.67

Svensson & Andersson, 1410 Swedish women Low-back pain in past Regularly bending (yes/no) 1.06—1.77 21% None
1989 (57) month (35%) Job dissatisfaction (yes/no) 1.06—1.82 21% None
Monotonous work (yes/no) 112—2.50 31% None

a For the identification of the covariates, see table 1.

Table 4. Significant associations between work-related risk factors and the occurrence of back disorders in longitudinal epidemiologic
studies among occupational populations. (OR = odds ratio, 95% Cl = 95% confidence interval, AF, = attributable fraction exposed)

Authors Study population Back disorders Work-related risk factor OR 95% Cl AF, Adjustments?
Bigos et al, 1991 (26) 3020 aircraft workers Low-back pain claim Job dissatisfaction 170 131—2.21 4%  None
(M&F) (2.9% per year)

Boshuizen et af, 1990 (30} 789 tractor drivers (M) Sickness absence Whole-body vibration
> 28 days due to back (8, > 0.4 m/s?) 147  104—210 32% 3A
disorders due to
intervertebral disc Whole-body vibration 3.10 1.16—8.30  68%  3A

(a,> 0.4 m/s?)

Pietri et al, 1992 (47) 601 commercial travelers Low-back pain incidence  Whole-body vibration 328 1.03—1049 70%  3A 3B, 3E
(13% per year) (> 20 h versus <10 h)

Stobbe et al, 1988 (55) 415 nurses (F) Back pain claim Lifting (> 5 patients 216 1.12—419  54%  None
(5.2% per year) Versus < 2)

Venning et al, 1987 (58) 4306 nurses (M & F) Back pain claim Lifting (= 1 patient 2.19 - 54%  None
(2.8% per year) versus 0)

a For the identification of the covariates, see table 1.

Tahle 5. Significant associations between work-related risk factors and the occurrence of back disorders, expressed by odds ratio, in
case-referent epidemiologic studies among occupational populations. (OR = odds ratio, 95% Cl =95% confidence interval,
AF, = attributable fraction of exposed)

Authors Study population Back disorders Work-related risk factor OR 95% Cl AF, Adjustments?

Nuwayhid et al, 1993 (46) 115 fire fighters lL.ow-back pain claim  Physical exertion on job 371 1.94—710 - None
Referents: 109 fire fighters Lifting (> 18 kg versus less) 3.07 1.19--7.88 - None

Punnett et al, 1991 (48) 95 assembly workers L.ow-back pain, Bends & twist (100% versus 0%)  8.09 1.5—44.0 " 1A, 3A
Referents: 124 assembly ~ medical consultation  Lifting (> 44.5 N per minute) 2.16 1.0—4.7 - 1B, 3A
workers

2 For the identification of the covariates, see table 1.
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(42, 57), whereas 1 study reported an odds ratio of 1.97
that was close to the risk of daily heavy lifting (51). In
none of the cross-sectional studies was the influence of
repetition of movements addressed.

Whole-body vibration

The influence of daily exposure to whole-body vibration
on the occurrence of back disorders has been investi-
gated in a broad variety of occupational groups, including
bus and truck drivers, tractor operators, train personnel,
and helicopter pilots. The 13 studies on whole-body vi-
bration consistently showed positive significant associa-
tions with back disorders, whether studying particular
occupational groups or sampling the general population.
Only 1 longitudinal study on sciatica among Finnish
workers failed to show a statistically significant effect
for whole-body vibration in the multivariate analysis
(50). In the other studies, the risk estimates varied from
1.47 to 9.00 with attributable fractions between 18% and
80%. The highest risk estimate was found for helicopter
pilots compared with nonflying officers. This estimate
was adjusted for age, experienced mental stress, and
reported time sitting in a twisted posture (27). Three
other studies presented significantly increased odds ra-
tios for whole-body vibration after adjustment for pos-
tural load on the back due to frequent bending and twist-
ing (28, 31, 32). In several studies dose-response rela-
tionships were presented with dose expressed by dura-
tion of exposure (27, 28, 32, 47), cumulative vibration
dose (27, 28, 30—32), or average intensity of vibration
(32).

