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Abstract: Introduction: Musculoskeletal injury (MSI) contributes to global health burdens. Effective
MSI prevention is necessary. MSI risk factor screening tools can be used by employers to identify
and mitigate occupational hazards. Rigorous synthesis of the effectiveness of these tools has not
taken place. We synthesized literature on effectiveness of MSI risk factor screening tools for reducing
injury through informing prevention interventions. Materials and Methods: A literature search
of Medline, Embase, Cochrane Library (Trials), CINAHL, Scopus and PsycINFO databases was
performed. Included studies required an analytic design, used an MSI risk factor screening tool to
inform an intervention in a working-age population and reported an outcome of MSI development,
injury or compensation/work absence. Data extraction and study quality rating (Downs and Black
criteria) were completed. Studies were sub-categorized as having used a single MSI screening
tool (single-tool) to inform an injury prevention intervention or involving multiple simultaneous
screening tools (multiple-tool). Study outcomes were synthesized when possible. Results: Eighteen
articles representing fourteen studies met our inclusion criteria. No high-quality studies were
identified (maximum Downs and Black score of 19). Studies did not employ previously validated
tools but instead, typically, those purpose-built for a single use. The results were inconsistent
both when using tools alone and in combination with other tools. Outcome measure heterogeneity
precluded meaningful meta-analysis. Conclusions: There is limited evidence regarding use of MSI
risk factor screening tools for preventing injury. Rigorous studies that utilize previously validated
tools are needed.

Keywords: occupational health; musculoskeletal pain; cumulative trauma disorders; insurance;
disability; compensation and redress; workers’ compensation; sick leave; ergonomics; employment

1. Introduction

Musculoskeletal injuries (MSI) are among the largest contributors to the global burden
of pain, disability and work loss [1]. The prevalence of MSI is increasing worldwide, most
notably among low- and middle-income countries [2]. We lack a unified international-
level strategy to prioritize their treatment, as exists more generally for communicable
diseases [2]. Given these substantial burdens and alongside current treatment barriers,
there is a definitive need for strategies that mitigate MSI symptoms or prevent incident MSI
(primary prevention) [3]. The latter strategy is especially important and can be enacted
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through targeted and effective interventions in populations that are most at risk of MSI.
Workers exposed to physical loading in the workplace are a key population for these
targeted approaches. Since 2000, occupational exposure causing neck and back pain has
alone contributed nearly 14% of all occupational disability-adjusted life years globally [4].
Occupational health and safety regulations often have employers identify, assess and
control or reduce occupational risk factors associated with MSI. Various MSI risk factor
screening tools exist and are aimed at risk identification. These tools include, but are not
limited to, questionnaires as well as observational criteria to identify types of workload
risk—including intensity, frequency or duration of tasks [5]. A recent scoping review
identified 19 different risk assessment tools, concluding that this was a “large number of
observational assessment tools” [5]. In a North American context, MSI screening tools
most commonly used by occupational health professionals across job sectors include the
NIOSH Lifting Equation, Rapid Upper Limb Assessment (RULA) and Rapid Entire Body
Assessment (REBA) [6].

Throughout this review, MSI risk factor screening tools are viewed in the context of
informing interventions to prevent MSI and its effects. Previous research has reviewed
the measurement properties of MSI risk factor screening tools, with varying reliability
and validity reported [7]. Reliability appears to vary across items within individual tools
and depends on rater experience [8]. However, the primary goal of using these tools is to
reduce the risk and consequences of MSI in the workplace. To reduce risk of reported MSI,
these tools typically inform use of specific interventions that directly address and mitigate
the risks identified by the tool. In fact, several tools recommend application of specific
interventions that are contingent on risk levels or scores identified by the tool. For example,
the RSI QuickScan questionnaire is an MSI risk factor screening tool that establishes a
risk profile for arm, shoulder and neck symptoms [9]. This information then informs
tailored interventions based on the individual risk profile, with 16 possible interventions
implemented based on a decision tree algorithm. The recommendations are thus an
integral part of the tools’ scoring. Therefore, in the context of informing interventions, the
effectiveness of an MSI screening tool depends on how accurately the tool identifies risk
factors as well as how effectively it informs the implementation of (a) targeted prevention
intervention(s). Despite the apparent breadth of MSI risk factor screening tools, some
researchers have raised concerns about their utility and effectiveness [10,11]. MSI risk
factor screening tools are typically developed using biomechanical, laboratory or consensus
studies rather than through methodologically rigorous trials in actual work environments.
Furthermore, rationales for adoption of industrial standards and threshold limits for
workload exposures have been criticized as lacking rigor or transparency. Armstrong
et al. recommend a solution: formal evaluation of these risk assessment procedures using
the same techniques required for medical or public health standards [11].

Research is needed to assess the current scientific literature involving evaluation of the
effectiveness of MSI risk factor screening tools for informing injury prevention interventions
through a rigorous epidemiological lens. This will provide critically important information
regarding whether these tools can successfully be used to prevent MSI and its consequences.
Therefore, our research question was: “in working age adults, what is the effectiveness of
MSI risk factor screening tools for preventing onset and consequences (i.e., pain, disability,
quality of life, work loss and reduced productivity) of work-related MSI?”

2. Materials and Methods

This review followed Preferred Reporting Items for Systematic Reviews and Meta-
Analysis guidelines [12]. The review protocol was registered with the International Prospec-
tive Register of Systematic Reviews (CRD42021232747).

