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Abstract

Background Musculoskeletal injuries are common after road traffic crash (RTC) and can lead to poor work-related outcomes.
This review evaluated the impact of interventions on work-related (e.g. sick leave), health, and functional outcomes in indi-
viduals with a RTC-related musculoskeletal injury, and explored what factors were associated with work-related outcomes.
Methods Searches of seven databases were conducted up until 9/03/2023. Eligible interventions included adults with RTC-
related musculoskeletal injuries, a comparison group, and a work-related outcome, and were in English. Meta-analyses were
conducted using RevMan and meta-regressions in Stata.

Results Studies (n=27) were predominantly conducted in countries with third-party liability schemes (n=26), by physi-
otherapists (n=17), and in participants with whiplash injuries (94%). Pooled effects in favour of the intervention group were
seen overall (SMD=-0.14, 95% CI: — 0.29, 0.00), for time to return to work (— 17.84 days, 95% CI: — 24.94, — 10.74),
likelihood of returning to full duties vs. partial duties (RR=1.17, 95% CI: 1.01, 1.36), decreased pain intensity (—6.17
units, 95% CIL: — 11.96, —0.39, 100-point scale), and neck disability (— 1.77 units, 95% CI: — 3.24, —0.30, 50-point scale).
Discussion Interventions after RTC can reduce time to return to work and increase the likelihood of returning to normal
duties, but the results for these outcomes were based on a small number of studies with low-quality evidence. Further
research is needed to evaluate a broader range of interventions, musculoskeletal injury types, and to include better quality
work-related outcomes.
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Background

It is estimated that road traffic crash (RTC) injuries will cost
the world economy US$1.8 trillion from 2015 to 2030 [1]. In
Australia, injuries from RTC were calculated to cost AU$13
billion in 2016 [2], with the main cost being in workplace
output losses [3]. Musculoskeletal injuries (e.g. whiplash
[4] and fractures [5]) are the most common non-fatal injury
from RTC [6]. These injuries often result in persistent pain
[7] and poor work outcomes such as sick leave [8], delayed
return to work [9], and impaired work ability [10].

Little is known about whether interventions delivered
after RTC can shorten time to return to work and improve
work outcomes for musculoskeletal injuries. Previous
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reviews have predominantly been directed at more serious
injuries such as traumatic brain injury [11, 12] and spinal
cord injury [13, 14], and reviews evaluating musculoskel-
etal injuries after RTC have not focused on work-related
outcomes [15, 16].

The content of interventions, the context in which the
interventions are delivered, and concurrent changes in other
outcomes have not been explored and could contribute to
intervention effectiveness. Components of interventions that
may impact intervention effectiveness include intervention
length, who delivered the intervention, and their frequency
of contact with participants. The research to date on con-
textual factors suggests that personal and injury-related
characteristics such as age, gender, injury type and severity,
physical and mental health, job type, return to work expec-
tancies, and socio-economic status [17-21] are important
for returning to work after musculoskeletal injury and may
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also be important to consider in an intervention context. At
a workplace and societal level, employer and friend (but
not family) support have both been positively associated
with returning to work after musculoskeletal injury [17, 21,
22]. At a macro level, differences in compensation schemes
within and across countries can impact return to work, such
that more supportive compensation schemes can have better
return to work rates [23, 24]. Improvements in health and
functional outcomes may also be associated with improved
work outcomes. Findings from prospective studies report
that less that less self-reported pain and higher mental
health-related quality of life within three months of a RTC
predict higher return to work rates 12-24 months after injury
[25, 26].

The primary aim of this systematic review is to evalu-
ate the impact of interventions on work-related outcomes
in individuals who have sustained a RTC-related musculo-
skeletal injury. Secondary aims are to understand the inter-
vention components, participant characteristics, workplace
characteristics, and external factors that may be associated
with improvement in work-related outcomes in an interven-
tion context (aim 2) and to evaluate the impact of these inter-
ventions on health and functional outcomes (aim 3).

Methods

This systematic review was registered with the PROSPERO
(International prospective register of systematic reviews)
database on 14/08/2018 (CRD42018103746). The protocol
of the review has also been published [27]. The reporting of
this review follows the Preferred Reporting Items for Sys-
tematic review and Meta-Analysis (PRISMA) 2020 state-
ment [28] (see Supplementary File 1).

Data Sources and Search Strategy

The electronic databases PubMed, Embase, Web of Science,
Cumulative Index to Nursing and Allied Health Literature
(CINAHL), PsycINFO, Centre for Controlled Trials (CEN-
TRAL), and ProQuest Dissertations & Theses Global were
searched on 17/08/2018, 19/03/2020, and 9/03/2023. Search
terms related to four categories: (1) road traffic crash, (2)
musculoskeletal injury, (3) work-related outcomes, and (4)
intervention design, which were separated by the Boolean
phrase ‘AND’. The search strategy for one database can be
found in Supplementary File 2. Searches were limited to
studies in English. No further limits were used.

