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Abstract

Background: Neurotrauma is an important global health problem. The largest cause of neurotrauma
worldwide is road traffic collisions (RTCs), particularly in low- and middle-income countries (LMICs).
Neurotrauma and RTCs are preventable, and many preventative interventions have been implemented over
the last decades, especially in high-income countries (HICs). However, it is uncertain if these strategies are
applicable globally due to variations in environment, resources, population, culture and infrastructure. Given
this issue, this scoping review aims to identify, quantify and describe the evidence on approaches in
neurotrauma and RTCs prevention, and ascertain contextual factors that influence their implementation in
LMICs and HICs.

Methods: A systematic search was conducted using five electronic databases (MEDLINE, EMBASE, CINAHL,
Global Health on EBSCO host, Cochrane Database of Systematic Reviews), grey literature databases,
government and non-government websites, as well as bibliographic and citation searching of selected articles.
The extracted data were presented using figures, tables, and accompanying narrative summaries. The results
of this review were reported using the PRISMA Extension for Scoping Reviews (PRISMA-ScR).
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Results: A total of 411 publications met the inclusion criteria, including 349 primary studies and 62 reviews.
More than 80% of the primary studies were from HICs and described all levels of neurotrauma prevention.
Only 65 papers came from LMICs, which mostly described primary prevention, focussing on road safety. For
the reviews, 41 papers (66.1%) reviewed primary, 18 tertiary (29.1%), and three secondary preventative
approaches. Most of the primary papers in the reviews came from HICs (67.7%) with 5 reviews on only LMIC
papers. Fifteen reviews (24.1%) included papers from both HICs and LMICs. Intervention settings ranged from
nationwide to community-based but were not reported in 44 papers (10.8%), most of which were reviews.
Contextual factors were described in 62 papers and varied depending on the interventions.

Conclusions: There is a large quantity of global evidence on strategies and interventions for neurotrauma
and RTCs prevention. However, fewer papers were from LMICs, especially on secondary and tertiary
prevention. More primary research needs to be done in these countries to determine what strategies and
interventions exist and the applicability of HIC interventions in LMICs.

Keywords: Neurotrauma prevention, Road traffic collisions prevention, Preventative strategies and
interventions, Low- and middle-income countries, High-income countries, Contextual factors

Background
Neurotrauma is a major global health problem [1, 2].
Current studies estimate a worldwide annual incidence
in the range of 500–800 per 100,000 population per year
[3]. At present, neurotrauma accounts for about 11.8%
of total global disability-adjusted life years and it is esti-
mated to become the 2nd leading cause of premature
death and disability globally by 2020 [3–5].
Although neurotrauma typically refers to the injury to

the brain and/or spinal cord, for this review, neuro-
trauma or traumatic brain injury (TBI), will focus on in-
juries to the head alone.
Road traffic collisions (RTCs) are one of the most

common causes of neurotrauma [5–7]. This is especially
so in low- and middle-income countries (LMICs) due to
rapid urbanisation and motorisation without accom-
panying safeguarding measures [7–9]. For this review,
RTCs will be defined as a collision or incident involving
at least one motorised or unmotorised (i.e. pedestrian,
cyclist) vehicle in motion, on a road to which the public
has right of access [10]. For this review also, the World
Bank economic classification is used to define countries
as low- and middle-income and high income, where the
former refers to any countries in the low, lower-middle
and upper-middle-income groups [11].
Irrespective of the cause, this ‘silent epidemic’ poses a

myriad of consequences ranging from the economic bur-
den, burden to healthcare systems, major psychological,
social and community impact, as well as demographic
impact, as the burden tends to fall disproportionately on
children and young adults [9, 12–14].
The high individual, societal and global implications of

neurotrauma indicate that it is imperative to have pre-
ventative measures in place in order to lower morbidity
and mortality [7]. These are not only limited to ap-
proaches which target injury occurrence (primary

prevention) but also involve providing adequate medical
response to manage and minimise harm following an in-
jury (secondary prevention) and mitigating the sequelae
and reducing consequent disability (tertiary prevention)
[14–16]. These can be applied at societal, community,
household and individual levels [14, 17].
In high-income countries (HICs), these strategies have

been implemented in various forms which range from
adapting the environment, legislation, safety education
and skills training, to strengthening post-trauma re-
sponse systems and improving access to acute and post-
acute care [14, 18–21]. However, LMICs often lag far be-
hind in this area despite the higher toll of neurotrauma
in these societies [4, 6, 22]. It is also clear that not all
HIC approaches may be applicable to the LMIC context
due to differences in environment, resources, population,
culture and infrastructure [23, 24].
To date, several reviews have been carried out to iden-

tify, examine, and study the effectiveness of specific pre-
ventative approaches in particular regions or countries
[7, 23, 25–36]. A previous scoping review has reported
on interventions to reduce road traffic injuries, but this
was limited to the African continent, and another review
has specifically focused on physiotherapy after neuro-
trauma [37, 38].
Given the disparity between LMICs and HICs, the

purpose of this scoping review was to provide an evi-
dence map of the different strategies and interventions
for neurotrauma and RTCs prevention that are available
in both contexts. Examining the extent of research in
this area will help identify gaps in the current literature,
and potentially influence policy and practice relating to
neurotrauma and RTCs prevention globally.
The objective of this scoping review is to identify and

quantify the breadth of evidence on strategies and inter-
ventions in neurotrauma prevention, provide a
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descriptive overview of what these are, where they are
implemented, and ascertain contextual factors that influ-
ence their implementation.

Methods
This scoping review is reported in accordance with
the PRISMA Extension for Scoping Reviews
(PRISMA-ScR) Checklist [39] (see Additional file 1)
and guided by a detailed protocol that was registered
with Open Science Framework on 5th April 2019
(https://osf.io/s4zk3/). This protocol was also recently
published in BMJ Open [40].
This scoping review is informed by a methodological

framework for conducting scoping reviews proposed by
Arksey and O’Malley (2005) [41]. The following five
stages were included:
(1) Identifying the research question, (2) Identifying

relevant studies, (3) Study selection, (4) Charting the
data and (5) Collating, summarising and reporting the
results.

Research questions
The overarching review question was: “What are the glo-
bal strategies and interventions in neurotrauma and
RTCs prevention?” The sub-review questions are as
follows:

1. What are the strategies and interventions in
neurotrauma and RTCs prevention in LMICs?

2. What are the strategies and interventions in
neurotrauma and RTCs prevention in HICs?

3. In what settings are these strategies and
interventions carried out (i.e. school-based/commu-
nity-based)?

4. What are the contextual factors that can affect or
influence the implementation of these strategies and
interventions?

Eligibility criteria
As a result of time restrictions and cost of translation
services, only publications in English were included.
Owing to the call for global awareness on the prevention
of road traffic collisions at the 27th World Health As-
sembly, this review included papers published since
1974. In order to cover a wide spectrum of literature,
there was no restriction as to the types of studies in-
cluded in the review.
The other eligibility criteria are given below, which fol-

lows the Population, Concept and Context (PCC)
mnemonic [42].

Participants
The review included interventions targeted at adults and
children, where children are defined as those below the

age of 18 years. These could be road users, road traffic
collision victims, neurotrauma patients, or those provid-
ing care or assistance for neurotrauma patients or road
traffic collision victims.

Concept
Any strategies and interventions implemented for the
prevention of neurotrauma or RTCs were included in
this review. These encompassed primary prevention—re-
ferring to measures that eliminate the occurrence of
RTCs or neurotrauma; secondary prevention—which are
any interventions or strategies that form part of the pre-
hospital care system; and tertiary prevention—which are
any form of rehabilitative strategies and interventions for
neurotrauma patients. For RTCs, the review included
strategies and interventions that prevent collisions, and
prevent neurotrauma should a collision occur. Only
established and context-specific interventions, with or
without reported outcomes, were included.

Context
The strategies and interventions were carried out or de-
livered in any LMIC or HIC. Papers involving multiple
contexts were also eligible for inclusion.

Search strategy
The search strategy for this review was finalised after
consultations with an academic librarian, exploratory
searches using the key concepts ‘neurotrauma’, ‘road
traffic collisions’, ‘prevention’ and their synonyms, and
piloting in one database (see Additional file 2). The
strategy was used to search the following international
electronic databases; MEDLINE (Ovid, 1946-present),
Excerpta Medica, EMBASE (Ovid, 1947-present), Cumu-
lative Index to Nursing and Allied Health Literature,
CINAHL (EBSCO host, 1984-present), Global Health
(EBSCO host, 1973-present) and Cochrane Database of
Systematic Reviews (1996-present). The databases were
selected so as to allow for a good coverage of primary
and secondary publications with a multidisciplinary,
neurosurgical and global health focus. Searches on these
databases were conducted between 5th and 10th April
2019.
“Grey” literature was searched either manually or

using a combination of keywords in grey literature data-
bases and non-government websites with a focus on
neurotrauma and road safety. Details of these databases
and websites can be found in Additional file 3. Manual
searching was also carried out in websites of transport
ministries and road traffic safety authorities of the fol-
lowing countries: India, Colombia, Pakistan, Tanzania,
Zambia, Ethiopia, South Africa, Nigeria, Myanmar,
Indonesia and Malaysia. These countries were selected
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as they are the collaborating countries in the NIHR Glo-
bal Health Research Group for Neurotrauma [43].
Due to the surplus of original hits, bibliographic

searching was carried out using the reference list of only
two articles which are reviews on the prevention of road
traffic injuries [7, 37]. These articles were also used for
citation searching using Google Scholar.
Searching for additional sources was completed on

29th May 2019.

Citation management and study selection
All articles retrieved from the database searches were
exported and stored in EndNote X7 bibliographic and
reference manager.
Post-deduplication, a two-stage screening process was

carried out, where titles and abstracts were screened in-
dependently by three reviewers (SMS, MMK and DMS),
followed by full-text screening of publications which
were deemed eligible (‘include’), and those where the
title or abstract did not provide sufficient information
on eligibility (‘uncertain’). Any uncertainty about study
selection was resolved through consensus and re-
examination of eligibility criteria.

Data extraction, collation and summary
A customised data extraction form was developed by
two reviewers (SMS and DMS) using Microsoft® Word
for manual data extraction, informed by relevant meth-
odological guidance [44]. This was piloted on 10 ran-
domly selected papers, updated iteratively and used for
the remaining studies. Extracted data included: first au-
thor, publication year, publication type, country of study,
study aims/purpose, study design, study population,
intervention and intervention details, setting, outcomes
and key findings which included any effects and context-
ual factors.
The following strategies were used to present the re-

sults of this review: (1) a Preferred Reporting Items for
Systematic Reviews and Meta-Analysis (PRISMA) flow
diagram to present the study selection process; (2) tables
and figures to present data extracted from the eligible
papers; (3) a narrative summary describing the studies in
relation to the objective and review questions. As there
were a large number of eligible articles, these were di-
vided into primary studies and reviews, and categorised
based on the level of prevention.

Results
Descriptive numerical summary
The electronic searches yielded 70,242 potentially eli-
gible citations. After de-duplication, 63,302 citations
underwent title and abstract screening, leaving 720 arti-
cles that were reviewed for eligibility. After full-text re-
view, 406 articles were retained. Bibliographic and

citation searching resulted in 5 additional studies being
identified, with a final number of 411 studies being in-
cluded in the review. The flowchart showing the selec-
tion process from identification to final inclusion is
depicted in Fig. 1.

