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Abstract

Background: Exposure to whole-body vibration (WBV) is a well-known risk factor for the occurrence of low-back pain

(LBP). Little is known about the long-term course of back pain in workers exposed to WBV and the consequences for

(temporary) disability, due to lack of cohort studies with sufficiently long follow-up periods.

Methods: A systematic review of the literature was performed to assess associations between exposure to WBV and LBP,

sickness absence due to low-back disorders and permanent disability. A meta-analysis was used to estimate the prevalences

of LBP and sickness absence due to low-back disorders in occupational populations, depending on relevant exposure

characteristics. These prevalences were converted into probabilities for transitions between no complaints, LBP, sickness

due to LBP, and disability. A Markov model was applied to evaluate a hypothetical cohort of workers without LBP at the

start of the cohort and a follow-up of 40 years (40 cycles of 1 year) to reflect a long-life career with continuous exposure

to WBV.

Results: In this hypothetical cohort it was estimated that among workers with the highest exposure to WBV on average

about 47 weeks of their working life were lost due to sick leave because of LBP, which is approximately 2.5% of their

working life. When all workers on prolonged sick leave for 52 weeks would remain disabled for the rest of their working

life, a maximum of 23.4% of their working life could be lost due to high WBV exposure. Among workers without or low

exposure to WBV the corresponding losses were 0.8% and 7.8%, respectively.

Conclusion: The approach to assess years of work lost due to an occupational exposure may provide a more adequate

description for stakeholders than the traditional measures of relative risk or attributable risk fraction. The concept of work

years lost may also facilitate a better appreciation of the potential benefits of preventive measures.
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1. Introduction

It is well documented that exposure to whole-body vibration (WBV) is a risk factor for the occurrence of
low-back pain (LBP) [1–3]. The most common sources of occupational exposure to WBV are cars, vans,
forklift trucks, lorries, tractors, buses, and loaders [4]. It has been estimated that in Western countries 4–7% of
all employees are exposed to potentially harmful WBV [1]. Although, exposure–response relationships are
lacking for the association of frequency, duration, magnitude, and direction of the vibration spectrum with
back disorders, there are indications that daily exposure to WBV for 8 h with an average magnitude above
0.5m s�2 rms in the dominant axis may significantly contribute to the occurrence of back disorders [5,6]. In the
recent European Guideline this value has been adopted to distinguishing between possible hazardous and
harmless work situations [7].

Despite the recognition of exposure to WBV as risk factor for LBP, little is known about the impact of
prolonged exposure to WBV on the long-term course of LBP and associated consequences for work disability.
LBP in occupational populations is usually characterized by a high recurrence rate of relapses of pain [8].
Prospective studies have indicated that LBP is quite persistent with strong fluctuations in severity of
complaints, expressed by recurrent episodes interspersed with periods free from pain [9]. Yet, it remains largely
unknown whether exposure to WBV is an important prognostic factor for aggravation of LBP and associated
disability. This ambiguity may be partly explained by the lack of cohort studies with sufficiently long follow-
up periods to identify determinants of persistence and/or recurrence of LBP and subsequent morbidity.
However, the sparse information from cohort studies on health outcomes other than prevalence of LBP may
be used to predict the long-term course of LBP in occupational groups with relevant exposure to WBV. In this
regard, a particularly useful technique is a Markov model of prognosis, which can be used for health events of
discrete nature that happen more than once over time [10]. A Markov model assumes that the subject is always
in one of a finite number of health states, for example no complaints, back pain, and sickness absence due to
back pain. The course of disease is modelled by transitions from one state to another during a specified period
of time. In a longitudinal study on musculoskeletal symptoms among newspaper workers this approach was
used to demonstrate that during a 1-year follow-up equivalent proportions of workers improved as worsened
in symptoms and that these fluctuations in severity could be described well by transitions between different
states of symptoms or disability [11]. In a longitudinal study among forestry workers with 3-year follow-up a
transition model was also applied, demonstrating that working with a flexed trunk or working with a hand
above shoulder level were consistently associated with the occurrence of current radiating neck pain [12]. This
approach may be extended over longer periods than the actually observed follow-up period. Under the
assumption that the transition probabilities are constant over time, a Markov chain may be created by
repeating each cycle a certain number of times to represent a meaningful time interval, for example
employment in the same job for 30 years or more.