A systematic literature search was carried out by a health sciences librarian (L.D.) in
Medline via Ovid (1946–18 March 2021), Embase via Ovid (1974–18 March 2021), Scopus
(searched 19 March 2021), CINAHL Plus with Full Text (via EBSCOhost) (1937–19 March
2021), Wiley Cochrane Central Register of Controlled Trials (CENTRAL) (searched 19 March
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2021) and APA PsycINFO (1806–November Week 3, 2021) databases. Team members col-
laborated to develop a sensitive search strategy that utilized two approaches: (1) searching
by the names of specific tools identified in a preliminary literature review or provided
by stakeholders ([L.M., D.L.]), and (2) searching generically with combinations of subject
headings and keywords pertaining to MSI, occupational settings and screening tools. The
results of both approaches were limited to quantitative primary research studies only. The
grey literature was not searched, which is a change from our protocol. After preliminary
searching of the voluminous grey literature, it was determined that this searching would
not result in rigorous evaluations, which was the focus of this study. Our definition of
MSI was adapted from WorkSafeBC’s definition that encompasses injuries and disorders of
muscles, tendons, ligaments, joints and soft tissues (nerve and vascular injury) [13]. For
this study, we did not include generic search terms for vascular, nerve or vibration-induced
injuries but did include specific search terms for carpal tunnel syndrome. The full search
strategy is available (see Supplementary Material S1).

A PICOS (Population, Intervention, Comparison, Outcome, Study Design) framework
was used for development of article inclusion criteria. Articles were required to have an
English-language title and abstract and were eligible if they assessed:

P—a working-age population in a working environment (exclusion of pre-employment
screening and studies in military populations);

I—applied an MSI risk factor screening tool using individual or workplace-related risk
factors to prevent MSI injury and its related consequences (exclusion of studies reporting
only measurement properties, such as predictive validity);

C—compared to other MSI prevention strategies that were not informed by an MSI
risk factor screening tool;

O—reported on at least one primary outcome related to MSI development, injury or
compensation/insurance claims (a variety of secondary outcomes were also examined,
including workplace MSI risks and behaviors, as well as any self-reported MSI outcomes,
such as pain, disability, discomfort, etc.);

S—utilized an analytic study design (i.e., randomized clinical trial; cohort, case-control
study, quasi-experimental studies).

We expected that MSI risk factor screening tools would affect injury outcomes by
conditionally applying a specific prevention intervention based on risk levels or scores iden-
tified by the screening tool. Tool results inform implementation of a tailored intervention
aimed at mitigating any identified risk factors. For example, if the tool identifies excessive
physical loading as a risk, the recommendation may be to modify work tasks or activities
to reduce risk or have workers undergo a fitness or strengthening program to increase their
manual handling abilities. A variety of risk factor/intervention combinations are possible
for both physical and mental risks at the workplace. This process is conceptualized in a
logic map in Figure 1.

We made modifications to our review protocol prior to our analysis. Specifically, to
capture all potentially relevant articles, studies did not require a minimum sample size to
be included. Additionally, we clarified that eligible study populations must not have been
identified as injured prior to study enrolment; thus, eligible outcomes became incident MSI,
compensation claims or insurance claims.

Following completion of the database search, article titles and abstracts were added to
online review manager Covidence [14] and de-duplicated. Titles and abstracts were then
independently screened for initial inclusion by research team members. If two research
team members concluded that an article potentially met inclusion criteria, or that eligibility
could not be ascertained from title and abstract alone, the full-text article was obtained.
Disagreements at abstract stage were resolved first by consensus and then by a senior
research team member if any remained unresolved.
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Figure 1. Logic map showing how musculoskeletal injury (MSI) risk factor screening tools inform
interventions to affect MSI-associated outcomes.

Full-text articles were independently assessed for eligibility by a smaller subset of the
research team. Articles had to be deemed eligible by two team members, and disagreements
at full-text stage were resolved by consensus prior to or after consulting the third team
member. Articles for which consensus was not reached at the full-text stage were provided
to the entire research team for discussion. Additional articles were identified directly for
full-text eligibility screen through citation searching of included articles and systematic
reviews identified during screening. One article was identified as a subsequent analysis of
a study population from an article included at full-text stage and was retrieved for full-text
eligibility screening.

A standardized spreadsheet was used for data extraction of included articles. One
reviewer performed the initial data extraction, with verification by a second reviewer.
Extracted article data included study design, study setting and context, participant charac-
teristics, MSI screening tool descriptions and alternative treatments of study arms, outcome
measure descriptions and reported outcome results. Effect estimates were presented
where possible.

Included articles were synthesized depending on their method of MSI risk factor
screening tool application. The first category of “single-tool” articles contains studies that,
in at least one study arm, applied a single MSI screening tool to inform an intervention in
isolation from any other additional screening tools, assessments or interventions. These
study designs provide the most direct assessments of MSI screening tool effect. The
second category of “multiple-tool” articles applied one or more MSI risk factor screening
tools in combination with other assessments and interventions (that may or may not
have been informed by the screening tool of interest). For this latter group of articles,
it was deemed that the causal effect of any single MSI screening tool use could not be
meaningfully isolated from the causal effect of distinctly separate but concurrently applied
assessments and associated interventions. Consultation with community partners indicated
that prevention interventions within industry contexts are most often pragmatically applied
in “multiple-tool” situations.

The Downs and Black (D&B) quality assessment checklist was used to assess included
article quality [15]. The quality assessment checklist contains 27 questions assessing quality
of reported material, internal validity stemming from selection bias, information bias and
confounding as well as external validity and study power [15]. The checklist is appropriate
for quasi-experimental, cohort and randomized control trial (RCT) study designs, allowing
simple comparison between a plurality of study methodologies. The Downs and Black
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score was assigned out of a total possible 28 points for each article. Score interpretation has
previously used quality bands of excellent (>25), good (20–25), fair (15–19) and poor (≤14)
article quality [16].

This review follows principles of best evidence synthesis and incorporates components
of Synthesis Without Meta-analysis reporting guidelines, the latter of which is intended to
complement PRISMA reporting guidelines [17,18]. All included articles of medium quality
or higher (D&B of fair or better) were retained for narrative synthesis. Study outcome
categorizations were adapted from the original protocol and included musculoskeletal
discomfort, work absence, health resource utilization, changes to workplace behaviour,
self-assessed health status, workplace-related MSI and claims cost. Outcome metrics were
standardized using effect direction, as recommended by Boon and Thomson (direction
reported if >70% of categorized study outcomes had similar direction of effect), with
consistency of evidence for these outcomes assessed using an effect direction plot adapted
from the same authors [19]. A sign test was not performable for assessment of outcome
heterogeneity due to too few articles. An algorithm for evidence level (strong to insufficient)
was adapted from the Institute for Work and Health [20] (Table 1). Any materials used in
the review are available from the authors.

