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Interaction of height and mechanical loading of the spine
in the development of low-back pain

by Kevin Walsh MRCP, Marie Cruddas, PhD, David Coggon, MRCP?

WALSH K, CRUDDAS M, COGGON D. Interaction of height and mechanical loading of the spine in
the development of low-back pain. Scand J Work Environ Health 1991;17:420—4. The relation of low-
back pain to height and physical activity was examined among 2667 British men and women aged 20—59
years and selected from the general population. Information about occupational activities, height, and
lifetime history of low-back pain was obtained from a postal questionnaire. The lifetime prevalence of
low-back pain was 58.3 %. After allowance for other occupational activities, the onset of low-back pain
was strongly associated with heavy lifting at work (men: relative risk (RR) 2.0, 95 % confidence interval
(95 % CI) 1.4—2.8; women: RR 2.2, 95 % CI 1.3—3.5). For the men there was also an association with
digging (RR 1.6, 95 % CI 1.1—2.3). Risk of low-back pain increased with height among the men but
not among the women. The risks associated with heavy lifting and digging were greater for the short than
for the tall men. Thus the data provide no justification for excluding tall men from heavy manual tasks,

despite their greater susceptibility to back problems.
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Mechanical disorders of the lower back are thought
to result from a combination of constitutional weak-
ness and physical stress to the spine, although their ex-
act pathogenesis is often uncertain. Among the stress-
ful activities that have been linked with back disease
are heavy lifting (1—3) and twisting (1, 4, 5). An ap-
parent association with driving (6—9) could also be
mediated by physical stresses, either from prolonged
sitting or from vibration.

Various constitutional risk factors for back disorders
have been investigated, but the most consistent evi-
dence is for an association with height (2, 10—12). It
is not known whether this relation occurs because tall
people are more susceptible to the effects of physical
stress or whether height influences risk independently
of physical activity.

Study of the interaction between physical activity
and height might add to our understanding of the
pathological processes underlying back disease. More-
over, if tall people are particularly vulnerable to
mechanical loading of the spine, this might be a con-
sideration in the selection of personnel for heavy
manual work. In this communication we report a sur-
vey in which we have related the onset of back symp-
toms to occupational activity and height and have given
particular attention to their interaction.
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Subjects and methods

The study was carried out in six English towns (St
Austell, Dorking, Wisbech, Ilkeston, Darwen, and
Peterlee), one Scottish town (Arbroath), and a rural
district of Wales (Radnor). In each area we selected
a 5 % random sample of men and women aged 20—
59 years from lists of all residents registered with local
general practitioners. (In Britain almost everyone is
registered with a general practitioner.)

These subjects were sent a postal questionnaire
which asked for a lifetime occupational history, in-
cluding the ages at which each job started and finished
and whether an average workday involved any of the
eight activities listed in table 1. The subjects were also
asked to give their height and to indicate whether they
had ever had low-back pain that lasted more than a
day in an area (illustrated in a diagram) between the
twelfth ribs and the gluteal folds. Pain which only oc-
curred during feverish illness, menstrual periods, or
pregnancy was excluded. Those who reported low-back
pain were asked at what age it first began, how long
it had lasted altogether, and if they had had any as-
sociated disability. Nonresponders were sent a remind-
er after one month. Those who still failed to reply were
sent a shorter questionnaire asking simply whether they
had ever suffered from low-back pain, but not about
occupation or height.

Associations of low-back pain with occupational ac-
tivities and height were examined by Cox’s propor-
tional hazards model with allowance, where appropri-
ate, for time-dependent covariates (13). As an illus-
tration, the subset of subjects who reached 15 years
of age without having had low-back pain provided an
estimate of the risk of first developing low-back pain
when aged 15 years in relation to occupational activi-
ties at the 15th birthday. Similar information was avail-



able for each year of age up to 60. The method com-
bined data from all ages to produce summary estimates
of relative risk (RR) with 95 % confidence intervals
(95 % CI). Allowance was made for the potential con-
founding effects of year of birth by stratification (in
four 10-year intervals). Occupational risk factors were
examined independently, and also simultaneously, in
a model which assumed that, when factors were pres-
ent in combination, their risks multiplied. Heights were
analyzed in five levels defined by the quintiles of their
distribution.

