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ABSTRACT
Internationally, driving is one of the most common forms of transportation.
Driving promotes independence, as the driver can come and go when preferred. Driving
is viewed by many as an everyday necessity, and a fundamental right. However, driving
is also a complex activity that requires the integration of physical, sensory, cognitive and
perceptual skills. Any one or more of these skills can be affected by illness and/or injury.
The focus on this thesis is on fitness-to-drive after injury, specifically mild traumatic
brain injury. Mild traumatic brain injury (mTBI) is a common occurrence following
motor vehicle crashes, sporting accidents, and falls. The mTBI cohort is typically young
and keen to return to their everyday activities quickly; however, limited evidence exists to
support recommendations about when it is appropriate to resume driving.
The aim of this thesis was to explore fitness-to-drive after mTBI in Australia
through the completion of three studies. A systematic review demonstrated that a wide
variety of methods are used to determine if patients who have sustained a mTBI are fit-todrive after discharge from hospital. Similarly, a survey of emergency departments in
Australia (N = 110) indicated that variation exists in the fitness-to-drive recommendations
provided to patients with a mTBI, and clinicians have reported the need for a review of
these guidelines. Finally, data collection with a cohort of people with mTBI indicated
that within the acute stages post injury, mTBI is associated with impairment in the
cognitive skills required for safe driving. Injury severity combined with scores from
fitness-to-drive assessments administered at 24 hours post injury predicted 31% of the
variability in the time taken to return to driving.
Overall, results of this thesis suggest that fitness-to-drive after mTBI is a complex
issue. This thesis has provided evidence to confirm that patients with mTBI should not to
drive for at least 24 hours; however, further research is required to predict when it is safe
to resume driving post injury.
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FORMAT AND STRUCTURE OF THESIS
The Higher Degrees Committee of La Trobe University offers a doctoral degree to
candidates with coursework and thesis components. This program provides an alternative
to the traditional Doctor of Philosophy (PhD) for experienced clinicians in health-related
professions, including occupational therapy. The Doctor of Clinical Science
(Occupational Therapy) degree is designed to develop expertise and research for use in
clinical settings. The program is comprised of one-third coursework and two-thirds of
thesis related research. In this instance, the degree of rigour and intellectual standing of
the thesis is the same as that of a PhD, but it is not as extensive with respect to the scope
or the duration of study. The Higher Degrees Committee allows clinical doctorate
candidates to submit a series of manuscripts (either: published, in-press, and/or insubmission) as an alternative to the traditional thesis style. The introductory and
discussion chapters of this type of thesis are more economical than those of a traditional
thesis, and serve to integrate the thesis together as a whole. The manuscripts presented
between the introductory and discussion chapters represent a series of studies that follow
a logical sequence, and already have or currently are in the process of receiving peerreview for journal publication. The thesis is formatted in accordance with the guidelines
of the American Psychological Association (APA, 2010).
In-line with the considerations detailed above, this thesis is comprised of six
chapters. Chapter 1 presents an introduction to the thesis, while Chapter 2 provides an
overview of the relevant literature in this area of research and details the rationale and
aims for the research program, which consists of three studies. All research procedures
reported in this thesis were approved by the La Trobe University Faculty Ethics
Committee (FHEC 13/215), and the La Trobe University Human Ethics Committee and
the Alfred Health Ethics Committee (93/13) (see Appendix A). Chapters 3, 4, and 5 can
be read as stand-alone chapters; each has its own introduction, methodology, results, and
x

discussion sections. The study presented in Chapter 3 has been accepted for publication
and is in-press with the British Journal of Occupational Therapy, the study in Chapter 4
has also been accepted for publication and is in-press with the Australian Occupational
Therapy Journal, while the study presented in Chapter 5 is under first round of review
with the Journal of Head Trauma Rehabilitation (see Appendix B). The sixth chapter of
this thesis integrates the results from these three studies, and presents a discussion and
conclusion for the thesis as a whole.
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Chapter 1
INTRODUCTION
Every day, reports of injuries and deaths caused by road traffic incidents are
presented by the media. Pedestrians are struck when crossing the road, drivers lose
control of their vehicles and slam into trees, and vehicles become involved in multi-car
crashes that cause traffic disruptions for other road users. Statistically in Australia alone,
these scenarios equate to approximately 1,350 road deaths every year (Australian Bureau
of Statistics, 2010). Less data is available about the number of people seriously injured in
such crashes, as well as the social and economic impact of these occurrences, however
both are estimated to be high (Australian Bureau of Statistics, 2010). Despite the inherent
dangers, driving is one of the most common forms of transportation worldwide.
Obtaining a driver’s licence is seen as a rite of passage, and once obtained, many people
intended to retain their licence well into the future (Adler & Rottunda, 2006; Fricke &
Unsworth, 2001; Hopewell, 2002; Liddle, & McKenna, 2003; Rapport, Hanks, &
Coleman Bryer, 2006). However, a range of illnesses and/or injuries have the potential to
impact on a person’s fitness-to-drive (Austroads, 2012), and it is essential that the
concepts of personal independence associated with driving are balanced with the safety of
all road users.
This thesis explored the issue of fitness-to-drive for people who have experienced
a mild traumatic brain injury (mTBI), and the clinicians who work these patients. Mild
traumatic brain injury is characterised by one or more of the following: confusion or
disorientation after the event, the experience of other transient neurological abnormalities
not requiring surgery, loss of consciousness (LOC) for 30 minutes or less, post-traumatic
amnesia (PTA) less than 24 hours, and a Glasgow Coma Scale (GCS) score of 13-15 up
to 30 minutes post injury (Carroll, Cassidy, Holm, Kraus, & Coronado, 2004). For many
years the term “mild” suggested that this population group was relatively unscathed by
1

their injury; however, emerging evidence now recognises the very real skill deficits and
participation restrictions that can affect this cohort (Hartvigsen et al., 2014). Although
symptoms typically resolve within three months post injury for most people (McCrea et
al., 2009), some patients with a mTBI are required to seek ongoing medical treatment for
symptoms (including: dizziness, fatigue, forgetfulness, headache, neck pain, sleep
disturbances, and vision and/or hearing problems) up to one year post injury (Hartvigsen
et al., 2014). It is hypothesised that any one or more of these symptoms have the
potential to impact on return to everyday activities (including driving); however to date,
limited research has been conducted to establish the best time to return to these activities
(Andersson, Bedics, & Falkmer, 2011). With respect to driving, it is generally accepted
that people should not drive for at least 24 hours after a mTBI (Austroads, 2012;
Department of Motor Vehicles, 2013; PORTARE, 2009; Preece, Horswill, & Geffen,
2010), and yet there are no supporting guidelines to suggest when someone is safe to
drive after this 24 hour period (Marshall, Bayley, McCullagh, Velikonja, & Berrigan,
2012). This has resulted in confusion for both patients (Bottari, Lamothe, Gosselin,
Gélinas, & Ptito, 2012; Preece, Geffen, & Horswill, 2013; Sveen, Ostensjo, Laxe, &
Soberg, 2013) and clinicians alike, and a wide variety of recommendations have been
reported in the literature about the best time to return to driving post mTBI (Moore &
Leathem, 2004).
The aim of this thesis was to explore fitness-to-drive after mTBI in Australia
through the completion of three studies. For the purposes of this thesis, it should be noted
that the concept of “fitness-to-drive” is examined only in relation to characteristics of the
driver. While it is acknowledged that other factors, such as features of a vehicle and
composition of the road environment may affect fitness-to-drive (Christ et al., 1999;
Dukic, Hanson, & Falkmer, 2006; Keskinen, 1996; Michon, 1985), such factors were
beyond the scope of this thesis and were not addressed. In addition, the term “driving” or
2

“fitness-to-drive” has been used in relation to driving for private licence standards in
Australia, as per Austroads (2012). The scope of this thesis excluded commercial licence
standards, drivers of heavy vehicles, and motor bike riders.
The scope of literature available to review in this thesis is limited. The issue of
fitness-to-drive after mTBI is considered to be an emerging area of practice, and therefore
there are only a small number of studies available on this topic. A systematic search of
the electronic databases MEDLINE, CINAHL, PsychInfo, Embase, The Cochrane
Library, and OT Seeker was completed. This search was completed from inception using
keywords: mild traumatic brain injury; OR mild TBI; OR mild closed head injury; OR
minor head injury; OR acquired brain injury; OR ABI with keywords fit$ to driv$; OR
automobile driv$; OR driv$ perform$; OR driv$ ability; OR driv$ skill$; OR driv$
competence; OR driv$. All of the relevant and available studies located have been
included in at least one chapter of this thesis. Clinicians who work in areas of practice
where driving has not traditionally been a focus face the difficult task of finding
innovative approaches that are evidence-based when working with these client groups,
such as the mTBI cohort. Similarly, researchers must fight for funding and challenge
existing protocols in order to conduct high quality trials to expand our knowledge base
about fitness-to-drive after mTBI. This thesis was designed to begin the process of
building evidence, and supporting clinical practice in this area.

3

Chapter 2
LITERATURE REVIEW

Chapter Overview
This chapter opens by introducing the concept of the occupation of driving.
Theoretical information is provided in order to explain the importance of the occupation
of driving and to ground the discussion presented in the chapter. This review on driving
as an occupation highlights how driving is closely associated with a person’s mobility,
independence, autonomy, and sense of security. For these reasons it has been noted that
many people will strive to retain their driver’s licence even in the face of advancing age,
illness or injury (Adler & Rottunda, 2006; Fricke & Unsworth, 2001; Hopewell, 2002;
Liddle, & McKenna, 2003; Rapport, Hanks, & Coleman Bryer, 2006). However, driving
is also a complex occupation. A number of inter-dependent factors influence the capacity
to drive safely (Christ et al., 1999; Keskinen, 1996; Michon, 1985), and it is critical that
all road users are fit-to-drive. Therefore, this chapter summarises the rules and
regulations for licensing in Victoria, Australia, where this research project was conducted.
This chapter also explores the medical standards required for licensing.
While there is over 30 years of driving literature that could be referenced, the
focus of this thesis is on return to driving following injury, specifically fitness-to-drive
after mild traumatic brain injury (mTBI). Therefore, the literature that is included within
this chapter is targeted towards this population group. Mild traumatic brain injury is
associated with axonal injury to the brain and physiological disruption to the body
(McCrea et al., 2009). It is hypothesised that people who have sustained a mTBI may be
at an increased risk of being involved in a motor vehicle crash when they return to driving
post injury, due to the cognitive and physiological sequel of the condition. In addition, it
has been noted that the recommendations provided about when this population group
4

should return to driving varies, within Australia and internationally (Moore & Leathem,
2004). Therefore, the final section of this chapter highlights the need for further
assessment and guideline development in order to ensure accurate and consistent fitnessto-drive recommendations are provided after mTBI.

Driving as an Occupation
The Canadian Model of Occupational Performance and Engagement (CMOP-E)
For many people, driving is a task that is undertaken daily; it is an occupation.
People drive for leisure, as a job, or to aid their engagement in community activities. But
regardless of how driving is used, it is still considered an occupation. So what is meant
by the term “occupation”? There are several conceptual practice models that can be used
to understand the concept of occupation. The Model of Human Occupation (MOHO), for
example, was first published in 1980 in The American Journal of Occupational Therapy
(Kielhofner & Burke, 1980). This model was developed in response to a growing
demand for a conceptual practice model that could shape the identity of the occupational
therapy profession (Kielhofner, 2008). Since its original development, MOHO has
continued to grow and evolve over-time, with the current version focusing on the
concepts of: volition, habituation, performance capacity, and environmental context
(Kielhofner, 2008). Conversely another conceptual practice model, the Ecology of
Human Performance (EHP) was developed in the 1990’s by the Occupational Therapy
Department at the University of Kansas (Dunn, Brown, & McGuigan, 1994). This model
built on previous occupational therapy models, social science theory, and the disability
movement in order to develop a conceptual practice model focused at the level of the
environment (Brown, 2009; Rempfer, Hildenbrand, Parker, & Brown, 2003). This was
done in order to draw attention to the potential impact that a given context can have on a
person’s ability to engage in occupation. While both of these models offer their own
5

unique approach to understanding occupation, it is the Canadian Model of Occupational
Performance and Engagement (CMOP-E) that has been selected to underpin this thesis.
The CMOP-E is a conceptual practice model, designed to link research and theory with
clinical practice in the area of occupational therapy (Polatajko, Townsend, & Craik,
2007). The CMOP-E provides rationale for what occupational therapists do and why they
do it (Melton, Forsyth, & Freeth, 2009). In particular, the CMOP-E highlights the
reciprocal interaction that exists between a person, their environment, and the occupations
which they perform. Within this model, occupational performance refers to: “the ability
to choose and satisfactorily perform meaningful occupations that are culturally defined,
and appropriate for looking after oneself, enjoying life, and contributing to the social and
economic fabric in a community” (Law, Polatajko, Baptise, & Townsend, 2002, p. 45).
The CMOP-E assumes that occupational performance is affected by the interaction that
occurs between a person and their environment, both at home and in the community. For
many people, driving is central to facilitating occupational performance and community
engagement. Alternative options to driving may include walking, riding a bike, use of
public transport, or reliance on family and friends. However, driving seems to hold its
appeal over all of these options, and in developed countries, such as Australia, the car is
the most common form of transportation. Australia’s most recent census noted that 6.3
million people (79%) travelled to work by car (Australian Bureau of Statistics, 2006).
Car travel was overwhelmingly favoured over other forms of transport, including riding a
bike (n = 960,500 people; 12%) and using public transport (n = 850,900 people; 11%).
This suggests that driving is an occupational enabler as it allows people to access the
world around them. Driving can promote participation in simple and everyday tasks
(such as a trip to work), as well as larger activities and life goals (such as going away on
holidays). For these reasons, many people will seek to retain their driver’s licence for as
long as possible since the driver can come and go when preferred, on the exact route
6

desired, allowing for a comfortable journey (Anable & Gatersleben, 2005; Ellaway,
Macintyre, Hiscock, & Kearns, 2003; Krishnasamy, Unsworth, & Howie, 2011).

Driving and Occupational Performance
Driving continues to be a meaningful and important occupation for many people,
even in the face of advancing age, illness or injury (Adler & Rottunda, 2006; Fricke &
Unsworth, 2001; Hopewell, 2002; Liddle, & McKenna, 2003; Rapport, Hanks, &
Coleman Bryer, 2006). For example, Rapport, Hanks, and Coleman Bryer (2006) used a
cross-sectional correlation research design to examine the relationship between driving
status, perceptions of barriers to driving, and community integration after traumatic brain
injury (TBI). Convenience sampling was used to recruit 51 participants to the study, with
an average age of 39 years (SD = 13.30). Participants ranged from 6 months to 10 years
(M = 4.30, SD = 3.50) post injury when they participated in the study, and the sample was
inclusive of all levels of injury severity (mild, moderate, and severe). Three outcome
measures were completed: 1) Driving Status Post Injury (recorded as: “drivers” versus
“non-drivers”), 2) The Community Integration Measure (McColl, Davies, Carlson,
Johnston, & Minnes, 2001), and 3) The Craig Hospital Assessment and Reporting
Technique (Whiteneck, Brooks, & Mellick, 1997). Logistic and multiple regression
analyses, and analyses of variance and covariance of the data were completed. It was
noted that the participants’ perceptions of barriers to driving were the best predictor of
community integration, even after other confounding variables, such as injury severity,
were accounted for. Environmental barriers, such as being discouraged by next-of-kin
from returning to driving, accounted for the most variance in whether the participants had
resumed driving or had not. This is similar to the theoretical assumptions under-pinning
the CMOP-E, which assumes that occupational performance is affected by the interaction
that occurs between a person and their environment (Polatajko, Townsend, & Craik,
7

2007), and highlights how this practice model supports the concept of the occupation of
driving. In addition, participants who had not resumed driving showed lower levels of
community integration (as measured by The Community Integration Measure), when
compared with those who had. Although limited by a small sample and the fact that no
longitudinal follow-up was provided to track changes in the participants’ perceptions
over-time, the study completed by Rapport, Hanks, and Coleman Bryer (2006) does
support the importance of the occupation of driving in facilitating occupational
performance post injury.
However, it must be noted that people should not necessarily be given clearance to
return to driving after a medical event or injury, just because they wish to do so. It is
likely that some of the issues identified by participants in the study completed by Rapport,
Hanks, and Coleman Bryer (2006), such as being discouraged by next-of-kin from
returning to driving were valid, as it is quite probable that some participants did not have
the performance capacity required to drive safely. Driving is a highly complex and highrisk occupation, and while the personal preference of individuals to resume driving must
be considered, the risk these people may pose to all road users must also be taken into
account. Driving is a responsibility and a privilege, rather than a guaranteed right.
People must be medically and functionally fit to hold a driver’s licence in order to
minimise the risk of being involved in a motor vehicle crash or other road incident, such
as hitting a pedestrian (Austroads, 2012; Department of Motor Vehicles, 2013;
PORTARE, 2009).

Fitness-To-Drive
Road Trauma
Internationally, the combined human and economic cost of road trauma (not only
to the people directly involved, but also to the community as a whole) is immeasurable.
8

In Australia, approximately 1,350 people are killed in on-road crashes each year. Less
data is available about the number of people seriously injured in such crashes. However,
it has been estimated that 20 people are seriously injured for every recorded road death
(Australian Bureau of Statistics, 2010). Each year, a significant proportion of the
Australian federal and state government’s budget is directed to reducing these statistics
through preventative measures, such as the introduction of laws (e.g. compulsory seat belt
use), improving the design of roads and cars (e.g. airbags), and increasing public
awareness of road safety (e.g. television campaigns) (Australian Bureau of Statistics,
2010; Hughes, Newstead, Anund, Shu, & Falkmer, 2014, in press). Driving a car is
considered to be one of the most complex and high-risk occupations that people engage in
on a daily basis, and a number of inter-dependent factors influence road safety (Christ et
al., 1999; Dukic, Hanson, & Falkmer, 2006; Keskinen, 1996; Michon, 1985; Polatajko,
Townsend, & Craik, 2007). Since this thesis focuses on characteristics of the driver that
influence road safety, the next section of this chapter begins the process of examining
how a driver is licensed by exploring the rules and regulations in the state of Victoria,
Australia, where this research project was conducted. Information is also provided about
the licensing process for drivers with an illness, injury, or disability.

Licensing Rules and Regulations in Victoria, Australia
Licensing rules and regulations vary within each state in Australia, as well as
internationally. In the state of Victoria, VicRoads is the statutory authority responsible
for enforcing matters such as: ensuring drivers are licensed and vehicles are registered,
educating the public on road traffic and safety laws, and informing the public of changes
in road conditions (VicRoads, 2013a). VicRoads is also responsible for ensuring that all
licence holders are fit-to-drive (VicRoads, 2013a). At the time of licensing, drivers must
have visual acuity of 6/12 or better, pass a computer-based and on-road assessment of
9

hazard perception and driving skills, and subsequently must not receive 12 or more
demerit points in a three year period in order to hold an unconditional driver’s licence
(VicRoads, 2013b). At all times, drivers are also legally obliged to notify VicRoads of
any permanent or long-term injury or illness that may impair his or her ability to drive
safely (VicRoads, 2013a). While there are no mandatory reporting requirements, healthcare professionals, police, family members, and members of the general community can
report concerns about a driver’s capacity to VicRoads (VicRoads, 2013a). Based on these
reports, VicRoads may refer the driver’s case to the medical review office to investigate
their fitness-to-drive. A number of outcomes may result. If the case is simple, a driver
may be allowed to continue to drive with a full or a conditional driver’s licence.
Conditional licences place a restriction on the person’s driving; for example, only being
able to drive in daylight hours. In more serious cases where evidence is provided, a
person’s licence may be cancelled without assessment. Alternatively, an occupational
therapy driver assessment may be recommended to assist with the licensing decision, as
occupational therapists are recognised as experts in assessing drivers with an illness,
injury, or disability (Larsson, Lundberg, Falkmer, & Johansson, 2007; Unsworth, 2007).
Occupational therapists are trained in task analysis; that is, breaking the occupation of
driving down into its individual components, and identifying where and why a deficit
occurs. Following assessment, occupational therapists may also be able to provide driver
intervention or rehabilitation prior to re-assessment (Unsworth & Baker, 2014). The most
common types of driver intervention approaches used by occupational therapists include:
computer-based driving simulator training, off-road skill-specific training, off-road
education programs, and car adaptations/modifications. These interventions are in-line
with the profession’s conceptual practice models, such as the CMOP-E, in which
intervention can be provided at the level of the person (e.g. off-road skill-specific
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training), the environment (e.g. computer-based driving simulator training), or the
occupation (e.g. car adaptations/modifications).

The Role of Occupational Therapy Driver Assessors (OTDAs)
In the state of Victoria, Australia, occupational therapists have been formally
involved in making fitness-to-drive recommendations for over 20 years (Unsworth,
2007). Non-driver trained occupational therapists are in an excellent position to screen
their clients for problems with driving, provide education about the potential impact that
these problems might have, and make a referral to an occupational therapy driver assessor
(OTDA) for further assessment when indicated. In order to be registered as an OTDA
with VicRoads, clinicians must complete a specialist, intensive post-graduate training
course (VicRoads, 2013a). Using a conceptual practice model, such as the CMOP-E,
OTDAs are trained to understand the interaction that occurs between the person, the
environment, and the occupation of driving. Occupational therapy driver assessors have
specific competency standards to adhere to in this role. The Competency Standards for
Occupational Therapy Driver Assessors (OT AUSTRALIA-Victoria, 1998) were
developed over two years in a seven stage project. These standards represent the:
“knowledge, skills, and attributes which the profession consider necessary for specialist
occupational therapists to provide quality assessment” (OT AUSTRALIA-Victoria, 1998,
p. 6). Importantly, these competencies help to guide decision making around the fitnessto-drive recommendations that are made by OTDAs, and can be applied to clients in any
diagnostic group. This may include clients with age related health declines or acquired
disabilities across a range of environments, such as the acute hospital setting, in-patient
rehabilitation, and community out-patient centres (OT AUSTRALIA-Victoria, 1998).
Within all of these settings however, OTDAs must work as part of a multi-disciplinary
team and consider the specialist knowledge that other disciplines can bring to inform their
11

decision making and recommendations. It is especially important for OTDAs to pay
attention to the medical standards required for driving. Driver health is an important
consideration in determining fitness-to-drive, as there are certain medical standards that
must be met in order to ensure that a driver’s health status does not increase their risk of a
crash in which they or other road users are killed or injured (Austroads, 2012).

Medical Standards Underpinning Fitness-To-Drive
In 1997, Austroads and the National Transport Commission released Australian
guidelines, which detailed the National Medical Standards required for fitness-to-drive.
This publication has subsequently been revised in 2001, 2003, and most recently in 2012
and is intended to be used across a range of health-related conditions (Austroads, 2012).
For each illness and injury, reference is provided to the physical, sensory, cognitive, and
perceptual abilities that must be met in order for a person to be deemed medically fit-todrive. For OTDAs, these guidelines must be considered alongside their own competency
standards (OT AUSTRALIA-Victoria, 1998), when considering fitness-to-drive.
Information on the fitness-to-drive standards contained in both of these documents has
been summarised in Table 1.

Table 1. Fitness-To-Drive Standards
Austroads (2012)

OT AUSTRALIA-Victoria, 1998

Physical Standards

Physical Standards

 head, neck and trunk movement

 range of movement

 upper limb strength and range of

 strength / tone
 sitting balance / mobility

movement
 lower limb strength and range of

 fine manipulation
 coordination

movement
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Physical Standards, continued

Physical Standards, continued

 coordination / balance

 reaction time / speed of movement

 reaction time

 endurance

Sensory Standards

Sensory Standards

 visual acuity 6/12

 adequate eye condition

 visual fields with a horizontal extent

 visual acuity which meets the

of at least 120 degrees, within 10

national visual standards
 visual fields which meet the

degrees above and below the
horizontal midline

national visual standards

 hearing

 communication skills

 proprioception

 hearing

 absence of persistent and marked

 proprioception / kinesthesia
 absence of persistent and/or severe

pain

pain
Cognitive and Perceptual Standards

Cognitive and Perceptual Standards

 attention / concentration

 attention / concentration

 memory

 memory / learning

 insight

 insight

 judgement

 behaviour
 planning / problem solving
 thought processing
 perception
 praxis
 road law knowledge
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Although the OT AUSTRALIA-Victoria competency standards (1998) do mirror
components of the guidelines provided by Austroads (2012), neither document provides a
conclusive definition of what constitutes “fitness-to-drive”. In other words, it is not
known “how many” or “how much” of each of these skills are required by a person in
order to be able to drive. This means that OTDAs must use some degree of interpretation
of the physical, sensory, cognitive, and perceptual standards listed to formulate a
recommendation. For this reason, the use of a conceptual practice model of fitness-todrive is key to supplementing and assisting in decision making in this area so that optimal
recommendations concerning fitness-to-drive can be made every time (Hughes,
Newstead, Anund, Shu, & Falkmer, 2014, in press). One such model, The Guarding
Automobile Drivers through Guidance Education and Technology Model (The GADGET
Model) (Christ et al., 1999) is described below. Fitness-to-drive practice models, such as
The GADGET Model, fit well with occupational therapy practice models, such as the
CMOP-E, as both types of models consider fitness-to-drive from the perspective of the
person, the environment, and the occupation of driving itself (Hughes, Newstead, Anund,
Shu, & Falkmer, 2014, in press).

Application of a Theoretical Model to Driving
The Guarding Automobile Drivers through Guidance Education and Technology Model
(The GADGET Model)
Given the complexity of the occupation of driving, a conceptual practice model of
fitness-to-drive is required to effectively guide clinical practice and research in this area
(Hughes, Newstead, Anund, Shu, & Falkmer, 2014, in press). Michon (1985) and
Keskinen (1996) initiated the foundations for this, and in 1999, a working party was
established by the Austrian Road Safety Board in order to develop a final model of
fitness-to-drive. This model was termed The Guarding Automobile Drivers through
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Guidance Education and Technology Model, abbreviated to The GADGET Model (Christ
et al., 1999). The GADGET Model describes four hierarchical, inter-dependent levels of
driving related behaviour and skills. Involving basic actions of driving (such as steering,
braking, and accelerating), ‘vehicle manoeuvring’ is the lowest level of driving related
behaviour and skills. The second level, ‘mastery of traffic situations’, considers how a
person responds to these situations. Modifying speed and negotiating the distance
between cars is an example of tasks that are required at this level. ‘Driving goals and
context’ is the third level of driving related behaviour and skills, and involves planning
for a safe drive (such as choosing the most suitable time of the day to travel). The fourth
level, ‘knowledge about/control over how life-goals and personal tendencies affect
driving behaviour’, reflects the association between the occupation of driving and the
concepts of mobility, independence, autonomy, and sense of security. It is assumed that
these four levels of driving related behaviour and skills are hierarchical and
interdependent (for example, decisions and choices that are made at the strategical level
will in-turn affect driving performance at the tactical and operational levels). In addition,
it is understood that the symptoms associated with advancing age, illness or injury have
the potential to affect fitness-to-drive at any one or more of these four levels.
Occupational therapy driver assessors can use the GADGET Model when
assessing drivers, and providing fitness-to-drive interventions. To provide one
application of the GADGET Model to fitness-to-drive assessment, the lowest level
‘vehicle manoeuvring’ can be considered. One action that is required at this level is
accelerating and turning the steering wheel to pull out from the curb. Each component of
this task can be broken down using the GADGET Model with respect to the physical,
sensory, cognitive and perceptual standards mandated by both OT AUSTRALIA-Victoria
(1998) and Austroads (2012) for fitness-to-drive, as displayed in Table 2.
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Table 2. Application of The GADGET Model
Levels of The

Actions Required

Physical Standards

Sensory Standards

Cognitive and

GADGET Model

at this Level

Required to Perform

Required to Perform

Perceptual Standards

these Actions

these Actions

Required to Perform
these Actions

Knowledge about/control

Dependent on driving

over how life-goals and

goals and context e.g. an

personal tendencies affect

individual wishes to get to

driving behaviour

and from work daily

Driving goals and context

Dependent on mastery of

(strategical)

traffic situations e.g.