In order to understand the possible impact of prolonged exposure to WBV on the long-term course of back
complaints and associated sickness absence and work disability, a literature review was performed to
determine the dynamic pattern of incidence, recurrence, and severity of back complaints in occupational
groups with exposure to WBV. Subsequently, a Markov model was applied to mimic the long-term
consequences of LBP in a hypothetical cohort of workers with different levels of WBV exposure. The aims of
this study were: (i) to analyse the effects of WBV exposure on the occurrence of LBP and the transition from
LBP into sickness absence due to LBP, and (ii) to predict the long-term consequences of prolonged exposure
to different levels of WBV on LBP and associated permanent work disability.

2. Methods

2.1. Retrieval of studies

A search in Medline (by Pubmed) and Embase was conducted for systematic reviews on LBP in
occupational groups with exposure to WBV. The reviews were deemed acceptable when a meta-analytic
approach was used to summarize the available evidence into a pooled point estimate of the strength of
association between WBV exposure and LBP [1,13]. The first review included nine study populations [14–20]
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and the second review was based on 16 study populations [14,15,17,18,21–28]. A further search for original
articles was conducted in Medline and Embase with the following key words: (low) back pain, sciatic pain,
spinal disorders, (whole-body) vibration, postural load, epidemiology, occupation, and driving. References
cited in the retrieved studies were also examined. Only articles published in the past 20 years were accepted for
inclusion. Original articles were only included when (i) describing a cohort study with information on the
incidence of LBP over a specified period of follow-up and a quantitative estimate of the association with WBV
exposure [26,29], and (ii) reporting on the occurrence of specific outcomes such as sick leave and permanent
disability in relation to WBV exposure [30,31]. With regard to the latter inclusion criterion, only studies were
retrieved that presented information on frequency and duration of sick leave or disability over a specified time
period in order to be able to calculate the annual incidence of sick leave or permanent disability. Whenever
possible, measures of prevalence, incidence, and risk were retrieved from the included articles. When
information on risk estimates was not presented, for all studies that provided sufficient raw data unadjusted
risk estimates with 95% confidence intervals were calculated.

2.2. Data analysis

In the studies selected for the analysis the average exposure to WBV in the occupational groups was
categorized into three levels of exposure: low, moderate, and high. Workers with a daily exposure to WBV for
8 h with an average magnitude less than 0.5m s�2 were regarded as low exposed [7] and essentially combined
with the workers without any WBV exposure into the no/low WBV exposure group. A daily exposure to WBV
for eight hours with an average magnitude between 0.5 and 1.0m s�2 was considered a moderate exposure
level and a daily 8-h exposure to WBV above 1.0m s�2 was regarded as high [13].

A meta-analytical approach was chosen to pool the information on prevalence and incidence of LBP, sick
leave, and permanent disability in the selected studies, thereby weighing the prevalence and incidence by the
size of the study population. The summarized evidence from the reviews was used to estimate the pooled
12-month prevalence of LBP at three levels of WBV exposure [1,13]. Original studies were used to complement
the necessary information on the natural course of LBP in exposed populations. The incidence was defined as
the proportion of workers with a new episode of LBP during a 12 months follow-up after at least a period of
12 months free of any LBP. The incidence rates in two longitudinal studies were pooled into an estimate of the
average annual incidence of LBP [26,29]. One original study described the occurrence of at least one period of
sick leave due to LBP in the past 12 months [31]. Another original study was used to assess the annual
incidence of permanent disability due to LBP among exposed workers [30].