Psychological risk factors

The number of epidemiologic studies that have addressed
work-related psychological risk factors is considerably
smaller than the numbers on relationships between phys-
ical load and back disorders. However, in the communi-
ty-based studies there appeared to be equal attention to
physical and psychological risk factors at work. The psy-
chological factors that have received the most attention
are perceived mental stress, job dissatisfaction, and mo-
notony at work. Increased mental stress was related to
back complaints among construction workers (39) and
nurses (54) and to medically diagnosed low-back pain in
the Finnish work force (38). In the latter study, the risk
estimate was adjusted for self-reported postural load,
age, gender, anthropometry, and smoking.

Low job satisfaction was suggested to be associated
with back complaints (39, 53, 56, 57) in the cross-sec-
tional studies although null associations were found in
surveys among professional drivers and firefighters (44,
46). In a prospective study among aircraft workers, the
employee’s job dissatisfaction was found to be the
strongest predictor of subsequent back injury, with a
relative risk of 1.70 and an attributable fraction of 41%.
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In this study, physical demands at work were not associ-
ated, but the assessment of physical load at work was
performed without great detail (26).

Monotony at work and low control on the job was
associated with back pain in construction workers (39).
In 4 community-based studies this factor showed posi-
tive associations with back disorders, the risk estimates
varying from 1.35 to 2.34 (40, 51, 56, 57). The lowest
estimate was found for a large sample of the Dutch work
force after adjustment for physical load, work pace, age,
gender, and education (40). In contrast, no evidence was
found in a cross-sectional study that was specifically
designed to evaluate the effect of monotonous, forced-
pace work on lumbar complaints in slaughterhouses (37).
The multivariate analysis in a longitudinal study on the
incidence of sciatica also showed no association with
high work pace (50). This study also reported that the
initial effect of the dichotomous variable “problems with
workmates or superiors” became insignificant in the fi-
nal multivariate logistic model.

Individual characteristics

The individual characteristic most often studied was age.
Twelve studies reported positive associations between
age and back disorders, 15 studies demonstrated no asso-
ciation, and 3 surveys found higher prevalences of back
disorders among younger workers. The common pattern
of age is best illustrated by the community-based studies
that showed an increase in the prevalence of back disor-
ders with age up to about 45—50 years, leveling off in
older age groups or even decreasing slightly (38, 40, 43,
51, 53, 57). In multivariate analyses, if present, the age-
dependent pattern of back pain prevalence largely re-
mained unchanged after adjustment for several work-
related risk factors (38, 40, 43, 53). In 9 of 14 cross-
sectional studies on occupational populations with infor-
mation on age this pattern could not be distinguished.
The small sample size (32—34) and a narrow age distri-
bution (59) were the 2 most prominent reasons. In longi-
tudinal studies on the incidence of low-back pain or back
injury claims, the low frequency of incident cases may
also have obscured an age effect (26, 47, 58). Inter-
estingly, a few studies demonstrated that the age-de-
pendent pattern was present for the more severe, chronic
back pain cases, whereas isolated back pain episodes
were not related to age or sometimes showed a negative
association with the highest prevalence among the
youngest workers (27, 29, 49).

In most studies the influence of gender cannot be
evaluated since these studies had selected entirely male
or female populations. Two community-based studies
presented some evidence that women are at higher risk,
with odds ratios between 1.42 and 1.57 (40, 53). It is
tempting to raise the point that this risk difference may
reflect differences in job demands. In only 1 community-
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based study was the gender difference significant after
adjustment for self-reported physical load (40). In other
studies the univariate associations between gender and
back disorders greatly diminished after control for age,
smoking, education, and several work-related physical
factors (38, 47).