→

→

→

→

→

→

→

→

→

driving when there is
slightly less traffic i.e.
before/after peak-hour
Mastery of traffic

Dependent on vehicle

situations (tactical)

manoeuvring e.g. being
able to manoeuvre the
vehicle on the road by
choosing the appropriate
gaps between cars, lane
positioning, and caution
of other drivers
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Vehicle manoeuvring

Accelerating and turning

Accelerate: depress the

Accelerate: Receive and

Recall, plan, and organise

(operational)

the steering wheel to pull

accelerator in a controlled

integrate tactile, visual,

the physical sequence

out from the curb

manner with right lower

auditory, proprioceptive

required. Use of

limb. Maintain 90

input. Use of spatial

judgement and problem

degrees of right hip

awareness to depress the

solving to deviate from

flexion, extend right knee,

accelerator in a controlled

the physical sequence if

plantar-flex right ankle,

manner, without looking

issues arise, such as

maintain neutral position

down at right lower limb.

accelerating too much or

of right foot and toes.

turning the steering wheel

Maintain upright posture

too much. Divide

and endurance.

attention between the two
different physical

Simultaneously…

Simultaneously…

sequences, and continue

Turn steering wheel:

Turn steering wheel:

to scan for and respond to

Maintain upright posture,

Receive and integrate

environmental stimulus.

appropriate coordination,

tactile, visual, auditory,

Judge that the task has

and static control of the

proprioceptive input. Use

been completed, and plan

steering wheel (flex

of spatial awareness to

for the next step in

shoulders, flex elbows,

sense when the steering

adequate time.

forearms in mid-line,

wheel has been turned

wrist/hands/and fingers in

sufficiently, without

functional position) at “10 looking at upper limbs
and 2”, while turning.
17

(right and left).

As can be seen in the example given, the GADGET Model can be used to break
the occupation of driving down into hierarchical but interdependent levels, thereby giving
the OTDA very specific information about where a problem is occurring. As this model
is hierarchical, the OTDA then has the ability to work with the driver on the lower/easier
levels of driving related behaviour and skills, before progressing onto a higher and harder
level of skill acquisition. However, it is essential that OTDAs use assessments that are
standardised, reliable, and valid throughout this process of task break-down. These
requirements help to ensure that the assessment process is accurate, repeatable, and
transparent, and thus able to report a fair outcome for the driver. The next section of this
chapter explores some of the most common methods that are used to ensure that the
assessment of fitness-to-drive is a valid and reliable process.

Methods of Assessing Fitness-To-Drive
Assessment of fitness-to-drive is a complex process. The assessor must take into
account the characteristics of the driver, medical and discipline specific standards
required for driving, and conceptual practice models of fitness-to-drive. Reviews that
have been completed on this topic suggest that the most common methods of assessing
fitness-to-drive include: 1) Neuropsychological Tests, 2) Driving Simulators, 3) Hazard
Perception Tests, 4) Off-Road Driver Assessments, and 5) Comprehensive Driver
Evaluations (Classen et al., 2009; Preece, Unsworth, & Odell, 2012; Unsworth, 2007). A
full description of each method of assessing fitness-to-drive will be presented in this
chapter, while a description of the specific assessments that were selected for use in this
research program are presented in the methods section of Study 3 of this thesis.
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Neuropsychological Tests
Neuropsychological tests can be presented in the form of assessment and
screening batteries, computer-based tests, interviews, paper and pen tests, or
questionnaires (Lundqvist et al., 1997). Some neuropsychological tests require the
assessor to be a qualified psychologist in order to administer the test (e.g. intelligence
tests), while other tests have been designed by or for psychologists but the assessor does
not actually need any specific qualifications to administer it (e.g. cognitive screening
tools). However, regardless of who completes the administration, the goal of
neuropsychological tests is to identify potential deficits in the cognitive domains of:
attention, information processing speed, visual memory, and psychomotor skills
(Lundqvist et al., 1997). It is assumed that a deficit in any one or more of these areas on
standardised testing will translate into either activity limitations or participation
restrictions in the real world; in this instance, difficulties with on-road driving.
Neuropsychological tests are considered to be a low cost and low risk method of
assessing fitness-to-drive (De Raedt & Ponjaert-Kristoffersen, 2000; Korteling &
Kaptein, 1996), and it has been argued that these tests have the potential to remove the
need for on-road testing (Kay, Bundy, & Clemson, 2009).
Kay, Bundy, and Clemson (2009) used a consecutive sample of drivers with
functional impairments (n = 115) and a subgroup of drivers with cognitive impairments (n
= 96) to examine the validity of DriveSafe and DriveAware to predict on-road driving
performance. In DriveSafe, the participants were presented with a series of 13 images, in
which both the number and position of pedestrians and vehicles varied. The participant
was asked to observe each image. The image was then removed, and the participant was
asked to report specific details about the image that they had just seen (such as the
position and direction of travel of each pedestrian). Performance scores were recorded
out of 140 (with a higher score used to indicate that more items were recalled correctly).
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In DriveAware, the participants were required to answer a series of 8 questions to provide
insight into their awareness of their skills and possible limitations as a driver. The
participants’ responses were then compared to the assessor’s rating on a defined scale of:
1 (very aware) to 3 (very unaware). A discrepancy score was calculated by subtracting
the assessor’s score from the participant’s score to give a final outcome: discrepancy
score of 1 or less (intact awareness), discrepancy score of 2 to 4 (partial awareness), and
discrepancy score of 5 to 10 (absent awareness). The participants’ scores on both
DriveSafe and DriveAware were then compared with the outcome of a 60 minute on-road
driving assessment, completed in a dual controlled vehicle. Sitting in the front passenger
seat, a driving instructor gave directions and monitored the safety of the vehicle, while the
assessor (a registered OTDA) sat behind the instructor and recorded the participant’s
driving performance. The outcome was recorded as: 1) pass: safe and legal driving, 2)
conditional pass: safe and legal driving with restrictions, 3) downgraded to a learner’s
licence: recommendation to undertake a series of driving lessons, or 4) fail: failed to
demonstrate safe and legal driving. This data was then trichotomised using the outcome
data from DriveSafe and DriveAware in order to form the final outcome categories of:
“unsafe drivers”, “safe drivers”, and “drivers requiring further testing”. Rasch analysis
showed that the combined results of DriveSafe and DriveAware accurately predicted the
on-road outcome for 90% of the participants. However, the authors themselves highlight
a major limitation of this result, stating: “…it is important to note that these values are
dependent on the prevalence of unsafe or safe driving in the sample. If the sample
included higher numbers of unsafe or safe drivers, then the positive and negative
predictive values might change…” (Kay, Bundy, & Clemson, 2009, p. 1519). This is of
concern, given that the sample size used in this study was small, and represented a selfselected group of participants. In addition, the sample had a very low pass rate for the onroad assessment (only 45 participants; that is, 39% of participants passed the on-road
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assessment). These statistics are not consistent with other literature in this area, with the
average pass rate for on-road assessments sitting at appropriately 70% (Krishnasamy &
Unsworth, 2011; Shechtman, Awadzi, Classen, Lanford, & Joo, 2010). In addition,
participants who were learner drivers or who primarily had physical deficits were
excluded from the analysis, thereby further limiting generalisation of the results.
Additional trials using DriveSafe and DriveAware with a representative sample of
participants is required before the stated predictive validity for on-road performance of
90% can be accepted.
Other neuropsychological test results reveal similar problems to DriveSafe and
DriveAware, and have also failed to establish an acceptable level of predictive validity for
on-road driving. For example, Schanke and Sundet (2000) used a cross-sectional
correlation design to investigate the relationship between neuropsychological test results
and on-road driving performance. Convenience sampling was used to recruit 55
participants with a neurological disorder or acquired brain injury (ABI) to the study. All
participants completed an extensive neuropsychological test battery (inclusive of:
Friedman Visual Field Analyser Mk2, Digit Span Test, Simple Reaction Time Test,
Grooved Pegboard Test, Serial Digit Modalities Test, Trails Making A and B, Picture
Completion, Block Design, The Stroop Neuropsychological Screening Test, and The
Awareness Index). This was followed by an on-road driving assessment, completed with
a driving instructor but no OTDA. Cut off scores on the neuropsychological test battery
were used to generate a prediction about whether the participant would pass or fail this
on-road assessment. It was anticipated that participants who received an “un-impaired”
score on the test battery would pass the on-road assessment, where as participants who
received an “impaired” score would fail. However, cut off scores on the
neuropsychological test battery provided uncertain results in a number of cases. Two of
the 25 participants in the “un-impaired” group (who were predicted to pass the on-road
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assessment) failed, while 6 of the 12 participants in the “impaired” group (who were
predicted to fail the on-road assessment) passed. Based on the results of their study, the
authors “warn against simple dichotomized decisions based on neuropsychological tests
alone…” (Schanke & Sundet, 2000, p. 119). This study was further limited by a small
sample size, and the fact that 15 of the 55 participants (27%) were on medications that
have the potential to affect cognitive functioning and therefore fitness-to-drive. In
addition, it is generally accepted that the cognitive demands required in a controlled
environment (i.e. during neuropsychological testing) are different to the cognitive
performance demands that are required during an over-learned task in a dynamic
environment (i.e. on-road driving) (Keskinen, 1996; Michon, 1985).
The results of the two studies reviewed within (Kay, Bundy, & Clemson, 2009;
Schanke & Sundet, 2000) support the notion of using neuropsychological tests as a low
cost and low risk method of contributing to a comprehensive driver evaluation (De Raedt
& Ponjaert-Kristoffersen, 2000; Korteling & Kaptein, 1996). However, given that
neuropsychological tests do not appear to have the ability to consistently predict on-road
driving performance, such tests should not be used in isolation to make fitness-to-drive
recommendations. This does not mean however that neuropsychological tests should
never be considered, but rather that other assessments should also be completed alongside
these tests in order to ensure the best picture of a driver’s abilities and skills is gained.

Driving Simulators
Driving simulators are designed to reproduce the driving environment within a
controlled setting, while still challenging the driver’s behavior and performance. A
number of different types of driving simulators exist, and training is required to learn to
administer each type. Some driving simulators employ a vehicle “mock-up” system, with
the driver seated and the traffic scene projected onto a wall in front of the driver. In this
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scenario, the driver controls the simulator by using an electronic steering wheel and foot
pedals that are linked to the computer program (Shanmugaratnam, Kass, & Arruda,
2010). Other driving simulators are enclosed; these simulators resemble a typical motor
vehicle, and also contain mounted cameras to monitor the driver’s head and eye
movements (Gamache, Lavallière, Tremblay, Simoneau, & Teasdale, 2011). Advances in
computer technology have continued to facilitate the development of interactive driving
simulators, and two main arguments exist to supporting the use of these devices over onroad assessment: 1) safety and 2) cost to the driver. Gamache et al. (2011), for example,
reported on the case of MC, a 23 year old female with a severe TBI. Despite recovering
to her baseline neuropsychological function post injury, MC failed four on-road driving
assessments in the process of trying to regain her licence. MC went on to complete an insimulator training program (25 sessions, over a 4 month period), as an alternative to the
traditional method of completing driving lessons with a qualified instructor. This
program was offered to MC as it reduced the risk of crash involvement, and reduced the
cost for MC while safe driving behaviour was re-learnt using the driving simulator. At
the conclusion of the intervention period, MC displayed reduced cognitive load, less jerky
speed profiles, and better vehicle control and positioning (as measured by the driving
simulator). However, despite the progress made in the driving simulator, MC still did not
proceed to pass an on-road assessment nor did she regain her driver’s licence. Therefore,
while driving simulators may be of some value to certain people, it does appear that there
will be others who do not benefit. The case of MC illustrates the major criticism facing
the use of driving simulators; results obtained in the driving simulator may not translate to
actual on-road performance. While driving simulators allow a great degree of
experimental control, this degree of precision can remove the interference of variables
that operate in the real world (such as rapidly changing traffic conditions). In addition,
some drivers are unable to use a driving simulator due to simulator sickness, with older
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drivers being at an increased likelihood of simulator sickness than younger drivers
(Brooks et al., 2010). Finally, the computer software and driving simulator itself are
expensive to purchase, and beyond the funding scope for many OTDAs, with state of the
art portable units costing in excess of $20,000. Therefore, until conclusive evidence
exists that driving simulators are able to accurately re-train and predict on-road driving
performance, it is unlikely that these devices will be widely used in determining fitnessto-drive.

Hazard Perception Tests
Hazard perception tests (HPTs) employ a computer-based program to present the
driver with a series of real-life traffic situations filmed from the driver’s perspective.
Generally the driver is either required to click on the hazard as soon as they see it appear
or alternatively, the driver might be asked about what they would do in a given situation
(e.g. brake, release the accelerator, or drive on at the same speed). This data provides an
indication of the driver’s ability to detect hazards, appraise the seriousness of the hazard,
and formulate a suitable response within the given time-frame. There is evidence to
suggest that poorly developed skills in any one or more of these areas can increase the
probability of a driver being involved in a motor vehicle crash, especially in novice
drivers (Borowsky, Shinar, & Oron-Gilad, 2010; Hedlund & Compton, 2005; Wallis &
Horswill, 2007). This is one reason why driver licensing authorities across Australia,
including VicRoads, employ HPTs as part of the licensing assessment of novice drivers
when they apply to obtain a full driver’s licence (VicRoads, 2013b). Hazard perception
tests have also found their place with experienced, fully licenced drivers to aid in
assessment and re-retraining of driving skills post illness and/or injury. Australia is one
of the countries leading the way in this area (Wetton et al., 2010), and it has been found
that The University of Queensland Hazard Perception Test is able to discriminate test
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performances between older and younger drivers (Horswill et al., 2008; Horswill et al.,
2009), novice and expert drivers (Smith, Horswill, Chambers, & Wetton, 2009; Wallis &
Horswill, 2007), as well as drivers who have sustained an injury compared with drivers
who have not (Preece, Horswill, & Geffen, 2010). Modelling their work off this
Australian-based test, American researchers have now also developed a video-based
hazard perception test that is representative of driving scenarios in America (Scialfa et al.,
2011). In this un-named test, drivers are required to identify the presence of a traffic
hazard that would lead to a collision between the vehicle presented on-screen and any
other road user if no action was taken. Similar to the study conducted by Wallis and
Horswill (2007), it was found that the test was able to predict driver group (recorded as:
“novice” versus “experienced drivers of a similar age”), as novice drivers were
significantly slower to respond hazards when compared with expert drivers (χ2 = 6.86, p =
.009).
Given their discriminatory ability, it is likely that HPTs will continue to be
included in fitness-to-drive assessments, as growing evidence continues to emerge to
support their use. Similar to neuropsychological tests, HPTs are considered to be a low
cost and low risk assessment (Classen et al., 2009; Preece, Unsworth, & Odell, 2012), as
they do not involve an on-road driving component. However, in the standards mandated
by Austroads (2012) and OT AUSTRALIA-Victoria (1998), hazard perception skills are
just one component of the many standards required to establish fitness-to-drive. Hazard
perception tests do not attend to, or assess the breadth of physical, sensory, cognitive, and
perceptual skills required. In addition, further research is required to determine set cutscores; that is, the point at which on-road driving performance might be predicted, based
on raw scores obtained on the UQ-HPT (Scialfa, Borkenhagen, Lyon, & Deschênes,
2013). Despite this, there is growing evidence to suggest that HPTs should be used as a
component of a comprehensive driver evaluation.
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Off-Road Driver Assessments
Off-road driver assessments can include any number of clinic-based tests. They
may even include one or more of the previously discussed methods. Regardless of the
tests selected, the goal of an off-road driver assessment is to provide some indication of
an individual’s fitness-to-drive in a clinic based setting, usually prior to on-road
assessment. However, conflicting ideas exist about exactly what should be incorporated
into an off-road driver assessment. For example, some off-road driver assessments are
not standardised, and have been criticised for having poor predictive and face validity.
Galski, Ehle, and Williams (1997), for example, used an off-road driver assessment
(comprised of neuropsychological tests and a driving simulator) to screen fitness-to-drive
in 106 participants who had sustained an ABI. It was found that 34% of on-road
performance-related variance was not explained by the cognitive, perceptual, behavioural,
or simulator skills screened in the off-road assessment. The authors suggested that offroad driving assessments needed to become: 1) standardised and 2) more representative of
all of the physical, sensory, cognitive, and perceptual skills required for fitness-to-drive in
order for the assessment to provide accurate and consistent information. Since 1997,
considerable progress has been made in this area. Multiple reviews have been completed
in order to summarise literature on this topic and to identify the best combination of offroad assessments to use to predict on-road performance (Asimakopulos et al., 2012; Kay,
Bundy, Clemson, Cheal, & Glendenning, 2012; Selander, Lee, Johansson, & Falkmer,
2011; Unsworth, Lovell, Terrington, & Thomas, 2005; Vrkljan, McGrath, & Letts, 2011).
Vrkljan, McGrath, and Letts (2011), for example, conducted a systematic review in order
to appraise the psychometric properties of off-road assessment tools that could be used to
predict on-road outcomes (including: behind-the-wheel evaluation, crashes, or traffic
violations). Each assessment identified through the search was rated against predetermined criteria in order to determine eligibility to be included in the review. A total
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of 42 assessment tools were retrieved, and 17 of these met the inclusion criteria. Further
appraisal of each of these assessments suggested that none of the tools should be used as a
stand-alone predictor of fitness-to-drive. The authors suggested that off-road driver
assessments should be multifactorial in nature (i.e. containing physical, cognitive, and
visual-perceptual components) in order to offer the best predictor of fitness-to-drive.
Recognising the importance of using multifactorial assessments, any off-road
driver assessment that is completed by an OTDA must evaluate the full subset of fitnessto-drive skills in order to meet basic competency standards (Austroads, 2012; OT
AUSTRALIA-Victoria, 1998). Occupational therapy driver assessors use the off-road
assessment to screen the driver’s physical, sensory, cognitive and perceptual abilities and
to identify factors that may impact on driving performance during the on-road assessment
(OT AUSTRALIA-Victoria, 1998). Essentially, the off-road assessment is used to ensure
that the driver is functionally fit to proceed to on-road testing (OT AUSTRALIAVictoria, 1998). Lasting around one to two hours, the off-road assessment is designed to
allow the OTDA to build rapport with the driver, and to understand the personal and
lifestyle needs that driving fulfils, in-line with CMOP-E. As noted throughout, there are a
variety of tests that can be selected by OTDAs for use in the off-road assessment.
However, the only fully inclusive assessment that is available for use and co-locates all
requisite information is the OT-DORA Battery (Occupational Therapy-Driver Off Road
Assessment). The OT-DORA Battery (Unsworth, Pallant, Russell, & Odell, 2011) is
designed to screen the pre-requisite skills required for fitness-to-drive (as mandated by
Austroads, 2012; OT AUSTRALIA-Victoria, 1998), as part of an off-road driver
assessment. The battery is comprised of an initial interview, followed by four physical
assessments, four sensory assessments, and three cognitive/perceptual assessments, with
an additional six assessments included for use if clinically indicated. Appropriate
psychometric studies have been conducted on this battery on both the individual sub-tests
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(Krishnasamy & Unsworth, 2011; Unsworth, Pallant, Russell, Germano, & Odell, 2010;
Unsworth, Pallant, Russell, Odell, & Coulson, 2011), as well as the assessment as a whole
(Unsworth, et al., 2012).
The Road Law Road Craft Test (RLRCT) is one of the three cognitive/perceptual
assessments included in the OT-DORA Battery. This test is comprised of 14 items that
assess the driver’s road law (knowledge of the legal requirements of driving) and road
craft (application of the road law to driving behaviour). The RLRCT includes multiplechoice questions, short answer questions, and diagram questions in which the driver must
indicate which car should proceed first at a series of intersections. The results obtained
on the RLRCT provide the OTDA with information about the driver’s attention and
problem solving ability, as they relate to the task of driving. The OT-DORA Battery also
provides the option to tailor the RLRCT to match the road laws of different countries.
This means that both locally and internationally, multiple assessors need to be able to use
the same tool reliably. To test the reliability of the RLRCT, Unsworth, Pallant, Russell,
Odell, and Coulson (2011) recruited three OTDAs from a single site in Australia to
independently score the responses obtained from 20 drivers on the RLRCT. On average,
the OTDAs had 17 years of experience (SD = 7). Intra-class correlation coefficients were
used to establish the agreement in scores given by the three separate raters. Except for
item six on the RLRCT, inter-rater reliability was found to be between 0.57 and 1.00 for
all of the other items. Once the instructions for item six were revised, inter-rater
reliability for this item rose from 0.42 to an acceptable value of 0.77. Although the study
completed by Unsworth et al. (2011) established the inter-rater reliability of the RLRCT
with an Australian sample, further studies are required to confirm the inter-rater reliability
obtained with larger, international samples of OTDAs who have different levels of
clinical experience before this result can be generalised widely.
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Unsworth, Pallant, Russell, Germano, and Odell (2010) have also examined the
psychometric properties of the RLRCT. The authors conducted a file audit of 118 data
sets, gathered from a sample of consecutive clients presenting to have their driving
assessed at a specialist clinic in Australia. The majority of the sample were diagnosed
with Alzheimer’s disease or dementia (31%), followed by neurological disorders (27%),
and cognitive impairments (20%). All of the sample completed the RLRCT as part of
their off-road assessment. A series of analyses, including Rasch analysis, was completed
on this test in order to assess the psychometric properties, and both the internal and
external validity of the RLRCT. It was found that the RLRCT was well targeted for the
sample used in the study (as indicated by the person-item threshold plot from the Rasch
analysis), and that there was a good spread of results for the individual items. The
analyses also found that there were not many “difficult items” on the RLRCT (that is;
items which only people with excellent road law and road craft would get correct). This
matches the main focus of the RLRCT, which is to identify drivers with limited or poor
levels of road law and road craft knowledge. For OTDAs, it is of great value to be able to
use the RLRCT in this fashion to identify drivers who have weaknesses or areas of
concern that need to be addressed prior to the on-road assessment. However, similar to
the study previously discussed (Unsworth, Pallant, Russell, Odell, & Coulson, 2011), the
results from the present study also need to be replicated with different samples of drivers
within Australia, as well as on international versions of the RLRCT.
The Occupational Therapy Drive Home Maze Test (OT-DHMT) is another one of
the three cognitive/perceptual assessments included in the OT-DORA Battery. The OTDHMT is a pen and paper based test, and is presented on one A4 page. During testing,
the driver is required to trace their journey as quickly as possible through the maze to get
to the end destination. Administration instructions are provided on a separate page, and
the OTDA uses a stopwatch to record the time taken to complete the maze in seconds.
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On normative studies, it has been shown that it takes older drivers more time to complete
the maze than younger drivers, and that drivers make more errors (such as running in to
dead ends) with advancing age (Krishnasamy & Unsworth, 2011). It has also been
established that that validity of the test is not affected by being either a left or a right
handed test taker (Krishnasamy & Unsworth, 2012). For a clinical population, results on
the OT-DHMT provide the OTDA with information about the driver’s executive function,
attention, and visuo-constructive skills. Predictive validity for the OT-DHMT is also
emerging. Krishnasamy and Unsworth (2011) recruited 42 participants presenting for
driver assessment with an OTDA. This study was conducted in Australia, and the sample
was inclusive of participants with neurological diagnoses such as Alzheimer’s disease,
stroke, and Parkinson’s disease. As part of their off-road assessment, all participants
completed the OT-DHMT. Drivers then completed an on-road assessment, consistent
with standard clinical practice. Results on the on-road assessment were recorded by the
OTDA as either “pass” or “fail”. Binary logistic regression analyses were used to
determine the predictive validity of the OT-DHMT for on-road driving performance.
Results on the OT-DHMT demonstrated a strong prediction of on-road outcome: ln(Odds
of failing on road) = 5.95 + 2.70 (log10 time taken to complete the maze), with drivers
who took longer to complete the maze being more likely to fail the on-road assessment.
However, to date, no cut-scores have been established on the test. Further research is
needed with a larger sample of clients in order to establish exact time-points that predict
licence cancellation.
When studying the battery as a whole, results on OT-DORA have been found to
have excellent predictive validity for on-road driving performance (Unsworth, et al.,
2012). In its initial stages of development, extensive literature reviews and one focus
group with nine OTDAs were undertaken in order to identify the most suitable physical,
sensory, and cognitive/perceptual assessments to include in the final battery. The OT30

DORA Battery was then used with 246 clients. A classification and regression tree
(CART) model was constructed to determine the predictive validity of the battery, with
respect to fitness-to-drive as the outcome. For the OT-DORA Battery, a predictive
validity of 82.6% was established for on-road driving performance. This suggests that
while some off-road driver assessments have been criticised for having poor predictive
validity (Galski, Ehle, & Williams, 1997), assessments that are fully inclusive for
predictive screening can be used (Unsworth, et al., 2012). Still this off-road assessment
must be followed by an on-road assessment in order to gain a comprehensive
understanding of a person’s fitness-to-drive.

Comprehensive Driver Evaluations
Currently, comprehensive driver evaluations (CDEs) are considered to be the
‘gold standard’ assessment of fitness-to-drive (Austroads, 2012; Preece, Unsworth, &
Odell, 2012), and can be conducted by appropriately trained OTDAs. A CDE consists of
an off-road driving assessment using tools or batteries described in the proceeding section
of this chapter, followed by an on-road driving assessment. The on-road assessment is
completed in a dual-controlled vehicle with the person presenting for assessment driving
the car, the driving instructor sitting in the front passenger seat and controlling the car if
necessary, and the OTDA sitting in the rear passenger seat. In this manner, an accurate
and comprehensive assessment of the driver’s performance can be obtained in the real
world; that is, on the road (Larsson, Lundberg, Falkmer, & Johansson, 2007; Petzold et
al., 2010; Unsworth, 2007). This is particularly important for people who may feel
anxious, angry, or threatened about the fact that their drivers’ licence is under review
(Selander, Lee, Johansson, & Falkmer, 2011; Whitehead, Howie, & Lovell, 2006).
However, while the on-road assessment does have high face validity for driving, there is
limited statistical evidence to support all aspects of the assessment. On-road assessments
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are time-consuming to administer; the participants, the driving instructor, and the OTDA
all must contribute their time. Clinically this means that such assessments are expensive
for the client, while in a research environment, this means that a significant research grant
needs to be secured in order to conduct a high-quality trial. In addition, once funding has
been secured, a number of key matters must be decided upon, such as: duration of the
assessment, the assessment route to be used, manoeuvres to be performed during the
assessment, and how to score the assessment (Larsson, Lundberg, Falkmer, & Johansson,
2007; Unsworth, 2007). There is limited evidence to inform decision making in all of
these areas, and the case of scoring the on-road assessment provides a good example of
this. While it has been noted that different scoring procedures can be employed (such as:
number of errors, type and severity of errors, or number of driving instructor
interventions), consensus does not exist about what method to use (Kay, Bundy, Clemson,
& Jolly, 2008). To explore this issue further, Mallon and Wood (2004) validated one
scoring system tool that is used by OTDAs to evaluate on-road driving performance. A
total of 137 healthy community-dwelling participants were recruited to the study. Similar
to standard clinical practice described within, the on-road assessment was completed in an
automatic, dual controlled vehicle, with the driving instructor seated in the front
passenger seat and the OTDA seated in the rear of the vehicle. Participants were directed
by the driving instructor to drive around a standard route, comprised of both simple and
complex traffic situations. Based on the participants’ driving performance, the driving
instructor gave each driver an overall global safety rating out of 10 at the end of the
assessment (where a score of 1 to 3 = driving instructor intervention required, 4 to 5 =
poor driving and observation skills displayed, 6 to 8 = average driving skills with some
bad habits, 9 to 10 = good to excellent driving and observational skills displayed). In
contrast, the OTDA rated the participant’s driving throughout the assessment based on
seven different components of driving performance including: general and blind spot
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observation, indication, braking/acceleration, lane positioning, gap selection, and
approach. The OTDA also recorded the type and location of each driving error (if any)
made by the participant. Despite the differences in the scoring methods that were used,
the OTDAs scores were highly correlated with the driving instructor’s global safety rating
(r = 0.76, p < 0.001). While this study does need to be replicated with a clinical
population (as only “healthy” volunteers were used), there is preliminary evidence to
suggest that different scoring methods may still result in the same recommendation about
a person’s fitness-to-drive being made.
Prior to this research, Galski, Ehle, and Bruno (1990) had argued in their older
work on this topic that the decisions made about fitness-to-drive from on-road
assessments lack strength and validity. The authors retrospectively examined the on-road
assessment results of 37 patients with an ABI. In this instance, driving performance was
first rated by allocating a “pass” or “fail” score to 26 individual driving tasks that were
completed as part of the on-road assessment, such as parking and over-taking. Based on
the number of “pass/fail” scores obtained, the OTDA then allocated an overall global
“pass/fail” result to the on-road assessment. Chi-square statistics were used to examine
the internal validity of the on-road assessment. Only six of the 26 individual driving tasks
were correlated with the overall global outcome, and the authors appropriately concluded
that the validity of the individual items offered a poor prediction of the final outcome for
the on-road assessment. One limitation of the study however, can be attributed to the fact
that no weighting was allocated to the difficulty of any of the items. This meant that a
relatively easy item, such as stopping, received equal input into the final outcome as a
more difficult item did, such as completing a 3-point turn. If the importance and
difficulty of the individual items had been considered by Galski, Ehle, and Bruno (1990),
this may have resulted in a more favourable outcome in support of on-road testing, as was
the case for Mallon and Wood (2004). In emerging research on this topic about scoring
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an on-road assessment, Vlahodimitrakou et al. (2013) have reported on the pilot
development of the Driving Observation Schedule (DOS). The DOS is designed to
provide a quantitative measure of on-road driving behaviour including: intersection
negotiation, lane-changing, merging, low speed manoeuvres, and manoeuvre-free driving.
Although the DOS is a promising means of quantifying drivers’ on-road performance,
further research is required with larger sample sizes and other population groups, as
research to date represents a small sample of older drivers only (n = 33 drivers aged 75+
years). Additional problems with on-road testing which require further research include
the difficulty in generating particular experiences at the exact time of assessment (such as
braking in an emergency and creating certain traffic conditions, including high-density
traffic), and the replication of these experiences to ensure equity for all test-takers.
The studies conducted by Mallon and Wood (2004) and Galski, Ehle, and Bruno
(1990) highlight some of the controversy that surrounds the on-road component of CDEs.
Despite this however, CDEs are currently seen to be the ‘gold standard’ assessment of
fitness-to-drive (Austroads, 2012; Preece, Unsworth, & Odell, 2012) and should therefore
be used when assessing drivers with an illness, injury, or disability. Since the focus of
this thesis is on return to driving following injury, specifically mTBI, the next section of
this chapter will go on to define mTBI and discuss issues concerning fitness-to-drive for
this population group.

