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Objectives The aim was to study risk factors of lumbar disc degeneration demonstrablewith magnetic resonance
imaging (MRI) with special emphasis on occupational load and back accidents.
Methods The subjects in this cross-sectionalstudy were 53 machine drivers, 51 construction carpenters, and 60
municipal office workers aged 4 0 4 5 years. Data on possible risk factors were available from current structured
questionnaires and for 4 and 7 years in retrospect. The prevalence of lumbar disc degeneration L2/L3-L5/S1 was
determined with MRI.
Results An increased risk was found for posterior disc bulges among the carpenters and for anterior disc bulges
among the machine drivers, but decreased signal intensity was not related to occupation. Car driving was also
associated with anterior disc bulges. All signs of disc degeneration were related to a history of back accidents. Disc
degeneration was not related to body height, overweight, smoking, or the frequency of physical exercise.
Conclusions Occupational load affects the risk of disc degeneration of the lumbar spine. Accidental back injuries
and motor vehicle driving are associated with an increased risk of disc degeneration. Anterior and posterior disc
bulges seem to be related to different types of physical loads.
Key terms accidents, car driving, intervertebral disc pathology, lumbar spine, magnetic resonance imaging,
physical load, occupational load, work-related risk factors.

Most of the knowledge on the risk factors of disc degeneration is based on X-ray studies, but an increasing
number of magnetic resonance imaging (MRI) studies has
been performed. Back accidents (1-3), recurrent minor
trauma (4), heavy manual materials-handling and postural
loading (2), heavy physical exercise (3,whole-body vibration (6),sedentary work (7), car driving (3), smoking
(8-9), overweight (10-11), and genetic factors (12)
have been proposed as risk factors for disc degeneration.
Many X-ray studies have indicated that work-related
physical stress is associated with an increased risk of disc
degeneration (2, 13-15), but in other studies no or only
a weak association has been found (12, 16). Genetic or
familial factors seem to be the most important determinant of disc degeneration (12), but the effect of physical
loading combined with individual predisposition is not
known. Although the association between heavy labor

3

and disc degeneration has been shown in many studies,
the nature of the stress responsible for the degenerative
changes is unclear, and it is not known whether the pattern of occurrence of different degenerative disc changes is affected by the type of load imposed on the back.
With a plain X-ray examination only advanced stages of disc degeneration can b e seen, but, with MRI, biochemical and morphological changes of the disc can be
evaluated and early degenerative changes of the disc can
be detected (17-21). The signal intensity of the intervertebral disc is correlated with its water and proteoglycan
content (19) and with the density of the collagen fibers
of the annulus fibrosus (20). An association between disc
bulge and radial fissure of the annulus fibrosus has been
found in a cadaver study (22) and in a comparative study
with MRI and discography (23). Radial fissure is considered a criterion for degeneration of the disc.
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The objective of this study was to determine the risk
factors of lumbar disc degeneration demonstrable with
MRI, with special emphasis on occupational load and
back accidents.

Subjects and methods
Subjects
The subjects in this study comprised a subgroup of 1832
men (688 machine drivers, 533 carpenters, and 59 1 office workers) who had taken part in 2 repeated questionnaire studies concerning occupational effects on lowback pain (2). Seventy men of each occupational group
were selected using age (40-45 years) and place of residence as inclusion criteria; 164 men (71%) participated
in this study. The load imposed on the back at work was
distinctly different in each group. Fifty-three of the men
were exposed to whole-body vibration and prolonged sitting (machine drivers, longshoremen driving mainly forklift trucks, and ground construction workers driving
earthmovers, excavators and other heavy machines), 51
to dynamic physical work (construction carpenters), and
60 to sedentary work (municipal office workers). Machine drivers are occasionally exposed to manual materials-handling, mainly in maintenance work. The work
of a carpenter involves manual materials-handling, nonneutral trunk postures, walking on rough surfaces with
obstacles, and high accident risk. The office workers'
tasks are mainly sedentary, but these workers have the
freedom to change posture and move around.