All but 10 of 146 local general practitioners agreed
to take part in the study, and from their lists we se-
lected 4502 subjects. Full questionnaires were com-
pleted by 1172 men and 1495 women — an overall re-
sponse rate of 59.2 %. A further 525 subjects (11.7 %)
replied only to the shorter version. The lifetime preva-
lence of low-back pain was 58.3 % for the subjects
who answered the full questionnaire and 53.1 % for
those who only answered the shorter questionnaire.
Subsequent analysis was restricted to the subjects who
completed the full questionnaire, and it excluded 38
persons who first developed low-back pain before the
age of 15 years and 121 persons who could not remem-
ber at what age their symptoms had started.

Results

Tables 1 and 2 show the risk of the men and women,
respectively, first developing low-back pain in relation

to the eight occupational activities studied. When the
activities were examined independently, there were
highly significant associations with lifting or moving
heavy weights by hand among both the men (RR 2.2,
95 % CI 1.6—3.1) and the women (RR 2.3, 95 % CI
1.5—3.6). These risk estimates were only slightly
diminished by allowance for other activities. The oc-
cupations which contributed the most to the associa-
tion among the men were farmer (30 cases), engineer-
ing fitter (21 cases), and coal miner (18 cases). For
the women the main contribution was from nurse
(21 cases) and shelf filler (12 cases).

Among the men low-back pain was also associated
with jobs that entailed digging or shoveling (RR 2.0,
95 % CI 1.5—2.7, in independent analysis). After
allowance for other activities this risk estimate was
reduced, but it remained statistically significant. No
association with digging was apparent for the women,
but few women had been employed in this type of work.

None of the other occupational activities showed a
clear relation to low-back pain. In particular, there was
no association with car driving for either gender. An
elevated risk among the male truck and tractor drivers
disappeared after allowance for other activities. Of the
postural variables studied, walking or standing for
more than 2 h of the workday carried the highest risk
of low-back pain. Again, however, the association was
eliminated when other activities were taken into ac-
count.

No important differences were observed in the pat-
tern of occupational associations when the analyses
were restricted to low-back pain which made it impos-

Table 1. Risk of the men developing low-back pain according to occupational activity at preceding birthday. (RR = relative risk,

95 % Cl =95 % confidence interval)

Each activity examined Activities examined

Number of d 3

Activity cases independently simuitaneously

exposed RR 95 % Cl RR 95 % Cl
Walking or standing for =2 h 456 15 0.9—23 1.1 0.7—1.8
Sitting continuously for =2 h 101 07 05—1.1 0.6 0.4—11
Sitting for =2 h with or without breaks 248 0.9 06—1.2 1.2 08—1.8
Digging or shoveling 136 2.0 15—27 1.6 1.1—23
Driving a car or van for =4 h 9N 1.1 0.7—1.8 1.0 0.6—1.8
Driving a truck, tractor or digger 120 1.6 1.1—24 1.1 0.7—1.7
Using vibrating machinery 82 13 0.9—20 0.8 0.5—1.3
Lifting or moving weights of =25 kg by hand 352 2.2 16—3.1 20 1.4—28

Table 2. Risk of the women developing low-back pain according to occupational activity at preceding birthday. (RR =relative

risk, 95 % Cl =95 % confidence interval)

Each activity examined Activities examined

Activity Nuér;ls)g; of independently simultaneously
exposed RR 95 % Cl RR 95 % Cl
Walking or standing for =2 h 303 15 1.1—22 1.0 06—1.6
Sitting continuously for =2 h 105 0.8 0.5—1.2 13 0.8—2.2
Sitting for =2 h with or without breaks 217 086 0.4-—038 0.6 0.3—0.9
Digging or shoveling 10 11 0.3—38 03 0.0—238
Driving a car or van for =4 h 17 1.2 0.3—5.5 14 0.2—8.2
Driving a truck, tractor or digger 3 28 0.7—12.4 45 0.3—65.0
Using vibrating machinery 6 23 0.6—9.7 27 0.6—12.8
Lifting or moving weights of =25 kg by hand 82 2.3 1.5—3.6 2.2 1.3—3.5
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sible to put on socks, stockings, or tights or which
lasted a total of more than 12 months.