Impact of mTBI on Fitness-To-Drive
Mild Traumatic Brain Injury (mTBI)
Traumatic brain injury (TBI) refers to any injury that is sustained to the brain as a
result of external forces. Injury severity in this population group can be classified as
either mild, moderate, or severe (Lundin, De Boussard, Edman, & Borg, 2006; McCrea et
al., 2009). Of these three forms, it has been estimated that mild traumatic brain injury
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(mTBI) occurs most commonly, and comprises 70-90% of all traumatic brain injuries
sustained in developed countries, including Australia (Cassidy et al., 2004). Roughly, this
translates as 493 to 653 per 100 000 people sustaining a mTBI (Marshall, Bayley,
McCullagh, Velikonja, & Berrigan, 2012). Mild traumatic brain injury is characterised
by one or more of the following: confusion or disorientation after the event, the
experience of other transient neurological abnormalities not requiring surgery, loss of
consciousness (LOC) for 30 minutes or less, post-traumatic amnesia (PTA) less than 24
hours, and a Glasgow Coma Scale (GCS) score of 13-15 up to 30 minutes post injury
(Carroll, Cassidy, Holm, Kraus, & Coronado, 2004). In addition, these manifestations
must not be due to drugs, alcohol, or medications, be caused by other injuries or pyschosocial issues, or be caused by penetrating cranio-cerebral injury.
Medical treatment after mTBI is most commonly provided in an acute hospital
setting (Cassidy et al., 2004). People typically present to emergency departments with
symptoms such as headache, dizziness, or fatigue. Upon closer examination, patients
with a mTBI may also display reduced attention and concentration levels, as well as
impairments on neuropsychological tests in the areas of organisation, planning, and selfmonitoring abilities (Lundin, De Boussard, Edman, & Borg, 2006; McCrea et al., 2009).
Impairments in patients with a mTBI are thought to be caused by whole-brain functional
connectivity alterations, particularly with decreases in connectivity within the motorstriatal network and increases in the right fronto-parietal network seen on functional
magnetic resonance imaging (Shumskaya, Andriessen, Norris, & Vos, 2012). Symptoms
are most pronounced 24 hours after mTBI, rapidly improve within 1-2 weeks, and are
usually fully resolved within three months post injury (McCrea et al., 2009). It is
hypothesised that the symptoms associated with mTBI can impact on a person’s ability to
return to a range of occupations; however, there is no conclusive evidence to suggest
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when it is safe for this population group to return to their everyday occupations, including
driving (Cassidy, Boyle, & Carroll, 2014; Gravel et al., 2013).

Fitness-To-Drive After mTBI
Ongoing controversy and debate surrounds the pathogenesis, definition, and
management of mTBI; for many years the term “mTBI” was used interchangeably with
the term “concussion” (Carroll, Cassidy, Holm, Kraus, & Coronado, 2004). However, it
is now recognised that a concussion is defined as a trauma (e.g. a knock to the head or
serious whiplash) that induces an alteration in mental status (either to physical and/or
cognitive abilities) that may or may not involve a loss of consciousness (Carroll, Cassidy,
Holm, Kraus, & Coronado, 2004). Along the TBI continuum, this means that a
concussion is seen to be a less severe injury than a mTBI, and the largest population
group in which concussion tends to be reported is in athletes. This is consistent with the
main body of research in the area of concussion being focused directly on sports literature
and return to play guidelines, with very little attention being targeted towards returning to
everyday occupations (including driving). In recent times, this trend has started to shift
and mTBI is now recognised as a serious issue in its own right, in-line with the increasing
number of combat veterans returning from war, and requiring assessment and intervention
within the area of driving post mTBI (Classen et al., 2011; Reid et al., 2014). However,
in this emerging research, mTBI is typically combined with other co-morbidities, most
often post-traumatic stress disorder (PTSD), meaning that the effects of mTBI on fitnessto-drive have not been studied in their own right (Classen et al., 2011). In looking at the
literature surrounding mTBI and PTSD, combat veterans with these conditions are
reported to display aggressive driving behaviours such as driving too fast and not
adjusting their vehicle position in relation to other road users (Classen et al., 2011).
However, it is likely that the driving behaviour of these combat veterans may not
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accurately reflect that of the general public, given that combat veterans are trained to
drive in a very specific and very assertive way in order to maintain their safety in war
zones.
In 2012, new clinical practice guidelines were developed in Canada and released
for use around the world (Marshall, Bayley, McCullagh, Velikonja, & Berrigan, 2012).
The aim of the project conducted by Marshall et al. (2012) was to develop comprehensive
guidelines for the management of mTBI, and to thereby facilitate the appropriate return of
people who have sustained a mTBI to their everyday occupations. Development of these
clinical practice guidelines began with a systematic review of the literature, followed by a
specific review of existing clinical practice guidelines. An international multidisciplinary panel was also brought together, in order to reach consensus and to formulate
the results of this review. Using a modified Delphi process, levels of evidence from
individual studies were graded: Grade A = included at least 1 randomised controlled trial,
meta-analysis, or systematic review; Grade B = included at least 1 cohort comparison,
case study, or other type of experimental study; Grade C = included expert opinion and/or
the experience of the multi-disciplinary panel. However, a paucity of supporting
evidence was found, with at least 70% of recommendations for the management of mTBI
being based on expert opinion of the panel alone. With respect to return to driving after
mTBI, Level C evidence was found (expert opinion and/or the experience of the multidisciplinary panel), which suggested that:
A person who sustains an MTBI should not drive for at least 24 hours and
might require medical re-assessment. An extension of the recommended
24-hour time period is advised if there are symptoms or complications that
result in loss of good judgment, decreased intellectual capacity (including
slowed thinking), posttraumatic seizures, visual impairment, or loss of
motor skills. If there are complications, a medical assessment is required
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before an individual returns to driving. (Marshall, Bayley, McCullagh,
Velikonja, & Berrigan, 2012, p. 261)
This recommendation is similar to that posed by Austroads (2012, p. 90), which
states: “any person who has had a traumatic injury causing loss of consciousness should
not drive for a minimum of 24 hours…”. However, neither Austroads (2012) nor the
review completed by Marshall et al. (2012) provide any further guidance beyond this
initial 24 hour period about when a person who has sustained a mTBI is fit-to-drive.
Therefore, the recommendations provided about when this population group should return
to driving does vary in clinical practice. Moore and Leathem (2004) used a survey to
explore the nature and quality of information provided by health care professionals to
patients after mTBI in New Zealand. Of the 244 respondents (response rate = 50.1%),
61.7% gave advice around when a person was fit-to-drive. Although basic statistics were
not provided by the authors, such as a measure of variability, it was still evident that the
nature of the advice differed between respondents from their qualitative responses. Some
respondents advised that patients should not drive for at least 24 hours after mTBI,
whereas other respondents left it up to the patient to determine when they were fit-todrive with statements such as: “do not drive your car...until such time that you feel that
your ability to judge distances and unexpected hazards have improved” (Moore &
Leathem, 2004, p. 5). Although this is a New Zealand based study, it is tempting to
assume that similar inconsistencies exist in Australia also; however, to date, no research
has been produced of the sort.
Some of the issues around understating the “best” management of fitness-to-drive
after mTBI stems from the types of research designs that have been used with this
population group, especially in the timing of the research under-taken. Fisk, Schneider,
and Novack (1998) used a cross-sectional survey to examine fitness-to-drive after TBI.
The authors aimed to characterise driving as an outcome measure in relation to: 1) driving
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prevalence, 2) driving exposure, and 3) how the decision to return to driving was made.
Participants were included in this study if they had sustained a TBI of any level of
severity, and no exclusion criteria were specified. The study was completed in a
rehabilitation setting, and all participants were several years post injury (M = 3.3 years,
SD = 1.8). Sixty-percent of participants had returned to driving after their injury, and
64% of participants drove seven days per week. Over half (63%) of the participants had
not received assessment or advice from a health-care professional prior to returning to
driving. Based on these results, the authors expressed concern over the presence of high
driving exposure, coupled with a lack of fitness-to-drive assessments and advice for this
population group. The authors concluded that people who have sustained a TBI have an
elevated risk of being involved in a crash when then return to driving. Alternatively,
these results could also suggest that people may be able to appropriately self-regulate
their return to driving, given that some participants had not received any formal advice
and yet they had chosen for themselves not to return to driving. However, the survey
used by Fisk, Schneider, and Novack (1998) was designed for the purposes of their study
only. The survey was not validated or pilot tested prior to use, and was deliberately
designed to avoid questions related to potential adverse events associated with driving,
such as having a motor vehicle crash. Therefore, it is likely that the survey may not have
accurately reflected fitness-to-drive capacity nor outcome. In addition, participants were
on average three years post injury when they participated in the study. Given that
symptoms usually resolve within three months post mTBI (McCrea et al., 2009), this
study provides limited information pertaining to fitness-to-drive in the acute stages post
injury.
Similarly, Schneider and Gouvier (2005) examined fitness-to-drive after mTBI,
but also outside of the expected recovery time-frame. The authors used a cross-sectional
case control design to examine the utility of the Useful Field Of View (Ball & Roenker,
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1998) in predicting crash involvement among people with a history of mTBI.
Convenience sampling was used to recruit American college under-graduate students to
the study, based on their response to the question: “Have you ever been knocked out by a
blow to the head?” (Schneider & Gouvier, 2005, p.138). All participants were several
years post injury (M = 7.13 years, SD = 5.08) when they completed the study. In
addition, due to the crude nature of the screening tool that was used to identify “mTBI”
participants, the sample recruited by Schneider and Gouvier (2005) is likely not to be
representative of the wider mTBI population, especially with respect to injury definition.
Therefore, this study also provides limited information pertaining to fitness-to-drive in the
acute stages after mTBI.
In contrast, Hawley (2001) conducted a study in the United Kingdom that was
within the expected recovery time-frame post mTBI. A cross-sectional design was used
to determine if people who returned to driving after sustaining a TBI of any level of
severity were fit to do so. Participants were recruited via a convenience sample, and
assessments were commenced upon admission to an in-patient rehabilitation setting.
Semi-structured interviews were completed, and compared with scores on the Functional
Independence Measure (FIM) and Functional Assessment Measure (FAM) (Hamilton,
Granger, Sherwin, Zielezny, & Tashman, 1987). Of the 563 participants, many reported
problems with behaviour (n = 67, 48.2%), memory (n = 89, 64.0%),
concentration/attention (n = 39, 28.1%), and vision (n = 39, 28.1%). The authors
concluded that the existence of problems that can affect fitness-to-drive, do not
necessarily prevent people from driving. However, as no longitudinal follow-up was
provided in the study, it is not known at what time-point these symptoms resolved and
participants were considered fit-to-drive. The authors acknowledged this to be a major
limitation of their study. In addition, it is likely that scores on the FIM and FAM would
not have accurately predicted the participants’ fitness-to-drive, as the FIM/FAM are
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measures of care burden for basic activities of daily living, and are not designed to have
the capacity to predict complex occupations, such as driving.
Predictors of fitness-to-drive have been examined along the TBI severity
continuum. Classen et al. (2009), for example, conducted a systematic review to identify
the predictors of fitness-to-drive following a TBI of any level of severity, including
mTBI. An a priori design was used. Searching the Web of Science, EBSCOhost
Electronic Journals, and PubMed, the authors identified 13 studies that met the inclusion
criteria for their review. However, of these 13 studies, only three studies included a
mTBI sample. Data extraction and quality assessment was independently completed by
two of the authors. These authors explored data from a range of assessments including:
CDEs, disability status reports, driving simulators, neuropsychological tests, off-road
driver assessments, reports from next-of-kin, and self-report assessments. From this data,
the authors concluded that there was no strong evidence to conclusively predict fitness-todrive after any severity of TBI. Ortoleva, Brugger, Van der Linden, and Walder (2012)
also conducted a systematic review in order to identify the predictors of fitness-to-drive
after a TBI of any level of severity, including mTBI. Similar to Classen et al. (2009), an a
priori design was used; however, in this instance, patient and assessment predictors were
explored. Seven studies met the inclusion criteria for this systematic review; five of
which were independently identified by two of the authors as being of poor
methodological quality. Predictive factors were extracted from these studies and explored
in three clusters: 1) patient and trauma characteristics (e.g. age on gaining driver’s
licence, level of driving experience, number of motor vehicle crashes), 2)
neuropsychological tests after TBI (e.g. scores achieved on tests of attention,
concentration, and memory), and 3) general evaluations after TBI (e.g. knowledge of
driving rules, level of self-awareness and functional limitations). Based on the analyses
of all three clusters, the authors concluded that there is no sound basis at present for
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predicting driving capacity after mTBI. In their review, Ortoleva, Brugger, Van der
Linden, and Walder (2012, p. 9) raise a pertinent issue, stating: “…decisions have to be
made, even if predictive factors are not valid”. This statement highlights the need for
future research to focus on assessment and guideline development, in order to ensure
accurate and consistent fitness-to-drive recommendations can be provided to people after
mTBI. Emerging research suggests that while only a minority of people intend to reduce
their driving immediately post mTBI (Preece, Geffen, & Horswill, 2013), a high
proportion of these same people do have to adapt their driving and develop strategies to
compensate for self-perceived driving difficulties experienced up to 2-6 weeks post injury
(Bottari, Lamothe, Gosselin, Gélinas, & Ptito, 2012; Sveen, Ostensjo, Laxe, & Soberg,
2013). In addition, many patients with a mTBI are required to seek ongoing medical
treatment for symptoms (including: dizziness, fatigue, forgetfulness, headache, neck pain,
sleep disturbances, and vision and/or hearing problems) up to one year post injury
(Hartvigsen et al., 2014). Although not reported within the study (Hartvigsen et al.,
2014), these symptoms do have the potential to affect fitness-to-drive, in-line with the
GADGET model.
From the literature that has been reviewed within this chapter, it is evident that
there is currently a paucity of evidence to support decision making about the timing of
return to driving after mTBI. Clinicians are relying on expert opinion alone (Marshall et
al., 2012), which has resulted in disparity in the recommendations that are provided to this
population group about when it is safe for them to return to a very complex and important
occupation (Moore & Leathem, 2004). This lack of equity in decision making means that
people may experience different outcomes, based on where and when they seek medical
treatment post injury (Harries, Tomlinson, Notley, Davies, & Gilhooly, 2012). The next
section of this chapter will highlight two main gaps in the literature that require further
attention in order to support an understanding of fitness-to-drive after mTBI.
42

Key Areas Requiring Further Research
A range of assessments, each with their own strengths and limitations, can and
have been used to determine fitness-to-drive after mTBI. Furthermore, our understanding
of fitness-to-drive after mTBI has been hampered by the wide variation in the time-frames
selected for data collection in existing research. Reducing these inconsistencies in
assessment practices and time frames for data collection is key if a trajectory in the
recovery of fitness-to-drive after mTBI is to be established. Although management of
fitness-to-drive after mTBI is an international issue, specific data is also required for an
Australian cohort, in order to comply with local licensing rules and regulations.

Need for Longitudinal Assessment within the Expected Recovery Time-Frame
As previously stated, symptoms are most pronounced 24 hours after mTBI,
rapidly improve within 1-2 weeks, and are usually fully resolved within three months post
injury (McCrea et al., 2009). However, research to date has not yet integrated this
expected recovery time-frame into the methodologies that have been used. For example,
participants in the study conducted by Fisk, Schneider, and Novack (1998) were several
years post injury when they took part in the study (M = 3.3 years, SD = 1.8), as were
participants in the study conducted by Schneider and Gouvier (2005) (M = 7.13 years, SD
= 5.08). In addition, as these studies lacked longitudinal follow-up, it is not known at
what time-point the participants were eventually considered fit-to-drive. Future research
must incorporate the expected recovery time-frame after mTBI into the research design
used. In particular, longitudinal assessment of fitness-to-drive must be completed. This
means that data can be tracked alongside key time-points, such as within the expected
recovery time-frame post injury. If such methods were to be adopted, it is proposed that
participants should complete their first assessment of fitness-to-drive at 24 hours post
injury, their next assessment in 1-2 weeks, and their final assessment at three months post
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injury. In addition, for this information to be of clinical relevance, it is important that
some of this data is obtained within the acute hospital setting (given that this is where the
majority of people who sustain a mTBI are treated) (Cassidy et al., 2004), with follow-up
of the participants once they have gone home and have returned to their usual
occupations.

Use of the ‘Gold Standard’ Assessment of Fitness-To-Drive
As discussed earlier, CDEs are considered to be the ‘gold standard’ assessment of
fitness-to-drive, as an on-road component is a must for an accurate and comprehensive
assessment. Research to date has not yet used this ‘gold standard’ assessment with
participants who have sustained a mTBI. Hawley (2001), for example, used the FIM and
FAM as an outcome measure. As noted, it is unlikely that scores on either of these
assessments would have accurately reflected the participants’ fitness-to-drive, given that
neither the FIM nor the FAM is considered to be a valid or reliable predictor of driving
performance (Classen et al., 2009). Combined with other studies that have followed a
similar trend of using assessments that are neither valid nor reliable for predicting on-road
driving performance, this has led to a paucity of data to support fitness-to-drive
recommendations after mTBI.
Patients are typically reluctant to participate in CDEs (Whitehead, Howie, &
Lovell, 2006), and there is no easy way to address this issue, meaning that sample sizes in
driver research are often quite small. Cost is another known factor precluding the use of
CDEs in research (Classen et al., 2009). However, it could be more beneficial to have a
small sample of participants reliably assessed with a CDE rather than having larger
samples continuing to be assessed with methods that are cheaper, but less valid and
reliable. In addition, use of CDEs could provide data to ensure accurate and consistent
clinical practice guidelines could be developed. It is likely that having these guidelines
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would save financial and emotional cost in the long run, and would provide the best
outcome for patients by facilitating return to driving when they are fit and safe to do so.
This is a goal that can be achieved if the current gaps in the literature surrounding fitnessto-drive after mTBI are addressed.

Aims
This chapter has illustrated the need for further research to support the
understanding of fitness-to-drive after mTBI. To support clinical practice in this area,
consequently the aims of this research project were to:
1) systematically review the literature in order to identify what methods and
assessments are, or could be, used in the acute hospital setting to determine
whether people who have sustained a mTBI are fit-to-drive post injury – Study 1,
and
2) conduct a survey in order to determine the type of information that is provided in
emergency departments to people after mTBI, with respect to fitness-to-drive post
injury across Australia – Study 2, and
3) conduct a case control study in order to establish a trajectory in the recovery of
fitness-to-drive skills after mTBI, in-line with the expected recovery time-frame
post injury – Study 3.

Chapter Summary
This chapter has discussed the importance of the occupation of driving, and has
highlighted the need for further research with the mTBI population group. Literature on
this topic has been reviewed, and identified gaps have been used to inform the aims of the
research presented within this thesis. The next three chapters present the studies
associated with each of the aims of this thesis.
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Chapter 3
DETERMINING FITNESS-TO-DRIVE: A SYSTEMATIC REVIEW OF THE
METHODS AND ASSESSMENTS USED AFTER MILD TRAUMATIC BRAIN
INJURY

Chapter Overview and Summary
In Chapter 2, the literature on driving as an occupation was reviewed. This
included literature on the importance of driving for promoting occupational performance
and community engagement. It was also noted that although an important occupation,
driving can be dangerous. Therefore, the concept of fitness-to-drive was explained from
both a medical and occupational perspective, and a conceptual practice model of driving
was explored. A conceptual practice model of fitness-to-drive was indicated to
effectively guide clinical practice and research in this area, given the complexity of the
occupation (Hughes, Newstead, Anund, Shu, & Falkmer, 2014, in press). Specifically,
the GADGET Model was used to describe four hierarchical, and inter-dependent levels of
driving related behaviour and skills (Christ et al., 1999). This model was used to explain
how the concepts of the personal independence associated with driving can be balanced
with the safety of all road users. In addition, the need for licensing rules and regulations
was presented, and the role of OTDAs in supporting road safety was introduced.
Methods that can be used by OTDAs when determining fitness-to-drive were noted to
include: 1) Neuropsychological Tests, 2) Driving Simulators, 3) Hazard Perception Tests,
4) Off-Road Driver Assessments, and 5) Comprehensive Driver Evaluations (Classen et
al., 2009; Preece, Unsworth, & Odell, 2012; Unsworth, 2007). Specific assessments that
can be used by OTDAs as part of each of these methods were also identified. For
example, the OT-DORA Battery was identified as being a useful type of off-road driver
assessment for OTDAs in Australia (Unsworth, Pallant, Russell, & Odell, 2011).
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Strengths and weaknesses of existing driving research were discussed. Finally, the
literature on fitness-to-drive was explored, with a specific focus on the mTBI literature. It
was highlighted that different studies have used different methods and different
assessments to determine fitness-to-drive with this cohort. Fisk, Schneider, and Novack
(1998) for example used a survey to explore fitness-to-drive in their research with the
mTBI population, while Schneider and Gouvier (2005) used the Useful Field Of View
(Ball & Roenker, 1998), and finally Hawley (2001) used the Functional Independence
Measure and the Functional Assessment Measure (Hamilton, Granger, Sherwin, Zielezny,
& Tashman, 1987). It was noted that no studies exist, which have identified, appraised
and synthesised all of the available literature on the methods and assessments that can be
used to determine fitness-to-drive after mTBI. Having access to stand-alone studies (such
as Fisk, Schneider, & Novack, 1998; Hawley, 2001; Schneider & Gouvier, 2005) is of
limited value for use in guiding clinical practice. After reading each of these stand-alone
studies, clinicians may still be uncertain about whether they should select the Useful Field
Of View (Ball & Roenker, 1998) or whether they should select the Functional
Independence Measure and the Functional Assessment Measure (Hamilton, Granger,
Sherwin, Zielezny, & Tashman, 1987) for example to assess fitness-to-drive, and to
subsequently make a recommendation about when a patient with a mTBI should return to
driving. To create evidence-based recommendations, clinicians require access to research
that has been appraised for quality and synthesised in a form that enables it to be used
practically on a day-to-day basis. Within the previous chapter, it was noted that both
Classen et al. (2009) and Ortoleva, Brugger, Van der Linden, and Walder (2012) have
synthesised some of the existing research by conducting systematic reviews to identify
the predictors of fitness-to-drive after mTBI. However, neither of these reviews
identified any consistent predictors for this cohort. Nonetheless, in clinical practice,
decisions and recommendations about fitness-to-drive still have to be made, even if
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predictive factors are lacking. Clinicians need to have access to research which enables
them to choose from a selection of valid and reliable assessments of fitness-to-drive.
Such assessments can then be used to inform the recommendations that clinicians make
when asked: “is this patient safe to return to driving?” A systematic review was therefore
completed in order to identify the methods and assessments that have or that can be used
to determine fitness-to-drive after mTBI. The full protocol for this systematic review is
provided in Appendix C.
Study 1 of the research program is presented in this chapter. The aim of this study
was to systematically review the literature in order to identify what methods and
assessments are, or could be, used in the acute hospital setting to determine whether
people who have sustained a mTBI are fit-to-drive post injury. This paper has been
accepted for publication (Baker, Unsworth, & Lannin, 2014, in pressa) and has also been
delivered for conference presentation (Baker, Unsworth, & Lannin, 2013), as follows.
The manuscript is presented within in its accepted format.
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ABSTRACT
Introduction: Limited evidence is available to support knowledge of the time-frame and
capacity for fitness-to-drive after mild traumatic brain injury (mTBI). The aim of this
systematic review was to identify what methods and assessments are, or could be used to
determine fitness-to-drive for this population.
Methods: Systematic search of six electronic databases. Two authors rated all studies for
methodological content and quality, and standardised data were extracted. Narrative
analysis was conducted to understand the content of eligible studies.
Findings: A total of 2022 articles were retrieved; seven articles met the inclusion criteria.
Self-reported questionnaires, non-standardised assessments, questionnaires completed by
next-of-kin, and simulator tests were the primary methods used to determine fitness-todrive. Only one assessment has been used to aid recommendations about fitness-to-drive
in the acute hospital setting. Six additional standardised assessments were identified that
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have the potential to predict fitness-to-drive in this population group; however, these
assessments require further psychometric testing prior to use.
Discussion and Conclusion: While a variety of methods and assessments are currently
used, there is little research evidence to suggest when individuals are able to return to
driving after mTBI. Research is urgently required to determine a consistent and
standardised approach to assessing fitness-to-drive following mTBI.

Keywords: driving; driver assessment; fitness-to-drive; mild traumatic brain injury
Key Findings:


No consistency existed in the methods and assessments used with this population.



Six standardised assessments were identified that could be used by occupational
therapists to potentially determine fitness-to-drive with the mTBI population.

What the study has added: This systematic review presents current best evidence
surrounding fitness-to-drive methods and assessments after mTBI. The findings promote
further research into assessments that could be used with this population group.

The authors wish for this submission to be considered for inclusion in the “Driving and
Community Mobility” special issue.
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1. INTRODUCTION
Traumatic brain injury (TBI) refers to an injury that is sustained to the brain as a result of
external forces. TBI injury severity can be classified as mild, moderate, or severe
(McCrea et al., 2009). Of these three forms, it has been estimated that mild TBI (mTBI)
occurs most commonly, and comprises 70-90% of all traumatic brain injuries sustained in
developed countries (Carroll et al., 2004). However, because a high proportion of
individuals who sustain a mTBI do not seek medical treatment, it is difficult to estimate
the true prevalence and incidence of the condition. For those individuals who do seek
medical treatment after mTBI, such treatment is most commonly provided in an acute
hospital setting (Carroll et al., 2004). Mild traumatic brain injury is characterised by an
individual experiencing one or more of the following: confusion or disorientation after the
event, the experience of other transient neurological abnormalities not requiring surgery,
loss of consciousness (LOC) for 30 minutes or less, post-traumatic amnesia (PTA) less
than 24 hours, and a Glasgow Coma Scale (GCS) score of 13-15 up to 30 minutes post
injury (Carroll et al., 2004). Patients may present with symptoms such as headache,
dizziness, or fatigue post injury. In addition, patients who have sustained mTBI may
display reduced attention and concentration levels, as well as impairments on
standardised cognitive assessments in the areas of organisation, planning, and selfmonitoring abilities (McCrea et al., 2009). Symptoms are most pronounced 24 hours
after mTBI, rapidly improve within 1-2 weeks, and are usually fully resolved within three
months post injury (McCrea et al., 2009). These symptoms have the potential to impact
on an individual’s ability to return to a range of occupations. For example, individuals
who return to driving may be at an increased risk of motor vehicle accident involvement
in the acute stages post injury. While the exact link between the effects of mTBI and road
safety are not yet known, emerging evidence suggests that individuals with a mTBI are
significantly slower to respond to traffic hazards when compared with individuals with
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orthopaedic injuries at 24 hours post injury (Preece et al., 2010). In addition, it has been
noted that a high proportion of individuals with mTBI are required to either adapt their
driving or to develop strategies to compensate for self-perceived driving difficulties
experienced up to 2-6 weeks post injury (Bottari et al., 2012; Sveen et al., 2013).