Table 1. Decision algorithm for level of evidence. Adapted from the Best Evidence Synthesis
Guidelines used by Kennedy et. al [20].

Evidence Level
Minimum Study Quality

according to Downs &
Black (D&B) Rating

Minimum Study Quantity Consistency

Strong High (D&B score band of
good or better) 3 or more studies

Agreement of effect direction in 3 high
quality studies. For ≥3 studies, at least

75% of high- and medium-quality
studies agree in effect direction

Moderate Medium (D&B score band
of fair)

2 high quality OR 2 medium
quality and 1 high quality

Effect directions from 2 high quality
studies agree OR effect directions from
2 medium studies and 1 high quality

study agree. For ≥3 studies, effect
direction agreement in more than 66%

of studies

Limited Medium (D&B score band
of fair)

1 high quality OR 2 medium
quality OR 1 medium and

1 high quality

Effect directions from 2 medium- or
high-quality studies agree. If

≥2 studies, more than 50% of medium
and high-quality studies agree

Mixed Medium or high D&B
score bands 2 studies Effect directions from medium and

high-quality studies are contradictory

Insufficient No high quality, only 1 medium quality, any number of low (score band of poor) quality studies

3. Results

The initial database search yielded 12,207 results, and 4025 duplicates were removed;
8182 articles were screened for potential eligibility, of which 79 full-text articles were
reviewed for inclusion. Percent agreement during abstract screening ranged from 88%
to 100%, and all discrepancies were resolved through consensus. Fourteen articles met
the inclusion criteria following full-text review and were included for analysis. Citation
searching from the included articles, key systematic reviews and incidental related articles
yielded 15 articles that were retrieved for full-text analysis. Four articles were retained from
this second identification group. In total, 18 articles were included for quality assessment
and data extraction. Most articles excluded at the full-text stage did not evaluate the effect
of an MSI risk factor screening tool (see Figure 2).
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Figure 2. PRISMA 2020 flow diagram for new systematic reviews which included searches of
databases, registers and other sources [12].

Article quality appraisal was applied using the Downs and Black criteria (Supplementary
Table S2). Articles of at least medium quality (Downs and Black score band of fair; see
Table 1) were retained for narrative synthesis. No high-quality articles were identified.

3.1. Characteristics of Single-Tool Articles

Five single-tool articles representing four studies were identified and retained fol-
lowing quality assessment. All five articles were scored as medium-quality, meeting at
least half of the methodological criteria [9,21–24]. Positives included reporting of most
necessary information, real-world study environments, reasonable intervention compli-
ance, low likelihood of influence from participants lost to follow-up and typically adequate
power. Negatives included poor reporting of potential adverse events or characteristics of
participants lost to follow-up, poor generalizability from participant selection and sampling
methodology, mixed accuracy of outcome measures and some incomplete adjustment for
potential confounders.

Supplementary Table S3 (upper half) summarizes the characteristics of the retained
single-tool studies, all of which are RCTs. One study, reported in two articles, assessed
an MSI screening tool and tool-guided interventions based on occupational health [9] and
economic [24] outcomes. The study participants were either computer users [22,23] or
part of a general working population [9,21,24]. Participants were followed anywhere from
2 weeks to 2 years [21,22] following tool use, and screening tool arm sample sizes ranged
from 35 to 1374 participants [21,23]. MSI risk factor screening tools were used in these
studies to inform a variety of work modifications, including administrative controls and
physical hazard elimination [21], ergonomic workplace adjustment [22,23] and a multi-
component intervention program [9,24]. Data sources for outcome measures included
self-report questionnaires [9,22–24], daily symptom diaries [23] and company-provided
occupational data [9,21,24]. Other comparator arms included tool-assisted risk assessment
but withholding tool recommendations until completion of follow-up [9,22,24] and provid-
ing a variety of general [23] or specific [21] occupational health information to participants.
The computer-user studies focused heavily on measurements of musculoskeletal discom-
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fort [22,23] while also including some behavioural change measures. The general working
population studies more frequently reported measures of work absence [9,21,24], and one
included resource utilization measures [24].

3.2. Characteristics of Multiple-Tool Articles

Thirteen multiple-tool articles were identified [25–37], and seven, representing five
studies, were retained following quality assessment [26–28,30,35–37]. All seven retained
articles were scored as medium-quality. Compared to the single-tool articles, the multiple-
tool articles described confounding variables and patients lost to follow-up less frequently
and did not provide a priori indicators of follow-up articles for related same-study articles.
The multiple-tool study populations did, however, have higher representativeness of their
source populations.

Supplementary Table S3 (lower half) summarizes the characteristics of the retained
multiple-tool studies. One study encompassed three follow-up articles [26–28] published
from 2002 to 2005, with an original 2001 article not retained due to poor article qual-
ity [25]. Study design variety was larger in these studies, with three quasi-experimental
study designs [26–28,30,36] and two RCTs [35,37]. Participants in the studies included
health workers from Canada [30] and Australia [26–28], construction workers from the
Netherlands [35], foundry workers from Italy [36] and farmers from the United States [37].
Follow-up was typically longer than included study counterparts—12 months at minimum.
The range of sample sizes was comparable with the included studies. Data sources for the
retained multiple-tool studies included workplace-associated records [26–28,35,36], insur-
ance compensation documents [26–28], regional occupational health records [30] as well as
self-report forms [35,37] and standardized phone calls [37]. Five studies reported count or
rate outcomes of workplace-associated MSI [26–28,30,36,37], all but one reported a measure
of work absence [26–28,35–37], one reported a measure of musculoskeletal discomfort [35]
and three reported a measure of claims cost [26–28,37]. One study reported on measures of
other healthcare utilization [37] and another reported on self-assessed health status [35].

