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Abstract: The purpose of this study was to conduct an evidence-based review to determine predictors
of fitness to drive and return to driving in persons with traumatic brain injury (TBI). Relevant
databases (MEDLINE/PubMed, CINAHL, Cochrane Library, and SCOPUS) were searched for
primary articles published before June 2016 using MeSH search terms. Using the American Academy
of Neurology’s classification criteria, 24 articles were included after reviewing 1998 articles. Studies
were rated by class (I-IV), with I being the highest level of evidence. Articles were classified according
to TBI severity, as well as types of assessments (on-road, simulator and surveys). There were no Class
I studies. Based on Class II studies, only Post-traumatic amnesia (PTA) duration was found to be
probably predictive of on-road driving performance. There is limited evidence concerning predictors
of return to driving. The findings suggest further evidence is needed to identify predictors of on-road
driving performance in persons with TBI. Class I studies reporting Level A recommendations for
definitive predictors of driving performance in drivers with TBI are needed by policy makers and
clinicians to develop evidence-based guidelines.
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1. Introduction

Traumatic brain injury (TBI) is caused when the brain is subjected to external mechanical force
resulting in altered neurological function (e.g., loss of consciousness, confusion, disorientation).
The severity of the injury may range from minor, with few or no lasting consequences, to major,
resulting in profound disability or death. The annual incidence of TBI is conservatively estimated at
600/100,000 in North America [1]. Epidemiological studies show that men, as well as the youngest
(15-19 years of age) and oldest cohorts (aged 65 and older) are more likely to sustain a TBI [2].

While the issue of TBIs are largely related to sports or returning veterans, the side effects have
implications for instrumental activities of daily living such as driving. It is well known that TBI can
negatively affect cognitive and motor performance [3,4] and lead to the development of mental health
issues [5], all of which can impair driving related abilities. Even in mild TBI cases, impaired cognitive
and motor function are often detected by standardized clinical tests up to 3 months post injury [6].

Studies have found that patients with TBI, compared to controls, perform more poorly on hazard
perceptions tests [7], have slower information processing speed and reaction time [8]. Recently, one
study found that 16.7% of 3993 adults aged 18-97 had suffered a TBI, and compared to licensed older
adults without TBI, those with TBI had significantly greater odds of being an aggressive driver in the
past 12 months, as well as being in a motor vehicle collision [9]. TBI patients may also have lower
self-efficacy, related to fewer kilometres driven, increased use of compensatory driving strategies,
driver mistakes and increased inattention [10].
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Other studies have focused on predictors of driving resumption, often defined as driving status
or return to driving. For example, one study found that on-road driver rehabilitation followed by
on-road re-assessment was associated with a higher probability of return to driving after TBI [11].
Post-traumatic amnesia (PTA) duration, along with the presence of visual and physical impairment
classified 88% of the pass group and 71% of those needing rehabilitation [11]. Due to the impairments
associated with TBI, patients are advised against resuming driving for at least 3 months post-injury to
allow for appropriate recovery of motor and cognitive abilities [12].

Other studies have examined predictors of driving performance in persons with acquired brain
injury and found that measures of injury severity [13] and neuropsychological tests [14-16] may be
useful predictors of on-road driving performance. However, these studies are comprised of mixed
samples (e.g., TBI and stroke) that did not control their findings for diagnosis. Consequently, due to
differences in etiology (e.g., TBI and stroke) and associated impairments, it is challenging to identify
whether predictors of on-road driving are indeed relevant solely to a TBI population.

A prior evidence based review on TBI and driving that included 13 studies was conducted
in 2009. The findings did not support the use of any particular clinical test to predict fitness to
drive post-injury in part due to the limited number of on-road studies [17]. Additionally, a recent
systematic literature review of the methods and assessment used to determine fitness to drive found
that several standardized assessments may be used in TBI patients; however, these tests required
further psychometric testing [18]. Additionally, only seven studies were included in this review. In the
last decade, there have been an increasing number of studies on TBI and driving. This provides an
opportunity to re-assess and summarize the literature to determine whether there are predictors of
fitness or drive or predictors of return to driving. Thus, the purpose of this study was to conduct an
evidence-based review to assess predictors of fitness-to-drive and return-to-driving in persons with
TBI, to identify gaps and provide recommendations for future research.

2. Methods

2.1. Procedure

We reviewed primary studies that addressed fitness-to-drive and/or return-to-driving after
TBI. To conduct the review, a reference librarian was consulted. Four electronic databases
(e.g., MEDLINE/PubMed, CINAHL, Cochrane Library, and SCOPUS) were searched, representing
medicine, health science, psychological, and social science. Search terms were as follows: mild,
moderate or severe brain injury, concussion (or concussive) and drive (or driving), motor vehicle,
or on-road. Also included in the search were the following MeSH headings: brain concussion and
automobile driving. In addition, articles were identified via footnote chasing (i.e., finding additional
citations in the reference list of selected articles). Articles were excluded for analysis if they (1) were
duplicates; (2) were not primary studies; (3) were qualitative or descriptive in nature; (4) included
driving, but not as a primary outcome variable; or (5) included mixed diagnosis groups (e.g., TBI and
post-traumatic stress disorder). The search included all articles up to June 2016 and yielded 1998 articles
(shown in Figure 1). After removing duplicates, 1052 remained; 40 articles were included for full-text
review. Twenty-four articles met the inclusion and exclusion criteria. Two independent reviewers
extracted the data from each article, with any differences resolved by collaborative discussion.
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Articles retrieved
(n=1,998):