1.1 Fitness-to-Drive
In developed countries, the car is the most common form of transportation (World Health
Organisation, 2013). However, driving is a complex task. An estimated 1.2 million
people are killed worldwide in on-road crashes each year, and an additional 50 million
people are seriously injured (World Health Organisation, 2013). The World Health
Organisation has warned that these figures will continue to increase up to 65% over the
next 20 years, unless there is plan to rapidly commit to the prevention of road trauma.
Therefore, it is essential that individuals and their next-of-kin can be provided with
evidence-based directives, inclusive of time-frames for successful return to driving after
mTBI. Any suggested time-frames for return to driving must take into account the fact
that individuals who have sustained a mTBI may display reduced cognitive and
physiological abilities (McCrea et al., 2009), and that deficits in such abilities have the
potential to affect fitness-to-drive (Austroads, 2012). Together with medical staff,
occupational therapists face the difficult task of assessing and making a recommendation
as to whether a patient who has sustained a mTBI is fit-to-drive. Drawing on research
evidence may aid clinical reasoning in this area. Two systematic reviews have focused on
fitness-to-drive as an outcome after TBI, and have included participants with mTBI
(Classen et al., 2009; Ortoleva et al., 2012). Ortoleva et al. (2012) conducted a systematic
review in order to identify the predictors of fitness-to-drive after a TBI of any level of
severity, including mTBI. Seven studies met the inclusion criteria; five of which were
identified by the authors as being of poor methodological quality. The authors concluded
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that there is “no sound basis at present for predicting driving capacity after traumatic
brain injury” (Ortoleva et al., 2012, p.302). Similar to this, Classen et al. (2009) sought to
understand whether fitness-to-drive could be predicted after a TBI of any level of
severity, including mTBI. While Classen et al. (2009) included 13 studies in this review,
only three studies included participant/s with mTBI. For the mTBI population, there was
no evidence of consistent predictors of fitness-to-drive post injury (Classen et al., 2009).
Hence, occupational therapists in the acute care setting have very little evidence on which
to base fitness-to-drive recommendations provided to their patients after mTBI. There is
therefore a need to establish what methods and assessments are currently being used to
guide fitness-to-drive recommendations in clinical practice, given that predictive factors
alone are not valid or reliable (Classen et al., 2009; Ortoleva et al., 2012). This
systematic review was considered to add significantly to knowledge in this area, by
examining the methods and assessments of fitness-to-drive that are used with this
population group. This was chosen in favour of further exploration of predictors of
fitness-to-drive, which have already found to be lacking in other reviews (Classen et al.,
2009; Ortoleva et al., 2012). Considering the limited information available in the
literature reviewed, it was also reasoned that it would be valuable to review what
assessments could be used in this area of practice and included in future research.
Specifically, these assessments needed to be suitable for use in the acute hospital setting,
given that this is where the majority of individuals who sustain a mTBI are treated and
recommendations are made about return to driving by occupational therapists (Carroll et
al., 2004).

1.2 Aim
The aims of this systematic review were to: 1) Identify what methods are used to
determine if individuals who have sustained a mTBI are fit-to-drive post injury, 2)
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Identify what assessments are used in the acute hospital setting to determine fitness-todrive with this population group, and 3) Identify standardised assessments that could be
used in the acute hospital setting to predict fitness-to-drive after mTBI (including
assessments that are available, but have not yet been used with a dedicated sample of
mTBI participants). These aims were designed to inform occupational therapists of
current best evidence concerning return to driving after mTBI, and to direct further
research into assessments that could be used in the acute care setting.

2. METHODS
The full protocol for this systematic review is available from the corresponding author for
this paper.

2.1 Search Strategy
For each aim, the electronic databases MEDLINE, CINAHL, PsychInfo, Embase, The
Cochrane Library, and OT Seeker were searched by one author (AB) from inception to
April 30th, 2013. The search strategy was first developed and used in MEDLINE, and
was then adapted for use in each of the other electronic databases (Appendix A). A broad
search strategy was selected for use in order to identify as many relevant studies as
possible. Therefore, the search did not include keywords for specific methods and
assessments. Keywords mild traumatic brain injury; OR mild TBI; OR mild closed head
injury; OR minor head injury; OR concussion; OR brain concussion; OR post concussion
syndrome; OR acquired brain injury; OR ABI were combined with the keywords fit$ to
driv$; OR automobile driv$; OR driv$ perform$; OR driv$ ability; OR driv$ skill$; OR
driv$ competence; OR driv$. All keywords were mapped to Medical Subject Headings
(MeSH) in each electronic database. All citations identified in the search of the electronic
databases were downloaded into a bibliographic management software program (EndNote
Determining Fitness-To-Drive

BJOT
54

version X5), and duplicate studies were removed. Remaining studies were screened by
two authors (AB&CU) to determine eligibility for inclusion in the review. If agreement
could not be reached between the two authors after discussion of the article, the option to
contact a third reviewer (NL) was available. If insufficient evidence was available from
the title and abstract to make a decision on whether to include or exclude the article, the
full text was obtained and screened. If further clarification was still subsequently
required, the primary author of the article was contacted via email. The reference lists of
all studies that met the inclusion criteria were screened to identify any other studies that
were not initially identified by searching the electronic databases. On-line citation
tracking was also completed for all of the studies that met the inclusion criteria. The
websites of key brain injury associations and road traffic associations were screened to
identify any studies not published in journals.

2.2 Inclusion/Exclusion Criteria: Aims 1 and 2
For an article to be included in Aim 1 and Aim 2 of this systematic review, each of the
following criteria had to be satisfied.
Population
Participants in the study had to:


Have sustained a mTBI; as defined by Carroll et al. (2004):
o confusion or disorientation after the event
o the experience of transient neurological abnormalities not requiring
surgery
o LOC ≤ 30 minutes
o PTA ≤ 24 hours
o GCS score 13-15
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Be free from any co-morbidities that may impact on fitness-to-drive, such as posttraumatic stress disorder



Be a current in-patient at an acute hospital setting or have been admitted and
discharged from an acute hospital setting, either to home or to a rehabilitation
centre

Outcome
At least one outcome measure used in the study had to:


Be related to fitness-to-drive; as characterised by one or more of the following:
o comprehensive driver evaluations, non-standardised assessments of
fitness-to-drive, standardised assessments of fitness-to-drive,
neuropsychological tests, off-road screening assessments, on-road
assessments, information provision, self-reported questionnaires,
questionnaires completed by next-of-kin, or computer-based driving
simulator tests

Studies were excluded from this systematic review if one or more of the following factors
were identified.
Population
Participant samples that were:


Comprised of mixed diagnostic groups (e.g. mTBI and moderate and/or severe
TBI) where data for the mTBI group was significantly different and could not be
separated out from the other group/s, even once the primary author of the article
had been contacted



Comprised of positive imaging findings (e.g. cerebral abnormalities or lesions)



Non-human participants (e.g. crash test dummies)
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Study Design
Types of studies that were:


Opinion reviews, narrative reviews, or conference proceedings where no data
could be extracted



Non-full text studies



Non-English studies



Duplicate studies

These exclusion criteria were set in order to ensure that high quality data pertaining to
fitness-to-drive after mTBI was obtained.

2.3 Inclusion/Exclusion Criteria: Aim 3
For an assessment to be included in Aim 3 of this systematic review, each of the
following criteria had to be satisfied. The assessment had to be:


Standardised, and commercially available.



Able to be administered in a busy, acute hospital setting. This meant that the
assessment had to be: a stand-alone tool, suitable for bedside use, short in length
(less than 15 minutes), able to be resumed if temporarily interrupted, and required
no equipment to administer (other than the administration booklet, pen and paper).



Related to on-road performance; as characterised by one or more of the following
being recorded:
o “pass” or “fail” on an on-road test
o crash involvement (not self-reported)
o traffic violations (not self-reported)



Published in at least 2 peer reviewed publications, which reported on the
psychometric properties of the tool.
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Assessments were excluded if they were:


Related to driving simulator-based outcomes, which required specialized hardware
in addition to a standard computer.

2.4 Quality Assessment
Quality assessment was independently completed by two authors (AB&CU) for all
included studies. Two quality assessment tools were used: The Assessment of Multiple
Systematic Reviews (AMSTAR) (Shea et al., 2007) and The Downs and Black
Instrument (Downs & Black, 1998), which was modified for use in this systematic
review.

The AMSTAR contains 11 items evaluating the methodological quality of a systematic
review (Shea et al., 2007). The respondent answers either ‘yes’, ‘no’, ‘can’t answer’, or
‘not applicable’ to each of the questions. One point is awarded for a ‘yes’ response. A
score of 11 indicates high methodological quality in a systematic review, and a score of 0
indicates low methodological quality. The AMSTAR has been shown to have acceptable
face and content validity (Shea et al., 2007).

The Downs and Black Instrument consists of 27 questions that are grouped into four
sections: ‘reporting’, ‘external validity’, ‘internal validity (bias)’, and ‘power’ (Downs &
Black, 1998). Scores on an un-modified Downs and Black Instrument range from 0-34,
with a score of 0 indicating a low quality study and a score of 34 indicating a high quality
study. The psychometric properties of the Downs and Black Instrument are reported to be
acceptable for face and content validity, internal consistency (KR-20: 0.89), test-retest
reliability (r 0.88), and inter-rater reliability (r 0.75) (Downs & Black, 1998). In addition,
the Downs and Black Instrument can be adapted to suit the needs of a specific research
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question (Downs & Black, 1998). In this systematic review, all questions pertaining to
‘intervention’ (Question 4, 8, 14, 19, 23, 24) were removed from the instrument, as this
review included a population (individuals who have sustained a mTBI) and outcome
(fitness-to-drive) group only. Therefore the maximum score available on the Downs and
Black Instrument in this systematic review was 21.

All studies identified for inclusion in this systematic review were also graded on their
level of evidence, as per The Centre for Evidence Based Medicine (2009). Using this
system, each article was graded from Level 1a through to Level 5; with Level 1a offering
the highest level of evidence and Level 5 offering the lowest level of evidence. This step
was completed in order to allow studies that were assessed using the AMSTAR to be
compared with studies that were assessed using The Downs and Black Instrument.

2.5 Data Extraction
Data extraction was independently completed by two authors (AB&CU) for all studies
that met the inclusion criteria. For Aims 1 and 2, data from each article pertaining to:
publication details, purpose of the study, study design, level of evidence provided by the
study, and inclusion/exclusion criteria applied in the study were extracted. In addition,
the population of the study, setting of the study, methods and assessments of fitness-todrive used in the study, results of the study, conclusions from the study, and quality
assessment of the study were extracted. For Aim 3, data were extracted about the
assessments’: commercial availability, time taken to complete, psychometric properties,
relationship to on-road performance, and suitability to use with a mTBI population.
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2.6 Data Analysis
When planning this systematic review, it was anticipated that the search strategy would
yield a wide variety of study designs, including systematic reviews, case-control studies,
cohort studies, cross-sectional studies, longitudinal studies, and single case studies.
Accordingly, it was anticipated that the methods and assessments of fitness-to-drive used
in these studies would not be sufficiently homogenous to allow meaningful quantitative
synthesis of the results. From the outset, it was therefore planned that data in this
systematic review would be synthesised qualitatively, by using a narrative analysis for all
three aims. This involved coding the data, and grouping them into like categories.

3. FINDINGS
Figure 1 presents a flowchart of the number of studies that were identified and screened in
this systematic review. Agreement was reached between the first two authors for all of
the studies.
PLACE FIGURE 1 HERE

In summary, a total of 2022 studies were identified by applying the search strategy. After
removing duplicate studies, 1063 studies remained. For Aims 1 and 2, seven studies met
the inclusion criteria and were included in data analysis. Publication date of the included
studies ranged from 1998 (Fisk et al., 1998) to 2010 (Preece et al., 2010). Except for one
study, which was completed as a systematic review (Classen et al., 2009), all of the other
studies used a cross-sectional design. The highest level of evidence of the studies was 1a,
which was provided by the systematic review (Classen et al., 2009), with all other studies
providing level 2b evidence. A summary of each of the studies included in this
systematic review is provided in Table 1. Two of the mTBI studies that were cited in the
systematic review completed by Classen et al. (2009), were also identified for inclusion in
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this systematic review. Hence, in Table 1 the reader is referred to Study 3 (Hawley,
2001) and Study 7 (Schneider & Gouvier, 2005) for details of these studies. Furthermore,
in the Results and Discussion presented hereafter, only 6 studies are listed, as the results
from Classen et al. (2009) are contained either within Hawley (2001) or Schneider and
Gouvier (2005).
PLACE TABLE 1 HERE

3.1 Primary Aim
What methods are used to determine if individuals who have sustained a mTBI are
fit-to-drive post injury: No consistency existed in the methods that were used in the
studies included in this systematic review. Self-reported questionnaires were used in two
of the studies (Fisk et al., 1998; Hawley, 2001). Non-standardised assessments of fitnessto-drive (Schneider & Gouvier, 2005), information provision (Moore & Leathem, 2004),
questionnaires completed by next-of-kin (Kreutzer et al., 2009), and computer-based
driving simulator tests (Preece et al., 2010) were used in one study each. Two studies
(Moore & Leathem, 2004; Preece et al., 2010) were completed in the acute hospital
setting. All of the other studies that were included in this systematic review used the
method of referral to either in-patient rehabilitation or an out-patient setting to assess
fitness-to-drive. This meant that time from injury to participation in the study varied,
from an average of 24 hours post injury (Preece et al., 2010) to 7.13 years post injury
(Schneider & Gouvier, 2005).

3.2 Secondary Aim
What assessments are used specifically in the acute hospital setting to determine
fitness-to-drive in individuals who have sustained a mTBI: Two of the six studies
included in this systematic review were completed in the acute hospital setting (Moore &
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Leathem, 2004; Preece et al., 2010). The study conducted by Moore and Leathem (2004)
involved information provision to mTBI patients about fitness-to-drive prior to discharge,
however it is not clear what assessment tool (if any) was used to inform these
recommendations. In this study, blanket restrictions of “no driving” for variable time
periods (depending on the physician) were provided to all participants via an information
handout; but, it is not clear if actual assessment of fitness-to-drive did occur. Only one
study included clear assessment of fitness-to-drive in the acute hospital setting (Preece et
al., 2010). In this study, Preece et al. (2010) used The University of Queensland Hazard
Perception Test (HPT) to examine the effects of mTBI on fitness-to-drive, 24 hours post
injury. Convenience sampling was used to recruit 42 participants who had sustained a
mTBI and 43 matched participants who had sustained an orthopaedic injury from a large
acute metropolitan hospital. On a computer screen, the HPT presented 24 traffic
conflicts, and the participant was required to use a computer mouse to click on the traffic
conflict as quickly as possible. It was found that participants who had sustained a mTBI
were significantly slower to respond to traffic hazards compared with participants who
had sustained an orthopaedic injury (p = .03, d = .48). The authors concluded that
individuals who have sustained a mTBI should not drive for a minimum of 24 hours.
These results are in line with the nature of recovery after mTBI, where symptoms are
most pronounced 24 hours post injury (McCrea et al., 2009), as well as clinical practice
guidelines which advise patients not to drive for a minimum of 24 hours (Austroads,
2012). This indicates that The University of Queensland Hazard Perception Test may be
a valuable assessment of fitness-to-drive after mTBI, once psychometric studies with
larger sample sizes are completed. However, as no longitudinal follow-up was provided
in the study, it is not known at what time-point the participants were considered fit-todrive after this 24 hour period. Findings suggest a need for future research to incorporate
the expected recovery time-frame after mTBI into the methodology that is used.
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3.3 Tertiary Aim
What standardised assessments could be used in the acute hospital setting to predict
fitness-to-drive after mTBI: In addition to the University of Queensland Hazard
Perception Test (HPT) which was identified through Aims 1 and 2 of this review, Aim 3
identified a further six standardised assessments that could be used to predict return to
driving for this population group. A description of these assessments and their
psychometric properties is presented in Table 2.
PLACE TABLE 2 HERE

The Clock-Drawing Test (Shulman, 2000), Mini-Mental Status Exam (Folstein et al.,
1975), OT Drive Home Maze Test (Unsworth et al., 2011), Road Law and Road Craft
Test (Unsworth et al., 2011) Trail Making Test Part A (Reitan, 1986), and Trail Making
Test Part B (Reitan, 1986) have all displayed the capacity to predict on-road driving
performance in participants with moderate and severe TBI, and other forms of
neurological conditions. However, as per Aim 1 and Aim 2 of this systematic review, no
published studies currently exist to support fitness-to-drive recommendations with these
six assessments after mTBI. Therefore, further psychometric testing for all of these
assessments is indicated with this population group. These six assessments, as well as the
HPT (Preece et al., 2010), are likely to offer occupational therapists with a selection of
valid and reliable standardised assessments to aid their decision making with respect to
fitness-to-drive after mTBI.

4. DISCUSSION
This systematic review identified only seven studies pertaining to the methods and
assessments used to determine whether individuals who have sustained a mTBI are fit-todrive post injury. When planning this systematic review, it was decided to include studies
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where participants had been discharged from the acute hospital setting to either an inpatient rehabilitation setting or to out-patient follow-up. This was completed in order to
provide an indication of the context of where fitness-to-drive is determined after mTBI.
However, this meant that time from injury to participation in the study varied
considerably, from 24 hours post injury to 7.13 years post injury. In-line with this, five of
the seven studies included in this systematic review were completed at either in-patient
rehabilitation or at out-patient follow-up. This is surprising, given that individuals who
sustain a mTBI are most commonly treated in an acute hospital setting, and this is the
context in which most clinical fitness-to-drive recommendations are made for this
population group by occupational therapists (Carroll et al., 2004). In the two studies
completed in the acute hospital setting, the methods of computer-based driving simulator
testing (Preece et al., 2010) and information provision alone (Moore & Leathem, 2004)
were used to determine fitness-to-drive recommendations. No studies used the ‘gold
standard’ of Comprehensive Driver Evaluations (CDE) (Classen et al., 2009) to assess
fitness-to-drive after mTBI. Completed by specially trained occupational therapists, a
CDE consists of an off-road assessment using tools that have been found to correlate with
on-road driving performance, followed by an on-road assessment. For this population
group, the off-road assessment could include the HPT or one or more of the six
assessments identified in Aim 3: the Clock-Drawing Test (Shulman, 2000), Mini-Mental
Status Exam (Folstein et al., 1975), OT Drive Home Maze Test (Unsworth et al., 2011),
Road Law and Road Craft Test (Unsworth et al., 2011) Trail Making Test Part A (Reitan,
1986), and Trail Making Test Part B (Reitan, 1986), followed by an on-road assessment.
The on-road assessment is completed in a dual-control vehicle with the individual
presenting for assessment driving the car, the driving instructor sitting in the front
passenger seat and controlling the car if necessary, and the occupational therapist sitting
in the rear passenger seat. In this manner, an accurate and comprehensive assessment of
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the driver’s performance can be obtained in the ‘real world’; that is, on-road. However,
CDE are expensive to administer (Classen et al., 2009). This could be one reason why
CDE have not been used in research to date with participants who have sustained a mTBI.
However, if the expense of conducting a CDE with every patient who has sustained a
mTBI precludes its use in daily clinical practice, then use of the CDE in research with this
population group is essential (Classen et al., 2009; Ortoleva et al., 2012), as CDEs offer
the most valid and reliable form of fitness-to-drive assessment. Research using the CDE
with a large sample of participants after mTBI could be used to establish evidence-based
guidelines of off-road scores that predict appropriate time frames for returning to drive
post mTBI. Alternatively with further psychometric testing, the Clock-Drawing Test,
Mini-Mental Status Exam, OT Drive Home Maze Test, Road Law and Road Craft Test,
Trail Making Test Part A, and Trail Making Test Part B, or the HPT, could be used by
occupational therapists in an acute hospital setting to screen patients for potential
limitations in their fitness-to-drive. This would ensure that appropriate follow-up could
be provided to these patients in an accurate and timely manner, and assist in preventing
involvement in motor vehicle accidents.

4.1 Limitations of the systematic review / Directions for future research
Although a rigorous search strategy was applied to this systematic review, it is possible
that some studies that were published in languages other than English were over-looked.
In addition, because of the heterogeneity in the methods and assessments of fitness-todrive used in each of the individual studies and the paucity of useful research data, it was
not possible to pool the results using quantitative methods. However, this systematic
review has highlighted a clear gap and a scarcity of published studies in the literature with
respect to the methods and assessments of fitness-to-drive after mTBI. In particular, this
review has identified that only two studies have been conducted in the acute hospital
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setting. Given that this is where the majority of individuals who sustain mTBI are treated
(Carroll et al., 2004), further assessment of fitness-to-drive in the acute hospital setting is
required. In addition, longitudinal follow-up of participants also needs to be incorporated
into further research in this area. This will enable a trajectory of the expected recovery in
fitness-to-drive skills after mTBI to be established. This research is urgently needed in
order to reduce the risk of motor vehicle accidents and ensure the safety of all road users.
Ultimately, the findings of this review and research in this area will promote the
development of protocols to guide decision making concerning fitness-to-drive post
mTBI.

5. CONCLUSION
In summary, this systematic review has demonstrated limited evidence concerning the
methods and assessments that are used to determine if individuals who have sustained a
mTBI are fit-to-drive post injury. Since individuals who experience a mTBI are generally
expected to resume all of their pre-morbid occupations, it is essential that time-frames for
the recovery of these skills are known. While there is growing research evidence for
return-to-driving outcomes for patients who have moderate and even severe TBI, there is
a paucity of information for the much larger group of mTBI patients. One study has
suggested that individuals should not drive for a minimum of 24 hours post mTBI.
However, there is no evidence to support time-frames beyond this, and it is possible that
patients who return to drive at 24 hours are still at risk of crash. Research is urgently
required to provide occupational therapists with evidence-based directives, inclusive of
time-frames for successful return to driving with this population group. This kind of
evidence will be of value not only to patients, but also to their families, clinicians,
insurers and third party payers. Ultimately, this research will play a role in maintaining a
safer environment for all road users. In the interim, this review has identified seven
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standardised assessment that occupational therapists can use in acute care hospital settings
to help guide clinical recommendations made to mTBI patients regarding their readiness
to resume driving.
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APPENDICES
Appendix A. MEDLINE Search Strategy.
Line Number

Result

1

"mild traumatic brain injury".mp. [mp=title, abstract, original title,
name of substance word, subject heading word, protocol
supplementary concept, rare disease supplementary concept, unique
identifier]

2

"mild TBI".mp. [mp=title, abstract, original title, name of substance
word, subject heading word, protocol supplementary concept, rare
disease supplementary concept, unique identifier]

3

"mild closed head injury".mp. [mp=title, abstract, original title,
name of substance word, subject heading word, protocol
supplementary concept, rare disease supplementary concept, unique
identifier]

4

"minor head injury".mp. [mp=title, abstract, original title, name of
substance word, subject heading word, protocol supplementary
concept, rare disease supplementary concept, unique identifier]

5

"concussion".mp. [mp=title, abstract, original title, name of
substance word, subject heading word, protocol supplementary
concept, rare disease supplementary concept, unique identifier]

6

"post-concussion syndrome".mp. [mp=title, abstract, original title,
name of substance word, subject heading word, protocol
supplementary concept, rare disease supplementary concept, unique
identifier]

7

"brain concussion".mp. [mp=title, abstract, original title, name of
substance word, subject heading word, protocol supplementary
concept, rare disease supplementary concept, unique identifier]

8

"acquired brain injury".mp. [mp=title, abstract, original title, name
of substance word, subject heading word, protocol supplementary
concept, rare disease supplementary concept, unique identifier]

9

"ABI".mp. [mp=title, abstract, original title, name of substance
word, subject heading word, protocol supplementary concept, rare
disease supplementary concept, unique identifier]

10

exp Post-Concussion Syndrome/ or exp Brain Injuries/ or exp Brain
Concussion/ or exp Head Injuries, Closed/

11

1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10

12

"fit$ to driv$".mp. [mp=title, abstract, original title, name of
substance word, subject heading word, protocol supplementary
concept, rare disease supplementary concept, unique identifier]

13

"automobiledriv$".mp. [mp=title, abstract, original title, name of
substance word, subject heading word, protocol supplementary
concept, rare disease supplementary concept, unique identifier]

14

"driv$ perform$".mp. [mp=title, abstract, original title, name of
substance word, subject heading word, protocol supplementary
concept, rare disease supplementary concept, unique identifier]
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15

"driv$ ability".mp. [mp=title, abstract, original title, name of
substance word, subject heading word, protocol supplementary
concept, rare disease supplementary concept, unique identifier]

16

"driv$ skill$".mp. [mp=title, abstract, original title, name of
substance word, subject heading word, protocol supplementary
concept, rare disease supplementary concept, unique identifier]

17

"driv$ competence".mp. [mp=title, abstract, original title, name of
substance word, subject heading word, protocol supplementary
concept, rare disease supplementary concept, unique identifier]

18

"driv$".mp. [mp=title, abstract, original title, name of substance
word, subject heading word, protocol supplementary concept, rare
disease supplementary concept, unique identifier]

19

exp Automobile Driving/ or exp Automobile Driver Examination/

20

12 or 13 or 14 or 15 or 16 or 17 or 18 or 19

21

11 and 20

22

limit 21 to humans
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TABLES
Table 1. Studies Included in the Systematic Review.
Author/s
(Year),
Country
1. Classen et
al. (2009),
America

2. Fisk et al.
(1998),
America

Purpose

To complete a
systematic
review of
assessments
that predict
fitness-todrive in
individuals
who have
sustained a
TBI of any
level of
severity
To
characterise
driving as an
outcome
measure after
TBI in
relation to: 1)
driving
prevalence, 2)
driving
exposure, 3)
how the
decision to
return to

Design

Level of
Evidence

Sample

Systematic
review

1a

2 mTBI studiesa;
the reader is
referred to Study 3
(Hawley, 2001)
and Study 7
(Schneider &
Gouvier, 2005)

Crosssectional
survey design

2b

n = 83 participants
with TBI; recruited
via a convenience
sample from a
rehabilitation
setting - time since
injury was several
years (mean = 3.3
years, SD = 1.8)
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Method /
Assessment of
Fitness-To-Drive
2 mTBI studiesa;
the reader is
referred to Study 3
(Hawley, 2001) and
Study 7 (Schneider
& Gouvier, 2005)

Survey designed by
the authors
(primary outcome
measure) and
Functional
Independence
Measure
(secondary
outcome measure)

Main Results

Quality
Rating

2 mTBI
9 out of 11
a
studies ; the
(AMSTAR)
reader is
referred to
Study 3
(Hawley,
2001) and
Study 7
(Schneider &
Gouvier, 2005)

TBI severity
(i.e. mild,
moderate,
severe) was
not
significantly
related to any
differences:
1) Driving
prevalence:
60.2% of
individuals
with TBI
returned to

20 out of 21
(The Downs
& Black
Instrument)
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driving is
made

3. Hawley
(2001),
England

To determine
if individuals
who return to
driving after
TBI are: 1) fit
to do so, and
2) to compare
individuals
who return to
driving with
those who do
not

Crosssectional
design

2b

driving
2) Driving
exposure: 64%
of individuals
with TBI
drove 7
days/week
3) How the
decision to
return to
driving was
made: the
primary source
of advice was
family
members
(49.4%)
n = 563
Self-reported
TBI severity
participants with
driving related
(i.e. mild,
TBI; recruited via
problems (primary moderate,
a convenience
outcome measure)
severe) was
sample from a
and Functional
not
rehabilitation
Independence
significantly
setting - time since Measure/Functional related to any
injury varied from Assessment
differences in
“immediately” post Measure scores
self-reported
injury to two years (secondary
driving related
post injury
outcome measures) problems:
1) Participants
with a TBI
reported
problems with:
behaviour,
memory,
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concentration,
attention, and
vision while
driving

4. Kreutzer
et al. (2009),
America

To identify
caregivers’
concerns
about the
judgement
and safety of
individuals
after TBI

Retrospective 2b
cross-sectional
design

n = 121 caregivers
of individuals with
TBI; recruited via
a convenience
sample from an
out-patient
neuropsychological
setting - time since
injury was not
specified
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The General Health
and History
Questionnaire
(primary outcome
measure) and The
Judgment and
Safety Screening
Inventory
(secondary
outcome measure)

TBI severity
(i.e. mild,
moderate,
severe) was
significantly
related (p =
0.001) to
driving status:
2) Individuals
who returned
to driving had
less severe
head injuries
than those who
did not return
to driving
Raw data for
the 21
participants
with mTBI
was obtained
from the
primary
author, as
significant
differences
were identified
between the
TBI severity

18 out of 21
(The Downs
& Black
Instrument)
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groups:

5. Moore and
Leathem
(2004), New
Zealand

To determine
the nature of
information
provided by
GPs and
emergency
departments
to individuals
after mTBI

Crosssectional
survey design

2b

n = 244 (229 GPs
and 15 respondents
from emergency
departments);
recruited via a
random sample time since injury
was not specified
as to when
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Survey designed by
the authors
(primary outcome
measure) and nil
secondary outcome
measure

Caregivers
Top 5 ratings
of “much” or
“very much”
concern about
fitness-to-drive
after mTBI:
-Driving when
tired = 50%
-Having
accidents =
44.5%
-Reacting
slowly =
44.5%
-Being easily
distracted =
44.4%
- Ignoring
traffic signs,
warnings, or
signals =
38.9%
62% of
respondents
gave advice
around when
an individual
was fit-todrive after
mTBI; the
nature of this

16 out of 21
(The Downs
& Black
Instrument)
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6. Preece et
al. (2010),
Australia

To examine
the acute
effects of
mTBI on
drivers’
hazard
perception
skills,
compared
with
individuals
without a
mTBI

Crosssectional case
control study

2b

7. Schneider
and Gouvier

To examine
the utility of

Crosssectional case

2b

information was
provided to
individuals who
had sustained a
mTBI
n = 42 individuals
with mTBI and n =
43 matched
individuals with
orthopaedic
injuries; recruited
via a convenience
sample from an
emergency
department - time
since injury was
less than 24 hours

n = 40 students
with self-reported
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advice varied
between all of
the
respondents
University of
Queensland Hazard
Perception Test
(primary outcome
measure) and
Spatial Reaction
Time Task, Pain
and Emotionality
Scales, Depression
Anxiety Stress
Scales, Digit
Symbol
Substitution Test,
Galveston
Orientation and
Amnesia Test,
Manchester Driver
Behaviour
Questionnaire,
Recovery
Questionnaire,
National Adult
Reading Test,
LogMar Visual
Acuity Test
(secondary
outcome measure)
UFOV (primary
outcome measure)

Individuals
with a mTBI
were
significantly
slower to
respond to
traffic hazards
compared with
individuals
with
orthopaedic
injuries

20 out of 21
(The Downs
& Black
Instrument)

Participants
with a mTBI

17 out of 21
(The Downs
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(2005),
America

the Useful
control study
history of mTBI
and Trails Making
had similar
& Black
Field Of View
and n = 40
A, Trails Making
UFOV scores
Instrument)
(UFOV) in
matched students
B, Processing
than
predicting
without a history
Speed Index,
participants
motor vehicle
of mTBI; recruited Symbol Digits
without a
accidents in
via a convenience
Modality Test
mTBI
individuals
sample from a
(secondary
who have
college setting outcome measures)
sustained a
time since injury
mTBI,
was several years
compared
(mean = 7.13
with nonyears, SD = 5.08)
injured
controls
Notea. Two of the mTBI studies that were cited by Classen et al. (2009), were also identified for inclusion in this systematic review. The
reader is referred to Study 3 (Hawley, 2001) and Study 7 (Schneider & Gouvier, 2005) for details of these studies. Classen et al. (2009) also
cited a third mTBI study that has not been included in this systematic review. The definition for mTBI used in this third study did not meet
the inclusion criteria for this systematic review.
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TABLES
Table 2. Fitness-To-Drive Assessments Suitable for Acute Hospital Settings.
Assessment
(Authors)
Clock-Drawing
Test (Shulman,
2000)

Availability
Multi-Health Systems,
Incorporated, NY

Time to
Administer
Less than 5 
minutes



Mini-Mental
Status Exam
(Folstein et al.,
1975)

Psychological Assessment
5-10
Resources, Incorporated, PO minutes
Box 998, Odessa, FL 33556





OT Drive Home
Maze Test
(Unsworth et al.,
2011)

Road Law and
Road Craft Test
(Unsworth et al.,
2011)

OT-DORA Battery:
Occupational Therapy
Driver Off-Road
Assessment Battery.
Bethesda, MD: AOTA
Press.
OT-DORA Battery:
Occupational Therapy
Driver Off-Road
Assessment Battery.
Bethesda, MD: AOTA.

