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Review

Risk Factors for Work-Related Musculoskeletal
Disorders: A Systematic Review of Recent

Longitudinal Studies

Bruno R. da Costa, PT, MSc1,2 and Edgar Ramos Vieira, PT, PhD1,3,4�

Objective This systematic review was designed and conducted in an effort to evaluate
the evidence currently available for the many suggested risk factors for work-related
musculoskeletal disorders.
Methods To identify pertinent literature we searched four electronic databases (Cinahl,
Embase, Medline, and The Cochrane Library). The search strategies combined terms for
musculoskeletal disorders, work, and risk factors. Only case–control or cohort studies
were included.
Results A total of 1,761 non-duplicated articles were identified and screened, and
63 studies were reviewed and integrated in this article. The risk factors identified for the
development of work-related musculoskeletal disorders were divided and organized
according to the affected body part, type of risk factor (biomechanical, psychosocial, or
individual) and level of evidence (strong, reasonable, or insufficient evidence).
Conclusions Risk factors with at least reasonable evidence of a causal relationship for
the development of work-related musculoskeletal disorders include: heavy physical
work, smoking, high body mass index, high psychosocial work demands, and the presence
of co-morbidities. The most commonly reported biomechanical risk factors with at least
reasonable evidence for causing WMSD include excessive repetition, awkward postures,
and heavy lifting. Additional high methodological quality studies are needed to further
understand and provide stronger evidence of the causal relationship between risk factors
and work-related musculoskeletal disorders. The information provided in this article may
be useful to healthcare providers, researchers, and ergonomists interested on risk
identification and design of interventions to reduce the rates of work-related
musculoskeletal disorders. Am. J. Ind. Med. 53:285–323, 2010. � 2009 Wiley-Liss, Inc.
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INTRODUCTION

Musculoskeletal disorders are injuries or dysfunctions

affecting muscles, bones, nerves, tendons, ligaments, joints,

cartilages, and spinal discs. Musculoskeletal disorders include

sprains, strains, tears, soreness, pain, carpal tunnel syndrome,

hernias, and connective tissue injuries of the structures

previously mentioned. According to the National Institute

for Occupational Safety and Health (NIOSH), several

epidemiological studies have demonstrated evidence of a

causal relationship between physical exertion at work and
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work-related musculoskeletal disorders (WMSD) [Bernard

et al., 1997]. Several factors have been associated with WMSD

such as repetitive motion, excessive force, awkward and/or

sustained postures, prolonged sitting and standing.

In the US alone, more than 600,000 workers have WMSD

resulting in days away from work each year [United Electrical

Radio and Machine Workers of America, 1999]. Moreover,

WMSD is the most expensive form of work disability [Thiehoff,

2002; Picavet and Schouten, 2003; Guo et al., 2004]. It was

estimated that the cost of WMSD was approximately 215 billion

dollars in 1995 in the US; 26 billion Canadian dollars in 1998 in

Canada, and 38 billion Euros in 2002 in Germany [Coyte et al.,

1998; Praemer et al., 1999; Thiehoff, 2002].

Each type of WMSD (e.g., low back WMSD, carpal

tunnel syndrome, tendinitis, epycondilitis, etc.) has different

risk factors. It is difficult for a single study to satisfy all

criteria to determine a causal relationship between risk

factors and WMSD. Thus, it is important to integrate

information derived from different studies of factors

contributing to different types of WMSD. This way, risk

factors and the level of evidence of their relationship with

each WMSD can be evaluated.

A previous thorough review published by NIOSH in 1997

included studies of risk factors for WMSD affecting the neck,

the upper limbs, and the low back [Bernard et al., 1997]. The

NIOSH report provides pivotal information on WMSD risk

factors thanks to its extensive search of the literature and in-

depth discussion regarding potential causal relationships

between exposure to risk factors and WMSD. However, a

substantive amount of epidemiological studies have been

published since the release of the NIOSH report. Other reviews

have also investigated a potential causal relationship between

risk factors and WMSD affecting specific body parts such as

the low back and the upper limbs [Hoogendoorn et al., 1999,

2000a; National Research Council and Institute of Medicine

(NRC/IOM), 2001]. But no reviews of high methodological

quality studies of risk factors for multiple body parts were

found in the published literature after the NIOSH review.