PubMed (n=910)
SCOPUS (n=924)
CINAHL (n=116)
Cochrane Library
(n=48)

Duplicates removed

3o0f11

(n=946)
n=1,052
[ [ [ |
Driving wastnot the Not a primary study Mixed diagnosis Full articles retrieved
primary outcome
measure (n=986) (n=24) (n=2) (n=40)

2.2. Evidence-Based Ratings and Recommendations

Figure 1. Flow chart of article selection process.

Primarily descriptive
(n=2)

Mixed diagnosis
(n=9)

Driving was not the
primary outcome
measure (n=5)

Included
(n=24)

The American Academy of Neurology (AAN) classification criteria were used to assign levels of
evidence and provide recommendations for studies that examined fitness-to-drive or return-to-driving
after TBI [19]. As shown in Table 1, we used the following parameters for rating an article by class
(I-1V, with Class I being the highest level of evidence) and recommendation (A-C and U, with A being
predictive or not of the outcome, B being probably predictive or not of the outcome, C being possibly
predictive or not of the outcome, and U representing inadequate data or conflicting data).
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Table 1. Ratings and Recommendations by American Academy of Neurology (AAN) criteria.

40f11

Class I

Class II

Class IIT

Class IV

Rating article by class

Evidence provided by a
prospective study in a broad
spectrum of persons with the
suspected condition, using a
criterion standard for the case
definition. Test should be applied
in a blinded evaluation. All
people undergoing the test have
the presence or absence of

the condition.

Evidence provided by a
prospective study of a narrow
spectrum of persons (n, 100)
with the suspected condition, or
a retrospective study of a broad
spectrum of persons with an
established condition by
criterion standard, compared to
a broad spectrum of controls.

Evidence provided by a
retrospective study where either
persons with the established
condition or controls are of a
narrow spectrum (n, 100). The
reference standard, if not
objective, is applied by someone
other than the person
performing the test.

Any design where the test is not
applied in an independent
evaluation or evidence
provided by the expert opinion
alone or in descriptive case
series (without controls).

Level A

Level B

Level C

Level U

Rating by recommendation

Recommendation: Established as
effective /useful /or predictive or
not. “Should be done, or should
not be done.”

Recommendation: Probably
effective /useful /or predictive,
or not. “Should be considered,
or should not be considered.”

Recommendation: Possibly
effective /useful /or predictive,
or not. “May be considered, or
may not be considered.”

No recommendation.

Condition for rating by
recommendation

Requires 2 consistent Class I
studies, or 1 Class I study where
the magnitude of the effect is
large, and all criteria have

been met.

Requires at least 1 Class I study,
or 2 consistent Class II studies.

Requires at least 1 Class II study,
or 2 consistent Class III studies.

Data inadequate or conflicting.
Given the current knowledge or
test, the treatment is unproven.
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3. Results

3.1. Description of Primary Studies

Twenty-four studies were included that examined fitness-to-drive [7-9,11,20-30],
return-to-driving [12,30-34] or both [35-38] in persons with TBI. The studies included either
an on-road driving assessment [8,11,21-24,29], simulated driving assessment [20,30], off-road
screening test [7,25] or self (or other) report measures [9,12,26-28,31-38]. The 24 studies that
met the inclusion criteria were published before June 2016. Funding status was reported in
14 studies [9,11,12,20,23,24,28,32-38]. Included studies were conducted in Australia [7,11,12,25,26,29],
Canada [9,20,30,34], Europe [8,21,31,36,38] or United States [22-24,27,28,32,33,35,37].

3.2. Level of Evidence, Conclusions, and Recommendations

A summary of the 24 primary studies are included in the Table S1, including title, year, authors
and funding, as well as the study purpose, sample description, independent and dependent variables,
study design, main findings, levels of evidence and conclusions. Based on the AAN classification
criteria [19] outlined in Table 1, the results, conclusions and recommendations related to the predictors
of driving performance in individuals with TBI are presented below.

3.2.1. On-Road Studies

Results: The review yielded five class II studies [8,11,22,23,29] and two class III studies [21,24].
The sample sizes ranged from nine [8] to 207 [11] individuals with TBI. Studies included individuals
with mild to severe TBI [11,23,29], moderate to severe TBI [22,24], severe TBI [9] or did not
indicate injury severity [21] with a time (mean) post-TBI that ranged from eight months [22] to
12.7 years [23]. The design of the seven studies were prospective [8,22], cross-sectional [21,23,24] or
retrospective [11,29] approaches.