Six articles were scored as poor quality and are not characterized in this paper beyond
their quality appraisals [25,29,31–34]. Compared to the retained articles, these poor-quality
articles less frequently reported on study characteristics, were significantly less representa-
tive of their source populations, did not necessarily recruit comparable groups for screening
tool use and control groups, did not adequately adjust for differing participant follow-up
time or confounding by other means and used less valid outcome measurement instruments.

3.3. Synthesis of Included Study Results

Table 2 presents the effect direction plot showing consistency of outcomes for the
included studies. In total, seven outcome categories were provided from the included
studies—musculoskeletal discomfort, work absence, health resource utilization, work
behavior modification, workplace-associated MSI, claims cost and self-rated health status.
The results according to these outcomes are shown below.

No high-quality studies are present in the analysis, and each study utilizes a different
MSI risk factor screening tool. Therefore, there is insufficient evidence to determine the
effect of any specific MSI risk factor screening tool on any of the previously identified
outcome categories.
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Table 2. Effect direction plot for retained included studies.

Single-Tool Studies Multiple-Tool Studies

Study Frost 2007
[21]

Ho 2014
[22]

Ketola 2002
[23]

Speklé 2010
[9,24] (RCT

and
economic
analysis)

Carrivick
2002, 2005

[26–28]

Craib 2007
[30]

Porru 2017
[36]

Rautainen
2004 [37]

Oude
Hengel 2013

[35]

MSI Risk Factor
Screening Tool

Danish
working

environment
regulations

DSE RAM
System

Ergonomic
checklist
for VDU

work

RSI
QuickScan

Manual
handling
checklist

(+ multiple
interventions)

Custom-
checklist-

based screen
(+ multiple

interventions)

Ad hoc risk
assessment

checklist
(+ multiple

interventions)

Certified
Safe Farm
checklist

(+ multiple
interventions)

QuickScan
questionnaire
(+ multiple

interventions)

Musculoskeletal
discomfort JI JI JI JI

Work absence JI JI N JI JI JI

Health resource
utilization JI JI

Work behavior
modification JI

Workplace-
associated

MSI
N H N JI

Claims cost N JI

Self-rated health
status JI

In this plot, upward arrow N indicates positive health effect, downward arrow H indicates negative health effect
and sideways arrow JI indicates no change/mixed/conflicting findings. Final sample size in intervention group:
large arrowN indicates >300, medium arrow N indicates 50–300 and small arrow N indicates <50. Study quality
(Downs and Black) for all included studies was medium.

3.4. Effects on Musculoskeletal Discomfort

Three medium-quality single-tool studies show either conflicting evidence [22,23]
or no change [9,24] in musculoskeletal discomfort measures following their respective
MSI-risk-factor-screening-tool-guided interventions. One medium-quality multiple-tool
study shows no change [35] in musculoskeletal discomfort measures following use of an
MSI risk factor screening tool as an intervention component. Therefore, there is limited
evidence that MSI risk factor screening tools either do not affect or inconsistently affect
musculoskeletal discomfort when used by themselves and insufficient evidence of their
effect on musculoskeletal discomfort when used in combination with other interventions.

3.5. Effects on Work Absence

Two medium-quality single-tool studies show no change [9,21,24] in work absence mea-
sures following their respective MSI-risk-factor-screening-tool-guided interventions. Three
medium-quality multiple-tool studies show no change in work absence measures [35–37]
and one medium-quality study shows a decrease in work absence measures [26–28] fol-
lowing use of an MSI risk factor screening tool as an intervention component. Therefore,
there is limited evidence that MSI risk factor screening tools either do not affect or in-
consistently affect work absence, both when used by themselves or in combination with
other interventions.

3.6. Effects on Health Resource Utilization

One medium-quality study shows no change [9,24] in measures of health resource
utilization following an MSI-risk-factor-screening-tool-guided intervention. No included
multiple-tool studies assessed health resource utilization outcomes following use of an
MSI risk factor screening tool as an intervention component. Therefore, there is insufficient
evidence regarding the effect of MSI risk factor screening tools on health resource utilization,
both when used by themselves or in combination with other interventions.



Int. J. Environ. Res. Public Health 2023, 20, 2762 9 of 13

3.7. Effects on Workplace Behaviour

One medium-quality study shows conflicting evidence [22] in measures of workplace
behavior modification following an MSI-risk-factor-screening-tool-guided intervention.
No included multiple-tool studies assessed workplace behavior modification outcomes
following use of an MSI risk factor screening tool as an intervention component. There is
insufficient evidence regarding the effect of MSI risk factor screening tools on work behavior
modification, both when used by themselves or in combination with other interventions.

3.8. Effects on Workplace-Associated MSI

No included single-tool studies assessed workplace-associated MSI outcomes follow-
ing an MSI-risk-factor-screening-tool-guided intervention. Two medium-quality multiple-
tool studies show decreases in workplace-associated MSI [26–28,36], another shows an
increase in workplace-associated MSI [30] and another shows no change [37] following
use of an MSI risk factor screening tool as an intervention component. Therefore, there is
insufficient evidence regarding the effect of MSI risk factor screening tools on workplace-
associated MSI when used by themselves and mixed evidence when used in combination
with other interventions.

3.9. Effects on Claims Costs

No included single-tool studies assessed measures of claims cost following an MSI-
risk-factor-screening-tool-guided intervention. One medium-quality multiple-tool study
shows decreases in claims cost [26–28] and another medium-quality multiple-tool study
shows no change in claims cost [37] following use of an MSI risk factor screening tool as
an intervention component. Therefore, there is insufficient evidence regarding the effect
of MSI risk factor screening tools on claims costs when used by themselves and mixed
evidence when used in combination with other interventions.

