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Mild traumatic brain injuries (mTBI) comprise the majority of TBI’s sustained. For
most individuals with mTBI, post-injury sequelae resolve within approximately three
months after injury, yet a minority experience prolonged post-concussion symptoms (PCS)
associated with poor long-term functioning, including inability to return to work (RTW).
Research on RTW following mTBI has found moderate support for pre-injury and postinjury factors on employment outcomes, while injury factors have largely demonstrated a
weak relationship. However, critical factors that may predict long-term outcome in mTBI
are often not included in these studies, such as pre-morbid psychopathology, prior TBI,
occupational decision-making latitude, litigation-seeking, and insurance provider. In
addition, little is understood about the contribution of multidisciplinary rehabilitation to
RTW. The purpose this study was to elucidate pre-injury, injury, post-injury, and
rehabilitation factors that predict employment outcomes after mTBI. An archival medical
record review was completed with 79 mTBI patients who completed an initial evaluation
for multidisciplinary rehabilitation for PCS. RTW status was collected by follow-up
telephone interview and served as the primary outcome measure. A total of 58 participants
(73.4%) resumed employment when reached at follow-up on average two years and 10
months post-injury. Among several factors considered, three post-injury variables

obtained at rehabilitation admission explained 23.1% of the variance in successful RTW:
lower self-reported PCS, lower anxiety symptoms, and better performance on a measure
of verbal memory recognition. With regard to multidisciplinary rehabilitation factors, only
increased number of speech-language pathology therapy sessions was associated with
poorer employment outcomes. Overall, findings suggest that anxiety, particularly as it
relates to PCS, deserves increased attention in empirical research and rehabilitation
efforts. Furthermore, individuals with cognitive symptoms requiring more intensive
rehabilitation may be at increased risk of poor employment outcomes.
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CHAPTER 1: INTRODUCTION
Traumatic brain injury (TBI) involves the disruption of normal brain functioning
by an outside force, with motor vehicle accidents and falls accounting for half of all
injuries (Faul, Xu, Wald, & Coronado, 2010). Of the approximately 1.7 million TBI’s in
the U.S. annually (Faul et al., 2010), about 85% are considered to be mild in severity
(American College of Rehabilitation Medicine, 1993; Cassidy et al., 2004), a figure likely
underestimated by non-hospitalization (Finkelstein, Corso, & Miller, 2006). Incidence of
mild TBI (mTBI) represents a major concern among particular populations, such as
Operation Enduring Freedom (OEF)/Operation Iraqi Freedom (OIF) veterans, among
whom 15-30% have sustained an mTBI (Hoge et al., 2008; Schell & Marshall, 2008;
Terrio et al., 2009). Acute treatment of mTBI is costly, with annual national hospital costs
estimated at $16.5 billion (Centers for Disease Control and Prevention [CDC], 2003),
which does not include injuries managed at other settings (e.g., primary care, VA medical
system). Although symptoms of mTBI resolve within approximately three months after
injury for most individuals, a minority continue to experience physical, neurological,
cognitive, and affective symptoms several months to years post-injury that negatively
impact long-term functioning, including ability to return to work (RTW) (Carroll et al.,
2004a; van der Naalt, van Zomeren, Sluiter, & Minderhoud, 1999).
Employment is important for overall quality of life, impacting economic,
interpersonal, and emotional well-being (O'Neill et al., 1998). Costs of lost wages are
particularly high in TBI relative to other injuries. Although TBI represents 2.7% of
injuries, it results in 15.7% of total productivity losses, totaling an average of $38,126 per
case (Finkelstein, Corso, & Miller, 2006). Despite its mild severity, a subset of
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individuals who sustain mTBI demonstrate chronic challenges in resuming work. One
large study of mTBI public insurance lost wage claimants in Canada found that 13% were
unable to work for a median 2 to 7 months, and 5% were unable to work for at least two
years post-injury (Kristman et al., 2010). Among those who do RTW, many do so
prematurely and are unable to maintain employment upon discovering the impact of their
injury on work (Forslund et al., 2014; Machamer, Temkin, Fraser, Doctor, & Dikmen,
2005; Pössl, Jürgensmeyer, Karlbauer, Wenz, & Goldenberg, 2001). In addition to its
importance for quality of life, RTW represents a simple and low cost indicator of
functional outcome, and therefore is often selected over other outcomes in mTBI, such as
symptoms and neuropsychological test performance (e.g., Stranjalis et al., 2004). In fact,
RTW has been characterized as the “highest rung” on the metaphorical “ladder” of
rehabilitation (Shames, Treger, Ring, & Giaquinto, 2007).
RTW has been prioritized as a key factor in evaluating outcome in the World
Health Organization’s (WHO) (2013) International Classification of Functioning,
Disability and Health (ICF), the only universally recognized, comprehensive system for
the classification of functional status associated with health conditions. In highlighting
the rationale for the ICF, the World Health Organization notes that diagnosis alone does
not predict functional outcomes such as potential for RTW. The organization
acknowledges the complex nature of functioning, conceptualizing it as a “dynamic
interaction between a person’s health condition, environmental factors and personal
factors” (WHO, 2013, p. 3). The etiology-neutral ICF is divided into six major domains:
cognition, mobility, self-care, getting along (interacting with people), life activities
(carrying out responsibilities at home, work, and school), and participation in society
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(engagement in community, civil, and recreational activities). In addition, the ICF
distinguishes between capacity, which involves what a person with a health condition can
do in a standard environment, and performance, which is what an individual actually
does in their typical environment. Performance, therefore, describes the interaction
between the person and the context, taking into account the overall societal context as
well as assistive devices and personal assistance. It is notable that although the WHO
model of functioning and disability comprises impairments, activity limitations, and
participation restrictions (WHO, 2013), many outcome studies tend to emphasize
impairments and activity limitations only (Cappa, Conger, & Conger, 2011). In contrast,
the measurement of RTW represents an effort to capture an index of participation.
In addition to providing a useful estimation of functioning, studying RTW helps
to support optimal recovery from mTBI. Examining factors that tend to prevent or
facilitate RTW among individuals with mTBI helps to prioritize services that support
empowerment and independent living. An increased understanding of these factors may
also help to identify environmental adaptations that are needed, or the capacities that need
to be prioritized in interventions for mTBI. Furthermore, the need to study rehabilitative
interventions has been prioritized by major consensus groups such as the CDC (2014),
which has recommended examination of the optimal timing, intensity, and frequency of
rehabilitation therapies for mTBI, with particular need for study in post-acute settings.
1.1 Mild Traumatic Brain Injury
Fortunately, most mTBI survivors recover fairly quickly after injury and resume
daily activities within three months post-injury (Carroll et al., 2004a; Rohling et al., 2011;
van der Naalt et al., 1999). However, a subset of individuals who have sustained mTBI
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report experiencing chronic symptoms and functional impairment for several months to
years post-injury (Dikmen, Machamer, Fann, & Temkin, 2010; Vanderploeg, Belanger, &
Curtiss, 2009; Vanderploeg, Curtiss, Luis, & Salazar, 2007). Although these individuals
comprise a minority of those with mTBI, such difficulties result in substantial economic
and personal losses (CDC, 2003). Factors influencing non-RTW following mTBI are
complex, and involve a number of factors unrelated to the original pathophysiology that
contribute to the onset and maintenance of post-injury symptoms (Wood, 2004). In order
to study RTW after mTBI, a clear definition of mTBI is necessary, yet establishing a
consensus has proven challenging.
Definition of Mild TBI
Although mTBI has no unifying definition, substantial overlap exists between
definitions proposed by various organizations and institutions. According to the
American Congress of Rehabilitation Medicine (ACRM; Kay et al., 1993), at least one of
the following criteria must be met following a traumatically-induced disruption of brain
function: (a) loss of consciousness (LOC) < 30 minutes; (b) post-traumatic amnesia
(PTA) < 24 hours; (c) any alteration of mental status (i.e., feeling dazed, disoriented,
confused) at the time of accident; and (d) focal neurological deficits that may or may not
be transient. Additionally, Glasgow Coma Score (GCS) must not be less than 13 (at 30
minutes post-injury), and the LOC and PTA criteria listed above must not be exceeded.
Other definitions of mTBI are generally consistent with the criteria specified by
the ACRM, with a few minor differences. The CDC definition adds that post-injury
symptoms of neuropsychological dysfunction (e.g., headache, dizziness, irritability,
fatigue, poor concentration) may support but not determine the diagnosis of mTBI in the
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absence of LOC or altered consciousness (CDC, 2003). The WHO (Carroll, Cassidy,
Holm, Kraus, & Coronado, 2004b) provided a few changes, clarifications, and additions.
First, “dazed” was eliminated from the description of altered consciousness. It was also
noted that other causes for mTBI manifestations should be excluded, including effects of
alcohol, drugs, and medication, or other injuries or problems. In addition, the WHO
definition allows for assessment of GCS upon presentation for healthcare and notes that
transient neurological abnormalities may include “focal signs, seizure, and intracranial
lesion not requiring surgery.” Finally, the mTBI definition proposed by the European
Federation of Neurological Societies (EFNS) is consistent with the previous definitions
but does not specify maximum values for LOC or PTA (Vos et al., 2002). Instead, the
EFNS notes that good outcome may be expected if LOC is no more than 30 minutes and
PTA is less than 60 minutes. Altogether, definitions of mTBI specified by other consensus
groups largely retain the core criteria of the original ACRM definition, along with minor
clarifications or revisions rather than major contradictions.
Persistent Symptoms after Mild TBI
Post-concussive symptoms include headache, cranial nerve signs and symptoms
(e.g., dizziness, nausea, tinnitus, visual impairment), psychological and neurovegetative
problems (e.g., anxiety, depression, irritability, sleep disturbance, fatigue), and cognitive
impairment (e.g., memory, attention, processing speed) (Mittenberg & Strauman, 2000).
However, these symptoms are non-specific and have been observed in a variety of other
populations, including those with orthopedic injuries (Mickevičiene et al., 2004) and
psychopathology, such as depression (Garden & Sullivan, 2010). In fact, post-concussion
symptoms have demonstrated a stronger relationship with psychopathology (e.g., PTSD,
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depression, generalized anxiety disorder), particularly with increased comorbidity, than
with history of mTBI alone (Donnell, Kim, Silva, & Vanderploeg, 2012; Soble et al.,
2014).
Although the term post-concussion syndrome has been used to describe the
aforementioned physical, cognitive, and emotional symptoms experienced after mTBI,
the concept and term is controversial (Vanderploeg & Belanger, 2015). In addition to its
non-specific nature and tenuous relationship with a history of mTBI as described above,
there is a lack of consensus for important criteria for post-concussive syndrome such as
minimum duration of symptoms required for diagnosis (Rose, Fischer, & Heyer, 2015).
In fact, the term “syndrome” itself has been criticized for its application to mTBI
sequelae, because such symptoms fail to cohesively emerge and resolve over time
(Vanderploeg & Belanger, 2015). In line with these criticisms and subsequent
recommendations, the term post-concussion symptoms (PCS) is used throughout this
dissertation.
1.2 Return to Work after Mild TBI
Employment outcomes are important in mTBI, since resuming work after mTBI
takes up to months to years for a subset of individuals (Kristman et al., 2010). Identifying
the factors that contribute to inability to RTW is important for prioritizing critical targets
for intervention and for identifying early in the rehabilitation process those individuals
who may require additional support and resources in order to resume employment. This
dissertation aimed to achieve this objective by examining predictors of RTW after mTBI
within a rehabilitation sample, building upon prior research completed at the study site
(Riss, Gonzalez, Müller, & Dailey, 2008).