Given the gap identified, our systematic review was

designed and conducted in an effort to evaluate the evidence

currently available in high methodological quality studies

published after the NIOSH review (Bernard et al., 1997) of the

numerous suggested risk factors for WMSD affecting different

body parts. As it was done in the NIOSH report, we investigated

and reported potential causal relationships between exposure to

risk factors and development of WMSD. We also integrated the

results of the previous body part-specific reviews by comparing

those findings with our findings.

METHODS

Literature Search and Data Management

We searched four electronic databases (Cinahl, Embase,

Medline, and The Cochrane Library) from January 1997 to

March 2008 in order to identify studies evaluating risk factors

for WMSD. Our strategy was to combine terms for

musculoskeletal disorders, work, and risk factors. The terms

included free text-words and subject headings specific to

each database (Appendix 1). We based our procedure on

guidelines for effective searching [Gallagher et al., 2002;

Gillespie and Gillespie, 2003]. We also used information

from the ‘‘help’’ section of each examined database, and

consulted one medical librarian. All the titles identified

were merged into RefWorks Web Based Bibliography

Management Software (http://www.refworks.com/).

Inclusion and Exclusion Criteria

In this review, injuries due to slips, trips, falls, or similar

accidents were not included. To be eligible the articles had to:

(1) be a case–control or cohort study of risk factors for

WMSD precipitation in the adult population;

(2) be published in or after 1997, the year the NIOSH report

was released [Bernard et al., 1997];

(3) report statistically significant association (i.e., odds

ratio with confidence interval that does not include

‘‘1.0’’) between risk factor and WMSD;

(4) be peer reviewed;

(5) be published in English;

(6) be published in full text.

We did not include case series and cross-sectional

studies as these designs are not ideal to identify determinants

of a health condition [Walker-Bone and Cooper, 2005;

Carroll et al., 2008]. Case–control and cohort studies are

more appropriate to evaluate causality. They were defined

according to Domholdt [2005].

Screening Process

Both authors screened independently and in duplicate

the titles and abstracts of all identified citations and retrieved

the full texts of all potentially eligible studies when available.

The reference lists of all retrieved studies were screened for

additional relevant articles. Both authors applied independ-

ently and in duplicate the eligibility criteria to all potentially

eligible studies identified.

Both authors were blinded to each other’s search process

and results prior to the agreement analyses. Kappa statistics

was used to calculate the chance-adjusted between-reviewer

agreement on the selection of articles by applying the

inclusion/exclusion criteria defined for screening titles

and abstracts. Disagreements regarding study eligibility

were resolved afterwards through discussions until con-

sensus was reached regarding the inclusion or exclusion of

each article.
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Evaluation Process

The methodological quality of the eligible studies was

evaluated in relation to whether they fulfilled the criteria for

inference of causality or not, and to how likely misleading

factors (chance, bias, and confounding factors) affected the

results.

The criteria we used to evaluate a potential causal

relationship included: strength of association, consistency

between studies, temporality, dose–response relationship,

and coherence [Bernard et al., 1997]. These criteria were

established in accordance with the work of Hill [1965], the

work of Lilienfeld and Lilienfeld [1980], and the NIOSH

report [1997]. To fulfill the criterion ‘‘strength of associa-

tion,’’ relative risks or odds ratio defining the association

between exposure and outcome had to present a ratio of at

least ‘‘3.0’’ and a confidence interval that did not cross ‘‘1.0’’

in at least one study. Risk factors were considered

‘‘consistent’’ if more than one study reported their associ-

ation with the outcome of interest. Only risk factors identified

in prospective cohorts were considered to have fulfilled the

criterion ‘‘temporality.’’ To satisfy the ‘‘dose–response

relationship’’ criterion, at least one study had to show

evidence of a dose–response curve of the observed

association (evidence that disorder is dose-dependent and

aggravates as exposure increases or vice-versa). ‘‘Coher-

ence’’ means that an association is consistent with the natural

history and biology of the investigated disorder.

The five major misleading factors that we detected

were: poorly defined case population, use of conventional

stepwise regression, no assessment of variables’ co-linearity,

insufficient sample sizes (e.g., <15 subjects/variable), and

insufficient response rates (e.g., <70% of eligible population

enrollment or follow-up) [Greenland, 1989; Bernard et al.,

1997; Field, 2005; Carroll et al., 2008].

We used a stringent classification of ‘‘level of evidence’’

in the present study in order to avoid ceiling effects. Risk

factors identified in the included studies were classified as

currently presenting either strong evidence, reasonable

evidence, or insufficient evidence of their causal relationship

with different types of WMSD.