The relation of low-back pain to stature is shown
in table 3. The risk of symptoms among the men in-
creased with height (P <0.0001) such that those taller
than 183 cm were twice as likely to develop pain as
those shorter than 171 cm. In contrast, no trend with
height was found for the women.

Tables 4 and 5 show the interactions of height with
lifting and digging for the men. In a comparison with
the unexposed subjects of the same height, the exposed
subjects who were the shortest were observed to have
the highest risks from lifting (RR 4.5) and digging
(RR 3.3). For the men exposed to digging and lifting
risk increased little with height.

Table 3. Risk of developing low-back pain according to height.
(RR =relative risk, 95 % Cl =95 % confidence interval)

" Number

g‘;‘,g’m of RR 95% CI
cases

Men?
<170 122 1 =
171—174 101 11 0.9—15
175178 151 1.6 1.2—2.0
179—183 170 15 1.1—1.8
>184 90 2.0 1.5—-27
Womenb
=157 250 1 ;
158—160 96 0.9 0.7—1.2
161—163 115 0.9 0.8—1.2
164—168 175 11 09—14
=169 127 11 09—1.4

2 P for linear trend <0.0001.
b P for linear trend >0.2.

Discussion

This study adds to the evidence that heavy lifting and
twisting cause or aggravate back disease, but it gives
no support to the proposed etiologic role of driving.
An association with height was found for the men, but
not for the women. The association could not be ex-
plained by a greater susceptibility of the tall men to
the effects of heavy lifting and digging at work.

In interpreting these observations it is important to
make allowance for potential weaknesses in the study
method. A particular concern is the accuracy with
which the subjects recalled and dated exposure to risk
factors and the onset of symptoms. We had no stan-
dard against which to validate the information that we
elicited, but, when we sent duplicate questionnaires to
a subsample of 225 men and women at an interval of
12 months, we found good agreement on whether the
subjects had ever suffered from low-back pain (14).
Moreover, of the 106 subjects who reported low-back
pain on both questionnaires, 87 % agreed to within
five years on the age of onset, and 59 % to within one
year. To reduce the chance of bias, we did not ask the
subjects directly about the work that they were doing
when their symptoms began. Instead our questionnaire
contained separate sections on occupation and symp-
tom history with other questions in between. In the
absence of systematic misreporting, the effect of er-
rors in recall would usually be to obscure rather than
to exaggerate associations.

Another possible source of bias was the incomplete
response to the questionnaire. However, the similar
prevalence of low-back pain for the subjects who com-
pleted the full questionnaire and the initial non-
responders who later replied to the shorter question-

Table 4. Risk of the men developing low-back pain according to height and whether job at preceding birthday entailed regular
heavy lifting. (RR =relative risk, 95 % Cl =95 % confidence interval)

Not exposed to heavy lifting

Exposed to heavy lifting

Height Number Number

(cm) of RR 95 % Cl of RR 95 % Cl
cases cases

=170 39 1 65 45 20—10.2

171—174 41 2.7 1.1—6.8 54 4.4 1.9—10.0

175178 59 2.3 1.0—55 87 5.7 26—12.4

179—183 57 24 1.0—5.7 % 56 26121

>184 31 5.4 22—135 49 5.2 22127

Table 5. Risk of the men developing low-back pain according to height and whether job at preceding birthday entailed regular
digging or shoveling. (RR =relative risk, 95 % Cl =95 % confidence interval)