@ Springer

Study Selection

The primary author (CLB) exported the searches to
Endnote (Clarivate, London, UK) and removed dupli-
cates. Two authors (CLB and EJS or GW) independently
reviewed titles and abstracts using the following inclusion
criteria: (1) adults with a musculoskeletal injury of any
severity from a RTC, (2) intervention with a comparison
group, (3) work-related outcome, and (4) in English. Pro-
tocol papers and abstracts were excluded. Study authors
were contacted if the cause of the injury was unclear, or if
the study reported on a sample with a wide range of inju-
ries, to just extract data on participants with musculoskel-
etal injuries. For studies that were research protocols or
in abstract format only, the primary author sought the full
results through additional database searching and then via
contacting the study authors for more information. Mul-
tiple publications from the one trial were counted as one
study. Studies that met the inclusion criteria or required
further information were downloaded as full text. Full
texts were independently reviewed by the primary author
and either EJS, EMG, or GW. The study screening method
was updated to Covidence (Veritas Health Innovation Ltd,
Melbourne, Australia) for the most recent search, which is
an amendment to the review protocol [27].

Data Extraction

Data from studies that met the inclusion criteria were
extracted into tables (independently by author CLB and a
research assistant or statistician). Data extracted are out-
lined in the review protocol [27] and included study infor-
mation, participant details, work-related outcomes (e.g.
days to return to work, amount of sick leave), physical
and mental health outcomes, and return to usual activi-
ties. Only outcomes reported at the end of the interven-
tion period and any follow-up outcome measurement after
this (i.e. intervention maintenance) were extracted. When
a percentage was reported instead of the raw numbers,
author CLB calculated the number of ‘events’ by mul-
tiplying the percent per group with the total number of
participants per group. Numbers were rounded up when
fractional > 0.5 in accordance with mathematical conven-
tion. Study authors were contacted by the primary author
for more information or to clarify data if necessary. Char-
acteristics of the studies and participants are presented
in Table 1 and intervention characteristics and outcomes
are presented in Tables 2 and 3 (summarised) and Sup-
plementary File 3 (in detail). Study quality was measured
using the Cochrane risk-of-bias (RoB 2) tool for ran-
domised trials [29] or the Risk of Bias in Non-randomized
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Studies—of Interventions (ROBINS-I) tool [30] by two
authors (CLB and NEA) independently. Discrepancies
between the two authors were discussed and resolved
through discussion. GRADE was assessed by two authors
(CLB and EMG) independently using GRADEpro and dis-
crepancies were resolved through discussion.

Data Analysis

To address aims 1 and 3, meta-analyses were performed in
RevMan (version 5.4; Cochrane, London, UK) for the work,
health, and functional outcomes provided that the same out-
come was reported in at least three studies. Studies which
had three or more arms were condensed into two arms for
the meta-analysis as per Cochrane’s formulae for combin-
ing groups in Chap. 6 of the Cochrane Handbook [31]. If
the study arms were considered too different to combine,
the control group numbers were divided by the number
of intervention groups to provide a comparison for each
intervention arm. Original units were used for continuous
outcomes and risk ratios were calculated for the categori-
cal outcomes. The standardised mean difference (SMD)
and standard error were also calculated for work-related
outcomes either as Hedge’s g for continuous outcomes or
converting odds ratios as per the Cochrane Handbook guid-
ance for categorical outcomes (Chap. 10 [31]). Publication
bias was evaluated using funnel plots created in Stata (ver-
sion 17; StataCorp, College Station, Texas, USA). Study
heterogeneity was reported using Tau-squared and I-squared
statistics. Subgroup analyses were conducted for each work
outcome to compare interventions versus usual care/control
and intervention versus interventions if there were at least
two studies in each subgroup. Subgroup analyses including
only studies with a significant work outcome were also per-
formed for the health and functional outcomes when there
were at least two studies. Sensitivity tests using the ‘leave-
one-out’ approach were used to explore if the results were
reliant on any one study.

To address aim 2, predictors of work outcomes at the
individual study level were extracted from papers when
reported and described narratively. Meta-regressions were
conducted in Stata (version 17).

Results

Following exclusion of 632 duplicates, the searches iden-
tified 1212 records from the seven databases (see Fig. 1).
One additional paper was found by searching the reference
lists of included studies. In total, 34 papers met inclusion
criteria, for a total of 26 individual studies. One study [32,
33] included a two-part trial, an initial cluster-RCT evaluat-
ing one intervention, and then a nested RCT evaluating a

@ Springer

different intervention. For ease of reporting, this trial will be
reported as two separate studies from here on, for a total of
27 studies. Studies that were reviewed in full text, but did not
meet inclusion criteria, are listed in Supplementary File 4.