General characteristics of included studies
Of the 411 included studies, 349 were primary studies
and 62 were reviews. The key characteristics of both
types of studies are summarised in Tables 1 and 2.

Primary studies
The majority of the primary studies were from HICs,
with less than 20% of studies from LMICs. Figure 2
shows a map of the distribution of studies, where many
came from three countries—United States of America
(USA), United Kingdom (UK) and Australia. Most
LMICs gave rise to 6 or fewer publications.
Figure 3 depicts the distribution of interventions and

strategies over time in both HICs and LMICs. Most of
the studies emerged after the 1990s, both in HICs and
LMICs, focussing on primary prevention of neuro-
trauma, which accounted for nearly three-quarters of the
primary studies.

Reviews
For the reviews, nearly three-quarters (72.6%) were sys-
tematic reviews and/or meta-analyses. Most reviews
were published after 2000. Primary preventative inter-
ventions and strategies were reviewed in 41 papers
(66.1%), 18 reviewed tertiary (29%) and only three papers
reviewed secondary approaches.
Most of the primary papers in the reviews came from

HICs (67.7%) with only 5 reviews from LMICs alone. Fif-
teen reviews (24.1%) included papers from both HICs
and LMICs. The majority of the reviews described inter-
ventions targeting adults and children and did not report
the setting.

Strategies and interventions
Primary studies
A total of 349 papers were included in this review. The
individual strategies and interventions in each category
for primary and secondary prevention with the accom-
panying publication information can be found in
Additional file 4.

Primary prevention A total of 252 papers described pri-
mary preventative strategies and interventions. All these
are categorised and summarised in Table 3. Some stud-
ies are included more than once within the results as
they discussed more than one strategy or intervention.

� Personal safety/protective equipment
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Fifty-eight papers explored the use of various per-
sonal safety or protective equipment against neuro-
trauma or road traffic collisions. Three-quarters of
the studies came from HICs. Most of the papers
were on helmet use and were from both HICs and
LMICs. Although most of the studies discussed hel-
mets in relation to road safety, some examined their
use in sports, combat and for work safety. All these
non-road safety papers on helmet use were from
HICs.
Similarly, seat belt use, child car restraints and conspi-

cuity equipment (e.g. high visibility jackets or tapes)
were also described in both HIC and LMIC papers. One
HIC study discussed other protective sports equipment
other than helmets [45].
The setting for this strategy ranged from cities and

rural areas to state and nationwide.

� Education/training/awareness-raising

This was described in 48 papers, the majority of which
were from HICs. The most common type was road
safety education or training for various road users. This
included driver or motorcycle rider education or train-
ing, and pedestrian safety education. One study from an
LMIC described a peer education programme where
workers were educated on road safety to be road safety
ambassadors in industrial and community settings [46].
Two HIC studies described the education of parents on
issues surrounding child safety seat use [47, 48]. As for
other causes of neurotrauma, five HIC studies explored
the education of parents and nurses on abusive head
trauma in infants and young children [49–53].
For sports injuries, two studies, one from an LMIC

and the other from a HIC, discussed training and

Fig. 1 PRISMA flowchart of the study selection process
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education of athletes and coaches to reduce neuro-
trauma from rugby and football respectively [54, 55].
Materials and methods used for education or training

included lectures, demonstrations, videos/DVDs, simula-
tion, quizzes, mobile applications, manuals and work-
sheets. Another common approach, found
predominantly in HICs was the use of campaigns. Most
of these campaigns involved media activities to raise
awareness about road safety. Two of these were orga-
nised at a school-level, both from HICs. Three studies
from HICs also discussed campaigns to raise awareness
on head trauma in infants as a consequence of abuse.
Most of the interventions took place within the com-

munity, both for HICs and LMICs, except for media
campaigns which were usually carried out at a national
or state level.

� Legislation/policy

There were 96 papers that studied different legislation
and policies for the prevention of RTCs and

neurotrauma. Over 80% of papers were from HICs,
where more than half discussed graduated driver licens-
ing system (GDLS) and helmet laws or policies (GDLS is
a system designed to allow new drivers to develop their
driving skills and experience in well-defined stages [56]).
Although the majority of the LMIC studies were also on
the helmet laws, only two looked at GDLS [56, 57].
Other policies and legislation found in both LMICs and
HICs were on seatbelt and child passenger safety, drink-
driving, speeding, cell-phone or texting bans and general
road safety.
HIC studies assessed policies and legislation sur-

rounding vehicle roadworthiness, road safety at work,
road safety audit, fitness to drive and licensing re-
strictions, congestion charging schemes, traffic signs
or symbols, crossing guards, vehicle and road user
conspicuity and rewards for safe driving or reporting
unsafe driving.
Most of these strategies were implemented either at a

national or state-wide level, although some were carried
out at the workplace.

Table 1 Key characteristics of included studies: primary studies (n = 349)

Criterion Characteristic Number of studies (%)

Study design/publication type Experimental 123 (35.2)

Observational 116 (33.2)

Descriptive 25 (7.1)

Discussion paper/report 58 (16.6)

Qualitative 19 (5.4)

Mixed-methods 8 (2.5)

Country of origin of study LMIC 65 (18.6)

HIC 284 (81.4)

Intervention type Primary prevention 249 (71.3)

Secondary prevention 57 (16.3)

Tertiary prevention 40 (11.5)

Multiple levels of prevention 3 (0.9)

Year of publication 1974–1983 3 (0.9)

1984–1993 24 (6.9)

1994–2003 51 (14.6)

2004–2013 114 (32.7)

2014–2019 157 (44.9)

Population Adults only 68 (19.5)

Children only 72 (20.6)

Adults and children 209 (59.6)

Setting National 76 (21.8)

State/province 114 (32.7)

City/town/village 84 (24.1)

Neighbourhood/home/school/health facility/workplace/community 59 (16.8)

Not reported 16 (4.6)
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Table 2 Key characteristics of included studies: reviews (n = 62)

Criterion Characteristic Number of studies (%)

Review type Systematic review 37 (59.7)

Meta-analysis 8 (12.9)

Literature review 15 (24.2)

Scoping review 2 (3.2)

Country of origin of included primary studies LMIC 5 (8.1)

HIC 42 (67.7)

LMIC and HIC 15 (24.2)

Intervention type Primary prevention 41 (66.1)

Secondary prevention 3 (4.8)

Tertiary prevention 18 (29.1)

Year of publication 1974–1983 –

1984–1993 –

1994–2003 8 (12.9)

2004–2013 22 (35.5)

2014–2019 32 (51.6)

Population Adults only 9 (14.5)

Children only 5 (8.1)

Adults and children 48 (77.4)

Setting National 8 (12.9)

State/province 1 (1.7)

City/town/village 10 (16.1)

Neighbourhood/home/school/health facility/workplace/community 11 (17.7)

Multiple 5 (8.1)

Not reported 27 (43.5)

Fig. 2 Map of the location of where strategies and interventions from included studies were implemented
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� Enforcement

Thirty-five references examined enforcement strategies
and interventions, with only 9 from LMICs. These LMIC
studies focussed on traffic policing or patrolling and en-
forcement of traffic laws, as well as on penalty systems
for errant road users. Similar interventions were de-
scribed in studies from HICs, but the majority described
photo enforcement programmes through speed cameras
and red light running cameras. One study looked at a
school bus stop-arm camera, which cited drivers who
would illegally pass a stopped school bus [58]. Both HIC
and LMIC studies also discussed enforcement of drink
and drug-driving and enforcement of laws on the use of
helmets, seat belts and child car safety seats.
Given the nature of the interventions or strategies,

most were carried out at national or state-level, or
within cities or towns.

� Engineering

Out of the 51 papers in this category, more than
three-quarters came from HICs and discussed two ap-
proaches: road engineering and vehicle engineering.
Most of the studies on road engineering from both HICs
and LMICs described various road modifications includ-
ing installation of roundabouts, changing road curvature,
speed modification and other traffic calming measures.

Both HIC and LMIC papers also described other inter-
ventions such as traffic and pedestrian countdown sig-
nals and exclusive lanes for bicycles, motorcycles and
buses. Only HIC studies discussed audio-tactile lane-
markings and street lighting. One LMIC study explored
the use of pedestrian footbridges [59].
Vehicle engineering approaches were examined in

mostly HIC studies. These included vehicle design, in-
vehicle technologies such as seat belt reminders and air-
bags, as well as collision avoidance technologies such as
anti-lock braking systems, alcohol ignition interlocks, in-
telligent speed adaptation, blind-spot monitoring and
lane departure warning systems. The three LMIC studies
in this category discussed collision avoidance measures
through anti-lock braking systems, brake checks for bi-
cycles, and motorcycle roadworthiness with installation
of horns and other warning devices [56, 60, 61].
The settings for these interventions varied, although

these were largely implemented in cities or towns, as
well as at a national level.

� Multi-component

Four studies discussed interventions or strategies with
multiple components where three of the papers came
from HICs. Each strategy had different combinations of
the various approaches described above, with a unified
focus on education and legislation or policies. The HIC

Fig. 3 Distribution of strategies and interventions by types in HICs and LMICs over time (1974–2019)
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strategies were carried out either in the community or in
cities, whereas the LMIC strategy was implemented
nationally.

Secondary prevention Secondary preventative strategies
and interventions were discussed in 60 papers. The indi-
vidual approaches are categorised and summarised in
Table 4.
The majority of the papers came from HICs and ex-

plored various forms of post-collision pre-hospital care,
most of which were on airway management through in-
tubation and ventilation. Other HIC papers looked at
pre-hospital triage including one which described the
use of a mobile stroke unit for imaging in neurotrauma
and pre-hospital fluid resuscitation [62, 63]. Another
HIC paper was on the direct transport of victims to
neurosurgical centres or operating theatres, bypassing
nearby hospitals or health facilities [64].