. Strong evidence risk factors—satisfied at least four of

the five criteria for causality and bias and confounding

factors were controlled for or were not present (most of

the studies presented no misleading factors).

. Reasonable evidence risk factors—satisfied at least one

of the criteria for causality, but bias or confounding

factors could not be completely ruled out (most of the

studies presented 1–3 potentially misleading factors).

. Insufficient evidence risk factors—satisfied none of

the criteria for causality or presented clear bias or

confounding factors (most of the studies presented 4 or

5 potentially misleading factors).

RESULTS

Literature Search and Evaluation

Our search yielded 1990 references. The title and

abstract screening resulted in 102 potentially eligible studies.

In addition, we identified 36 additional potentially eligible

studies from the reference lists of the 102 initially selected

articles. Sixty-three studies were included, 51 (81%) had a

prospective cohort design, 1 (2%) had a historical cohort

design, and 11 (17%) had a case–control design.

The chance-adjusted between-reviewer agreement on

the application of study inclusion criteria to the titles and

abstract screening was substantial (kappa¼ 0.70) [Landis

and Koch, 1977]. Figure 1 schematically presents the search

and selection results.

Risk Factors for WMSD and Their
Evidence by Body Part

We included 22 (35%) studies of upper limb WMSD;

12 (19%) studies of low back WMSD; 9 (14%) studies of

WMSD in multiple body parts; 7 (11%) studies of neck

WMSD; 6 (10%) studies of lower limb WMSD; 5 (8%)

studies of non-specified WMSD, and 2 (3%) studies of work-

related fibromyalgia. Our search did not yield any studies

investigating ankle/feet WMSD that fulfilled criteria for

inclusion in this review, thus lower limb studies refer only to

hip and knee WMSD.

The risk factors identified were divided and organized

according to (1) the affected body part (low back, neck,

upper limbs, lower limbs, fibromyalgia, and non-specified

WMSD); (2) the type of risk factor (biomechanical,

psychosocial, or individual), and (3) the level of evidence

supporting their causal relationship with a WMSD (strong,

reasonable, or insufficient).

Tables I–IV present an overview of the selected studies

per body part, including their design, population, outcomes

measured, methods of risk factor assessment, and limitations.

The risk factors that were commonly identified throughout

all of the included studies were heavy physical work,

repetitive work, awkward postures, smoking, high BMI,

presenting co-morbidities, and high psychosocial demands.

The next sections present our findings for each body part.

Spine

Table I presents an overview of the studies investigating

risk factors for spine WMSD.

Neck. The biomechanical risk factors identified for the

development of neck WMSD were heavy physical work,

awkward posture, and frequent lifting. The psychosocial risk

factors identified were low level of work satisfaction and

Risk Factors for WMSD 287



support, and high level of distress. Individual risk factors

identified were older age, female gender, sedentary lifestyle,

high BMI, co-morbidity, and smoking.

Low back. The main biomechanical risk factors identified

for the development of low back WMSD were heavy physical

work, awkward static and dynamic working postures,

and lifting. The psychosocial risk factors identified were

negative affectivity, low level of job control, high psycho-

logical demands and high work dissatisfaction. Individual

risk factors identified were younger age, female gender,

Black or African American race, smoking, high BMI, and

co-morbidity.

Upper limbs

Table II presents an overview of the studies investigating

risk factors for upper limbs WMSD.

Non-specified upper limb WMSD. The biomechanical risk

factor for the development of non-specified upper limb

FIGURE 1. Stagesofsystematic reviewofstudies investigatingrisk factors forWMSD.

Strong evidence Reasonable evidence Insufficient evidence
None Psychosocial factors Heavy physical work

Smoking Lifting
Gender Sedentarism
Posture Older age
Co-morbidity High BMI

Strong evidence Reasonable evidence Insufficient evidence
None Awkwardposture Gender

Heavy physical work Race
Lifting Smoking
Psychosocial factors Co-morbidity
Younger age
High BMI
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WMSD was heavy physical work. The psychosocial risk

factor identified was fear avoidance. Individual risk factors

were older age, associated upper limb WMSD, smoking, and

high BMI.

Shoulder. Biomechanical risk factors identified were heavy

physical work and repetitive work. The psychosocial risk

factors identified were high levels of distress, performing

monotonous work, and low level of job control. Individual

risk factors identified were older age, high BMI, and

sedentary lifestyle.