Conclusions: One class II study found that poorer performance on a driving simulator was
predictive of on-road driving in individuals with moderate to severe TBI [22]. One class II study
found that driver distraction (selecting a CD, radio tuning or coin sorting) did not significantly impair
on-road driving in persons with mild to severe TBI compared to controls [23]. Two class II studies
found that PTA was predictive of pass/fail on the road test [11,20] while one Class II study found that
the presence of physical and/or visual impairment, and slower reaction time predicted failing the
on-road test [11]. Scores on the Glasgow Coma Scale (GCS) were not predictive of passing/failing a
road test [11], as was reaction time [8]. One class III study found that younger age and slower times
on the Trail Making Test (TMT) Part B and Useful Field of View (UFOV) Subtest-2 test predicted
failing a road test; whereas TMT Part A did not [24]. One class III study found that scores on the
perceptual speed test symbol substitution subtest of the Wechsler Adult Intelligence Scale (WAIS), and
time estimation task was significantly correlated with the outcome (pass/fail) of the on-road driving
task [21].

Recommendations: Level B: PTA duration is probably predictive of on-road driving performance.
Level C: Visual/physical impairment and performance on a driving simulator are possibly predictive
of on-road driving performance. Conversely, GCS scores are possibly not predictive of on-road driving
performance. Level U: There is mixed evidence of the effect of reaction time on on-road driving
performance. The evidence concerning age, perceptual speed, reaction time, symbol substitution, time
estimation, TMT A & B and UFOV 2 cannot be interpreted due to inadequate data based on one class
III study.

3.2.2. Simulator Studies

Results: The review yielded one class III study [20] and one class IV study [30]. The sample sizes
ranged from one [30] to 44 [20]. The class III study included individuals with moderate to severe TBI
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with a time (mean) post-TBI of 53 months [20]. The study design was cross-sectional [20]. The class IV
study included one individual with severe TBI, followed over four months of training [30].
Conclusions: One class III study [20] found no differences in the simulated driving performance
between persons with moderate to severe TBI and controls. One class IV study [30] assessed a single
case on the driving simulator. Consequently, no conclusions can be made.
Recommendations: Level U: There is no data (or evidence) due to the limited number of studies
examining simulated driving performance.

3.2.3. Off-Road Screening Tests

Results: The review yielded two class III studies [7,25]. The sample sizes ranged from 55 [25] to
85 [7]. The first off-road study included individuals with mild TBI and had a time (mean) post-TBI
of 10.2 h [7]. The second off-road study included individuals with mild to severe TBI and had a time
(mean) post-TBI of 266.4 days [7].

Conclusions: Two class III studies examined whether GCS scores were associated with the hazard
perception test (HPT), an indicator of driving performance [7,25]. Both studies found that scores on
the HPT were significantly worse in the TBI group than controls, however, GCS scores were not related
with performance on the HPT (response time).

Recommendations: Level C: GCS scores from two consistent Class III studies are possibly not
predictive of off-road screening tests.

3.2.4. Surveys/Self-Report

Results: The review yielded 13 primary studies that included survey studies including
outcomes related to driving status [12,31-36,38], driving behaviours [9,26-28,35-37] or driving
records [27,28,35,38]: all 13 were classified as Class III studies [9,12,26-28,32-38]. The sample sizes
ranged from 17 [37] to 4628 [32]. The studies included individuals with mild TBI [12,27], severe TBI [31],
mild to severe TBI [26,35] or moderate to severe TBI [32,33,36]. Four studies did not describe injury
severity [9,28,34,38]. Time (mean) post-TBI ranged from 30.7 h [12] to 7.1 years [27]. The design of
the 13 studies were prospective [12,37], cross-sectional [9,32], retrospective [26-28,31-36,38], or mixed
(prospective and retrospective components) [35] approaches.

3.2.5. Return to Driving (Driving Status)

Conclusions: One Class III study found that lower GCS scores were related to return to driving
(driving status) at one, two, and five years post-TBI in persons with moderate to severe TBI [32]
However, another Class III study found that GCS scores were not related to driving status, where GCS
scores did not differ significantly between the driving and non-driving TBI groups [35]. Two class III
studies found that TMT A and TMT B test scores were related to return to driving [34,38] whereas the
WALIS Digit span forward or backward was not in one Class III study [34]. One Class III study found
that higher scores (indicating better performance) on the Matrix Reasoning Test on the WAIS was
related to driving status (more likely to drive) [35]. Two Class III [32,36] studies found that higher scores
on the Functional Independence Measure (FIM)—Functional Assessment Measure (FAM; indicating
less severity) were related to an increased likelihood of driving, with higher scores on the physical
subscale (indicating a physical and motor functionality above 80%) predicting return to driving in
another Class III study [31]. One class III study [12] found that time to complete the occupational
therapy-drive home maze test was predictive of return-to-driving 2 weeks after sustaining a TBI. In a
class I1I study [33], directives against driving from significant others (e.g., caregiver perceptions) were
related to non-driving,.

