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Abstract
Background: Most occupational diseases do not fit the paradigm of medical interpretation of the health-dis-
ease process based on linear causality, in which it would be possible to find a single cause for each type of
disease. Objectives: to conduct a systematic review in order to investigate the association between whole-
body vibration (WBV) and musculoskeletal disorders (MSD) in professional truck drivers (PTD). Methods:
The scientific databases of PubMed, Cochrane, Lilacs and Scielo were used to collect articles published from
2000 until the present time. Two independent reviewers adopted inclusion and quality criteria to evaluate the
selected articles. Results: From adopted inclusion and quality criteria, nine articles were chosen to identify
the association between MSD and WBV in PTD. The results showed that MSD seems to be closely associated to
exposure to WBV in these workers, mainly due to high prevalence and symptoms of low back pain. Two cohort
studies showed exposure to WBV as risk for MSD. Only one, with case-control design, did not show WBV as a
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Resumo

significant factor. Conclusions: In this study the importance of exposure analysis of WBV in the occurrence of
MSD in PTD was elucidated. This study showed the importance of WBV exposure analysis on the occurrence
of MSD in PTD. There is adequate information to provide rationale for the reduction of WBV exposure to the
lowest possible level, to ensure the health of these workers. Studies with a greater power of investigation, of a
prospective, design, should be encouraged, supplanting those only of association.

Keywords: Vibration. Occupational hazard. Musculoskeletal diseases. Low back pain. Systematic review.

Introdugdo: A maioria das doengas ocupacionais ndo se enquadra no paradigma médico de interpretagdo do
processo satde-doenga baseado na causalidade linear, em que seria possivel encontrar uma causa unica para
cada tipo de doenga. Objetivo: Empreender uma revisdo sistemdtica para investigar a associagdo entre vibragdo
de corpo inteiro (VCI) e desordens musculoesqueléticas (MED) em motoristas profissionais de caminhdo (PTD).
Métodos: Foram utilizadas as bases de dados cientificas PubMed, Cochrane, LILACS e SciELO para coletar os
artigos considerando publicagbes de 2000 aos dias atuais. Foram aplicados critérios de inclusdo e avaliagdo da
qualidade metodoldgica dos artigos selecionados por dois revisores independentes. Resultados: Nove artigos
foram incluidos para identificar andlises de associagdo entre VCI e MED em PTD. Os resultados demonstram que
as MED parecem estar intimamente associadas a exposicdo a VCI nesses trabalhadores, principalmente devido a
alta prevaléncia de dor lombar e sintomas decorrentes dessa afeccdo. Dois estudos de coorte apontaram a exposi-
¢do a VCI como risco para MED. Somente um, com desenho caso - controle, ndo observou a exposi¢cdo a VCI como
significante. Conclusées: Este estudo elucidou a importdncia da andlise da exposi¢cdo a VCI na ocorréncia de MED
em PTD. Hd informagdo adequada para dar razdo a redugdo da exposicdo a VCI ao nivel mais baixo possivel, para
assegurar as condigdes de satide desses trabalhadores. Estudos com maior poder de investigagdo, como o0s pros-
pectivos, devem ser estimulados, superando aqueles apenas de associagdo.

Palavras-chave: Vibragdo. Risco ocupacional. Doengas musculares. Dor lombar. Revisdo sistemdtica.

Background

The labor world has undergone major changes
in its organization and dynamics, creating new chal-
lenges and preserving unresolved problems on the
health-labor relationship (1, 2).

Musculoskeletal disorders (MSD) are among those
occupational diseases that currently demand atten-
tion in the health and labor area. These MSD have
been highlighted in the agenda for discussion due to
their high prevalence in all countries, regardless of
the degree of industrialization (3-5). The MSD are
followed by suffering and disability for workers and
their families, and also result in social and financial
losses, resulting from the decrease of productivity
and deprivation of earnings, volume of granted ben-
efits, medical expenses and integration of the indi-
vidual in the production context (6, 7).