Elbow/forearm. The biomechanical risk factors identi-

fiedfor the development of elbow/forearm WMSD

were heavy physical work, awkward static and dynamic

working postures, repetitive work, and prolonged com-

puter work. The psychosocial risk factors identified

were negative affectivity, low level of job control,

high psychological demands and high work dissatisfac-

tion. Individual risk factors identified were older age,

female gender, associated upper limb WMSD, and high

BMI.

Wrist/hand. The biomechanical risk factors identified for

the development of wrist/hand WMSD including carpal

tunnel syndrome were heavy physical work, awkward

static and dynamic working postures, repetitive work, and

prolonged computer work. The psychosocial risk factor

identified was high level of distress. Individual risk factors

identified were older age, female gender, smoking, high BMI,

and co-morbidity.
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Lower limbs

Table III presents an overview of the studies investigat-

ing risk factors for lower limbs WMSD.

Non-specified lower limb WMSD. No biomechanical risk

factor for non-specified lower limb WMSD was identified.

The psychosocial risk factor identified was fear avoidance.

Individual risk factors identified were concurrent chronic

disease, smoking, and high BMI.

Hip. The biomechanical risk factors identified were

frequent stair climbing, and frequent heavy loads lifting

and carrying.

Knee. The biomechanical risk factors identified for the

development of knee WMSD were heavy physical work,

prolonged kneeling or squatting, prolonged standing,

frequent climbing, and frequent heavy loads lifting and

carrying. The psychological risk factor identified was

high general psychological distress. Individual risk

factors identified were previous knee injury, smoking, and

high BMI.

Fibromyalgia, mixed and
non-specified WMSD

Table IV presents an overview of the studies investigat-

ing risk factors for fibromyalgia, and mixed and non-

specified WMSD.

Two studies reporting occupational risk factors for

widespread work-related musculoskeletal pain satisfied the

inclusion criteria used. The biomechanical risk factors

identified were repetitive work, and frequent squatting.

Monotonous work was the psychosocial risk factor identi-

fied, and reporting any kind of pain at baseline and illness

behavior were the individual risk factors identified.

DISCUSSION

This systematic review confirms a plausible causal

relationship between some commonly reported risk factors

such as high biomechanical and psychosocial demands,

smoking, high body mass index, and the presence of co-

morbidities and WMSD. The results of recent longitudinal

studies have confirmed some of the findings of previous

reviews that have evaluated causal relationships between

risk factors and specific types of WMSD. This review

also highlights the scarce evidence regarding some of the

frequently reported risk factors for WMSD.

It is important to underline that the lack of evidence for a

causal relationship between a factor and a WMSD does not

show that the factor is not a risk, but points out that further

investigation is required. Factors do not require studies

showing that they are indeed risks in order to affect

musculoskeletal health. Similarly, the factors reported more

frequently are not necessarily the ones with the highest level

of evidence demonstrating their causal relationship with

WMSD. Finally, the risk factors presenting a specific ‘‘level

of evidence’’ associated with them, are not the only ones that

should be considered; they are just the ones that have already

been tested. In the following paragraphs we compare the

findings of the present review with those of previous reviews.

In light of this discussion, we propose future research and

potential practical applications for our findings.

Current Versus Previous Reviews

A comparison of the findings of the present review with

the findings of the NIOSH review and of other body part

Strong evidence Reasonable evidence Insufficient evidence
None Prolongedcomputerwork Smoking

Heavy physical work Co-morbidity
High BMI Psychosocial factor
Older age
Female gender
Awkwardposture
Repetitivework

Strong evidence Reasonable evidence Insufficient evidence
None None Co-morbidity

Psychosocial factors
Smoking
High BMI

Strong evidence Reasonable evidence Insufficient evidence
None Lifting Repetitivework

Heavy physical work

Strong evidence Reasonable evidence Insufficient evidence
None Awkwardposture Psychological factor

Lifting Smoking
Repetition Heavy physical work
Co-morbidity High BMI

Strong evidence Reasonable evidence Insufficient evidence
None None Co-morbidity

Psychosocial factor
Repetitivework
Awkwardposture
Illness behavior
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specific reviews was conducted. We used a different (more

stringent) selection criteria and definitions for the classi-

fication of the levels of evidence. To some extent, these

differences limited our ability to compare and contrast our

results with those of the other reviews. Thus, these

methodological differences should be taken into account.

In general, the results of the current review were similar

to the results of the previous NIOSH review. However, as

opposed to the NIOSH report, we did not find sufficient

evidence to support body vibration as a WMSD risk factor;

future studies are therefore suggested to clarify this relation-

ship. Once more, we would like to emphasize the fact that

presenting insufficient evidence does not imply that the

variable represents no risk for the development of WMSD.