Recommendations: Level C: FIM, TMT A and B scores are possibly predictive of driving status
based on two Class III studies; Level U: Evidence concerning GCS score, WAIS, Drive Home Maze
test and caregiver perceptions cannot be interpreted due to inconsistent or inadequate data with each
based on one class III study.
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3.2.6. Driving Behaviours

Conclusions: One class III study found that GCS scores (indicating less severe injuries) were
associated with greater driving exposure (e.g., drive more frequently and over greater distances) and
lower driving avoidance (less likely to drive with passengers, in busy traffic, at night and on the
freeway) [26]. Shorter PTA durations (indicating less severe TBI) were associated with greater driving
exposure in two Class III studies [26,37], as was a higher score (indicating less severe injury) on the
Digit Span Subtest on the WAIS in one Class III study [37]. Conversely, the FIM Motor Subscale was
predictive of restricted driving exposure [37].

Evidence concerning PTA with driving avoidance was inconsistent. One study found a negative
correlation [26], whereas the other study found that PTA durations did not show a significant effect on
driving avoidance [37]. The FIM was not associated with driving avoidance in one Class III study [37].

Recommendations: Level C: PTA duration is possibly predictive of driving exposure; Level U:
Driving exposure: Evidence concerning GCS, WAIS and FIM scores cannot be interpreted due to
inadequate data. Driving avoidance: Evidence concerning PTA duration and FIM scores cannot be
interpreted due to conflicting or inadequate data based.

3.2.7. Driving Records

Conclusions: One Class III study found that the processing speed index on the WAIS, as well as
scores on the TMT A and B tests were not predictive of self-reported crashes or citations in individuals
with mild TBI [27]. One class III study [38] found that the number of years post-TBI, personality
index scores from the Diagnostic and Statistical Manual of Mental Disorders 4th Edition (higher scores
indicate more risky attitudes and behaviours) and driving-style index scores (higher scores indicate
more risky driving practices) were positively associated with accidents and violations. Two class III
studies [9,28] compared the number of accidents and violations between those with TBI and controls.
One study found that the TBI group had significantly more on-road collisions after TBI whereas the
other study did not [28].

Recommendations: Level U: Evidence concerning WAIS, Trail Making A & B scores, number of
years post TBI, personality and driving index scores and self-reports of accidents are inconclusive due
to inadequate or conflicting data.

4. Discussion

This review found 24 primary studies examining TBI and driving highlighting the limited number
of studies in this area. Overall, there was substantial variation between studies in sample characteristics
(e.g., TBI severity), sample size, the clinical tests performed, outcome measures, as well as the length
of follow-up periods, making it difficult to draw definitive conclusions and concise recommendations.
Similar to a prior review [18], we found no standard clinical battery to predict driving performance in
persons with TBI although a few individual tests may warrant further consideration in future studies.

From the on-road studies, injury severity (PTA duration) was the only probably predictor. While
PTA duration and GCS scores are both measures of injury severity; they produce different classifications
of TBI severity. For example, in one study that used both measures [11], only 2% of participants were
classified in the same category (mild, moderate and severe), which may explain why GCS scores were
not related to any outcomes in the present study (e.g., on-road and simulator performance, driving
behaviours, crash records).

While one study found that driving performance on a simulator may be indicator of on-road
driving performance [11], another study found no differences in simulated driving performance
between those with moderate/severe TBI and controls [20]. Consequently, there is no evidence of
impaired driving in those with TBI on a simulator. While the on-road test is often regarded as the
‘gold standard’ to examine fitness to drive; pass/fail outcomes are often needed to determine whether
driving performance is actually impaired. A driving simulator, meanwhile, especially one with high
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fidelity, may allow researchers to evaluate fitness-to-drive in persons with TBI. There have been a
few studies that have used simulators as a proxy to on-road driver testing with good relative and
absolute validity [22,39,40]. Driving simulators may also offer opportunities to test a wider range
of capabilities by testing persons with TBI on more challenging tasks that are not performed on the
road (e.g., driving in bad weather, driving at night, driving in high traffic) [22]. In some jurisdictions,
a simulator can be part of a tiered approach to driving assessment where persons who fail on the
simulator are then referred for an on-road test. However, there were few simulator studies and
consequently, no recommendations could be made concerning the predictive nature of any clinical test
or simulator assessment in persons with TBL

Other well-known clinical tests such as the Trails B and UFOV, which are often predictive of
driving performance in older drivers and other clinical populations [41,42], were both predictive of
on-road pass/fail outcomes whereas the Trails A was not. As deficits related to TBI often impair
executive function and information processing speed, further studies are needed to determine whether
the Trails B test or UFOV, as well as other clinical tests, can either individually or be combined into a
clinical battery for screening.

No predictors related to off-road screening tests were found besides the GSC being possibly
not predictive in relation to the hazard perception test [7,25]. FIM, Trails A and B scores are
possibly predictive of return to driving and PTA duration is possibly predictive of driving exposure.
Recommendations concerning other tests (e.g., WAIS, GCS, Trails A & B scores, Drive Home Maze
Test) on return to driving, driving exposure (GCS, WAIS and FIM), driving avoidance (PTA, FIM) and
driving records (e.g., WAIS, Trails A & B, number of years post TBI, personality and driving index
scores and self-reports of accidents) were all inconclusive. While return to driving was consistently
assessed using surveys, it should be noted that there are limitations to using self-report measures,
which include social desirability and recall bias [43-45]. Additionally, crash records may not be a true
reflection of crash risk as minor crashes may not be reported to insurance companies or reported by
police [34]. Crashes in general also happen infrequently. Future studies should attempt to follow
drivers with TBI over time to determine predictors of return to driving (via an on-road test), as well
as rehabilitation protocols employed by occupational therapists (or other rehabilitation specialists)
that enhance the likelihood of return-to-driving following a TBL. To date, there is little information on
intervention protocols and effects on return-to-driving in persons with TBI.