7
Theoretical Models
Studies examining employment outcomes following mTBI rarely explicitly
identify a particular unifying conceptual model of employment outcomes in which to test.
However, studies routinely study factors in the following categories: pre-injury (e.g., age,
education, occupation), injury (e.g., injury type, LOC), and post-injury (e.g., PCS,
cognitive impairments).
Satz (1993): Brain reserve capacity; Stern (2002): Cognitive reserve. Satz’s
(1993) brain reserve capacity theory and Stern’s (2002) cognitive reserve theory are
useful for conceptualizing the pre-injury factors that predict employment outcomes
following mTBI. Both theories postulate a hypothetical construct of brain resources and
their efficient use (i.e., brain reserve capacity or cognitive reserve), which may be
operationalized as brain size, number of specific anatomical-functional relations, and
brain networks or cognitive paradigms that may protect against or increase vulnerability
to the deleterious effects of brain injury through a critical threshold. The most commonly
used proxies for cognitive reserve are education and intellectual ability, while other
indices include literacy, occupational attainment, and integrity of social networks.
Empirical findings provide support for these theories among individuals with TBI,
cerebrovascular disease, dementia, and other types neurological dysfunction (Satz, 1993,
Stern, 2002). As applied to TBI, Satz’s model emphasizes how pre-injury factors dictate
the individual threshold for brain injury, after which cognitive impairment may be
detected. If Satz’ (1993) model refers to the hardware of the brain (i.e., size, synapses),
then Stern’s (2002) cognitive reserve theory describes the software, in terms of the
cognitive paradigm used to solve tasks. In addition, Satz’ (1993) model is passive,
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whereas Stern’s model (2002) is active, in which the brain actively attempts to
compensate for brain damage. Both brain-specific models parallel the diathesis-stress
model used to describe psychopathology, in which vulnerability or predisposition toward
psychopathology (i.e., via genetic, biological, physiological, cognitive, and personality
factors) interacts with life stressors to produce psychopathology (Ingram & Luxton,
2005).
Kay and colleagues (1992): Neuropsychological model of functional disability
after mTBI. The model proposed by Kay, Newman, Cavallo, Ezrachi, and Resnick
(1992) (see also Kay, 1993; Silver & Kay, 2013) provides a comprehensive
conceptualization of functional impairment among individuals with prolonged PCS.
Although the model describes functional disability broadly and is not specific to RTW, its
tenets are easily applied to employment outcomes. Kay and colleagues (1992) identify
neurological, psychological, and physical factors as the main factors contributing to
functional outcome after mTBI. Neurological factors include pre-existing factors (e.g.,
age, previous brain damage), as well as injury-related factors (e.g., amount of cell loss,
neurotransmitter changes). Psychological factors include pre- and post-injury internal
structures and responses influencing ability to function, such as personality style,
affective symptoms, psychosocial situation, and response to or motivations for litigation
involvement. Finally, physical factors include physical effects of injury that directly
affect functioning, such as pain, sensory deficits, and balance problems. The model
distinguishes between objective and subjective cognitive impairments. Objective
cognitive deficits are those primary cognitive changes resulting directly by brain damage.
Subjective cognitive deficits are manifested in neuropsychological testing, and include
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impairments in mental processing. Such impairments may be caused by objective
cognitive deficits as well as by psychological (e.g., anxiety) and physical factors (e.g.,
headache). These factors interact in complex, dynamic ways, and each factor is weighted
differently for each individual.
The model by Kay and colleagues (1992) also identifies vulnerability factors and
highlights potential dysfunctional processes that may serve to entrench otherwise
transient symptoms after mTBI. Vulnerability factors include pre-injury characteristics
that present degrees of susceptibility of the brain to the effects of minor insult, such as
true age of the brain, genetically-based differences in brain organization, amount of drug
and alcohol use, or previous central nervous system injury. These factors, along with the
actual amount of neurological damage at the time of injury, combine to determine the
strength of the impact of injury. An empirically unestablished, yet plausible factor
regarding psychological vulnerability is also proposed. Regardless of psychiatric history,
Kay and colleagues (1992) suggest that certain personality styles (e.g., high achievers
with self-esteem dependent on intellectual accomplishments) may increase risk for the
development of disabling PCS.
Finally, two “dysfunctional loops” are proposed to maintain and exacerbate
cognitive dysfunction and pain. The cognitive dysfunction loop is posited to start with
transient brain dysfunction such as confusion and memory loss. Such objective cognitive
deficits may then activate strong psychological responses, perhaps as a result of
personality characteristics, facilitating a cycle linking psychological factors (e.g., anxiety)
to subjective cognitive factors (e.g., deteriorating concentration) to functional outcome
(e.g., poor work performance), which then feeds back to worsen psychological status
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(e.g., increased anxiety). The second autonomous flow proposed to contribute to
disability is the dysfunctional pain loop, in which pain (e.g., headache) interferes with the
ability to function. This leads to depression and anxiety that in the context of certain
personality predispositions, may worsen and perpetuate pain. Both dysfunctional
processes explicated in this model provide conceivable explanations for paradoxical
findings among the minority of individuals who experience considerable functional
disability after mTBI. These maladaptive processes account for functional disability that
may be disproportionate to apparent brain damage in mTBI. In addition, the feed-forward
cycle of both dysfunctional loops may explain the perplexing findings that—in
opposition to the majority of individuals who have experienced mTBI—those with
persistent PCS may appear to worsen over time rather than improve and demonstrate
severe, disabling PCS without evidence of underlying objective neurological damage.
Model integration. Kay and colleagues (1992) provide the most comprehensive
model applicable to RTW outcomes after mTBI. Understanding the manner by which
vulnerability factors interact with factors in the model to contribute to outcomes is
enhanced by considering the brain-specific theories by Satz (1993) and Stern (2002),
which explicitly identify the mechanisms by which pre-injury factors present liabilities or
assets in injury. These theoretical models help to guide exploration of the relationship
between pre-morbid factors and their impact on post-TBI functional outcomes, including
RTW. Pre-morbid factors known to be associated with increased cognitive reserve (e.g.,
increased intellectual functioning, higher educational achievement, absence of prior brain
injury) and decreased risk of psychopathology (e.g., increased social support, absence of
previous emotional problems) are hypothesized to be associated with better employment
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outcomes following mTBI. Injury and early post-injury factors are also expected to be
associated with employment outcomes, such that lower injury severity and higher early
post-injury functioning are expected to be associated with improved rate of RTW. Injuryrelated characteristics are expected to relate to employment outcomes to a lesser degree
compared to early post-injury functioning. Furthermore, early post-injury functioning is
expected to be moderated by pre-morbid characteristics such that variables associated
with greater cognitive reserve and protective factors against psychopathology are
expected to contribute to better post-injury functioning, including employment outcomes.
These predictions are explored in the following review of the literature.
Empirical Findings in Non-Rehabilitation Populations
The cause and mechanism of injury in mTBI has been shown to predict RTW, as
demonstrated by Hanlon, Demery, Martinovich, and Kelly (1999) with 100 participants
referred to a concussion clinic. All met criteria for mTBI as defined by the ACRM (Kay
et al., 1993), and injuries were categorized based on mechanism of injury and injury type.
Mechanism of injury for each participant was identified as one of the following: (a)
acceleration-deceleration trauma in which the head struck an object; (b) accelerationdeceleration trauma in which the head did not strike an object; or (c) an object struck the
head. Injuries were also further categorized by type, including motor vehicle accident,
fall, assault, falling object, sports-related, and motor vehicle-pedestrian accident.
Participant RTW status was collected a median of 6 months post-injury, and divided into
three groups: non-RTW, modified (pre-injury work in a different capacity or return to
another occupation), and return to pre-injury work. At this time, a comprehensive
neuropsychological test battery was also administered. Results revealed a significant
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difference by injury type, with participants injured by falls and falling objects
demonstrating significantly worse RTW outcomes than participants injured by motor
vehicle accidents. In addition, individuals whose mechanism of injury involved an object
striking head demonstrated worse RTW outcome than those whose injury was due to the
head striking an object. After controlling for this injury mechanism, participants with
injuries involving a fall or being struck by a falling object were respectively 10 and 13
times more likely to not RTW. RTW was also associated with younger age, lower
depression, and better performance on tests of immediate verbal memory (WMS Logical
Memory I; Wechsler, 1987), delayed visual memory (Visual Reproduction II; Wechsler,
1987), visuospatial perception (Judgment of Line Orientation; Benton, Sivan, Hamsher,
Varney, & Spreen, 1994), and executive functioning (Trailmaking Test B; Reitan &
Wolfson, 1993). Specifically, for every 20 percentile point increase on measures of
immediate verbal memory (WMS Logical Memory I; Wechsler, 1987) and delayed visual
memory (Wechsler, 1987), odds of modified or full RTW increased by 1.6 or 1.5 times,
respectively. Gender, history of TBI, psychiatric history, LOC, CT scan abnormalities,
and involvement in litigation were not associated with RTW. Similarly, performance on
tests of attention, processing speed, verbal fluency, and fine motor speed and control were
not associated with employment outcomes. As noted, objects striking head injuries were
associated with worse RTW outcomes. The authors speculate that injuries involving
objects striking the head were more likely to be associated with worse outcome because
such injuries tend to occur on a coronal plane (vs. sagittal or horizontal), which are
associated with worse axonal damage (Gennarelli et al., 1982). The findings of poorer
employment outcomes among those injured by falls and falling objects may have been
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due to confounding factors, as these individuals were older and more likely to be
involved in litigation. They were also more likely to work in construction or industrial
settings, which are more physically demanding and present greater safety risk relative to
other types of employment and therefore typically require physician approval in order to
resume work.
Injuries resulting in extracranial damages and severe pain have been shown to
delay RTW among individuals with mTBI. Stulemeijer, van der Werf, Borm, and Vos
(2008) examined predictors of RTW at 6 months following mTBI. Patients who met
EFNS criteria for mTBI (Vos, 2002) and admitted to the Emergency Room (ER) (N =
201) completed questionnaires within 6 weeks post-injury and again at 6 months postinjury. Four variables predicted 90% chance of full RTW at 6 months post-injury: more
than 11 years of education (OR = 6.4), absence of nausea or vomiting on ER admission
(OR = 5.1), absence of extracranial injuries (OR = 3.4), and absence of severe pain early
after injury (OR = 2.3). All other factors considered were unrelated to RTW outcome,
including premorbid emotional problems, physical comorbidities, prior head injury,
injury characteristics (i.e., GCS, LOC, PTA duration, CT abnormalities), PCS, posttraumatic stress symptoms, fatigue, pain, and self-efficacy.
Extracranial injury tends to demonstrate a more durable relationship with nonRTW relative to other factors. de Koning and colleagues (2017) examined 319
individuals who admitted to the ER with mTBI. In addition to RTW outcomes,
participants completed surveys assessing PCS, depression, anxiety, and post-traumatic
stress symptoms at 2 weeks, 3 months, 6 months, and 12 months post-injury. At 6 and 12
months post-injury, approximately 67% and 77% of participants resumed a full level of
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employment, respectively, while the remaining participants had not resumed employment
or did so at a partial level relative to pre-injury. At 6 months post-injury, RTW was
associated with a number of factors. Lower odds of RTW at 6 months was associated
with demographic factors that included older age, being a woman, and having a lower
level of education, as well as pre-injury occupational factors of holding a manual labor
occupation and working 32 hours per week (vs. 25 or 40 hours, resulting in an inverted
U-shaped curve). Poorer RTW outcomes at 6 months were also associated with injury
factors that included injury due to motor-vehicle accident (MVA), lower GCS, and
increased extracranial injuries at ER admission, and self-report at 2 weeks post-injury of
increased number of PCS and higher level of depression. The majority of these factors
failed to predict RTW at a later timepoint, however. At 12 months post-injury, poorer
RTW outcomes were associated only with increased extracranial injuries at ER admission
and increased depression and PCS at 2 weeks post-injury. Results suggest that
demographic and occupational-related factors may be most influential only in the initial
months after injury, and that extracranial injury and early PCS may produce more durable
effects on employment outcomes.
In addition to extracranial injury, at least one study considering intracranial
abnormalities in mTBI has found this factor to predict RTW. Wäljas and colleagues
(2014) examined factors influencing RTW among individuals with mTBI (N = 109).
Participants were included if they met mTBI criteria as specified by ACRM (Kay et al.,
1993) and the WHO (2004). All participants received a CT scan during ER admission and
an MRI at about 3 weeks post-injury. Self-report measures and neuropsychological
testing were completed at 3-4 weeks post-injury. RTW was defined based on length of
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sick leave, which is routinely documented within the healthcare system in Finland where
the study was conducted. Nearly all participants returned to work within 2 months postinjury. Cumulative rates of RTW after mTBI were about 47% after 1 week post-injury,
60% after 2 weeks, 67% after 3 weeks, 71% after 4 weeks, 92% after 2 months, and 97%
after 1 year. Three variables accounted for about 30% of the variance in the prediction of
number of days to RTW: age, multiple bodily injuries, and intracranial abnormalities on
day-of-injury CT scan. In addition, subjective physical fatigue predicted about 15% of the
variance in days to RTW. These same four variables consistently predicted RTW at each
timepoint in which participants were assessed. In contrast, PCS, health-related quality of
life, depression, and alcohol use problems were not related to employment outcomes.
Neuropsychological test performance was also unrelated to RTW, which included a
battery of tests measuring attention, processing speed, verbal fluency, memory, and
executive functioning. This study also illustrates the manner by which extracranial
injuries may delay RTW. Exploratory analyses of rapid (within 1 month post-injury) and
delayed RTW (more than 1 month post-injury) indicated that delayed RTW was
associated with greater subjective physical fatigue and worse general health. However,
after excluding patients with multiple bodily injuries, no significant differences were
found on these variables between rapid and delayed RTW groups. This finding suggests
that self-reported problems with subjective physical fatigue and general health are
associated with polyinjury rather than factors specific to brain injury.
Markers of structural damage that cannot be detected by CT scanning have been
shown to predict RTW after mTBI. In a sample of 100 participants admitted to the ER
with what the authors characterized as “ultra-mild” TBI, Stranjalis and colleagues (2004)
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measured serum S-100B, a protein that is a neurobiochemical marker of structural
damage. Ultra mild TBI was determined by excluding patients with GCS less than 15,
LOC or PTA longer than 15 minutes, neurological deficits, or positive skull X-ray or CT
scan findings. Participants resumed productivity quickly, with RTW rates of 84% at oneweek post-injury, and 99% at one-month post-injury. Non-RTW at one-week post-injury
was associated with greater levels of S-100B. In fact, about 38% patients with
abnormally high levels of S-100B failed to RTW at one week post-injury compared to 5%
of those with normal levels of the protein. Abnormally high values of S-100B were
associated with an 11-time higher risk of non-RTW, and this outcome was not associated
with age, gender, occupation, PCS, LOC, or PTA.
Aspects of injury type and its physical sequelae are not the only predictors of
RTW after mTBI. As noted in the Hanlon and colleagues’ (1999) study of injury types,
job type may contribute indirectly to ability to RTW. Specifically, an important factor for
RTW after mTBI is the decision-making latitude afforded by a particular occupation.
Friedland and Dawson (2001) examined individuals injured in MVA’s with mTBI (N =
64) or orthopedic injuries only (N = 35). All mTBI participants met criteria for mTBI as
defined by the ACRM (Kay et al., 1993). Data were collected within one month postinjury and again at six to nine months post-injury. A total of 42% of the full sample had
resumed employment at follow-up, 55% of whom returned at a modified level. No
differences were found in RTW status between mTBI and orthopedic injury groups.
Among the mTBI group, rate of RTW was greater among those with pre-injury
occupations with high decision-making latitude (i.e., student, homemaker,
professionals/semi-professional) compared to occupations with low decision-making
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latitude (i.e., clerical, sales/service, manual labor, skilled craft and trade). This suggests
that compared to individuals with orthopedic injuries only, those with mTBI may benefit
from increased flexibility in employment tasks and structure after injury. Five variables
explained 38% of the variance in non-RTW: less decision-making latitude, greater posttraumatic stress symptoms, being discharged to a hospital (vs. home), being single, and
positive LOC. It is notable that post-traumatic stress symptoms affected RTW, regardless
of whether the MVA resulted in mTBI or orthopedic injury only. These symptoms did not
differ by injury group, and among those with the greatest levels of post-traumatic stress,
only 33% had resumed employment at follow-up, compared to 68% of those reporting
none of these symptoms. Finally, although LOC was included in the model predicting
RTW, the variable contributed only 1% of variance in outcome.
A similar finding regarding decision-making latitude in RTW after mTBI was
observed by Ruffolo, Friedland, Dawson, Colantonio, and Lindsay (1999). These authors
examined RTW among 50 patients admitted to the hospital who sustained an mTBI in an
MVA. In this study, mTBI was defined as less than 60 minutes of LOC, which contrasts
with the more commonly accepted definition of no more than 30 minutes of LOC.
Therefore, mTBI participants in this sample may include those with greater severity of
injury compared to those in other studies. Assessments occurred within 1 month and 6-9
months post-injury, and included self-report questionnaires and tests of processing speed
and sustained attention and inhibition. Results revealed a fairly low RTW rate, with only
42% (n = 21) of the sample resuming work at 6-9 months post-injury. Furthermore, 30%
of the total sample returned to a modified position (i.e., working shorter hours,
performing lighter work, performing part of the job at home, trading difficult tasks with
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other workers). Evaluation of change in initial and follow-up scores indicated that social
withdrawal decreased among those who successfully resumed work and increased among
participants who failed to resume work. In addition, individuals who resumed work were
less likely to have been referred to outpatient rehabilitation services. Finally, RTW was
greater among those with high occupational decision-making latitude. No RTW
differences were found in subjective or objective cognitive functioning, injury severity,
or demographic characteristics (i.e., age, gender, marital status, education, living
arrangement).
Many of the studies reviewed thus far have included neuropsychological testing,
yet predicting later functional status using these data is challenging because
neuropsychological test performance is typically only slightly impaired in mTBI
(Belanger, Curtiss, Demery, Lebowitz, & Vanderploeg, 2005) and impairments tend to be
limited to higher-level cognitive functions (Vanderploeg & Belanger, 2015). Among
studies finding significant differences in RTW status by neuropsychological test
performance, the role of executive functioning and other complex, higher-level cognitive
functions is important. Drake, Gray, Yoder, Pramuka, and Llewellyn (2000) examined
RTW in a sample of active duty military personnel (N = 121) following mTBI. Criteria
for defining mTBI were not included, but average LOC (M = 1.4 min; SD = 2.6 min) and
PTA (M = 3 hr; SD = 1.3 hr) for the sample fell within commonly accepted ranges for
mTBI. Participants completed a battery of neuropsychological tests on average 3 months
post-injury and RTW was assessed on average 6 months post-injury. All participants had
returned to active duty at follow-up, with 65 on full duty and 56 on limited duty. Age and
military rank, which are highly correlated, were higher in participants who resumed full-
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duty work. In an analysis that correctly classified RTW status of 68% of participants,
return to full-duty work was associated with greater age, and better performance on
measures of verbal memory (California Verbal Learning Test-long-delay cued recall;
Delis, Kramer, Kaplan, & Ober, 2000), phonemic fluency (Controlled Oral Word
Association), and planning/self-monitoring (Map Planning Test; Ekstrom, French,
Harman, & Derman, 1976). All other neuropsychological tests were unrelated to RTW
outcomes, including those measuring divided attention and information processing
efficiency, cognitive flexibility and dynamic problem solving. Also unrelated to RTW
level were education, GCS, PTA, associated injuries, time since injury, PCS, and selfreported executive dysfunction. Although unrelated to RTW level, participants returning
to limited-duty work reported greater PCS and executive dysfunction. The finding that
older age was associated with resumption of pre-injury work status likely reflects unique
characteristics of this military sample. Relative to the mTBI population, this sample was
young (M = 26; SD = 7) and age-restricted (range = 18-45). As a result, younger age in
this sample may reflect less work experience, leading to fewer employment options or
occupations with less independence or decision-making latitude. Unfortunately,
employment type was not captured, precluding exploration of this possibility.
The role of subjective complaints should not be overlooked when considering
RTW following mTBI, as PCS and related factors have been found to be associated with
employment outcomes. Nolin and Heroux (2006) examined factors predicting RTW at 13 years post-injury among 85 individuals meeting ACRM (Kay et al., 1993) criteria for
mTBI who were recruited at ER admission. Participants completed neuropsychological
testing at 1-3 months follow-up as well as a self-report measure of PCS at 1-3 years post-
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injury. Among these measures, as well as demographic and injury-related variables, only
the total number of subjective complaints at 1-3 years follow-up was associated with
RTW status. Notably, however, report of ongoing PCS did not necessarily preclude RTW,
as 58% of participants continued to report elevated PCS at 1-3 years post-injury,
including 48% of those who resumed work. Factors unrelated to employment outcomes
included age, gender, injury-related variables (i.e., GCS, PTA, retrograde amnesia) and
performance on measures of verbal memory, sustained attention/inhibition, and executive
functioning.
The previous studies of RTW after mTBI are heterogeneous in terms of the
samples and measures used, but some shared findings emerge when considered
altogether. Findings vary when examining demographic factors such as age, education,
and marital status, but when positive findings do emerge, RTW tends to be facilitated
among those who are younger, married, and have greater levels of education. In terms of
injury, those who are injured by falls, falling objects, or an object otherwise striking the
head in some fashion, tend to RTW slower than other injury types. RTW is also delayed
when injuries result in extracranial injury and intracranial damage, whether determined
by neuroimaging or by neurobiological markers of injury. Neuropsychological test
performance has demonstrated an inconsistent relationship with RTW after mTBI, yet
delayed RTW has been demonstrated among those with impairments in verbal and visual
memory, visuospatial perception, and executive functioning. Finally, PCS have been
shown to play an important role in mTBI employment outcomes. Notably, the preceding
studies tended to rely on following participants after ER admission who may not have
received further services for mTBI. Therefore, findings may have limited applicability to
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individuals with chronic post-mTBI functional impairments who seek multidisciplinary
rehabilitation, neuropsychological evaluation, and psychotherapy.
Empirical Findings in Rehabilitation Populations
For those who experience PCS and other problems after injury that interfere with
productivity and quality of life, multidisciplinary rehabilitation is recommended as part of
standard of care (Chua, Ng, Yap, & Bok, 2007). Multidisciplinary rehabilitation
following mTBI typically occurs on an outpatient basis and involves assessment and
treatment from a variety of disciplines including physical therapy, occupational therapy,
speech therapy, rehabilitation medicine, and neuropsychology. The following studies
consider factors contributing to RTW among multidisciplinary rehabilitation populations.
An early study found that education on mTBI alone can improve RTW after
injury. Minderhoud, Boelens, Huizenga, and Saan (1980) took advantage of a change in
mTBI education and intervention policy to study the effects of this intervention on longterm outcome. Prior to 1977, individuals with mTBI referred to the University Hospital in
Gronigen, the Netherlands, received post-injury care recommendations varying from
bedrest up to three weeks to “as long as necessary.” Furthermore, no particular effort was
made to share diagnoses with patients. Starting in 1977, guidelines changed such that
patients were informed verbally and in writing about their diagnosis and the cause of
possible mTBI symptoms. Patients were also advised to rest in bed for one week, and
then to gradually increase activity. All patients in this latter group completed a second
neurological outpatient visit three weeks post-injury, during which patients were
reassured that residual symptoms were expected to resolve and encouraged to resume
work and other pre-injury activity. In this study, individuals who received routine care
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prior to 1977 (n = 352) were compared with those who received mTBI education (n =
180). Overall, the majority of patients resumed work within 1-3 months post-injury;
however, patients who received education demonstrated at a faster rate of RTW. This
effect, however, did not extend to individuals over age 60. Furthermore, after resuming
work, a smaller proportion of individuals receiving education reported missing work due
to mTBI symptoms (6% in education vs. 12% in routine care). This effect may have been
due to greater symptoms reported in the routine care group overall, particularly in terms
of affective and cognitive symptoms, including irritability, memory loss, and difficulty
concentrating.
Completion of a course of multidisciplinary rehabilitation seems to impact several
factors that may, in turn, facilitate RTW after mTBI. Ho and Bennett (1997) examined
outcomes in 36 participants with mTBI who completed a multidisciplinary rehabilitation
program. All participants met criteria for mTBI as defined by the 1990 Head Injury
Interdisciplinary Special Interest Group of the American Academy of Physical Medicine
and Rehabilitation. Participants received a median of 59 occupational therapy and
cognitive rehabilitation therapy sessions over a median period of nine months. At preand post-treatment, participants completed a comprehensive neuropsychological battery
and measures of self-reported functioning in activities of daily living. Results revealed
statistically significant improvement on all neuropsychological tests except for one of the
measures of verbal memory, which approached significance. Improvement was also
observed in activities of daily living, including on the vocational/educational status
subscale. Unfortunately, actual participant employment status at either timepoint was not
reported. Nonetheless, results suggest that multidisciplinary rehabilitation can