Interventions reported in both LMICs and HICs in-
cluded emergency medical services (EMS). The HIC pa-
pers mostly described Air EMS where either a helicopter
or aircraft was used in the transport of RTC or neuro-
trauma victims. The other HIC papers discussed a
physician-led or physician-staffed EMS where a trained
physician would attend the scene of trauma either to-
gether with or separate from other EMS staff. Most
LMIC papers were on ground EMS or ambulance
services.
Three papers, all from HICs, described different forms

of collision notification and response systems that enable
the occurrence of a collision or trauma to be reported or
identified swiftly, and allow for EMS to arrive rapidly at
the scene [65–67].
Organised trauma systems were explored in four

papers, 2 from HICs and 2 from LMICs. The LMIC
systems focussed on life support (Basic Life Support

Table 3 Summary of interventions and strategies for primary prevention of neurotrauma from primary studies (n = 252)

Intervention/strategy type Personal safety/
protective equipment

Education/training/
awareness-raising

Legislation/
policy

Enforcement Engineering Multi-
component

No of studies 58 48 96 36 51 4

Country type

LMIC 14 15 17 9 12 1

HIC 44 33 79 27 39 3

Study design/publication type

Experimental 2 16 49 20 14 2

Observational 28 3 23 5 15 1

Descriptive 13 3 9 – 1 –

Discussion paper/report 4 20 14 10 16 1

Qualitative 7 3 1 1 4 –

Mixed methods 4 3 – – 1 –

Setting

National 11 12 34 15 20 1

State/province 15 6 47 10 8 –

City/town/village 27 12 10 10 18 2

Neighbourhood/school-based/health
facility-based/workplace

2 13 4 – 2 1

Not reported 2 5 1 1 3 –

Years

1974–1983 1 – – – – –

1984–1993 6 3 7 1 5 –

1994–2003 11 7 23 2 4 2

2004–2013 11 21 31 16 21 1

2014–2019 29 17 35 17 21 1

Population

Adults and children 34 23 49 32 43 3

Adults only 6 15 13 4 6 –

Children only 18 10 34 – 2 1

M Selveindran et al. Systematic Reviews           (2020) 9:114 Page 9 of 22



Ta
b
le

4
Su
m
m
ar
y
of

in
te
rv
en

tio
ns

an
d
st
ra
te
gi
es

fo
r
se
co
nd

ar
y
pr
ev
en

tio
n
of

ne
ur
ot
ra
um

a
fro

m
pr
im

ar
y
st
ud

ie
s
(n

=
60
)

In
te
rv
en

tio
n/
st
ra
te
gy

Pr
e-
ho

sp
ita
l

ai
rw

ay
m
an
ag
em

en
t

Pr
e-
ho

sp
ita
l

flu
id

re
su
sc
ita
tio

n

Pr
e-

ho
sp
ita
l

tr
ia
ge

/
im

ag
in
g

A
m
bu

la
nc
e

se
rv
ic
es

A
ir

EM
S

Ph
ys
ic
ia
n-

st
af
fe
d/

ph
ys
ic
ia
n-
le
d

EM
S

Pr
e-

ho
sp
ita
l

ca
re

tr
ai
ni
ng

D
ire
ct

tr
an
sp
or
t
to

ne
ur
o-
su
rg
ic
al

ce
nt
re
/t
he

at
re

O
rg
an
is
ed

tr
au
m
a/

em
er
ge

nc
y

m
ed

ic
al
sy
st
em

La
y
fir
st

re
sp
on

de
rs

C
ra
sh

no
tif
ic
at
io
n
an
d

re
sp
on

se
sy
st
em

s

M
ul
tip

le
in
te
rv
en

tio
ns

N
o.
of

st
ud

ie
s

11
1

3
8

10
7

7
1

4
2

3
3

C
ou

nt
ry

ty
pe

LM
IC

–
–

–
5

1
1

4
–

2
1

–
–

H
IC

11
1

3
3

9
6

3
1

2
1

3
3

St
ud

y
de

si
gn

/p
ub

lic
at
io
n
ty
pe

Ex
pe

rim
en

ta
l

3
–

–
–

–
–

–
1

2
–

1
–

O
bs
er
va
tio

na
l

7
1

2
4

9
4

1
–

2
–

–
–

D
es
cr
ip
tiv
e

–
–

1
1

1
–

–
1

1
–

D
is
cu
ss
io
n
pa
pe

r/
re
po

rt
1

–
1

2
1

2
4

–
–

1
1

3

Q
ua
lit
at
iv
e

–
–

–
1

–
–

1
–

–
–

–
–

M
ix
ed

m
et
ho

ds
–

–
–

–
–

–
–

–
–

–
–

–

Se
tt
in
g

N
at
io
na
l

2
4

1
1

2
1

1
1

–

St
at
e/
pr
ov
in
ce
/d
is
tr
ic
t/

co
un

ty
6

–
1

2
4

4
2

1
3

1
1

1

C
ity
/t
ow

n/
vi
lla
ge

3
1

2
1

3
1

1
–

–
–

1
–

N
ei
gh

bo
ur
ho

od
/s
ch
oo

l-
ba
se
d/
he

al
th

fa
ci
lit
y-

ba
se
d/
w
or
kp
la
ce

–
–

–
–

1
1

2
–

–
–

–
–

N
ot

re
po

rt
ed

–
–

–
1

1
–

–
–

–
–

–
2

Ye
ar
s

19
74
–1
98
3

–
–

–
–

–
1

–
–

–
–

–
–

19
84
–1
99
3

1
–

–
1

1
1

–
–

–
1

–
–

19
94
–2
00
3

2
–

–
1

–
–

1
–

–
–

1
–

20
04
–2
01
3

6
–

1
–

3
2

2
–

3
1

1
1

20
14
–2
01
9

2
1

2
6

6
3

4
1

1
1

2

Po
pu

la
tio

n

A
du

lts
an
d
ch
ild
re
n

9
1

3
7

8
7

1
4

1
3

3

A
du

lts
on

ly
1

–
–

–
1

–
7

–
–

–
–

–

C
hi
ld
re
n
on

ly
1

–
–

1
1

–
–

–
–

1
–

–

N
ot
e:

EM
S
em

er
ge

nc
y
m
ed

ic
al

se
rv
ic
es

M Selveindran et al. Systematic Reviews           (2020) 9:114 Page 10 of 22



by first responders and Advanced Life Support by
paramedics), whereas the HIC systems included triage,
transport and a multidisciplinary pre-hospital manage-
ment of patients [68–71].
Out of the 7 papers on pre-hospital care training, the

majority were from LMICs, where training was not only
for healthcare staff but also for lay responders, namely
the police and public transport providers. There were
also two papers describing the role of lay responders in
providing first aid to RTC or neurotrauma victims,
where the HIC paper discussed the role of police, and
the LMIC paper, taxi drivers [72, 73].
Three papers were on multiple interventions, which

described a combination of pre-hospital services, triage
and resuscitation. All papers were from HICs.
The majority of the interventions or strategies were

carried out at a state or province-wide level. Some were
implemented nationally, while others occurred in cities
or towns.

Tertiary prevention Forty papers dealt with various
rehabilitative strategies and interventions for neuro-
trauma patients and are summarised in Table 5. The
description of these interventions can be found in
Additional file 6.
More than 90% of the papers were from HICs

where the majority discussed rehabilitation of cogni-
tive function through various approaches including
the use of video or computer games, virtual reality
systems, music therapy and electronic devices includ-
ing mobile phones. Two studies investigated the role
of mindfulness in improving cognitive functioning,
where one also assessed physical and emotional func-
tioning post-therapy [74, 75]. These elements were
also examined in yet another study on mindfulness,
which included yoga as a co-intervention [76]. All
these papers were from HICs.
Similarly, other HIC studies discussed the role of

various interventions or strategies in improving differ-
ent aspects of functioning in neurotrauma patients.
These ranged from art therapy, music therapy, rhyth-
mic exercises with auditory cues and qigong. Two
studies looked at multidisciplinary rehabilitation pro-
grammes which involved various healthcare workers
with different expertise including physiotherapy and
speech therapy [77, 78].
Strategies and interventions that addressed only

emotional rehabilitation were described in three
HIC studies and included cognitive behavioural
therapy, telephone counselling and a form of psy-
chotherapy carried out by lay workers [79–81].
Physical rehabilitation was discussed in two HIC
studies using exercise therapy and home-based cir-
cuitry training [82, 83].

Occupational rehabilitation was explored in two pa-
pers, one using real-life activities as part of rehabilita-
tion. Both papers were from HICs [84, 85].
Only three papers came from LMICs and described

computerised cognitive rehabilitation, cognitive music
therapy and occupational therapy [86–88].
Most of the interventions were carried out in rehabili-

tation centres, hospitals or medical centres. A few were
carried out in schools, where the target population were
children, and some in community centres or patient’s
homes.

Reviews
Sixty-two reviews were included. The strategies and in-
terventions together with the publication information
have been categorised and can be found in Additional
file 5. The description of the reviewed tertiary interven-
tions is also found in Additional file 6.

Primary prevention This was explored in 41 reviews
where most included primary papers from HICs and
assessed single interventions. The strategies and inter-
ventions that were most studied related to enforcement
and legislation or policy. The three reviews that had pri-
mary papers only from LMICs evaluated multiple strat-
egies and interventions.

Secondary prevention Only three reviews discussed
secondary prevention. Two included HIC papers, which
looked at pre-hospital tracheal intubation and direct
transport to a neurotrauma centre, and one included
LMIC papers, which assessed trauma systems [31, 89, 90].

Tertiary prevention Eighteen papers evaluated different
rehabilitative interventions and strategies. The majority
of reviews included primary papers from HICs or a com-
bination of HICs and LMICs. Only one review, on the
use of acupuncture, included primary papers from China
alone [91].

Contextual factors
This was discussed in 58 of the primary studies and four
of the reviews and varied depending on the studied
intervention or strategy. These are summarised based on
the interventions described and are given below.

Primary prevention
� Personal safety/protective equipment

Twenty-two papers looked into contextual issues relat-
ing to personal safety or protective equipment. Thirteen
were on helmets, four on seatbelts, four on child safety
seats and one on both helmets and seatbelts.
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Table 5 Summary of intervention and strategies for tertiary prevention of neurotrauma from primary studies (n = 40)

High-income countries

First author Year Country Study
design/
publication
type

Intervention/strategy Population Setting Provider

Bay 2019 USA Experimental Mindfulness-based group therapy Adults with mild
to moderate TBI

Rehabilitation
centre

Trained facilitators with mental
health and/or mindfulness
backgrounds

Bedard 2014 Canada Experimental Mindfulness-based cognitive
therapy

Adults with a
history of TBI

Community sites in
three cities

Clinicians

Bombadier 2009 USA Experimental Telephone contact with patient-
counselling, brief motivational
interviewing and education

Adults and
children with TBI

Patient’s home Rehabilitation staff

Brett 1998 USA Experimental Cognitive rehabilitation Students with TBI
(from Grade 9-12)

Inter-city public
school

Teacher

Caglio 2012 Italy Descriptive 3D video game with different
navigational tasks

24-year-old man
with TBI

Rehabilitation
centre

Neuropsychologist

Cantor 2014 USA Experimental STEP: Short-Term Executive Plus
(a cognitive rehabilitation
programme)

Adults with a
history of TBI

Medical centre Licensed psychologists,
psychology post-doctoral
fellows

Chua 1999 Singapore Observational Multidisciplinary rehabilitation Adults with TBI Hospital Rehabilitation team

Combs 2018 USA Mixed-
methods

Yoga and mindfulness Adults with TBI Veteran’s Affairs
health care centres

Psychology post-doctoral fel-
low and Registered Yoga
Teacher

Connor 2016 USA Descriptive Computer games and meta-
cognitive training

Adults with TBI Neurorehabilitation
department

Speech therapist

Cooper 2017 USA Experimental Computerised cognitive
rehabilitation, traditional
cognitive rehabilitation and
integrated cognitive
rehabilitation

Adults service
members with
mild TBI

TBI clinic at Army
Medical centre

Speech language pathologists,
occupational therapists,
doctoral psychologists, clinic
staff

De Luca 2019 Italy Descriptive Conventional cognitive therapy
in a computer-assisted rehabilita-
tion environment

15-year-old
adolescent with
severe TBI

Rehabilitation
centre

Skilled neuropsychologist

Evald 2015 Denmark Descriptive Smartphone Adults with TBI City Neuropsychologist

Fogelman 2012 USA Discussion
paper/report

Exercise therapy Patients with mild
TBI

Not reported Not reported

Gabbatore 2015 Italy Experimental Cognitive Pragmatic Treatment Adult patients
with TBI

Rehabilitation
centre

Psychologist

Gardiner 2015 USA Experimental Neurologic Music therapy (NMT) Military veterans
who had been
diagnosed with
TBI