Study Details and Compensation Schemes

Studies were published between 1996 and 2018, see Table 1.
The total number of participants across the studies was 7571
(ranging from 25 to 3851 participants). Studies were pre-
dominantly from Europe (n=21), two studies were from
Canada, and four from Australia (New South Wales only).
Most studies (n=22) were randomised trials of two to four
arms; five studies were non-randomised. At the time that the
studies were conducted, almost all except one [34] were con-
ducted in countries that had a third-party liability scheme.
The percentage of participants who had pursued an insur-
ance claim varied between 53 and 100% across studies.

Participant Characteristics

Mean ages of participants ranged from 27 to 48 years. On
average, samples had slightly more women than men (58%
women, range 32 to 83%). The majority (94%) of partici-
pants had whiplash injuries (7093 participants, 24 studies).
Other injuries included musculoskeletal, orthopaedic, or
fracture injuries (e.g. upper and lower limb injuries; 262
participants, 3 studies), soft tissue injuries (143 participants,
2 studies), contusions (13 participants, 1 study), and joint
injuries (9 participants, 1 study). Time since injury (or emer-
gency department intake) for participants was within 10 days
in 12 studies, between 3 weeks and 2 months in 7 studies,
within 3 years in 6 studies, and within 10 years in 1 study.

Intervention Types, Comparison Groups,
and Effectiveness

Therapeutic Interventions

Twenty-two studies (out of 27, 81%) evaluated one or more
therapeutic intervention/s, see Table 2. Physiotherapists
were the most common therapeutic interventionists (17 stud-
ies, 77%). Only four physiotherapy interventions (out of 17,
24%) had a significant work-related difference post interven-
tion compared to a comparison group. Three of these inter-
ventions consisted of both graded exercise and psychological
strategies for 8—12 weeks compared to usual care or minimal
intervention [32, 34, 35]. The fourth intervention evaluated
daily laser therapy for five days compared to conventional
physiotherapy [36]. A 6-week cervical rotation intervention
(compared to advice leaflet) had no significant work-related
outcome post intervention (6 months) but did at 3-year fol-
low-up [37]. Cognitive behavioural exercise interventions of



Journal of Occupational Rehabilitation

7 databases searched: 1844 records

Duplicates removed: 632

records

Titles & abstracts reviewed: 1212

Excluded: 1130 records

Full texts reviewed: 82 (includes the full text of 1 abstract identified
in the review where the full text was later retrieved)

Excluded: 49 papers
Reasons:
Not musculoskeletal injury from a road

trafficcrash = 28

No comparison group =4

No work-related outcome =9

Study protocol/clinical trial protocol only = 8

+ 1 study found in the reference list of an

included study

34 papers included
(26 individual studies)

Fig. 1 Study flow chart

shorter lengths (2 or 6 weeks [38, 39]), neck mobilisation or
neck training programs [40—43], sling exercises [44], group
sessions [45], and increases in therapist visits in hospital
[46] were not effective on work outcomes. Physiotherapy
intervention compared to general practice [47], motor con-
trol training compared to neck exercises [48], and neck pos-
ture advice received after injury compared to three months
post injury [49] did not have any intervention effect on work
outcomes.

Other therapeutic interventions that were effective on
work-related outcomes were consultations with a reha-
bilitation physician compared to usual care [50], a 2-week
multi-component postural and psychological intervention
compared to physical agents [51], and an early mobilisa-
tion exercise regime advice sheet compared to a soft col-
lar [52]. Enhanced insurance consultation [53], Cognitive

Behavioural Therapy [43], and philosophy of life train-
ing [54] did not have significant effects on work-related
outcomes.

Interventions Delivered in the Emergency
Department

Interventions delivered in the emergency department (ED)
were not effective at improving work-related outcomes com-
pared to soft collar use or usual care, see Table 3. Interven-
tions were ‘act as usual’ advice given by an ED clinician
[55], provision of the “Whiplash Book’ and an active man-
agement consultation delivered by an ED clinician [32], and
a 1-page pamphlet summary of the Whiplash Booklet [56].

@ Springer
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Drug-based Interventions

Two studies evaluated the impact of medication on work
outcomes in participants with whiplash injury [43, 57] (see
Table 3). High-dose methylprednisolone administered within
8 h of injury resulted in improved sick leave outcomes after
6 months compared to placebo treatment [57]. Twice-weekly
bupivacaine injection for 8 weeks improved physician-deter-
mined working capacity over time, but was not significantly
better at improving working capacity versus daily flurbipro-
fen (200 mg) tablets or twice-weekly physiotherapy [43].