Questionnaire and interview
A self-administered questionnaire, similar to previous
ones, was sent to each subject before the MRI examination. The questionnaire included items on individual
characteristics (anthropometric measures and level of
education), occupational history (seniority and exposures
at work), life-style (annual car driving, weekly physical
exercise, smoking), and history of low-back problems.
On the day of the MRI examination the questionnaire was
checked for the completeness of answers by a nurse, who
furthermore performed a structured interview to obtain
some additional and more-detailed information.
Job title was used as the measure of occupational
load. Each occupation has a distinctly different exposure
profile. No objective assessment of exposure was done.
A detailed description of the number of years in different types of work (sedentary work, static standing work,
variable light work, work involving machine operating
or car driving, light physical work, and heavy physical
work) was obtained in the interview. Only a few men had
worked for several years in jobs that differed from their
current types of jobs. When the job title was substituted

in the analyses with the more-detailed information about
the number of years in different types of work, the results were essentially the same. Therefore job title was
kept as the indicator of work load.
The workers' history of accidental back injuries was
asked with the following questions: "Have you had back
accidents due to which you have been on sick leave for
at least 2 weeks? If yes, how many times? What kind of
injuries were caused by the accidents? [strain, fracture,
contusion, other (specify)]. A 3-class variable was formed
for the history of back accidents (0, 1 to 2, and 23 back
accidents). Based on self-reports given in the questionnaire on body weight and height currently and at the age
of 25 years, a history of overweight was constructed and
classified into the 3 classes of no overweight [body mass
index (BMI) <24 kglm (2) at both ages], overweight
[BMI 227 kglm (2) at both ages], and other (an intermediate class). Height was classified as <175, 175-179,
and 2180 cm. Smoking was classified into the 3 classes
of no smoking ever (nonsmokers), smoking in the past
(ex-smokers), and current smoking (smokers). The history of leisure-time physical exercise given in each of
the 3 questionnaires was classified into the 3 classes of
physical exercise I 1 time a week at all time points (infrequent exercise), constantly >2 times a week (frequent
exercise), and an intermediate class. The history of car
driving was classified into the 2 classes of much car driving (driving at least 15 000 kmlyear at each of the time
points) and less car driving (other). A description of the
variables is presented in table 1.

Examination by magnetic resonance imaging
The subjects underwent MRI of the lumbar spine in the
sagittal plane with an 0.1 T imager and a surface coil
using a dual echo technique (DE 2000125-86) with 2
acquisitions. The slice thickness was 7 mm, the field of
view 410 x 410 mm, and the pixel size 1.6 mm.
All the examinations were included in the study even
though the general image quality was deemed to be poor
in 16 cases (9.8%). The image quality was not sufficient
for a reliable evaluation of the discs at L1lL2 or some
discs at other levels, most of them at L5lS1, and these
observations were recorded as missing.

Classification of disc degeneration
A decreased signal intensity of the nucleus pulposus on
T2-weighted images and disc bulges on proton density
images were used as signs of disc degeneration (figure
1).
Signal intensity of the nucleus pulposus of intervertebral discs L2/L3-L5/S1 was visually estimated independently by 3 radiologists using the cerebrospinal fluid
(CSF) at the corresponding disc level as an intensity reference (24-25). Intensity lower than that of the adjacent CSF was considered a positive finding and was
Scand J Work Environ Health 1998, "0124, no 5
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The magnitude of the anterior and posterior disc bulges was measured by one of the radiologists in the middle
sagittal line of the disc with the facility of the MRI device (figure 2). A bulge reaching 23.2 mm beyond the
outer edges of 2 adjacent vertebrae was considered a sign
of degeneration. The intraobserver agreement rate was
81-92% for the posterior bulges and 86-100% for the
anterior bulges at different disc levels (N=25).

called dark nucleus pulposus. The data of the most experienced radiologist were used for the data analysis. The
interobserver agreement (weighted kappa) between each
pair of radiologists ranged from 0.59 to 0.83 at various
disc levels (N=164). The intraobserver agreement rate
was 57-81% for various disc levels (N=22). [Because
of the small number of double assessments, the kappa coefficient was not calculated.]