23
significantly impact aspects of functioning related to RTW, including cognitive efficiency
and activities of daily living.
Findings by Cicerone and colleagues (1996) are consistent with the previous
study suggesting that improvement in objective cognitive performance and self-reported
symptoms relate to vocational outcomes after mTBI, with results confirmed by
measurement of post-rehabilitation RTW status. The authors examined factors associated
with RTW among 20 participants who completed rehabilitation for mTBI.
Multidisciplinary rehabilitation included physical therapy, occupational therapy,
cognitive-linguistic therapy, and neuromedical management for somatic symptoms.
Participants completed neuropsychological testing at initial evaluation, which occurred
on average 8 months post-injury, as well as at post-treatment. At one to six months posttreatment, about half of participants had resumed work, with some differences emerging
between RTW and non-RTW groups. At pre-treatment, non-RTW participants tended to
report greater cognitive and somatic symptoms. Individuals who resumed employment
significantly improved in nearly half of the tests, relative to only 7% of tests administered
in the non-RTW group. In the RTW group, better performance was demonstrated at posttreatment on tests of sustained attention and inhibition (Continuous Performance Test;
Rosvold, Mirsky, Sarason, Bransome, & Beck, 1956; Paced Auditory Serial Addition
Test; Gronwall, 1977), immediate visual memory (Rey Complex Figure-Immediate
Recall; Rey, 1941; Osterrieth, 1944), delayed verbal memory (WMS-R Logical Memory
II; Wechsler, 1987), and executive functioning (Trailmaking Test B; Reitan & Wolfson,
1993; WISC-Mazes; Wechsler, 1974). Overall, improved test performances were
observed in complex measures involving speeded mental processing and selective and
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sustained attention, while no improvements were found in more basic attention and
visuomotor speed tests. In contrast, non-RTW participants demonstrated improvement
only in delayed verbal memory (WMS-R Logical Memory II; Wechsler, 1987).
Furthermore, RTW participants reported improved cognitive, somatic, and affective (but
not sensory) symptoms, while non-RTW participants reported no significant change in
symptoms. These findings suggest that individuals with more severe PCS at rehabilitation
admission may receive less benefit from multidisciplinary rehabilitation relative to those
with less severe symptoms. Left unaddressed, such symptoms may maintain post-injury
impairments in cognition, hindering capacity to resume employment. It is notable that
litigation status was not considered in this study, leaving the possibility that non-RTW
participants had lower motivation to perform optimally on neurocognitive testing.
Multidisciplinary rehabilitation has been found to reduce number of PCS reported
at long-term follow-up, yet may not extend reliably to improved employment outcomes.
Vikane and colleagues (2017) completed a randomized controlled trial examining the
impact of multidisciplinary rehabilitation on employment and other outcomes in patients
with mTBI. Patients were invited to participate who had not resumed employment at 2months post mTBI, or had resumed work but reported work-related problems or elevated
overall disability. A total of 151 eligible participants completed a multidisciplinary
rehabilitation evaluation and were reassured that a favorable outcome was expected and
were encouraged to gradually resume employment. Participants who agreed to participate
in the study were then randomly assigned to intervention (n = 81) or treatment as usual by
primary care (n = 70). Intervention included a psychoeductional group intervention once
per week for four weeks on mTBI education and strategies for lessening the impact of
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problems experienced after injury and for facilitating the process of RTW. In addition,
individual contacts as needed with OT, neuropsychology, and a physician were provided
for up to one year post-injury, and an individualized schedule for gradual RTW was
developed with participants. Results demonstrated no influence of intervention on RTW,
as both groups resumed employment on average nearly three months post-injury. At one
year post-injury, intervention participants reported fewer PCS than control participants,
yet no group differences emerged in PCS severity, level of disability, perceived global
change, or anxiety and depression. Although participants completed a median of three
group-based psychoeducation visits, the median number of individual intervention
sessions was only two, perhaps partially the result of sizeable attrition. Therefore,
intervention may have been too weak to meaningfully impact employment outcomes. In
addition, intervention and control participants received feedback from the
multidisciplinary evaluation that included reassurance of expected favorable outcome, as
well as information recommending re-establishing structured daily routines, gradual
RTW, and use of compensatory strategies. Because previous studies have demonstrated
long-term benefits of such information, this session may have been powerful enough
(particularly in the context of relatively weak intervention) to facilitate RTW in
participants with less severe PCS, obscuring any group-based differences.
In a separate examination of the aforementioned sample, Vikane and colleagues
(2016) examined the relationship between RTW and pre-injury, injury, and early postinjury factors. A logistic regression correctly classified 86% of participant RTW status at
one year post-injury, in which poorer employment outcomes were demonstrated among
those with elevated anxiety and depression at two months post-injury, non-RTW at two
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months post-injury, moderate to severe disability at two-months post injury, and having
taken medical leave from work in the year prior to injury (i.e., due to pain, depression, or
anxiety). All other factors were unrelated to RTW, including age, gender, intracranial
abnormalities, injury severity (i.e., GCS, PTA, length of hospital stay, injury type), postinjury PCS, post-traumatic stress symptoms, outcome expectations, subjective health
complaints, widespread pain, headache, neck pain, and low back pain.
In terms of PCS, motor dysfunction and headache may be particularly important
symptoms to address for successful RTW. Riss, Gonzalez, Müller, and Dailey (2008)
examined RTW in a small sample (N = 28) of individuals who completed
multidisciplinary rehabilitation for mTBI at Madonna Rehabilitation Hospital, the site for
the present study. All participants met criteria for mTBI as specified by the EFNS (Vos et
al., 2002). Participants were contacted by phone on average 6 months post-rehabilitation
to collect retrospective ratings of PCS at rehabilitation admission and discharge, as well
as RTW status. Results revealed significant improvement in depression, somatic
symptoms, memory, communication, and motor functioning (but not
aggression/irritability), as well as significant improvement in ratings of daily headache
and pain. The majority (75%) of participants had resumed work at follow-up, and two
factors predicted RTW with 93% accuracy: self-reported improvement in motor
functioning and average daily headache rating at discharge. RTW was also significantly
associated younger age, high occupational decision-making latitude, and return to preinjury employer. All other factors were unrelated to employment outcomes, including
gender, marital status, time elapsed between injury and rehabilitation admission, litigation
involvement, receipt of injury-related compensation or benefits, and injury variables (i.e.,
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cause of injury, fault for injury, LOC). Study findings are limited by reliance on
retrospective self-report measures several months after the conclusion of treatment.
Nonetheless, results indicate that at the very least, long-term perceived improvement in
motor functioning and lower headache severity at discharge strongly relate to successful
RTW, suggesting that resolving these PCS may be critical for resuming employment.
Headache severity was also found in another rehabilitation study to be associated
with poor RTW outcomes after mTBI. Dumke (2017) examined the extent to which posttraumatic headache influenced employment outcomes among 109 participants who
completed an outpatient rehabilitation program after sustaining a workplace mTBI. All
participants met criteria for mTBI as specified by the WHO (Carroll, Cassidy, Holm,
Kraus, & Coronado, 2004b). Participants who had submitted a disability claim or who
were receiving disability payments were excluded. Rehabilitation treatment lasted up to
50 business days and comprised individualized programs of occupational therapy,
physical therapy, cognitive rehabilitation, counseling, and pharmacotherapy as indicated
for each patient. In addition, participants received daily group-based mTBI education
(i.e., mood and PCS management, cognition, exercise principles, RTW planning).
Participants completed a neuropsychological evaluation at rehabilitation admission, as
well as self-report measures of PCS and depression at rehabilitation admission and
discharge. Verbal ratings of headache severity were provided on a 0-10 point scale at
rehabilitation admission, day 15 of rehabilitation, and discharge. Although PCS and
depression levels were equivalent at rehabilitation admission, participants who resumed
employment at discharge reported reduced PCS and depression at discharge, in contrast
to minimal change in both symptom clusters among non-RTW participants. Participants
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who resumed employment were also less likely to have post-injury orthopedic
impairments or PTSD, yet these factors were grouped into a single variable, precluding
examination of each. Finally, increased headache severity at each timepoint predicted
inability to RTW, such that odds of successful RTW were reduced by more than 50% for
each one-point increase in headache severity. Notably, increased headache severity at all
three timepoints was associated with worse neuropsychological test performance and
increased depression. Furthermore, greater severity of headache at rehabilitation
admission and day 15 (but not at discharge) were associated with post-injury presence of
PTSD and orthopedic injury. This study suggests that reduction in headache severity
during rehabilitation, regardless of initial severity, may facilitate RTW. However, due to
its demonstrated relationship with PCS, depression, and post-injury diagnosis of PTSD,
increased headache severity may have simply reflected elevated emotional distress rather
than a unique factor.
At least one study has indicated that number of symptoms at rehabilitation
admission, regardless of change in symptoms with treatment, predicts RTW status.
Guérin, Kennepohl, Léveillé, Dominique, and McKerral (2006) examined RTW in 110
participants who completed multidisciplinary rehabilitation for mTBI. By the end of the
intervention, 59% of participants had resumed employment. Three variables emerged to
predict RTW for 70% of cases: fewer than six pre-treatment PCS, younger age, and
absence of a public insurance provider. In addition, an interaction was found between
presence of a public insurance provider and referral delay in predicting non-RTW. All
other factors considered were unrelated to employment outcomes, including gender,
education, pre-injury chronic health problems, psychiatric diagnosis (pre- and post-
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injury), injury severity (GCS, direct head impact, CT findings, prior TBI, prior
neurological condition), associated injuries (significant internal injury, neck injury, other
musculoskeletal injury), or post-injury pain and headache.
As with performance on neuropsychological testing, RTW after multidisciplinary
rehabilitation for mTBI may be affected by individual motivational influences, such as
seeking injury-related compensation through litigation. Paniak, Toller-Lobe, Melnyk, and
Nagy (2000) examined RTW in 118 individuals treated for mTBI 3-4 months after injury.
All participants met criteria for mTBI as defined by the ACRM (Kay et al., 1993). The
majority of participants (74%) had resumed employment at 3-4 months post-injury. Two
variables correctly classified RTW in 79% of cases: seeking or receiving financial
compensation, and older age at injury. Notably, these variables were better at predicting
RTW than non-RTW (86% vs. 58% accurately classified, respectively). On average,
participants seeking or receiving financial compensation resumed work 67 days postinjury, relative to 19 days for non-compensation seekers. Median days until RTW suggest
even greater differences between these groups, with participants receiving or seeking
compensation not resuming work a median of 3-4 months post-injury, and non-seekers
resuming work a median 3 days post-injury. All other factors were unrelated to RTW,
including gender, socioeconomic status, education, premorbid factors (psychological
problems, alcohol use, adverse life events, TBI), length of hospital stay, and injury
variables (PTA, extracranial injury severity).
Delayed RTW among those involved in litigation was also found in a prospective
study by the same author group. Reynolds, Paniak, Toller-Lobe, and Nagy (2003)
examined the relationship between compensation-seeking and RTW among mTBI
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patients randomly assigned to a single educational session or to multidisciplinary
rehabilitation. Participants were assessed at intake, and 3, 6, and 12 months post-injury
for compensation-seeking and RTW status. At each timepoint, compensation-seeking was
associated with delayed RTW. Participants were classified by self-report into one of three
compensation-seeking categories: (a) not seeking compensation (“nonseekers”); (b)
seeking administrative compensation (e.g., worker’s compensation, disability, or sick
leave; “administrative seekers”), and (c) pursuing litigation (“legal seekers”). RTW was
significantly delayed for administrative seekers (Md = 42.5 days) and legal seekers (Md
= 40 days) relative to nonseekers (Md = 3.5 days). It is notable that some commonly used
injury characteristics were not considered in studies finding strong evidence of the
influence of compensation on RTW. Although PTA length and extracranial injury severity
were included, LOC and intracranial abnormalities were not considered. Based on the
absence of these indices, it is possible that individuals with injuries of greater severity
were more likely to seek litigation.
Only one study of RTW after multidisciplinary rehabilitation found null results
and in some instances, negative effects of rehabilitation for mTBI. Elgmark Andersson,
Emanuelson, Bjorklund, and Stalhammar (2007) demonstrated no effect of
interdisciplinary rehabilitation on work participation and satisfaction, and potentially
negative impact on this domain. Of the 395 participants identified as meeting mTBI
criteria as defined by the ACRM (Kay et al., 1993), a 2:1 ratio was used to assign
participants to the intervention (n = 264) or control group (n = 131), respectively. At
about 3 weeks post-injury, intervention group participants were offered education and
rehabilitative treatment, primarily from an occupational therapist. On average, treatment
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group participants completed 5 treatment sessions and subsequently, 10 telephone
contacts. The study suffered from a great deal of attrition in the treatment group. Of the
246 intervention participants included in the intent-to-treat analysis, 150 declined
intervention due to resolution of mTBI symptoms. No significant differences were found
between groups in PCS or health-related quality of life. In addition, self-reported job
satisfaction at 1-year follow-up was impaired for the intervention group, with no changes
in job satisfaction found in the control group. A follow-up assessment conducted 10 years
post-injury found similar results (Elgmark Andersson, Bedics, & Falkmer, 2011), with no
differences found in PCS in the overall sample or by treatment group. Once again,
unexpected decreases were found in the intervention group in some aspects of ADL’s, life
satisfaction, and perceived quality of life. In terms of RTW, sick leave decreased for all
participants, from 15% of the sample at 1-year follow-up to 9% at 10-year follow-up,
with no differences by treatment group. Results should be interpreted with caution, as
both studies suffered from high rates of attrition, particularly in the treatment group.
Attrition in the treatment group may reflect the choice to offer intervention to participants
regardless of reported complaints or problems following injury, the majority of whom
would be expected to recover without treatment. Also, the average treatment dosage (i.e.,
5 sessions primarily from occupational therapy, 10 follow-up phone calls) may have been
insufficient in the amount and scope needed to address complex mTBI symptoms that
influence RTW. Although sessions from other disciplines were offered, the receipt of
treatment predominantly from one discipline is atypical for multidisciplinary
rehabilitation. In fact, it is questionable whether the treatment delivered in this study met
commonly accepted criteria for multidisciplinary rehabilitation (Behm & Gray, 2011).
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Although rehabilitation tends to help the majority of patients perform activities of
daily living with greater independence, these gains do not consistently generalize to
employment outcomes (Ponsford, Olver, & Curran, 1995). As revealed in the preceding
review of studies, RTW after mTBI involves a complex interaction of multiple outcomes,
which are commonly classified into pre-injury, injury, and post-injury characteristics.
Empirical evidence for critical factors that influence RTW after mTBI is systematically
considered in the following section.
1.3 Synthesis of Factors Predicting Return to Work after Mild TBI
In the following section, pre-injury, injury, and post-injury factors are considered
with regard to their ability to predict RTW after mTBI. The evidence supporting the
contribution of each of the following factors is critically evaluated. As necessary, relevant
theoretical models and evidence for selected non-RTW outcomes are also considered.
Pre-Injury Factors
A metaphor proposed by Ruff and Jurica (1999) illustrates how pre-injury
characteristics produce mTBI sequelae. Comparable to cognitive reserve (Satz, 1993;
Stern, 2002) and diathesis-stress theories, Ruff and Jurica’s (1999) model illustrates how
pre-injury factors can protect against or exacerbate the impact of a stressor. The authors
compare classification systems of TBI to those for hurricanes, in which hurricanes are
ranked by level of severity, but not all homes involved in a class-3 hurricane will suffer