We interpret the seemingly conflicting findings as a result of

the more stringent classification scheme used in the current

review for the strength of evidence. The next sections

compare and contrast our findings with the previous reviews’

findings for each body part integrating the results.

Neck

In this review, the main risk factors found to have

reasonable evidence supporting their causal relationship with

neck WMSD were psychosocial factors, smoking, female

gender, awkward postures, and co-morbidities. It was also

stated on the NIOSH report that awkward postures were a risk

factor for the development of neck WMSD. On the other

hand, while it was reported in the NIOSH report that forceful

and repetitivework had sufficient evidence to support them as

risk factors for WMSD, we have not found reasonable

evidence to confirm these relationships as we were only

evaluating case–control and cohort studies. Thus, future

case–control and cohort studies examining the potential

physical risk factors for neck WMSD are recommended.

Shoulder

In this review, the main risk factors found to have

reasonable evidence supporting their causal relationship with

shoulder WMSD were heavy physical work and psychoso-

cial factors. This is a novel conclusion that supplements the

findings of the NIOSH report, which reported repetitive work

as a potential risk factor but presented limited evidence in the

literature at that time (Bernard et al., 1997). However, our

results are based in only three studies. Due to the paucity of

data, further investigation of the potential risk factors for

shoulder WMSD in longitudinal studies with case–control

and cohort designs is encouraged.

Wrist/hand

In this review, the main risk factors found to have

reasonable evidence supporting their causal relationship with

wrist/hand WMSD were computer work, heavy physical

work, awkward posture, repetitive work, increased BMI,

older age, and female gender. It was stated on the NIOSH

report that computer work, heavy physical work and

vibration are risk factors for the development of wrist/hand

pain. Similarly, a previous systematic review reported that

the combination of heavy physical work, repetitive work and

vibration is a risk factor for wrist/hand WMSD [NRC/IOM,

2001]. The results of the previous reviews along with the

findings of the current review support the causal relationship

between computer work, heavy physical work, and repetitive

work and wrist/hand pain.

On the other hand, although the NIOSH review identified

vibration as an independent risk factor for hand/wrist

WMSD, we did not find sufficient evidence on longitudinal

studies to support vibration as a risk factor for hand/wrist

WMSD in isolation. Longitudinal studies are required to

clarify the potential role of this factor.

Low back

In this review, the main risk factors found to have

reasonable evidence supporting their causal relationship with

low back WMSD were heavy physical work, awkward

postures, lifting, psychosocial factors, increased BMI and

younger age. It was stated in the NIOSH report that awkward

working postures, lifting and whole-body vibration were risk

factors for the development of low back WMSD. Similar

findings were reported on a systematic review conducted by

the NRC/IOM, which also investigated causality and

reported dynamic awkward postures, heavy physical work,

whole-body vibration and psychosocial factors as risk factors

for low back WMSD [NRC/IOM, 2001].

Hoogendoorn et al. [1999] conducted a systematic

review to evaluate occupational and recreational physical

loading as potential risk factors for ‘‘back pain’’ [Hoogen-

doorn et al., 1999]. Their review included studies with cohort

(n¼ 28) or case-referent (n¼ 3) designs and excluded cross-

sectional studies. The methodological quality and the

consistency of the findings were assessed. The authors

classified factors as having strong evidence when ‘‘provided

by generally consistent findings in multiple high-quality

studies.’’ Moderate evidence was operationally defined as

‘‘provided by generally consistent findings in 1 high-quality

and 1 low-quality study, or in multiple low-quality studies.’’

Finally, no evidence was defined as ‘‘only 1 study available or

inconsistent findings in multiple studies.’’ Based on their

criteria, the authors found the following levels of evidence

supporting the respective factors as risks for ‘‘back pain’’:

strong evidence for manual materials handling, bending and

twisting, and whole-body vibration; moderate evidence for

patient handling and heavy physical work, and no evidence

for standing or walking, sitting, sports, and total leisure-time

physical activity. The factors identified as having strong or
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moderate evidence supporting their relationship with back

disorders were similar to the ones classified as having

reasonable evidence in our review. The main difference was

that using our criteria we did not find reasonable evidence

supporting whole-body vibration as a risk factor for back

disorders. The divergences may be explained by the distinct

criteria used for classification of strength of evidence and

outcome assessed (‘‘back pain’’ in general, as opposed to

only ‘‘low back pain’’).