Limitations in the field include the substantial variability in outcome measures and assessment
procedures (including length of monitoring). When patients are recruited and assessed, and whether
there is a follow-up period, are important considerations in future studies. Two studies found driving
performance was impaired 24 h of mild TBI onset [7,12] while another study found no impairment
years after TBI diagnosis [27]. This suggests mild TBI may not result in residual impairment but
may result in impairment soon after injury. Adequate screening is important given that 60%-80% of
all TBI cases are considered mild and many deficits often go unrecognized and untested, yet pose
a significant danger to road safety. Developing screening measures to identify those with mild TBI
is critical to ensuring road safety (and the safety of other road users) despite the limited number of
studies available.

These findings support the notion that Class I studies with Level A recommendations are needed
to develop clear and concise evidence based guidelines for assessing fitness to drive in TBI populations.
This study could only make limited recommendations due to small and heterogeneous sample sizes,
which may impede the ability to detect small and moderate effects, both within and between groups.
Future studies should attempt to recruit larger and more homogenous samples and examine difference
related to mild, moderate and severe TBI on driving performance.



Geriatrics 2016, 1, 17 9of 11

Supplementary Materials: The following are available online at http://www.mdpi.com/2308-3417/1/3/17/s1,
Table S1: Summary of Included Primary Studies.

Acknowledgments: Alexander Crizzle is a member of the Canadian Consortium on Neurodegeneration and
Aging (CCNA) Driving and Dementia team and of the Canadian Driving Research Initiative for Vehicular Safety
in the Elderly (Candrive), an interdisciplinary health related research program dedicated to improving the safety
of older drivers.

Author Contributions: Palubiski was responsible for data collection and analysis, interpretation and drafting the
original manuscript, and subsequent revisions to the manuscript. Crizzle was responsible for the conceptualization
and study design, data collection and analysis, interpretation of the data, editing first and all subsequent drafts of
the manuscript.

Conflicts of Interest: The authors report no conflict of interest.

References

1.  Canadian Institute of Health Research. Research in Traumatic Brain Injury. 2012. Available online:
http:/ /www.cihr-irsc.gc.ca/e/45665.html (accessed on 14 January 2016).

2. Faul, M.; Xu, L.; Wald, M.M.; Coronado, V.G. Traumatic Brain Injury in the United States: Emergency Department
Visits, Hospitalizations and Deaths 2002-2006; Centers for Disease Control and Prevention, National Center for
Injury Prevention and Control: Atlanta, GA, USA, 2010.

3. Schneiders, A.G.; Sullivan, S.J.; Gray, A.R.; Hammond-Tooke, G.D.; McCrory, PR. Normative values for
three clinical measures of motor performance used in the neurological assessment of sports concussion.
J. Sci. Med. Sport 2010, 13, 196-201. [CrossRef] [PubMed]

4. Swaine, B.R;; Sullivan, S.J. Reliability of the scores for the finger-to-nose test in adults with traumatic brain
injury. Phys. Ther. 1993, 73, 71-78. [PubMed]

5. Guskiewicz, K.M.; Marshall, S.W.; Bailes, J.; McCrea, M.; Harding, H.P, Jr.; Matthews, A.; Mihalik, J.R.;
Cantu, R.C. Recurrent concussion and risk of depression in retired professional football players.
Med. Sci. Sports Exerc. 2007, 39, 903-909. [CrossRef] [PubMed]

6. Belanger, H.G.; Curtiss, G.; Demery, J.A.; Lebowitz, B.K.; Vanderploeg, R.D. Factors moderating
neuropsychological outcomes following mild traumatic brain injury: A meta-analysis. ]. Int. Neuropsychol. Soc.
2005, 11, 215-227. [CrossRef] [PubMed]

7.  Preece, M.H.W.; Horswill, M.S.; Geffen, G.M. Driving after concussion: The acute effect of mild traumatic
brain injury on drivers hazard perception. Neuropsychology 2010, 24, 493-503. [CrossRef] [PubMed]

8.  Stokx, L.C.; Gaillard, A.W.K. Task and driving performance of patients with a severe concussion of the brain.
J. Clin. Exp. Neuropsychol. 1986, 8, 421-436. [CrossRef] [PubMed]

9. Ilie, G.; Mann, R.E.; Ialomiteanu, A.; Adlaf, E.M.; Hamilton, H.; Wickens, C.M.; Ashbridge, M.; Rehm, J.;
Cusimano, M.D. Traumatic brain injury, driver aggression and motor vehicle collisions in Canadian adults.
Accid. Anal. Prev. 2015, 81, 1-7. [CrossRef] [PubMed]