Epidemiological studies have shown that back
pain accounts for approximately 50% of all MSD that

cause temporary or permanent disability in workers
in agricultural and industrial areas, and in service
production. In addition, approximately 80% of the
population have had, or will present with, an episode
of pain back during his/her lifetime (7-9). Multiple
risk factors are associated with the development of
MSD in different sectors and occupations (2-5, 8).
Individuals who perform work activities with a high
demand of physical, cognitive and psychological fea-
tures — as portrayed in the case of professional truck
drivers (PTD) — are more susceptible to triggers of
MSD. Physical demands, awkward postures and re-
petitive operations, as well as psychosocial loads,
showed strong association with MSD in the lower
back and even with involvement of the upper limbs,
in some cases (9-11). In addition, personal attributes
and characteristics of the productive context have
also been identified as factors related to worsening
of MSD, and therefore should be investigated in order
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to identify the correct ratio of its occurrence in PTD
in their workplace (6, 7, 12, 13).

In recent years, studies conducted in the cargo
transport sector have analyzed the exposure to
whole-body vibration (WBV) and MSD occurrence,
especially in the onset of low back pain in PTD and
other machinery and vehicle operators, with direct
harm to the development of these professionals’ ac-
tivities (11, 14). The impact of vibration on physical
and technical capacity of the drivers may be related
to the exposure time, intensity and frequency, as well
as the operational and environmental conditions in
which the activity is developed (11, 15). Evidence
suggests that WBV exposure time triggers micro
and macro impacts in the spine, and presents a clear
relationship between the driver’s position and the
impact of transmission to important areas in the
musculoskeletal system that directly compromises
the absorption and dissipation of forces (11, 16 - 18).

Despite advances in research in this area, there is
no consensus when it comes to evidence that predicts
the health risk to PTD on micro and macro impacts
due to WBV exposure associated with the operation
of cargo transport vehicles. In the same way, mea-
sures capable of minimizing the harmful effects of
the MSD on the health of drivers remain uncertain.
Given the above, this study aimed to conduct a sys-
tematic review to identify evidence that explores the
significance of WBV exposure in the generation of
MSD in PTD. We also aimed to summarize the evi-
dence found regarding the theme, by assessing the
methodological quality of these studies in order to
clarify the involved factors in this relationship and
to assist with proposals for prevention and health
promotion of these workers.

Methods

A systematic review was conducted based on sur-
veys of studies published between 2000 and 2014,

in the databases of PubMed', Cochrane? LILACS® e
SciELO*. This study period is justified due to the fact
that the previous two systematic reviews on the sub-
ject were published in 1999 and 2000 with literature
published from 1986 to 1997, (19) and from 1992
to 1999 (20), respectively. In this study, the last sur-
vey was performed in July of 2014. The keywords
followed the description of the medical terms in
English: 'Vibration' (MeSH), 'Whole Body Vibration',
'"Musculoskeletal Disorder’, 'Low Back Pain' (MeSH),
'Work' (MeSH), 'Workload' (MeSH), 'Occupational risk’,
'Occupational Disease' (MeSH), 'Occupational Health'
(MeSH), 'Occupational Accident' (MeSH), ‘Occupational
Hazard' and 'Truck Drivers'. Also, a search with the
same keywords in Portuguese and Spanish was per-
formed. Initially, keywords were crossed by using
the Boolean operators "OR" and "AND", and then the
active search for articles was performed.

In the present study, we included full-text articles
with cross-sectional, case-control and cohort designs,
as identified by the search strategy. Reviews and case
reports were excluded. The studies should have pre-
sented an association between WBV and MSD in PTD.

We excluded studies that described the relation-
ship between WBV and lower back pain in other
occupations, and also studies with measurements
that were performed in laboratories, studies using
animals, experimental studies focused on interven-
tions in the workplace, rehabilitation treatments and
professional reintegration. Studies were selected by
title, abstract and full text.

The summary of the identified articles after the
application of the search strategy was evaluated by
two independent examiners according to the fol-
lowing eligibility criteria: i) published in English,
Portuguese or Spanish; ii) describe WBV assessment
procedures with the use of a validated questionnaire/
scale; iii) consider MSD in PTD as an outcome; and
iv) measure of WBV exposure in real work situations.