Web-Based Interventions

A website with information about the compensation process
and five lessons on problem-solving therapy was not signifi-
cantly better at improving self-reported work ability after 12
months compared to a control website with links to existing
information [58] (see Table 3).

Work-Based Interventions

No studies evaluated the impact of a work-based interven-
tion (e.g. job redesign or adaptation of working hours) on
work-related outcomes.

Work-Related Outcomes and Meta-analyses
Days to Return to Work

Interventions were effective compared to a compari-
son group for improving days to return to work (3 stud-
ies, —17.84 days, 95% CI: — 24.94, —10.74, p <0.001;
SMD =-0.62, 95% CI. — 1.00, —0.24; see Fig. 2A). No
publication bias was evident when viewing the funnel plot
and there was no heterogeneity (Tau’>=0.00, =0%).

Percentage of Participants Returned to Work
or Employed at Follow-Up

Interventions were not effective compared to a comparison
group for percentage of participants returned to work or
being employed at follow-up (8 studies, risk ratio=1.03,
95% CI: 0.91, 1.18, p=0.60; see Fig. 2B). No publication
bias was evident but there was significant (p =0.003) hetero-
geneity (Tau?=0.02, I>=68%). Subgroup analyses compar-
ing interventions versus usual care/control and intervention
versus interventions found no significant intervention effects
(see Supplementary File 5).

@ Springer

Days of Sick Leave

Interventions were not effective compared to a compari-
son group for decreasing days of sick leave (6 studies, 7
comparisons, —3.27 days, 95% CI: — 8.11, 1.56, p=0.18;
SMD=-0.12, 95% CI: — 0.26, 0.03; see Fig. 2C). There
was significant (p =0.02) heterogeneity (Tau®=13.38,
I =60%) and the funnel plot revealed some asymmetry as
the smaller, less precise studies reported larger effects in
favour of the intervention group than the more precise stud-
ies. When these studies were removed, heterogeneity was
improved (Tau?=3.35, I’=36%). There was a significant
intervention effect (—3.98 days, 95% CI: — 7.25, —0.72,
p=0.02) when evaluating only studies that compared inter-
vention to intervention, with low heterogeneity (Tau2 =0.00,
I*=0%) (see Supplementary File 5). When comparing inter-
vention to a usual care or control group, the effect was large
(—20.35 days, 95% CI: — 53.30, 12.60) but not significant
(p=0.23) and with high heterogeneity (Tau®=632.91,
P=78%).

Percentage of Participants with Sick Leave

Interventions were not effective compared to a comparison
group for amount of sick leave (any sick leave during the
study or being on sick leave at follow-up) (9 studies, 10
comparisons, risk ratio=1.06, 95% CI: 0.82, 1.36, p=0.67;
see Fig. 2D). There was low heterogeneity (Tau®=0.05,
I?=39%); however, the funnel plot revealed the same asym-
metry as for days of sick leave. Effects did not change sub-
stantially when interchanging different sick leave outcomes
(e.g. when studies reported both ‘any sick leave post injury’
and ‘on sick leave at follow-up’). Subgroup analyses com-
paring interventions versus usual care/control and interven-
tion versus interventions found no significant intervention
effects.

Other Work Outcomes

Out of those participants who returned to work, there was
a significant pooled effect for returning to full or normal
duties at follow-up (4 studies, risk ratio=1.17, 95% CI: 1.01,
1.36, p=0.04; see Fig. 2E), with no evidence of publication
bias and low heterogeneity. Other work-related outcomes—
a 3-item measure of the Work Ability Index [58], working
capacity [43], and work activities [47]—found no significant
intervention effects. One study found a significant interven-
tion effect for the 7-item Work Ability Index [35], but not
on days of sick leave [59].
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A
Mean Difference Mean Difference
Study or Subgroup  Weight IV, Random, 95% CI IV, Random, 95% CI
Conforti 2013 151% -27.80 [-46.06,-9.54]
Crawford 2004 11.6%  -17.10[-37.92,3.72]
Provinciali 1996 73.3% -15.90 [24.19,-7.61) ——
Total (95% Cl) 100.0% -17.84 [-24.94, -10.74] -~
Heterogeneity: Tau®= 0.00; Chi*=1.36, df= 2 (P=0.51); F=0% | y {

-50 -25 0 25 50

Test for overall effect Z= 4.92 (P < 0.00001) Favours [intervention]) Favours [comparison]

B Risk Ratio Risk Ratio

Study or Subgroup Weight M-H, Random, 95% CI M-H, Random, 95% CI

Wu 2017 8.3% 0.75[0.53, 1.06) I~

Stewart 2007 12.2% 0.75[0.59, 0.95)