A simulation was carried out on a hypothetical cohort of workers with prolonged exposure to WBV, all
aged 25 years, who were free of LBP in the previous 12 months, with a follow-up period of 40 years. AMarkov
chain approach was used with 1 year increments of time during which a subject may make a transition from
one health state to another [10]. In this analysis, four health states were defined: no LBP, LBP in the past 12
months, sickness absence in the past 12 months due to LBP, and permanent work disability after a prolonged
sickness absence of 52 weeks due to LBP. The latter health state was based on the definition in a study on
disability among crane operators [30]. This health state was considered an absorbing state, i.e. transition to
another state from within this state is regarded to be impossible. The transition probabilities were assumed to
be constant over time, i.e. the transition from one health state to another health state in a given year is
independent from the health status in earlier 1-year cycles. The transition probabilities were derived from the
meta-analytical information on occurrence of LBP, sick leave, and permanent disability. The cohort
simulation with the Markov chain approach (a Monte Carlo simulation) was conducted with software
programme DATA TreeAge [32]. The cohort simulation started with healthy subjects at age 25 years, who
were followed-up for a 40-year career in the same job with a constant level of WBV exposure. For each level of
WBV exposure the total burden of low-back disease was calculated during this 40-year working life, expressed
by the average number of weeks with sickness absence and the average number of weeks with permanent work
disability. The average number of weeks with sickness absence was set at 3 weeks, based on the study of
Bovenzi among port machinery operators where the modus period of sick leave was 8–30 days [31] and the
well-known three-phase LBP model of the Quebec task force showing that approximately 50% of the workers
had return to work after 3–4 weeks [33]. For the permanent disability a distinction was made between workers
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who, after 52 weeks of sickness absence, were assumed to be able to move into another job without WBV
exposure and those who remained permanently disabled for the rest of their working life.

A sensitivity analysis with several scenarios was conducted to evaluate the effect of the specific assumptions
on the estimated total burden of LBP disease. This analysis concerned (1) the introduction of a latency period
between first exposure to WBV and first increase in risk on LBP, (2) a period of permanent disability of 26
weeks instead of 52 weeks, (3) a situation with a 2-fold incidence of LBP with less impact on sickness absence
and permanent disability (0.5-fold), and (4) a situation of a lower incidence of LBP (0.5-fold) with the
same impact on sickness absence and permanent disability as the third scenario. The latency period in the
first scenario was set at 5 years, based on the review of Bovenzi and Hulshof who estimated that the risk on
LBP increased after a vibration dose of 3 yearm2 s�4 which roughly equates to 6 years of intermediate
exposure to WBV and 3 years of high exposure to WBV [1]. This latency period also corresponds well with
the requirements in several countries for recognition of LBP due to exposure to WBV as an occupational
disease [6].
3. Results

Table 1 summarizes the risk estimates for different levels of exposure to WBV and the underlying frequency
measures of health outcomes. The pooled odds ratios in both systematic reviews varied between 1.4 and 2.3
and the most recent review presented a 1.2-fold risk for workers with high WBV exposure relative to those
with moderate WBV exposure [13]. In the two original cohort studies a large difference was observed in the
annual incidence of LBP among unexposed workers, varying between 4% and 14%.

In Table 2 the basic epidemiological measures of frequency of low-back disorders are presented as pooled
results from the studies described in Table 1. The estimated 1-year incidence of LBP was 6.7% among
unexposed workers and 13.9% among moderately exposed workers. Assuming a 1.2-fold risk between high
Table 1

Associations between exposure to whole-body vibration (WBV) and the occurrence of low-back pain (LBP) and associated sick leave in

review studies and selected individual studies

Source No. of studies Exposure to WBV Health outcome Risk measure Health outcome (%)