A standardized list of pre-defined criteria was
used for evaluation of internal and external validity

1 PubMed: the bibliographic database [Internet]. Bethesda: National Library of Medicine; [s.d.]. Available at: http://www.ncbi.nlm.

nih.gov/pubmed

http://cochrane.bireme.br/portal /php/index.php

bvsalud.org/

Cochrane Library: Latin American and Caribbean Center of Information in Health Sciences. Bireme - PAHO - OMS. Available at:

LILACS: Latin American and Caribbean Health Sciences Literature [Internet]. Sdo Paulo: Bireme; [s.d.]. Available at: http://lilacs.

Scielo: Scientific Electronic Library Online. FAPESP - Bireme. Sao Paulo SP - Brazil. Available at: http://www.scielo.br/?Ing=pt
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of the studies. The list was adapted from van der
Windt et al. (21) and Hayden, Bombardier and Coté
(22) (Table 1). Two independent reviewers applied
the criteria, and their results were compared to se-
lect the potential articles for inclusion in this review.
Discrepancies in the evaluation of the reviewers
were discussed collectively to reach a consensus for
a final decision about the inclusion or exclusion of
the article.

The items of the assessment tool received the
following classification: positive (no bias); negative
(potential bias); undefined (when the information
in the article was insufficient) and, lastly, do not
apply. Disagreements between reviewers in certain
items were identified and resolved during a con-
sensus meeting. After reading the articles selected,
the references cited therein were checked, and
those judged relevant were also reviewed. Articles
that met the study eligibility criteria were classi-
fied as ACCEPTED for this review and a full reading
was performed.

For each study, a total quality index was calculated
by counting the number of items classified as positive,
divided by the total number of applicable study items.

Based on this final score, each item was classified as
being of high or low quality. High quality studies were
considered those in which atleast 51% of applicable
items were evaluated as positive (23).

Results

The search criteria used in this review initially
identified a total of 351 articles. After screening by
the titles and abstracts, 283 articles were excluded,
as they did not fit the theme addressed. In addition,
31 were discarded due to design (literature review),
duplication in two or more databases, or because they
did not meet the proposed inclusion criteria. Thus, 37
works were reviewed by two researchers through a
complete reading followed by the application of the
pre-defined eligibility criteria for the systematization
of evidence. The final result of the search and selec-
tion phase included nine articles (9, 10, 11, 17, 24, 25,
26, 27, 28): six cross-sectional, two prospective co-
hort, and one case-control studies, all of which were
classified as high quality by the identification of the
association between WBV and MSD in PTD (Figure 1).

Table 1 - Standardized checklist of methodological quality of the cross-sectional (CS), case-control (CC) and cohort (CO)

articles

(To be continued)

Aim of the study

1 Positive, if a particular objective is clearly described CA/CS/CC/CO
2 Positive, if the definition of the research question is well defined and contextualized CA/CS/CC/CO
Population study

3 Positive, the main characteristics of the study population are described (sampling procedures CA/CS/CC/CO
and population distribution by age and sex)

4 Positive, if the sample is representative of the characteristics of interest and sufficient to CS/CC/CO
avoid bias in the results

5 Positive, if cases and controls are drawn from the same population and there is a clear cC
definition of cases and controls, and those with low back pain in the last three months are

excluded from controls

6 Positive if the participation rate is = 80% or if the participation rate is 60%-80% and non- CS/CC/CO
response is not selective (in the presented data)

7 Positive if the adherence to the follow-up is = 80% or if non-response is not selective (in the CcOo
presented data)

Exposure assessment of whole-body vibration [if not included in the project, not

applicable (NA)]

8 Positive, if the data are collected and presented CA/CS/CC/CO
9 Method for measuring whole-body vibration: direct measurement and observation, interview CA/CS/CC/CO
or questionnaire