Brooke 2014 8.7% 0.96 [0.69, 1.34) =T

Kongsted active 2007 19.0% 1.00[0.92, 1.08) ==

Ferrari 2005 14.7% 1.08 [0.90, 1.29] ="
Schaafsma 2012 12.7% 1.14[0.91,1.43) S
Provinciali 1996 14.2% 1.21 [1.00, 1.46) —
Sullivan 2006 10.2% 1.51[1.14, 2.02) =
Total (95% Cl) 100.0% 1.03[0.91, 1.18] <>

Total events

Heterogeneity: Tau®= 0.02; Chi*= 21.77, df= 7 (P = 0.003); *= 68% 0’5 07 15 3

Test for overall effect: Z= 0.52 (P = 0.60) Favours [comparison] Favours [intervention]

C Mean Difference Mean Difference
Study or Subgroup Weight IV, Random, 95% CI IV, Random, 95% CI
Pettersson 1998 21% -47.04 [-80.00,-14.08]

Ottosson 2007 1.1% -23.80[-68.51,20.91)

Ludvigsson NSE vs PPA 2017 47% -7.80[-28.92,13.32) S=——=r—
Rosenfeld 2003 7.2% -6.14[-22.68,10.40] |
Lamb step 2 2013 37.2% -4.00 [-7.40,-0.60) 4

Lamb step 1 2013 44.5% 0.00 [-1.05, 1.05) n
Ludvigsson NSEB vs PPA 2017 3.2% 8.10[-17.95,34.15] =

Total (95% Cl) 100.0% -3.27 [-8.11, 1.56] ﬂ
Heterogeneity: Tau®= 13.38; Chi*= 14.95, df= 6 (P = 0.02); F= 60% _5*0 _2+5 3 2+5 5+0

Testfor overall effect: Z=1.33 (P = 0.18) Favours [intervention] Favours [comparison)

D Risk Ratio Risk Ratio
Study or Subgroup Weight M-H, Random, 95% CI M-H, Random, 95% Cl
Pettersson 1998 0.8% 0.11[0.01,1.84]

Villafane 2017 0.7% 0.13[0.01, 2.56)

Ask 2009 1.6% 0.18[0.03, 1.27) ™

Bonk 2000 13.4% 0.73[0.43,1.22) ==.=E
Kongsted active 2007 13.3% 0.86 [0.51, 1.45) ==
Kongsted neck collar 2007 13.6% 1.14 [0.68, 1.80) =p=—
Ferrari 2005 24.5% 1.17[0.92,1.47) ™
Borchgrevink 1998 13.8% 1.34[0.81, 2.22) S i
Amirfeyz 2009 13.5% 1.44 [0.86, 2.42) S
Ventegodt 2004 4.7% 1.92[0.66, 5.59] =
Total (95% Cl) 100.0% 1.06 [0.82, 1.36] X 3

Total events

Heterogeneity: Tau®= 0.05; Chi*= 14.71, df= 9 (P = 0.10); F= 39% 0 501 051 150 160

Test for overall effect Z=0.42 (P = 0.67) Favours [intervention] Favours [comparison)

Fig. 2 Forest plots for the meta-analyses: days to return to work (2A), with sick leave (2D), percentage of participants returning to full or
percentage of participants who returned to work or were employed normal duties out of those who had returned to work (2E), and stand-
at follow-up (2B), days of sick leave (2C), percentage of participants ardised effects for return to work and sick leave outcomes (2F)
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Risk Ratio Risk Ratio
Study or Subgroup  Weight M-H, Random, 95% CI M-H, Random, 95% CI
Wu 2017 12.3% 1.05 [0.69, 1.60]
Stewart 2007 47.5% 1.11[0.92,1.33) i
Schaafsma 2012 34.7% 1.21[0.96, 1.52) T
Brooke 2014 55% 1.85[1.03, 3.70)
Total (95% Cl) 100.0% 1.17 [1.01, 1.36] <>
Total events
Heterogeneity: Tau®= 0.00; Chi*= 3.50, df=3 (P =0.32); F=14% 2 05 ; 3 5

Test for overall effect: Z= 2.03 (P = 0.04)

F Std. Mean Difference
Study or Subgroup Weight IV, Random, 95% CI

Favours [comparison] Favours [intervention]