5-10
minutes




10 minutes




Psychometric Property Reviews
Authors made no comment on
reliability & mixed comments on
predictive validity (Asimakopulos et
al., 2012)
Authors made no comment on
reliability & mixed comments on
predictive validity (Kay et al., 2012)
Author reported adequate reliability &
excellent validity (Vrkljan et al., 2011)
Authors made no comment on
reliability & mixed comments on
predictive validity (Asimakopulos et
al., 2012)
Authors reported good reliability &
validity (Unsworth et al., 2005)
Authors reported excellent reliability &
adequate validity (Vrkljan et al., 2011)
Authors reported excellent reliability &
validity (Krishnasamy et al., 2011)
Authors reported excellent validity for
right and left handed test takers
(Krishnasamy et al., 2012)
Authors reported excellent validity
(Unsworth et al., 2012)
Authors reported excellent reliability
(Unsworth et al., 2011)
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Relationship to On-Road
Criterion
“Pass”/“Fail” on on-road
assessment (Oswanski et al.,
2007); Crash and/or violation
involvement (Diegelman et
al., 2004)

“Pass”/“Fail” on on-road
assessment (Uc et al., 2006);
Crash and/or violation
involvement (Diegelman et
al., 2004)

“Pass”/“Fail” on on-road
assessment (Krishnasamy et
al., 2011; Unsworth et al.,
2011; Unsworth et al., 2012)
“Pass”/“Fail” on on-road
assessment (Unsworth et al.,
2011; Unsworth et al., 2012)
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Trail Making
Test Part A
(Reitan, 1986)

Reitan Neuropsychology
Laboratory

5-10
minutes




Trail Making
Test Part B
(Reitan, 1986)

Reitan Neuropsychology
Laboratory

5-10
minutes







Authors reported good reliability &
poor face validity (Unsworth et al.,
2005)
Authors reported adequate reliability &
excellent validity (Vrkljan et al., 2011)

Authors made no comment on
reliability & mixed comments on
predictive validity (Asimakopulos et
al., 2012)
Authors made no comment on
reliability & mixed comments on
predictive validity (Kay et al., 2012)
Authors reported good reliability &
poor face validity (Unsworth et al.,
2005)
Authors reported adequate reliability &
excellent validity (Vrkljan et al., 2011)
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“Pass”/“Fail” on on-road
assessment (Ahlgren et al.,
2003; Alexandersen et al.,
2009; Brooke et al., 1992;
Mazer et al., 1998;
Soderstrom et al., 2006);
Crash and/or violation
involvement (Stutts et al.,
1998)
“Pass”/“Fail” on on-road
assessment (Ahlgren et al.,
2003; Alexandersen et al.,
2009; Brooke et al., 1992;
Mazer et al., 1998;
Soderstrom et al., 2006)
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FIGURES
Figure 1. Number of Studies Identified and Screened for Inclusion or Exclusion: Aim 1
and Aim 2.
Articles identified through database
searching
(n = 2019)

Additional articles identified through
other sources
(n = 3)

Articles after duplicates removed
(n = 1063)

Articles screened based on
title and abstract
(n = 1063)

Full-text articles assessed for
eligibility
(n = 114)

Articles excluded based on
title and abstract
(n = 949)

Full-text articles excluded, with reasons
(n = 107)
-population criteria not met (n = 79)
-outcome measure criteria not met (n = 4)
-study design criteria not met (n = 24)

Articles included in
qualitative synthesis
(narrative analysis)
(n = 7)

Articles included in
quantitative synthesis
(meta-analysis)
(n = 0)
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Chapter 4
WHAT INFORMATION IS PROVIDED IN AUSTRALIAN EMERGENCY
DEPARTMENTS ABOUT FITNESS-TO-DRIVE AFTER MILD TRAUMATIC BRAIN
INJURY: A NATIONAL SURVEY

Chapter Overview and Summary
In Chapter 2, the literature on driving as an occupation was reviewed. This
included literature on fitness-to-drive, with a specific focus on the mTBI cohort. It was
noted that different studies have used different methods and different assessments to
determine fitness-to-drive with this population group. Give this lack of consistency in
existing research, it was reasoned that having access to stand-alone studies was of limited
value for use in guiding clinical practice. A systematic review of the literature was
therefore completed, in order to identify and synthesise the methods and assessments that
are, or could be, used in the acute hospital setting to determine whether people who have
sustained a mTBI are fit-to-drive post injury. It was anticipated that this systematic
review would identify a range of valid and reliable assessments of fitness-to-drive, which
clinicians could then use to inform their recommendations when asked: “is this patient
who has sustained a mTBI safe to return to driving once they go home from hospital?”.
However, in the previous chapter, it was noted that a paucity of methods and assessments
have been used in research to date to determine fitness-to-drive after mTBI.
The results of the systematic review conducted in Study 1 are consistent with
other systematic reviews in the area of mTBI and driving, in which limited evidence has
been found. As noted previously, both Classen et al. (2009) and Ortoleva et al. (2012)
conducted systematic reviews to identify the predictors of fitness-to-drive after mTBI;
neither of which reviews were able to identify any strong predictors. Together, the results
of these three systematic reviews raise the question about what recommendations are
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made by clinicians if there are: 1) no consistent predictors of fitness-to-drive after mTBI,
and 2) few assessments available for use to inform decision making with this population
group. The next step was therefore to establish what fitness-to-drive recommendations
are made in clinical practice to patients with a mTBI. It stands to reason that variation
exists between acute hospitals in Australia, given the results reported by Moore and and
Leathem (2004). Some respondents in this research advised that patients should not drive
for at least 24 hours after mTBI, whereas other respondents left it up to the patient to
determine when they would return to driving. These respondents provided
recommendations to patients such as: “do not drive your car...until such time that you feel
that your ability to judge distances and unexpected hazards have improved” (Moore &
Leathem, 2004, p. 5). Although the study conducted by Moore and and Leathem (2004)
provides useful data for a New Zealand cohort, it is also important to understand what
information is provided in Australian hospitals about fitness-to-drive after mTBI. This
understanding is necessary to allow bench-marking of health-care services, and to enable
hospitals to work together to find a common standard of excellence in the management of
fitness-to-drive after mTBI, given that high-level evidence is lacking. Therefore, a survey
of all emergency departments in Australia was completed in order to determine the status
of fitness-to-drive management for mTBI patients. A full copy of the survey is provided
in Appendix D. It was decided not to extend this survey to the hospital wards of these
emergency departments, as it was assumed that within a given hospital the same fitnessto-drive policies would be in place for both the emergency department and the hospital
wards.
Study 2 is presented in this chapter. The aim of this study was to conduct a survey
in order to determine the type of information that is provided in emergency departments
to people after mTBI, with respect to fitness-to-drive post injury across Australia. This
paper has been accepted for publication (Baker, Unsworth, & Lannin, 2014, in pressb) and
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has also been delivered for conference presentation (Baker, Unsworth, & Lannin, 2014),
as follows. The manuscript is presented within in its accepted format.

Baker, A., Unsworth, C.A., & Lannin, N.A. (2014, in pressb). What information is
provided in Australian emergency departments about fitness-to-drive after mild
traumatic brain injury: A national survey. Australian Occupational Therapy
Journal.
Baker, A., Unsworth, C., & Lannin, N.A. (2014). Australian emergency department
survey: Information provided regarding fitness-to-drive after mild traumatic brain
injury. Australasian Road Safety Research, Policing and Education Conference,
Melbourne, Australia.
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ABSTRACT
Introduction: Occupational therapists work together with their medical and nursing
colleagues to ensure that patients are able to return to safe and legal driving upon
discharge from the emergency department after a range of illnesses and/or injuries. This
study aimed to determine the type of information that is provided nationally in emergency
departments to people after mild traumatic brain injury (mTBI), with respect to fitness-todrive.
Methods: Cross-sectional electronic survey mailed to all emergency departments in
Australia (N = 110). Responses were invited from medical, nursing, and allied-health
professionals. The survey asked respondents to comment about the existence and use of
fitness-to-drive management guidelines, as well as their opinion on when clearance
should be given to return to driving post injury.
Results: 104 clinicians completed the survey; the majority of respondents were medical
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staff (n = 46, 51%) followed by allied-health staff (n = 23, 25%), with the highest
response rate provided from Victoria (n = 41, 45%). Just over one-third of respondents’
emergency departments (n = 34, 36%) recommended a period of “no driving” after mTBI,
and within these departments, this recommendation was usually provided by medical staff
(n = 25, 80%). Consensus was not displayed with respect to the safest time to return to
driving after mTBI. Opinions from respondents strongly suggested that a review of
fitness-to-drive management guidelines was required for mTBI patients (n = 78, 88%).
Conclusion: No consensus exists in the fitness-to-drive recommendations provided to
patients after mTBI, and clinicians have reported the need for a review of fitness-to-drive
management guidelines in Australian emergency departments. With their understanding
about the complex interplay of the skills required for safe driving, occupational therapists
are positioned to help guide the development of protocols in this area.

Key words: emergency medicine, fitness-to-drive, mild traumatic brain injury

Determining Fitness-To-Drive

AJOT
88

INTRODUCTION
Mild traumatic brain injury (mTBI) is a common occurrence following motor vehicle
accidents, sporting accidents, assaults, and falls. It is characterised by a person
experiencing one or more of the following: confusion or disorientation after the event,
transient neurological abnormalities not requiring surgery, loss of consciousness for 30
minutes or less, post-traumatic amnesia less than 24 hours, and a Glasgow Coma Scale
(GCS) score of 13-15 up to 30 minutes post injury (Carroll et al., 2004). People may also
experience symptoms such as headache, dizziness, or fatigue after mTBI. These
symptoms can lead to reduced attention and concentration levels, as well as impairments
on standardised cognitive assessments in the areas of organisation, planning, and selfmonitoring abilities (Lundin et al., 2006; McCrea et al., 2009). Symptoms after mTBI are
most pronounced 24 hours post injury, rapidly improve within 1-2 weeks, and are usually
fully resolved within three months post injury (McCrea et al., 2009). It is hypothesised
that the symptoms associated with mTBI have the potential to impact on a person’s ability
to safely complete a range of occupations in the short-term, including driving. Driving is
a complex occupation. An estimated 1.2 million people are killed worldwide in on-road
accidents each year, and an additional 50 million people are seriously injured (World
Health Organisation, 2013). Therefore, it is essential that people can be provided with
evidence-based directives, inclusive of time-frames for return to driving after mTBI. This
type of information is most often provided within an emergency department, as this is
where the majority of people who sustain a mTBI receive medical treatment post injury
(Carroll et al., 2004).

As the demand for acute hospital beds increases, it has been noted that patients who come
under a trauma admitting service in an emergency department are often released unable to
perform basic daily occupations (Hendriksen & Harrison, 2001; Moss et al., 2002). In
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light of this, Australian emergency medicine policy now recognises the increasing need
for allied-health input, including occupational therapy, to meet the requirements of the
diverse and often complex patient groups who present for medical treatment (Australasian
College for Emergency Medicine, 2009). At recent count, 41 Australian emergency
departments employed a total of 51 occupational therapists in these roles (Cusick,
Johnson, & Bissett, 2010). Occupational therapists are identified as team members who
can determine patient ability to perform not only basic, but also complex instrumental
activities of daily living (including driving) upon discharge from the emergency
department. In Australia, occupational therapists have been formally involved in making
fitness-to-drive recommendations for over 20 years (Unsworth, 2007). Non-driver trained
occupational therapists (such as those who work in an emergency department) are also in
a position to screen their patients for problems with driving, provide education about the
potential impact that these problems might have, and make a referral to an occupational
therapy driver assessor for further assessment when indicated. Occupational therapists
frequently work together with their medical and nursing colleagues to ensure that patients
return to safe and legal driving upon discharge from the emergency department.

Limited evidence is currently available to support our understanding of the time-frame
and capacity for fitness-to-drive after mTBI. Systematic reviews looking specifically at
the mTBI population show that valid and reliable predictors of fitness-to-drive are yet to
be established (Ortoleva, Brugger, Van der Linden, & Walder, 2012), and a consistent
approach as to the methods and assessments that are used with the mTBI population
group has not yet been established (Classen et al., 2009). Clinical practice guidelines in
this area advise that patients should not drive for a minimum of 24 hours post mTBI (see
for example: in Australia - Austroads, 2012; in America - Department of Motor Vehicles,
2013; in Europe - PORTARE, 2009). However, none of these documents provide
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guidance beyond this initial 24 hour period about when a person who has sustained a
mTBI is fit-to-drive. International studies suggest that having such limited evidence has
led to a wide variety in the recommendations that are provided in clinical practice about
when it is safe to return to driving after mTBI (Moore & Leathem, 2004). Although no
studies have been completed in an Australian context, anecdotal evidence suggests that
fitness-to-drive recommendations (provided by either medical staff, nursing staff and/or
occupational therapists) do vary between health-care facilities across the country.
Therefore, this research sought to answer the questions:
1. What information is provided by emergency department clinicians to people after
mTBI about fitness-to-drive?
2. What is the opinion of emergency department clinicians about the current
management of fitness-to-drive after mTBI?

METHOD
Design
This study used a cross-sectional survey design. An electronic survey was developed (via
SurveyMonkey) using the tailored design method (Dillman, 2007). The survey was
designed to generate data about information that is provided by Australian emergency
department clinicians to people after mTBI about fitness-to-drive post injury. The survey
consisted of 3 sections: 1) demographic details, 2) fitness-to-drive recommendations in
the respondents’ emergency department, and 3) respondents’ opinion on the current
management of fitness-to-drive after mTBI. Closed-ended questions, partially closedended questions (where an ‘other’ option was provided), and open-ended questions were
all included. This meant that both categorical and continuous data were obtained. The
first author can be contacted for a full copy of the survey.
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The Human Ethics Committee at La Trobe University approved this study. Recruitment
was completed from October 1st 2013 – January 31st 2014. In the first round of
recruitment, a letter of invitation was mailed to the medical director of all of the
emergency departments that met the inclusion criteria for this study. These directors were
encouraged to distribute the survey link on to as many of their staff as possible. Followup procedures involved a second mail out to the medical directors, as well as to the
occupational therapy managers at each of these hospitals. Completion of the survey
indicated consent to participate.

Participants
A list of all emergency departments in Australia who treat a caseload of adult patients was
accessed from: “http://healthengine.com.au/find/Emergency_Department/Australia. Of
the 151 emergency departments listed on Health Engine, a total of 110 met the inclusion
criteria of treating adult patients and were included in the mail-out recruitment.

Data analysis
As multiple responses were invited from each hospital site, a true response rate to the
survey could not be calculated. Summarised data provided by SurveyMonkey were
entered into the Statistical Package for the Social Sciences (SPSS), and screened for the
presence of outliers and missing responses. Data from closed-ended questions were
analysed quantitatively, using basic descriptive statistics. Data from open-ended
questions were analysed qualitatively, using content analysis (Polgar & Thomas, 2008;
Portney & Watkins, 2009).

RESULTS
Demographic Details of Participants
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Demographic details are presented in Table 1. Responses were received from 104
clinicians; however, not all of these responses were completed in full. The greatest
frequency (n = 43, 41%) was from clinicians who reported treating between 10 and 50
patients with a mTBI per month. Of the 91 respondents who answered in full, 46 (51%)
were medical staff, followed by allied-health (n = 23, 25%) and nursing staff (n = 22,
24%). The highest response rate was provided from Victoria (n = 41, 45%), followed by
Western Australia (n = 26, 29%). The majority of participants (n = 50, 55%) had between
0 and 10 years of practice experience in an emergency department.

Information provided by Australian emergency departments to people after mTBI
about fitness-to-drive post injury
Information provided to people after mTBI is summarised in Table 2. Just over one-third
of respondents’ emergency departments (n = 34, 36%) recommended a period of “no
driving” after mTBI, and within these departments, this recommendation was usually
provided by medical staff (n = 25, 80%), followed by allied-health (n = 2, 6.5%). Where
multiple options were allowed to be selected, guidelines (n = 17, 55%) and expert opinion
(n = 16, 52%) were indicated as the two top types of evidence supporting these
recommendations. However, qualitative analysis of the open-ended questions suggested
differently: “currently this [fitness-to-drive recommendations] is chaos with each doc
pulling a figure for return to work / driving out of their own head”. Other qualitative data
supported this idea: “this issue [fitness-to-drive recommendations] is so often forgotten in
the rush to discharge people, and I think people are often reluctant to broach the issue as
they are unsure of timelines / recommendations, and also aware it may be a difficult
conversation to have with patients”. For those 34 emergency departments providing a
fitness-to-drive recommendation of “no driving”, this was done so in both a written and
verbal format (n = 14, 45%). The survey did not further explore the management of
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fitness-to-drive in the remaining 64% (n = 61) of emergency departments for those
participants who did not recommend a period of “no driving” after mTBI, since it is
recommended that patients do not drive for a minimum of 24 hours post injury
(Austroads, 2012).

Opinion of Australian emergency department clinicians about the current
management of fitness-to-drive after mTBI
Most respondents (n = 78, 88%) indicated that they thought a review of fitness-to-drive
management guidelines was required in their ED, as summarised in Table 2. Consensus
was not reached with respect to the period of “no driving” that should be imposed after
mTBI, however no clinicians indicated that patients should be allowed to drive “as soon
as possible” post injury. Conflict was also displayed in the qualitative analysis of the
open-ended questions about how fitness-to-drive recommendations should be managed
after mTBI. While some respondents advocated for new, more structured clinical practice
protocols: “a structured process for assessment of fitness-to-drive that was in place for
all patients with mild TBI would be beneficial”, other respondents argued that this idea
was flawed: “fitness to drive should be followed up by the patient’s GP who is able to
better manage(d) the patient, rather than a busy ED department with different doctors
and who does not know the patient well”. Respondents indicated that access to experts in
the area would be most useful (n = 49, 63%) in achieving a review of fitness-to-drive
management guidelines for patients who have sustained a mTBI.

DISCUSSION
The results of this study demonstrate the type of information that is provided in
Australian emergency departments to people after mTBI about fitness-to-drive post
injury. The results indicate that Australian emergency department clinicians feel that the
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current management of fitness-to-drive after mTBI needs revision; however, no consensus
was displayed, with respect to the timing of return to driving post injury.

Close to two thirds of respondents indicated that their emergency department does not
provide a fitness-to-drive recommendation about a period of “no driving” after mTBI.
This suggests that patients who attend these emergency departments may receive no
information about the timing of return to driving post injury, and are therefore likely to
return to driving as soon as they want after discharge from emergency department. This
is consistent with emerging research which shows that only a minority of patients with
mTBI intend to reduce their driving immediately post injury (Preece, Geffen, & Horswill,
2013). However, this idea of an immediate return to driving is of concern given that a
high proportion of people who sustain a mTBI are required to either adapt their driving or
to develop strategies to compensate for self-perceived driving difficulties experienced up
to 2-6 weeks post injury (Bottari, Lamothe, Gosselin, Gélinas, & Ptito, 2012; Sveen,
Ostensjo, Laxe, & Soberg, 2013).

In similar research conducted in New Zealand, Moore and Leathem (2004) used a survey
to explore the nature and quality of information provided by clinicians to patients after
mTBI. Of the 244 respondents (response rate = 50%), 62% gave advice around when a
patient was fit-to-drive. Some respondents advised that patients should not drive for at
least 24 hours after mTBI, whereas other respondents left it up to the patient to determine
when they were fit-to-drive with statements such as: “do not drive your car...until such
time that you feel that your ability to judge distances and unexpected hazards have
improved” (Moore & Leathem, 2004, p. 5). These results are similar to the present study,
in which no agreed time-frame was found, with respect to the period of “no driving” that
is recommended to patients after mTBI in Australian emergency departments. This
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suggests that the issue of determining fitness-to-drive after mTBI is an international
problem, with little progress being made in the area over the last decade.

The role for occupational therapists in emergency departments continues to expand in-line
with the demand for hospital services and the ageing population (Moss et al., 2002). This
is an issue that is forecasted to grow into the future, as access blocks are created due to
the shortage of dedicated aged-care services and the need to admit elderly patients with
minor trauma. It has been noted that younger patients (such as those who have sustained
a mTBI) are frequently sent home from hospital if the patient can go home, with little
thought being given to if they will be able to cope at home (Hendriksen & Harrison,
2001). This suggests that there is a need for more consistent input from occupational
therapists in emergency departments in order to facilitate safe engagement in a range of
occupations, including driving. As occupational therapists, we are well placed to develop
this role, given that our profession is already recognised as specialists in the area of
fitness-to-drive (Unsworth, 2007). Occupational therapists could, for example, help to
facilitate more research with the mTBI population group to identify key time-points for
successful return to driving post injury, given that this evidence is currently lacking.

The limitations of this study include a relatively small sample, although all states were
represented within. The highest response rate was provided from Victoria, Western
Australia, and New South Wales with low response rates from the other 5
states/territories. As only de-identified data was collected, it is possible that future data
collection may be required to fully represent these states. In addition, although responses
were received from 23 allied-health clinicians and it was believed that many of these
respondents were occupational therapists, since the survey was sent to all occupational
therapy managers, it was not possible to determine exactly how many occupational
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therapists completed the survey. Future research in this area should ask for disciplinespecific information from the respondents.

This is the first time that the management of fitness-to-drive for patients with mTBI has
been summarised in an Australian context. Emergency department staff are notoriously
busy and often over-surveyed (Hendriksen & Harrison, 2001), and therefore can be
difficult to obtain information from. For this reason, the survey that was used in this
study was deliberately kept short. This meant that certain issues surrounding fitness-todrive after mTBI could not be explored in great depth. However, survey designs are
useful to reach a large number of participants and to obtain an over-view of the issues at
hand. The survey used in this study was a useful starting point, and in the future, in-depth
interviews could be used to follow-up and explore pertinent issues identified (such as
exploration of the barriers which prevent fitness-to-drive being addressed with mTBI
patients). Particularly, it would be beneficial to explore what processes occur in the
emergency departments of the 64% of respondents who answered “no” to the question:
“does your ED provide fitness-to-drive recommendations of “no driving” after mTBI?”.
Even though a non-driving period was not advised, it is possible that the issue of fitnessto-drive is addressed in an alternative manner by these emergency departments and this
should be explored.

Currently in Australian emergency departments, different information exists in the way
fitness-to-drive recommendations are provided to patients after mTBI, and clinicians have
reported the need for a review of fitness-to-drive management guidelines. Consensus on
the time-frame for return to driving after mTBI needs to be established so that patients
can be provided with evidence-based, consistent, and equitable recommendations about
return to driving post injury across Australia.
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Table 1. Demographic details.
Demographic Details, n (%)
Position in ED

(n = 91)

Medical staff

46 (51%)

Allied-health staff

23 (25%)

Nursing staff

22 (24%)

Years employed in ED

(n = 91)

0 – 10

50 (55%)

11 – 20

29 (32%)

21+

12 (13%)

State of employment

(n = 91)

Victoria

41 (45%)

Western Australia

26 (29%)

New South Wales

10 (11%)

Queensland

4 (5%)

Australian Capital Territory

3 (3%)

South Australia

3 (3%)

Tasmania

2 (2%)

Northern Territory

2 (2%)

mTBI patients treated per month

(n = 104)

0

3 (3%)

Less than 10

30 (29%)

10 to 50

43 (41%)

50 to 100

19 (18%)

More than 100

9 (9%)

Note. The value of n changes, due to missing responses to some survey questions
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Table 2. Fitness-to-drive recommendations provided by emergency department staff, and
personal opinions about fitness-to-drive management.
Fitness-To-Drive Recommendations, n (%)
Does your ED provide fitness-to-drive

(n = 95)

recommendations of “no driving” after mTBI?
No

61 (64%)

Yes

34 (36%)

*data in the shaded section applies to participants
who answered “yes” to the above question*
What is the recommended time-frame of “no

(n = 31)

driving” that is given after mTBI?
Medical discretion

13 (42%)

24 hours

8 (26%)

No restrictions/drive ASAP

0 (0%)

Patient discretion

0 (0%)

Other; determined by patient characteristics
Who is primarily responsible for providing fitness-

10 (32%)
(n = 31)

to-drive recommendations to patients after mTBI?
Medical staff

25 (81%)

Allied-health staff

2 (7%)

Nursing staff

0 (0%)

Other

4 (12%)

In what format are fitness-to-drive recommendations

(n = 31)

provided?
Both written and verbal

14 (45%)

Verbal

12 (39%)

Either written or verbal

4 (13%)

Written

1 (3%)

What evidence does your ED have to support your

(n = 31)

fitness-to-drive recommendations? (multiple options)
Guidelines

17 (55%)

Expert opinion

16 (52%)

Journals

4 (13%)
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Opinion of Staff, n (%)

(n = 104)

Do you think a review of fitness-to-drive

(n = 89)

management guidelines is required in your ED
department for mTBI patients?
Yes

78 (88%)

No

11 (12%)

What would help you to achieve this review?