Expa Cona

Reviews

Bovenzi and Hulshof [1] 9 All WBV exposure Prevalence 1-year LBP OR ¼ 2.3

(1.8–2.9)

54 35

Lötters et al. [13] 13 WBV40.5m s�2 Prevalence 1-year LBP OR ¼ 1.4

(1.2–1.6)

45 30

3 WBV41.0m s�2 Prevalence 1-year LBP OR ¼ 1.6 (na) 61 30

Original studies

Pietri et al. [26] 420 h driving a vehicle Annual incidence LBP RR ¼ 2.0

(1.3–3.1)

13 4

Schwarze et al. [29] WBV40.6m s�2

versus o0.6m s�2
Annual incidence

lumbar syndrome

(4 yrs, re-assessed to 1

year)

RR ¼ 1.3

(0.0–1.9)

18 14

Bongers et al. [30] 0.25–0.67m s�2 (v) Annual incidence

disability pension (re-

assessed to 1 year)

RR ¼ 1.3

(0.8–2.1)

0.85 0.47

Bovenzi et al. [31] Mean o0.5m s�2 (v) Prevalence 1-year sick

leave

OR ¼ 0.8

(0.4–1.8)

14 16

Mean 0.92m s�2 (v) OR ¼ 2.9

(1.3–6.4)

36 16

aExp ¼ exposed population, con ¼ reference population not exposed, na ¼ not available.
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Table 2

Overview of estimated incidence and prevalence of low-back pain (LBP) and associated sick leave in occupational populations with

exposure to whole-body vibration (WBV), based on a pooled analysis of selected studies in Table 1

Measure Exposure levela Weighted level (%) (95% CI) Included studies

Information from selected studies

Annual incidence LBP No/low WBV exposure 6.7 (6.4–6.9) [26,29]

Moderate WBV exposure 13.9 (13.4–14.5) [26,29]

Annual incidence sick leave LBP No/low WBV exposure 14.8 (13.0–16.6) [31]

Moderate WBV exposure 36.4 (30.3–42.4) [31]

Annual incidence disability pension (452

weeks sick leave)

No/low WBV exposure 0.47 (0.45–0.49) [30]

Moderate WBV exposure 0.85 (0.81–0.89) [30]

1-year prevalence LBP No/low WBV exposure 30.4 (30.1–30.6) [1,13]

Moderate WBV exposure 45.6 (45.3–45.9) [1,13]

High WBV exposure 61.0 (60.6–61.4) [1]

aNo or low exposure o0.5m s�2, moderate exposure 0.5–1.0m s�2 and high exposure 41.0m s�2.
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and moderate exposure, the annual incidence of LBP among workers with high exposure would be
approximately 16.7%. The estimates on the 1-year incidence of sick leave due to LBP were derived from a
study on port machinery operators [31]. The detailed description in the article allowed the calculation of the
fraction of workers with LBP who took at least one period of sick leave due their complaints in the previous
year. For workers with LBP and no/low WBV exposure this fraction was 28% and for workers with LBP and
moderate WBV exposure this fraction was 46%. Again using the assumption of a 1.2 for risk for high
exposure relative to moderate exposure, the corresponding fraction was estimated to be about 55% among
highly exposed workers with LBP. The study of Bongers reported an annual disability rate of 0.47 per 100
person-years among workers with no exposure to WBV [30]. Assuming a baseline prevalence of LBP of 30%
[1,13], this suggests that among workers with LBP about 1.5% became permanently disabled within a given
year. When applying the pooled prevalences of LBP of 46% for moderate exposure and 61% for high
exposure, the corresponding figures for workers with LBP becoming disabled are 2.0% and 2.4%.

Fig. 1 describes the Markov process used in the simulation of the hypothetical cohort of workers, at the
start all 25-years old and without LBP, with different levels of exposure to WBV. This model incorporates all
events of interest with work disability after 52 weeks of sickness absence due to LBP as absorbing state, i.e.
recovery from this state was assumed to be impossible. The Markov sign (v ) indicates that another cycle of 1
year will follow. The full Markov tree is only presented for the intermediate exposure level, but exactly similar
trees were used for the patterns among those workers with no/low exposure and those with high exposure.