Std. Mean Difference
IV, Random, 95% CI

Ask 2009 1.0% -1.31 [2.63, 0.00]
Villafane 2017 0.6% -1.20 [-2.91, 0.51)
Provinciali 1996 3.7% -1.05 [-1.58,-0.51)
Pettersson 1998 3.0% -0.90 [-1.55,-0.25)
Sullivan 2006 4.6% -0.63 [-1.04,-0.22)
Conforti 2013 51% -0.63 [-0.98,-0.27)
Crawford 2004 4.9% -0.31 [-0.69, 0.086)
Bonk 2000 4.2% -0.28 [-0.74,0.17)
Ferrari 2005 3.4% -0.25[-0.82,0.32)
Schaafsma 2012 51% -0.22[-0.57,0.13]
Ottosson 2007 4.6% -0.20 [-0.62,0.21)
Ludvigsson NSE vs PPA 2017 4.2% -0.17 [-0.63,0.29)
Lamb step 2 2013 6.7% -0.16 [-0.33,0.02)
Rosenfeld 2003 4.6% -0.15[-0.57, 0.26)
Kongsted active 2007 4.8% -0.08 [-0.46, 0.31)
Lamb step 1 2013 6.6% 0.00[-0.18,0.19)
Kongsted neck collar 2007 4.9% 0.06 [-0.31, 0.43)
Brooke 2014 3.3% 0.07 [-0.52, 0.67)
Ludvigsson NSEB vs PPA 2017 4.2% 0.12[-0.34,0.57)
Borchgrevink 1998 4.9% 0.22 [-0.16, 0.59)
Amirfeyz 2009 4.5% 0.30[-0.12,0.72)
Wu 2017 3.9% 0.44 [-0.06, 0.94)
Stewart 2007 4.5% 0.52[0.10, 0.94)
Ventegodt 2004 2.5% 0.56 [-0.18,1.30]
Total (95% Cl) 100.0% -0.14 [-0.29, 0.00]

Heterogeneity: Tau®= 0.07; Chi*= 65.59, df= 23 (P < 0.00001); I*= 65% p

Test for overall effect: Z=1.94 (P = 0.05)
Fig.2 (continued)

Standardised Effects

Twenty-two studies (24 comparisons) with standardised
return to work, employment, or sick leave outcomes were
included in the overall meta-analysis, see Fig. 2F. There
was a small effect supporting the intervention groups
(SMD=-0.14,95% CI: — 0.29, 0.00; p=0.05). There was
however significant heterogeneity (Tau?=0.07, I>=65%,
p <0.001). The funnel plot did not show publication bias,
and this was supported by results on the Egger test find-
ing no small-study effects (z=—1.54, p=0.12). Subgroup
analyses comparing interventions versus usual care/control
and intervention versus interventions found no significant
intervention effects.
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Sensitivity Analyses

The leave-one-out sensitivity analyses revealed that the
effects for any work outcome were not reliant on any one
trial (see Supplementary File 6).

Characteristics Associated with Work-Related
Outcomes

Three studies reported on predictors of work outcomes
at the individual study level. Better work outcomes were
significantly predicted by a shorter absence from work
and greater reductions in pain catastrophising [34]. Worse
work outcomes were significantly associated with moder-
ate to heavy loads on the neck [35], a poorer financial
situation [35], higher baseline levels of depression and
pain-related disability [35], and lawyer involvement [43].
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Meta-regression results using the standardised effect
scores identified no associations between 17 participant,
intervention, external or measurement characteristics and
work outcomes (see Supplementary File 7).

Overall Effects on Health- and Functional-Related
Outcomes, and in Studies with Significant Work Outcomes

Common health- and functional-related outcomes that could
be included in the meta-analyses were pain intensity (general
pain or neck pain) measured by a visual analogue scale (14
studies), the Neck Disability Index (NDI, 7 studies), self-
reported recovery (7 studies), physical and mental health-
related quality of life subscales of the Short-Form 12 and 36
(6 studies), and prevalence of neck pain (3 studies). There
were significant pooled intervention effects for pain inten-
sity (—6.17 units, 95% CI: — 11.96, —0.39, 100-point scale)
and the NDI (— 1.77 units, 95% CI: — 3.24, — 0.30, 50-point
scale) (see Supplementary File 8), all other pooled effects
were not significant. In the studies that had a significant
work outcome, only the NDI showed a significant pooled
intervention effect (—2.01 units, 95% CI: — 3.02, —0.99),
the effect for pain intensity was no longer significant.

The following health- and functional-related outcomes
were considered too different or there were insufficient stud-
ies to combine into meta-analyses. Measures of physical
functioning were the Patient-Specific Functional Scale (2
studies, both with significant intervention effects) and cer-
vical/neck range of motion (7 studies, none with significant
intervention effects). Psychological functioning outcomes
included depression and anxiety (6 studies, none with sig-
nificant intervention effects), kinesiophobia (3 studies, 1
study with a significant intervention effect), pain catastro-
phising (1 study with a significant intervention effect), and
self-reported well-being (1 study with a significant interven-
tion effect) (see Supplementary File 8).