10 Positive, if more than one whole body vibration dimension is measured: frequency, duration CA/CS/CC/CO
or amplitude

11 Positive, if the monitoring time is adequate / sufficient to avoid bias in the results CA/CS/CC/CO
12 Positive, if the data is collected and displayed on the current occupational exposure CA/CS/CC/CO
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Table 1 - Standardized checklist of methodological quality of the cross-sectional (CS), case-control (CC) and cohort (CO)

articles .
(Conclusion)
13 Positive, if the data is collected and if previous occupational exposure is considered CA/CS/CC/CO
14 Positive, if the data is collected and a history of musculoskeletal disorders is considered CA/CS/CC/CO
15 Positive, if exposure is measured in the same way for cases and controls CC
16 Positive, if the exposure assessment is masked to the disease state CS/CC
17 Positive, if exposure is assessed at a time before the occurrence of the disease CC
Evaluation of results
18 Positive, if the data were collected for a period = 1 year co
19 Positive, if the data were collected at least every 3 months Cco
20 Method to assess musculoskeletal disorders: Masked physical examination for the CA/CS/CC/CO
condition of exposure (+), self-assessment: specific questions related to musculoskeletal
disorders or using anatomical models (+), single question (-)
21 Positive, if he results are adequately presented CA/CS/CC/CO
Analysis and presentation of data
22 Positive, if the appropriate statistical model is used CS/CC/CO
23 Positive, if the analysis is controlled CS/CC/CO
24 Positive, if all measured variables are presented in the results CA/CS/CC/CO
Discussion and Conclusion
25 Positive, if the evidence supports the conclusions described CA/CS/CC/CO

Note: Subtitle: (+) = positive; (-) = negative
Source: adapted from van der Windt et al (21). and Hayden, C6té, Bombardier (22).

Identification

Screening

Elegibility

Inclusion

351 articles identified in the databases
n = 186 PubMed

n = 39 LILACS
n = 22 Cochrane
n = 104 SciELO

Duplicated materials
n=31

Studies that were excluded for
inadequacy for the proposed
theme-based on reading of the title
and/or abstract= 283

Selected articles for full-reading
n=237

Studies excluded based on the
eligibility criteria (Table 1)
n=28

Studies reviewed after consensus
meeting for inclusion = 6

Articles included in the review
n=9

Figure 1- Flow diagram of systematic review inclusion criteria
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Table 2 presents the results of the methodological
quality assessment of the selected studies.

The selected articles showed a population of
2173 PTD [2160 were men (99.4%) and 13 women
(0.6%)], and samples that ranged from 14 to 598
participants. All studies defined the participants’
occupation as PTD. Two studies compared results
with a one-year and a two-year follow-up (11, 17).

Three studies had women in their sample with a
total population percentage of 1.04% (30), 3.27%
(9) and 42.85% (29), respectively. Four studies used
a group of non-truck drivers as controls (10, 31, 32,
33). All investigations described the sample selec-
tion criteria.

Table 3 describes, in detail, the features of the ar-
ticles selected for this systematic review.

Table 2 - Standardized checklist of methodological quality of the cross-sectional (CS), case-control (CC) and cohort (CO)

articles )
(To be continued)
Articles
Criteria(*) Miyamoto ~ Kumar, Hoy Okunribido Bovenziet Robbe Palmeret Bovenzi,  Bovenzi,
etal., 2004  etal. 2005 etal, al., 2006 Mansfield, al., 2008 2009 2010
2000 2006 2007

Aim of the study
1 + + + + + + + + +
2 + + + + + + + + +
Study population
3 “F “F “F 4 R + + + +
4 + - - - + + + + +
5 NA NA NA NA NA NA - NA NA
6 + - + - + + - + +
7 NA NA NA NA NA NA + NA NA
WBYV exposure
assessment [if it is
not included in the
study, consider as
“not applicable” (NA)]
8 + + + + + + + + +
9 - - + + - - - - -
10 - + + + + + + + +
11 - + + + + + + + +
12 + + + + + + + + +
13 - - - + + - - + +
14 - - + + + + - + +
19 NA NA NA NA NA NA + NA NA
16 - - - - + + + NA NA
17 NA NA NA NA NA NA - NA NA
Assessment of the
study findings
18 NA NA NA NA NA NA NA + +
19 NA NA NA NA NA NA NA - -
20 + + + + + + + + +
21 + + + + + + + + +
Analysis and
presentation of
findings
18 NA NA NA NA NA NA NA + +
19 NA NA NA NA NA NA NA - -
20 + + + + + + + + +
21 + + + + + + + + +
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Table 2 - Standardized checklist of methodological quality of the cross-sectional (CS), case-control (CC) and cohort (CO)