10. Rike, P; Johansen, H.J.; Ulleberg, P.; Lundqvist, A.; Schanke, A. Exploring associations between self-reported
executive functions, impulsive personality traits, driving self-efficacy, and functional abilities in driver
behaviour after injury. Tranp. Res. F Traffic Psychol. Behav. 2015, 29, 34—47. [CrossRef]

11. Ross, PE.; Ponsford, J.L.; di Stefano, M.; Spitz, G. Predictors of on-road driver performance following
traumatic brain injury. Arch. Phys. Med. Rehabil. 2015, 96, 440-446. [CrossRef] [PubMed]

12.  Baker, A.; Unsworth, C.A.; Lannin, N.A. Fitness to drive after mild traumatic brain injury: Mapping the time
trajectory of recovery in the acute stages post injury. Accid. Anal. Prev. 2015, 79, 50-55. [CrossRef] [PubMed]

13. Fleming, J.; Liddle, J.; Nalder, E.; Weir, N.; Cornwell, P. Return to driving in the first 6 months of community
integration after acquired brain injury. NeuroRehabilitation 2014, 34, 157-166. [PubMed]

14. Aslaksen, PM.; Orbo, M.; Elvestad, R.; Schafer, C.; Anke, A. Prediction of on-road driving ability after
traumatic brain injury and stroke. Eur. ]. Neurol. 2013, 20, 1227-1233. [CrossRef] [PubMed]

15. Hargrave, D.D.; Nupp, ].M.; Erickson, R.J. Two brief measures of executive function in the prediction of
driving ability after acquired brain injury. Neuropsychol. Rehabil. 2012, 22, 489-500. [CrossRef] [PubMed]

16. Schultheis, M.T.; Hillary, F.; Chute, D.L. The neurocognitive driving test: Applying technology to the
assessment of driving ability following brain injury. Rehabil. Psychol. 2003, 48, 275-280. [CrossRef]


http://www.cihr-irsc.gc.ca/e/45665.html
http://dx.doi.org/10.1016/j.jsams.2009.05.004
http://www.ncbi.nlm.nih.gov/pubmed/19560971
http://www.ncbi.nlm.nih.gov/pubmed/8421720
http://dx.doi.org/10.1249/mss.0b013e3180383da5
http://www.ncbi.nlm.nih.gov/pubmed/17545878
http://dx.doi.org/10.1017/S1355617705050277
http://www.ncbi.nlm.nih.gov/pubmed/15892898
http://dx.doi.org/10.1037/a0018903
http://www.ncbi.nlm.nih.gov/pubmed/20604623
http://dx.doi.org/10.1080/01688638608401332
http://www.ncbi.nlm.nih.gov/pubmed/3745415
http://dx.doi.org/10.1016/j.aap.2015.04.021
http://www.ncbi.nlm.nih.gov/pubmed/25935425
http://dx.doi.org/10.1016/j.trf.2015.01.004
http://dx.doi.org/10.1016/j.apmr.2014.09.027
http://www.ncbi.nlm.nih.gov/pubmed/25316183
http://dx.doi.org/10.1016/j.aap.2015.03.014
http://www.ncbi.nlm.nih.gov/pubmed/25797386
http://www.ncbi.nlm.nih.gov/pubmed/24284461
http://dx.doi.org/10.1111/ene.12172
http://www.ncbi.nlm.nih.gov/pubmed/23560568
http://dx.doi.org/10.1080/09602011.2012.662333
http://www.ncbi.nlm.nih.gov/pubmed/22360153
http://dx.doi.org/10.1037/0090-5550.48.4.275

Geriatrics 2016, 1, 17 10 of 11

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Classen, S.; Levy, C.; McCarthy, D.; Mann, W.C.; Lanford, D.; Waid-Ebbs, J.K. Traumatic brain injury and
driving assessment: An evidence-based literature review. Am. J. Occup. Ther. 2009, 63, 580-591. [CrossRef]
[PubMed]

Baker, A.; Unsworth, C.A.; Lannin, N.A. Determining fitness to drive: A systematic review of the methods
and assessments used after mild traumatic brain injury. Br. J. Occup. Ther. 2015, 78, 73-84. [CrossRef]
Edlund, W.; Gronseth, G.; So, Y.; Franklin, G. Clinical Practice Guideline Process Manual; American Academy
of Neurology: St. Paul, MN, USA, 2004.

Beaulieu-Bonneau, S.; Fortier-Brochu, E.; Ivers, H.; Morin, C.M. Attention following traumatic brain
injury: Neuropsychological and driver simulator data, and association with sleep, sleepiness, and fatigue.
Neuropsychol. Rehabil. 2015, 24, 1-23. [CrossRef] [PubMed]

Korteling, J.E.; Kaptein, N.A. Neuropsychological driving fitness tests for brain-damaged subjects.
Arch. Phys. Med. Rehabil. 1996, 77, 138-146. [CrossRef]

Lew, H.L.; Poole, ].H.; Jaffe, D.L.; Huang, H.C.; Brodd, E. Predictive validity of driving-simulator assessments
following traumatic brain injury: A preliminary study. Brain Inj. 2005, 19, 177-188. [CrossRef] [PubMed]
Neyens, D.M.; Boyle, L.N.; Schultheis, M.T. The effects of driver distraction for individuals with traumatic
brain injuries. Hum. Factors 2015, 57, 1472-1488. [CrossRef] [PubMed]