Table 1. Work history, previous back accidents, individual characteristics, and life-style factors of the occupational groups.
Occupational
group

Duration
of occupation
(years)

History
of back
accidents (%)
0

Machine
drivers
(N=53)
26.1
Carpenters
(N=51)
26.3
Office
workers
(N=60)
26.1

1-2

23

History
of car
driving (%)

History
of physical
exercise (%)

Smoking

Height

History
of overweight

VQ)

Yo)

t i 5 0 0 0 215000
InOther Frequent Non- Ex- Current
kmlyear kmiyear frequent exercise exercise smoker smoker smoker
exercise

ti75
cm

175179 cm

2180
cm

No Other Overoverweight
weight

52.8

34.013.2

64.2

35.9

18.9

54.7

26.4

26.4

41.5

41.5

24.5

26.4

49.1

13.2

56.6

30.2

49.0

29.421.6

56.9

43.1

35.3

49.0

15.7

15.7

31.3

39.6

33.3

37.3

29.4

15.7

66.7

17.7

83.3

13.3 3.3

85.0

15.0

26.7

41.7

31.7

31.7

26.7

26.7

30.0

33.3

36.7

33.3

55.0

11.7

Figure 1. Decreased signal intensity of the nucleus pulposus in discs L3lL4 and L4IL5 in the T2-weighted image (a). The anterior and posterior
bulges in these discs were more clearly demonstrated in the proton density-weighted image (b).
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Statistical analysis
The association of the signs of disc degeneration with
job title, history of back accidents, and other possible risk
factors was analyzed using logit models and logistic regression models. The dependent variables were dark nucleus pulposus, posterior bulge, and anterior bulge of
discs L3lL4, L4IL5, and L5IS1. The potential risk factors were occupation and history of back accidents,
whereas height, history of overweight, smoking, physical exercise, and car driving were considered confounders. The number of positive findings for disc L2lL3 was
too low for reliable analysis.
The association between the potential risk factors and
the signs of disc degeneration of the lumbar spine was
first analyzed using the findings for discs L3/L4-L5/S 1
as the dependent variables. This procedure is called the
overall analysis later in the text. The logit model for repeated binary response (26) was used and the chi-square
test was calculated to assess the associations with the 3
dependent variables. The number of findings was limited, and therefore only 1 independent variable at a time
was used in the logit models.
The effect of occupation and the history of back accidents on the signs of disc degeneration were further analyzed with logistic regression models taking into account the potential confounding by other explanatory variables. Dependent variables were dark nucleus pulposus
and anterior and posterior disc bulge of discs L31L4, L4/
L5 and LS/Sl. Odds ratios (OR) and their 95% confidence intervals (95% CI) were calculated.

Resulfs
Dark nucleus pulposus
The prevalence of dark nucleus pulposus increased in the
caudal direction in each occupational group (figure 3).
In the overall analysis of the lumbar spine, there was a
significant association between the dark nucleus pulposus and the number of back accidents (x2 test, P=0.02).
No statistically significant associations were found between dark nuclei pulposi and occupation.
In the disc-level-specific analyses dark nucleus pulposus was not significantly related to occupation (table
2). A history of 23 back accidents was associated with a
distinctly increased risk of dark nucleus pulposus in discs
L3IL4 and L4L5. A history of frequent physical exercise showed a protective effect on L5IS1, but not on the
other 2 discs. The other covariates were not statistically
significantly associated with dark nuclei pulposi.