Veterans health
centre

Musician who is a licensed
psychologist, board-certified
neuropsychologist trained in

NMT

Goldshtrom 2010 USA Descriptive Rhythmex: Rhythmic exercises
with auditory cues

24-year-old female
with TBI

Physical therapy
clinic

Physical therapist

Hoosan 2010 UK Qualitative Return to work rehabilitation Adults with TBI Brain injury service
clinic

Occupational therapists

Keegan 2019 Australia Experimental INSIGHT: Improving Natural Social
Interaction: Group reHabilitation
after Traumatic Brain Injury

Adults with TBI University clinic
and other
community settings

Speech-language pathologist

Kline 2016 USA Discussion
paper/report

Art therapy Any survivor of TBI Rehabilitation
facility

Not reported

Linton 2018 USA Experimental Trabajadora de salud- solution
focused brief therapy

Adults with TBI Patient’s home Lay health workers

Nayak 2000 USA Experimental Music therapy Patients with
history of
moderate to
severe TBI

Rehabilitation
institute

Music therapist

Nelson 2013 USA Experimental Interactive metronome therapy Soldiers with mild
to moderate TBI

Medical centre Neuropsychologist
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The use of personal safety equipment was influenced
by attitude and knowledge of the protective effects as
well as awareness of laws or campaigns promoting use.
Relating to that, the existence of laws or enforcement
determined whether such equipment was used or other-
wise, especially for short-distance travel [92]. External
pressure played a role, especially in children, where
peers and family influenced if an individual would own
or use such equipment. Likewise, promotional activities

by healthcare professionals or the media also seemed to
affect individual use. The history of an accident or head
injury was found to increase use, where the danger of
non-use had been real to the individual or their loved
ones. All these were seen in both HIC and LMIC papers.
Cost and availability also affected whether safety

equipment was utilised, especially in LMICs. In the HIC
studies on helmets, the type and fit were also linked not
only to use but whether the helmet was effective in

Table 5 Summary of intervention and strategies for tertiary prevention of neurotrauma from primary studies (n = 40) (Continued)

High-income countries

First author Year Country Study
design/
publication
type

Intervention/strategy Population Setting Provider

Salazar 2000 USA Experimental In-hospital cognitive
rehabilitation programme

Military personnel
with moderate-to-
severe closed
head injury

Hospital Board-certified psychiatrist,
certified occupational therapist,
speech pathologist and one
rehab assistants

Saux 2014 Argentina Descriptive Cognitive rehabilitation Adults with TBI Hospital Neuropsychologist

Scheenen 2017 The
Netherlands

Descriptive UPFRONT-preventive Cognitive
Behavioural Therapy

Adults with mild
TBI

Medical centre Experienced healthcare
psychologist

Seguin 2018 Canada Experimental Ready! Set? Let’s Train!: a type of
cognitive rehabilitation

Children aged 10–
17 years

School or home Neuropsychologist

Serino 2007 Italy Experimental Working Memory training Adults with TBI Rehabilitation
Centre

Neuropsychologist

Solana 2014 Spain Experimental Intelligent assistant therapy Adults with TBI Hospital –

Sullivan 2014 Australia Qualitative Real-life activities in rehabilitation Young men with
TBI

Home Not reported

Swaine 2000 Canada Experimental Coordinated multidisciplinary
rehabilitation

Children with TBI Children’s Hospital Multidisciplinary team

Thaut 2009 USA Experimental Neurologic music therapy Adults with TBI Not reported Board-certified musical
therapist

Tiwari 2018 USA Descriptive Home-based circuity training 17-year-old with
TBI

Home School physical therapist

Twamley 2014 USA Experimental CogSMART: Cognitive Symptom
Management and Rehabilitation
Therapy

Veterans with
history of TBI

Rehabilitation clinic Not reported

Van Spanje 2019 The
Netherlands

Observational The Brainz programme: Cognitive
and physical rehabilitation

Adults with TBI Home and
rehabilitation
centre

Cognitive trainer, pscyhomotor
trainer or physiotherapist,
family

Vik 2018 Norway Experimental Music training Adults with mild
TBI

Rehabilitation
centre

Music instructor

Wood 2011 UK Experimental Implementation intentions and
Goal Management training

Adults with TBI Rehabilitation
centre

Doctoral student in clinical
psychology

Yost 2013 USA Qualitative Qigong Service members
with TBI

Rehabilitation
centre

Qigong master

Low- and middle-income countries

Fernandez 2012 Cuba Experimental RehaCom: software for
computer-assisted cognitive
rehabilitation

Adult patients
with TBI

Rehabilitation
centre

Neuropsychologists

Hedge 2014 India Discussion
paper/report

Music-based cognitive
remediation therapy

All patients with
TBI

Not reported Not reported

Soeker 2017 South
Africa

Experimental MOOSE: Model of Occupational
Self-Efficacy

Adults with mild
to moderate TBI

Occupational
therapy
department

Occupational therapist

Note: USA United States of America, TBI traumatic brain injury, 3D three dimensional, UK United Kingdom
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protecting against head injury. In one LMIC study on
child car seats, the make of the car was sometimes a bar-
rier to use due to a poor fit [93].

� Education/training/awareness-raising

Contextual issues about education and awareness were
discussed in nine studies. Four studies were on cam-
paigns, all from HICs, where factors affecting implemen-
tation were linked to the methods used. Successful
campaigns were those that were largely interactive, of-
fered simple explanations and used multiple channels to
deliver the message. The location of campaigns also
played a role, where success was greater when it was car-
ried out in areas with the highest risk.
Resource also affects the success of educational ven-

tures, where inexpensive methods are likely to be
adopted by others and are more sustainable, and
methods requiring less manpower would have the cap-
acity to cover a larger target population.
However, personal and environmental factors can re-

sult in a lack of change in attitude or behaviour despite
the acquisition of knowledge. For example, in a study on
a driving course for mature drivers, perceptions that it is
just a ‘refresher’ or attending just to please family mem-
bers resulted in a lack of change in driving behaviour
[94]. Similarly, a Graduated Driving programme de-
signed to promote safe driving among teenagers could
not ameliorate risky driving due to peer influence [95].
Local contexts are also important for the success of

any educational programmes, where this should be car-
ried out in the language most familiar to participants,
and take into account local conditions and programmes,
as discussed in one LMIC paper [46].

� Legislation and enforcement

Six studies discussed contextual issues concerning en-
forcement and legislation. In many LMICs, legislation
with inconsistent and inadequate enforcement was
found to be a barrier to the success of the strategy or
intervention. Also, manpower and resource management
are important factors that allow for enforcement to be
carried out efficiently and successfully, as described in
both HIC and LMIC papers.
Two HIC studies examined traffic signs, where factors

influencing their successful implementation were linked
to design, visibility, knowledge and universal standard-
isation [96, 97].
Public knowledge of and attitude towards legislation and

enforcement also play a role in the success of such strat-
egies and interventions, for example, perceiving road laws
as coercive, non-beneficial or for instilling fear can be a
barrier to road safety, as explored in one LMIC study [98].

� Engineering

Contextual factors pertaining to engineering strategies
and interventions were explored in nine studies. Most
studies discussed issues surrounding road engineering.
Despite road engineering programmes, poor design re-
sulted in the structure or facility being non-protective
and inconveniencing road users, especially pedestrians.
In an LMIC study on pedestrian footbridges, good loca-
tions promoted use, although physical and psychological
barriers resulted in non-use for some [59].
Another LMIC study on exclusive motorcycle lanes

found this was highly accepted by motorcyclists as it fa-
cilitated riding and reduced commute time, in addition
to promoting safety on the road [99].
A further three studies from HICs looked at vehicle

engineering. One study from Spain showed that better
car designs encouraged speeding [100]. Additionally, ve-
hicle technologies, while helpful and promote safety,
could also lead to a false sense of security, especially
among novice drivers. Conversely, not all cars could be
fitted with such technologies, or even with seatbelts, due
to their age and make, which is an issue commonly seen
in LMICs.

Secondary prevention
� Ground and Air EMS

In the five studies discussing contextual factors on am-
bulance services, issues such as cost, access and aware-
ness of services affected the implementation of this
strategy, especially in LMICs. Response time was also
discussed where the presence of heavy traffic and lack of
dedicated ambulance lanes resulted in the delay in scene
arrival. This resulted in a preference for private trans-
port, which was considered more convenient.
The success of the ambulance service also relied on

the resources available, not only in terms of numbers of
vehicles for dispatch but also in the number of dedicated
and trained staff who would be able to resuscitate and
monitor patients so the ambulance was not simply a
transport medium. Again, this was described in the
LMIC papers, where such resources were often lacking.
In the four HIC studies on air EMS, cost was also a

factor that affected the success of this intervention. Un-
like ground EMS, response time was swift for air EMS,
as well as the ability to access remote areas. However, is-
sues with street landing, especially when there is conges-
tion, and space restriction within the helicopter made it
difficult to carry out en-route resuscitation. Relating to
that, the use of a larger aircraft, such as a Fokker 50,
mitigated problems of space, noise and vibration.

� Lay responders and pre-hospital care training
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Three studies described contextual factors in relation
to lay responders and pre-hospital training. Two LMIC
studies looked at first aid training of taxi drivers, where
attitudes influenced the implementation of this interven-
tion. One study showed a positive attitude among
drivers where they found the training increased their
confidence, whereas, in the other study, drivers felt that
it was not necessary as their role is only for transport
[73, 101]. Likewise in the HIC study on lay responders,
police were trained in basic life support, but they also
felt their role is policing and not to respond to medical
emergencies.

� Physician-staffed/physician-led EMS

The HIC study discussed the Rendezvous system,
where an Emergency Doctor is also alerted and dis-
patched to the incident site, in addition to an ambulance
with medical personnel [102]. In this system, the doctor
is involved in pre-hospital care but is able to work inde-
pendently from the EMS and not have to go back-and-
forth to the hospital, allowing them to respond quickly
to emergencies and deal with more incidents.

Tertiary prevention There were six studies exploring
contextual issues for various different strategies and in-
terventions, all from HICs.
The success of various approaches was very much

dependent upon patient acceptability, where interven-
tions that were engaging, easy to learn or use, and re-
lated to real-life activities were preferred. The
involvement of different healthcare professionals and
family members in rehabilitation also ensured patients
received holistic care and were better adjusted when
returning home or to work. Success was also influenced
by the timing of the intervention or strategy where out-
comes were better with rehabilitation being carried out
not long after the injury.

DISCUSSION
Breadth of literature
This scoping review is the first review that has identified
the breadth of strategies and interventions in neuro-
trauma and RTCs prevention globally. Most publications
were from 2014, although there has been a consistent in-
crease in published literature from 1990. The neuro-
trauma prevention literature mostly originated from
HICs, in particular the USA, Australia, the UK and
Canada. By contrast, there is still a paucity of original re-
search literature from LMICs.
Most of the papers discussed primary prevention,

followed by secondary prevention and tertiary preven-
tion. Of these, 301 (74%) had a focus specifically on
RTCs. Primary prevention concentrated on personal-

level interventions such as the use of safety or protective
equipment, and the provision of education or training;
public-level interventions such as legislations and pol-
icies, law enforcement, and developing more robust road
and/or vehicle engineering; and multi-component inter-
ventions which were a combination of both. Secondary
prevention focused on pre-hospital care and various
forms of EMS. Tertiary prevention encompassed a range
of different rehabilitative strategies and interventions ad-
dressing mainly cognitive rehabilitation.