Although some cross-sectional studies have suggest-
ed that height and weight are risk factors for low-back
pain (38, 43, 54), this association was not substantiated
by most studies in our review. In I community-based
study taller persons were at risk for sciatica, with an
odds ratio of 1.20 per 10-cm increase but not for other
low-back pain (38). Among nurses the prevalence of
back pain during the previous 12 months was elevated
among nurses taller than 1.57 m, although the result was
not statistically significant, with an odds ratio of 1.23
(95% CI 0.97—1.56) (54). None of the other studies
with various designs could reproduce this result. Like-
wise, only 1 study reported that the prevalence of long-
term back problems doubled among obese persons (43),
but all the other studies revealed no difference for weight
or any standard measure of obesity, such as body mass
index.

The studies with null associations between smoking
and back pain outnumbered those that presented a posi-
tive association. In 1 community-based study, smoking
was associated with low-back pain but not with sciatica
(38). The opposite effect was also found with a strong
association for severe low-back pain but no association
for all Tow-back pain cases (39). In 2 community-based
studies the odds ratio for smoking was significantly ele-
vated (about 1.5) after adjustment for various individual
and work-related risk factors (42, 43).

Several studies have reported on other individual
characteristics. The evidence for the effect of exercise
and sport showed contradictory results. Two studies pre-
sented an increased risk for back disorders among work-
ers with regular exercise (45, 50), 1 study suggested that
involvement in sport may decrease the prevalence of
transient low-back symptoms (31), and 1 study demon-
strated that physical training among firefighters reduced
the likelihood of low-back injury claims (46). However,
most studies failed to demonstrate any effect of exercise
or sport on the occurrence of back disorders. The effect
of education was primarily evaluated in cross-sectional
studies, and several studies showed that low educational
attainment (primary school or less) resulted in odds
ratios ranging from 1.39 to 2.54 (31, 32, 40, 42, 43).
Two studies reported that this effect remained signifi-
cant after control for self-reported physical load (40,
42). Divorced or widowed marital status was mentioned
in 1 study as associated with back pain, but no quantita-
tive information on the association was presented (42).
In 7 other studies no effect of marital status was ob-
served.
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Discussion

Publication bias

A literature review is always subject to “publication
bias”, namely, studies not showing increased risks are
less likely to get published (63). There is no information
available to support the existence of this type of bias,
although in this review only 2 studies were included that
did not report a positive association between a work-
related risk factor and back disorders (37, 50). The effect
of publication bias was partly avoided through the analy-
sis of both risk factors and potential confounders in eve-
ry study. Since most epidemiologic studies focus on just
1 or 2 work-related risk factors, the confounder in 1 study
may be treated as a risk factor in another. Thus informa-
tion on the influence of confounders on risk estimates
will present some information on risk factors as well.
Moreover, since most studies examine the effect of mul-
tiple variables on health outcome, publication based on
any 1 association is less likely.

The procedure of retrieving potentially relevant
studies and the subsequent selection for our review may
have influenced the results. The inclusion and exclusion
criteria were aimed at identifying the studies that pre-
sented quantitative information on work-related risk fac-
tors and their associations with the occurrence of back
disorders. Although this selection is arbitrary to some
extent, for example, biased towards articles in the Eng-
lish language, we have no reason to assume that the
selected publications bias the results in a particular di-
rection. Several studies that did not meet the inclusion
criteria reported associations between work-related risk
factors and back disorders. However, these associations
were difficult to interpret since, in some studies, the risk
factors were described in qualitative terms that ham-
pered comparability. In other studies, the associations
were not presented in the form of odds ratios or relative
risks and, therefore, were difficult to evaluate in this
epidemiologic review. It has to be kept in mind also that
this review is restricted to working populations. In other
populations different results may be found, and avail-
able evidence for work-related risk factors may be less
prominent.

