
Abstract

Study design: Prospective cohort study. 
Objective: To describe the natural history of  low back pain by its prevalence, incidence,

and recurrence during a 3 year period and identify risk factors for cumulative incidence and
recurrence of  low back pain in scaffolders.

Summary of  background data: Although some studies have described either
prevalence, incidence, or recurrence of  low back pain, few studies have assessed two or more of
these outcome measures simultaneously. Furthermore, little is known about the association
between individual, physical, psychosocial, and health-related risk factors and cumulative
incidence and recurrence of  low back pain in scaffolders. 

Methods: Between 1998 and 2001, a cohort of  288 scaffolders (response 85%) completed
a questionnaire at baseline and at 3 yearly follow-ups during 3 years. 

Results: At baseline 60% of  the study population had had an episode of  low back pain in
the past 12 months of which 22 % was of  chronic nature. During follow-up the yearly incidence
of  low back pain varied between 20%-28%, while yearly recurrence rates were 64% to 77%.
Only few workers consistently reported the presence (20%) or absence (26%) of  low back pain
each year. Weak significant associations were present for age 35-44 years, moderate general
health, high strenuous arm movements, and body mass index with the cumulative incidence of
low back pain. Significant associations were found between high manual handling of material
and high job demand and low job control and the cumulative recurrence of  low back pain, while
moderate general health only showed a weak significant association with this outcome measure. 

Conclusions: Low back pain was a dynamic process with high rates for incidence,
recurrence, and recovery. General health and work-related physical and psychosocial factors
influenced both the incidence and recurrence of  low back pain. The incidence and recurrence of
low back pain depend strongly on the recall period of  low back pain and the time-window of
investigation. 

Key points:
w In a longitudinal study the dynamics of  low back pain in a working population are
characterised by high rates of  incidence and recurrence at consecutive yearly measurements. 
w The incidence and recurrence of  low back pain depend highly on the duration of  the recall
period and the time-window of  investigation. Hence, the difference between incident and
recurrent cases often arises by chance due to differences in time-window of  investigation. 
w Despite differences in definition between the cumulative incidence and recurrence of  low
back pain, both outcome measures were associated with risk factors of  psychosocial, physical,
and health related origin.
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Mini abstract

A prospective cohort study was conducted to assess prevalence, incidence, and
recurrence of  low back pain in scaffolders. Cumulative incidence and recurrence of  low
back pain were both associated with psychosocial, physical, and health-related risk factors.
Incidence and recurrence depend strongly on the recall period and time-window of
investigation.

Introduction

Low back pain is a common condition comprising a major health problem worldwide.
It will eventually affect almost everyone in life, men and women equally.20 The lifetime
prevalence of  low back pain is estimated at 60-85%,while the annual prevalence in the
general population is ranging from 15-45%.4,10,16 The annual incidence of  back pain in the
general population is estimated between 10%-15%.3 In the vast majority of  patients low
back pain is a self  limiting condition, from which 90% are expected to recover in about six
weeks.41 However, high recurrence rates of  40-70%, including annual recurrence rates of
60% have been reported.6,12

Results from various studies on prevalence, incidence, and recurrence of  low back pain
are difficult to compare, often due to differences in the period of  recall.7 A complicating
factor in low back pain research is the fact that onset and duration of  low back pain
episodes are difficult to measure. For example, if  the time of  onset of  LBP is not clearly
defined, it is very difficult to distinguish between incidence and recurrence.9 Surprisingly
few studies have assessed at least two outcome measures at the same time within the same
population.11,13,21

Acknowledging that prevalence, incidence, and recurrence are dynamic entities which
can change over time, there is a clear need for longitudinal studies that describe the
dynamic pattern of  low back pain episodes over time. In this article, we present the results
of  a longitudinal study with a long follow-up period. The objective of  this study was (a) to
assess prevalence, incidence, and recurrence of  low back pain in a working population, (b)
to describe the changing occurrence of  low back pain in a longitudinal study and (c) to
investigate which risk factors were associated with incidence and recurrence of  low back
pain during the three year follow-up period.