articles _
(Conclusion)
Articles
Criteria(*) Miyamoto  Kumar, Hoy Okunribido Bovenziet Robbe Palmeret Bovenzi,  Bovenzi,
etal., 2004  etal. 2005 etal, al., 2006 Mansfield, al., 2008 2009 2010
2000 2006 2007
Analysis and
presentation of
findings
22 3 3 3 3 3 3 3 3 3
23 A A A A 4 4 3 3 3
24 i - Sis 3 4 4 i 4 4

Discussion and final

considerations

25 - + + + + + + + +
Positive results
regarding the study
quality of the methods
(%)

63.2 63.2 78.9 84.2 84.2 89.5 73.9 78.3 78.3

Note: Subtitle: (*) Criteria correspondent to those described in table 1

Table 3 - Characteristics of the articles selected for systematic review
(To be continued)

Study characteristics Methods Results Conclusions
Authors Objectives Sampling Procedures,
(Year) (age) instruments and

statistical analysis
Study design

Miyamoto; Investigate the 148 mene 5 A questionnaire on Prevalence of symptoms of There is a high prevalence
Shirai; prevalence women symptoms of low low back pain in 50.3% of  of low back pain in PTD.
Nakayama; of back pain (19-61 years  back pain, analysis the sample. High correlation WBV is a major risk factor
Gembun; Kaneda symptoms and old) of personal and between personal factors in the occurrence of the
(2000) its risk factors occupational factors and low back pain (odds symptoms of low back
among PTD was applied. ratio = 2.7, 95% Cl 1.3 pain in PTD. Prophylactic
Cross-sectional by using a to 5.4) regarding the item  measures at the personal,
questionnaires Student's t-test “spend time recently with  organizational and
Logistic regression, my family”. High correlation environmental level are
odds ratios and 95%  between occupational important for low back pain
confidence interval. factors: irregular scale work prevention.

(Odds Ratio = 3.0, 95% ClI
1.3 10 7.0), little time to rest
(Odds Ratio = 2.4, 95% Cl
1,2 4.7) and long driving
hours (odds ratio = 2.0,
95% Cl 1.0 to 4.3). 52.9%
of the sample indicated
relationship between low
back pain and WBV.
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Table 3 - Characteristics of the articles selected for systematic review

(To be continued)

Study characteristics Methods Results Conclusions
Authors Objectives Sampling Procedures,
(Year) (age) instruments and
statistical analysis
Study design
Kumar Investigate the 8 men WBV (triaxial The WBV in the seat ranged The PTD working in mining
(2004) WBV level among (32-55 years accelerometer) onthe  from 0.37to 11.73 by m/s?,  activities are significantly
seated PTD old) truck seat, L3 and C7.  at the back from 0.34 to exposed to health risks. The
Cross-sectional  during operation 6 women 2.72 m/s?; in the cervical  greatest risks are linked to
in mining (23-49 years  Descriptive analysis from 0.2 to 2.22 m/s?. the WBV exposure level that
old) and Gender, driving aspects exceeds the limits for most
MANOVA and loaded cargo had no of the working day.
significant effect on the
WBV levels.
The body mass of the
driver, old truck, truck
type and the experience of
the driver, as well as their
interactions, had significant
effects on the WBV levels
Hoy; Mubarak;  Investigatethe 23 PTDand  Demographics Higher prevalence of There is a high prevalence
Nelson; Sweerts  risks of WBV 23 controls  data, Questionnaire low back pain in drivers of low back pain in PTD.
de Landas; and postural (non- PTD)  on lifestyle, job compared to non- The WBV is influenced by
Magnusson; demands in the satisfaction, drivers. PTD presented other factors. The number
Okunribido; Pope occurrence of occupational and health an occurrence two times of working hours is a factor
(2005) low back pain factors. higher than others (OR to be considered in the
Posture assessment 3.516, 95% Cl 1044- analysis of low back pain
Cross-sectional (OWAS and RULA), 11828). Smoking, physical and may be associated with
WBV measures (triaxial activity and job satisfaction other factors such as type
accelerometer) were not significant in the  of seat, displacements and
prevalence of low back spine movement during
Descriptive analysis, pain. Body posture is a working hours, exposure
univariate analysis determining factor in the to WBV on vehicle loading
occurrence of low back conditions
pain. Satisfactory levels of
exposure to WBV, but with
influence over the assumed
posture.
Okunribido; To investigate 369 PTD e Questionnaire on 55.7% reported low back  The increased occurrence
Magnuson; Pope the role of WBV, 49 non- health history, posture  pain in the last 12 months  of low back pain is
(2006) posture and drivers and manual activities ~ (LBP). 30.1% reported associated with the
manual labor as  individuals and direct measures acute symptoms (ABP). combination of body
Cross-sectional  risk factors for ~ (control) of WBV (triaxial Increased occurrence of posture and WBV and / or
low back pain accelerometer), LBP / ABP-related to the more manual activities than