the same amount of damage, as for example, some homes are better built than others.
Similarly, individuals experiencing an mTBI will suffer unique amounts of damage
depending on pre-injury level of neuronal and cognitive reserve. The following pre-injury
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factors may therefore represent various components of a diathesis for experiencing
chronic sequelae of mTBI.
Age. Age has been found to predict RTW after mTBI, with younger individuals
more likely to RTW, particularly those younger than 40 (Guérin et al., 2006; Paniak et al.,
2000; Wäljas et al., 2014). Studies of moderate to severe TBI have also found this
relationship (Goranson et al., 2003; O’Connell, 2000; Radford et al., 2013). In contrast
with more severe injuries, however, studies of mTBI seem to demonstrate less
consistency in this factor in predicting RTW, with some finding younger age to be
associated with better employment outcomes (Guérin et al., 2006; de Koning et al., 2017;
Hanlon et al., 1999; Paniak et al., 2000; Riss et al., 2008; Wäljas et al., 2014), and others
finding no relationship (Cicerone et al., 1996; Friedland & Dawson, 2001; Nolin &
Heroux, 2006; Stranjalis et al., 2004; Stulemeijer et al., 2008; Vikane et al., 2016).
Furthermore, even when age does relate to RTW, other factors account for more of the
variance in employment outcomes, such as cause of injury (Hanlon et al., 1999) and PCS
(Riss et al., 2008). The sole study finding that older age predicted RTW used a young,
age-restricted military sample, in which older age was associated with higher rank, such
that increased age may have reflected greater job opportunities or holding pre-injury
positions of greater decision-making latitude (Drake et al., 2000).
Gender. Several of the studies reviewed examined gender as a predictor of
employment outcomes after mTBI, and only one found women to be less likely to RTW
(de Koning et al., 2017), while the remaining studies found no relationship (Dumke,
2017; Friedland & Dawson, 2001; Guérin et al., 2006; Hanlon et al., 1999; Nolin &
Heroux, 2006; Paniak et al., 2000; Reynolds et al., 2003; Riss et al 2008; Stranjalis et al.,
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2004; Stulemeijer et al., 2008; Vikane et al., 2016; Wäljas et al., 2014). The lack of
relationship between gender and RTW after mTBI is unexpected, considering that women
are more likely to report PCS (Meares et al., 2011).
Education. Theoretically, greater level of education is expected to be positively
associated with improved employment outcomes after mTBI through increased access to
job opportunities, as well as occupations with high decision-making latitude and reduced
physical demands. However, a number of studies have not found a relationship between
educational level and RTW following mTBI (Cicerone et al., 1996; Drake et al., 2000;
Dumke, 2017; Friedland & Dawson, 2001; Guérin et al., 2006; Hanlon et al., 1999;
Paniak et al., 2000; Reynolds et al., 2003; Riss et al., 2008; Wäljas et al., 2014). The
remaining few studies found better RTW outcomes for individuals with higher levels of
education (de Koning et al., 2017; Stulemeijer et al., 2008).
Pre-injury occupation type. Individuals holding pre-injury occupations with high
decision-making latitude (e.g., professionals, managers) have been found to have better
RTW rates compared to those with low decision-making latitude (e.g., laborers, clerical
workers) (Friedland & Dawson, 2001; Riss et al., 2008; Ruffolo et al., 1999). In addition,
individuals with more physically demanding jobs (e.g., construction work; manual labor)
have demonstrated poorer RTW outcomes (de Koning et al., 2017; Hanlon et al., 1999).
Delayed RTW among those with manual labor occupations may be due in part to more
rigorous standards for RTW, as physician approval often must be obtained in order to
resume work for safety purposes. Furthermore, mechanism of injury among laborers may
also contribute to delayed RTW, as this occupational group was more likely to be injured
by falls or by being struck by falling objects, which had worse RTW outcomes than other
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injury types (Hanlon et al., 1999). Despite these relationships, the studies cited above are
the only known studies of RTW after mTBI to consider decision-making latitude and
related factors in pre-injury occupation that may contribute to feasibility of RTW.
Marital status. Although marital status is a commonly-collected demographic
measure, few studies examined this variable in relationship to RTW outcomes despite a
large body of evidence indicating that marriage protects against a multitude of
undesirable outcomes, including mortality, particularly for men (Rendall, Weden,
Favreault, & Waldron, 2011). Although not a comprehensive measure of social support,
marital status likely reflects an important component of one’s social network, as well as a
source of economic support. Among the few studies that have included marital status,
there is some evidence that married individuals have better RTW rates following mTBI.
One study found that being single was related to non-RTW (Friedland & Dawson, 2001),
while another found a trend-level relationship in the same direction (Ruffolo et al., 1999).
However, others found no statistically significant relationship between marital status and
RTW (de Koning et al., 2017; Riss et al., 2008). Unfortunately, this variable does not
accurately capture relationship status in all individuals, as it excludes lesbian, gay, and
bisexual individuals who were unable to legally marry in many U.S. states during the
period in which studies were conducted.
Pre-injury psychopathology. Pre-injury psychopathology and lifetime stressors
represent robust predictors of PCS following mTBI (Meares et al., 2011; Ponsford et al.,
2012; van Veldhoven et al., 2011). Despite these findings, only about one-third of mTBI
RTW studies have included this variable. Unexpectedly, among all studies considering
pre-injury psychopathology, none have found a relationship with RTW (Guérin et al.,
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2006; Hanlon et al., 1999; Paniak et al., 2000; Stulemeijer et al 2008; Wäljas et al.,
2014).
Pre-injury history of mTBI. Studies comparing individuals with single versus
multiple mTBI’s have found the latter to result in adverse long-term effects on cognition
(Moser & Schatz, 2002; Moser, Schatz, & Jordan, 2005; Wall et al., 2006), although some
studies have found no difference (Iverson, Brooks, Lovell, & Collins, 2006; Pellman et
al., 2004). Studies demonstrating adverse effects have found lower performance on tests
of attention, executive functioning, and processing speed. In addition, multiple mTBI’s
are associated with increased PCS and psychopathology (Vanderploeg et al., 2012).
Despite strong evidence of the adverse effects of multiple mTBI’s, this variable was
considered in only about one-third of RTW studies. Among these studies, pre-injury
history of mTBI has not been found to be associated with RTW (Dumke, 2017; Guérin et
al., 2006; Hanlon et al., 1999; Paniak et al., 2000; Stulemeijer et al., 2008; Wäljas et al.,
2014). It is possible that multiple mTBI’s negatively influence cognitive functioning as
measured on objective tests and are associated with other factors linked to poor
outcomes, but such relationships may not be sufficiently strong to produce functional
limitations in employment.
Injury Factors
Cause of injury. No clear findings have emerged in the relationship between
employment outcomes and injury type in mTBI. One study found that MVA injuries were
associated with worse RTW outcomes at 6 months after injury (but not at one year) (de
Koning et al., 2017). However, in another study, injuries caused by falls and falling
objects (vs. MVA) demonstrated poorer RTW (Hanlon et al., 1999). In the same study,
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injury was also classified by mechanism of action, and injuries involving an object
striking head (vs. head striking object) were associated with poorer RTW (Hanlon et al.,
1999). However, it should be noted that the object-striking-head injury includes assault,
which appears to have unique negative outcomes relative to other injury types. In
addition to having worse RTW rates in the mixed-severity TBI literature, individuals who
have been assaulted have greater PCS at 6-months post-injury (Wenden, Crawford, Wade,
King, & Moss, 1998). These individuals may also receive less care and are more
challenging to study, as they are less likely to attend follow-up visits (Haboubi, Long,
Koshy, & Ward, 2001). In fact, individuals injured by assault are considered so distinct
from those injured by other means that a recent review of RTW outcomes excluded
studies of this injury population from consideration (Cancelliere et al., 2014). The authors
described the rationale for this decision as differential recovery among this population,
due to complications of victimization and legal proceedings. In contrast to findings by
Hanlon and colleagues (1999), other mTBI studies have found no significant differences
in RTW by cause of injury (Guérin et al., 2006; Riss et al., 2008; Stranjalis et al., 2004;
Wäljas et al., 2014).
LOC and other indices of injury severity. Only one study has found evidence that
LOC duration is related to RTW following mTBI (Friedland & Dawson, 2001), while
other studies have found no such relationship (Hanlon et al., 1999; Riss et al., 2008;
Stulemeijer et al., 2008; Wäljas et al., 2014). Similarly, studies examining other
traditional indices of injury severity, such as GCS and PTA, have also failed to find that
these measure predict RTW after mTBI (Drake et al., 2000; Guérin et al., 2006; Nolin &
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Heroux, 2006; Paniak et al., 2000; Stranjalis et al., 2004; Stulemeijer et al., 2008; Wäljas
et al., 2014).
Intracranial abnormalities. The vast majority of studies examining intracranial
abnormalities via neuroimaging found that abnormal CT results did not influence RTW in
mTBI (de Koning et al., 2017; Guérin et al., 2006, Hanlon et al., 1999; Stulemeijer et al.,
2008; Vikane et al., 2016). Although it is anticipated that neuroimaging was conducted at
the ER on the day of injury, these studies unfortunately do not indicate precisely when
scanning was performed. The sole significant finding indicated that intracranial
abnormalities detected by day-of-injury CT scanning (but not day-of injury MRI or
CT/MRI at 3 weeks post-injury) were associated with poorer RTW (Wäljas et al., 2014).
Altogether, these findings are generally consistent with the larger mTBI body of literature
demonstrating no effect of abnormal CT scans on long-term outcome (King, Crawford,
Wenden, Caldwell, & Wade, 1999; Lannsjö, Backheden, Johansson, Af Geijerstam, &
Borg, 2013; Stulemeijer et al., 2008; van Veldhoven et al., 2011) and inconsistent results
of abnormal MRI scans (Müller et al., 2009; Yuh et al., 2013). In fact, a growing
literature indicates that for mTBI, CT and MRI scanning tend to be insufficiently
sensitive in detecting subtle intracranial damage relative to functional imaging techniques
(e.g., Single Photon Emission Computed Tomography; Raji et al., 2014) and
neurobiochemical markers of structural damage (Papa et al., 2012). For example,
elevation of serum S-100B and glial fibrillary acid protein in mTBI have been shown to
predict RTW (Metting, lczak, Rodiger, Schaaf, & van der Naalt, 2012; Stranjalis et al.,
2004).
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Extracranial injuries. There is some evidence that extracranial injury (de Koning
et al., 2017; Stulemeijer et al., 2008; Wäljas et al., 2014) leads to poorer RTW outcomes
in mTBI, although this has not been found consistently (Drake et al., 2000; Friedland &
Dawson, 2001; Guérin et al., 2006; Paniak et al., 2000). Furthermore, orthopedic injuries
are not unique to mTBI, and those who sustained orthopedic injury without mTBI also
demonstrate challenges resuming work (Friedland & Dawson, 2001).
Post-Injury Factors
Post-concussion symptoms. Experiencing PCS at various timepoints following
injury has been found to predict employment outcomes following mTBI (Cicerone et al.,
1996; Dumke, 2017; Guérin et al., 2006; Nolin & Heroux, 2006). However, symptoms
are often consolidated, masking the precise symptoms presenting critical obstacles to
resuming productivity. One study found that subjective physical fatigue, but not other
PCS, predicted time to RTW (Wäljas et al., 2014). Relative to other PCS, headache has
been found to be uniquely associated with mTBI but not other injuries after controlling
for demographic and psychiatric factors (Hoge et al., 2008). Consistent with this, studies
examining post-traumatic headache have largely found the presence and increased
severity of this symptom to be related to poor RTW outcomes (de Koning et al., 2017;
Guérin et al., 2006; Riss et al., 2008), although one study found no relationship (Vikane
et al., 2016). However, as with other PCS, many studies have considered pain and
headache within surveys of PCS, but have not examined these particular conditions
separately in the relationship with RTW. Perhaps as a result, some mTBI studies have not
found PCS to significantly predict RTW (Drake et al., 2000; Stranjalis et al., 2004;
Stulemeijer et al., 2008).
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Cognitive functioning. Meta-analyses have found small (d = .74) but statistically
significant impairments in neuropsychological test performance among individuals
treated for mTBI (Belanger et al., 2005), particularly in complex attention and other
higher-level functions (Vanderploeg & Belanger, 2015). Although not demonstrated
consistently, poor performance in selected cognitive domains has been associated with
delayed RTW. In particular, executive functioning, selective and sustained attention,
memory, verbal fluency, and processing speed may be better predictors of RTW than
more basic attention and visual motor speed functions (Cicerone et al. 1996; Drake et al.,
2000; Hanlon et al., 1999). However, studies finding neuropsychological test
performance to be related to RTW often find that only a minority of tests administered are
significantly related to outcome. In addition, test batteries administered to participants
vary widely by study and therefore, studies are rarely directly comparable.
Affective functioning. Self-reported emotional distress is an important variable to
capture when studying mTBI, as it has been shown to influence objective neurocognitive
performance (Verfaellie, Lafleche, Spiro, & Bousquet, 2014) and demonstrates a robust
relationship with PCS (Donnell et al., 2012; Garden & Sullivan, 2010; Iverson, 2006).
RTW studies of mTBI populations tend to focus exclusively on post-traumatic stress and
depression, despite evidence indicating that elevated symptoms of general anxiety are
common following TBI (Osborn, Mathias, & Fairweather-Schmidt, 2016) and are
associated with poorer recovery following mTBI (Moore, Terryberry-Spohr, & Hope,
2006). When studies do include measurement of anxiety symptoms, they tend to be
combined with measures examining depression symptoms and emotional constructs are
not isolated in the report of results (Vikane et al., 2016). Individuals who experience
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elevated post-traumatic stress symptoms following injury have demonstrated poorer RTW
outcomes (Friedland & Dawson, 2001), although this has not been consistently found
(Stulemeijer et al., 2008; Vikane et al., 2016). Post-traumatic stress symptoms are
inherently linked to injury type, with particular injury causes (e.g., assault) increasing
likelihood of experiencing post-traumatic stress relative to others (Lukaschek et al.,
2013). Studies examining post-injury depression symptomatology in mTBI have also
found a variable relationship with RTW. Some studies demonstrated that elevated
depression symptoms were associated with non-RTW (de Koning et al., 2017; Dumke,
2017; Hanlon et al., 1999), while others found no such relationship (Riss et al., 2008;
Wäljas et al., 2014). Finally, post-injury psychological diagnosis has been found to be
unrelated to RTW (Guérin et al., 2006). Overall, affective functioning after mTBI has
demonstrated an inconsistent relationship with RTW. However, because of its known
relationship with PCS, affective functioning remains an important factor to capture when
considering RTW after mTBI. Even if it proves to be unrelated to RTW, the extent to
which emotional symptomology affects PCS and other factors that may affect
employment outcomes should be accounted for in analyses.
Delayed treatment. Of the limited number of RTW studies examining
multidisciplinary rehabilitation for mTBI, evidence suggests that these interventions help
to increase rate and speed of RTW (Ho & Bennett, 1997; Minderhoud et al., 1980; Riss et
al., 2008). As noted previously, the sole study finding null (and sometimes negative)
results for multidisciplinary rehabilitation suffered from considerable attrition and weak
intensity of treatment, both of which were unaccounted for in analyses (Elgmark
Andersson et al., 2007). Several studies, however, have found no relationship between
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RTW and the time between injury and intervention or initial assessment (Cicerone et al.,
1996; Drake et al., 2000; Nolin & Heroux, 2006; Riss et al., 2008). In contrast, delayed
receipt of multidisciplinary treatment has been found to indirectly relate to poorer
employment outcomes via an interaction with presence of a public insurance provider
(Guérin et al., 2006). Based on these findings, RTW may only be affected when
rehabilitation is delayed as a result of payer constraints. Note that there is no commonlyaccepted definition of delayed receipt of rehabilitation for mTBI. Instead, studies tend to
represent this factor by time elapsed from injury to rehabilitation admission, although one
study defined delayed treatment as greater than three months post-injury (Riss et al.,
2008).
Injury-related compensation pursuit. Compensation-seeking has demonstrated a
relationship with delayed RTW, with no differences found between individuals seeking
financial compensation through litigation or employer-based benefits (Paniak et al., 2000;
Reynolds et al., 2003). RTW after injury took an average of 40 to 67 days for
compensation seekers, compared with 4 to 19 days for non-compensation seekers, with
median days indicating a greater difference between these groups (Paniak et al., 2000).
Findings are inconsistent across studies, however, as some have found no RTW
differences by compensation-seeking status (Hanlon et al., 1999; Riss et al., 2008). It is
notable that both studies finding effects of litigation on RTW have been conducted by the
same research group in Canada, whereas studies finding null results were conducted in
the U.S. Legal system and health care differences between countries therefore may
contribute to these discrepant findings, as populations who pursue litigation in each