Figure 2. Diagram of the measurement of the disc bulge. The dotted
line connects the outer edges of adjacent vertebrae. Osteophytes have
been excluded.The maximal distance (arrows)from the line to the disc
margin, including the longitudinal ligament and the dura, has been
measured.

carpenters. The carpenters had the highest prevalence at
L4L5 (figure 4).
In the overall analysis of the lumbar spine, no significant relation between occupation and posterior disc bulges was found (x2 test, P=0.15), but a history of back accidents was significantly related to an increased risk of
posterior disc bulges
test, P=0.02).
In the disc-level-specific analyses, the carpenters
showed an increased risk of posterior disc bulge at L3/
L4, but the relationship lost its significance as history of
back accidents was added to the model (table 3). A history of back accidents was associated with an increased
risk of disc degeneration at L31L4 and L4/L5, but the relationship between back accidents and posterior bulge
was significant only for L3L4, as adjusted for confounders.

(x2

%

a
80i

loo/

Machine drivers
Carpenters

Posterior disc bulge
The prevalence of posterior disc bulges increased in the
caudal direction, being highest at each level among the

Figure 3. Prevalence of dark nucleus pulposus in discs L2/L3-L5/SI
among the occupational groups.
Scand J Work Environ Health 1998, vol24, no 5
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Table 2. Effect of occupation and history of back accidents o n the prevalence of dark nucleus pulposus. (OR = odds ratio, 95% CI = 95%
confidence interval)
Disc level

Unadjusted
Crude OR

Mutually adjusted
95% CI

0R

95% CI

Adjusted for confoundersa
OR

95% CI

L3/L4
Occupation
Office workers
Machine drivers
Carpenters
History of back accidents
None
1-2
23
L4/L5
Occupation
Office workers
Machine drivers
Carpenters
History of back accidents
None
1-2
23
L5/ S1
Occupation
Office workers
Machine drivers
Carpenters
History of back accidents
None
1-2
23
a

Adjusted for height, history of overweight, smoking, physical exercise, and car driving

Machine drivers
Office workers

In the disc-level-specific analyses the machine drivers showed a higher risk of anterior disk bulge than the
office workers at each level. At L 3 L 4 the relative risk
lost its significance when adjusted for other covariates
(table 4). For the carpenters the relationship was not statistically significant. A history of back accidents was associated with an increased risk at L 3 L 4 and L4L5, although the risk did not reach statistical significance in
the multivariate analysis. A history of car driving was
associated with an increased risk at L 3 L 4 and L4L5.

Discussion
Figure 4. Prevalence of posterior bulge in discs L2/L3-L5/SI among
the occupational groups.

Anterior disc bulge
The prevalence of anterior disc bulge was fairly evenly
distributed across the whole lumbar spine, and the machine drivers had the highest prevalences (figure 5). In
the overall analysis of the lumbar spine, occupation (x2
test, P=0.004) and history of back accidents (x2 test,
P=0.01) were statistically significantly related to anterior disc bulges.
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In this study, occupational loading was found to be related to the presence of disc degeneration. The prevalence
of different types of disc bulges varied in relation to occupation and disc level. A decreased signal intensity of
the nucleus pulposus was not related to occupational
load.
The signal intensity of a disc is associated with its
water content and the degree of degeneration (19-20).
We estimated the intensity in the region of the disc with
the highest water content, the nucleus pulposus. As another indicator of degeneration, we used disc bulging

Table 3. Effect of occupation and history of back accidents o n the prevalence of discs with posterior bulge. (OR = odds ratios, 95% CI
= 95% confidence intervals)
Disc level

Unadjusted
Crude OR

Mutually adjusted
95% CI

OR

95% CI

Adjusted for confoundersa
OR

95% CI

Occupation
Office workers
Machine drivers
Carpenters
History of back accidents
None
1-2
23

L4/L5
Occupation
Office workers
Machine drivers
Carpenters
History of back accidents
None
1-2
23

L5/S1
Occupation
Office workers
Machine drivers
Carpenters
History of back accidents
None
1-2
23
a