Interpretation of null associations

This review not only discussed studies indicating that
work-related risk factors were associated with the occur-
rence of back disorders but also evaluated negative and
null associations. Table 1 shows that some publications
described null associations; particular work-related fac-
tors did not have a significant effect on the occurrence of
back disorders. As is shown in table 6, in 7 null associa-
tions with physical factors (39, 42, 43, 47, 50, 57) and
5 associations with psychological factors (37, 39, 51,
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Table 6. Summary of epidemiologic studies with risk estimates of null and positive associations between work-related risk factors and the

occurrence of back disorders.

Work-related risk factor Null associationsa b

Positive associations

Risk estimate Risk estimate Attributable fraction
Ne Range Ne Range Ne Range

Physical risk factors at work

Manual materials handling 2 0.90—1.23 17 1.12—3.07 14 11—54

Frequent bending and twisting — 9 1.29—38.09 5 21—57

Heavy physical load — 7 1.54—3.71 5 31—58

Static work posture 4 0.80—0.97 3 1.30—3.29 3 14—32

Repetitive movements 1 1.20 1 1.97 1 41

Whole-body vibration — 14 1.47—9.00 H 18—80
Psychological risk factors at work

Mental stress 1 1.26 4 1.30—2.08 4 23—44

Job dissatisfaction — 5 1.39—2.40 4 21—M

Work pace 2 0.98—1.15 1 1.21 —

Lack of job support 1 1.00 — —

Job decision latitude or

monotonous work 1 0.98 5 1.25—2.34 4 20—44

9

Confidence intervals of the risk estimates included the null estimate (1.0).

o o

Number of associations presented in the epidemiologic studies.

57), the actual risk estimate was presented in the original
article. This information can be used to evaluate whether
the results actually suggest the absence of an effect or
whether the studies were inconclusive due to lack of
information (62).

An inconclusive association may be the result of (i) a
small sample size, (ii) lack of exposure variability, (iii)
presence of another risk factor or confounder, and (iv)
nondifferential measurement error. The first reason for
an inconclusive result, a small sample size, cannot ex-
plain the nonsignificant associations with odds ratios
above 1 in the community-based studies. These studies
had at least 1400 subjects and their power was high
enough to be able to demonstrate an association if one
was present (42, 51, 57). However, lack of power due to
small groups seems to be an important explanation for
inconclusive associations between age and back disor-
ders in the cross-sectional and longitudinal studies (26,
32—34, 47, 58). In these studies, the confidence inter-
vals around the risk estimate were rather large and thus
the actual risk estimate was rather uninformative. A sec-
ond cause for inconclusiveness may result from the lack
of the necessary contrast in exposure to risk factors.
Occupational populations are much more homogeneous
with regard to age and education, and hence associations
with back disorders may not be encountered, whereas
these associations are strongly present in community-
based surveys. A narrow exposure distribution is not a
likely explanation for the null associations in table 6. A
third possible reason for inconclusive studies is con-
founding. A risk studied factor may fail to superpose an
effect in addition to the effects of other risk factors. This
possibility may explain why the univariate association of
repetitive work and back disorders in a sample of Ameri-

Only in 12 of 23 null associations was the magnitude of the risk estimate presented.

can workers (42) became insignificant (OR 1.2, 95% CI
0.8—1.8) after adjustment for the stronger predictor
heavy physical load (OR 1.7, 95% CI 1.1—2.9). A simi-
lar effect was observed in a longitudinal study for carry-
ing loads among commercial travelers (OR 0.9, 95% CI
0.5~1.5) when whole-body vibration (OR 3.3, 95% CI
1.0—10.5) was entered into the multivariate model (47).
The 4th reason for not finding significant associations is
the presence of substantial nondifferential misclassifica-
tion in the work-related risk factors. Inaccuracies in ex-
posure categorization would tend to reduce the apparent
association between the risk factor and back disorder
(10, 64). All the studies with no apparent associations
relied on exposure estimates derived from self-adminis-
tered questionnaires, and none of these studies presented
information on the reliability of the exposure questions.
In a community-based survey the associations of back
pain with regular lifting (OR 1.23, 95% C1 0.95—1.37)
and perceived mental stress (OR 1.26, 95% CI 0.98—
1.63) may have been attenuated because of inaccurate
measurement (57).