3.10. Effects on Self-Rated Health Status

No included single-tool studies assessed measures of self-rated health status following
an MSI-risk-factor-screening-tool-guided intervention. One medium-quality multiple-tool
study shows no change [35] in measures of self-rated health status following use of an MSI
risk factor screening tool as an intervention component. Therefore, there is insufficient
evidence for use of MSI risk factor screening tools on self-rated health status both when
used by themselves or in combination with other interventions.

4. Discussion

The current evidence is insufficient to characterize the effect of MSI risk factor screen-
ing tool use on relevant MSI outcomes when used by themselves. The available evidence
demonstrates an inconsistent effect of screening tool use on musculoskeletal discomfort
and work absence. When used in combination with other tools and interventions in the
context of a broader injury prevention program, there is mixed evidence for the effect of
MSI risk factor screening tools on workplace-associated MSI and claims costs. For more
certain conclusions on the utility and real-world effectiveness of MSI risk factor screening
tools, high-quality randomized controlled trials should be conducted examining the impact
of the currently available tools on MSI injury and related outcomes. If used in workplace
settings, MSI risk factor screening tools should be one component of a broader MSI risk
mitigation strategy.

This study utilized rigorous epidemiological data synthesis methods to assess the
current state of the scientific literature regarding the effect of using MSI risk factor screening
tools to inform injury prevention interventions on important outcomes, such as MSI and
related claims and resource utilization. In total, 18 articles representing 14 studies met
the article inclusion criteria dictated in the final protocol. Of these 18 articles, only 12 met
the minimum quality criteria for retention in the literature synthesis. Of these twelve
articles, only five—representing four studies and containing no overlap in screening tools
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used—used an MSI risk factor screening tool to guide an intervention in a manner that
enabled meaningful isolation of the effect of the tool as compared to the effect of other
distinctly separate but concurrent tools and interventions. Despite plausible isolation of
the effects of these remaining screening tools, outcome measures were too heterogeneous
to allow effect size data pooling; rather, the highest level of evidence that could be gleaned
from the current literature is, overall, whether screening tools were or were not associated
with a positive health effect for specified outcome measure categories.

There are numerous supplementary findings from this systematic review. First, none
of the named tools from the preliminary database search that were identified as commonly
used (e.g., NIOSH lifting equation, RULA, REBA) were found to have been evaluated
rigorously beyond their own validation studies. This literature shows that, instead, MSI
risk factor screening tools are, in practice, typically purpose-built or adopted from local
occupational health centres. Occupational health and safety professionals designing these
novel tools would see minimal examples supporting use of specific screening tools in the
literature and instead may base their designs on international standards for biomechanical
risk factors, which themselves are not definitively robust [11]. Any documentation of a
high-quality, targeted and real-world application using a previously validated tool would
significantly strengthen the state of the current MSI risk factor screening tool literature,
especially if such studies also employ clearly defined, replicable outcome measures. In time,
tool use resulting in more consistent positive health effects could be identified, adopted
and refined.

Second, there is a distinct difference between the characteristics of single-tool and
multiple-tool studies, the former group requiring that the effect of a single tool be identi-
fiable. Notably, the selected study sample in multiple-tool studies was more consistently
representative of its source population. These studies used a more pragmatic approach to
screening and intervention and may better reflect actual practice, where, often, numerous
assessment tools and potential interventions are simultaneously introduced in an attempt
to improve some aspect of MSI. One conclusion from this finding is that MSI risk factor
screening tool use is commonly only one component of a broader MSI risk mitigation
strategy. It remains unclear how the effect of MSI screening tools changes with different
types of concurrent interventions. This is an additional research avenue made clear from
the results of the current systematic review.

This study provides, to the authors’ knowledge, the first systematic review specifically
assessing the effects of MSI risk factor screening tools in actual work environments for
informing MSI prevention programs. The strengths of the study included use of a robust
database search strategy created through collaboration with an experienced health sciences
librarian, use of up-to-date guidelines on systematic review structure and reporting and
involvement of multiple stakeholder groups to provide guidance on practical needs of the
occupational health and safety industry. Previous research synthesis has focused instead on
the variety of available MSI risk factor screening tools [5], the effect of overall occupational
health and safety interventions on preventing similar categories of MSI outcomes [20] and
on use of clinical decision support tools to identify useful interventions for already injured
patients with disabling musculoskeletal disorders [38]. However, the conclusions from
this review show similarities to those from the occupational health and safety intervention
review: both identify significant areas of evidence limited in certainty by a lack of high-
quality literature, albeit the latter involving a substantially larger sample of 36 studies [20].
Considering the wide array of available MSI risk factor screening tools, this lack of data
may point to the possibility of missed MSI screening tool use in the grey literature, which
was not searched. This constitutes a limitation to our methods, yet we are confident that we
located the highest-quality peer-reviewed articles in this research area. Another limitation
of the current study was that we did not evaluate the large body of research examining the
measurement properties (i.e., reliability and validity) of the MSI screening tools. However,
this has been examined in previous reviews [7,8] and our focus on trials examining the
real-world impact of MSI screening tools is novel.



Int. J. Environ. Res. Public Health 2023, 20, 2762 11 of 13

5. Conclusions

Overall, there is a small quantity of insufficient research and limited evidence regard-
ing use of MSI risk factor screening tools for informing injury prevention interventions. For
more certain conclusions on the utility and effectiveness of MSI risk factor screening tools,
high-quality research on the currently available tools is necessary.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/ijerph20032762/s1, Supplementary Material S1: Search Strategy,
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to poor quality, Table S3: Characteristics of included studies: Characteristics included design, setting,
description of MSI screening tool, study arm description, outcome measurements, and results.

Author Contributions: D.V., S.S., C.C., C.G., L.M., D.L. and D.P.G. assisted with planning and
conceptualizing the study, conducting the review and writing the article. L.D. assisted with planning
and undertaking the literature search and writing the article. R.R., T.S. and M.D.L. assisted with
undertaking the literature review, article screening and writing the article. All authors have read and
agreed to the published version of the manuscript.