Strategies and interventions in LMICs
Less than a fifth of publications came from LMICs alone.
This is consistent with findings from other papers on
the limited research on this topic from these countries
[4, 6, 7, 25, 37].
All the primary preventative strategies and interven-

tions in LMICs related to road safety. Most studies were
in the legislation/policy category where the most com-
mon approach was the helmet policy. Other common
strategies and interventions were helmet use, traffic
calming and road modification and traffic policing or pa-
trolling. The three reviews on LMIC papers described
multiple interventions and strategies which included
both personal and public-level approaches. These find-
ings show that there are, indeed, a variety of strategies
and interventions for the primary prevention of neuro-
trauma and RTCs in these countries. However, there
was a clear deficiency in papers on vehicle engineering,
particularly pertaining to in-vehicle safety technology.
This is likely due to the fact that such technologies are
costly, and also that many of the vehicles in these coun-
tries are dated, and unsuitable for this purpose [93].
For secondary prevention, most of the LMIC papers

were on ambulance services and pre-hospital care
training. While there were other strategies and inter-
ventions described, there was an absence of papers on
pre-hospital care for neurotrauma or RTC victims.
This could be explained by the fact that in LMICs,
ambulances are used simply as a transportation
medium, and there is a lack of dedicated and trained
staff to provide pre-hospital care [103, 104]. Further-
more, well-defined trauma systems are lacking in
LMICs, often due to resource constraints, resulting in
the absence of pre-hospital care pathways and systems
for managing trauma [105].
Tertiary prevention in LMICs included

technological-based interventions, psychological inter-
ventions, occupational therapy, family-supported treat-
ment, animal-assisted therapy, music therapy and
acupuncture. Although the number of studies were
few, the range of interventions show that LMICs have
the capacity not only for high-cost approaches but
also make use of pre-existing, non-resource
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constraining strategies for neurotrauma rehabilitation,
such as acupuncture [91].

Strategies and interventions in HICs
Primary prevention of neurotrauma and RTCs in HICs
involved the utilisation of a diverse range of strategies
and interventions that included both personal and
public-level interventions, with most being under the le-
gislation/policy category as well.
Only HICs had policies on vehicle safety and engineer-

ing which is in keeping with the fact that there was a
greater use of technology in prevention in these coun-
tries, with studies on in-vehicle safety technology, vehicle
design and collision avoidance technology. Another big
difference was the greater emphasis on fitness to drive
and licensing restrictions, where more HIC studies re-
ported such policies, namely the GDLS. This corre-
sponds to the fact that such licensing systems exist in
more HICs than LMICs [106].
HIC papers described helmet use also in sports, com-

bat and industrial and construction workers, in addition
to its use in road safety. Some also included the use of
other safety equipment to prevent head injury in sports.
This shows that these activities are recognised in HICs
as potential causes of neurotrauma and how measures
need to be put in place to mitigate the consequence.
Another area identified as a cause of neurotrauma in

HICs was non-accidental injury/infant abuse. There were
papers on education and campaigns relating to the pre-
vention of this phenomenon, notably in Canada and the
USA.
The majority of the strategies and interventions in sec-

ondary prevention focused on pre-hospital care which
would have been carried out either at the site of injury
or within the EMS vehicle. There were also studies on
physician-staffed or physician-led EMS and pre-hospital
care training. This goes back to the way the trauma care
system and pathways in HICs are designed to include
not only life support but also a multidisciplinary man-
agement of patients and triage in the pre-hospital phase
[68, 69]. In addition, some HIC trauma care pathways
included direct transport to neurosurgical centres,
bypassing nearer non-specialist centres [31, 64]. Again,
this would be possible because of the availability of re-
sources for pre-hospital resuscitation and care in HICs,
where the patient would be stabilised and given prelim-
inary non-surgical management before and during trans-
port [64]. HICs also had more resources to have air
EMS services, as seen by most of the papers coming
from these countries.
Again, resource and technology played a role in pre-

vention through collision notification systems and pre-
hospital imaging, which were reported in only HIC
papers.

Most of the tertiary prevention strategies and interven-
tions were from HICs, which is especially reflected in
the primary studies. Most addressed cognitive rehabilita-
tion and utilised diverse approaches that ranged from
technology- or healthcare centre-based interventions
which were costly and labour-intensive to simple low-
resource or community-based approaches, namely yoga
and mindfulness.
Likewise, these strategies and interventions could also

be used to rehabilitate other areas in the neurotrauma
patient, particularly physical and emotional rehabilita-
tion. Multidisciplinary rehabilitation was also described,
where the patient would receive rehabilitation from a
group of individuals with different expertise, and who
would address different aspects of their functioning, in
the same time period for rehabilitation [77].
An interesting finding was the use of mindfulness as

both a primary and tertiary preventative approach [74–
76, 107]. While the principals and conduct of the inter-
vention were the same, the population and outcomes
differed, where for primary prevention, mindfulness re-
duced distracted or dangerous driving in well-adults,
whereas for tertiary prevention, it was used to address
cognitive and emotional symptoms in neurotrauma
patients.

Settings of strategies and interventions
Owing to the fact that most of the papers were on pri-
mary prevention with a focus on legislation/policy, the
settings were mostly at the national, state/province or
city/town/village levels, regardless of context. It was in-
teresting to note that some strategies and interventions
were carried out at a national level in some countries,
but at a state or city level in other countries, particularly
in the legislation/policy category. This reflects the differ-
ence in the government system in countries, whether
HICs or LMICs, where in some, each state or municipal-
ity is given autonomy to legislate on matters, which can
sometimes result in a contradiction of State and Na-
tional laws [108, 109].
Another interesting finding was in the ‘engineering’

category where most of the road engineering strategies
and interventions were carried out in cities or towns,
and vehicle engineering at a national level. This is not
unexpected as road engineering is a safety approach that
tends to be implemented by metropolitan governments
whereas national governments tend to be involved in
regulating standards for vehicles and safety mechanisms
[109].
Educational interventions were more community-

based, being carried out in schools, community centres,
health-facilities and even the workplace. This demon-
strated targeted education, which is found to be most
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effective in producing behaviour change compared with
universal education [110].
Many of the secondary preventative approaches were

carried out in cities or state/province levels. This would
be a reflection of the local trauma care system, where a
recent review revealed that not many countries have a
well-defined, coordinated national trauma system, par-
ticularly LMICs, and pre-hospital care would be only
available in areas where there are sufficient resources
and facilities [105].
Tertiary prevention, although involving mostly re-

habilitation centres, also included other settings such as
schools, homes and community centres. This is promis-
ing, as it enables access to care for neurotrauma patients
who live far from such healthcare facilities, which is
often the case in LMICs [6].

Contextual factors
Overall, the contextual factors were discussed in 58 pri-
mary studies and 4 reviews, where most of the papers
were from HICs with no LMIC papers on tertiary
prevention.
Although these factors varied depending on the type

of strategy or intervention, there were some commonal-
ities identified. Firstly, the issue of resource. Many pa-
pers discussed how the presence or absence of resources
determined whether a particular strategy or intervention
was utilised or was successful. This was particularly im-
portant in LMICs where resources including money and
manpower are often constrained or limited, suggesting
how approaches which are costly or require many re-
sources may not be successful in these contexts [23, 24].
Conversely, some studies also showed that strategies and
interventions that do not require too many resources
would be more sustainable and have a wider coverage
within the country, contributing to their success.
The second is attitudes and perceptions of individuals

towards safety and prevention, and towards the strategy
or intervention being implemented. Again, this can be
influenced by a number of things including overall
awareness or knowledge, age and maturity, peer and
family influence or personal experiences. The character-
istic of the strategy or intervention also plays a role, es-
pecially with tertiary prevention where approaches that
were simple, interesting and familiar were more success-
ful. This is particularly important, especially in LMICs,
where utilising simple and familiar strategies to rehabili-
tate, rather than novel, expensive approaches would not
only save cost but could potentially lead to good out-
comes [91]. Notwithstanding all this, attitudes and per-
ceptions are something that also warrant further
exploration.
Another interesting finding from the contextual fac-

tors was the relationship between each approach where

the presence of one necessitated the other, for example,
legislation with enforcement or legislation with aware-
ness concerning legislation (education); and how the ab-
sence of one or more resulted in the failure of the other,
for example, the absence of policies on vehicle design
and engineering resulting in the failure of the utilisation
of safety equipment [93].

Research gaps
This review identified research gaps in neurotrauma and
RTCs prevention and the striking difference in the num-
ber of publications worldwide. Compared with HICs,
there were far less primary studies conducted in the
LMICs in all intervention groups, especially tertiary pre-
vention. Moreover, there was a great lack of research
from Sub-Saharan Africa, which is the continent with
the greatest burden of RTCs [37]. This scenario was also
reported in a recent study by Tropeano et al. (2019)
which compared publication to traumatic brain injury
burden ratio between LMICs and HICs and found it was
the lowest in the areas of greatest burden [111]. The
underlying reasons may be due to lack of research fund-
ing or the absence of relevant strategies and interven-
tions, particularly for rehabilitation, in these countries.
In addition, there were only less than five systematic

reviews utilising only LMIC papers. The lack of second-
ary research to assess and evaluate effectiveness and
cost-effectiveness of preventative strategies and interven-
tions is not ideal, where this is important for prioritisa-
tion in the midst of resource limitations in these
countries [7].
Similarly, not many papers discussed contextual fac-

tors that affected or influenced strategy or intervention
implementation, especially in LMICs. As contextual fac-
tors have been recognised to be crucial for replication or
transferability in intervention research, there is a need
for more research into this, particularly in LMICs where
differences in infrastructure, population, environment
and resources can affect the success of a preventative ap-
proach [14, 23, 37].
The setting of a strategy and intervention is also essen-

tial when looking at transferability and applicability
[112]. The fact that many of the review papers did not
report the settings of the studied approach makes it dif-
ficult to draw conclusions on where it would be effective
or useful, and also whether it would be effective in dif-
ferent or multiple settings.

Strengths and limitations of this scoping review
To our knowledge, this scoping review is the first to
identify and quantify the evidence on all types of pri-
mary, secondary, and tertiary preventative strategies and
interventions for neurotrauma, published in both HICs
and LMICs. This review also discusses contextual issues
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surrounding the implementation of these approaches,
which would be useful in making recommendations for
policy and practice, particularly in resource-constrained
settings.
Additionally, we conducted a comprehensive literature

search using five electronic databases which included
peer-reviewed literature from a range of disciplines and
a wide range of grey literature sources from government
and non-governmental websites. Therefore, this review
provides a holistic evaluation of preventative strategies
and interventions worldwide and a comprehensive com-
parison and understanding of its relation to the specific
settings and/or contexts. Our scoping review is per-
formed with a well-established, rigorous review protocol
using a systematic search strategy, thus emphasising reli-
ability and ease of replication.
Our review also included systematic reviews and meta-

analyses, which provide information on the types of in-
terventions which have been assessed for effectiveness
and which have not. This would influence further re-
search whereby more secondary research can be done
for preventative strategies and interventions; and policy,
where effective interventions can be implemented as far
as possible.
This scoping review is aimed to explore the breadth of

evidence in regards to preventative strategies for neuro-
trauma and RTCs available in both HICs and LMICs.
However, LMIC papers were lacking significantly, in
spite of grey literature searches, due to the inability to
cover websites of all countries. Similarly, we did not per-
form the grey literature search from all road safety-
related databases, but a selected few. The bibliographic
and citation searching was limited, and we did not con-
tact researchers for additional papers. We were also
aware of the limitations in the number of publications
and potential geographical bias in this review due to re-
striction of the included literature to only English.
As we included a wide range of study types, there was

a possibility to include studies with weak methodology.
Therefore, findings from this review should be carefully
interpreted, particularly in relation to the potential im-
plementation of a preventative strategy or intervention.
Our selection criteria excluded papers that discussed

trauma in general which could have potentially limited
the number of papers discussing primary and secondary
preventative strategies and interventions. Additionally,
we did not perform a quality assessment of all the in-
cluded studies However, despite this limitation, we be-
lieve that our robust protocol and screening of literature
could safeguard against unreliable information.
The framework used to classify the primary studies on

primary prevention was developed using guidance from
several existing frameworks [113]. As ours is not an
established framework, but one derived from others

related to RTCs alone, the accuracy and generalisability
of this categorisation for primary neurotrauma preven-
tion may be limited.