For several null associations it is difficult to answer
the question of whether associations are absent or
whether the findings are inconclusive, for example, in
the case of the reported null associations for lack of
support (39), monotonous work (37), and high work pace
(37, 51). With respect to the conflicting evidence on
static work posture, one might argue that the 4 studies
with no elevated risk suggest the absence of any effect
(39, 43, 50, 57). It could also be argued that the measure
of exposure in these studies does not reflect the true
nature of the risk factor. Prolonged sitting or standing
per se is probably not a risk factor when workers can
change their posture and move around freely whenever
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they want (34, 50). In sedentary occupations workers are
at risk when they are forced to sit for long periods in
constrained postures (34, 52). This risk factor is difficult
to ascertain in epidemiologic studies.

Study design and associations

A strong preference in study design was observed for
conducting cross-sectional studies on occupational pop-
ulations or samples of the working population. This type
of study is very sensitive to selection processes that are
influenced by health status, for example, changes in job
as a consequence of back pain. This type of selection
bias will attenuate a true effect towards the null. It is very
difficult to account for this selection bias when exposed
and unexposed subjects drawn from different popula-
tions are compared. To reduce the influence of selection
bias, several studies selected all workers from the same
base population. This design option was typical for the
community-based studies on work-related risk factors
(38, 40, 42, 43, 51, 53, 56, 57). This approach has also
been favored in studies among nurses (25, 35, 45, 54).
The risk estimate is derived from comparing subjects
who are the most exposed with those least exposed. Al-
though this study design may be desirable when a strong
selection during employment is expected, considerable
differences in health selection may still occur during
employment or at entry into the profession.

Alternatively, true associations may be overesti-
mated in cross-sectional or case-referent studies due to
information bias. Subjects with back pain may overstate
their physical load in the workplace relative to those
without back pain (10). Although there is no evidence
available for this type of information bias, its presence
cannot be ruled out since most studies relied on self-
reported exposure.

Longitudinal studies are less prone to selection bias
and hence are to be preferred. Five cohort studies were
identified that presented useful evidence on the contri-
bution of lifting, whole-body vibration, and dissatisfac-
tion with the job to the incidence of back disorders (26,
30, 47, 55, 58). In our review, no systematic differences
in risk estimates among the studies were observed that
could be attributed to the study design. Two studies (27,
48) presented very high risk estimates that were well
outside the range of estimates found in other studies.
Since both studies had a small reference group, these
estimates may have been influenced by a low accuracy
of the estimates of exposure and back prevalence in the
reference groups.

A common feature of most study designs is that the
survey is conducted to address a limited set of risk fac-
tors. Very few studies have investigated the relative con-
tribution of mechanical, psychological, and individual
factors to the occurrence of back disorders (31, 38, 54,
40, 42). Hence most risk estimates are not adjusted for
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other relevant risk factors and thus may underestimate or
overestimate the true risk of the factor under consider-
ation.

Measurement of health outcome and exposure

The reviewed studies varied widely in the methods and
terminology used to ascertain the occurrence of back
disorders. The description of the health outcome included
low-back pain, back trouble, chronic back pain, and
sciatica. The methods used to determine the incidence or
prevalence of back disorders included self-administered
questionnaires, interviews, disease registers, and
worker’s compensation records. Five studies used
worker’s compensation claims as the end point of inter-
est. This number is too low to evaluate whether work-
related risk factors for the onset of back pain differ from
those for filing a back claim. Most studies have applied a
questionnaire (partly) based on the Nordic questionnaire
on musculoskeletal symptoms (65). The validity of the
Nordic questions concerning the occurrence of low-back
pain is sufficiently high to warrant its application in
epidemiologic studies (66). However, self-reported back
pain may be influenced by determinants of reporting
health status in general, such as age and education. An-
other problem is that this questionnaire does not allow
proper differentiation of symptoms according to type,
severity, duration, and frequency. Hence, it is difficult to
distinguish persons with chronic, persistent back pain
from those whose back pain is an isolated or insignifi-
cant event. It is obvious that the interpretation of the
results is hindered by the substantial differences in pa-
rameters of health outcome and the diagnostic criteria
applied.