Funding: This research is supported by a grant from WorkSafeBC (grant RS2020-SP10). The authors
declare that this study received funding from WorkSafeBC. The funder was not involved in the study
design, collection, analysis, interpretation of data, the writing of this article or the decision to submit
it for publication.

Institutional Review Board Statement: Formal ethical approval was not required since this was a
systematic review of previously published studies.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data available upon request from the authors.

Acknowledgments: A version of this work was presented at the 2022 International Congress on
Occupational Health (6–11 February 2022) and an associated abstract was published within the
Journal of Safety and Health at Work (SH@W). The authors wish to acknowledge Craig Hrynchuk of
the Alberta Municipal Health & Safety Association, Mike Roberts of the British Columbia Municipal
Safety Association and Ali Golabchi of EWI Works for their support and guidance as stakeholder
partners during the review process.

Conflicts of Interest: This research is supported with a grant from WorkSafeBC (grant RS2020-SP10).
Richard Roberts and Teri Slade report financial support provided from this grant. Article publishing
charges were provided from this grant. Carol Cancelliere is supported by the Canadian Chiropractic
Research Foundation as a Research Chair in Knowledge Translation in the Faculty of Health Sciences
at Ontario Tech University. Author L.M. is employed by EWI Works and author D.L. is employed by
Suncor Energy. The remaining authors declare that the research was conducted in the absence of any
commercial or financial relationships that could be construed as a potential conflict of interest.

References

1. Briggs, A.M.; Woolf, A.D.; Dreinhöfer, K.; Homb, N.; Hoy, D.G.; Kopansky-Giles, D.; Åkesson, K.; March, L. Reducing the Global
Burden of Musculoskeletal Conditions. Bull. World Health Organ. 2018, 96, 366–368. [CrossRef]

2. Briggs, A.M.; Jordan, J.E.; Kopansky-Giles, D.; Sharma, S.; March, L.; Schneider, C.H.; Mishrra, S.; Young, J.J.; Slater, H. The Need
for Adaptable Global Guidance in Health Systems Strengthening for Musculoskeletal Health: A Qualitative Study of International
Key Informants. Glob. Health Res. Policy 2021, 6, 24. [CrossRef]

3. Foster, N.E.; Anema, J.R.; Cherkin, D.; Chou, R.; Cohen, S.P.; Gross, D.P.; Ferreira, P.H.; Fritz, J.M.; Koes, B.W.; Peul, W.; et al.
Prevention and Treatment of Low Back Pain: Evidence, Challenges, and Promising Directions. The Lancet 2018, 391, 2368–2383.
[CrossRef]

4. World Health Organization; International Labour Organization. WHO/ILO Joint Estimates of the Work-Related Burden of Disease and
Injury, 2000–2016: Global Monitoring Report; World Health Organization; International Labour Organization: Geneva, Switzerland,
2021.

5. Wilhelmus Johannes Andreas, G.; Johanssons, E. Observational Methods for Assessing Ergonomic Risks for Work-Related
Musculoskeletal Disorders. A Scoping Review. Rev. Cienc. Salud 2018, 16, 8–38. [CrossRef]

6. Beliveau, P.J.H.; Johnston, H.; Van Eerd, D.; Fischer, S.L. Musculoskeletal Disorder Risk Assessment Tool Use: A Canadian
Perspective. Appl. Ergon. 2022, 102, 103740. [CrossRef] [PubMed]

https://www.mdpi.com/article/10.3390/ijerph20032762/s1
https://www.mdpi.com/article/10.3390/ijerph20032762/s1
http://doi.org/10.2471/BLT.17.204891
http://doi.org/10.1186/s41256-021-00201-7
http://doi.org/10.1016/S0140-6736(18)30489-6
http://doi.org/10.12804/revistas.urosario.edu.co/revsalud/a.6840
http://doi.org/10.1016/j.apergo.2022.103740
http://www.ncbi.nlm.nih.gov/pubmed/35344795


Int. J. Environ. Res. Public Health 2023, 20, 2762 12 of 13

7. Kee, D. Systematic Comparison of OWAS, RULA, and REBA Based on a Literature Review. Int. J. Environ. Res. Public Health 2022,
19, 595. [PubMed]

8. Rimando, C.R.D.; Batay, C.M.L.; Canita, V.E.S.; Dela Cruz, A.M.C.; Egos, G.A.D.; Ladisla, N.K.E.; Panlilio, J.K.S.; Ramos, A.M.P.;
Tayo, P.A.B.; Villamor, Z.M.F.; et al. Validity and Reliability of the Modified RULA (MRULA) among Public and Private Office
Workers. In Proceedings of the Journal of Physics: Conference Series, Xi’an, China, 18–19 October 2020; Institute of Physics
Publishing: Bristol, UK, 2020; Volume 1529, p. 32056.

9. Speklé, E.M.; Hoozemans, M.J.; Blatter, B.M.; Heinrich, J.; van der Beek, A.J.; Knol, D.L.; Bongers, P.M.; van Dieën, J.H.
Effectiveness of a Questionnaire Based Intervention Programme on the Prevalence of Arm, Shoulder and Neck Symptoms,
Risk Factors and Sick Leave in Computer Workers: A Cluster Randomised Controlled Trial in an Occupational Setting. BMC
Musculoskelet. Disord. 2010, 11, 99. [CrossRef]

10. Colombini, D.; Occhipinti, E. Scientific Basis of the OCRA Method for Risk Assessment of Biomechanical Overload of Upper
Limb, as Preferred Method in ISO Standards on Biomechanical Risk Factors. Scand. J. Work Environ. Health 2018, 44, 436–438.
[CrossRef]

11. Armstrong, T.J.; Burdorf, A.; Descatha, A.; Farioli, A.; Graf, M.; Horie, S.; Marras, W.S.; Potvin, J.R.; Rempel, D.; Spatari, G.; et al.
Scientific Basis of ISO Standards on Biomechanical Risk Factors. Scand. J. Work Environ. Health 2018, 44, 323–329. [CrossRef]

12. Page, M.J.; McKenzie, J.E.; Bossuyt, P.M.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, J.M.; Akl, E.A.;
Brennan, S.E.; et al. The PRISMA 2020 Statement: An Updated Guideline for Reporting Systematic Reviews. BMJ 2021, 372, n71.