(n = 78)

(multiple options)
Access to experts in the area

49 (63%)

Professional development opportunities

35 (45%)

External research

28 (36%)

Additional funding

15 (20%)

What do you personally think the period (if any

(n = 89)

should be) for “no driving” after mTBI?
Medical discretion

27 (30%)

24 hours

18 (20%)

No restrictions/drive ASAP

0 (0%)

Patient discretion

2 (2%)

Other

21 (23%)

Note. The value of n changes, due to missing responses to some survey questions.
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Chapter 5
FITNESS-TO-DRIVE AFTER MILD TRAUMATIC BRAIN INJURY: MAPPING THE
TIME TRAJECTORY OF RECOVERY IN THE ACUTE STAGES POST INJURY

Chapter Overview and Summary
This thesis opened by reviewing the literature on driving as an occupation. It was
noted that driving promotes occupational performance and community engagement.
However, it was also noted that driving can be a dangerous occupation, and that the risks
associated with driving are further raised in the event of injury; in this instance, mTBI.
Therefore, it is essential that clinicians have access to valid and reliable fitness-to-drive
assessments to use when making recommendations about when a person is safe to return
to driving post injury. However, the systematic review completed as Study 1 noted that a
paucity of methods and assessments have been used in research to date to determine
fitness-to-drive after mTBI (Baker, Unsworth, & Lannin, 2014, in pressa). Together with
existing systematic reviews (Classen et al., 2009; Ortoleva, Brugger, Van der Linden, &
Walder, 2012), this raised the question about what recommendations are made by
clinicians if there are few assessments available to inform decision making with this
cohort. A survey of all emergency departments in Australia was completed in Study 2, in
order to determine the status of fitness-to-drive management for mTBI patients, and was
presented in the previous chapter. It was established that no consensus exists in the
fitness-to-drive recommendations provided to patients after mTBI, and Australian
clinicians have reported the need for a review of management guidelines in the hospital
system (Baker, Unsworth, & Lannin, 2014, in pressb). To achieve consensus in the
fitness-to-drive recommendations that are provided to patients after mTBI, the most
optimal time-frame for return to driving needs to be established. Establishing this timeframe for return to driving will enable practice guidelines to be developed that provide
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patients with evidence-based, consistent and equitable recommendations across Australia,
as well as informing such decisions internationally. However, before such practice
guidelines can be drafted, the trajectory of recovery in fitness-to-drive after mTBI must
be mapped. As previously presented, this is necessary because research to date has not
yet integrated the expected mTBI recovery time-frame into studies that have been
completed. This chapter will document the type of study that is required to determine the
optimal time-frame for return to driving after mTBI. The protocol for this proposed study
(Protocol 1) was attempted by the primary researcher of this thesis, but proved not to be
feasible. Therefore, a modified protocol is also provided in this chapter. Protocol 2 was
used to complete the third and final study of this thesis.
The protocol that was originally designed to fulfil the need to establish a trajectory
in the recovery in fitness-to-drive after mTBI is presented in Figure 1, as Protocol 1. This
protocol was designed specifically to fill the two key gaps that: 1) no research has
incorporated the expected recovery trajectory into the methodology used, 2) nor has any
research used the ‘gold standard’ of a CDE with this population group. Selection of the
specific assessments to include as part of the CDE in Protocol 1 took into account a
detailed and systematic review of all of the assessments that had been identified in the
Literature Review section, Study 1, and Study 2 of this thesis. In Study 1, the systematic
review that was completed identified all of the methods and assessments that are, or could
be used to determine whether people who have sustained a mTBI are fit-to-drive post
injury. It was revealed that only one assessment (The University of Queensland-Hazard
Perception Test) (Horswill et al., 2008; Smith et al., 2009; Wetton et al., 2010) had been
used in research with this cohort to date. Subsequently in Study 2, a survey of all
emergency departments in Australia did not provide definitive guidelines on what
assessments are used to inform the fitness-to-drive recommendations that are made with
this population group. Therefore, the final assessments included as part of the CDE in
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Protocol 1 were also selected for use based on their demonstrated reliability and validity
in general driver research.
As can be seen in Figure 1, three time-points were planned for data collection with
a group of mTBI participants and a control group of orthopaedic participants at: 24 hours
post injury, two weeks post injury, and three months post injury (if required). Assessment
at the 24 hour time-point was planned to take place at The Alfred, Victoria, Australia (as
will be described further within this chapter). Five assessments were planned to be
administered at the patient’s bedside: 1) Demographics Form (unpublished, see Appendix
E), 2) Mini Mental State Examination (Folstein, Folstein, & McHugh, 1975), 3)
Occupational Therapy-Drive Home Maze Test (Unsworth, Pallant, Russell, & Odell,
2011), 4) Road Law Road Craft Test (Unsworth, Pallant, Russell, & Odell, 2011), and 5)
The University of Queensland-Hazard Perception Test (Horswill et al., 2008; Smith,
Horswill, Chambers, & Wetton, 2009; Wetton et al., 2010). The two week follow-up was
to be completed at La Trobe University, Victoria, Australia, and it was planned that the
assessments would be presented again in the same test order, as at the 24 hour time-point.
In addition, participants with a mTBI were also scheduled to complete the La Trobe
University On-Road Driver Assessment (La Trobe University, 2009) with the primary
researcher of this thesis, who is a qualified OTDA. Participants who passed their on-road
assessment would be advised that they were fit-to-drive. Participants who did not pass
the assessment would be advised that they were not fit-to-drive, and follow-up would be
organised to coincide with the time-point when the participant was three months post
injury.
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Figure 1. Proposed Protocol 1 for Study 3
mTBI & orthopaedic participants assessed 24 hours post injury:
1) Demographics Form
2) Mini Mental State Examination
3) Occupational Therapy-Drive Home Maze Test
4) Road Law Road Craft Test
5) University of Queensland Hazard Perception Test

mTBI & orthopaedic participants re-assessed 2 weeks post
injury:
1) Demographics Form
2) Mini Mental State Examination
3) Occupational Therapy-Drive Home Maze Test
4) Road Law Road Craft Test
5) University of Queensland Hazard Perception Test
AND for mTBI participants:
6) La Trobe University On-Road Driver Assessment

Participant DOES NOT
PASS all components of the
assessments

mTBI & orthopaedic participants re-assessed 3 months post
injury:
1) Demographics Form
2) Mini Mental State Examination
3) Occupational Therapy-Drive Home Maze Test
4) Road Law Road Craft Test
5) University of Queensland Hazard Perception Test
AND for mTBI participants:
6) La Trobe University On-Road Driver Assessment

Participant PASSES the on-road assessment (and scores from the
off-road assessments support driving). No further assessment.
OR
Participant DOES NOT PASS the on-road assessment (and there
may or may not be problems with the off-road assessments).
Usual process where the OTDA emails the report to the licensing
authority, who notifies the participant of the outcome. This may
include that the participant is referred for driver rehabilitation and
follow-up assessment (independent of this study).
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Participant PASSES the on-road
assessment (and scores from the offroad assessments support driving)

No further
assessment

These were considered key time points to complete fitness-to-drive assessments
and to establish a trajectory in the recovery of fitness-to-drive, given that:


Symptoms are most pronounced 24 hours after mTBI (McCrea et al., 2009).



Symptoms rapidly improve within two weeks post injury, and patients are cleared
by The Alfred to drive at this two week time-point (The Alfred, n.d.).



Symptoms should have completely resolved within three months after mTBI
(McCrea et al. 2009).
Protocol 1 was enacted over a one year period, with a very poor up-take of

patients consenting to the study (n = 0 mTBI and n = 6 orthopaedic). The reason for this
was primarily related to the time commitments associated with completing a CDE at the
two week time-point (e.g. needing to take time off work to participate in the assessment).
Other demands associated with completing a CDE included the potential burden of
undertaking the on-road component of this type of assessment. Specifically, the on-road
component had the capacity to provoke anxiety in participants about the fact that their
driver’s licence was under review, which has been noted by other researchers (Selander,
Lee, Johansson, & Falkmer, 2011; Whitehead, Howie, & Lovell, 2006). Participants may
have felt heavy pressure to pass the on-road assessment in order to retain their licence,
given that the results from the assessment were to be communicated to their local
licensing authority. In Victoria, OTDAs are legally bound to notify VicRoads of the
outcome of any on-road driver assessments completed (OT AUSTRALIA-Victoria,
1998). This means that if the participant was to fail their three month assessment, they
would have been referred for driver rehabilitation and follow-up assessment, independent
of this research program. Recognising this potential burden, the relevant ethics
committees had approved for patients to be initially offered $50 re-imbursement for their
time to complete the assessments at two weeks post injury. This offer of re-imbursement
was subsequently approved to be raised to $300 to cover the costs associated with taking
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a day off work and travelling to La Trobe University; however still no patients consented
to the study. Modifications to Protocol 1 therefore had to be made. To help with the
planning of these modifications, patients at The Alfred were informally interviewed about
what would encourage them to participate in the research. The top three reasons cited by
patients included:
1) make the assessment process shorter, and eliminate the plan to go to La Trobe
University to complete the two week / three month on-road driver assessment (e.g.
patients reported some concerns with having their assessment results reported to
their local licensing authority; however, their main concern about this assessment
was about the time demands required)
2) ensure that the assessment process would not impact on usual care and/or
discharge planning from the hospital (including the need for extra follow-up
appointments)
3) allow participants to complete the assessments in their own time (e.g. the
assessments could be sent to the participants by email or the assessments could be
completed via phone call at a convenient time)
Taking into account both patient feedback and the assessments that were
considered to be required to provide representative fitness-to-drive data, the process for
data collection at the 24 hour time-point and subsequent follow-up was shortened. In
particular, the on-road assessment had to be removed, which was known to have a severe
impact on the ability of the study to accurately establish a trajectory in the recovery of
fitness-to-drive after mTBI. As previously noted, the on-road assessment is completed in
a dual-controlled vehicle with the person presenting for assessment driving the car, the
driving instructor sitting in the front passenger seat and controlling the car if necessary,
and the OTDA sitting in the rear passenger seat. In this manner, an accurate and
comprehensive assessment of the driver’s performance can be obtained in the real world;
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that is, on the road (Larsson, Lundberg, Falkmer, & Johansson, 2007; Petzold et al., 2010;
Unsworth, 2007). By removing this component from the protocol, it was accepted that an
in-depth and objective understanding of the recovery of fitness-to-drive after mTBI would
not be obtained in this research program. However, no other alternative was available to
facilitate the completion of Study 3. The revised study is presented in Figure 2, as
Protocol 2. This protocol still involved two groups of participants: patients with a mTBI
and patients with an orthopaedic injury. Both groups of participants were assessed at 24
hours post injury on the five assessments identified in the literature as representing a
range of aspects of fitness-to-drive (1) Demographics Form, 2) Mini Mental State
Examination, 3) Occupational Therapy-Drive Home Maze Test, 4) Road Law Road Craft
Test, and 5) The University of Queensland-Hazard Perception Test). For orthopaedic
participants, no further follow up occurred after the initial 24 hour assessment.
Participants in the mTBI group were followed-up at two weeks post injury and the
demographics interview form was administered via phone call, and again at the
conclusion of the study if they reported being a ‘non-driver’ at their two week assessment.
All mTBI participants received $50 re-imbursement for their time at the completion of the
study.
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Figure 2. Protocol 2 for Study 3
mTBI & orthopaedic participants assessed 24 hours post injury:
1) Demographics Form
2) Mini Mental State Examination
3) Occupational Therapy-Drive Home Maze Test
4) Road Law Road Craft Test
5) University of Queensland Hazard Perception Test

mTBI group only followed-up via phone call 2 weeks post injury:
1) Demographics Form

mTBI participant recorded as
‘non-driver’.

mTBI ‘non-driver’ group only followed-up via phone call at the
conclusion of the study to determine time to return to driving
post injury:
1) Demographics Form

No further
assessment
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mTBI
participant
recorded as
‘driver’.

No further
assessment

Study 3 (Protocol 2) of the research program is presented in this chapter. The aim
of this case control study was to establish a trajectory in the recovery of fitness-to-drive
skills after mTBI, in-line with the expected recovery time-frame post injury. As opposed
to Protocol 1, which included the use of a CDE to obtain an in-depth and objective
understanding of the recovery of fitness-to-drive after mTBI, Protocol 2 focused on the
recovery of fitness-to-drive from the self-report perspective of patients with a mTBI.
This paper is under review for publication and under review for conference presentation,
as follows. The study is presented as a submitted manuscript to the Journal of Head
Trauma Rehabilitation.

Baker, A., Unsworth, C.A., & Lannin, N.A. (2014, manuscript under review). Fitness-todrive after mild traumatic brain injury: Mapping the time trajectory of recovery in
the acute stages post injury. Journal of Head Trauma Rehabilitation.
Baker, A., Unsworth, C., & Lannin, N.A. (2014, abstract under review). Fitness-to-drive
after mild traumatic brain injury: Mapping the time trajectory of recovery in the
acute stages post injury. Occupational Therapy Australia National Conference,
Melbourne, Australia.
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ABSTRACT
Objective: To determine fitness-to-drive status of patients with a mild traumatic brain
injury (mTBI) at 24 hours and two weeks post injury, and summarise issues surrounding
return to driving.
Setting: Trauma unit at a major teaching hospital.
Participants: Sixty patients with mTBI and 60 orthopaedic controls.
Design: Quasi-experimental case-control, with self-report follow-up.
Main Measures: Mini Mental State Examination, Occupational Therapy-Drive Home
Maze Test (OT-DHMT), Road Law Road Craft Test, University of Queensland-Hazard
Perception Test, and demographic/interview form collected at 24 hours and at two weeks.
Results: At 24 hours, only the OT-DHMT showed a difference between the two groups
(mTBI slower, t(118) = 3.73, p = 0.001). At the two week follow-up, only 26 mTBI
participants (44%) had resumed driving. Injury severity and 24 hour assessment scores
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predicted 31% of the variability in time taken to return to driving. Participants reported:
“not feeling 100% right” (n = 14, 23%), headaches and pain (n = 12, 20%), and dizziness
(n = 5, 8%).
Conclusion: This study supports existing guidelines that skills required for safe driving
are impaired after mTBI, and patients should not to drive for 24 hours. Patients are selfregulating when they return to drive, and may require assistance to manage this.

Key words: acute care, fitness-to-drive, mild traumatic brain injury
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INTRODUCTION
For many years, the term mild traumatic brain injury (mTBI) was used in the literature
interchangeably with the term concussion1. The focus of research for this cohort was
around concussion sustained as a result of sporting incidents, and return to play guidelines
was accordingly the primary area of interest2. In recent times, mTBI has been spotlighted
as an issue for health professionals alongside post-traumatic stress disorder (PTSD), and
reflects the increasing number of combat veterans returning from war who require
intervention to return to everyday activities3,4. The focus of mTBI research is also
extending beyond athletes to the general public5, with the condition now being recognised
as comprising 70-90% of all traumatic brain injuries sustained, often as a result of motor
vehicle crashes6. Roughly, this translates as 493 to 653 per 100 000 people sustaining a
mTBI7. Current best evidence classifies mTBI by one or more of the following:
confusion or disorientation after the event, the experience of other transient neurological
abnormalities not requiring surgery, loss of consciousness (LOC) for 30 minutes or less,
post-traumatic amnesia (PTA) less than 24 hours, and a Glasgow Coma Scale (GCS)
score of 13-15 up to 30 minutes post injury1. In addition, these manifestations must not
be due to drugs, alcohol, or medications, be caused by other injuries or pyscho-social
issues, or be caused by penetrating cranio-cerebral injury1. Generally, symptoms are most
pronounced 24 hours post injury, rapidly improve within two weeks, and are usually fully
resolved at three months post injury8. However; although labelled “mild”, some patients
report ongoing symptoms (such as dizziness, fatigue, forgetfulness, headache, neck pain,
sleep disturbances, and vision and/or hearing problems) up to one year post injury5. The
mTBI population is typically young, and keen to return to their everyday activities as
quickly as possible post injury. The primary focus of interest for this cohort typically
surrounds return to work, return to leisure activities/sport, and return to driving. Being
the most preferred method of transport in many developed countries, driving can often be
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essential for both return to work and return to leisure activities/sport. However, at
present, limited evidence and limited clinical guidelines exist to help facilitate return to
driving after mTBI.

In 2012, a series of clinical practice guidelines were released in Canada, which suggested
that patients should not drive for a minimum of 24 hours after mTBI7. However, in these
guidelines7, and in other licensing/fitness-to-drive guidelines around the world (in
Australia - Austroads, 20129; in America - Department of Motor Vehicles, 201310; in
Europe - PORTARE, 200911), no evidence is provided about when a person is safe to
drive after this 24 hour period. Unsurprisingly, this has resulted in variation in clinical
practice with some clinicians advising patients not to drive for at least 24 hours and others
advising patients not to drive until they feel that they are able to12,13. While the majority
of patients intend to return to driving as soon as possible post injury14, many end up being
required to compensate for self-perceived driving difficulties for up to 2-6 weeks post
injury15,16. Strategies used by people to compensate for driving difficulties after mTBI
include: reducing the distance travelled or time of continuous driving, reducing speed,
and travelling off-peak. It appears that there is not sufficient evidence to guide clinical
practice recommendations and given the large number of people who sustain a mTBI each
year and wish to return to driving, further research to guide practice is urgently required.
Internationally, driving is not only one of the most common forms of transportation, but it
is also one of the leading causes of death, injury, and disability17. Given that driving a car
can be dangerous, people must have the skills need to safely control the vehicle and must
be fit-to-drive. Following mTBI, it is not yet known if people have adequate skills to
assure their own safety and also that of other road users. Therefore, it is vital that the
trajectory of recovery in fitness-to-drive after mTBI is mapped, in order to ensure that this
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population group can be provided with evidence-based recommendations about when
they should resume driving.

Few studies exist on the topic of fitness-to-drive after mTBI, and methodological
limitations of several of these studies pose considerable barriers to our understanding of
the recovery of driving skills. For example in America, a cross-sectional survey was used
to examine fitness-to-drive after TBI18. However, participants were on average three
years post injury when they participated in the study. Similarly, another American-based
study19 examined fitness-to-drive after mTBI, but also with people who were outside of
the expected recovery time-frame. All participants were several years post injury (M =
7.13 years, SD = 5.08) when they completed the study. Given that symptoms usually
resolve within three months8 and at most one year post injury5, both of these studies
provide limited information pertaining to fitness-to-drive in the acute stages post injury.
Only one study to date20 has reported on the acute effects of mTBI on fitness-to-drive,
specifically drivers’ hazard perception skills at 24 hours post injury. It was found that
patients with a mTBI were significantly slower to respond to traffic hazards when
compared with patients with orthopaedic injuries (p = .03, d = .48). However, similar to
the clinical practice guidelines that exist internationally (as previously mentioned), it is
not known at what time point the patients’ hazard perception skills improved after this 24
hour period, as no longitudinal follow up was provided. Medical professionals and alliedhealth clinicians who are called upon to make fitness-to-drive recommendations to these
patients have limited evidence on which to base their advice. Despite the lack of
conclusive evidence, recommendations still have to be made about when a patient can
return to driving after mTBI. Further research is therefore required to support our
understanding of the recovery of fitness-to-drive in the acute stages after mTBI, and to
inform the development of practice guidelines. Thus, the aims of this study were to:
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1) determine the fitness-to-drive status of patients with a mTBI at 24 hours post
injury in comparison to a control group of orthopaedic patients,
2) determine driving status of patients with a mTBI at two weeks post injury, and
3) summarise patient-reported issues about the time taken to return to driving post
injury.

METHOD
Setting and Participants
Recruitment for this study was based in the Trauma and Orthopaedic wards at The Alfred,
Victoria, Australia. The Alfred is a major acute hospital with the largest trauma service in
Australasia, treating over 5,000 trauma patients annually (The Alfred, 2012)21. Clinical
practice guidelines at The Alfred state that patients should be advised not to drive for two
weeks post mTBI. A convenience sample of patients from The Alfred was invited to
participate in the study, using consecutive sampling. Participants for both samples were
required to meet the following criteria:

General Inclusion Criteria: be aged between 18-65 years, hold a probationary or full
Australian driver’s licence, be able to read and write in English for the purposes of
testing, have no co-morbidities, and have a zero blood alcohol level reading (0.00%) and
no illicit drugs in their system.
Specific Inclusion Criteria – mTBI Group: have sustained a mTBI, with any one or more
of the following1: confusion or disorientation after the event, the experience of transient
neurological abnormalities not requiring surgery, LOC ≤ 30 minutes, PTA ≤ 24 hours,
and/or GCS 13-15.
Specific Inclusion Criteria – Orthopaedic Group: have sustained trauma to one or more
bones.
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Procedure
Ethics approval for this study was obtained from the Human Ethics Committee at The
Alfred, Victoria, Australia. Data collection occurred daily from February 2014 – August
2014, until 120 participants were recruited (n = 60 mTBI and n = 60 orthopaedic).
Approximately two patients were approached each day, and most agreed to participate in
the study. Reasons for non-participation were primarily linked to feeling too unwell to
complete the assessments. In the mTBI cohort, one patient declined to participate in the
study due to feeling too unwell to complete the assessments, while four patients declined
to participate as they wanted to leave the hospital as soon as possible. In the orthopaedic
cohort, six patients declined to participate due to feeling too unwell to complete the
assessments, while two patients declined to participate as they wanted to leave the
hospital as soon as possible. All assessments for consenting patients were administered
by the first author, who is a qualified occupational therapy driver assessor (OTDA).
Testing occurred at the patient’s bedside, and lasted about 45 minutes. Patients with
either a mTBI or an orthopaedic diagnosis were assessed at 24 hours post injury on five
assessments identified in the literature as representing a range of aspects of fitness-todrive. Obtaining data from the orthopaedic control group was necessary at the 24 hour
time-point, in order to account for common hospital associated factors that might have
impacted on the results of these assessments other than mTBI (such as anxiety and pain).
Orthopaedic participants were reasoned to act as a suitable control, given that this cohort
is admitted under the same clinical pathway as mTBI patients but do not have any formal
driving restrictions placed on them. For orthopaedic participants, no further follow up
occurred after the initial 24 hour assessment. Participants in the mTBI group were
followed up at 2 weeks post injury, and again at the conclusion of the study if they
reported being a ‘non-driver’ at their two week assessment.
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Measures
The assessments selected for use at 24 hours post injury had to be: suitable for bedside
use, short in length, and able to be resumed if interrupted. These criteria were necessary
given the busy and acute nature of the recruitment setting, with a high turn-over rate of
patients, as well as frequent input given from medical and allied-health clinicians. Five
assessments were identified as being flexible enough to cope with the demands of this
setting, and were selected. These assessments had previously been identified through a
systematic review of the literature on the methods and assessments that have been used in
mTBI and fitness-to-drive research22.

24 Hour Assessment Protocol: Demographics Form (unpublished; available from the
corresponding author) – a demographics form was developed in order to obtain basic data
on each participant, as well as medical and driving history. Mini Mental State
Examination (MMSE)23 – comprised of 30 questions, this test assesses basic cognitive
function, with a higher score (total of 30) indicating better cognitive functioning. Studies
on the MMSE have demonstrated emerging predictive validity for on-road driving
performance24,25,26. Occupational Therapy-Drive Home Maze Test (OT-DHMT)27 – a
subtest of the Occupational Therapy-Driver Off Road Assessment (OT-DORA) Battery,
this test assesses key measures for on-road driving performance, including: executive
functioning, planning, decision making and attention skills. The OT-DHMT is a timed
test (in seconds), with a faster time demonstrating a better response and a higher
probability of passing an on-road driver assessment28,29. Road Law Road Craft Test
(RLRCT)27 – a subtest of the OT-DORA Battery, comprised of questions related to local
road laws, with one point assigned per correct answer (total of 37). Adequate
understanding of road laws is assumed key for on-road driving performance, as mandated
by licensing authorities (in Australia - Austroads, 20129; in America - Department of
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Motor Vehicles, 201310; in Europe - PORTARE, 200911). University of QueenslandHazard Perception Test (UQ-HPT)30,31,32 – On a laptop, the UQ-HPT presents video
footage of 24 traffic conflicts, and the participant is required to click on the traffic conflict
as quickly as possible. The clips are all from previously validated hazard perception tests.
The test obtains data on simple spatial reaction time (SSRT), as well as hazard perception
response time (HPT-RT) and hit rate (HPT-HR). The SSRT is used as a control
comparison test for the HPT-RT (that is; the average time taken for the participant to
respond to all of the hazards in the test) and the HPT-HR (that is; the proportion of
hazards that the participant responded to). All hazard perception test response times were
removed from the data set for analyses for participants who responded to fewer than 50%
of the hazards, as per recommendations from developers of the assessment30,31,32. This
was necessary in order to ensure that only test takers who responded in a valid manner
were included in the analyses. Although not yet linked to on-road driving performance,
this is the only fitness-to-drive assessment that has been used with mTBI patients in the
acute stages post injury to date20.

Two Week Assessment Protocol: Demographics Form – the previously used
demographics form was expanded to include data on each participant about their driving
status (recorded as: ‘driver’ or ‘non-driver’), and documented verbatim any issues they
faced in the time taken to return to driving. This was administered via phone call.

Data Analysis
Data from each of the assessments were entered into the Statistical Package for the Social
Sciences (SPSS), and tested for normality. Basic descriptive statistics were used to
describe the demographic characteristics of the participants in the study. Independent
groups t tests were used to identify if any significant demographic differences or any
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differences in scores on the assessments administered at 24 hours post injury existed
between the mTBI and orthopaedic control group. Standard linear regression was used to
identify if injury severity (LOC), or scores on any of the assessments administered at 24
hours post injury (MMSE, OT-DHMT, RLRCT, UQ-HPT) predicted time to return to
driving. A chi-square analysis was used to test for differences between arbitrary
categorical groups on the OT-DHMT (“fast”, “medium”, and “slow” test takers), with
respect to driving status at the two week follow-up (‘driver’/‘non-driver’). For the
purposes of this testing, all orthopaedic participants were assigned to the ‘driver’ group,
as it was assumed that their fitness-to-drive was intact (thus being the control group for
this study), and the analysis would have been too small to run with mTBI data alone. A
one-way ANOVA was used to test the assumption that age may be associated with
differences between “fast”, “medium”, and “slow” test takers. Participant self-report of
issues around return to driving post mTBI were recorded verbatim, and summarised using
simple content analysis. All analyses were two-tailed, and significance was set at p
<0.05. Given α = 0.05 and a power of 80%, the final sample size was set at n = 60 in
each group, which would make it possible to detect a Cohen’s d of 0.5 or larger33.

RESULTS
Demographic details of the participants are presented in Table 1. A total of 90 males
(75%) participated in the study. Falls (n = 45, 38%) and motor vehicle crashes (n = 39,
33%) represented the most common causes of injury. On average, participants had seven
years of education beyond primary school (M = 7.08, SD = 2.8). They were employed in
a range of occupations, with technicians and trade workers being the most common (n =
30, 25%). Travel to/from work was cited as the number one reason that participants had
to drive (n = 92, 77%). There were no significant demographic differences between the
mTBI and orthopaedic control group at base-line, except for number of crashes in the past
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year (p = 0.04), with the mTBI group having had a slightly higher proportion of crashes.
A large, but non-significant range was seen in the number of prior mTBI sustained across
both groups. The median value of prior mTBI for both groups was zero.
Place Table 1 Here

Fitness-To-Drive Status – 24 Hours (mTBI and Orthopaedic Participants)
Participant fitness-to-drive status at 24 hours post injury is presented in Table 2. There
was no significant difference between the mTBI and orthopaedic control group on the
MMSE (p = 0.83) and the RLRCT (p = 0.26). Patients with a mTBI scored just as well as
patients with orthopaedic injuries on these tests. There was a significant difference
between the mTBI and orthopaedic control group on the Simple Spatial Reaction Time
(SSRT) portion of the UQ-HPT (p = 0.04). However; on the two driver-related aspects of
the UQ-HPT (HPT-RT and HPT-HR), no significant differences between the two groups
were shown (p = 0.12 and p = 0.96 respectively). There was a significant difference
between the mTBI and orthopaedic group on the OT-DHMT scores (p = 0.001). Patients
with a mTBI were significantly slower to complete the maze, when compared with
patients who had orthopaedic injuries.
Place Table 2 Here

Driving Status – Two Weeks (mTBI Participants)
Twenty six of the 60 participants (44%) had returned to driving at two weeks post injury.
Injury severity (LOC), combined with scores on the assessments administered at 24 hours
post injury (MMSE, OT-DHMT, RLRCT, UQ-HPT) were used to predict variance in the
time taken to return to driving, using a linear regression model. In this instance, duration
of LOC was selected to represent injury severity, as it was the most comprehensive
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measure documented within hospital records of the participants. Time to return to driving
(in days) was entered as the dependent variable.

All linear regression assumptions were checked, and met. The regression equation was:
outcome = -25.30 + 0.58 (LOC) + 0.85 (OT-DHMT) – 0.84 (RLRCT) + 1.32 (MMSE) +
8.83 (SSRT) – 2.17 (HPT-RT) + 4.45 (HPT-HR). The R2 value can be used to indicate
the degree of association between the independent and dependent variables, and the
obtained value of R2 = 0.31 indicated a weak to moderate positive association; or in other
words, 31% of the variability in the time taken to return to driving was accounted for in
the equation with 7 variables. However, a non-significant value was obtained (p = 0.37),
suggesting that the variables in the model were not significant in predicting the outcome
of time to return to driving (LOC (p = 0.24), MMSE (p = 0.52), OT-DHMT (p = 0.06),
RLRCT (p = 0.44), SSRT (p = 0.39), HPT-RT (p = 0.48), HPT-HR (p = 0.77)).