Adjusted for height, history of overweight, smoking, physical exercise, and car driving

as measured in the middle line in the sagittal plane.
Degenerated discs have radial tears (27). Discs with bulging of 22.5 mm beyond the posterior border of the vertebra are shown to be likely to have a radial tear (22). We
chose a bulge of 23.2 mm as a sign of degeneration. In
addition 2 pixels (3.2 mm) was considered the smallest
size to be reliably measured.
In some cases it was difficult to determine the measuring points due to the variation in the shape of the posterior or anterior border of the vertebral body. In addition osteophytes can affect the validity of the assessment
of disc bulges, although in many cases the osteophyte can
be clearly demarcated from the cancellous bone by a different signal intensity. The relative importance of the size
of a disc bulge may be different at different disc levels.
The large pixel size did not, however, allow a more-detailed analysis in this study.
Image quality, affected by subject- and equipmentrelated factors, may create some problems for the evaluation of discs. Signal intensity of the nucleus pulposus is
affected by patient size, distance from the surface coil,
CSF flow, and the diurnal variation of the water content
of the discs (28). CSF flow is assumed to have a minor
effect (29). The recovery of the water content of a disc
after a period of standing is known to be fairly fast in
bed rest (30). The subjects lay recumbent in the imager

%

Machine drivers
Office workers

Figure 5. Prevalence of anterior bulges in discs L2/L3-L5/Sl among
the occupational groups.

at least 20 minutes before the imaging was started; this
procedure was expected to assure an almost full recovery of the water content of the discs. Suitability of the
CSF as a signal intensity reference has been documented (24-25).
The repeatability of the signal intensity assessment
and of the measurement of the anterior and posterior
bulges varied from excellent to fair. At L5/S 1 the repeatability was poorer than at the other levels, and most of
Scand J Work Environ Health 1998, vol24, no 5
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Table 4. Effect of occupation, history of back accidents, and car driving on the prevalence of discs with dark anterior bulge. (OR = odds

ratios, 95% CI

=

95% confidence intervals)
--

Disc level

Unadjusted
Crude OR

Mutually adjusted
95% CI

OR

95% CI

Adjusted for confoundersa
OR

95% CI

L3lL4
Occupation
Office workers
Machine drivers
Carpenters
History of back accidents
None
1-2
23
History of car driving
t 1 5 000 kmlyear
21 5 000 krnlyear
L4lL5
Occupation
Office workers
Machine drivers
Carpenters
History of back accidents
None
1-2
23
History of car driving
t 1 5 000 krnlyear
21 5 000 krnlyear
L5lS1
Occupation
Office workers
Machine drivers
Carpenters
History of back accidents
None
1-2
23
History of car driving
t 1 5 000 krnlyear
21 5 000 krnlyear
a

Adjusted for height, history of overweight, smoking, and physical exercise.

the missing observations were at this level. Therefore the
results for L5/S 1 may be somewhat less reliable. The posterior border of the disc was more distinct than the anterior border in most cases because of a shorter distance
from the coil. Thus better repeatability in the assessment
of the posterior bulges could be expected.
Trauma to the annulus fibrosus can initiate a progressive degenerative process in the disc, as suggested by an
animal study (3 1). In a cross-sectional study the time sequence between the development of disc degeneration
and previous accidental back injuries remains obscure.
Thus it is not possible to draw definite conclusions about
the role of back accidents as initiators or promoters of
disc degeneration. Developing disc degeneration may
also predispose the back to painful injuries. The association between accidental back injuries and disc degeneration should be studied with a prospective design. As the
measure of back trauma, we used the number of self-reported back accidents. Although self-reporting is not a
very reliable means of obtaining retrospective data
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because of recall error (32), it was the only possibility.
The limit of 2 weeks' absence from work was chosen to
improve reliability because such accidents are obviously
more serious and will be remembered better. However,
events associated with back pain may have been classified as back accidents even if no true trauma occurred.
In our study, posterior bulges were related to dynamic physical work in which compressive and shear forces
act on the lumbar spine. The association reached statistical significance only at one disc level, although there was
a consistent relationship across the spine. The risk of
posterior bulges was decreased in the multivariate modeling at all disc levels as the history of back accidents
was added to the model. A high risk of accident is an
essential feature of a carpenter's work and, accordingly,
explains part of the association between posterior bulge
and occupation. Our results concerning the association
of heavy physical work or repeated injuries with disc
degeneration are in accordance with the results of previous studies (2-3, 15).