13. WorkSafeBC. Available online: https://www.worksafebc.com/en/law-policy/occupational-health-safety/searchable-ohs-
regulation/ohs-regulation/part-04-general-conditions#SectionNumber:4.46 (accessed on 15 March 2022).

14. Veritas Health Innovation Covidence Systematic Review Software. Available online: https://www.covidence.org/ (accessed on
28 January 2022).

15. Downs, S.H.; Black, N. The Feasibility of Creating a Checklist for the Assessment of the Methodological Quality Both of
Randomised and Non-Randomised Studies of Health Care Interventions. J. Epidemiol. Community Health 1998, 52, 377–384.
[CrossRef] [PubMed]

16. Hooper, P.; Jutai, J.W.; Strong, G.; Russell-Minda, E. Age-Related Macular Degeneration and Low-Vision Rehabilitation: A
Systematic Review. Can. J. Ophthalmol. 2008, 43, 180–187. [CrossRef]

17. Slavin, R.E. Best Evidence Synthesis: An Intelligent Alternative to Meta-Analysis. J. Clin. Epidemiol. 1995, 48, 9–18. [CrossRef]
[PubMed]

18. Campbell, M.; McKenzie, J.E.; Sowden, A.; Katikireddi, S.V.; Brennan, S.E.; Ellis, S.; Hartmann-Boyce, J.; Ryan, R.; Shepperd, S.;
Thomas, J.; et al. Synthesis without Meta-Analysis (SWiM) in Systematic Reviews: Reporting Guideline. BMJ 2020, 368, l6890.
[CrossRef] [PubMed]

19. Boon, M.H.; Thomson, H. The Effect Direction Plot Revisited: Application of the 2019 Cochrane Handbook Guidance on
Alternative Synthesis Methods. Res. Synth. Methods 2021, 12, 29–33. [CrossRef] [PubMed]

20. Kennedy, C.A.; Amick III, B.C.; Dennerlein, J.T.; Brewer, S.; Catli, S.; Williams, R.; Serra, C.; Gerr, F.; Irvin, E.; Mahood, Q.;
et al. Systematic Review of the Role of Occupational Health and Safety Interventions in the Prevention of Upper Extremity
Musculoskeletal Symptoms, Signs, Disorders, Injuries, Claims and Lost Time. J. Occup. Rehabil. 2010, 20, 127–162. [CrossRef]

21. Frost, P.; Haahr, J.P.; Andersen, J.H. Reduction of Pain-Related Disability in Working Populations: A Randomized Intervention
Study of the Effects of an Educational Booklet Addressing Psychosocial Risk Factors and Screening Workplaces for Physical
Health Hazards. Spine 2007, 32, 1949–1954. [CrossRef]

22. Ho, W.Y.; Sung, C.Y.Y.; Yu, Q.H.; Chan, C.C.H. Effectiveness of Computerized Risk Assessment System on Enhancing Workers’
Occupational Health and Attitudes towards Occupational Health. Work 2014, 48, 471–484. [CrossRef]

23. Ketola, R.; Toivonen, R.; Häkkänen, M.; Luukkonen, R.; Takala, E.P.; Viikari-Juntura, E. Effects of Ergonomic Intervention in Work
with Video Display Units. Scand. J. Work Environ. Health 2002, 28, 18–24. [CrossRef]

24. Speklé, E.M.; Heinrich, J.; Hoozemans, M.J.; Blatter, B.M.; Van Der Beek, A.J.; Van Dieën, J.H.; Van Tulder, M.W. The Cost-
Effectiveness of the RSI Quickscan Intervention Programme for Computer Workers: Results of an Economic Evaluation alongside
a Randomised Controlled Trial. BMC Musculoskelet. Disord. 2010, 11, 259. [CrossRef]

25. Carrivick, P.J.W.; Lee, A.H.; Yau, K.K.W. Consultative Team to Assess Manual Handling and Reduce the Risk of Occupational
Injury. Occup. Environ. Med. 2001, 58, 339–344. [CrossRef] [PubMed]

26. Carrivick, P.J.W.; Lee, A.H.; Yau, K.K.W. Effectiveness of a Participatory Workplace Risk Assessment Team in Reducing the Risk
and Severity of Musculoskeletal Injury. J. Occup. Health 2002, 44, 221–225. [CrossRef]

27. Carrivick, P.J.W.; Lee, A.H.; Yau, K.K.W. Effectiveness of a Workplace Risk Assessment Team in Reducing the Rate, Cost, and
Duration of Occupational Injury. J. Occup. Environ. Med. 2002, 44, 155–159. [CrossRef] [PubMed]

28. Carrivick, P.J.W.; Lee, A.H.; Yau, K.K.W.; Stevenson, M.R. Evaluating the Effectiveness of a Participatory Ergonomics Approach in
Reducing the Risk and Severity of Injuries from Manual Handling. Ergonomics 2005, 48, 907–914. [CrossRef] [PubMed]