43
country may differ in important ways, which may explain inconsistent relationships with
RTW.
Insurance provider. The sole mTBI study that examined insurance provider
found this factor to be related to RTW. Relative to patients with public insurance, having
private insurance was associated with better RTW outcomes (Guérin et al., 2006). This is
consistent with the mixed severity TBI literature, which has shown that having private
insurance is related to improved functional outcomes and quality of life (Patel et al.,
2015). The reasons for this relationship are not clearly understood, but it is expected that
private insurance recipients have increased access to service providers and treatment
options, resulting in improved RTW outcomes. Alternatively, insurance provider may
represent a proxy for other factors that are not otherwise captured in analyses, such as
socio-economic and legal disability status.
1.4 Limitations in Research on Return to Work after Mild TBI
Several methodological factors limit the study of factors that tend to facilitate or
prevent successful RTW in those who have sustained mTBI. The RTW literature on longterm outcomes mTBI in general tends to be overly focused on traditional TBI severity
indices (e.g., LOC, GCS, PTA) despite their limited ability to predict long-term
functioning relative to factors such as post-injury symptoms, extracranial injuries, and
psychopathology (Silverberg et al., 2015). Additionally, critical factors that have
demonstrated a relationship with RTW after mTBI are frequently missing from these
studies. For example, psychopathology is of particular importance, considering its robust
relationship with PCS (Meares et al., 2011; Ponsford et al., 2012; van Veldhoven et al.,
2011). Studies that do consider psychopathology in relation to RTW following mTBI tend