The estimated incidence rates for LBP, sick leave, and disability determined the transition probabilities from
no LBP to the health states LBP in the past 12 months, sickness absence in the past 12 months due to LBP,
and permanently work disabled after a prolonged sickness absence of 52 weeks. For the Markov model it is
also essential to estimate the probabilities of recovery to better health states and the probabilities of recurrence
of the health state in the next year. Under the assumption that the 1 year incidence rates and the 1 year
prevalences remained constant, the recurrence of LBP in a given year was derived as 84% among worker with
no/low WBV exposure, 84% among workers with moderate WBV exposure, and 88% among workers with
high WBV exposure.

Table 3 presents the matrix with transition probabilities for different levels of WBV exposure among the
distinguished health states, as derived from the literature. Among subjects with LBP the probability to take
sick leave was p ¼ 0:484 for those with a high WBV exposure and p ¼ 0:235 for those with a no/low WBV
exposure. The probability on taking sick leave due to LBP in a given year among subjects without LBP in the
previous year was higher among those with a high exposure than those with low exposure, p ¼ 0:092 and
0:019, respectively. A comparable difference was observed for recurrence of sickness absence with p ¼ 0:484
and 0:235, respectively.
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Fig. 1. The Markov process used in the simulation of a hypothetical cohort of workers, at the start all 25 years old and without low back

pain (LBP), with different levels of exposure to whole-body vibration (WBV).

Table 3

Matrix of transition probabilities for three levels of exposure to whole-body vibration (WBV) among the distinguished health states for

low-back pain (LBP) during a 1 year follow-up among workers

Baseline Follow-up

No LBP LBP LBP sick leave LBP disability

No or low exposure (o0.5m s�2) No LBP 0.933 0.048 0.019 0.00

LBP 0.160 0.605 0.235 0.00

LBP with sick leave 0.160 0.605 0.235 0.055

Intermediate exposure (0.5–1.0m s�2) No LBP 0.861 0.075 0.064 0.00

LBP 0.160 0.454 0.386 0.00

LBP with sick leave 0.160 0.454 0.386 0.044

High exposure (41.0m s�2) No LBP 0.833 0.075 0.092 0.00

LBP 0.120 0.396 0.484 0.00

LBP with sick leave 0.120 0.396 0.484 0.044
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Figs. 2 and 3 depict the results of the simulation of the hypothetical cohort. The prevalence of LBP in the
past 12 months (with and without sickness absence) reached a maximum after about 8–12 years of exposure to
WBV and subsequently remained stable for the no/low exposed group and dropped progressively with the
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Fig. 2. Projected effect of three levels of WBV exposure (high, moderate, low) on the prevalence of low back pain in a hypothetical cohort

with 40 years of follow-up among workers exposed to whole-body vibration.’ high exposure to WBV,} intermediate exposure to WBV,
J no exposure to WBV.
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Fig. 3. Projected effect of three levels of WBV exposure (high, moderate, low) on the annual probability of sick leave due to low back pain

and the cumulative probability of workers with long-term sickness absence (452 weeks) in a hypothetical cohort with 40 years of follow-

up among workers exposed to WBV. & sickness absence due to high exposure to WBV, } sickness absence due to intermediate exposure

to WBV, J sickness absence without exposure to WBV, ’ disability due to high exposure to WBV, ~ disability due to intermediate

exposure to WBV, K disability without exposure to WBV.
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level of WBV exposure (Fig. 2). The plateau in the no/low-exposed group was close to the underlying
assumption of a prevalence of LBP of 30%. In the intermediate and high exposure groups the plateau was
reached around 41% and 50%, respectively, and dropped quickly due to disabled workers leaving the cohort.
A similar pattern was observed for sickness absence due to LBP, albeit a lower prevalence (Fig. 2). The
cumulative proportion of subjects becoming permanently work disabled (452 weeks of sickness absence)
increased with linear trend over time. In the no/low exposure group about 14% of the hypothetical cohort will
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have become disabled during the 40 years of follow-up. In the moderate exposed group and the highly exposed
group these proportions were 27% and 38%, respectively.