On a following review, Hoogendoorn et al. [2000a]

conducted a systematic review of cohort and case–control

studies to investigate a causal relationship between psycho-

social factors and ‘‘back pain.’’ To evaluate strength of

evidence, they used the same definitions used in Hoogen-

doorn et al. [1999]. They declared strong evidence had been

found to show that low social support in the workplace and

low job satisfaction are risk factors for ‘‘back pain.’’

Moreover, they reported finding insufficient evidence that

high work pace, high qualitative demands, low job content,

low job control, and psychosocial factors in private life lead

to back pain. Based on our definition, we did not find strong

evidence to support a causal relationship between any

psychosocial factors and ‘‘back pain.’’ We found reasonable

evidence to support a causal relationship between ‘‘low back

pain’’ and low job satisfaction, high work pace, and low job

content. In addition, we found insufficient evidence to

support a causal relationship between low social support in

the workplace and ‘‘low back pain.’’ Again, comparisons

between reviews are limited since Hoogendoorn and

associates’ review investigated ‘‘back pain’’ without further

explanation of which part(s) of the back was investigated and

used different definitions to evaluate strength of evidence.

Our findings partially corroborate the previous reviews’

results supporting heavy physical work, awkward working

postures, lifting, and psychosocial factors as risk factors for

low back WMSD. However, likewise our findings for wrist/

hand WMSD, we did not find longitudinal studies providing

evidence for the relationship between vibration and low back

WMSD.

Hip

In this review, the main risk factors found to have

reasonable evidence supporting their causal relationship with

hip WMSD were heavy physical work and lifting. The hip

was not investigated in the NIOSH report or by other reviews.

Thus, future studies are also suggested to establish the risk

factors for hip WMSD.

Knee

In this review, the main risk factors found to have

reasonable evidence supporting their causal relationship with

knee WMSD were awkward postures, lifting, repetition, and

co-morbidities. These risk factors were found to have

reasonable evidence and should consequently be taken into

consideration when analyzing and modifying the workplace

to reduce knee WMSD. As the hip, the knee was not

investigated by the NIOSH report or by other reviews,

therefore the results cannot be compared and further research

is suggested.

Ankle and feet

As mentioned in the results session, we did not find

longitudinal studies investigating ankle/feet WMSD.

Although these body parts are also affected by WMSD and

deserve consideration, the lack of studies meeting the

established criteria limited our ability to provide information

about these important disorders.

Methodological Challenges of
Studying Risk Factors

Methodological problems are inherent to epidemio-

logical studies of the association between work-related

factors and musculoskeletal disorders [Walker-Bone and

Cooper, 2005]. Study design issues are one of the main

problems in this field of study. Most of the studies conducted

in WMSD causation and prevention that have been done so

far used cross-sectional designs, which impairs their ability

to establish a causal relationship between work-related

factors and WMSD. Moreover, problems such as different

diagnostic criteria (due to lack of gold standard for the

clinical diagnosis of most WMSD), different outcome

assessments and different methods for measuring exposure

make the establishment of risk factors a very difficult task to

accomplish [Punnett et al., 2004; Walker-Bone and Cooper,

2005]. To deal with these problems, we have included only

cohort and case–control studies, and classified the risk

factors identified in our review using similar categories used

in the NIOSH 1997 review [Bernard et al., 1997]. However,

our definitions were somewhat different and, consequently,

so were our results. Assembling the identified information

was particularly difficult due to the high heterogeneity

among the included studies, mainly regarding measurement

of exposure and outcome. Thus, we recommend that

the international community of WMSD investigators

facilitate a collaborative effort to standardize the conduct,

assessment, and reporting of WMSD trials. Such effort would

be of significant benefit to trial end-users (e.g., clinicians,

ergonomists, workers, policy makers, systematic reviewers).

For instance, the Outcome Measures in Rheumatoid

Arthritis Clinical Trials (OMERACT) initiative, has made a

significant contribution to the field of rheumatology by

taking the first steps towards standardizing the conduct,

assessment and reporting of clinical trials in this field

[Goldsmith et al., 1993; Tugwell and Boers, 1993].
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Most risk factors coexist with other potential factors and