29. Cheng, A.S.; Chan, E.P.-S. The Effect of Individual Job Coaching and Use of Health Threat in a Job-Specific Occupational Health
Education Program on Prevention of Work-Related Musculoskeletal Back Injury. J. Occup. Environ. Med. 2009, 51, 1413–1421.
[CrossRef]

http://www.ncbi.nlm.nih.gov/pubmed/35010850
http://doi.org/10.1186/1471-2474-11-99
http://doi.org/10.5271/sjweh.3746
http://doi.org/10.5271/sjweh.3718
https://www.worksafebc.com/en/law-policy/occupational-health-safety/searchable-ohs-regulation/ohs-regulation/part-04-general-conditions#SectionNumber:4.46
https://www.worksafebc.com/en/law-policy/occupational-health-safety/searchable-ohs-regulation/ohs-regulation/part-04-general-conditions#SectionNumber:4.46
https://www.covidence.org/
http://doi.org/10.1136/jech.52.6.377
http://www.ncbi.nlm.nih.gov/pubmed/9764259
http://doi.org/10.3129/i08-001
http://doi.org/10.1016/0895-4356(94)00097-A
http://www.ncbi.nlm.nih.gov/pubmed/7853053
http://doi.org/10.1136/bmj.l6890
http://www.ncbi.nlm.nih.gov/pubmed/31948937
http://doi.org/10.1002/jrsm.1458
http://www.ncbi.nlm.nih.gov/pubmed/32979023
http://doi.org/10.1007/s10926-009-9211-2
http://doi.org/10.1097/BRS.0b013e3181342659
http://doi.org/10.3233/WOR-141916
http://doi.org/10.5271/sjweh.642
http://doi.org/10.1186/1471-2474-11-259
http://doi.org/10.1136/oem.58.5.339
http://www.ncbi.nlm.nih.gov/pubmed/11303084
http://doi.org/10.1539/joh.44.221
http://doi.org/10.1097/00043764-200202000-00010
http://www.ncbi.nlm.nih.gov/pubmed/11851216
http://doi.org/10.1080/0014013042000327698
http://www.ncbi.nlm.nih.gov/pubmed/16147411
http://doi.org/10.1097/JOM.0b013e3181bfb2a8


Int. J. Environ. Res. Public Health 2023, 20, 2762 13 of 13

30. Craib, K.J.P.; Hackett, G.; Back, C.; Cvitkovich, Y.; Yassi, A. Injury Rates, Predictors of Workplace Injuries, and Results of an
Intervention Program among Community Health Workers: Populations at Risk across the Lifespan: Empirical Studies. Public
Health Nurs. 2007, 24, 121–131. [CrossRef]

31. Johnson, K.A.; Ruppe, J. A Job Safety Program for Construction Workers Designed to Reduce the Potential for Occupational
Injury Using Tool Box Training Sessions and Computer-Assisted Biofeedback Stress Management Techniques. Int. J. Occup. Saf.
Ergon. 2002, 8, 321–329. [CrossRef]

32. Laing, A.C.; Frazer, M.B.; Cole, D.C.; Kerr, M.S.; Wells, R.P.; Norman, R.W. Study of the Effectiveness of a Participatory Ergonomics
Intervention in Reducing Worker Pain Severity through Physical Exposure Pathways. Ergonomics 2005, 48, 150–170. [CrossRef]

33. Laing, A.C.; Cole, D.C.; Theberge, N.; Wells, R.P.; Kerr, M.S.; Frazer, M.B. Effectiveness of a Participatory Ergonomics Intervention
in Improving Communication and Psychosocial Exposures. Ergonomics 2007, 50, 1092–1109. [CrossRef]

34. Melhorn, J.M.; Wilkinson, L.; Riggs, J.D. Management of Musculoskeletal Pain in the Workplace. J. Occup. Environ. Med. 2001, 43,
83–93. [CrossRef]

35. Oude Hengel, K.M.; Blatter, B.M.; van der Molen, H.F.; Bongers, P.M.; van der Beek, A.J. The Effectiveness of a Construction
Worksite Prevention Program on Work Ability, Health, and Sick Leave: Results from a Cluster Randomized Controlled Trial.
Scand. J. Work Environ. Health 2013, 39, 456–467. [CrossRef]

36. Porru, S.; Calza, S.; Arici, C. Prevention of Occupational Injuries: Evidence for Effective Good Practices in Foundries. J. Safety Res.
2017, 60, 53–69. [CrossRef] [PubMed]

37. Rautiainen, R.H.; Lange, J.L.; Hodne, C.J.; Schneiders, S.; Donham, K.J. Injuries in the Iowa Certified Safe Farm Study. J. Agric. Saf.
Health 2004, 10, 51–63. [CrossRef] [PubMed]

38. Gross, D.P.; Armijo-Olivo, S.; Shaw, W.S.; Williams-Whitt, K.; Shaw, N.T.; Hartvigsen, J.; Qin, Z.; Ha, C.; Woodhouse, L.J.; Steenstra,
I.A. Clinical Decision Support Tools for Selecting Interventions for Patients with Disabling Musculoskeletal Disorders: A Scoping
Review. J. Occup. Rehabil. 2016, 26, 286–318. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1111/j.1525-1446.2007.00616.x
http://doi.org/10.1080/10803548.2002.11076532
http://doi.org/10.1080/00140130512331325727
http://doi.org/10.1080/00140130701308708
http://doi.org/10.1097/00043764-200102000-00003
http://doi.org/10.5271/sjweh.3361
http://doi.org/10.1016/j.jsr.2016.11.007
http://www.ncbi.nlm.nih.gov/pubmed/28160815
http://doi.org/10.13031/2013.15674
http://www.ncbi.nlm.nih.gov/pubmed/15017805
http://doi.org/10.1007/s10926-015-9614-1
http://www.ncbi.nlm.nih.gov/pubmed/26667939

	Introduction 
	Materials and Methods 
	Results 
	Characteristics of Single-Tool Articles 
	Characteristics of Multiple-Tool Articles 
	Synthesis of Included Study Results 
	Effects on Musculoskeletal Discomfort 
	Effects on Work Absence 
	Effects on Health Resource Utilization 
	Effects on Workplace Behaviour 
	Effects on Workplace-Associated MSI 
	Effects on Claims Costs 
	Effects on Self-Rated Health Status 

	Discussion 
	Conclusions 
	References