Subjects and methods

Study population
Subjects were selected from a scaffolding company since the job of  scaffolding is noted

for its high occurrence of  low back pain.17 The principal tasks of  scaffolders are erecting
and taking down large scale scaffolds. During these tasks, manual handling of material is
one of  the most dominant activities due to lifting, lowering, and carrying of  heavy
materials such as scaffolding poles and boards, guard rails, and ladders. In total, 337
subjects were invited to participate in the study. In this longitudinal study data were
gathered on a yearly basis during a three year follow-up. 
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Questionnaire
Between June and November 1998, a baseline questionnaire was administered by

interviewing 337 scaffolders. The initial response was 85% (n=288). All responders in the
baseline (n=288) were sent consecutive questionnaires during 3 follow-up periods,
provided that they were still working in the scaffolding company. The questionnaire on
musculoskeletal disorders was derived from the standard Nordic questionnaire.24 The
questionnaire collected personal data, details on the respondent's job and employment
history, health status, leisure time, the presence or absence of  symptoms of  low back pain
and data on physical, psychosocial, and individual risk factors. Questions on physical work-
load concerned manual handling of material such as lifting and carrying heavy loads,
awkward working postures in which the back is bent and twisted, and strenuous arm
movements such as working with hands above shoulder level.17

The questions on psychosocial aspects were derived from the Karasek model.22 In this
model subjects are supposedly at risk when experiencing high job demands and low job
control. Job demands were measured by 11 questions with a four point scale, yielding a
sum score for high work demands. Low job control was measured by six questions on
skills and 11 questions on authority to make decisions. Information on individual risk
factors such as age, height, and weight was also derived from the standard Nordic
questionnaire. The body mass index was calculated by dividing self-reported weight
(kilograms) by the square of  the height (meters) using a cut-off  point of  27 or more.

In the questionnaire a measure of  general health was included. Perceived general health
was measured by 13 dichotomised questions about the workers health representing the
actual health situation and was rated according to the VOEG scale with a good internal
scale reliability (Crohnbach's α=0.86) and test-retest reliability (Pearson's r=0.76).39

Two end points of  low back pain were defined: (a) low back pain in the past 12
months referred to at least one episode of  low back pain in the past 12 months for at least
a few hours, and (b) chronic low back pain in the past 12 months referred to low back pain
which was present almost every day in the preceding 12 months with a minimal presence
for at least 3 months. The last definition is a subgroup of  the first one. A detailed
description of  the questionnaire has already been published elsewhere.17

Definitions 
In this study we used the following definitions for prevalence, incidence, recurrence,

and recovery. Low back pain was defined as a person who experienced an episode of  pain,
stiffness, or discomfort of  the lower back.24 A prevalent case was defined as a subject
having had at least one episode of  low back pain during the previous 12 months. These
cases were determined during baseline survey, follow-up 1, follow-up 2, and follow-up 3.
An incident case was defined as a new episode of  low back pain during 12 months after at
least a period of  one year free of  low back pain. Thus, incident cases could be identified
during follow-up 1, follow-up 2, and follow-up 3. The cumulative incidence was defined as
all cases with a new episode of  low back pain during the 3 year follow-up among those
without low back pain at baseline.
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Recurrence was defined as an episode of  low back pain in a given year subsequent to a
previous year with similar complaints. Hence, the 12 months recurrence implied two
consecutive years of  low back pain and could be recorded during follow-up 1, follow-up 2,
and follow-up 3. For the cumulative recurrence, cases were obliged to have at least one
episode of  low back pain during follow-up and were found among those who suffered
from low back pain at baseline. Given these definitions, a subject was regarded as
recovered when a year with complaints was followed by a year free of  complaints. Similar
definitions on prevalence, incidence, and recurrence were also applied for chronic low back
pain.