Study Quality

Seventeen randomised studies were classified as being ‘high
risk’ and five were classified as having ‘some concerns’ (see
Supplementary File 9). No studies were classified as being
‘low risk’. Key issues were missing outcome data, deviations
from intended interventions, and selection of the reported
result. All five non-randomised studies received an overall
risk-of-bias judgement of ‘serious’. In most cases, this was
because studies did not control for possible confounding.

GRADE and Recommendations
The overall GRADE assessment results for the work-related

outcomes were classed as very low (see Supplementary File
10); as such, caution should be taken when interpreting these

results. The GRADE assessments were downgraded due to
the poor study quality mentioned above, the inconsistency
around the estimate for ‘percentage of participants returned
to work or employed’ and ‘days of sick leave’ due to high
heterogeneity, the imprecision around most of the estimates
due to the small overall sample size, and the possibility of
publication bias for the two sick leave outcomes.

Discussion

The aims of this systematic review were to evaluate the
impact of interventions on work-related outcomes after traf-
fic crash-related musculoskeletal injury; to explore inter-
vention components, participant characteristics, and external
factors; and health and functional outcomes. Meta-analyses
with significant intervention effects were days to return to
work (~ 18 days difference) and return to full or normal
duties (RR=1.17), supporting the effects of interventions
on these outcomes. Across work outcomes, there was a small
non-significant effect (SMD =—0.14, p=0.05) supporting
the interventions. Interventions that included both physi-
otherapy and a psychological component appeared prom-
ising for work-related outcomes, whereas ‘one-off’ advice
or information interventions delivered in the ED were less
promising. Surprisingly, this review found no studies that
evaluated specific workplace-based interventions, suggest-
ing more research is needed in this area for this popula-
tion. Only three studies specifically evaluated predictors of
work-related outcomes in their individual studies, identify-
ing that lawyer involvement and personal, injury-related, and
psychological factors predict work outcomes in intervention
contexts. Workers with these characteristics may be at risk
of having difficulties returning to work and may need addi-
tional interventional or structural support over and above
planned interventions. There is a need for more intervention
studies to evaluate predictors of work-related outcomes, to
better tailor what individual or intervention-related factors
should be addressed. Across studies, there did not seem to be
any participant, intervention, or external characteristics that
were associated with intervention effects on work-related
outcomes. Pain intensity was the most reported non-work
outcome and was significantly reduced across studies (aver-
age pain decrease of 6 out of 100), but was not significant
when just evaluating studies with significant work outcomes.
The Neck Disability Index was statistically significantly
reduced across studies, including in studies with a significant
work outcome (average decrease of 2 out of 50). Overall,
intervention effects for work outcomes appeared to occur
independently of changes in health- and functional-related
outcomes.

Graded exercise and psychological strategies had a
promising effect on work outcomes. Three successful

@ Springer
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physiotherapy interventions consisted of both graded exer-
cise and other psychological strategies delivered between
8- and 12-week duration [32, 34, 35]. These psychological
strategies included cognitive behavioural approaches (e.g.
goal setting, cognitive restructuring) [33-35] and relaxation
techniques [35]. In addition, a short, 2-week intervention of
relaxation training, postural training, and psychological sup-
port also had a significant intervention effect on work-related
outcomes [51]. Psychological strategies may be a necessary
component of return to work interventions. Other research
in musculoskeletal disorders and mental disorders has found
that psychological interventions can improve work-related
outcomes [60]. Furthermore, one study in this review [34]
identified that reductions in pain catastrophising (a target
of the intervention) were associated with a higher rate of
return to work.

There is also growing support for interventions to include
both exercise and psychological strategies for a range of
beneficial outcomes. For example, there is meta-analytic
evidence that the combination of both physiotherapy and
psychological strategies (e.g. cognitive behavioural therapy)
is more effective for physical function outcomes than physi-
otherapy alone [61]. The combination of both exercise and
psychology strategies has also been found to be beneficial
for other outcomes such as stress, depression symptoms,
perceived recovery, and pain compared to exercise alone in
a randomised trial [62]. Notably, some interventions in this
review using psychological components did not affect work
outcomes, but this may have been a result of the time frame
being too short to have an effect [38, 39] or having an active
comparison group [43].

Four studies evaluated neck mobilisation or neck training
programs, and three studies delivered advice or a pamphlet
in the emergency department, with none of these studies
finding a significant effect on work-related outcomes. These
findings are consistent with other reviews that found that
biofeedback interventions of the neck had no effect on work
ability [63] and educational interventions to be ineffective
for neck pain [64]. The remaining interventions were vari-
able and were rarely evaluated across more than one study.