Novack, T.A; Banos, ].H.; Alderson, A.L.; Schneider, ].J.; Weed, W.; Blankenship, J.; Salisbury, D. UFOV
performance and driving ability following traumatic brain injury. Brain Inj. 2006, 20, 455-461. [CrossRef]
[PubMed]

Preece, M.H.W.; Horswill, M.S.; Geffen, G.M. Assessment of drivers’ ability to anticipate traffic hazards after
traumatic brain injury. J. Neurol. Neurosurg. Psychiatr. 2011, 82, 447-451. [CrossRef] [PubMed]

Ross, P.; Ponsford, J.L.; Stefano, M.D.; Charlton, J.; Spitz, G. On the road again after traumatic brain injury:
Driver safety and behaviour following on-road assessment and rehabilitation. Disabil. Rehabil. 2016,
38,994-1005. [CrossRef] [PubMed]

Schneider, ].J.; Gouvier, W.D. Utility of the UFOV test with mild traumatic brain injury. Appl. Neuropsychol.
2005, 12, 138-142. [CrossRef] [PubMed]

Schultheis, M.T.; Mathis, R.J.; Nead, R.; DeLuca, J. Driving behaviors following brain injury: Self-report and
motor vehicle records. J. Head Trauma Rehabil. 2002, 17, 38-47. [CrossRef] [PubMed]

McKay, A.; Liew, C.; Schonberger, M.; Ross, P.; Ponsford, J. Predictors of the on-road driving assessment after
traumatic brain injury: Comparing cognitive tests, injury factors, and demographics. J. Head Trauma Rehabil.
2015. [CrossRef] [PubMed]

Gamache, PL.; Lavailliere, M.; Tremblay, M.; Simoneau, M.; Teasdale, N. In-simulator training of driving
abilities in a person with a traumatic brain injury. Brain Inj. 2011, 25, 416-425. [CrossRef] [PubMed]
Leon-Carrion, J.; Dominguez-Morales, M.R.; Martin, .M. Driving with cognitive deficits: Neurorehabilitation
and legal measures are needed for driving again after severe traumatic brain injury. Brain Inj. 2005,
19, 213-219. [CrossRef] [PubMed]

Novack, T.A; Labbe, D.; Grote, M.; Carlson, N.; Sherer, M.; Arango-Lasprilla, J.C.; Bushnik, T.; Cifu, D.;
Powell, ].M,; Ripley, D.; et al. Return to driving within five years of moderate-severe traumatic brain injury.
Brain Inj. 2010, 24, 464-471. [CrossRef]

Rapport, L.J.; Hanks, R.A_; Bryer, R.C. Barriers to driving and community integration after traumatic brain
injury. J. Head Trauma Rehabil. 2006, 21, 34—44. [CrossRef] [PubMed]

Cullen, N.; Krakowski, A.; Taggart, C. Early neuropsychological tests as correlates of return to driving after
traumatic brain injury. Brain Inj. 2014, 28, 38-43. [CrossRef] [PubMed]

Coleman, R.D.; Rapport, L.J.; Ergh, T.C.; Hanks, R.A.; Ricker, ].H.; Millis, S.R. Predictors of driving outcome
after traumatic brain injury. Arch. Phys. Med. Rehabil. 2002, 83, 1415-1422. [CrossRef] [PubMed]

Hawley, C. Return to driving after head injury. J. Neurol. Neurosurg. Psychiatr. 2001, 70, 761-766. [CrossRef]
[PubMed]

Labbe, D.R.; Vance, D.E.; Wadley, V.; Novack, T.A. Predictors of driving avoidance and exposure following
traumatic brain injury. J. Head Trauma Rehabil. 2014, 29, 185-192. [CrossRef] [PubMed]

Pietrapiana, P.; Tamietto, M.; Torrini, G.; Mezzanato, T.; Rago, R.; Perino, C. Role of premorbid factors in
predicting safe return to driving after severe TBI. Brain Inj. 2005, 19, 197-211. [CrossRef] [PubMed]