Given that only the OT-DHMT showed a significant difference in scores between the
mTBI group and the orthopaedic control group at the 24 hour assessment, and given that
this test was the only variable that came close to significantly predicting time to return to
driving in the regression equation (p = 0.06), the predictive properties of the OT-DHMT
were further explored. Arbitrary descriptor groups of “fast” (0 – 10 seconds), “medium”
(11 – 20 seconds) and “slow” (>21 seconds) were allocated to the time taken to complete
the OT-DHMT. Descriptors of ‘driver’ and ‘non-driver’ were also allocated to represent
the driving status of participants at their two week follow-up. A chi-square test was used
to determine the association between the time taken to complete the OT-DHMT and
driving status. All chi-square assumptions were checked, and met. Time taken to
complete the maze and driving status were significantly associated (n = 120, χ2 = 12.33, p
= 0.002), where “fast” test takers were all ‘drivers’ at the two week follow-up (see Table
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3). The ANOVA was non-significant (F(2) = 1.14, p = 0.32), indicating that no
significant age differences existed between the three groups.
Place Table 3 Here

Self-report issues – Return to driving (mTBI Participants)
For the mTBI group, time to return to driving ranged from 1 day to 60 days post injury (M
= 11.88, SD = 1.68). Twenty six participants (44%) returned to driving at/or prior to two
weeks post injury, while six participants (10%) did return to driving but took longer than
two weeks. An additional 15 participants (25%) intended to return to driving pending
either “feeling 100%” or after practical considerations were met (e.g. buying a new car as
their old one had been destroyed in the accident when they had sustained their mTBI).
Four participants (6%) had no intention of resuming driving due to crash flashbacks,
while the remaining nine participants (15%) were lost to follow-up.

Eighteen of the 60 participants (30%) reported no issues with return to driving. The top
three issues reported by participants which prevented them from returning to driving
included: “not feeling 100% right” (n = 14, 23%), headaches and pain (n = 12, 20%), and
dizziness (n = 5, 8%).

DISCUSSION
The results of this study demonstrate the complex issue of predicting fitness-to-drive after
mTBI, and predicting a time trajectory for recovery. At 24 hours post injury, patients
with a mTBI displayed difficulties on only 1 of 5 assessments thought to represent
various aspects of fitness-to-drive, and yet, only 26 of the 60 participants had returned to
driving at two weeks post injury. Participants reported ongoing issues with “not feeling
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100% right”, headaches and pain, and dizziness which had prevented them from return to
driving even though they had permission to do so by their treating hospital.

With respect to fitness-to-drive status at 24 hours post injury, participants with a mTBI
only displayed difficulties on the OT-DHMT, which requires executive functioning,
planning, decision making and attention skills. The OT-DHMT is a timed test; therefore,
participants were required to employ high-level cognitive skills and respond on-demand
to a task under time pressure. This is similar to actual on-road driving performance,
where many decisions have to be made simultaneously in a dynamic environment in order
to maintain control and safety of the vehicle. In previous research on the OT-DHMT, the
association between results on the maze test (recorded in seconds) and driver assessment
outcome conducted by an OTDA (recorded as “pass” or “fail”) has been examined28.
Data were gathered from 42 drivers presenting for assessment with a range of diagnoses,
such as Alzheimer’s disease, stroke and Parkinson’s disease. Results on the OT-DHMT
were strongly predictive of on-road assessment outcome using the regression model:
ln(Odds of failing on road) = 5.95 + 2.70 (log10 time taken to complete the maze). In
other words, drivers who were slower to complete the maze were at higher odds of failing
the on-road assessment. This result is similar to the findings of the present study, in
which slower test takers were more likely to be ‘non-drivers’ at their two week follow-up
assessment. This may be one reason why skills measured by the MMSE (attention,
concentration and recall) and the RLRCT (knowledge of local road laws) did not show
any differences between the mTBI and orthopaedic control group, as there were no time
demands associated with either one of these tests, unlike the OT-DHMT.

Results on the OT-DHMT from participants with a mTBI support clinical practice
guidelines, which mandate that patients do not drive for 24 hours post injury (in Australia
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- Austroads, 20129; in America - Department of Motor Vehicles, 201310; in Europe PORTARE, 200911). These results also suggest that mTBI is associated with impairments
in fitness-to-drive at this 24 hour period. However, findings from the present study differ
from previous research20, where it was found that participants with a mTBI were
significantly slower to respond to traffic hazards on the UQ-HPT when compared with
participants with orthopaedic injuries. Although both are Australian studies, the samples
used in the research did not have the same demographics, which may explain this
difference. Specifically, the mTBI sample in Preece, Horswill, and Geffen (2010)20 were
on average 10.23 hours (SD = 5.22) post injury when they participated in the study,
whereas the mTBI participants in the present study completed the UQ-HPT on average
almost 20 hours later (M = 30.68, SD = 10.24). This suggests that hazard perception
skills may be affected immediately after mTBI, but quickly recover after this time-point.

With respect to driving status after the 24 hour assessment period, clinical practice
guidelines at the study recruitment site state that patients should not drive for two weeks
post mTBI. This recommendation is based on the nature of recovery after mTBI, where
symptoms are most pronounced 24 hours post injury and rapidly improve within two
weeks8. All mTBI participants in the present study had received this information from
their treating occupational therapist, and knew that they were allowed to return to driving
at the two week time-point. It was therefore unexpected that only 26 of the 60 had done
so, and suggests that the ongoing symptoms experienced by these participants were
influencing their self-perceived fitness-to-drive. When considering this, it is not
surprising that the variables examined within accounted for only 31% of the variance in
time taken to return to driving. It seems that factors not captured by age, injury severity,
nor fitness-to-drive assessment scores are influencing the time that it takes for people to
return to driving post mTBI. This is evident by the high proportion of participants who
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reported “not feeling 100% right” at their two week follow-up. Further research is
required to investigate exactly why it is that patients who have been cleared to return to
driving and who were active drivers prior to their injury, are not resuming this activity.
In-depth interviews or small focus groups to identify what some of the other issues are
that determine when the mTBI cohort feel that they are safe to return to driving. One
hypothesis previously identified is the link between mTBI and PTSD3,4. When studying
driving behaviour in combat veterans with mTBI and PTSD, it has been reported that
combat veterans made more speed regulation errors (i.e. driving too fast) and more
adjustment-to-stimuli errors (i.e. not adjusting vehicle position in relation to other road
users) than control participants on a driving simulator3. In other words, combat veterans
with mTBI and PTSD displayed aggressive driving behaviour. However, it is not
surprising that these results are different to the present study in which participants were
passive (rather than aggressive) and self-regulated a delay or total cessation in return to
driving, given that combat veterans are trained to engage specifically in this form of
aggressive driving for war zones. Passive or avoidance behaviour in the general
population is commonly associated with PTSD34, and this suggests that the participants
who reported no intention at all to return to driving (due to flashbacks) require clinical
follow-up, not just from a narrow mTBI perspective but perhaps also from a wider PTSD
perspective. In addition, regardless of age, a high proportion of participations in this
study displayed heavy self-regulation and prolonged the time taken return to driving.
Participants may have felt that returning to driving might put themselves and/or others at
risk, and if left to develop further over time, this has the potential to turn into the same
behaviour as that displayed by those participants who reported no intention to resume
driving. Given the importance of driving in promoting independence in everyday life and
given that all of the participants in this study were active drivers prior to their injury, this
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avoidance behaviour is concerning. Although we did not test for PTSD in this study,
further studies should investigate this potential link for patients with a mTBI.

The following study limitations need to be considered. The sample size was relatively
small, and as such, the linear regression is likely to have been underpowered, since data
from only 60 participants were used. In addition, the inclusion criteria employed for
participant recruitment were narrow. This was necessary in order to exclude factors other
than mTBI from influencing fitness-to-drive results. Similarly, data presented in this
study represents a single site trial in Australia, and it could be argued that much of the
data from the present research is self-report in nature and therefore susceptible to bias.
Specifically, it might be argued that some of the participants were actually fit-to-drive
even though they had chosen not to at their two week follow-up. Similar to a previous
study28, comprehensive driver evaluations (comprised of both off-road and on-road
testing) conducted by OTDAs could be used to evaluate this decision objectively.
Specifically, it would be interesting to determine what cut-off scores on the OT-DHMT
predict failing an on-road assessment. These scores could then be used to screen patients
with a mTBI in acute hospital settings to identify who may have difficulties with
returning to driving, once they are discharged from hospital so that timely intervention
(such as referral to out-patient driver assessment clinics) can be provided. In this
instance, multi-centre trials would further enhance the quality and generalizability of the
data obtained.

Combined results from the present study and Preece, Horswill, and Geffen (2010)20
provide evidence to confirm that aspects of people’s fitness-to-drive skills are affected at
24 hours after mTBI. We can confidently advise patients not to drive for 24 hours post
injury, confirming current clinical practice guidelines (in Australia - Austroads, 20129; in
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America - Department of Motor Vehicles, 201310; in Europe - PORTARE, 200911). The
results from the present study also suggest that as clinicians working with this population
group, it is vital to educate patients on the ongoing symptoms and problems they may
face in return to driving. While it is tempting to assume that drivers resume this activity
quickly and easily after mTBI, this study has indicated that a significant proportion of
patients do not, and the reason for this delay cannot be explained by factors easily
measured. Therefore, further investigation of factors, such as PTSD or other
psychological issues, warrants attention. This study has started to map the nature of some
of the issues surrounding return to driving after mTBI; however, ongoing research is
required to establish a time trajectory in the recovery of fitness-to-drive so that evidence
based recommendations can be provided to this population group.
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Table 1. Demographic Details (mTBI and Orthopaedic Participants).

Variable

mTBI
M (SD)

n = 60
Range

Orthopaedic
M (SD)

n = 60
Range

Significance Test
t(df), p =

Pre-Injury Characteristics
39.47 (15.38)
18 to 64
38.23 (13.32)
19 to 65
0.47(118), p = 0.64
 Age (years)
6.72
(2.80)
2
to
14
7.45
(2.77)
3
to
14
-1.44(118),
p = 0.15
 Education (years)
1.05 (1.62)
0 to 7
0.85 (1.66)
0 to 10
0.67(118), p = 0.51
 Prior mTBI (number)
Driving History
20.38 (15.36)
1 to 46
19.37 (13.49)
1 to 47
0.38(118), p = 0.70
 Driving (years)
1475.00 (6444.34)
0 to 5000
335.17 (400.13)
0 to 2500
1.37(118), p = 0.17
 KM/Week (km)
a
0.33
(0.57)
0
to
2
0.15
(0.36)
0
to
1
2.10(118), p = 0.04
 Crashes (number)
Injury Details
30.68 (10.24)
12 to 48
32.05 (11.57)
12 to 48
-.069(118), p = 0.46
 Time post injury (hours)
2.18
(5.66)
0
to
30
 LOC (minutes)
b
4.75 (7.98)
0 to 24
 PTA (hours)
14.62
(0.64)
13
to
15
 GCS
Note. LOC = Loss of Consciousness, PTA = Post Traumatic Amnesia, GCS = Glasgow Coma Scale
a
crash defined as: “to hit something hard enough to cause damage to the vehicle and/or injury to the occupants”, within the past year
b
PTA data available for n = 8 mTBI participants only
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Table 2. Fitness-To-Drive Status – 24 Hours (mTBI and Orthopaedic Participants).
Variable

mTBI
M (SD)
28.70 (1.33)
20.29 (6.62)
32.58 (2.54)

n = 60
Range
25 to 30
8.50 to 40.56
23 to 37

Orthopaedic
M (SD)
28.70 (1.25)
15.79 (6.60)
33.10 (2.50)

n = 60
Range
25 to 30
6.81 to 47.75
25 to 37

Significance Test
t(df), p =
0.21(118), p = 0.83
3.73(118), p = 0.001
-1.12(118), p = 0.26

MMSE (out of 30)
OT-DHMT (seconds)
RLRCT (out of 37)
UQ-HPT
o SSRT (seconds)
n = 55, 1.52 (0.28)
0.96 to 2.04
n = 57, 1.41 (0.29)
0.95 to 2.11
2.08(110), p = 0.04
o HPT-RT(seconds)
n = 51, 4.23 (1.17)
2.21 to 7.90
n = 54, 3.88 (1.38)
1.56 to 6.99
1.57(103), p = 0.12
o HPT-HR (proportion
n = 54, 0.84 (0.19)
0.06 to 1.00
n = 56, 0.89 (0.18)
0.06 to 1.00
-1.68(108), p = 0.96
out of 1)
Note. MMSE = Mini Mental State Examination, OT-DHMT = Occupational Therapy-Drive Home Maze Test, RLRCT = Road Law and
Road Craft Test, UQ-HPT = University of Queensland-Hazard Perception Test (comprised of: SSRT = Simple Spatial Response Time, HPTRT = Hazard Perception Response Time, HPT-HR = Hazard Perception Test Hit Rate)
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Table 3. OT-DHMT Completion Speed at 24 Hours, and Driving Status at 2 Weeks Post Injury.

OT-DHMT Completion Speed
 fast = 0 – 10 seconds
 medium = 11 – 20 seconds
 slow = >21 seconds
TOTAL for n = 120

Age
M (SD) Range
34.00 (9.90) 20 to 50
40.01 (14.41) 18 to 65
38.32 (15.77) 18 to 64

Driving Status
‘Driver’
‘Non-Driver’
n = (%)
n = (%)
15 (12.5%)
0 (0%)
55 (46%)
19 (16%)
16 (13%)
15 (12.5%)
86 (71.5%)
34 (28.5%)
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Chapter 6
DISCUSSION AND CONCLUSION

Chapter Overview
Mild traumatic brain injury comprises 70-90% of all traumatic brain injuries
sustained in developed countries, including Australia (Cassidy et al., 2004). Roughly, this
translates to 493 to 653 per 100 000 people who sustain a mTBI (Marshall, Bayley,
McCullagh, Velikonja, & Berrigan, 2012). Given the size of the mTBI population, there
is a need for research to support returning to a range of occupations post injury, including
driving. Therefore, this thesis describes research that began with the process of
summarising the current literature available about fitness-to-drive after mTBI, examining
the limitations of this literature, and presenting three sequential studies designed to
address existing research gaps. This chapter will summarise key findings from each of
the three studies, discuss the strengths and limitations of the research, and provide
direction for future research in the area.

Summary of Findings
The literature concerning fitness-to-drive after mTBI was summarised in Chapter
2. In this chapter, key problems with current studies in the field were identified.
Specifically, issues were noted with the time-frames that have been selected for data
collection with this cohort. Only one study had assessed participants within 24 hour post
injury (Preece, Geffen, & Horswill, 2013). This time-frame is consistent with when
symptoms are most pronounced after mTBI (McCrea et al., 2009). The majority of
existing research however had assessed participants anywhere between 3.3 years (Fisk,
Schneider, & Novack, 1998) to 7.13 years post injury (Schneider & Gouvier, 2005). This
time-frame is in contrast with the nature of recovery after mTBI, where symptoms are
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usually resolved within three months (McCrea et al., 2009) and at most one year post
injury (Hartvigsen et al., 2014). In addition, it was noted in Chapter 2 that some of the
assessments that have been used with the mTBI cohort to date do not actually measure
fitness-to-drive in a valid and/or reliable manner. Fisk, Schneider, and Novack (1998) for
example used a survey to explore fitness-to-drive in their research, while Schneider and
Gouvier (2005) used the Useful Field Of View (Ball & Roenker, 1998), and Hawley
(2001) used the Functional Independence Measure and the Functional Assessment
Measure (Hamilton, Granger, Sherwin, Zielezny, & Tashman, 1987). Together with the
use of sub-optimal time-frames for data collection, use of such assessments has resulted
in a very limited understanding of the nature of fitness-to-drive recovery after mTBI. In
order to build evidence to support clinical practice in this area, the literature on assessing
fitness-to-drive was further reviewed and critically analysed in Study 1. Specifically, this
was completed in order to identify what methods and assessments are, or could be, used
in the acute hospital setting to determine whether people who have sustained a mTBI are
fit-to-drive post injury. The published evidence that was available (as reported in Study
1) suggested that while a variety of methods and assessments are currently used, there is
little research evidence to support when people are able to return to driving after mTBI.
Together with existing systematic reviews (Classen et al., 2009; Ortoleva, Brugger, Van
der Linden, & Walder, 2012), this raised the question about what recommendations
clinicians make if there are few assessments available to inform their decision making
with this cohort. If clinicians do not have evidence on what methods and assessments to
use to guide decisions making, then it stands to reason that there will be variation in the
recommendations made about fitness-to-drive after mTBI. However, to date, information
about the fitness-to-drive recommendations that are made in acute hospitals had not been
summarised for the Australian population. Therefore, in Study 2 a survey was conducted
in order to determine the type of information that is provided in Australian emergency
140

departments to people after mTBI, with respect to fitness-to-drive post injury. Key
findings from this audit indicated that no consensus exists in the fitness-to-drive
recommendations provided to patients after mTBI, and clinicians also reported the need
for a review of fitness-to-drive management guidelines. The combined results from the
literature reviewed in Chapter 2, Study 1 and Study 2 suggested that to make progress in
this area, further research was required to guide clinical practice. Specifically, this
research needed to: 1) use standardised assessments that could also be used in every-day
clinical practice, and 2) provide longitudinal evidence (using these same standardised
assessments) of a trajectory in the recovery of fitness-to-drive after mTBI. This research
could then be used to inform evidence-based guidelines in clinical practice. In Study 3, a
case control study was used to establish a trajectory in the recovery of fitness-to-drive
after mTBI, in-line with the expected recovery time-frame post injury. The results from
Study 3 suggested that within the acute stages post injury, mTBI is associated with
impairment in some of the skills required for safe driving including: attention, planning,
decision making, and executive functioning (Lundin, De Boussard, Edman, & Borg,
2006; McCrea et al., 2009; Unsworth, Pallant, Russell, & Odell, 2011). Injury severity
combined with scores from the 24 hour assessment predicted 31% of the variability in
time taken to return to driving. Issues reported by participants about returning to driving
after mTBI included: “not feeling 100% right”, headaches and pain, and dizziness. Other
factors which were not tested for in this research, but may influence time to return to
driving, include practical considerations (such as buying a new car if the participant’s old
one is destroyed in the accident when they sustain their mTBI) and psycho-social factors
(such as PTSD). However, further research is required to establish factors which
facilitate return to driving versus those which do not, given that a modified version of
Study 3 had to be executed. This was necessary due to poor recruitment to the original
protocol because of the time commitments associated with completing a CDE and the
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potential burden to participants of undertaking the on-road component. In addition, the
results of Study 3 indicate that it is too soon to conduct comprehensive driver assessments
with the mTBI population when they are between 24 hours and two weeks post injury.
This is suggested by the fact that only 26 of the 60 participants (44%) had returned to
driving by the time of their two week assessment. Further research is required to
determine the exact time-frame for the recovery of fitness-to-drive skills after mTBI in
order to: 1) assess people at the correct time-frame and 2) to develop clinical practice
guidelines.

Implications of Findings
The first step in establishing factors which facilitate return to driving versus those
which do not is to use valid and reliable assessments to represent these constructs. In
Study 1, it was identified that no consistency exists in the methods that have been used to
research fitness-to-drive in the mTBI population to date. Self-reported questionnaires
have been used in two studies (Fisk, Schneider, & Novack, 1998; Hawley, 2001), while
non-standardised assessments of fitness-to-drive (Schneider & Gouvier, 2005),
information provision (Moore & Leathem, 2004), questionnaires completed by next-ofkin (Kreutzer et al., 2009), and computer-based driving simulator tests (Preece, Horswill,
& Geffen, 2010) have been used in one study each. In addition, only one study (Preece,
Horswill, & Geffen, 2010) has been completed in the acute hospital setting. This is the
key setting of interest for the mTBI population, given that this is where medical treatment
is most commonly provided post injury and where fitness-to-drive recommendations
therefore have to be made (Cassidy et al., 2004). In the one study that has been
conducted in a large acute hospital in Australia, Preece, Horswill, and Geffen (2010) used
the UQ-HPT (Horswill et al., 2008; Smith, Horswill, Chambers, & Wetton, 2009; Wallis
& Horswill, 2007; Wetton et al., 2010) to examine the effects of mTBI on drivers’ hazard
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perception skills at 24 hours post injury. Similar to Study 3, convenience sampling was
used to recruit participants who had sustained a mTBI and matched participants who had
sustained an orthopaedic injury. Preece, Horswill, and Geffen (2010) found that
participants who had sustained a mTBI were significantly slower to respond to traffic
hazards when compared with participants who had sustained an orthopaedic injury (p =
.03, d = .48). This data provides an indication that drivers with a mTBI are slower to
detect hazards, appraise the seriousness of the hazard, and provide a response. These
results however are in contrast to the two driver-related aspects of the UQ-HPT (HPT-RT
and HPT-HR) results reported within Study 3, where no significant differences between
the two groups were shown (p = 0.12 and p = 0.96 respectively). One factor that may
account for the differences between these two studies is time post injury. The mTBI
sample in Preece, Horswill, and Geffen (2010) were on average 10.23 hours post injury
(SD = 5.22) when they participated in the study, whereas in Study 3, mTBI participants
completed the UQ-HPT on average almost 20 hours later than this (M = 30.68, SD =
10.24). This suggests that hazard perception skills may be affected immediately post
injury, but quickly recover after this time-point. Similar to ideas raised in the literature in
Chapter 2, this also indicates that further research is required to determine set cut-scores;
that is, the point at which on-road driving performance can be predicted, based on raw
scores obtained on the UQ-HPT (Scialfa, Borkenhagen, Lyon, & Deschênes, 2013).
Although there is some evidence to suggest that poor hazard perception skills can increase
the probability of a driver being involved in a motor vehicle crash in novice drivers
(Borowsky, Shinar, & Oron-Gilad, 2010; Hedlund & Compton, 2005; Scialfa et al., 2011;
Wallis & Horswill, 2007), these results will need to be replicated with the mTBI
population. This is especially important, given that two separate studies which used the
same version of the UQ-HPT and had a similar methodology obtained different results
(Preece, Horswill, & Geffen, 2010 and Study 3). The UQ-HPT does have the potential to
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be a valuable assessment of fitness-to-drive after mTBI. However, further psychometric
studies with larger sample sizes are required, alongside longitudinal follow-up. This will
enable raw scores obtained on the UQ-HPT to be matched with an expected level of onroad driving performance.
In the standards mandated by Austroads (2012) and OT AUSTRALIA-Victoria
(1998), hazard perception skills are just one component comprising the construct of
fitness-to-drive. A range of other physical, sensory, cognitive, and perceptual skills are
required in tandem and in unison for safe driving performance. This idea of a complex
inter-play of fitness-to-drive factors matches with the regression model generated in
Study 3, where only a modest portion of the variance in the time taken to return to driving
was able to be accounted for by injury severity and a range of fitness-to-drive assessment
scores. In this equation, only the OT-DHMT (Unsworth, Pallant, Russell, & Odell, 2011)
came close to predicting time to return to driving. It was also the only test to show a
significant difference in scores between the mTBI group and the orthopaedic control
group at the 24 hour assessment. Skills measured by the MMSE (attention, concentration
and recall) and the RLRCT (knowledge of local road laws) did not show any differences
between the mTBI and orthopaedic control group. In previous research on the RLRCT
(Unsworth, Pallant, Russell, Germano, & Odell, 2010), it was reported that there were not
many “difficult items” on the RLRCT (that is; items which only people with excellent
road law and road craft would get correct). This matches the main aim of the RLRCT,
which is to identify drivers with limited or poor levels of road law and road craft. This
suggests that the RLRCT is not sensitive enough to identify the more subtle and acute
problems experienced by the mTBI cohort, as the RLRCT has been designed to assess
long-term knowledge, understanding and application of road law. This lack of sensitivity
may be one reason why the RLRCT did not show any differences between the two groups
in Study 3. The OT-DHMT appeared, however, to be more sensitive to the nature of
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cognitive deficits after mTBI. One factor that may account for the sensitivity of the OTDHMT to identify deficits in the mTBI group may be associated with the time pressures
of the test, since participants knew that they were being timed and were requested to
complete the task as quickly as possible. From a cognitive-perceptual perspective, this
meant that participants were required to employ and integrate attention, planning,
decision making and executive functioning skills to be able to respond on-demand. These
demands are similar to actual on-road driving performance, where many skills have to be
integrated in a dynamic environment in order to maintain control and safety of the
vehicle. This interaction is described in the GADGET Model (Christ et al., 1999), where
‘vehicle manoeuvring’ is the lowest level of driving related behaviour and skills, ‘mastery
of traffic situations’ is the second level, ‘driving goals and context’ is the third level, and
the fourth level is comprised of ‘knowledge about/control over how life-goals and
personal tendencies affect driving behaviour’. The impairments associated with mTBI in
attention, planning, decision making and executive functioning (as measured by the OTDHMT) have the potential to affect fitness-to-drive at the level of ‘vehicle manoeuvring’;
that is the lowest level of driving skill. This impairment is of concern, given that the
model is hierarchical and inter-dependent, and the decisions and choices that are made at
the ‘vehicle manoeuvring’ level will in-turn affect driving performance at each of the
higher levels.
This difficulty with basic driving skills may be one reason why only 26 of the 60
participants (44%) had returned to driving within the expected two week time-frame in
Study 3. It appears that the majority of the participants were not ready to return to
driving, given the complexity of this occupation. It is possible that participants may have
felt like they might put themselves and/or others at risk by returning to driving. In
previous research looking at driving status after TBI, Fisk, Schneider, and Novack (1998)
reported that 40% of the participants in their study had not returned to driving post injury.
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This is similar to the proportion of participants who had also not returned to driving in
Study 3 (56%), even with clearance to do so from their treating hospital. Together, these
results suggest that people do self-regulate their return to driving. However, this then
raises the question of whether this self-regulation is appropriate or if these participants are
delaying their return to driving for a longer period of time than is necessary. The OTDHMT results appeared to be sensitive to some of this complexity, where “fast” test
takers were the only group to all be ‘drivers’ at their two week follow-up. Although the
OT-DHMT does show promise for use in clinical practice to screen patients’ ability to
return to driving in a timely manner, further research on the assessment is required.
Similar to the UQ-HPT, cut-scores on the OT-DHMT need to be established for drivers
who are safe to return, drivers who are able to use their discretion to determine when it is
safe for them to return to driving, and drivers who are not yet safe to resume this
occupation. Preliminary evidence of predictive validity of the OT-DHMT does exist in
other population groups (Alzheimer’s disease, stroke, and Parkinson’s disease), where
results on the OT-DHMT have been shown to be strongly predictive of on-road driver
assessment outcome (Krishnasamy & Unsworth, 2011). However, exact cut-scores are
yet to be reported, thus limiting the use of the OT-DHMT in clinical practice with people
after mTBI.
The research presented in this thesis has helped to identify two assessments (the
UQ-HPT and the OT-DHMT) that might be of benefit in predicting the best time to return
to driving after mTBI. However, as noted previously, both of these assessments require
further psychometric testing prior to routine use in clinical practice. This leaves
clinicians, including occupational therapists and OTDAs, who work with the mTBI
population in a potentially difficult position. Occupational therapists are trained to enable
the people they work with to return to their everyday occupations, including driving, as
quickly and as safely as possible (Polatajko, Townsend, & Craik, 2007). For many
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people, driving is a task that is undertaken daily; people may drive for work, for leisure,
or to aid their engagement in community activities. In previous research on return to
driving after TBI, Hawley (2001) noted that many participants reported problems with
behaviour, memory, concentration/attention, and vision. Still these participants had
returned to driving, given the importance of the occupation. It seems that the existence of
problems that can affect fitness-to-drive, do not necessarily prevent people from driving if
they wish to do so. In addition, people who do not resume driving after TBI show lower
levels of community integration when compared with those who do (Rapport, Hanks, &
Coleman Bryer, 2006). The CMOP-E (as presented in Chapter 2) describes this
reciprocal interaction between a person, their environment, and their occupational
performance (Polatajko, Townsend, & Craik, 2007). This model suggests that a timely
return to everyday occupations after injury is indicated to maintain a person’s
occupational performance as well as their ability to engage in their environment.
However, the question remains in clinical practice about what to advise a patient about
the best time-frame for return to driving after mTBI.
To answer this question, combined results from Preece, Horswill, and Geffen
(2010) and Study 3 provide preliminary evidence to suggest that patients should not drive
for at least 24 hours after mTBI, confirming existing clinical practice guidelines (in
Australia - Austroads, 2012; in America - Department of Motor Vehicles, 2013; in Europe
- PORTARE, 2009). Beyond this, it is recommended that patients be provided with
education about the nature of the skill deficits commonly associated with mTBI and
problems they may experience in return to driving. Patients may also need to be
counselled about the potential for delay or not returning to driving at all, when driving is
not possible, and the problem of PTSD may also need to be assessed in this cohort. With
further testing on the predictive properties of the UQ-HPT and the OT-DHMT, these tests
may be able to be used in acute hospital settings to identify people who may have
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difficulties with returning to driving once they are discharged home so that timely
intervention can be provided. Specifically, referrals to out-patient driver assessment
clinics may be appropriate to enable patients to develop strategies that help facilitate a
graded return to driving. These strategies may include interventions aimed at the level of
the person (e.g. psycho-education to help identify self-perceived barriers to return to
driving, and to provide education on strategies to help over-come these barriers), the
environment (e.g. changing the driving environment by avoiding peak-hour travel), or the
occupation (e.g. having a series of lessons with a driving instructor prior to independent
driving), in-line with CMOP-E. Until a validated time trajectory in the recovery of
fitness-to-drive skills is established, some patients may benefit from this option of outpatient follow-up to help ensure successful return to driving after mTBI.