Table 4 summarizes the impact of WBV exposure on weeks of work lost during working life due to sickness
absence and permanent work disability. Among workers with the highest exposure to WBV on average about
47 weeks of their working life were lost due to sick leave because of LBP, which is approximately 2.5% of their
working life. Assuming that all workers on permanent disability did not return to another job without WBV
exposure but remained disabled for the rest of their working life on average about 23.4% of their working life
was lost due to high WBV exposure. Among workers with a no/low exposure to WBV the corresponding
losses were 0.8% and 7.8%, respectively.

The sensitivity analysis in Table 5 demonstrates that the introduction of a latency period of 5 years had little
effect on the burden of low-back disease. The assumptions on the transition probabilities from back pain to
sickness absence and from sickness absence to permanent disability had the largest impact on the estimated
Table 4

Work weeks lost because of sickness absence due to low-back pain (LBP) and to permanent disability (452 weeks sick leave) due to LBP

during a 40-year career of an individual worker exposed to whole-body vibration (WBV) during 40 years

Weeks of sickness

absence LBP

Weeks of permanent disability LBP

among those who returned to

another job

Weeks of permanent disability

LBP among those who remained

permanently disabled

Mean Mean Mean

No/low WBV exposure 7.8 7.0 137.8

Moderate WBV exposure 19.5 14.1 290.3

High WBV exposure 27.0 19.6 412.1

Table 5

Sensitivity analysis with different scenarios on work weeks lost because of sickness absence due to low-back pain (LBP) and to permanent

disability (452 weeks sick leave) due to LBP during a 40 year career of an individual worker exposed to whole-body vibration (WBV)

during 40 years

Weeks of sickness

absence LBP

Weeks of permanent disability

LBP among those who returned

to another job

Weeks of permanent disability

LBP among those who remained

permanently disabled

Mean Mean Mean

Scenario 1: Latency period of 5 years

No/low WBV exposure 6.8 6.1 135.0

Moderate WBV exposure 17.3 12.4 285.2

High WBV exposure 24.1 17.4 405.5

Scenario 2: Duration of disability of 26 weeks

No/low WBV exposure 7.8 3.5 68.9

Moderate WBV exposure 19.5 7.1 145.2

High WBV exposure 27.0 9.8 206.1

Scenario 3: 2-fold incidence LBP and 0.5-fold sickness absence and permanent disability

No/low WBV exposure 6.8 3.1 61.2

Moderate WBV exposure 15.6 5.8 115.3

High WBV exposure 21.3 7.7 158.3

Scenario 4: 0.5-fold incidence LBP and 0.5-fold sickness absence and permanent disability

No/low WBV exposure 2.5 1.2 21.8

Moderate WBV exposure 7.3 2.6 50.6

High WBV exposure 11.4 4.1 78.8
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total burden of low-back disease, followed by the assumption on duration of disability, and the estimated
incidence of LBP.

4. Discussion

In a hypothetical cohort of workers with a career of 40 years of continuous exposure to WBV it was
estimated that among workers with the highest exposure to WBV on average about 47 weeks of their working
life were lost due to sick leave because of LBP, which is approximately 2.5% of their working life. When all
workers on prolonged sick leave for 52 weeks would remain disabled for the rest of their working life on
average about 23.4% of their working life was lost due to high WBV exposure. Among workers with a no/low
exposure to WBV the corresponding losses were 0.8% and 7.8%, respectively.