posture and manual
activities score.

Logistic Regression,
(Odds Ratio, 95%
confidence interval
Log-linear models

sitting working condition
(OR = 2.420, 95% Cl
1.450t0 24.036 / OR =
2.182,95% Cl 1.341 to
3.552), and trunk rotation
(OR = 2.644; 95% Cl
1,745- 4,005/ 0R =
2.158, 95% Cl 1.380 to

3.376). Discomfort by WBV

associated with the LPB /
APB (OR = 5.553, 95%
Cl3.387 t0 9.102 / OR

4,044, 95% Cl 2.502 to
6.537).

the exposure of a single
factor.
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Table 3 - Characteristics of the articles selected for systematic review

(To be continued)

Study characteristics Methods Results Conclusions
Authors Objectives Sampling Procedures,
(Year) (age) instruments and
statistical analysis
Study design
Bovenzi et al. To investigate 598 men Demographics data, The daily exposure to WBV PTD have increased
(2006) the prevalence of (PTD) guestionnaire on varies from 0.1to0 1.18 m/s?.  risk for low back pain
low back painin 30 controls  occupational and health The duration of exposure associated with the
Cross-sectional  Italian PTD. (non- PTD)  records. to WBV ranged from 1-41  work. Exposure to WBV
WBV (triaxial years long. The prevalence and factors at work that
Analyze the accelerometer) of chronic low back pain lead to physical overload
association of Roland-Morris (12 months) and acute are important factors in
WBY, physical Questionnaire and pain low back pain (7 days) multifactor composition of
overload scale of Von Korff was higher in the group of  low back pain onset in this
psychosocial Descriptive analysis, drivers (OR = 4.49, 95% Cl profession.
aspects with low Student's t test, 1.05t0 19.2) / than in the
back pain. ANOVA, chi-square control group (OR = 2.81,
test, logistic regression Cl 95% 1.31 to 6.04). The
Odds Ratio 95% occurrence of lower back
Confidence Interval pain, increased intensity of
symptoms and functional
disability are associated
to an increase in the
cumulative exposure level
to WBV. Individual factors
and the physical burden
index at work are significantly
associated with the degree
of back pain, whereas
psychosocial factors have
a marginal association with
symptoms of lower back
pain.
Robb e Mansfield Examine the 190 men A questionnaire on, Exposure to WBV varies There is a positive
(2007) relationship 2 women demographic data, from 12 to 85 hours per association between
between MSD (all PTD) description of the job,  week (average 43,8hours), symptoms of MSD and
Cross-sectional ~ and possible (22-71 years  exposure to WBV, distance traveled during distance travelled with
risk factors for  old) report of MSD. working hours 256- the truck. Risk reduction
PTD in heavy 6400km per week (average strategies should aim to
vehicles, in Descriptive analysis; 2469km); 81% of the cargo handling and comfort
order to develop T-test for independent ~ sample reported MSD in of the vehicle seat
WBV exposure samples, chi-square;  the past 12 months, 60%

reduction actions

Pearson's coefficient

reported lower back pain.
Significant relationship
between distance and
MSD (p <0.01) and no
significant time between
exposure and MSD.
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Table 3 - Characteristics of the articles selected for systematic review