44
to capture post-injury emotional sequelae rather than pre-injury history of emotional
problems. Such a focus on post-injury emotional symptomology limits the ability to
determine the extent to which pre-injury emotional and psychosocial vulnerability
contribute to long-term functional outcomes after mTBI. In addition to pre-injury
psychopathology, other important factors are often not considered, including pre-injury
occupational type (i.e., decision-making latitude), litigation involvement, and insurance
provider.
Along with neglecting critical variables that predict RTW and other measures of
long-term functioning, studies tend to use problematic forms of outcome measurement.
First, most RTW studies operationalize RTW status as a binary variable (i.e., RTW vs.
non-RTW). However, many individuals who resume employment after mTBI do so at a
modified level, including working shorter hours, performing lighter work, performing
part of the job at home, or trading difficult tasks with co-workers (Ruffolo et al., 1999).
Modified RTW, like full-duty RTW, is expected to bestow benefits to individuals and
enhance recovery by increasing social support, and personal perceptions such as selfefficacy and self-worth, and by decreasing likelihood of secondary disability and
substance abuse. Nonetheless, such modifications are important to capture, as they reflect
ongoing impairment associated with injury. In addition, occupations and employers that
permit sufficient flexibility to allow such modifications may facilitate RTW, considering
that the related factor of occupational decision-making latitude has been found to
promote RTW (Friedland & Dawson, 2001; Riss et al., 2008; Ruffolo et al., 1999).
Finally, studies examining employment outcomes in mTBI are limited by the
types of populations examined. ER samples are frequently used, which do not include
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individuals who did not present to the ER following their injury, comprising at least
200,000 people annually (Finkelstein et al., 2006). As a result, individuals with particular
injury causes may be underrepresented in these samples (e.g., sports-related injuries).
Furthermore, ER samples tend to not include individuals with delayed onset of
symptoms. In contrast, rehabilitation populations in general are infrequently used to
examine predictors of RTW. Although rehabilitation samples are less representative of the
mTBI population as a whole, such samples are expected to be more appropriate for
examining barriers to RTW. Individuals referred for such interventions are likely to be
those who demonstrate the greatest injury-related functional limitations interfering with
RTW (e.g., Ruffolo et al., 1999). Furthermore, few mTBI studies have examined the role
of multidisciplinary rehabilitation in contributing to RTW. Studies that have examined
these interventions have tended to overlook intervention components and process
variables (e.g., therapy session attendance, goals achieved, contribution by discipline).
Analysis of these factors and their influence on RTW and other long-term functional
outcomes may help to identify specific aspects of multidisciplinary rehabilitation that
should be prioritized in order to facilitate optimal functioning of individuals with mTBI.
CHAPTER 2: STATEMENT OF THE PROBLEM
Employment outcomes after mTBI represent a simple and important marker of
functioning and participation. Identifying the factors that contribute to RTW may help to
identify individuals at risk of poor employment outcomes and to prioritize treatment
targets that may facilitate RTW. A comprehensive review of the literature indicates that
multiple factors contribute to RTW following mTBI, yet pre-injury and post-injury
variables appear to have the greatest impact on employment outcomes. Pre-injury factors
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with the most robust impact on RTW include age and occupational decision-making
latitude. Findings regarding education are mixed, while gender, pre-injury
psychopathology, and pre-injury TBI have tended to demonstrate no relationship with
RTW. Overall, studies tend to fail to consider a few important variables in evaluation of
RTW following mTBI. Although all five studies examining pre-injury occupation
decision-making latitude have found this factor to impact RTW, this variable is not
routinely considered in RTW studies. Furthermore, despite the broader literature
indicating robust protective effects of marriage, few studies have included this variable.
Post-injury factors have been found to moderately predict RTW. Namely, PCS,
pursuit of litigation, and cognitive and emotional functioning, tend to emerge as
significant predictors of employment outcomes. Further examination of these variables
indicates that particular aspects of these domains are important. In addition to overall
report of number and intensity of PCS, the post-injury symptoms of headache and
subjective physical fatigue have demonstrated unique relationships with RTW relative to
other symptoms. In addition, impairments in executive functioning and other higher-order
cognitive functions tend to predict RTW better than lower level functions such as basic
attention and visuomotor speed. In terms of post-injury emotional functioning, posttraumatic stress and depression symptoms have been found to relate to RTW outcome,
although findings are not consistent across studies. However, symptoms of general
anxiety are rarely considered in RTW studies. In contrast to these factors, delayed
treatment does not appear to affect employment outcomes. Although, when considered in
combination with insurance type, one study suggested that delayed treatment may predict
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employment outcomes. Unlike the moderate to severe TBI literature, insurance type is
not routinely considered in studies of RTW following mTBI.
Research on RTW following mTBI tends to be overly focused on injury variables,
even though they do not demonstrate consistent or particularly strong relationships with
employment outcomes. Altogether, mechanism of injury, incracranial abnormalities, LOC
and other injury severity indices demonstrate weak and inconsistent associations with
RTW. In fact, although not unique to TBI, extracranial injuries appear to be slightly better
predictors of RTW following mTBI. The lack of relationship between injury severity and
RTW is consistent with the overall mTBI literature showing no consistent effects of
injury severity and outcomes. This lack of relationship may in part be related to the
insensitivity of commonly-used methods of assessing injury severity in mTBI, such as
CT or MRI scanning of intracranial damage. When more sensitive measures of mTBI
severity are used (i.e., neurobiochemical markers of structural damage such as S-100B,
GFAP), significant relationships tend to emerge in predicting RTW.
Relative to the study of pre-injury, injury, and post-injury variables following
mTBI, the contribution of multidisciplinary rehabilitation to RTW has received less
attention. Although multidisciplinary rehabilitation has demonstrated promise for
improving aspects of PCS, cognition, and overall functioning (Cicerone et al., 1996;
Ponsford et al., 1995; Riss et al., 2008; Scott et al., 2017), at least one recent randomized
controlled trial suggested that such improvements may not extend reliably to RTW
(Vikane et al., 2017). Furthermore, little is known about precisely how rehabilitation may
influence employment outcomes, including contributions by discipline, optimal dosage,
and which PCS are most important to target.
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From a conceptual standpoint, this dissertation borrows from theories that are
brain-specific (Satz, 1993; Stern, 2002) as well as those that relate to psychopathology
(diathesis-stress; see Ingram & Luxton, 2005 for a review) in order to inform hypotheses.
Both types of models respectively posit that predisposition to neurological injury or
psychopathology increases the likelihood for experiencing poorer outcomes following
injury and other life stressors. Furthermore, the neuropsychological model of functional
disability after mTBI posited by Kay and colleagues (1992) accounts for unique
challenges among individuals with prolonged PCS by incorporating dysfunctional loops
related to cognition and pain. Kay and colleagues (1992) build upon the vulnerabilitystress models previously described, with vulnerabilities categorized into neurological,
psychological, and physical factors. The model includes the presence of subjective
cognitive impairments, which, in addition to objective cognitive impairments caused by
brain damage, are influenced by psychological and physical factors such as anxiety and
headache, respectively. Through dysfunctional processes, otherwise transient cognitive
and physical changes after mTBI may activate strong psychological responses that result
in poor functional outcomes and ultimately exacerbate and maintain maladaptive
processes. Such processes may account for counterintuitive findings in which some
patients with mTBI worsen over time and demonstrate severe, disabling PCS
disproportionate to evidence of neurological damage. Although this study was not
designed to test the theory presented by Kay and colleagues (1992), its proposed
maladaptive processes were expected to feature prominently among this population,
largely comprised of the individuals with prolonged PCS who have been described in the
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literature as the “miserable minority” (Ruff, Camenzuli, & Mueller, 1996; Rohling,
Larrabee, & Millis, 2012).
The purpose of this study was to explore predictors of RTW after rehabilitation
for mTBI in a rehabilitation-based sample, while addressing noted limitations of the
literature in this area. Based on empirical and theoretical literature, a range of variables
was used to predict RTW following mTBI. In addition, process variables were examined
from rehabilitation course and therapeutic disciplines involved in multidisciplinary
rehabilitation. A TBI-specific measure of functioning was used to inform interpretation of
RTW findings. Finally, study findings were used to inform evaluation and
recommendations for the mTBI rehabilitation program from which this study was based.
CHAPTER 3: HYPOTHESES
In the following section, study aims are specified, along with corresponding
hypotheses based on the preceding review of the literature. Hypotheses were also formed
based on the theoretical model proposed by Kay and colleagues (1992) for recovery after
mTBI.
Predictors of Return to Work after Mild TBI
Pre-Injury, Injury, and Post-Injury Factors
Aim 1: Identify pre-injury, injury, and post-injury factors that increase rate of
RTW among individuals with mTBI.
Hypothesis 1a: The following pre-injury factors were expected to be associated
with successful RTW at follow-up: (a) younger age, (b) higher education, (c) being
married, (d) high occupational decision-making latitude, (e) absence of pre-injury
psychopathology, (f) absence of pre-injury TBI, and (g) higher estimated pre-injury
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intellectual ability. (Note: Despite null findings for pre-injury psychopathology in the
literature on employment outcomes after mTBI, it was predicted that the absence of preinjury psychopathology would be associated with successful RTW based on the
theoretical model proposed by Kay et al., 1992.)
Hypothesis 1b: The following injury factors were expected to be associated with
successful RTW at follow-up: (a) sustaining non-assault injuries, and (b) absence of
extracranial injuries.
Hypothesis 1c: The following post-injury factors were expected to be associated
with successful RTW at follow-up: (a) absence of injury-related litigation, (b) absence of
injury-related benefits/compensation, (c) presence of a private insurance provider, (d)
fewer number and lower intensity of PCS, (e) lower post-injury emotional symptoms, and
(f) better performance on measures of executive functioning, complex attention tests, and
verbal fluency.
Hypothesis 1d: Pre-injury and post-injury factors were expected to demonstrate a
stronger relationship with RTW than injury factors.
Multidisciplinary Rehabilitation Factors
Aim 2: Identify multidisciplinary rehabilitation factors that increase rate of
RTW among individuals with mTBI.
Hypothesis 2a: The following multidisciplinary rehabilitation factors were
expected to be associated with successful RTW: (a) increased proportion of
multidisciplinary treatment goals achieved, and (b) absence of central PCS (i.e.,
headache, subjective fatigue, dizziness, vision dysfunction) at discharge.
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Hypothesis 2b: RTW status was expected to be more accurately predicted by
considering pre-injury, injury, post-injury and multidisciplinary rehabilitation factors
altogether.
RTW and Overall Functioning after Mild TBI
Aim 3: Explore the relationship between RTW status and overall functioning
for individuals with mTBI.
Hypothesis 3: RTW was expected to be associated with higher overall
functioning.
Program Evaluation for Madonna Rehabilitation Hospital’s Mild TBI Clinic
Aim 4: Based on study results, provide program evaluation and
recommendations for Madonna Rehabilitation Hospital’s Mild TBI Clinic.
Hypothesis 4: It was expected that Madonna Rehabilitation Hospital’s Mild TBI
Clinic may benefit from more systematic and standardized measurement of factors that
may influence RTW and other functional outcomes.
CHAPTER 4: METHOD
This study employed an archival medical record review of patients with mTBI
who completed admission evaluations for outpatient multidisciplinary rehabilitation. In
addition, outcome data of current RTW status and overall functioning were collected by
follow-up telephone interview.
4.1 Participants
Setting
Participants were recruited from Madonna Rehabilitation Hospital, a specialized
rehabilitation hospital in Lincoln, Nebraska. Madonna Rehabilitation Hospital has
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received accreditation by Commission on Accreditation of Rehabilitation Facilities
(CARF) of its Brain Injury Rehabilitation Program. As part of this program, the mTBI
clinic at Madonna Rehabilitation Hospital offers multidisciplinary rehabilitation
comprising of physiatry, physical therapy, occupational therapy, and speech therapy. In
addition, services are available from neuropsychology, rehabilitation nursing, case
management, and social work. The Brain Injury Program leadership and staff at Madonna
Rehabilitation Hospital were involved in the study planning process, and the current
study was developed in part out of needs identified during this collaboration. As noted
previously, one of the aims of this study was to inform program evaluation for the mTBI
clinic at this study site.
Eligibility
Individuals who met the following criteria were invited to participate in the study:
1. Participants met criteria for mTBI as specified by the ACRM (Kay et al., 1993):
a. Participants must have sustained a TBI caused by an outside force (e.g., bump,
blow, or jolt/whiplash to the head). Patients with brain injuries induced via other
means (e.g., tumor, hypoxia) were excluded.
b. Participants must have demonstrated at least one of the following clinical signs
of alteration in brain function: (a) any period of loss of or decreased
consciousness; (b) any loss of memory for events immediately before or after
injury; (c) neurologic deficits such as muscle weakness, loss of balance and
coordination, disruption of vision, change in speech and language, or sensory
loss; or (d) any alteration of mental state at the time of injury such as confusion,
disorientation, slowed thinking, or difficulty with concentration.
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c. LOC must not exceed 30 minutes, PTA must not exceed 24 hours, and GCS
must not have been less than 13.
2. Participant age must have been 19-65 at rehabilitation admission. (Note: The
minimum age of 19 was established in order to limit the study to adults of the legal
age of majority in Nebraska. The maximum age of 65 was used because U.S.
citizens of this age are eligible for receiving government-issued Social Security
benefits, receipt of which was expected to influence RTW status.)
3. Participants must have been employed or enrolled in schooling at the time of the
injury; individuals receiving disability benefits and retirees at time of injury were
excluded.
4. At rehabilitation admission, participants must have adequately completed
multidisciplinary evaluation by all disciplines, including neuropsychology, physical
therapy, occupational therapy, and speech therapy.
5. Participants must have completed neuropsychological evaluations with Roger Riss,
Psy.D., because he tended to consistently administer a comprehensive
neuropsychological battery using a core group of measures.
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Figure 4.1. Flow of participants through eligibility determination and recruitment.
Flow of Participants
Medical records of patients scheduled for rehabilitation admission evaluations between
January, 2011 to January, 2016 were reviewed for study eligibility. This timeframe was
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selected because comprehensive neuropsychological batteries had been administered
starting in 2011. Figure 4.1 depicts the flow of participants through the study. Of the 327
patient records reviewed, 193 (59.0%) were ineligible to participate for the following
reasons: 81 completed a neuropsychological evaluation with a clinician other than Dr.
Riss, 25 were not working at the time of injury, 19 were administered an abbreviated
neuropsychological battery, 18 did not meet age criteria, 16 did not meet mTBI criteria,
14 were actively completing rehabilitation at the time of recruitment (and therefore
rehabilitation therapy course variables would be unable to be included), 10 did not
complete an initial multidisciplinary evaluation with all disciplines, eight were excluded
for multiple reasons (e.g., did not meet age criteria and not working at time of injury),
and two were not prescribed rehabilitation. Among patients excluded for not meeting age
criteria, six (33.3%) were younger than age 19, and 12 (66.7%) were older than age 65.
Among individuals excluded for not meeting mTBI criteria, six (37.5%) had brain
injuries induced by non-traumatic means (i.e., tumor, hypoxia), six (37.5%) had a GCS
less than 13, and four (25%) experienced PTA lasting greater than 24 hours. Finally, one
patient was eligible but not invited to participate due to administrative error. The
remaining eligible 133 (40.7%) individuals were invited to participate throughout the
months of February to June, 2016. A total of 42 individuals did not respond to mailed
letters or telephone contacts, and 12 individuals who were reached by telephone declined
to participate. A comparison of participants and eligible non-participants is included in
the Results section.
Participant Characteristics
A total of 79 individuals provided verbal consent to participate in the study. Demographic
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Table 4.1
Participant Demographic Characteristics
Participants
(N = 79)
n (%)
Age
Mean (SD)
Range