Not exposed to digging or shoveling

Exposed to digging or shoveling

Height

Number Number
(cm) of RR 95 % Cl of RR 95 % Ol
cases cases
<170 81 1 - 24 33 1.6—6.9
171—174 70 1.7 0.9—33 25 33 1.6—6.9
175—178 111 19 1.0—34 34 38 1.9—7.4
179—183 121 21 1.2—37 31 33 1.6—6.5
>184 58 28 1.4—5.4 22 3.9 1.7—89
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naire suggests that the responders were not atypical in
their history of symptoms. The failure of a minority
of general practitioners to participate in the study is
unlikely to have had an important impact on the ob-
served associations.

Of all the occupational activities studied, heavy
lifting showed the strongest relation to low-back pain.
The association was present for both genders and was
little affected by allowance for other aspects of work.
This finding is consistent with that of most other
studies which have examined risks from manual han-
dling (1—3, 15), although a few have failed to demon-
strate associations (16—18). The discrepancy may arise
from the use of different definitions of lifting. Per-
haps only the handling of heavier weights is relevant.

Digging entails both twisting and lifting and was
therefore expected to carry an increased risk of low-
back pain. This expectation was confirmed. The ab-
sence of an association with digging among the women
is of little consequence given the small number of
women exposed to the activity and the resultant lack
of statistical power to detect an effect.

Information about driving came mainly from the
men. In contrast to manual handling, driving a car or
van at work was not related to low-back pain. Nor was
there an association with truck and tractor driving once
the impact of other activities had been taken into ac-
count. Our failure to demonstrate an effect of car
driving is particularly noteworthy in view of the strict
definition of exposure that we employed — at least
4 h/d. Our study was not large enough to exclude a
small increase in risk, particularly as errors in recall
may have had a masking effect. However, it casts
doubt on the association with low-back pain found in
an earlier, smaller study (19). At the same time, it is
still possible that driving has an important influence
on subcategories of back disease, in particular
prolapsed intervertebral disc (8, 9, 18, 20).

Risk of low-back pain was clearly increased among
the tall men, but it was not related to height among
the women. This difference between the genders is un-
likely to be explained by bias in the study method. In
particular, there is no reason why men should report
heights more accurately than women. Most other
studies that have examined the relation of back dis-
orders to height have concentrated on men. Positive
associations have been reported with low-back pain
among male airport luggage handlers (21), with low-
back pain and radiographic disc degeneration among
coal miners (2), with disc prolapse among American
military personnel (22), and with low-back pain in sam-
ples of Danish men drawn from the general popula-
tion (10, 11). Case-referent investigations in the United
States (18) and Finland (12) have shown an increased
risk of lumbar disc prolapse for taller women, as well
as for taller men, but other studies based on less spe-
cific disease outcomes among women do not support
this observation. In particular, low-back pain was not
related to height in surveys of Swedish (23) and Dan-

ish (11) women from the general population. The last
investigation is of special interest since it did show an
association between height and lifetime prevalence of
low-back pain among men. Not all studies of men have
indicated an effect of height (5, 20), but the balance
of evidence strongly favors a relation. Given the
findings of other population surveys, we suggest that
our failure to demonstrate an increased risk of low-
back pain for taller women may have arisen from a
real difference between the genders.

A difference between men and women in the rela-
tion of low-back pain to height might be explained if
the influence of height were determined by increased
susceptibility to the effects of mechanical stress. Un-
der such circumstances men would be expected to show
a stronger association because they tend to expose their
spines to greater loads. However, our analysis of the
interaction between height and manual handling did
not support this theory. The risks associated with heavy
lifting and digging were higher for the short men than
for the tall ones. Thus, if mechanical loading has a
role in the excess of low-back pain among tall men,
the relationship must be complex. Perhaps, for exam-
ple, dose-response relations vary with height so that
tall men are more vulnerable than short men when
lifting moderate weights, but there is no difference in
the risk for heavier lifting.

Whatever the explanation, our findings provide no
justification for excluding tall men from heavy manual
tasks.
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