A pattern that emerged across the studies was the pres-
ence of significant findings for a continuous measure of work
outcomes (e.g. days to return to work) but not for categorical
measures. This suggests that interventions may be less likely
to detect intervention effects when only measuring work-
related outcomes categorically (i.e. returned to work yes or
no). Continuous measures of work-related outcomes may
provide a more accurate indication of intervention effects
and are important to include in future intervention studies
after musculoskeletal injury, a finding also noted in another
systematic review [60]. These findings could be used to
inform future development of core work outcome measures
for whiplash-associated disorder and other musculoskeletal

@ Springer

injuries [65]. Another consideration is that we did not have
access to all the measures collected by these studies. It is
possible that some studies that reported a categorical work-
related outcome may have also collected continuous work-
related outcomes but did not report them if they were not
significant. Another point to note is that the work-related
outcome was rarely the primary outcome in the studies. Only
six studies listed their work-related outcome as primary or
had the work-related outcome as part of a list of outcomes
to determine the efficacy of the intervention with no primary
outcome listed. Only one study was adequately powered to
detect intervention effects on their work-related outcome
[42]. In addition, other work-related outcomes besides return
to work and sick leave were rarely measured, and no studies
reported on job performance or presenteeism. These findings
speak to the need to include measures of work outcomes
outside the most common ones identified in this review.

The studies included in this review showed overall sig-
nificant improvements in pain intensity and the Neck Dis-
ability Index. This is consistent with other reviews [66, 67]
showing the effectiveness of therapeutic and pharmacologi-
cal interventions on pain and disability outcomes after mus-
culoskeletal injury. However, a significant improvement in
pain intensity or neck disability did not always occur in par-
allel with improved work outcomes. Six studies with either
improvements in pain or neck disability showed positive
work improvements [32, 35-37, 40, 51], whereas five studies
with pain or disability improvements showed no improve-
ment in work outcomes [38, 39, 41, 49, 55]. There was
also limited consistency in the other functional and mental
health outcomes reported. Similar inconsistencies between
outcomes were identified in a review by Finnes et al. (2019)
evaluating mental health and sickness absence [60]. Overall,
improving mental and physical health on their own may not
be sufficient for successful return to work, and work strate-
gies should be specifically targeted.

This review has strengths and limitations. The studies
in this review were generally of low quality due to how
missing outcome data were dealt with, deviations from
intended interventions, and how results were reported.
Hence, we have low certainty about our results. The sys-
tematic review only included papers published in Eng-
lish and published in peer-reviewed journals. As such,
we may have missed studies published in other languages
or published in other methods, for example government
reports. The studies identified were also primarily lim-
ited to fault-based schemes and as such, the findings are
not generalisable to interventions delivered under no-fault
schemes. It is possible that the interventions evaluated may
be more effective under a no-fault scheme, given the nega-
tive impacts that compensation stress can have on recovery
[68]. Our analysis of days to return to work is potentially
biased as it excludes participants who did not return to
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work. Across the three studies, one study reported that 1
participant did not return to work [52], one study reported
that 6 participants in the control group and 1 participant
in the intervention group did not return to work [51], and
one study did not report if there were any participants
who did not return to work [36]. If we had access to the
participant-level data, then a hazard ratio analysis would
have been more appropriate as it would take into account
these missing participants.

A strength of this review is how work outcomes have
been separated into different types based on whether
they were categorical or continuous, and whether they
related to return to work, sick leave, or full/partial duties.
Other reviews evaluating work outcomes post injury have
focused primarily on categorical return to work (yes/no)
or employed (yes/no) outcomes and have not explored the
potential impact of how these work outcomes have been
measured [11-13, 65]. Further research could explore
whether different interventions have an impact on dif-
ferent work outcomes. For example, interventions that
target work readiness may reduce time to return to work
and interventions that target pain reduction may be more
relevant for the amount of ongoing sick leave. Another
strength of this review is how it evaluated the multilevel
factors that can impact on work outcomes. Many reviews
are focused mostly on outcomes from interventions, rather
than the contextual factors that are important as well.

In conclusion, interventions delivered to those with
musculoskeletal injuries after road traffic crashes have
some effectiveness on work-related outcomes. The sig-
nificant improvements were seen in days to return to work
and return to normal or full work duties; however, these
findings were based on only three or four studies and the
quality of evidence is very low. The evidence suggests
that further work should be done to evaluate work-based
interventions, to evaluate musculoskeletal injuries from
road traffic crash broader than whiplash injury, to include
more continuous measures of work-related outcomes and
outcomes in addition to sick leave and return to work, and
to improve the methodologically quality of the research,
which to date is predominantly of low quality.
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