Statistical analysis
The statistical analysis was based on Generalized Estimating Equations (GEE).30 In the

GEE-model all risk factors and covariates were assumed to be time-independent, which
means that only information on risk factors from the baseline measurements were used
like in conventional regression analysis. These risk factors at baseline were related to low
back pain reported in follow-up 1, follow-up 2, and follow-up 3, using two endpoints:
cumulative incidence and cumulative recurrence of  low back pain. All subjects who
responded at least once were included in the analysis, whereas subjects were excluded from
the cohort at the time when they left the scaffolding company.

In the statistical analysis low back pain was the dependent variable. Chronic low back
pain could not serve as a dependent variable due to small numbers. Since age appears to
influence strongly the probability of musculoskeletal symptoms like low back pain, it was
included in each model, regardless of  its level of  significance. In the univariate analysis
odds ratios (OR) with 95% confidence intervals were calculated for the risk factors studied.
For the initial selection of  variables in the univariate models a significance level of  p<0.10
was used. In the final multivariate model variables with a p-value of  0.10 or less were
retained, taking into account the size of  the study population. Calculations were carried
out with Proc Genmod in the statistical package SAS (Version 6.12).35

Results

Response
The total cohort consisted of  288 workers at baseline, 209 (73%) at first follow-up, 182

(63%) at second follow-up, and 144 (50%) at third follow-up. The majority of  workers
responded to each questionnaire during the study. The cohort of  workers with complete
data during all 4 measurements consisted of  288 at base-line (response 85%), 209 workers
at first follow-up (response 73%), 163 workers at second follow-up (response 78%) and
127 workers at third follow-up (response 78%).

In this cohort with complete data 49% (n=79) of  the non-respondents during the first
follow-up changed jobs and left the company. During the second and third follow-up this
was 43% (n=46) and 33% (n=36), respectively. Another 10%, 11%, and 22% of  the non-
respondents entered the permanent disability scheme, with over 50% of  these cases due to
musculoskeletal disorders. During the first follow-up non-respondents reported a higher
prevalence of  low back pain in the baseline survey than respondents, 67% versus 57%, but
this difference was not statistically significant.
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Prevalence, incidence, and recurrence 
Epidemiological data of  low back pain and chronic low back pain in the past 12

months are presented in table 1. The prevalence in the baseline was 60% for low back pain
and 22% for chronic low back pain in the past 12 months. The prevalence during three
year follow-up varied between 44% and 46% for low back pain and between 10% and 12%
for chronic low back pain. During the three year follow-up, the yearly incidence for low
back pain was 20% to 28%. 

The yearly incidence for chronic low back pain varied between 4 and 7%. Recurrence of
low back pain was 65%, 77%, and 64% in the first, second, and third follow-up
respectively. Recurrence for chronic low back pain varied between 33% and 65%. 

The cumulative incidence of  low back pain during the three year follow-up period was
estimated as 37 (39%) out of  96 subjects free of  low back pain at baseline. The cumulative
recurrence of  low back pain during the same period was 104 (78%) out of  133 subjects
with low back pain at baseline.

Table 1 Prevalence, incidence, and recurrence of low back pain in the past 12 months and chronic low 
back pain in the past 12 months during a 3 year follow-up period among scaffolders

Baseline  95% CI 1st follow-up  95% CI 2nd follow-up 95% CI 3rd follow-up 95% CI

Respons (n=288) (n=209) (n=163) (n=127)

LBP past 12 months
Prevalence 60% (54 - 65%) 46% (39 - 52%) 46% (38 - 54%) 44% (36 - 49%)

Incidence -- 20% (15 - 25%) 21% (15 - 27%) 28% (21 - 36%)

Recurrence -- 65% (58 - 71%) 77% (70 - 83%) 64% (56 - 72%)

Chronic LBP past 12 months
Prevalence 22% (17 - 27%) 11% (  7 - 15%) 10% (  6 - 15%) 12% (  6 - 17%)

Incidence -- 5% (  2 -   8%) 4% (  1 -   7%) 7% (  3 - 12%)

Recurrence -- 33% (27 - 40%) 65% (57 - 72%) 58% (50 - 67%)