Limitations and Directions for Future Research
The limitations of this research program are summarised below in relation to each
of the three studies.
Study 1 – Systematic Review: because of the heterogeneity in the methods and
assessments of fitness-to-drive used in each of the individual mTBI studies and the
paucity of useful research data, it was not possible to pool the results in Study 1 in a metaanalysis. This was not an unexpected finding, and is consistent with similar systematic
reviews on fitness-to-drive with the TBI population in general. In the two systematic
reviews discussed in Chapter 2 (Classen et al., 2009; Ortoleva, Brugger, Van der Linden,
& Walder, 2012), none of the authors were able to pool their results. At present, there is
no way to avoid this limitation. The issue of fitness-to-drive after mTBI is considered to
be an emerging area of practice, and therefore there are only a small number of studies
available on this topic, most of which have many methodological limitations. Welldesigned randomised controlled trials are indicated for assessing fitness-to-drive after
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mTBI. This will be the only way of enabling systematic reviews to be conducted,
reported on, and be used in a way that provides statistical significance and is of clinical
value.
Study 2 – Emergency Department Survey: it could be argued that the respondents’
awareness of fitness-to-drive guidelines (Austroads, 2012) and personal opinions could
not be explored in great depth by using a survey design in Study 2, since these constructs
require a different approach to explore. However, the survey did fulfil its intended aim to
reach a large number of clinicians and to obtain an over-view of the issues at hand about
fitness-to-drive after mTBI. Moore and Leathem (2004) are the only other researchers to
have completed similar research, and in their study, it was reported that 62% of
respondents gave some form of advice around when a person was fit-to-drive after mTBI.
This finding is in contrast to the present research, where only 36% of the respondents
recommended a period of “no driving” post injury. It is an interesting difference which
could be explored in future research, again using a survey design with specifically
tailored questions or by using in-depth interviews if enough hospitals were willing to
commit to the time demand of this method. The processes that occur in the emergency
departments of the 64% of respondents in Study 2 who do not advise a non-driving period
after mTBI could be explored. Even though a specific non-driving period was not
advised, it is possible that the issue of fitness-to-drive is addressed in an alternative
manner by these emergency departments. For example, these emergency departments
may advise patients to self-regulate their return to driving, and that they may return to
driving as soon as they feel up to doing so. It would be important to know what evidence
these hospitals are drawing upon to support their own processes that does not involve a
non-driving period, since most national guidelines recommend that patients do not drive
for a minimum of 24 hours post mTBI (in Australia - Austroads, 2012; in America Department of Motor Vehicles, 2013; in Europe - PORTARE, 2009).
149

Study 3 – Case Control Study: in assessment based studies, such as in the case of
Study 3, random selection and assignment of participants is not feasible when naturally
occurring groups are used. This means that a quasi-experimental design has to be adopted
(Portney & Watkins, 2009), and this limits the researchers’ ability to conduct the types of
high-quality trials that were identified in Study 1 as being necessary for assessing fitnessto-drive in a statistically and clinically significant manner. Multi-centre trials can
enhance the quality and generalisability of the data obtained in quasi-experimental
studies; however, a multi-centre trial was beyond the scope of this doctoral research,
given the limited time-frame and funding available. It is acknowledged that the data
presented represents a single site trial in Australia, and it could be argued that much of the
data from this research is self-report in nature and therefore susceptible to bias. In
changing from Protocol 1 to Protocol 2, the on-road assessment had to be removed, which
was known to prevent the study results from accurately establishing a trajectory in the
recovery of fitness-to-drive after mTBI. In addition, it could also be argued that some of
the participants may actually have been fit-to-drive, even though they had chosen not to
do so at their two week follow-up. Comprehensive driver evaluations (comprised of both
off-road and on-road testing) conducted by specially trained OTDAs would be considered
the ‘gold standard’ to evaluate this decision objectively (as discussed previously).
However, Protocol 1 using CDEs was attempted, and proved not to be feasible. This is
consistent with existing research with shows that people may feel anxious, angry, or
threatened about the fact that their drivers’ licence is under review (Selander, Lee,
Johansson, & Falkmer, 2011; Whitehead, Howie, & Lovell, 2006). There is no easy way
to address this issue as financial incentives were not successful in this research, and with
this in mind, future research should probably not to attempt use of CDEs again, without
first gathering information from the perspective of people with a mTBI. Alternatively, a
study mandated by the licensing authority could ensure that patients complete a CDE post
150

mTBI to prove that they are fit-to-drive. It might be possible for an emergency
department to partner with a licensing authority to undertake this kind of research in the
future.
To extend present research, it is proposed that future studies could be used to
recruit patients with a mTBI from an acute hospital setting, and provide longitudinal
follow-up post discharge from the hospital. In-depth interviews or focus groups, as well
as further neuropsychological testing, could be used to investigate the concept of “not
feeling 100% right”. This is an issue that is likely to arise in subsequent fitness-to-drive
studies, given the high proportion of participants who reported this feeling in Study 3.
Investigating the concept of “not feeling 100% right” may help to identify the other 69%
of the variance in the time taken to return to driving after mTBI. One hypothesis is the
previously identified link between mTBI and PTSD (Classen et al., 2011; Reid et al.,
2014); however, data is currently only available for combat veterans who display more
aggressive driving to that of the general population. Including a screening tool of PTSD
already validated in the area of road trauma, such as the Impact of Event Scale (Weiss &
Marmar, 1997) or the PTSD Symptom Scale – Self-Report (Falsetti, Resnick, Resick, &
Kilpatrick, 1993), is indicated. This type of longitudinal study could also provide further
data about the average time taken to return to driving for a larger sample of mTBI
patients, which could be used to guide protocol development around the best time-point
and best way to administer a CDE with this cohort.

Conclusion
Fitness-to-drive after mTBI is an important, but complex issue. This body of
work has expanded the previously limited evidence available to inform recommendations
in clinical practice for this cohort about when it is safe to resume driving. This is the first
time that patients with a mTBI have been assessed in the acute hospital setting, and then
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followed up within the expected recovery time-frame. Preliminary evidence has been
provided to confirm that some aspects of fitness-to-drive are affected at 24 hours after
mTBI, as measured by the OT-DHMT. These results supports existing clinical practice
guidelines which advise patients not to drive for 24 hours post injury (in Australia Austroads, 2012; in America - Department of Motor Vehicles, 2013; in Europe PORTARE, 2009). The results also suggest some of the ongoing symptoms and problems
this cohort may face in return to driving such as headache, dizziness, and a subjective
feeling by the patient that they are just not right to drive. While this research has started
to map the nature of such deficits, ongoing research is required to establish the exact time
trajectory in the recovery of fitness-to-drive after mTBI. Within this research, clinicians
have reported the need for a review of fitness-to-drive management guidelines in
Australian hospitals, and it is crucial that this is achieved to improve return to driving
rates after mTBI, reduce the risk of motor vehicle accidents and ensure the safety of all
road users.
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ARE INDIVIDUALS WHO HAVE SUSTAINED A MILD TRAUMATIC BRAIN
INJURY FIT-TO-DRIVE AFTER DISCHARGE FROM THE ACUTE HOSPITAL
SETTING: PROTOCOL FOR A SYSTEMATIC REVIEW

To date, a number of narrative reviews and a number of systematic reviews have been
published in relation to mild traumatic brain injury (mTBI) (Brenner & Homaifar, 2008;
Carroll, Cassidy, Holm, Kraus, & Coronado, 2004; Classen et al., 2009; McCrea et al.,
2009; Ortoleva, Brugger, Van der Linden, & Walder, 2012; Snell, Surgenor, Hay-Smith,
& Siegert, 2009). However, while these reviews have searched similar electronic
databases and have used similar search terms, few of the reviews have focused on fitnessto-drive as an outcome. In 2009, Classen et al. completed a systematic review on
predicting fitness-to-drive in individuals who had sustained a traumatic brain injury of
any level of severity. From this review, the authors concluded that: “a clear need exists to
study driving performance among people with differing severity of TBI” (Classen et al.,
2009, p. 590). Beyond the Austroads (2012) standards referenced within this thesis,
limited attention has been directed to developing evidence-based guidelines of fitness-todrive for individuals who have sustained a mTBI. Further research is required about how
to determine when this population group are fit-to-drive post injury. This will enable
clinicians to use valid and reliable assessments to provide accurate recommendations. It
is important that specific evidence is obtained that can be used in the acute hospital
setting, given that this is where the majority of individuals who sustain a mTBI are treated
(Cassidy et al., 2004). The aims of this systematic review are therefore to:
1) identify what methods are used to determine if individuals who have sustained
a mTBI are fit-to-drive post injury,
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2) identify what assessments are used in the acute hospital setting to determine
fitness-to-drive with this population group, and
3) identify standardised assessments that could be used in the acute hospital
setting to predict fitness-to-drive after mTBI (including assessments that are
available, but have not yet been used with a dedicated sample of mTBI
participants).
Method
The Cochrane Handbook for Systematic Reviews of Interventions (2011) and the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
Statement (2009) provide guidelines to assist authors to accurately prepare and report
systematic reviews. These documents, plus additional resources (Wright, Brand, Dunn, &
Spindler, 2007), have been consulted in the development of the protocol for this
systematic review.

Search Strategy: Electronic Databases
To identify articles to be used in this systematic review, the electronic databases
MEDLINE, CINAHL, PsychInfo, Embase, The Cochrane Library, and OT Seeker will be
searched from inception to April 30th, 2013.

Search Strategy: Keywords
The keywords that will be used when searching the electronic databases are listed
in Table 1. This systematic review will include a population (individuals who have
sustained a mTBI) and outcome (fitness-to-drive) group only.
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Table 1. Keywords to be used to Search the Electronic Databases.
Population

Outcome

Mild traumatic brain injury

Fit$ to driv$

Mild TBI

Automobile Driv$

Mild closed head injury

Driv$ perform$

Minor head injury

Driv$ ability

Concussion

Driv$ skill$

Brain concussion

Driv$ competence

Post concussion syndrome

Driv$

Acquired brain injury
ABI
Note. The $ sign is used to indicate truncation to a word.
The keywords listed in Table 1 will be mapped to Medical Subject Headings
(MeSH) or thesaurus terms in the electronic databases. In each of the searches
completed, these MeSH terms plus free text words will be used. The search strategy will
first be developed and used in MEDLINE, and will then be adapted accordingly for use in
each of the other electronic databases.

Search Strategy: Other
The reference list of all articles that meet the inclusion criteria for this systematic
review, as described later in this protocol, will be screened to identify any other articles
that were not identified initially by searching the electronic databases. On-line citation
tracking will also be completed for all articles that meet the inclusion criteria. The
websites of key brain injury associations and road traffic associations will be screened to
identify any articles not published in journals.
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Justification: As the electronic databases and keywords that will be used in this review
are in-line with other systematic reviews that have been completed in the area of mTBI
(Brenner & Homaifar, 2008; Carroll, Cassidy, Holm, Kraus, & Coronado, 2004; Classen
et al., 2009; McCrea et al., 2009; Ortoleva, Brugger, Van der Linden, & Walder, in press;
Snell, Surgenor, Hay-Smith, & Siegert, 2012), it is anticipated that this search strategy
will yield the most relevant articles for the review. Scanning the reference list of included
articles and screening specific websites will reduce the chance of articles being
overlooked, and will also reduce the risk of publication bias.

All citations identified in the search of the electronic databases will be
downloaded into a bibliographic management software program (EndNote), and duplicate
articles will be deleted. All remaining articles will then be screened based on title and
abstract to determine their eligibility for inclusion or exclusion in this systematic review.
If insufficient evidence is available from the title and abstract to make a decision on
whether to include or exclude the study, the full text of the article will be obtained. If
further clarification is still required, the primary author of the study will be contacted. All
articles will be independently screened for inclusion or exclusion by two reviewers, as per
the recommended protocol for completing a systematic review (Wright, Brand, Dunn, &
Spindler, 2007). If agreement cannot be reached between the two reviewers after
discussion of the article, the opinion of a third reviewer will be sought.

Inclusion/Exclusion Criteria
For an article to be included in Aim 1 and Aim 2 of this systematic review, each
of the following criteria have to be satisfied.
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Population
Participants in the study have to:


Have sustained a mTBI, as defined by Carroll et al. (2004): confusion or
disorientation after the event, the experience of transient neurological
abnormalities not requiring surgery, LOC ≤ 30 minutes, PTA ≤ 24 hours, GCS
score 13-15



Be free from any co-morbidities that may impact on fitness-to-drive



Be a current in-patient at an acute hospital setting or have been admitted and
discharged from an acute hospital setting, either to home or to a rehabilitation
centre

Outcome
At least one outcome measure used in the study has to:


Be related to fitness-to-drive, as characterised by one or more of the following:
comprehensive driver evaluations, non-standardised assessments of fitness-todrive, standardised assessments of fitness-to-drive, neuropsychological tests, offroad screening assessments, on-road assessments, information provision, selfreported questionnaires, questionnaires completed by next-of-kin, or computerbased driving simulator tests

Studies will be excluded from this systematic review if one or more of the
following factors are identified.

Population
Participant samples that are:
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Comprised of mixed diagnostic groups (e.g. mTBI and moderate and/or severe
TBI) where data for the mTBI group is significantly different and cannot be
separated out from the other group/s



Comprised of positive imaging findings (e.g. cerebral abnormalities or lesions)



Non-human participants (e.g. crash test dummies)

Study Design
Types of studies that are:


Opinion reviews / narrative reviews / or conference proceedings where no data
can be extracted, non-full text studies, non-English studies, duplicate studies

For an assessment to be included in Aim 3 of this systematic review, each of the
following criteria has to be satisfied. The assessment has to be:


Standardised, and commercially available



Able to be administered in a busy, acute hospital setting. This means that the
assessment has to be: a stand-alone tool, suitable for bedside use, short in length
(less than 15 minutes), able to be resumed if temporarily interrupted, and requires
no equipment to administer (other than the administration booklet, pen and paper)



Related to on-road performance; as characterised by one or more of the following
being recorded: “pass” or “fail” on an on-road test, crash involvement (not selfreported), traffic violations (not self-reported)



Published in at least 2 peer reviewed publications, which report on the
psychometric properties of the tool
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Assessments will be excluded if they are:


Related to driving simulator-based outcomes, which require specialised hardware
in addition to a standard computer

Justification: The Collaborating Centre for Neurotrauma Task Force on Mild Traumatic
Brain Injury completed a comprehensive systematic review on mTBI (Carroll, Cassidy,
Holm, Kraus, & Coronado, 2004). This provided Level 1a evidence. Therefore, the
studies that are reviewed for inclusion or exclusion in this systematic review must meet
the definition for mTBI developed by Carroll et al. (2004) in order to be included in the
review. Participants must also be free from co-morbidities that may impact on fitness-todrive (as per the medical standards detailed by Austroads, 2012), as the effects of mTBI
on fitness-to-drive will not be distinguishable from the effects of these co-morbidities.
Further, participants in the study must either be a current in-patient at an acute hospital
setting or have been admitted and discharged, either to home or to a rehabilitation centre,
in order to be included in this systematic review. Studies where participants have been
discharged to a rehabilitation centre will still be included, as it can be assumed that the
individual was not fit-to-drive at the time of discharge from the acute hospital setting if
rehabilitation was required. Finally, at least one outcome measure in the study must
address fitness-to-drive. This will ensure that the aims of this systematic review are met.
In relation to the study design, the Centre for Evidence Based Medicine (2009) advises
that opinion reviews, narrative reviews, and conference proceedings do not provide
sufficient evidence to inform clinical practice if no raw data can be extracted. These
study designs will therefore be excluded from this systematic review. Non-English
articles will also be excluded, as it is not feasible to obtain the funds required to have the
articles translated. It is acknowledged that this may create biases in the results.
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Once an article is selected for inclusion, the quality of the article will be
independently assessed by two reviewers, as per the recommended protocol for
completing a systematic review (Wright, Brand, Dunn, & Spindler, 2007). If agreement
cannot be reached between the two reviewers after discussion, the opinion of a third
reviewer will be sought.

Quality Assessment
In this systematic review, the Assessment of Multiple Systematic Reviews
(AMSTAR) (Shea et al., 2007) will be used to appraise the quality of any systematic
reviews that meet the inclusion criteria. The AMSTAR contains 11 items evaluating the
methodological quality of a systematic review. A score of 11 indicates high
methodological quality in a systematic review, and a score of 0 indicates low
methodological quality. The AMSTAR has been shown to have acceptable face and
content validity (Shea et al., 2007).

The methodological quality of all other studies identified for inclusion will be
assessed by using the Downs and Black Instrument (Downs & Black, 1998). The Downs
and Black Instrument consists of 27 questions that are grouped into four sections:
‘reporting’, ‘external validity’, ‘internal validity (bias)’, and ‘power’. The psychometric
properties of the Downs and Black Instrument are reported to be acceptable for face and
content validity, internal consistency (KR-20: 0.89), test-retest reliability (r = 0.88), and
inter-rater reliability (r = 0.75) (Downs & Black). In addition, the Downs and Black
Instrument can be adapted to suit the needs of a specific research question. In this
systematic review, all questions pertaining to intervention (Question 4, 8, 14, 19, 23, 24)
will be removed from the instrument, as this review includes a population (individuals
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who have sustained a mTBI) and outcome (fitness-to-drive) group only. Therefore the
maximum score available on the Downs and Black Instrument in this systematic review is
21.

All studies identified for inclusion in this systematic review will also be graded on
their level of evidence, as per the Centre for Evidence Based Medicine (2009). This will
allow comparison of studies that are assessed using the AMSTAR with studies that are
assessed using the Downs and Black Instrument.

Justification: This systematic review will include a population (individuals who have
sustained a mTBI) and outcome (fitness-to-drive) group only. This review will not
include an intervention or comparison group. Therefore, it is anticipated that this review
will yield a wide variety of non-randomised study designs such as systematic reviews,
case-control studies, cohort studies, cross-sectional studies, longitudinal studies, and
single case studies. The AMSTAR has been identified as one of the most up to date
assessment tools for appraising the quality of systematic reviews (Shea et al., 2007), and
the Downs and Black Instrument has been successfully applied to other systematic
reviews in the area of mTBI (McCabe et al., 2007; Rees, Marshall, Hartridge, Mackie, &
Weiser, 2007; Teasell et al., 2007). Therefore, the AMSTAR and the Downs and Black
Instrument will be used to assess the quality of the studies in this systematic review. In
addition, the use of the guidelines from the Centre for Evidence Based Medicine (2009)
will help to evaluate studies fairly, by accounting for differences in methodological
designs, when assessing the quality of the articles that are included in this systematic
review.
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Data Extraction
An electronic data extraction table will be developed, and pilot tested on two to
three studies (Wright, Brand, Dunn, & Spindler, 2007). Modifications will be made to the
data extraction table based on any issues identified, before the table is used to extract and
summarise data from all of the articles identified for inclusion in this systematic review.
To be in-line with other systematic reviews that have been completed in the area of mTBI
(Brenner & Homaifar, 2008; Carroll, Cassidy, Holm, Kraus, & Coronado, 2004; Classen
et al., 2009; McCrea et al., 2009; Ortoleva, Brugger, Van der Linden, & Walder, 2012;
Snell, Surgenor, Hay-Smith, & Siegert, 2009), both a ‘methods’ and a ‘results’ data
extraction table will be used.
The ‘methods’ table will summarise data from an article pertaining to:


publication details, including author/s, year, and country of publication



purpose of the study



design of the study



level of evidence provided by the study (Centre for Evidence Based Medicine)

The ‘results’ table will summarise data from an article pertaining to the:


population of the study, including number of participants and method of sampling



setting of the study, including time since injury



primary and secondary outcome measures used in the study



results of the study, including statistical significance (if reported)



quality rating of the study (AMSTAR or the Downs and Black Instrument)
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Justification: There are no guidelines specifying the type of data that must be extracted
from articles that are included in a systematic review (Wright, Brand, Dunn, & Spindler,
2007). However, by extracting data that is similar to other systematic reviews that have
been completed in the area of mTBI (Brenner & Homaifar, 2008; Carroll, Cassidy, Holm,
Kraus, & Coronado, 2004; Classen et al., 2009; McCrea et al., 2009; Ortoleva, Brugger,
Van der Linden, & Walder, 2012; Snell, Surgenor, Hay-Smith, & Siegert, 2009), the
results of this systematic review will be presented in a manner that is comparable with
these reviews.

Once an article has been assessed for quality and the relevant data have been
extracted from the article, a final decision will be made by two reviewers about the
articles that will be included in this systematic review. This will be summarised in a flow
diagram, as per the PRISMA Statement (2009) for reporting of systematic reviews.

Data Analysis
Data extracted from all of the articles that are included in this systematic review
will be synthesised qualitatively, by using a narrative analysis. This will include
comparing and contrasting the results found between the studies, and summarising the
conclusions based on the quality of the individual studies (as per the AMSTAR or the
Downs & Black Instrument), and the level of evidence of the individual studies (as per
the Centre for Evidence Based Medicine, 2009).

Justification: Quantitative analysis, such as a meta-analysis, of this systematic review
will not be possible due to the anticipated level of heterogeneity in the results. As
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previously stated, it is anticipated that this systematic review will yield a wide variety of
study designs, such as systematic reviews, case-control studies, cohort studies, crosssectional studies, longitudinal studies, and single case studies. Accordingly, it is
anticipated that there will be insufficient similarity in the outcome measures used in these
studies to allow meaningful quantitative analysis of the results. Therefore, a narrative
analysis will be applied to the results of this systematic review.

Conclusion
This paper has highlighted a gap in the literature pertaining to the assessment of fitnessto-drive after mTBI. A clinical question regarding this topic has been developed, and a
protocol for a systematic review to answer this question has been presented. Once
completed, it is anticipated that the results of this systematic review will assist in
assessing if an individual is fit-to-drive after mTBI. With further research, this will help
occupational therapists to provide accurate recommendations to individuals who have
sustained a mTBI regarding their fitness-to-drive upon discharge from the acute hospital
setting.
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Appendix D: Study 2 - Australian Emergency Department Survey
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Australian ED Survey: Fitness-To-Drive After mTBI
AIM: To determine the type of information that is provided nationally in
emergency departments (ED) to people after mild traumatic brain injury (mTBI),
with respect to fitness-to-drive post injury.
TARGET PATIENT GROUP: Adults (aged 18-65 years) who have sustained a
mTBI, have a current driver’s licence and wish to return to driving post injury.

About mTBI
For the purposes of this survey, mTBI is defined by a patient experiencing one or
more of the following:


confusion or disorientation after the event



the experience of transient neurological abnormalities not requiring surgery



loss of consciousness (LOC) ≤ 30 minutes



post traumatic amnesia (PTA) ≤ 24 hours



Glasgow Coma Scale (GCS) score 13-15

These manifestations must not be due to drugs/alcohol/medications, be caused
by other injuries or pyscho-social issues, nor be caused by penetrating craniocerebral injury.

1. On average, how many mTBI patients does your ED see per month?
 0 (please click on this box and stop the survey - we would still appreciate
receiving this response)
 Less than 10
 10 to 49
 50 to 100
 More than 100
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Fitness-To-Drive Recommendations In Your ED
2. Does your ED provide fitness-to-drive recommendations of “no driving”
after mTBI?
 Yes (continue to question 3)
 No (go to question 9)

3. In what format are these recommendations provided?
 Written
 Verbal
 Either written or verbal
 Both written and verbal

4. Who is primarily responsible for providing fitness-to-drive
recommendations to patients after mTBI?
 Medical staff
 Nursing staff
 Allied health staff
 Other (please specify)__________________________________________
5. What is the recommended time-frame of “no driving” that is given after
mTBI?
 No restrictions/drive ASAP
 24 hours
 1 week
 2 weeks
 4 weeks/1 month
 Medical discretion
 Patient discretion
 Other (please specify)__________________________________________
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6. What evidence does your ED have to support these recommendations?
(please check all that apply)
 Expert opinion
 Guidelines (please specify)______________________________________
 Journals (please specify)_______________________________________
 Other (please specify)__________________________________________

7. How often would your ED recommend a driving assessment with an
occupational therapist (OT) to a patient after mTBI?
 Never (go to question 9)
 1/10 patients
 1/50 patient
 1/100 patients
 Other (please specify)__________________________________________

8. Please list the factors which you use to determine if an OT driving
assessment is required after mTBI?


9. What do you personally think the period (if any should be) for “no driving”
after mTBI?
 No restrictions/drive ASAP
 24 hours
 1 week
 2 weeks
 4 weeks/1 month
 Medical discretion
 Patient discretion
 Other (please specify)__________________________________________
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10. As a whole, how satisfied are you with the management of fitness-to-drive
after mTBI in your ED department?
 1 = very satisfied
 2 = satisfied
 3 = neutral
 4 = dissatisfied
 5 = very dissatisfied

11. Do you think a review of fitness-to-drive management guidelines is
required in your ED department for mTBI patients?
 Yes (continue to question 12)
 No (go to question 13)

12. What would help you to achieve this review? (please check all that apply)
 Access to experts in the area
 Additional funding
 External research
 Professional development opportunities
 Other (please specify)__________________________________________

Demographic Information
13. What is your position in ED?
 Allied health staff
 Medical staff
 Nursing staff
 Other (please specify)__________________________________________

14. How many years have you been employed in an ED setting?
 Please specify in years
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15. What state or territory do you work in?
 Australian Capital Territory
 New South Wales
 Northern Territory
 Queensland
 South Australia
 Tasmania
 Victoria
 Western Australia

16. Please add anything further that you feel is relevant to the management of
fitness-to-drive after mTBI in ED:
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________

Thank you for your time.
If you would like a summary of the results (even if you have chosen not to
complete the survey), please enter your email address in the box below.
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Participant ID Number ________

Demographics Form – 24 hours post mTBI
Question

Answer

Look at the participant’s medical history: How long

Please specify in hours:

ago did the participant sustain their current mTBI?
Look at the participant’s medical history: Which

Please tick all that apply:

criteria for mTBI does the participant meet?

o confusion or disorientation following the
event
o the experience of transient neurological
abnormalities not requiring surgery
o LOC ≤ 30 minutes
o PTA ≤ 24 hours
o GCS score 13-15

Ask the participant: “have you sustained a head

Please record exact answer:

injury before this one”?
Ask the participant: “if yes, how many and when”?

Please record exact answer:

Ask the participant: “what is your highest level of

Please record exact answer:

education”?
Ask the participant: “in what year did you obtain you

Please record exact answer:

full driver’s licence”?
Ask the participant: “on average, how many

Please record exact answer:

kilometers do you drive in a week”?
Ask the participant: “have you had been involved in

Please record exact answer:

any crashes in the past year”?
Ask the participant: “if yes, how many”?

Please record exact answer:

Ask the participant: “do you intend to return to

Please record exact answer:

driving”?
Ask the participant: “if yes, when”?

Please record exact answer:
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Participant ID Number ________

Demographics Form – 24 hours post Orthopaedic Injury
Question

Answer

Look at the participant’s medical history: How long ago did the

Please specify in hours:

participant sustain their current orthopaedic injury?
Look at the participant’s medical history: Which criteria for an

Please tick all that apply:

orthopaedic injury does the participant meet?

o Left upper limb injury
o Right upper limb injury
o Left lower limb injury
o Right lower limb injury
o Thoracic injury
o Vertebral injury
o Other
______________________

Ask the participant: “have you sustained a head injury before”?

Please record exact answer:

Ask the participant: “if yes, how many and when”?

Please record exact answer:

Ask the participant: “what is your highest level of education”?

Please record exact answer:

Ask the participant: “in what year did you obtain you full driver’s Please record exact answer:
licence”?
Ask the participant: “on average, how many kilometers do you

Please record exact answer:

drive in a week”?
Ask the participant: “have you had been involved in any

Please record exact answer:

crashes in the past year”?
Ask the participant: “if yes, how many”?

Please record exact answer:

Ask the participant: “do you intend to return to driving”?

Please record exact answer:

Ask the participant: “if yes, when”?

Please record exact answer:
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Participant ID Number ________

Demographics Form – 2 weeks post mTBI
Question

Answer

Look at the participant’s previous Demographics Form: How long ago did

Please specify in

the participant sustain their injury?

days:

Ask the participant: “have you returned to driving”?

Please record exact
answer:

If the participant HAS returned to driving, ask the participant: “if yes,

Please record exact

when”?

answer:

AND
Please record exact
Ask the participant: “approximately how many kilometers have you driven”?

answer:

AND
Please record exact
Ask the participant: “have you had been involved in any crashes”?

answer:

AND
Please record exact
Ask the participant: “have you experienced any problems while driving”?

answer:

If the participant HAS NOT returned to driving, ask the participant: “do you

Please record exact

intend to return to driving”?

answer:

Ask the participant: “if yes, when”?

Please record exact
answer:
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