Conclusions
Our scoping review provides the first review about neu-
rotrauma and RTCs preventions evaluated in both HICs
and LMICs. Of the 411 included articles, the majority of
the studies were performed in HICs. The most common
preventative approach was legislation/policy strategies
and interventions, followed by helmet use. While HICs
and LMICs shared many similar approaches, it appeared
that there were several that were absent in LMICs, the
most apparent involving technology utilisation. The
other obvious deficiency was in pre-hospital care. The
settings of the studies were important in understanding
the location where the interventions were carried out.
The implementation of most primary and secondary
prevention was at city, state and national levels while
tertiary prevention was mostly carried out at a health-
care or community-based setting. Resource and local at-
titudes appeared to be the contextual factors influencing
the implementation of various strategies and interven-
tions. Our review also emphasises the fact that RTCs are
a major cause of neurotrauma globally, and more mea-
sures should be put in place to prevent this, particularly
in areas of high occurrence. With the deadline for the
WHO Sustainable Development Goal (SDG) 3.6 and
United Nations’ Decade of Action for Road Safety fast
approaching, researchers, especially from LMICs should
heed the call to carry out more research into what strat-
egies and interventions in neurotrauma and RTCs pre-
vention exist, and if approaches developed for HICs are
applicable to LMICs, and thus be replicated.

Abbreviations
TBI: Traumatic brain injury; RTCs: Road traffic collisions; LMICs: Low- and
middle-income countries; HICs: High-income countries; PCC: Population,
Concept, Context; NIHR: National Institute for Health Research; USA: United
States of America; UK: United Kingdom; GDLS: Graduated Driver Licensing
system; EMS: Emergency Medical Services WHO: World Health Organisation;
SDG: Sustainable Development Goal

Acknowledgements
The authors would like to thank Dr Veronica Phillips for advice and feedback
on the search strategy. They would also like to thank Dr Sarah Kelly for her
guidance and advice on the overall conduct of this scoping review.

Authors’ contributions
SMS, MMK and DMS conceptualised and designed the study and
contributed substantially to the acquisition and analysis of data. SMS and TT
prepared the first draft of the study, and MMK and DMS contributed in the
“Background” and “Discussion” sections. SMS and TT were involved with
manuscript preparation. CH, PJAH, FS, CB and AMR critically reviewed the
manuscript. All authors gave approval to the publishing of the final version
of the manuscript.

Funding
This research was commissioned by the National Institute for Health
Research (NIHR) (Grant Number: RG89187) using UK aid from the UK

M Selveindran et al. Systematic Reviews           (2020) 9:114 Page 18 of 22



Government. The views expressed in this publication are those of the
author(s) and not necessarily those of the NIHR or the Department of Health
and Social Care.

Availability of data and materials
All data generated and/or analysed during this study are included in this
publication [and its Additional files]. Any unpublished material is available
from the corresponding author upon request.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Department of Clinical Neurosciences, Addenbrooke’s Hospital, Cambridge,
UK. 2NIHR Global Health Research Group on Neurotrauma, University of
Cambridge, Cambridge, UK. 3Faculty of Medicine, University of Indonesia,
Depok, Jawa Barat, Indonesia. 4Department of Neurosurgery, Northwest
School of Medicine and Northwest General Hospital and Research Centre,
Peshawar, Pakistan. 5Institute of Public Health, University of Cambridge,
Cambridge, UK. 6Department of Neurosurgery, Humanitas University and
Research Hospital, Milan, Italy. 7World Federation of Neurosurgical Societies,
Nyon, Switzerland. 8Department of Neurosurgery, Universidad El Bosque,
Bogota, Colombia. 9Neurological Surgery Unit, Muhimbili Orthopaedic
Institute and Muhimbili University College of Allied Health Sciences, Dar es
Salaam, Tanzania.

Received: 20 December 2019 Accepted: 2 April 2020

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s13643-020-01348-z.

Additional file 1. Preferred reporting items for systematic reviews and
meta-analyses extension for scoping reviews (PRISMA-ScR) checklist.

Additional file 2. Search strategy for Medline 1946 to date: returned
18,013 records.

Additional file 3. List of databases and websites searched for grey
literature.

Additional file 4. Characteristics of included primary studies after full-
text screening (primary and secondary prevention).

Additional file 5. Characteristics of included reviews after full-text
screening

Additional file 6. Definitions/description of rehabilitative strategies and
interventions included in the review.

Author details
Supplementary information accompanies this paper at https://doi.org/10.
1186/s13643-020-01348-z.1Department of Clinical Neurosciences,
Addenbrooke’s Hospital, Cambridge, UK. 2NIHR Global Health Research
Group on Neurotrauma, University of Cambridge, Cambridge, UK. 3Faculty of
Medicine, University of Indonesia, Depok, Jawa Barat, Indonesia. 4Department
of Neurosurgery, Northwest School of Medicine and Northwest General
Hospital and Research Centre, Peshawar, Pakistan. 5Institute of Public Health,
University of Cambridge, Cambridge, UK. 6Department of Neurosurgery,
Humanitas University and Research Hospital, Milan, Italy. 7World Federation
of Neurosurgical Societies, Nyon, Switzerland. 8Department of Neurosurgery,
Universidad El Bosque, Bogota, Colombia. 9Neurological Surgery Unit,
Muhimbili Orthopaedic Institute and Muhimbili University College of Allied
Health Sciences, Dar es Salaam, Tanzania.

Received: 20 December 2019 Accepted: 2 April 2020

References
1. Green SE, Bosch M, McKenzie JE, O’Connor DA, Tavender EJ, Bragge P, et al.

Improving the care of people with traumatic brain injury through the
Neurotrauma Evidence Translation (NET) program: protocol for a program
of research. Implementation Science. 2012;7(24). Available from http://www.
implementationscience.com/content/7/1/74.

2. GBD 2016 Traumatic brain injury and spinal cord injury collaborators. Global,
regional, and national burden of traumatic brain injury and spinal cord
injury, 1990-2016: a systematic analysis for the Global Burden of Disease
Study 2016. Lancet Neurology. 2019;18: 56-87.

3. Feigin VL, Barker-Collon S, Krishnamurthi R, Theadom A, Starkey N.
Epidemiology of ischaemic stroke and traumatic brain injury. Best Practice
and Research Clinical Anaesthesiology. 2010;24:485–94.

4. Iaccariono C, Carretta A, Nocolosi F, Morselli C. Epidemiology of severe
traumatic brain injury. Journal of Neurosurgical Sciences. 2018;62(5):535–41.

5. Dewan M, Rattani A, Gupta S, Baticulon RE, Hung Y, Punchak M, et al.
Estimating the global incidence of traumatic brain injury. Journal of
Neurosurgery. 2018;130(4): 1039-1408. Available from. https://doi.org/10.
3171/2017.10.JNS17352.

6. Hyder AA, Wunderlich CA, Puvanachandra P, Gururaj G, Kobusingye OC. The
impact of traumatic brain injuries: a global perspective. NeuroRehabilitation.
2007;22(5):341–53.

7. Staton C, Vissoci J, Gong E, Toomey N, Wafula R, Amdelgadir J, et al. Road
traffic injury prevention initiatives: a systematic review and metasummary of
effectiveness in low and middle income countries. PloS ONE. 2015;11(1):
e0144971.

8. Johnson WD, Griswold DP. Traumatic brain injury: a global challenge. The
Lancet Neurology Commission. 2017;16:948–50.

9. Majdan M, Plamcikova D, Brazinova A, Rusnak M, Nieboer D, Feigin V, et al.
Epidemiology of traumatic brain injuries in Europe: cross-sectional analysis.
Lancet Public Health. 2016;1:e76–83.

10. Centre for Excellence for Early Childhood Development (CEED). Injury
prevention. Canada: CEED/Strategic Knowledge Cluster on Early Child
Development (SKC-ECD); 2011.

11. The World Bank. The World by Income and Region. Washington DC. The
World Bank Group. 2019. https://datatopics.worldbank.org/world-
development-indificators/the-world-by-income-and-region.html. Accessed 2
December 2019.

12. Saatian MR, Ahmadpoor J, Mohammadi Y, Mazloumi E. Epidemiology and
Pattern of Traumatic Brain Injury in a Developing Country, Regional Trauma
Center. Bulletin of Emergency Trauma. 2018;6(1):45–53.

13. Wilson MH. Traumatic brain injury: an underappreciated public health issue.
The Lancet. 2016;1(2): pe44.

14. Maas AIR, Menon DK, Adelson PD, Andelic N, Bell MJ, Belli A, et al.
Traumatic brain injury: integrated approaches to improve prevention,
clinical care, and research. The Lancet Neurology Commission. 2017;16:987–
1048.

15. Hoz S, Moscote-Salazar LR. Prevention of Neurotrauma: an evolving matter.
Journal of Neurosciences in Rural Practice. 2017;8(Suppl 1):S141–3.

16. Gururaj G, Kolluri SVR, Chandramouli BA, Subbakrishna DK, Kraus JF.
Traumatic brain injury. National Institute of Mental Health and Neuro
Sciences. 2005;61.

17. Wright DW, Kellermen A, McGuire LC, Chen B. Popovic T. CDC Grand
Rounds: Reducing severe traumatic brain injury in the United States.
Morbidity and Mortality Weekly Report. 2013;62 (27): 549-552.

18. Cnossen MC, Lingsma HF, Tenovuo O, Maas AIR, Menon D, et al.
Rehabilitation after traumatic brain injury: a survey in 70 European
Neurotrauma Centres Participating in the CENTER-TBI Study. Journal of
Rehabilitation Medicine. 2017;49:395–401.

19. Wood S, Bellis MA, Watkins S. Road traffic accidents: a review of evidence
for prevention from the UK focal point for violence and injury prevention.
Liverpool: Centre for Public Health; 2010.

20. World Health Organization (WHO). World Report on Road Traffic Injury
Prevention. Geneva: WHO; 2004.

21. Roudsari BS, Nathens AB, Arreola-Risa C, Cameron P, Civil I, Grigoriou G,
et al. Emergency Medical Service (EMS) systems in developed and
developing countries. Injury International Journal of the Care of the Injured.
2007;38:1001–13.