In most studies the information on work-related risk
factors was collected by means of self-reports, either in
an interview or on a questionnaire. This assessment tech-
nique may lead to some spurious results since 1 survey
found that patients with back pain perceived their work
to be heavier than asymptomatic patients in the same
occupation (19). Few studies have applied measurement
techniques that permit accurate characterization of par-
ticular determinants of physical load (29—31, 33, 34, 41,
48). The studies with questionnaires seldom addressed
the validity of derived exposure variables. There is am-
ple evidence that self-reported physical load has a low
accuracy and precision and, at best, can be used to rank
occupational groups on an ordinal scale with crude expo-
sure categories (67, 68). Such an approach was adopted
in several studies that demonstrated an increased preva-
lence of back disorders with higher exposure to lifting
activities (25, 35), frequent bending and twisting (31,
33), and physical load (40, 43). Although there are large
differences in the exposure definition and the validity of
the assessment techniques applied, the studies showed a
remarkable consistency in risk estimates for manual ma-



terials handling, frequent bending and twisting of the
trunk, and exposure to whole-body vibration.

Causality of associations

In this review evidence from a variety of epidemiologic
studies is used to determine inferences between risk fac-
tors and work-related back disorders. In principle, cau-
sality of association requires evidence on the strength of
association, consistency in findings, biological plausibil-
ity, temporal sequence of risk and effect, dose-response
gradient, specificity of risk factor for health outcome,
and reversibility (69). It is obvious that all these criteria
cannot be fulfilled satisfactorily for any of the risk fac-
tors addressed in this review. The criterion on temporali-
ty calls for cohort studies, and this design is not com-
monly encountered in the epidemiology of musculo-
skeletal disorders. Most studies do not meet the specifi-
city guidelines since back pain is often used as the health
outcome. Although proof of reversibility makes a very
strong case for a particular risk factor, intervention
studies on work-related risk factors for back disorders
that show a decrease in the occurrence of back disorders
after ergonomic improvements are very scarce. Thus the
state of the art does not allow unequivocal conclusions
about the contribution of specific work-related risk fac-
tors to the incidence of back disorders.

Despite these methodological concerns, the available
literature has presented persuasive evidence for several
risk factors for work-related back disorders. Various
studies with clear differences in design, methodology,
and populations have consistently produced comparable
findings for manual materials handling, frequent bending
and twisting, heavy physical load, and whole-body vi-
bration. With regard to manual materials handling, suf-
ficient biomechanical and physiological evidence is
available to support the biological plausibility of lifting
as a risk factor for back disorders (4—=6). The results on
lifting do not distinguish between the effect of infrequent
lifting of heavy loads and frequent lifting of light loads.
The studies among nurses indicate that a single lift of a
patient is associated with an increased risk of back pain
or back disability (45, 54, 58). This finding is consistent
with biomechanical evaluations that predict high com-
pression forces on the lower back during patient lifting
(70). Frequent bending and twisting of the trunk was
consistently related to back disorders in various studies.
In 1 case-referent study with detailed exposure assess-
ment, a clear dose-response relationship was shown (48).
The findings for heavy physical load demonstrate that
this is an important work-related risk factor. Several com-
munity-based studies have presented dose-response
gradients (38, 40, 43). The strength of the gradients is
difficult to assess since self-reports have been applied to
rank exposure to physical load on ordinal scales. A sec-
ond problem is that this particular risk factor probably
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includes manual materials handling and frequent bend-
ing and twisting. Hence, in epidemiologic surveys, heavy
physical load might be a surrogate measure for other risk
factors rather than a separate risk factor.