http://dx.doi.org/10.5014/ajot.63.5.580
http://www.ncbi.nlm.nih.gov/pubmed/19785257
http://dx.doi.org/10.1177/0308022614562405
http://dx.doi.org/10.1080/09602011.2015.1077145
http://www.ncbi.nlm.nih.gov/pubmed/26299758
http://dx.doi.org/10.1016/S0003-9993(96)90158-6
http://dx.doi.org/10.1080/02699050400017171
http://www.ncbi.nlm.nih.gov/pubmed/15832892
http://dx.doi.org/10.1177/0018720815594057
http://www.ncbi.nlm.nih.gov/pubmed/26186925
http://dx.doi.org/10.1080/02699050600664541
http://www.ncbi.nlm.nih.gov/pubmed/16716991
http://dx.doi.org/10.1136/jnnp.2010.215228
http://www.ncbi.nlm.nih.gov/pubmed/20884679
http://dx.doi.org/10.3109/09638288.2015.1074293
http://www.ncbi.nlm.nih.gov/pubmed/26312651
http://dx.doi.org/10.1207/S15324826AN1203_3
http://www.ncbi.nlm.nih.gov/pubmed/16131340
http://dx.doi.org/10.1097/00001199-200202000-00006
http://www.ncbi.nlm.nih.gov/pubmed/11860328
http://dx.doi.org/10.1097/HTR.0000000000000209
http://www.ncbi.nlm.nih.gov/pubmed/26709586
http://dx.doi.org/10.3109/02699052.2011.558039
http://www.ncbi.nlm.nih.gov/pubmed/21355675
http://dx.doi.org/10.1080/02699050400017205
http://www.ncbi.nlm.nih.gov/pubmed/15832895
http://dx.doi.org/10.3109/02699051003601713
http://dx.doi.org/10.1097/00001199-200601000-00004
http://www.ncbi.nlm.nih.gov/pubmed/20184403
http://dx.doi.org/10.3109/02699052.2013.849005
http://www.ncbi.nlm.nih.gov/pubmed/24328798
http://dx.doi.org/10.1053/apmr.2002.35111
http://www.ncbi.nlm.nih.gov/pubmed/12370878
http://dx.doi.org/10.1136/jnnp.70.6.761
http://www.ncbi.nlm.nih.gov/pubmed/11385010
http://dx.doi.org/10.1097/HTR.0b013e3182795211
http://www.ncbi.nlm.nih.gov/pubmed/23474877
http://dx.doi.org/10.1080/02699050400017197
http://www.ncbi.nlm.nih.gov/pubmed/15832894

Geriatrics 2016, 1, 17 11 of 11

39.

40.

41.

42.

43.

44.

45.

Casutt, G.; Martin, M.; Keller, M.; Jancke, L. The relation between performance in on-road driving, cognitive
screening and driving simulator in older healthy drivers. Transp. Res. F Traffic Psychol. Behav. 2014,
22,232-244. [CrossRef]

Shechtman, O.; Classen, S.; Stephens, B.; Bendixen, R.; Belchior, P.; Sandhu, M.; McCarthy, D.; Mann, W.;
Davis, E. The impact of intersection design on simulated driving performance of young and senior adults.
Traffic Inj. Prev. 2007, 8, 78-86. [CrossRef] [PubMed]

Roy, M.; Molnar, F. Systematic review of the evidence for Trails B cut-off scores in assessing fitness to drive.
Can. Geriatr. J. 2013, 16, 120-142. [CrossRef] [PubMed]

Classen, S.; Wang, Y.; Crizzle, A.M.; Winter, S.M.; Lanford, D.N. Predicting older driver on-road performance
by means of the useful field of view and trail making test part B. Am. J. Occup. Ther. 2013, 67, 574-582.
[CrossRef] [PubMed]

Porter, M.M.; Smith, G.A.; Cull, AW.; Myers, AM.; Bedard, M.; Gelinas, I.; Mazer, B.L.; Marshall, S.C.;
Naglie, G.; Rapoport, M.].; et al. Older driver estimates of driving exposure compared to in-vehicle data in
the Candrive II study. Traffic Inj. Prev. 2015, 16, 24-27. [CrossRef] [PubMed]

Blanchard, R.A.; Myers, A.M.; Porter, M.M. Correspondence between self-reported and objective measures
of driving exposure and patterns in older drivers. Accid. Anal. Prev. 2010, 42, 523-529. [CrossRef] [PubMed]
Crizzle, A M.; Myers, AM.; Almeida, Q.. Self-regulatory practices of driving with Parkinson’s disease:
Accuracy of patient reports. Parkinsonism Relat. D. 2013, 19, 176-180. [CrossRef] [PubMed]

@ © 2016 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC-BY) license (http:/ /creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1016/j.trf.2013.12.007
http://dx.doi.org/10.1080/15389580600994321
http://www.ncbi.nlm.nih.gov/pubmed/17366339
http://dx.doi.org/10.5770/cgj.16.76
http://www.ncbi.nlm.nih.gov/pubmed/23983828
http://dx.doi.org/10.5014/ajot.2013.008136
http://www.ncbi.nlm.nih.gov/pubmed/23968796
http://dx.doi.org/10.1080/15389588.2014.894995
http://www.ncbi.nlm.nih.gov/pubmed/24571323
http://dx.doi.org/10.1016/j.aap.2009.09.018
http://www.ncbi.nlm.nih.gov/pubmed/20159076
http://dx.doi.org/10.1016/j.parkreldis.2012.09.003
http://www.ncbi.nlm.nih.gov/pubmed/23102617
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/

	Introduction 
	Methods 
	Procedure 
	Evidence-Based Ratings and Recommendations 

	Results 
	Description of Primary Studies 
	Level of Evidence, Conclusions, and Recommendations 
	On-Road Studies 
	Simulator Studies 
	Off-Road Screening Tests 
	Surveys/Self-Report 
	Return to Driving (Driving Status) 
	Driving Behaviours 
	Driving Records 


	Discussion 