43.72 (13.13)
19-62

Gender
Women
Men

54 (68.4)
25 (32.1)

Race
Caucasian
Asian
African American/Black

74 (93.7)
3 (3.8)
2 (2.5)

Ethnicity
Hispanic/Latino
Not Hispanic/Latino

0 (0.0)
79 (100.0)

Marital status
Married
Never married
Divorced
Cohabitating

45 (57.0)
20 (25.3)
13 (16.5)
1 (1.3)

data for participants are presented in Table 4.1. The average age of participants at
rehabilitation admission was 43.72 (SD = 13.13), and approximately two-thirds of
participants were women (67.9%, n = 54). Categorical data for racial background are
described using the terms employed in medical records. A total of 74 (93.7%) participants
identified as Caucasian and no participants identified as Hispanic or Latino. More than
half of participants (57%, n = 45) were married at the time of rehabilitation admission,
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and approximately one quarter of participants (n = 20, 25.3%) were single and had never
been married.
4.2 Measures
All study data were obtained from retrospective review of patient medical records,
except for RTW and other functional outcomes, which were collected by follow-up
telephone interview. Appendix A contains the form used to guide data obtained from
medical records which includes how each of the following variables were operationalized
for entry into the study database. Appendices B and C contain the RTW survey and longterm functioning measure, respectively.
Pre-Injury Factors
Demographic data. Demographic variables included age, gender, marital status,
racial and ethnic background, and educational level.
Pre-injury employment and occupational decision-making latitude. Pre-injury
employment type (e.g., paid work, self-employed, student), and pre-injury occupational
decision-making latitude were variables created from documentation of employment
descriptions in medical record and from the telephone interview. Occupational decisionmaking latitude levels were high (e.g., professional, manager, student), or low (e.g.,
laborer, clerical, service). Because this categorization required judgment, an
undergraduate research assistant classified occupational decision-making latitude using
participants’ verbatim description of their pre-injury employment from the telephone
interview, as well as pre-injury employment information documented in the
neuropsychological report at rehabilitation admission. Unfortunately, interrater reliability
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of ratings between the author and research assistant of occupational decision-making
latitude was inadequate (κ = .57) and was therefore eliminated from analyses.
Academic and clinical history. Pre-injury academic performance, history of
learning disability, pre-injury psychological problems, pre-injury substance use problems,
and pre-injury TBI were gathered from medical records. Unless otherwise specified in the
results, each of these variables was coded as present (i.e., positive history) or absent (i.e.,
negative history). As part of the standard practice of the neuropsychologist who
performed the clinical interview and documented this information in reports, patients
were routinely asked questions pertaining to each of the aforementioned variables. As
unremarkable responses were sometimes not documented, absence of information in
medical records was treated as a negative history of the associated variable.
Payer source and insurer. Payer source (e.g., private insurance, worker’s
compensation) and specific insurer (e.g., Blue Cross-Blue Shield) were also obtained
from medical records.
Injury and Injury-Related Factors
Injury type, LOC, intracranial abnormalities, and extracranial abnormalities were
obtained from medical records. In addition, pursuit or involvement in injury-related
litigation was obtained from medical records.
Post-Injury Factors: Self-Reported Emotional Symptoms
The following data were obtained from the neuropsychological report completed
at rehabilitation admission.
Beck Anxiety Inventory (BAI; Beck & Steer, 1993). The BAI was included as a
measure of overall anxiety. On each of the 21-item self-report items measuring the
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presence and severity of anxiety symptoms, respondents indicate the extent to which they
have been bothered by a list of symptoms during the past week on a scale of 0 (Not at all)
to 3 (Severely – I could hardly stand it). The BAI has excellent internal reliability that is
high (.85; Beck & Steer, 1993) to very high (.96; Sæmundsson et al., 2011), and testretest reliability that is adequate (.75; Beck, Epstein, Brown, & Steer, 1988) to high (.84;
Vázquez Morejón, Vázquez-Morejón Jiménez, & Zanin, 2014). The BAI positively
correlates with various measures of anxiety (Vázquez Morejón et al., 2014), and
correlates significantly higher with measures of anxiety relative to measures of
depression and stress (Sæmundsson et al., 2011). The BAI has demonstrated sound
psychometric properties among mTBI populations (Moore, 2005; Trahan, Ross, &
Trahan, 2001). With particular relevance for this study, high scores on the BAI have been
found to correlate with greater PCS (Trahan et al., 2001).
Beck Depression Inventory-Second Edition (BDI-II; Beck, Steer, & Brown,
1996). The BDI-II was included as a measure of overall depression. The BDI-II is a 21item self-report instrument measuring of the presence and severity of depression
symptoms in which respondents select one response statement for each item describing
their experience over the past two weeks. Item responses correspond to scores of 0 to 3,
with higher item and total scores reflecting greater severity of depression symptoms.
Internal reliability correlations are high (.84; Al-Musawi, 2001) to very high (.93; Beck et
al., 1996), while test-retest reliability ranges from adequate (.74; Leigh & AnthonyTolbert, 2001) to high (.96; Sprinkle et al., 2002). Scores positively correlate with
clinician-administered and self-report measures of depression (Kojima et al., 2002;
Osman, Kopper, Barrios, Gutierrez, & Bagge, 2004; Sprinkle et al., 2002), inversely
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relate to happiness, ego strength, and boldness, and are unrelated to neuroticism (AlMusawi, 2001). Higher BDI-II scores have been found to correlate with greater severity
of PCS (Trahan et al., 2001).
Generalized Anxiety Disorder-7 (GAD-7; Spitzer, Kroenke, Williams, & Löwe,
2006). The GAD-7 was included as a measure of anxiety for cases in which the BAI was
not administered. The GAD-7 is a seven-item self-report instrument assessing the
presence and severity of symptoms of generalized anxiety disorder (GAD). Items were
developed using DSM-IV criteria for GAD. Respondents select one response for each
item to describe their experience over the past two weeks. Item responses correspond to
scores of 0, 1, 2, and 3, reflecting not at all, several days, more than half the days, and
nearly every day, respectively. The measure is scored by summing all responses, with
higher scores indicating greater severity of GAD symptoms. The GAD-7 has
demonstrated very high internal consistency (α = .92), and high one-week test-retest
reliability (r = .83). Spitzer and colleagues (2006) found strong convergent validity, as the
GAD-7 correlates highly with the BAI (r = .72) as well as the anxiety subscale of the
Symptom Checklist-90 (Derogatis, 1974) (r = .72). Although GAD-7 scores correlate
strongly with measures of depression, a large proportion of those scoring high on the
GAD-7 have not been found to report high levels of depression. Furthermore, factor
analysis found anxiety as measured by the GAD-7 and depression to represent distinct
dimensions (Spitzer et al., 2006). Cutoff scores of 5, 10, and 15 indicate mild, moderate,
and severe levels of anxiety. Scores of 10 or higher show a sensitivity of 89% and a
specificity of 82% for GAD. Although specifically designed to screen for GAD
symptoms, the GAD-7 has demonstrated ability to detect other types of anxiety and
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related disorders, including panic disorder, social anxiety disorder, and post-traumatic
stress disorder (Kroenke, Spitzer, Williams, Monahan, & Löwe, 2007).
Patient Health Questionnaire-9 (PHQ-9; Kroenke, Spitzer, & Williams, 2001).
The PHQ-9 was included as a measure of depression for cases in which the BDI-II was
not administered. The PHQ-9 is a nine-item scale measuring the presence and severity of
depression symptoms that was developed based on the DSM-IV diagnosis for a major
depressive episode. Respondents are instructed to rate the frequency of each depression
symptom (e.g., “little interest or pleasure in doing things”) corresponding to points of 0
(Not at all), 1 (Several days), 2 (More than half the days), and 3 (Nearly every day). Total
scores are classified into depression severity categories of minimal (0-4), mild (5-9),
moderate (10-14), moderately severe” (15-19), and severe (20-27). Internal reliability of
the measure has ranged from .86 to .89 (Kroenke et al., 2001). Two-day test-retest
reliability has been found to be .84 (Kroenke et al., 2001). Using a threshold of 10 points
or higher, the PHQ-9 has demonstrated a sensitivity of 88% and specificity of 88% in
detecting diagnosis of major depression (Kroenke et al., 2001).
Alternative Measures of Anxiety and Depression. For a minority of participants
who were administered self-report measures other than those listed above for depression
(n = 23; 29.1%) or anxiety (n = 21; 26.6%), alternative measures were used that included
scales of anxiety or depression. Based on interpretive guidelines for each measure (see
Appendix D), results were collapsed into categories of minimal, mild, moderate, and
severe symptoms. Brief descriptions of each measure and its psychometric properties are
described below.
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Minnesota Multiphasic Personality Inventory (MMPI-2-RF; Ben-Porath &
Tellegen, 2008). The MMPI-2RF is a 338-item version of the MMPI-2, a widely-used
personality test containing nine restructured clinical scales, eight validity scales, and
several other scales. The Low Positive Emotions (RC2) scale was used as an alternative
measure for depression, and high scorers report anhedonia, are pessimistic, and are at
increased risk for depression. The Anxiety scale (ANX) was used as an alternative
measure of anxiety. High scores suggest frequent and pervasive feelings of anxiety, dread,
and fear, somatic complaints, and difficulty coping with stress. One-week test-retest
reliability and internal consistency of higher-order scales has largely fallen within the
range of .80 to .90. Restructured clinical scales, including the RC2, have demonstrated
convergent validity equal to or greater than the MMPI-2 (Ben-Porath & Tellegen, 2008;
Tellegen, Ben-Porath, & Sellbom, 2009). Internalizing scales, including the ANX scale
have shown relatively good convergent validity (Tellegen & Ben-Porath, 2008).
Millon Clinical Multiaxial Inventory (MCMI-III: Millon, Millon, Davis, &
Grossman, 1994; MCMI-IV: Millon, Grossman, Millon, 2015). The MCMI is a 175-item
measure of personality and psychopathology. The Major Depression scale (CC) was used
as an alternative measure of depression, and the Anxiety scale (A) was used as an
alternative measure of anxiety. Internal consistency has been found to be .90 for the
Major Depression scale and .86 for the Anxiety scale. Test-retest reliability (5-14 days)
was .95 for the Major Depression scale and .84 for the anxiety scale. Individuals
diagnosed with major depressive disorder and various anxiety disorders (e.g., GAD,
obsessive-compulsive disorder) produce elevated scores on the Major Depression scale
and Anxiety scale, respectively. Base rates greater than 84 on the Major Depression scale
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have demonstrated 84% sensitivity for major depressive disorder. Using the same cutoff
score, Anxiety scale scores have demonstrated 64% sensitivity for detecting individuals
with anxiety disorders.
Millon Behavioral Medicine Diagnostic (MBMD: Millon, Antoni, Millon, Minor,
& Grossman, 2006). The MBMD is a 165-item measure designed to assess psychosocial
factors that may support or interfere with treatment of chronic illness. It produces results
presented in which depression and anxiety are classified as “assets,” present “liabilities,”
or prominent “liabilities.” The Depression scale (BB) captures symptoms of depressed
mood, including poor appetite, social withdrawal, discouragement, guilt, behavioral
apathy, self-deprecating thoughts, and loss of interest in pleasurable activities. The
Anxiety-Tension scale (AA) captures high levels of anxiety, tension, and panic. For the
Depression and Anxiety-Tension scales, respectively, internal consistency is .89 and .82,
and test-retest reliability (7-30 days) is .80 and .86 (Wise & Streiner, 2010). Both scales
have demonstrated strong convergent validity, based on the correlation of the Depression
scale with the BDI-II of .87, and the correlation of the Anxiety-Tension scale with a
measure of state anxiety of .74 (Millon et al., 2006).
Personality Assessment Inventory (PAI; Morey, 1991). The PAI is a 344-item selfreport measure designed to screen for psychopathology and to provide information
relevant to clinical diagnosis. The Depression (DEP) and Anxiety (ANX) scales were
used as alternative measures. The Depression scale includes items measuring symptoms
of low mood, low energy, fatigue, and discouragement. The Anxiety scale includes items
assessing for feeling nervous, on edge, and irritable. Using a clinical sample, internal
consistency was .93 for the Depression scale and .94 for the Anxiety scale (Morey, 2007).
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Median test-retest reliability (2-4 weeks) has been shown to be greater than .83 (Morey,
2007). The PAI has revealed small to moderate correlations with other measures of
personality and psychopathology (Morey, 2007).
Pain Patient Profile (Tollison & Langley, 1994). The Pain Patient Profile is a 44item measure focused on factors associated with chronic pain. Depression and Anxiety
scales were used as alternative measures. The measure has demonstrated very high oneweek test-retest reliability (.98-.99), and high internal consistency (.85-91) within a
clinical sample (Tollison & Langley, 1995). The Patient Pain Profile scales have
demonstrated strong positive correlations with corresponding scales on the MMPI
(Tollison & Langley, 1995).
Burns Anxiety Inventory (Burns, 1989). The Burns Anxiety Inventory is a 33-item
measure of anxiety used as an alternative measure of anxiety. Items comprise anxious
feelings, thoughts, and somatic symptoms. Responses are provided on a scale of 0 (not at
all) to 3 (a lot). The Burns Anxiety Inventory has shown very high internal consistency (α
= .94) within a clinical sample (Burns & Eidelson, 1998). The measure has demonstrated
a strong positive correlation (r = .86) with the anxiety subscale of the SCL-90.
Unfortunately, no published information was found regarding test-retest reliability of this
measure.
Post-Injury Factors: Self-Reported Post Concussion Symptoms
Neurobehavioral Symptom Inventory (NSI; Cicerone & Kalmar, 1995). The NSI
was included as a measure of PCS. The NSI is a 22-item self-report measure that has
been recommended as supplemental outcome measure the by the TBI Outcomes
Workgroup (Wilde et al., 2010). Respondents rate severity level of symptoms during the
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past two weeks using a five-point Likert scale ranging from zero (None) to four (Very
Severe). For this dissertation, subscales were examined using the four-factor model
recently found by Vanderploeg and colleagues (2015) to provide the best overall factor
structure fit: affective (e.g., “irritability”), somatic (e.g., “headaches”), cognitive (e.g.,
“poor concentration”), and vestibular (“dizziness”). In addition, the NSI-20 was used in
the majority of analyses, in which items measuring hearing and appetite symptoms were
eliminated due to poor fit (Vanderploeg et al., 2015). The NSI has demonstrated very
high internal consistency (.95) (King et al., 2012; Silva, Barwick, Kretzmer, Vanderploeg,
& Belanger, 2013) and one-week test–retest reliability (.96; Silva, Barwick, Kretzmer,
Vanderploeg, & Belanger, 2013). The measure is sensitive to TBI, as respondents with
TBI score significantly higher on the NSI than healthy controls (King et al., 2012).
However, its nonspecific symptoms also produce high scores among those with affective
disturbances (e.g., PTSD, GAD, depression), such that scores increase linearly with
increased number of comorbid affective diagnoses and number of prior TBI’s (King et al.,
2012). In order to facilitate interpretation of NSI scores, normative data published by
Soble and colleagues (2014) were used. The closest available reference group (i.e.,
“deployed-mild traumatic brain injury”) was used for this study, which included Florida
National Guard members (n = 108) with a history of mTBI resulting in LOC, blacking
out, or memory gaps. Among this predominantly male (87%) normative group,
individuals with PTSD, depressive disorders, and anxiety disorders were excluded, and
the resultant sample reported minimal symptoms of depression (PHQ-9: M = 4.2, SD =
4.2) and anxiety (GAD-7: M = 4.7, SD = 4.5).
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Validity-10. The Validity-10 (Vanderploeg et al., 2014) is an embedded 10-item
index of neurologically unlikely and low frequency items (e.g., “hearing problems,”
“change in taste or smell”) within the NSI that was used to facilitate interpretation of NSI
scores. The Validity-10 demonstrated marginal to high sensitivity (.61 - .81) and high to
very high specificity (.85 - .94) of identifying probable symptom invalidity using
measures of atypical symptoms in mTBI (e.g., seeing only in black in white) and negative
impression management. The Validity-10 contains two subscales, including a six-item
subscale of low frequency symptoms (“LOW6”) and a five-item subscale associated with
negative impression management (“NIM5”). No consensus has formed on a suggested
cutoff score to identify probable invalid responding, yet several cutoff scores have been
proposed. In the original development study, a score of equal to or greater than 23 was
proposed (Vanderploeg et al., 2014). In subsequent studies, suggested cutoff scores for
possible, probable, and highly probable symptom validity have respectively ranged from
seven (Sullivan, Lange, & Edmed, 2016) to 19 (Lange, Brickell, et al., 2015), 11 (Lange,
Brickell, & French, 2015) to 23 (Lange, Brickell, et al., 2015), and 10 (Sullivan et al.,
2016) to 28 (Lange, Brickell, et al., 2015). Suggested subscale score cutoffs have ranged
from 11 to 14 for the LOW6 and 11 to 16 for the NIM5 (Lange, Brickell, et al., 2015;
Vanderploeg et al., 2014).
Post-Injury Factors: Neurocognitive Measures
Data for the following neurocognitive measures were obtained from
neuropsychological reports completed at rehabilitation admission.
Animal Naming. Animal Naming is a test of semantic fluency in which
examinees are asked to verbally produce as many animal names as possible in one
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minute; scores comprise the total number of admissible responses. Animal Naming and
other semantic fluency tasks (e.g., fruits and vegetables, boys’ names) are commonly
incorporated as subtests of comprehensive tests. Animal Naming and other semantic
fluency tasks tend to demonstrate adequate test-retest reliability (r >.70) (Levine, Miller,
Becker, Selnes, & Cohen, 2004; Ross, 2003; Tombaugh, Kozak, & Rees, 1999). Animal
Naming and other semantic fluency tests correlate moderately with phonemic fluency
tests (e.g., COWA; Kave, 2005, Tombaugh et al., 1999). Semantic fluency tasks rely upon
functioning of the frontal lobes (Henry & Crawford, 2004a), which are particularly
vulnerable to damage in TBI (Levin & Kraus, 1994). In contrast to phonemic fluency
tasks, semantic fluency tasks also depend on temporal structures (Henry & Crawford,
2004b).
Barona Full-Scale Intellectual Quotient (Barona FSIQ; Barona, Reynolds, &
Chastain, 1984). Barona FSIQ standard scores were obtained from records as a measure
of estimated pre-morbid intellectual ability using a formula of age, gender, race,
educational level, occupation, and region where educated. The formula was created using
the Wechsler Adult Intellectual Scale-Revised standardization sample (N = 1,180), which
was stratified and randomly selected based on U.S. Census figures. In the formula
development study, each demographic variable was ordinally-scaled based on FSIQ rank,
and regression equations were developed using unstandardized regression coefficients. As
with other estimates of pre-morbid intellectual ability, regression toward the mean
artificially lowers or raises estimated scores for individuals whose true intellectual
abilities fall more than one standard deviation above or below the mean, respectively
(Barona et al., 1984). Despite this and other drawbacks of estimating the intellectual
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abilities of a given individual based only on demographic factors, such estimation
equations remain particularly suitable for research in which two or more groups of
participants are compared.
Controlled Oral Word Association (COWA). The COWA is a measure of
phonemic fluency in which examinees are asked in three separate one-minute trials to
name words that begin with the letters F, A, and S. Examinees are instructed that their
responses should not include proper names or variations of a provided word (e.g., begins,
beginning). The COWA is scored by summing the total number of admissible responses
across the three trials, excluding repeated words. Using total words generated for each
letter as individual items, the COWA has demonstrated high internal reliability (r = .83)
and adequate test-retest reliability (r >.70) (Levine et al., 2004; Ross, 2003; Tombaugh et
al., 1999). As noted previously, the COWA correlates moderately with semantic fluency
tests (Kave, 2005; Tombaugh et al., 1999). Phonemic fluency tests such as the COWA
correlate moderately (.44 - .87) with Verbal IQ (Henry & Crawford, 2004b). Phonemic
fluency tasks tend to rely exclusively on the frontal lobes, which are predominantly
involved with executive functioning (Henry & Crawford, 2004a). In fact, performance on
the COWA has been found to be more sensitive to TBI than a commonly used measure of
executive functioning (Wisconsin Card Sorting Task; Henry & Crawford, 2004a).
Furthermore, reduced performance on the COWA is associated with greater TBI severity
(Iverson, Franzen, & Lovell, 1999).
Category Test - Victoria Revision Short Form (CT; Labreche, 1983). Originally
developed by Halstead (1947), the CT measures a variety of executive functioning
abilities, including abstract reasoning, flexibility in complex and novel problem solving,

69
and experiential learning. Stimuli are presented that are organized based on a different
principle, and examinees must use examiner feedback in order to deduce the principle for
each condition. The original version of the CT correlates moderately with Full-Scale IQ
of the Wechsler intelligence scales, and demonstrates moderate to high associations with
the Matrix Reasoning and Letter-Number Sequencing subtests of the WAIS-III (Titus,
Retzlaff, & Dean, 2002). The original version of the CT has shown sensitivity to
neurological damage (Choca, Laatsch, Wetzel, & Agresti, 1997). The present study uses
the 81-item booklet Victoria Revision Short Form, which is scored by summing the total
correct responses (Labreche, 1983). Errors on each of the four subtests of the CT-Victoria
Revision demonstrate variable internal consistency with total errors, ranging from .24
to .82 (Labreche, 1983). The CT-Victoria Revision correlates highly with the original
Halstead CT (r = .96), has a similar classification rate (84%, Victoria Revision vs. 86%,
Halstead), and has demonstrated comparable accuracy in identifying brain injury (Kozel
& Meyers, 1998; Labreche, 1983; Sherrill, 1987). Unfortunately, published studies
employing CT-Victoria Revision in TBI populations have not described the level of
injury severity of their samples (Kozel & Meyers, 1998; Labreche, 1983; Sherrill, 1987),
allowing for the possibility that this version of the CT is insensitive to executive
functioning impairments in mTBI.
Delis-Kaplan Executive Function System Color-Word Interference Test (DKEFS Color-Word Interference Test; Delis, Kaplan, & Kramer, 2001). The D-KEFS
comprises nine tasks designed to assess component processes of executive functioning.
The Color-Word Interference test (“Color-Word” hereafter) measures flexibility and
inhibition of overlearned response. The test is a variant of the Stroop procedure, in which