Machine driving and car driving involve whole-body
vibration, which has been suggested to affect the metabolism of the discs (6, 33), while sudden shocks act on
the discs and adjacent vertebrae through compressive
forces. As a result, degenerative changes can develop.
Constrained, forward flexed, and twisted postures of the
trunk are common in machine driving work. The mechanism by which anterior bulges develop is not clear, however.
In this study we kept the different signs of disc degeneration separate in the analysis and used no general
score, unlike some other investigators (8, 10). Had we
used a general score, no occupational differences would
have been found because dark nucleus pulposus, unrelated to occupation, was the most prevalent sign of degeneration, and disc bulge occurred in most cases concomitantly with dark nucleus pulposus.
The prevalence of decreased signal intensity of the
nucleus pulposus and posterior bulge of the disc varied
between the disc levels and increased towards the lower
levels. The prevalence of anterior disc bulge was more
similar at all the disc levels. The differences in the prevalence of the signs of disc degeneration between the disc
levels may be caused by differences in physical loading.
Vascular etiology has also been suggested to explain such
differences (34).
The association between a history of back accidents
and disc degeneration was statistically significant for L31
L4 and L41L5, but not for L5lS 1. Disc degeneration was
the most advanced at L51S 1, as measured by decreased
signal intensity, depicting the overall cumulative effect
of various risk factors. This phenomenon may be one reason why the effect of accidents was not detected.
The most prevalent sign of disc degeneration among
the carpenters was posterior bulge, and among the machine drivers it was anterior bulge. Sedentary and heavy
physical work has been found to be related to different
degenerative changes in an autopsy study (3), but anterior disc bulges have not been used earlier as outcomes in
epidemiologic studies.
The subject size and position in the imager may affect the size of disc bulge. The machine drivers were taller, on the average, than the men in the other 2 groups,
but height was not significantly associated with disc degeneration in the multivariate modeling. Eventual differences in the degree of lumbar lordosis between occupational groups could also explain the differences, but lordosis was not measured in the neutral position.
Evidence has been found for a strengthening effect
of heavy manual work on the spine (16), and inactivity
has been suggested to play a role in the etiopathogenesis
of degenerative changes in the musculoskeletal system
(35). We did not find evidence to support such effects.
Neither do our results support the hypothesis suggested
in previous studies that sedentary work (7), smoking

(8-9), overweight (10-1 I), or heavy leisure-time physical exercise (5) would enhance disc degeneration. The
size of this study, however, was small, and thus the statistical power was too low to investigate the effect of
many explanatory variables. The healthy worker effect
also diminishes possibilities to detect associations between occupation and disc degeneration since people who
develop back problems may select a less strenuous occupation.
For car driving, physical exercise, and overweight we
used variables in which the history of exposure was accumulated based on current questionnaire data and on
data from 4 and 7 years in retrospect. The consideration
of cumulative exposure is feasible in reference to disc
degeneration, which is a slowly developing process. The
use of data from 3 questionnaires also makes the data
collected more reliable than those of a pure cross-sectional study, thus reducing recall error.
Our study adds to the evidence that environmental
factors, such as occupational load, play a role in the development of disc degeneration of the lumbar spine. A
history of back accidents and car driving was associated
with an increased risk of disc degeneration, but conclusions about a causal relationship cannot be drawn due to
the cross-sectional setting of the study. Anterior and posterior disc bulges seem to be related to different types of
physical loads.
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