These results of the modelling approach based upon a Markov model heavily depend on the underlying
assumptions, as presented in Tables 2 and 3. The 1-year prevalence of LBP was derived from two reviews
[1,13] that pooled the available information from different studies, which had used comparable definitions of
back pain (Table 2). The estimated 1 year incidence of LBP of 14% among worker with intermediate WBV
exposure compares well with an annual incidence of 11–13% in a general working population study [34], but is
considerably lower than observed incidences of 20–28% among scaffolders [35] and 26% among nurses [36].
The estimated high yearly recurrence of LBP has been reported in several studies and reflects the finding that a
history of LBP is a strong predictor of future episodes [8,35,37]. The Markov model assumed that among
workers with LBP in the unexposed group 28% had an associated sick leave period and in the intermediate
WBV exposure group 46% took at least one period of sick leave [31]. These figures are roughly double the
observed proportions in populations with high exposure to physical load, such as 21% among scaffolders [38]
and 24% among nurses [36]. The profound consequence of a lower proportion of workers with LBP taking
sick leave was demonstrated in the sensitivity analysis (see Table 5).

The input for the modelling approach was limited to the effect of WBV exposure on LBP and associated
health states. Since WBV exposure is often accompanied by prolonged sitting in a constrained posture, the
estimated consequences in terms of total work time lost during working lifetime may be more a reflection of
the integral exposure profile of professional drivers than the specific exposure to WBV. However, a recent
systematic review concluded that sitting-while-at-work is not associated with LBP, indicating that the
estimated effects are primarily the result of WBV exposure [39]. The analysis also does not take into account
the specific effects of work-related risk factors, such as psychosocial factors and manual materials handling,
that may vary considerable among drivers. Hence, the presented results may not adequately reflect the
potential consequences among professional drivers with concomitant exposure, such as drivers who have to
load and unload the truck themselves.

It is of interest to observe that the hypothetical cohort quickly reached a peak in the prevalence of LBP
around 26–50% after 8–12 years, depending on the level of WBV exposure. After this peak the prevalence
among exposed workers dropped slowly in the next 30 years. This pattern illustrates that in longitudinal
studies with a follow-up period of a few years the overall prevalence will remain very stable, whereas
individual trajectories of LBP during the follow-up will show a dynamic pattern. Indeed, in a longitudinal
study across 8 years is was observed that the annual prevalence varied between 73% and 76% and that the
proportion of repeated increase of LBP (19%) was approximately as large as the proportion of repeated
decrease of LBP (17%) [40]. As a consequence, it may be difficult to distinguish incident cases from recurrent
cases since the case definition largely depends on the particular time window of study. Hence, this implies that
studies on risk factors for LBP should include both incidence and recurrence of complaints. The pattern of
slowly decreasing prevalence of LBP after 8–12 years described the healthy worker effect in this hypothetical
cohort due to workers leaving the study population due to becoming work disabled.

The sensitivity analysis demonstrating the large impact of varying the underlying assumptions within a
reasonable range. The estimates of working weeks lost due to sickness absence among workers with the highest
exposure to WBV varied between 11.4 and 27 weeks. For weeks of permanent disability larger differences were
observed, ranging from 78.8 to 412 weeks. The estimated burden of low-back disease was strongly influenced
by the assumption whether workers on prolonged sick leave for 52 weeks will be able to change towards jobs
with no WBV exposure or will remain disabled for the rest of their working life. The latter assumption showed
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that about 23.4% of the working life was lost among workers with high WBV exposure. This estimate is highly
unlikely and certainly the upper limit of any effect of WBV exposure on work time lost, since it is not
conceivable that no rehabilitation programmes will be implemented for professional drivers on prolonged
sick leave.