M Selveindran et al. Systematic Reviews           (2020) 9:114 Page 19 of 22

https://doi.org/10.1186/s13643-020-01348-z
https://doi.org/10.1186/s13643-020-01348-z
https://doi.org/10.1186/s13643-020-01348-z
https://doi.org/10.1186/s13643-020-01348-z
http://www.implementationscience.com/content/7/1/74
http://www.implementationscience.com/content/7/1/74
https://doi.org/10.3171/2017.10.JNS17352
https://doi.org/10.3171/2017.10.JNS17352
https://datatopics.worldbank.org/world-development-indificators/the-world-by-income-and-region.html
https://datatopics.worldbank.org/world-development-indificators/the-world-by-income-and-region.html


22. Zia N, Mehmood A, Namaganda RH, Ssenyonjo H, Kobusingye O, Hyder AA.
Causes and outcomes of traumatic brain injuries in Uganda: analysis from a
pilot hospital registry. Trauma Surgery and Acute Care Open. 2019;4:
e000259.

23. Reynolds TA, Stewart B, Drewett I, Salerno S, Sawe HR, Toroyan T, et al. The
impact of trauma care systems in low-and middle-income countries. Annual
Review of Public Health. 2017;38:507–32.

24. Burton A. A key traumatic brain injury initiative in India. The Lancet
Neurology. 2016;15:1011–2.

25. Callese TE, Richards CT, Shaw P, Schuetz SJ, Paladion L, Issa N, et al. Trauma
system development in low-and middle-income countries: a review. Journal
of Surgical Research. 2015;193:300–7.

26. Porchia BR, Baldasseroni A, Dellisanti C, Lorini C, Bonaccorsi G. Effectiveness
of two interventions in preventing traffic accidents: a systematic review.
Annali di igiene. 2014;26:63–75.

27. Zaal D. Traffic law enforcement: a review of the Literature. Monash
University Accident Research Centre. 1994;53.

28. Lefio A, Bachelet VC, Jiminez-Paneque R, Gomolan P, Rivas K. A systematic
review of the effectiveness of interventions to reduce motor vehicle crashes
and their injuries among the general and working populations. Pan
American Journal of Public Health. 2018;42:1–8.

29. Eskesen TG, Baekgaard JS, Steinmetz J, Rasmussen LS. Initial use of supplementary
oxygen for trauma patients: a systematic review. BMJ Open. 2018;8:e020880.

30. Lamontagne M-E, Gagnon C, Allaire A-S, Noreau L. Effect of
rehabilitation length of stay on outcomes in individuals with traumatic
brain injury or spinal cord injury: a systematic review protocol.
Systematic Reviews. 2013;2:59.

31. Pickering A, Cooper K, Harnan S, Sutton A, Mason S, Nicholl J. Impact of
pre-hospital transfer strategies in major trauma and head injury: Systematic
review, meta-analysis and recommendations for study design. Journal of
Trauma and Acute Care Surgery. 2015;78(1):164–77.

32. Von Elm E, Schoettker P, Henzi I, Osterwalder J, Walder B. Pre-hospital
tracheal intubation in patients with traumatic brain injury: systematic review
of current evidence. British Journal of Anesthesia. 2009;103(3):371–86.

33. Alzahrani MB, Alansazi AM, Alsaghirat MAM, Alotaibi KM, Binmahfoz YKA,
Altowairqi FM, et al. Prehospital Tracheal Intubation versus Emergency
Department Intubation for Trauma Patients. The Egyptian Journal of
Hospital Medicine. 2018;70(6):1039–46.

34. Lundine JP. Memory restoration using computerized cognitive training after
pediatric traumatic brain injury: a review of the evidence. EBP Briefs. 2017;12(3):1–17.

35. Stalder-Lüthy F, Messerli-Bürgy N, Hofer H, Frischknecht E, Znoj H, Barth J.
Effect of psychological interventions on depressive symptoms in long-term
rehabilitation after an acquired brain injury: a systematic review and meta-
analysis. Archives of Physical Medicine and Rehabilitation. 2013;94:1386–97.

36. Bunn F, Collier T, Frost C, Ker K, Roberts I, Wentz R. Traffic calming for the
prevention of road traffic injuries: systematic review and meta-analysis.
Injury Prevention. 2003;9:200–4.

37. Bonnet E, Lechat L, Ridde V. What interventions are required to reduce road
traffic injuries in Africa? A scoping review of the literature. PLoS ONE. 2018;
13(11):e208195.

38. Newman ANL, Gravesande J, Rotella S, Wu SS, Topp-Nguyen N, Kho ME,
et al. Physiotherapy in the neurotrauma intensive care unit: A scoping
review. Journal of Critical Care. 2018;48:390–406.

39. Tricco AC, Lillie E, Zarin W, O’Brien KK, Colquhoun H, Levac D, et al. PRSMA
Extension for Scoping Reviews (PRISMA-ScR): Checklist and Explanation.
Annals of Internal Medicine. 2018;169:467–73.

40. M Selveindran S, Khan MM, Simadibrata DM, Hutchinson PJA, Brayne C et al.
Mapping global evidence on strategies and interventions in neurotrauma
and road traffic collisions prevention: a scoping review protocol. BMJ Open.
2019; 9 (e031517). doi: 10.1136 /bmjopen-2019-031517.

41. Arksey H, O’Malley L. Scoping studies: towards a methodological framework.
International Journal of Social Research Methodology. 2005;8(1):19–32.

42. The Joanna Briggs Institute. Joanna Briggs Institute Reviewers’ Manual 2015
edition/supplement. Adelaide: The Joanna Briggs Institute; 2015.

43. NIHR Global Health Research Group on Neurotrauma. http://neurotrauma.
world/ (2017). .

44. Peters MD, Godfrey CM, Khalil H, McInerney P, Parker D, Soares CB.
Guidance for conducting systematic scoping reviews. International Journal
of Evidence-Based Healthcare. 2015;13(3):141–6.

45. Emery CA. Injury prevention in kids’ adventure and extreme sports: future
directions. Research in Sports Medicine. 2018;26(S1):199–211.

46. Montero K, Spencer G, Ariens B. SmartRoads: training Indonesian workers to
become road safety ambassadors in industrial and community settings.
Global Health Promotion. 2012;19(2):19–26.

47. Hunter K, Keay L, Clapham K, Brown J, Bilston LE, Lyford M, et al. “He’s the
Number One Thing in My World”: Application of the PRECEDE-PROCEED
Model to Explore Child Car Seat Use in a Regional Community in New
South Wales. International Journal of Environmental Research and Public
Health. 2017;14(10):1–10.

48. Park GJ, Ro YS, Shin SD, Song KJ, Hong KJ, Jeong J. Preventive effects of car
safety seat use on clinical outcomes in infants and young children with
road traffic injuries: A 7-year observational study. Injury-International Journal
of the care of the Injured. 2018;49:1097–103.

49. Dias MS, Smith K, DeGuehery K, Mazur P, Li V, Shaffer ML. Preventing
abusive head trauma among infants and young children: a hospital-based,
parent education program. Pediatrics. 2005;115(4):e470–7.

50. Jenny C. Preventing head trauma from abuse in infants. Canadian Medical
Association Journal. 2009;180(7):703–4.

51. Samaha D, Barnard S, Valdez AM. Handle with care: preventing abusive
head trauma. Journal of Emergency Nursing. 2015;1(3):50–2.

52. Stewart TC, Gilliland J, Parry NG, Fraser DD. An evidence-based method for
targeting an abusive head trauma prevention media campaign and its
evaluation. Journal of Trauma and Acute Care Surgery. 2015;79(5):748–55.

53. Zolotor AJ, Runyan DK, Shanahan M, Durrance CP, Nocera M, Sullivan K,
et al. Effectiveness of a statewide abusive head trauma prevention program
in North Carolina. JAMA Pediatrics. 2015;169(12):1126–31.

54. Swartz EE, Broglio SP, Cook SB, Cantu RC, Ferrara MS, Guskiewicz KM, et al.
Early results of a helmetless-tackling intervention to decrease head impacts
in football players. Journal of Athletic Training. 2015;50(12):1219–22.

55. Brown JC, Verhagen E, Knol D, Van Mechelen W, Lambert MI. The
effectiveness of the nationwide BokSmart rugby injury prevention program
on catastrophic injury rates. Scandinavian Journal of Medicine and Science
in Sports. 2016;26:221–5.

56. Cawich SO, Harding HE, Evans NR, Crandon IW, Martin A. Revisiting current
strategies for primary prevention of motorcycle collisions in Jamaica. Injury
and Violence. 2010;2(1):55–60.

57. WHO. Practical lessons in enhancing road safety: Lessons from the Road safety
in 10 countries project in the Russian Federation. Copenhagen: WHO; 2015.

58. National Conference of State Legislatures (NCSL). States consider cameras
and seat belts to increase school bus safety. LegisBrief. 2018;26(47).
Available from: www.nsl.org.

59. Hasan R, Napiah M. The perception of Malaysian pedestrians toward the use
of footbridges. Traffic Injury Prevention. 2018;19(3):292–7.

60. Bacchieri G, Barros AJD, Santos JV, Gonҫalves H, Gigante DP. A community
intervention to prevent traffic accidents among bicycle commuters. Rev
Saúde Pública. 2010;44(5):1–9.

61. Khorasani-Zavareh D, Shoar S, Saadat S. Antilock braking system
effectiveness in prevention of road traffic crashes in Iran. BMC Public Health.
2013;13(439). Available from: http://www.biomedcentral.com/1471-245
8/13/439.

62. Schwindling L, Ragoschke-Schumm A, Kettner M, Helwig S, Manitz M,
Roumia S, et al. Prehospital imaging-based triage of head trauma with a
mobile stroke unit: first evidence and literature review. Journal of
Neuroimaging. 2016;6(26):489–193.

63. Hernandez MC, Thiels CA, Aho JM, Habermann EB, Zielinski MD, Stubbs JA,
et al. Prehospital plasma resuscitation associated with improved neurologic
outcomes after traumatic brain injury. Journal of Acute Care Surgery. 2017;
83(3):398–405.

64. Lecky F, Russell W, Fuller G, McClelland G, Pennington E, Goodacre S, et al.
The Head Injury Transportation Straight to Neurosurgery (HITS-NS)
randomised trial: a feasibility study. Health Technology Assessment. 2016;
20(1):1–232.

65. Gonzalez RP, Cummings GR, Mulekar MS, Harlan SM, Rodning CB. Improving
rural emergency medical service response time with global positioning
system navigation. Journal of Trauma. 2009;67:899–902.

66. Spivak M. Direct Dial to Dispatch. Emergency Medical Services. 1998;27(8):20–1.
67. Stickles JL, Kempema JM, Brown LH. Effect of mobile phone proliferation on

crash notification times and fatality rates. American Journal of Emergency
Medicine. 2018;36:24–6.

68. Gabbe BJ, Biostat GD, Lecky FE, Bouamra O, Woodford M, Jenks T, et al. The
effect of an organized trauma system on mortality in major trauma
involving serious head injury. Annals of Surgery. 2011;253:138–43.

M Selveindran et al. Systematic Reviews           (2020) 9:114 Page 20 of 22

http://neurotrauma.world/
http://neurotrauma.world/
http://www.nsl.org
http://www.biomedcentral.com/1471-2458/13/439
http://www.biomedcentral.com/1471-2458/13/439


69. Tallon JM, Fell DB, Karim SA, Ackroyd-Stolarz S, Petrie D. Influence of a
province-wide trauma system on motor vehicle collision process of trauma
care and mortality: a 10-year follow-up evaluation. Canadian Journal of
Surgery. 2012;55(1):8–14.