95% CI  = 95% confidence interval 

LBP: low back pain

Dynamic pattern of  low back pain over time
The trajectories of  individual workers during the 4 consecutive measurements are

shown in table 2. In total, 127 persons were included who responded both at baseline and
at every follow-up. Only 26 (20%) out of  127 subjects consistently reported low back pain
during each year of  follow-up (trajectory 1), and only 33 (26%) out of  127 subjects
consistently reported the absence of  low back pain (trajectory 16). During the 4 year
period 94 out of  127 subjects (74%) experienced at least one episode of  low back pain.
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Table 2 Individual trajectories of low back pain cases during 4 consecutive measurements among 127 
persons working in a scaffolding company

Trajectory Baseline Follow-up 1 Follow-up 2 Follow-up 3 Number of cases

1 + + + + 26

2 + + + - 7

3 + + - + 6

4 + + - - 6

5 + - + + 5

6 + - + - 7

7 + - - + 4

8 + - - - 14

9 - + + + 3

10 - + + - 4

11 - + - + 1

12 - + - - 1

13 - - + + 1

14 - - + - 3

15 - - - + 6

16 - - - - 33

Risk factors
Table 3 presents the results of  the univariate analysis on risk factors for both

cumulative incidence and recurrence of  low back pain during the three year follow-up
period. Considering cumulative incidence, moderate general health showed a significant
association with low back pain. Some indication for a potential association was found for
high body mass index, whereas high strenuous arm movements, high awkward back
posture, and high job demand and low job control were elevated but did not reach
statistical significance. High manual handling of materials, high job demand and low job
control and moderate general health were found to be significant risk factors for the
cumulative recurrence of  low back pain. High awkward back posture showed a weak
significant association and no significant associations were found for high strenuous arm
movements and high body mass index.

Table 4 shows the results from the multivariate analysis with Generalised Estimating
Equations (GEE) of  risk factors for the cumulative incidence and recurrence of  low back
pain during the three year follow-up period. Weak significant associations were found for
age 35-44, moderate general health, high strenuous arm movements, and high body mass
index with the risk on incidence of  low back pain. 

In the multivariate analysis for cumulative recurrence of  low back pain significant risk
factors were high manual handling of materials and high job demand and low job control.
Moderate general health showed a weak significant association with this outcome measure.
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Table 3 Risk factors, adjusted for age, for cumulative incidence and cumulative recurrence of low back 
pain during a 3 year follow-up period among scaffolders (univariate analysis)

Risk factors n (%) Odds Ratio 95% confidence interval

Cumulative incidence (n=96)
High manual handling of materials 40 (42%) 1.05 0.49 - 2.27

High strenuous arm movements 49 (51%) 1.93 0.84 - 4.45

High awkward back posture 35 (37%) 1.47 0.68 - 3.19

High job demand and low job control 13 (14%) 2.24 0.77 - 6.53

Moderate general health* 24 (25%) 2.37 1.03 - 5.47

High body mass index 35 (37%) 2.00 0.91 - 4.39

Cumulative recurrence (n=133)
High manual handling of materials* 77 (58%) 2.14 1.17 - 3.89

High strenuous arm movements 75 (56%) 1.34 0.73 - 2.46

High awkward back posture 66 (50%) 1.73 0.97 - 3.08 

High job demand and low job control** 43 (32%) 2.58 1.37 - 4.87

Moderate general health* 66 (50%) 1.99 1.11 - 3.56

High body mass index 50 (38%) 1.09 0.60 - 2.00

* significant, p<0.05 | ** significant, p-value 0.01

Table 4 Multivariate analysis of risk factors for cumulative incidence and cumulative recurrence of 
low back pain during a 3 year follow-up period among scaffolders 