(To be continued)

Study characteristics Methods Results Conclusions
Authors Objectives Sampling Procedures,
(Year) (age) instruments and
statistical analysis
Study design
Palmer; Bennett; Investigate the 185 PTD Cases with back pain  Strong association found ~ Weak evidence on the
Reading; risk factors for 42 cases and examined by MRI between poor mental health relationship of back pain
Sampson; low back pain 143 controls  scan and Controls and work as a causal and WB when MRI scan is
Coggon apparent in MR analyzed by X-ray. factor for low back pain. used as a parameter for the
(2008) scan focusing on Demographic analysis, Correlation with the sitting  analysis of low back pain.
WBV analysis factors of spine position for more than 3
Case-control overload, psychosocial hours at work.
factors, driving Association with
aspects, personal anthropometric data, body

characteristics, mental mass index, smoking,
health. Roland-Morris  beliefs, low support
Questionnaire, SF-36,  at work, and physical

Karasek Model of demands of rotation. Weak
Demand-Control. association with the WBV
Descriptive analysis measures.
Logistic regression There was no correlation
(Odds Ratio 95% between exposure and
Confidence Interval outcome.
Bovenzi Investigate the  Target Questionnaires on 36.3% incidence of low Increased risk of developing
(2009) relationship populations  demographic data, back pain in 12 months high levels of pain and
between N= 628 occupational history, ~ with 24.6% of high levels of disability associated with
alternative PTD: 598 health conditions, MSD pain intensity and 19.2% of back pain due to increasing
Prospective measures of acceptances  symptoms, disability. magnitude of WBV
Cohort WBV and back & 30 refusals. WBV measure: triaxial exposure time among PTD
pain among PTD  2-years accelerometer and machine operators.
follow-up Exposure time: self-
n= 537 report.
61 Other: physical factors
withdrawals  (image analysis) and
1styear of psychosocial (JCQ).
follow-up Descriptive analysis;
(2004-2005): Wilcoxon test, Kruskal-
n=220; 2"  Wallis test, chi-square,
year of follow logistic regression
up (2005- (Odds Ratios and
2006): confidence interval of
n= 317 95%
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Table 3 - Characteristics of the articles selected for systematic review

(Conclusion)

Study characteristics Methods Results Conclusions
Authors Objectives Sampling Procedures,
(Year) (age) instruments and
statistical analysis
Study design
Bovenzi Investigate the 202 PTD. Questionnaires on Cumulative incidence of The workload is presented
(2010) relationship Follow-up demographic data, back pain of 38.6% inthe  as a predictor for the
between low time (2 occupational history,  follow-up; 16.8% had high  outcome of low back pain
back pain years): health conditions, MSD intensity pain and 14.4% and psychosocial factors
Prospective and results of 1styear of symptoms presented disability are not associated with low
cohort measures of follow-up Nordic questionnaire back pain in the workplace.
daily exposure to  (2004-2005): for WBV measure
WBV among PTD n=92; 2" (triaxial accelerometer)
year of follow Pain intensity. Other:
up (2005- physical factors
2006): n= (image analysis) and
110 psychosocial (JCQ)
Descriptive analysis;
Wilcoxon test, Kruskal-
Wallis test, chi-square,
Logistic Regression
Odds Ratios and
confidence interval of
95%
Discussion The physiological effects of this condition can

This study aimed to conduct a literature review
and investigate the association between exposure to
WBYV and MSD. The finding of this systematization of
evidence suggests an association between exposure
to WBV in PTD in the event of MSD, especially due to
the observation of high prevalence of low back pain
and symptoms resulting from this condition.

The PTD are exposed to injuries in the cervical and
lumbar spine, pressure points and poor circulation in
the legs and buttocks, resulting from long periods in
the sitting position. Furthermore, they may increase
their risk of injury when handling objects, in addition
to their usual occupation activities (30).