most studies investigated the combined effect of these factors

towards the development of WMSD. It is expected that a risk

factor (e.g., forceful exertion) in the presence of another risk

factor (e.g., repetitive work) or factors (e.g., high repetition in

an awkward posture) will interact resulting on WMSD

precipitation, even though definite multipliers for the

interactions still needs to be defined [Vieira and Kumar,

2006]. Moreover, it is important to consider the external

validity of potential risk factors. For instance, when

analyzing individual risk factors such as age, careful

interpretation is required. Although younger individuals

were reported to have a higher predisposition to develop low

back WMSD, other studies reported that upper limb WMSD

is more common in older individuals. This may have

occurred because it is more common for younger individuals

to perform activities that require forceful movements and

postures, thus becoming more susceptible to develop low

back WMSD. In contrast, older individuals may perform

activities that do not require as much physical effort; they are

more likely to perform activities that demand more precise

upper limb tasks instead, such as computer-related activities

and line assembly tasks. Thus, risk factors need to be

carefully evaluated in context rather than in isolation.

Strengths and Limitations of the
Current Review

Factors not currently presenting strong evidence sup-

porting them as being risks for WMSD should not be

considered risk free. In this review we focus on evaluating the

evidence available in cohort or case–control studies provid-

ing evidence that factors ‘‘are’’ actual risks for WMSD.

Future reviews could focus on reviewing the evidence that

factors ‘‘are not’’ risks for WMSD. Unlike most legal

systems, any variable should be suspected until proven

otherwise when considering risks. WMSD may occur when

the musculoskeletal system is pushed over its physiological

limits, which means a cumulative or single event exposure to

one or more prolonged or excessive exertions [Kumar, 2001].

However, this review did not identify ‘‘strong evidence’’ in

the currently published cohort or case–control studies for

any of the acknowledged WMSD risk factors. The reason

may be the rigorous definition used for ‘‘strong evidence.’’

Therefore, future research should be conducted to further

investigate the risk factors that show some evidence or logical

rationale for causing WMSD, taking into account the

considerations regarding methodological issues and inter-

pretation of the research findings.

As far as we know, this is the first review of risk factors

for WMSD including only cohort or case–control studies to

evaluate the available evidence for each body part.

Information from cohort or case–control studies can reliably

support risk evaluations and workplace modifications to

reduce the rates of WMSD, and guide the design of future

research. Nevertheless, the risk factors identified in the

present review are similar to the ones reported in reviews that

also included cross-sectional studies [Bernard et al., 1997;

Keyserling, 2000; Walker-Bone and Cooper, 2005]. The

constant appearance of risk factors in different studies

reinforces the fulfillment of the ‘‘consistency’’ criteria for

causality.

Implications for Practice

Interventions to prevent WMSD should not be based

solely on individual risk factors that have fulfilled the criteria

for causality. A supposed risk factor should be evaluated in

relation to its potentially harmful effects when interacting

with other variables, since some factors probably only

become risks when presenting concomitantly. Future studies

are necessary to clarify these aspects.

Studies investigating risk factors for the development of

WMSD should report in detail the exposure levels. For

instance, if repetition is identified as a risk factor, the number

of necessary repetitions for it to become a risk should be

reported as accurately as possible. This way, ergonomists

will be able to make specific interventions to create a safer

environment and to evaluate the results.

Using risk factors with weaker or no evidence may

lead to unfounded, expensive and time-consuming modifi-

cations in the workplace which may be detrimental to

production, without a significant benefit to the health of

the workers. Thus, it is important for workplace interventions

to address the risk factors that present at least reasonable

evidence demonstrating their causal relationship with

WMSD. Work-place interventions should be based on

(1) risk factors (in isolation or in combination with other

factors) identified in studies of high methodological

quality, (2) the expertise of qualified professionals (e.g.,

ergonomists), (3) and the expertise and educated opinion of

workers and work-place administrators (Fig. 2). This way,

modifications may become more feasible and more likely to

succeed.

Risk factors with reasonable evidence of a causal

relationship with WMSD include high biomechanical and

psychosocial demands, smoking, high body mass index, and

the presence of co-morbidities. The most commonly

reported biomechanical risk factors with reasonable

evidence for causing WMSD include excessive repetition,

awkward postures, and heavy lifting. Additional high

methodological quality studies are needed for further under-

standing and for stronger evidence of the causal relationship

between risk factors and WMSD to be found. The

information provided in this article may be useful to

healthcare providers, researchers, and ergonomists interested

in risk identification and design of interventions to reduce the

rates of WMSD.
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APPENDIX 1: SPECIFIC SEARCH
STRATEGIES BASED ON EACH DATABASE

Medline

Search terms for ‘‘work’’

(1) exp employment/

(2) exp work/

(3) (worker OR job$ OR occupation$).ti. OR (worker OR

job$ OR occupation$).ab.