Risk factors n (%) Odds Ratio 95% confidence interval 

Cumulative incidence (n=96)
Age       < 35 46 (48%) 1.00

35-44 years 29 (30%) 2.22 0.90 - 5.46

> 45 21 (22%) 0.68 0.24 - 1.92

Moderate general health 42 (44%) 2.27 0.99 - 5.19

High strenuous arm movements 49 (51%) 2.11 0.96 - 4.66

High body mass index 35 (36%) 1.97 0.91 - 4.27

Cumulative recurrence (n=133)
Age       < 35 62 (46%) 1.00

35-44 years 41 (31%) 1.03 0.51 - 2.10

> 45 30 (23%) 1.50 0.69 - 3.28

Moderate general health 66 (50%) 1.76 0.98 - 3.17

High manual handling of materials* 77 (58%) 2.02 1.12 - 3.66

High job demand and low job control* 43 (32%) 2.16 1.12 - 4.21

* significant, p<0.05
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Discussion

The purpose of  this longitudinal study was to assess the dynamics of  low back pain by
analysing prevalence, incidence, and recurrence of  low back pain and associated risk
factors in a population of  scaffolders. The results of  this study showed that the prevalence
of  low back pain was high at baseline and fairly consistent during follow-up. While the
incidence showed some increase, the recurrence varied largely during the same period.
Recurrence of  low back pain exceeded both prevalence and incidence at all times during
follow-up. There were some indications for a potential association between physical and
health-related factors and the cumulative incidence of  low back pain, while physical and
psychosocial factors showed significant associations with the cumulative recurrence of  low
back pain. 

The prevalence, incidence, and recurrence of  low back pain will change over time,
depending on the chosen time-window. By studying these measures longitudinally within a
cohort of  scaffolders the natural course of  low back pain becomes apparent (table 1). At
baseline the prevalence of  low back pain and chronic low back pain in the past twelve
months was 60% and 22%, respectively, which is comparable with findings in the
literature.31,33,34,37 The prevalence rates dropped slightly, eventually reaching a steady state
during follow-up, which is in accordance with results from other studies. 29,32 An
explanation for this drop in prevalence rate could be a selection mechanism in which those
with a poor health were forced to leave the company, either voluntarily or because of
disability. The analysis of  non-response illustrated that 10%-22% of  the non-response was
health-related due to subjects becoming permanent disabled, often due to musculoskeletal
disorders. This may have led to an unterestimation of  the prevalence of  low back pain in
the subsequent follow-ups of  a few percent. The voluntary non-response was primarily
due to subjects leaving the company for other work. Only in the first follow-up year there
was some indication that those who left had a higher baseline prevalence of  low back pain
than those who continued in their job. This supports the assumption that a healthy worker
effect might have been present.17 Another explanation could be the method by which the
questions were presented.7 At baseline, the questionnaires were primarily administered by
interview. In the three year follow-up period the self-administered questionnaires were sent
and returned by mail. Hence, during the baseline survey the interviewer could have
influenced the answers of  the workers interviewed.29

The incidence rates for both low back pain and chronic low back pain in the past 12
months showed similar features (table 1). Although there was a slight, non-significant
increase in the third follow-up, incidence rates were fairly constant over the consecutive
follow-up periods, as would be expected.32 The incidence rates of  low back pain in the past
12 months of  20-28% are comparable with incidence rates in transit drivers and
construction workers, including scaffolder.23,25

The one-year recurrence rate of  64%-77% for low back pain in the past 12 months is
in the range of  results from other studies.5,6 The low recurrence rate of  chronic low back
pain in the first follow-up could be the result of  a high dropout of  disabled scaffolders
during the first year of  follow-up, rendering a fairly healthy population at work. 
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The variability of  recurrence of  low back pain during the three year follow-up depends
also on the high recovery rates. In case of  high incidence rates, high recurrence and
recovery rates will be inevitable, since otherwise prevalence rates would eventually be 100%
within four to five years.

Table 2 demonstrates the trajectories of  low back pain during 4 consecutive
measurements. Subjects showed remarkable differences in low back pain status during the
follow-up. The trajectories illustrate the problem of  defining incidence and recurrence. 