These professionals have a higher prevalence of
low back pain, which presents greater intensity when
compared to the other drivers (10). The age of the ve-
hicle, the driver’s body mass and other organizational
factors appear as significant variables in the negative
impact caused by the exposure to the WBV (24). The
posture assumed during the driving operation, along
with the WBV exposure is another variable that may
be identified as associated with back pain (33).

be explained by the posture taken by the employee
during his/her working hours, associated with the
organic-structural conditions of the individual who is
subjected to adverse environmental conditions (33).
As aresult of this issue, one can highlight the capacity
ratio of that person to deal and interact with these
exposure factors that trigger MSD and manifest them-
selves in the form of a disease. That person builds
this capacity through strategies during his working
life. (11, 30, 33).

According to Dejours (34) the "work organiza-
tion is defined as the division of labor and of men."
The prescription precedes the task execution, and
composes a record that meets the need for guidance,
bureaucratization and inspection, being a source for
both recognition and punishment. The real work is
one that happens at the very moment of its execution.
Time of weekly exposure to WBV and the distance
driven were variables that have been observed and
associated with the occurrence of MSD (26). The in-
tensity of pain and the incapacity for work are mani-
fested directly with increasing exposure gradients
(17,27).
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The PTD who has a sedentary lifestyle and finds
himself exposed to high levels of WBV associated with
the density and intensity of working hours, may in-
crease the damage to his health, once he is at the limit
required for systemic functioning (30). Such factors
predispose the PTD to health problems such as MSD
affecting his overall physical ability, with consequent
impairment in the production process and impact on
the healthcare system. The consequences of this re-
lationship are highlighted in the individual's removal
as a "social being" and in the physical impairments
that can lead to mental impairment.

The majority of workers, while reporting MSD,
only considered those diseases as a limiting factor
for work when they are unable to perform their occu-
pational activities. They use the knowledge acquired
with the working practice to put them forward in a
situation in which they are exposed to risks, such as
in the case of WBV exposure.

Among the studies chosen for review, after the
application of the selection criteria, we did not find
evidence for the relevance of WBV exposure to health
issues except in the case-control study developed
by Palmer et al. (28). The authors explain their find-
ings by the conditions of the sample cases in relation
to the period of WBV exposure, which was after the
occurrence of low back pain; and by the diversity of
activities present by the drivers. They suggest that
exposure to WBV may be not the main cause of se-
vere back pain; instead, the mental aspects and the
perception of general health have a more significant
contribution with stronger association with the oc-
currence of low back pain in the sample. However,
two studies of cohort/longitudinal design, developed
by Bovenzi (11, 17), stressed the importance of WBV
exposure in the onset of low back pain. Those studies
present a greater power of risk elucidation and less
vulnerability to bias.

This systematic review sought to raise current
and scientifically proven evidence to assist the de-
velopment of diagnostic analysis and MSD manage-
ment for PTD. The quality of the selected studies was
verified, as well as the control of the following pos-
sible confounding variables to the analyzed outcome:
other salient exposure in the labor process, associ-
ated with the diversity of the driver's work (weight
lifting, prolonged sitting, twisting of trunk, among
others). However, there is no consensus in the avail-
able literature on the subject, when it comes to the
establishment of a dose-response association.

Final Considerations

In this systematic review study on the impor-
tance of WBV exposure and MSD, we identified that
organizational factors and operating conditions may
directly or indirectly affect WBV exposure, and they
must be considered in the analysis of the physical
harms associated with PTD work. There are some
examples of factors that must be addressed with in-
tervention measures at the level of prevention and
health promotion, such as: long journeys and work-
ing hours that cause longer exposure times to WBY,
body postures assumed while driving the vehicle, the
influence of the work organization, the value of the
exposure magnitude affected by the age of the vehicle,
road conditions and others. This review’s findings
identified that the included studies presented meth-
odological quality on the subject, which provides sol-
id and sufficient evidence to reduce WBV exposure
to the lowest possible in order to prevent the occur-
rence of MSD, especially low back pain among PTD.
The study subject, from an epidemiological point of
view, should place more value on prospective studies
with more consistency and less on those, which only
seek association.
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