The Markov chain used in the current analysis was completely defined by the transition distribution among
the distinguished health states of LBP during the first year of follow-up and held constant for 40 years. This
implies that workers had the same job with similar WBV exposure over 40 years and that individual
characteristics of workers (e.g. physical capabilities) remained also unchanged. The prediction does not
take into account the full history of complaints of an individual worker, such as nature and severity of
previous LBP, although chronicity of LBP will have a worse prognosis than acute LBP [8]. However, there
are only few longitudinal studies available to evaluate whether this important assumption is reasonable
over a prolonged period of many years. A study among nurses with 8 years of follow-up concluded that
LBP has more a recurrent than a progressive nature [40]. Another study among nurses with 8 consecu-
tive questionnaires each 3 months apart showed that the presence of symptoms within the past 9–12 months
were most relevant for the probability of recurrence [41]. Although the Markov model may be expanded
with features such as cycle specific covariates (e.g. a lower transition probability for LBP to sickness absence in
the first few years), and non-constant transition probabilities (e.g. a progressively higher probability of
permanent work disability with increasing cycle number, reflecting an effect of cumulative exposure), in
the absence of epidemiological information the risks were considered constant over time. The other
assumptions of workers holding the same job for 40 years and unchanged individual characteristics may also
not hold true, but epidemiological evidence is too scarce to present meaningful adjustments for their effects in
the Markov chain model. Hence, the estimated number of weeks lost to sickness absence due to LBP in the
hypothetical cohorts highly depends on these assumptions underlying the modelling approach. However, the
advantage of the proposed modelling approach is that potential consequences for long-term work ability
become apparent that may go unnoticed in cohort studies with a few years of follow-up. Nevertheless,
validation against longitudinal studies with substantial follow-up periods of over 5 years is required to
evaluate whether the prediction is a reasonable expression of long-term effects on sickness absence and work
disability.

In traditional statistical analysis odds ratios illustrate the influence of WBV exposure on LBP and
associated work disability, but these measures may not be sufficient for conveying the impact of WBV
exposure on public health. The assessment of work time lost due to back pain, or alternatively expectancy of
healthy working life [42], may be more useful to decision makers to appreciate the necessity for workplace
interventions. The modelling of a hypothetical cohort presents an assessment of the long-term benefits of
interventions directed at reducing WBV exposure by calculating the average number of cycles spent in each
health state. By applying a quality factor to each state (utility) the expected cumulative utility accrued for the
entire Markov process may be compared for alternative intervention strategies in a cost-effectiveness analysis.
The expected benefits may also be tailored to an existing occupational population by estimating the cohort-
specific transition probabilities and by using the actual distribution of health states as starting composition of
the hypothetical cohort to be followed over time.

In conclusion, the Markov model presents a methodology that demonstrates the potential impact of long-
term exposure to WBV on LBP and associated disability. The approach of years of work lost is a more
adequate description for work-related risk factors that accelerate the onset of a more or less inevitable disease,
such as LBP, than relative risks or attributable risk fractions [42]. The perceived significance of an average loss
of 2.5–23.4% of work time during a working life due to high WBV exposure may provide for decision makers
a better measure of adverse effect than an odds ratio of 2.3 for LBP. The concept of work years lost may also
facilitate a better appreciation of the potential benefits of preventive measures.
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[40] I. Maul, T. Läubli, A. Klipstein, H. Krueger, Course of low back pain among nurses: a longitudinal study across eight years,

Occupational and Environmental Medicine 60 (2003) 497–503.

[41] J. Smedley, H. Inskip, C. Cooper, D. Coggon, Natural history of low back pain: a longitudinal study in nurses, Spine 23 (1998)

2422–2426.

[42] M. Nurminen, Working population health metrics, Scandinavian Journal of Work Environment & Health 30 (2004) 339–349.


	Modelling the effects of exposure to whole-body vibration on low-back pain and its long-term consequences for sickness absence and associated work disability
	Introduction
	Methods
	Retrieval of studies
	Data analysis

	Results
	Discussion
	Acknowledgements
	References