For example, trajectory 6 and 11 have a similar pattern over a four year period (table 2),
but cases will be defined differently depending on the start of  the study. In longitudinal
studies it is to some extent arbitrarily to define subjects at baseline as either prevalent or
low back pain free. Consequently, during the follow-up it will also be arbitrarily to
distinguish incident cases from recurrent cases since a longitudinal study starting one year
later would define many incident cases as recurrent cases and vice versa. Considering the
association with various risk factors of  low back pain, it may imply that in studies on
incidence and recurrence of  low back pain risk factors should be similar.2,11,14,15,19,23,26,36

Due to the dynamic nature of  low back pain and because of  the fact that most workers
will have had a previous episode of  low back pain sometimes in their lives, it is far from
easy to determine when a given episode of  low back pain is independent from a previous
episode or not. Hence, incident and recurrent episodes might not be as independent as
their definitions suggest.1 In fact, previous episodes of  low back pain as a risk factor are an
expression of  the probability of  recurrence of  low back pain and, therefore, should not be
included into a risk model as an independent risk factor. The finding of  the association
between previous episodes of  low back pain and recurrence of  low back pain might even
be tautological, since for almost any subject having had a previous episodes of  low back
pain recurrence of  low back pain will be inevitable. However, it would be of  much more
interest to assess if  people without pre-existing low back pain were as likely as those
having had pre-existing low back pain to show recurrence and recovery of  low back pain
within a certain time-window.

The definitions of  incidence and recurrence are strongly determined by the time-
window of  recall. In our study we used a time-window of  one year. A disadvantage of  this
time-window is its length in which for instance, incident cases could have had recurrent
spells of  low back pain, thus increasing the variability of  individual trajectories.40 It will not
be easy to adapt internationally excepted definitions for either outcome measure, although
research would benefit from more strict definitions. In order to broaden the insight into
the variability of  low back pain, it may be advisable to study incidence and recurrence
simultaneously. Another alternative could be to study the frequency of  low back pain in a
certain time-window rather than defining the occurrence of  low back pain in consecutive
time-windows. Finally, in order to describe the dynamics of  low back pain, it may be
required to study aggravation in relation to various risk factors and interventions.8,18,38
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The results of  the analysis on risk factors for the cumulative incidence and recurrence
of  low back pain showed some variation in importance of  the risk factors (table 3 and 4).
Due to the fact that high manual handling of materials, high awkward back posture, and
high strenuous arm movements, were strongly interrelated, it was to some extent arbitrarily
which physical risk factor would reach significance.17 However, the results are in accordance
with findings from the literature in which workers performing heavy physical work have an
increased risk of  a new episode of  low back pain.11,36 The same is applicable to
psychosocial risk factors but due to small numbers high job demand and low job control
(OR 2.24, 95% CI 0.77-6.53) in table 3 lacked a significant association with cumulative
incidence of  low back pain.2,23

Moderate general health was associated with both incidence and recurrence of  low back
pain (table 3 and 4). It can be hypothesised that a poor health status makes a worker more
vulnerable for a new episode of  low back pain.14 The finding that body mass index (OR
2.00, 95% CI 0.91-4.39) showed a weak significant association with cumulative incidence of
low back pain is supported by results from a systematic review.27 However, in a cross-
sectional study a positive association was found between body mass index and low back
pain that increased with the duration of  low back pain, suggesting it to be more important
in case of  chronic or recurrent low back pain.28

In conclusion, this is one of  the first longitudinal studies in which prevalence,
incidence, and recurrence of  low back pain were studied simultaneously. The annual
incidence of  low back pain varied between 20% -28% while annual recurrence rates were
64% to 77%. Only few workers consistently reported the presence (20%) or absence (26%)
of  low back pain each year. Results showed that, independent of  the outcome measure,
and with some shift in accent, psychosocial, physical, and health-related risk factors were
associated with both the cumulative incidence and recurrence of  low back pain. One has to
bear in mind that this study was limited to scaffolders, with a known high level of  physical
work load, and this may restrict generalizability to other occupational populations. The
variability in trajectories of  low back pain within a certain time-window has illustrated that
low back pain is a dynamic entity. This study also showed that it is imperative to consider
definitions of  prevalence, incidence, and recurrence of  low back pain to match the chosen
time-window, in order to better understand the natural course of  self-reported low back
pain in a working population. 
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