70. Murad MK, Issa DB, Mustafa FM, Hassan HO, Husum H. Prehospital
trauma system reduces mortality in severe trauma: a controlled study
of road traffic casualties in Iraq. Prehospital and Disaster Medicine.
2012;27(1):36–41.

71. Riyapan S, Thitchai P, Chaisirin W, Nakornchai T, Chakorn T. Outcomes of
emergency medical service usage in severe road traffic injury during Thai
holidays. Western Journal of Emergency Medicine. 2018;19(2):266–75.

72. Sinclair LM, Baker MD. Police Involvement in Pediatric Prehospital Care.
Pediatrics. 1991;97(5):636–41.

73. Arellano N, Mello MJ, Clark MA. The role of motorcycle taxi drivers in the
prehospital care of road traffic victims in rural Dominican Republic. Injury
Prevention. 2010;16(4):272–4.

74. Bay E, Chan R, Grimm C. Complex intervention development: a positive
focused mindfulness group intervention compared to healthy living after TBI.
Journal of Psychosocial Nursing and Mental Health Services. 2019;57(1):26–33.

75. Bédard M, Felteau M, Marshall S, Cullen N, Gibbons C, Dubois S, et al.
Mindfulness-based cognitive therapy reduces symptoms of depression in
people with a traumatic brain injury: results from a randomized controlled
trial. Journal of Head Trauma Rehabilitation. 2014;29(4):e13–22.

76. Coombs MA. Relax while you rehabilitate: a pilot study integrating a
novel, yoga-based mindfulness group intervention into a residential
military brain injury rehabilitation program. Rehabilitation Psychology.
2018;63(2):182–93.

77. Chua KS, Kong KH. Rehabilitation outcome following traumatic brain injury-
the Singapore experience. International Journal of Rehabilitation Research.
1999;22(3):189–97.

78. Swaine BR, Pless IB, Friedman DS, Montes JL. Effectiveness of a head injury
program for children: a preliminary investigation. American Journal of
Physical Medicine and Rehabilitation. 2000;79(5):412–20.

79. Scheenen ME, Visser-Keizer A, van der Naalt J, Spikman JM.
Description of an early cognitive behavioural intervention (UPFRONT-
intervention) following mild traumatic brain injury to prevent
persistent complaints and facilitate return to work. Clinical
Rehabilitation. 2017;31(8):1019–29.

80. Bombadier CH, Bell KR, Tenkin NR, Fann JR, Hoffman J, Dikmen S. The
Efficacy of a scheduled telephone intervention for ameliorating depressive
symptoms during the first year after traumatic brain injury. Journal of Head
Trauma Rehabilitation. 2009;24(4):230–8.

81. Linton KF, Kim BJ. A pilot study of Trabajadora de Salud, a lay health worker
intervention for Latinas/os with traumatic brain injuries and their caregivers.
Disability and Health Journal. 2018;11(1):161–4.

82. Fogelman D, Zafonte R. Exercise to enhance neurocognitive function after
traumatic brain injury. The American Academy of Physical Medicine and
Rehabilitation. 2012;4:908–13.

83. Tiwari D, Daly C, Alsalaheen B. Home-based circuit training program for an
adolescent female with severe traumatic brain injury: a case report.
Physiotherapy Theory and Practice. 2018;34(2):137–45.

84. Hoosan M. A qualitative investigation of the individual’s lived experience of
returning to work following traumatic brain injury [dissertation]. Brighton:
University of Brighton; 2010.

85. Sullivan CT, Gray MA, Williams GP, Green DJ, Hession CA. The use of real life
activities in rehabilitation: the experience of young men with traumatic
brain injuries from regional, rural and remote areas in Australia. Journal of
Rehabilitation Medicine. 2014;46:424–9.

86. Fernández E, Bringas ML, Salazar S, Rodriguez D, Garcia ME, Torres M.
Clinical impact of rehacom software for cognitive rehabilitation of patients
with acquired brain injury. MEDICC Review. 2012;14(4):32–5.

87. Hedge S. Music-based cognitive remediation therapy for patients with
traumatic brain injury. Frontiers in Neurology. 2014;5(34):1–7.

88. Soeker S. The use of Model of Occupational Self Efficacy in improving the
cognitive functioning of individuals with brain injury: a pre-and post-
intervention study. Work. 2017;58:63–72.

89. Von Elm E, Schoettker P, Henzi I, Osterwalder J, Walder B. Pre-hospital
tracheal intubation in patients with traumatic brain injury: systematic
review of current evidence. British Journal of Anaesthesia. 2009;103:
371–186.

90. Adeloye D. Prehospital Trauma Care Systems: Potential role towards
reducing morbidities and mortalities from road traffic injuries in Nigeria.
Prehospital and Disaster Medicine. 2012;27(6):536–42.

91. Wong V, Cheuk DKL, Lee S, Chu V. Acupuncture for acute management and
rehabilitation of traumatic brain injury. Cochrane Database of Systematic
Reviews. 2011; doi.org/10.1002/14651858.CD007700.pub2.

92. Sadeghnejad F, Niknami S, Hydarnia A, Montazeri A. Seat-belt use
among drivers and front passengers: an observational study from the
Islamic Republic of Iran. Eastern Mediterranean Health Journal. 2014;
20(8):491–7.

93. Soori H, Ainy E, Bazargan-Hejazi S. Opportunities, threats and barriers to
enacting mandatory child care restraint laws in Iran. International Journal of
Injury Control and Safety Promotion. 2015;22(4):314–9.

94. Nasvadi GE, Vavrik J. Crash risk of older drivers after attending a mature
driver education program. Accident Analysis and Prevention. 2007;29:
1073–9.

95. Taubman-Ben Ari O, Lotan T. The contribution of a novel intervention to
enhance safe driving among young drivers in Israel. Accident Analysis and
Prevention. 2011;43:352–9.

96. Šaric Z, Xu X, Duan L, Babić D. Identifying the safety factors over traffic signs
in state roads using a panel quantile regression approach. Traffic Injury
Prevention. 2018;19(6):607–14.

97. Shinar D, Dewar RE, Summala H, Zakowska L. Traffic sign symbol
comprehension: a cross-cultural study. Ergonomics. 2003;46(15):1549–65.

98. Tetali S, Lakshmi JK, Gupta S, Gururaj G, Wadhwaniya S, Hyder AA.
Qualitative study to explore stakeholder perceptions related to road safety
in Hyderabad. India. Injury. 2013;44(S4):S17–23.

99. Osorio-Cuéllar GV, Pacichana-Quinayaz SG, Bonilla-Escobar FJ, Fañdino-Losada
A, Jaramillo-Molina C, Gutiérrez-Martínez MI. First motorcycle-exclusive lane
(Motovia) in Colombia: perceptions of users in Cali, 2012-2013. International
Journal of Control and Safety Promotion. 2017;24(2): 145-151.

100. Ramos P, Diez E, Pérez K, Rodriguez-Martos A, Brugal MT, Villalbí JR. Young
people’s perceptions of traffic injury risks, prevention and enforcement
measures: a qualitative study. Accident Analysis and Prevention. 2000;40:
1313–9.

101. Vakili MA, Mohjervatan A, Heydari ST, Akbarzadeh A, Hosini NS, Alizaf F,
et al. The efficacy of a first aid training course for drivers: an experience
from northern Iran. Chinese Journal of Traumatology. 2014;17(6):289–92.

102. European Transport Safety Council (ETSC). Improving Post-Collision
Response and Emergency Care in Europe: Case Study-Rendez-vous system.
Brussels: ESTC; 2019.

103. Fan K, Sumit K. Feasibility of golden-hour interventions on improving victim
survival due to road traffic injuries in India. Global Health Annual Reviews.
2018;1(3):37–9.

104. Jamshidi H, Jazani RK, Alibabaei A, Alamdari S, Kalyani MN. Challenges of
cooperation between the pre-hospital and in-hospital emergency services
in the handover of victims of road traffic accidents: a qualitative study.
Investigación y Educación en Enfermeria. 2019;37(1):e08.

105. Dijkink S, Nederpelt C, Krijnen P, Velmahos GC, Schipper IB. Trauma systems
around the world: a systematic review. Journal of Trauma and Acute Care
Surgery. 2017;83(5):917–25.

106. Williams AF. Graduated driver licensing (GDL) in the United States in 2016: a
literature review and commentary. Journal of Safety Research. 2017;63:29–41.

107. Koppel S, Bugeja L, Hua P, Osborne R, Stephens AN, Young KL, et al. Do
mindfulness interventions improve road safety? A systematic review.
Accident Analysis and Prevention. 2019;123:88–98.

108. Gardner, JA. The myth of state autonomy: federalism, political parties, and
the national colonization of state politics. Journal of Law and Politics. 2013;
29 (1). dx.doi.org/10.2139/ssrn.2191150.

109. Wales J. The political economy of road safety: a policy-oriented literature
review. London: Overseas Development Institute; 2017. https://www.odi.org/
sites/odi.org.uk/files/resource-documents/11401.pdf. .

110. Stead M, McDermott L, Broughton P, Angus K, Hastings G. Review of the
Effectiveness of Road Safety and Pro-Environmental Interventions. Institute
for Social Marketing: Stirling; 2006.

111. Tropeano MP, Spaggiari R, Ileyassoff H, Park KB, Kolias AG et al. A
comparison of publication to TBI burden ratio of low-and middle-income
countries versus high-income countries: how can we improve worldwide
care of TBI? Neurosurgery Focus. 2019; 47. https://doi.org/10.3171/2019.8.
FOCUS19507.

M Selveindran et al. Systematic Reviews           (2020) 9:114 Page 21 of 22

https://doi.org/10.1002/14651858.CD007700.pub2
http://dx.doi.org/10.2139/ssrn.2191150
https://www.odi.org/sites/odi.org.uk/files/resource-documents/11401.pdf
https://www.odi.org/sites/odi.org.uk/files/resource-documents/11401.pdf
https://doi.org/10.3171/2019.8.FOCUS19507
https://doi.org/10.3171/2019.8.FOCUS19507


112. Burchett HE, Dobrow MJ, Lavis JN, Mayhew SH. When can research from
one setting be useful in another? Understanding perceptions of the
applicability and transferability of research. Health Promotion International.
2013;28(3):418–30.

113. Racioppi F, Eriksson L, Tingvall C, Villaveces A. Preventing Road Traffic Injury:
A Public Health Perspective for Europe. Copenhagen: WHO; 2004.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

M Selveindran et al. Systematic Reviews           (2020) 9:114 Page 22 of 22


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Research questions
	Eligibility criteria
	Participants
	Concept
	Context

	Search strategy
	Citation management and study selection
	Data extraction, collation and summary

	Results
	Descriptive numerical summary
	General characteristics of included studies
	Primary studies
	Reviews
	Strategies and interventions
	Primary studies
	Reviews
	Contextual factors


	DISCUSSION
	Breadth of literature
	Strategies and interventions in LMICs
	Strategies and interventions in HICs
	Settings of strategies and interventions
	Contextual factors
	Research gaps
	Strengths and limitations of this scoping review

	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	Supplementary information
	Author details
	References
	Publisher’s Note