The positive associations between whole-body vibra-
tion and back disorders were supported by dose-response
trends in some studies. However, the observed effect
may be due to exposure to whole-body vibration or to
prolonged constrained posture. The vibration measure-
ments showed moderate to high intensities close to the
4—S5 Hz natural frequency of the spine. Mechanical vi-
bration in this frequency range causes the largest dis-
placements of spinal structures and requires considerable
muscle tension to hold the upper body steady (71). Driv-
ing vehicles is also characterized by constrained seden-
tary postures for long periods, and these postures in-
crease the intradiscal pressure (8, 13). Since whole-body
vibration and prolonged sitting are concomitant expo-
sures for all professional drivers, the contributions of
these risk factors are difficult to disentangle in epidemio-
logic research.

With respect to work-related psychological factors, it
remains to be explained whether psychological aspects
are causal factors or whether they interact with and ag-
gravate back pain and disability. The latter mechanism
implies that these factors influence the reporting of back
disorders and hence have to be regarded as an effect
modifier (72). In this review, most of the positive associ-
ations stemmed from cross-sectional studies in which it
was difficult to account for the temporal sequence of
psychological factors at work and back disorders. In 1
community-based study a clear trend was observed for
the effect of intellectual discretion which remained sig-
nificant after adjustment for individual factors and phys-
ical load. A possible explanation is the experimental
finding that low job demands seem to be associated with
low pain thresholds (40, 73).

With regard to individual characteristics, age was
identified in 12 of 30 studies as an important predictor
for back disorders. These studies consistently found that
the prevalence of back disorders increased with age and
in the oldest age groups fell slightly. It was suggested
that the severity of back disorders increases progres-
sively with age. It is biologically plausible that age is an
important factor in the development of back disorders
since the load-bearing capacity of the spine decreases
with age (5). Various studies did not find an age-depend-
ent pattern of back disorder, largely due to populations
too small to evaluate trends over 3 to 5 age groups.
Smoking was found to be associated with back disorders
in several studies although various studies were in-
conclusive or negative for this risk factor. Several theo-
ries have been proposed to explain the effect of smoking
(74, 75). However, in this review, the contribution of
smoking was difficult to disentangle from the effects of
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social class, education, occupation, and life-style. There
is some conflicting evidence for an association between
back disorders and education or social class. Several
studies have demonstrated an inverse relationship be-
tween level of education and the 1-year prevalence of
back pain. However, it is unclear whether this is a sec-
ondary effect since few studies have been able to adjust
for confounding by physical load (40, 42).

There is little evidence of a biological difference in
back pain between men and women although 1 commu-
nity-based survey reported that women are at greater
risk, independently from physical load at work (40). It
has also been suggested that women with multiple preg-
nancies might have an increased prevalence of back pain
(76, 77), but this finding was not confirmed in the studies
that evaluated this factor (35, 38, 45, 54, 78). The same
was found for height, weight, and marital status. Few
studies have suggested that these risk factors are impor-
tant (23, 79, 80), but most studies among workers con-
sistently demonstrated no effect on back disorders. In
occupational populations their effects, if present, are like-
1y to be very small in relation to other individual charac-
teristics and work-related risk factors.

Concluding remarks

This review concludes that there is a clear relationship
between back disorders and physical load, that is, be-
tween back orders and materials handling, frequent bend-
ing and twisting, physically heavy work, and whole-
body vibration. Although much remains to be learned
about dose-response relationships, the evidence present-
ed indicates that preventive measures reducing the expo-
sure to these risk factors will decrease the occurrence of
back disorders. However, this evidence is not specific
enough to provide detailed, quantitative guidelines for
workplace and task design. There is some evidence for
an association between psychological factors and back
disorders, but this evidence is not consistent across dif-
ferent studies and study designs. When the influence of
work-related risk factors on the occurrence of back dis-
orders is studied, these associations may be masked by
several nonoccupational risk factors, the high prevalence
of back disorders in the community, and the wide diver-
sity of back disorders. This review has shown that age,
smoking habits, and education may be important con-
founders in epidemiologic studies on risk factors for
work-related back disorders.
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