(4) 1 OR 2 OR 3

Search terms for ‘‘risk factors’’

(5) exp risk factors/

(6) exp causality/

(7) 5 OR 6

(8) exp epidemiologic$ studies/

(9) 7 AND 8

Search terms for ‘‘musculoskeletal disorder’’

(10) exp cumulative trauma disorder/

(11) musculoskeletal disorder$.tw. OR injur$.tw. OR

overuse syndrome$.tw

(12) ((injur$ OR disorder$) adj3 (repetition strain OR

repetitive motion OR repetitive strain OR cumulative

trauma)).tw.

(13) 10 OR 11 OR 12

Combination of search terms:

(14) 4 AND 9 AND 13

Search terms for limiting results

(15) limit 14 to (english language and yr¼‘‘1997–2008’’)

(16) (child$ NOT adult$).mp. [mp¼title, original title,

abstract, name of substance word, subject heading

word]

(17) (animal NOT human).mp. [mp¼title, original title,

abstract, name of substance word, subject heading

word]

(18) review.pt

(19) 16 OR 17 OR 18

(20) 15 NOT 19

Embase

Search terms for ‘‘work’’

(1) exp employment/

(2) exp work/

(3) (worker OR job$ OR occupation$).ti. OR (worker OR

job$ OR occupation$).ab.

(4) 1 OR 2 OR 3

Search terms for ‘‘risk factors’’

(5) exp risk factors/

(6) exp causality/

FIGURE 2. Triadofevidence-based interventionproposedto reducetheriskofwork-relatedmusculoskeletal disorders.
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(7) 5 OR 6

(8) exp epidemiologic$ studies/

(9) 7 AND 8

Search terms for ‘‘musculoskeletal disorder’’

(10) exp cumulative trauma disorder/

(11) musculoskeletal disorder$.tw. OR injur$.tw. OR

overuse syndrome$.tw

(12) ((injur$ OR disorder$) adj3 (repetition strain OR

repetitive motion OR repetitive strain OR cumulative

trauma)).tw.

(13) 10 OR 11 OR 12

Combination of search terms:

(14) 4 AND 9 AND 13

Search terms for limiting results

(15) limit 14 to (english language and yr¼‘‘1997–2008’’)

(16) (child$ NOT adult$).mp. [mp¼title, original title,

abstract, name of substanceword, subject heading word]

(17) (animal NOT human).mp. [mp¼title, original title,

abstract, name of substance word, subject heading

word]

(18) review.pt

(19) 16 OR 17 OR 18

(20) 15 NOT 19

Cinahl

Search terms for ‘‘work’’

(1) (AB (work* OR job* or occupation*) OR TI (work*

OR job* OR occupation*) OR (MM ’’Work‘‘))

Search terms for ‘‘risk factors’’

(2) ((MH ‘‘Risk Factors’’) OR (MH ‘‘Epidemiological

Research’’))

Search terms for ‘‘musculoskeletal disorder’’

(3) ((MH ‘‘Cumulative Trauma Disorders’’) OR (MH

‘‘Tendon Injuries’’ OR AB injur* OR TI injur* OR

AB musculoskeletal disorder* OR TI musculoskeletal

disorder*))

Search term for limiting results

(4) NOT PT review

Combination of search terms:

(5) 1 AND 2 AND 3 AND 4

Limits provided by database

Published year: 1997 to 2008

Language: ENGLISH

Age groups: ALL ADULTS

PEER REVIEWED option selected

The Cochrane Library

Search terms for ‘‘work’’(work* OR job* OR occupa-

tion*):ti,ab,kw

Search terms for ‘‘risk factors’’

(2) MeSH descriptor Risk Factors explode all trees

(3) MeSH descriptor Causality explode all trees

(4) MeSH descriptor Epidemiologic Studies explode all

trees

(5) #2 AND #3 AND #4

Search terms for ‘‘musculoskeletal disorder’’

(6) MeSH descriptor Sprains and Strains explode all trees

(7) injur* OR overuse syndrome* OR musculoskeletal

disorder*

(8) ((injur* OR disorder*) NEAR/3 (repetition strain OR

repetitive motion OR repetitive strain OR cumulative

trauma))

(9) #6 AND #7 AND #8

Combination of search terms:

(10) #1 AND #5 AND #9

Search terms for limiting results

(11) child* NOT adult*

(12) (#10 AND NOT #11), from 1997 to 2008
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