70
the examinee is asked to name color patches (Condition 1), read words (i.e., “red,”
“green,” “blue”) printed in black ink (Condition 2), name the ink color in which dissonant
color words are printed (Condition 3), and switch between naming dissonant ink colors
and reading words (Condition 4). Internal consistency of the Color-Word is adequate (.70
–.79), while test-retest reliability is adequate for Conditions 1 and 3 and marginal (.60 –
.69) for Conditions 2 and 4 (Delis, Kramer, Kaplan, & Holdnack, 2004). The ColorWord test has been used to measure inhibition and inhibition/switching in mTBI
populations, although at least one study found no discernable differences on this measure
relative to healthy control participants (Troyanskaya et al., 2015).
Integrated Visual and Auditory Continuous Performance Test (IVA+Plus;
Sandford & Turner, 2004). The IVA is a computerized test of sustained attention and
response inhibition. In the test, the numbers 1 and 2 are presented pseudorandomly in 500
trials of visual and auditory modalities. Examinees are instructed to respond to target
stimuli (i.e., “1”) and to inhibit responses to nontargets (“2”). Risk of commission and
omission errors increases respectively depending on the proportion of targets vs.
nontargets presented per 50-trial block (e.g., a block containing 84% of targets increases
risk of commission errors; a block of 84% of nontargets increases risk of omission
errors). For this study, Full-Scale Response Quotient and Full-Scale Attention Quotient
scores were used, which respectively describe response inhibition and sustained attention
performance, along with visual and auditory indices for each. Perhaps as a result of
fluctuations in attention associated with time of day and other influences, the test has
somewhat weak psychometric properties. Test-retest reliability of the Full-Scale
Response Control Quotient is low (r = < .59), while the Full-Scale Response Quotient is
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adequate (r = .70 - .79). Individuals with mTBI have demonstrated poorer performance
on the IVA relative to healthy control participants, although the test has been found to be
insensitive to time since injury (Tinius, 2003).
Rey Auditory Verbal Learning Test (AVLT; Rey, 1958). The AVLT was used to
measure verbal learning and memory. Examinees are read a list of 15 nouns (List A) for
five consecutive trials, with each trial followed by a free-recall test. Then, an interference
list of 15 words (List B) is presented, followed by a free-recall test for this list. Without
rereading List A words, delayed recall of List A words is administered immediately after
List B and after a 20-minute delay, along with a 30-word recognition trial. The AVLT
demonstrates very high (.90) internal reliability (Van den Burg & Kingma, 1999), and
marginal to adequate (.60-.70) 1-year test-retest reliability (Mitrushina & Satz, 1991;
Uchiyama et al., 1995). The test is sensitive to severity of injury (Geffen, Butterworth,
Forrester, & Geffen, 1994) and cognitive impairment in TBI (Potter, Jory, Bassett,
Barrett, & Mychalkiw, 2002; Shum, Harris, & O’Gorman, 2000; Wäljas et al., 2014). In
addition, AVLT performance among individuals with TBI has been shown to predict
functional outcomes such as community integration at 1-year post-injury (Millis,
Rosenthal, & Lourie, 1994).
Rey-Osterrieth Complex Figure Test (RCFT; Rey, 1941; Osterrieth, 1944). The
RCFT is a test of visual-spatial constructional ability and visual memory. Examinees
copy a geometric figure containing 18 elements (RCFT-Copy), and recreate this figure
from memory after delays of 3 minutes (RCFT-Immediate), and 30 minutes (RCFTDelayed). Although other studies have used various lengths of delay (e.g., 15, 30, 45, 60
minutes), such varied lengths of delay have been found not to differentially affect overall
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performance unless the delay lasts longer than 60 minutes (Berry & Carpenter, 1992). A
recognition trial (RCFT-Recognition) may also be administered in which examinees are
instructed to identify elements from of the original figure among 24 total elements
(Meyers & Lange, 1994). The present study uses the scoring system devised by Meyers
and Meyers (1995a), considered one of the most extensive scoring systems for the RCFT
(Strauss, Sherman, & Spreen, 2006). Using this scoring system, the RCFT was positively
correlated with tests of memory and constructional ability and was not associated with
measures of language (Meyers & Meyers, 1995b). The RCFT has also demonstrated
strong 6-month test-retest reliability (Immediate, r = .76; Delayed, r = .89; Recognition, r
= .87) (Meyers & Meyers, 1995b), with a 92% agreement between timepoints in clinical
interpretation. Interrater reliability of total scores is strong (r > .90) (Meyers & Meyers,
1995b). The RCFT has been used in mTBI samples (Gordon, Fitzpatrick, & Hilsabeck,
2011) and discriminates by diagnostic group, as individuals with TBI tend to perform
significantly poorer than those with chronic mental illness (e.g., schizophrenia) and
healthy controls (Meyers & Meyers, 1995a).
Trail-Making Tests A and B (Trails A and B). Originally part of the Army
Individual Test Battery (1944) before being adapted by Reitan (1955), the Trail-Making
Tests (“Trails A and B” hereafter) measure attention, speed, and mental flexibility.
Examinees are instructed to draw connections between randomly arranged numbers in
chronological order (Trails A) and then to alternate between numbers and letters in
chronological and alphabetical order (e.g., 1, A, 2, B, etc.) (Trails B). Scores comprise the
total seconds elapsed to complete each test. Both tests correlate with other measures of
processing speed (i.e., Symbol Digit Modalities Test; Royan, Tombaugh, Rees, & Francis,
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2004). Additionally, Trails B has been found to be associated with tasks involving
cognitive flexibility and set-shifting (Arbuthnott & Frank, 2000; Kortte, Horner, &
Windham, 2002). The Trails tests demonstrate divergent validity, as they are not
associated with verbal tests (Ehrenstein, Heister, & Cohen, 1982). Trails A and B
completion times positively correlate with TBI severity (Dikmen, Machamer, Winn, &
Temkin 1995; Iverson, Lange, Green, & Franzen, 2002; Martin, Hoffman, & Donders,
2003). Among individuals with PCS, the test varies in its clinical utility, according to a
study by Cicerone and Azulay (2002). Both tests were found to have poor sensitivity
(Trails A = 31%; Trails B = 14%), but high specificity (100% for both tests), indicating
that individuals without PCS are unlikely to have impaired scores. Furthermore, positive
predictive power indicated that although Trails A scores reliably correlate with PCS,
Trails B scores demonstrate less diagnostic utility in this group.
Post-Injury Factors: Multidisciplinary Assessment
The following variables were obtained from medical record documentation by
physical therapy (PT), occupational therapy (OT), and speech-language pathology (SLP)
therapy clinicians based on evaluations completed at clinic admission.
Functional Gait Assessment (FGA; Wrisley, Marchetti, Kuharsky, & Whitney,
2004). The FGA is a 10-item therapist-administered measure of postural stability during
various walking tasks. The test is a revision of the Dynamic Gait Index (Shumway-Cook
& Woollacott, 1995), which suffered from ceiling effects (Wrisley et al., 2004). Each item
is scored on a scale of 0 (Severe Impairment) to 3 (Normal Ambulation), with lower
scores on the 30-point measure reflecting increased gait impairment. The FGA has
demonstrated adequate (.79) (Wrisley et al., 2004) internal consistency and high to very
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high test-retest reliability (.80 - .95) (Leddy, Crowner, & Earhart, 2011; Lin, Hsu, Hsu,
Wu, & Hsieh, 2010) and inter-rater reliability (.81 - .97) (Thiem, Ritschel, & Zange,
2009; Wrisley et al., 2004). Psychometric data of the FGA should be interpreted with
caution, however, as at least one of the studies cited previously used a very small sample
(n = 6) (Wrisley et al., 2004). The FGA correlates positively with standardized measures
of balance, gait, and self-reported balance confidence (Wrisley & Kumar, 2010) and is
sensitive to intervention-based gait changes (Foreman et al., 2012). The FGA has
demonstrated 64 - 100% sensitivity and 72 - 81% specificity in predicting falls at 6
months (Duncan et al., 2012; Wrisley & Kumar, 2010), and a four-point change on the
FGA has been estimated to reflect a minimal clinically important difference (Beninato,
Fernandes, & Plummer, 2014). The FGA is recommended for use in mTBI populations
(Lei-Rivera, Sutera, Galatioto, Hujsak, & Gurley, 2013) and has been employed in these
samples (Ustinova, Chernikova, Dull, & Perkins, 2015).
Motor-speech impairments. Binary data (i.e., present, absent) characterizing
various types of motor-speech impairments as rated by speech therapists were obtained
from records. Four types of impairments were assessed, including motor-speech,
expressive language, receptive language, and cognitive-communication impairments.
Visual impairments. The presence or absence of visual impairments as assessed
by a neuro-optometrist was obtained from medical record documentation completed at
rehabilitation admission.
Multidisciplinary Rehabilitation Course
The following data were obtained regarding therapeutic dosage and patient
adherence.
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Rehabilitation delay. The number of days elapsed from injury to rehabilitation
admission was calculated.
Rehabilitation attendance. The number of multidisciplinary therapy sessions
completed for each therapeutic discipline (i.e., PT, OT, SLP) was obtained, permitting
description of the therapeutic dosage for the sample and its subgroups.
Level of rehabilitation completion. Level of rehabilitation completion was a
variable created using the following categories: (a) non-completion (i.e., no therapy
sessions completed following evaluation at rehabilitation admission); (b) partial
completion (i.e., completed at least one therapy session but terminated treatment prior to
completion of the prescribed rehabilitation program); and (c) full completion (i.e., course
of rehabilitation fully completed by mutual patient-therapist agreement).
Therapy goals achieved. Following initial assessment, therapists from PT, OT,
and SLP disciplines established individualized patient goals for rehabilitation. For the
present study, the proportion of participant goals met at discharge for each therapeutic
discipline was obtained from records (e.g., 3/4 therapy goals met = .75). The practice of
establishing and measuring rehabilitation therapy goals is common in rehabilitative
interventions, yet few studies have systematically examined the impact of goal
achievement on long-term functioning or to clinically meaningful concepts beyond
functioning (i.e., quality of life, community participation) (c.f., O’Brien & Xue, 2014). In
order to characterize the multidisciplinary nature of rehabilitation services and to
examine the relative contribution of each therapeutic discipline to functional outcomes,
all three of the major therapeutic disciplines were considered, including PT, OT, and SLP.
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Therapist-documented PCS. In addition to considering PCS using a self-report
measure (i.e., NSI), patient medical records were reviewed for the presence of four
central PCS at clinic admission and discharge: headache, subjective fatigue, dizziness,
and vision complaints. These PCS were selected based on their more frequent report
among individuals with mTBI relative to healthy controls (Hoge et al., 2008;
Vanderploeg et al., 2007; 2009) as well as their demonstrated relationship with RTW
(Guérin et al., 2006; Riss et al., 2008; Wäljas et al., 2014). Direction of change in these
PCS was also obtained from records using categories created for the study (i.e., increase,
decrease, no change). Examining PCS using this method is important because self-report
measures produce significantly greater endorsement of PCS relative to open-ended
questions or spontaneous symptom report (Edmed & Sullivan, 2012; Iverson, Brooks,
Ashton, & Lange, 2010; Nolin, Villemure, & Heroux, 2006). The pattern of report
differed in the present study, however. Because healthy control participants routinely
endorse PCS listed on the NSI in the 0-2 range, ratings of 3 (severe) or 4 (very severe) on
were considered in this study to represent clinically-significant symptoms (Meyers et al.,
2015). In 56% of cases in the present study, therapist documentation of the four central
PCS indicated the presence of a symptom that patients had denied as a clinically
significant symptom on the self-report form. For the remaining cases, patient self-report
matched therapist documentation. It is possible that using the high threshold for the
presence of a clinical symptom as suggested by Meyers and colleagues (2015)
contributed to such results.
Vocational rehabilitation. Receipt of vocational rehabilitation services was
obtained from records and coded as present or absent.

77
Outcome Measures
The following variables and outcome measures were collected via follow-up
telephone interview with participants.
RTW status and level. Using the survey in Appendix B, RTW status was
categorized as RTW or non-RTW. Consistent with other conceptualizations of RTW, fulltime (but not part-time) enrollment in schooling was considered to be RTW. Among
participants who had resumed employment or schooling, RTW level was classified as full
(i.e., RTW at previous level of employment), or modified (i.e., RTW at reduced or
modified level relative to previous level of employment). In order to categorize RTW
level, participants were asked whether they had resumed work at the same level and
position held prior to injury, reduced working hours, traded difficult tasks with coworkers, or changed job position or duties. Participants’ “yes/no” and free verbatim
responses to these questions were considered in order to categorize RTW status and level.
An undergraduate research assistant reviewed de-identified RTW survey data and used
this information to rate RTW status and level. Interrater reliability of ratings between the
author and research assistant was very high for RTW (κ = .97) and adequate for RTW
level (κ = .78). Discrepant ratings were resolved by a third rater (dissertation chairperson,
D.A.H., who was unaware of all other variables in the de-identified data).
RTW ratings. Participants were asked to rate aspects of their current employment
using a five-point interval scale. Three questions were devised for this study in order to
provide a more complete understanding of participants’ subjective experience of postinjury employment (Appendix B, RTW survey items 7, 9, 11). Participants rated
satisfaction with work (1 = not at all satisfied with your work; 5 = completely satisfied
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with your work), confidence in doing their job well (1 = not at all confident; 5 =
confident), and experience of negative changes (1 = no negative changes at work; 5 =
high amount of negative changes at work).
Mayo-Portland Adaptability Inventory-4 (MPAI-4; Lezak & Malec, 2003). The
MPAI-4 was included as an outcome measure of overall functioning. The measure was
developed for use in TBI populations and may be employed through clinicianadministration, self-report, or informant-report. For this dissertation, the measure was
read aloud by the author during the telephone interview with responses selected by
participants. The 29-item measure contains three subscales: abilities, adjustment, and
participation. Items are rated on a scale from 0 (None) to 4 (Severe problem), and total
raw scores are converted to T-scores. T-scores less than 30 reflect good outcome and
each 10-point range above that successively indicates mild, mild to moderate, moderate
to severe, and severe limitations (Malec & Lezak, 2008). For this dissertation, T-scores
were computed using the patient-rated reference group (Malec & Lezak, 2008, Appendix
III: Mayo Sample Ratings by People with ABI). The MPAI-4 has demonstrated good
overall internal reliability (.76 - .83), and subscales correlate moderately with each other
(.49 - .65) and the overall measure (.82 - .86) (Malec et al., 2003). The measure correlates
moderately with measures of disability (Rappaport, Hall, Hopkins, Belleza, & Cope,
1982) and level of cognitive functioning (Gouvier, Blanton, LaPorte, & Nepomuceno,
1987) and predicts employment and level of independence following TBI (Malec, 2001;
Malec, Buffington, Moessner, & Degiorgio, 2000; Malec & Degiorgio, 2002).
Furthermore, the MPAI-4 discriminates between TBI and stroke (Malec, Kean, Altman,
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& Swick, 2012) as well as between mild and severe TBI (Murrey, Hale, & Williams,
2005).
Receipt of non-Madonna rehabilitation. To account for participants who
completed rehabilitation outside of Madonna, participants were asked whether they had
completed rehabilitation at any other hospital or clinic for problems resulting from the
target mTBI and this was coded as yes or no (Appendix B, Item 12).
4.3 Procedure
Archival data were obtained from the medical records of former patients of the
Mild TBI Clinic at Madonna Rehabilitation Hospital, and study participants completed a
follow-up telephone interview in order to collect outcome data used for this study. The
procedures for the clinic from which this study was based are described below, as well as
study-specific procedures, including the archival medical record review, telephone
interview, and creation of cognitive domains for neuropsychological measures.
Clinic procedures. All patients completed standard clinical services upon
admission to the Mild TBI Clinic, which included a two-day outpatient multidisciplinary
evaluation with the disciplines of physiatry, PT, OT, SLP, and neuropsychology. As part
of the neuropsychology portion of the evaluation, a psychologist who was board-certified
in neuropsychology completed a clinical interview and administered a battery of
neuropsychological tests and self-report measures.
Archival medical record review. For the purpose of this study, variables as
specified in the Measures section were obtained from medical records by the author using
the form in Appendix A. Selected variables were obtained as exactly as recorded in the
medical record, whereas other variables were created based on classification schema
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devised for the purpose of this study. The following variables were obtained exactly as
recorded: demographic data, payer type/insurance provider, neurocognitive measure
standard scores, motor-speech impairments, visual impairments, rehabilitation delay,
rehabilitation attendance, and receipt of vocational rehabilitation. The following variables
obtained from records were created based on classification schema devised for the
purpose of this study: pre-injury academic performance, pre-injury psychopathology,
history of TBI, pre-injury employment, occupational decision-making latitude, injury
type, LOC, intracranial/extracranial abnormalities, injury-related litigation, level of selfreported anxiety and depression, therapist-documented PCS, and level of rehabilitation
completion. Study data were linked to participant identification numbers rather than
patient names or other identifying information. Study procedures were approved by the
Institutional Review Boards at Madonna Rehabilitation Hospital and the University of
Nebraska-Lincoln.
Procedures for obtaining data via medical record review were counterbalanced in
order to account for potential effects of the order in which variables were obtained using
the study record form, and to account for the potential that knowledge of RTW and
functional outcomes could have influenced the categorization of data obtained from
medical records (and vice versa). Participants were randomized to medical record review
form direction (i.e., forward vs. backward) and medical record review form timing (i.e.,
before vs. after telephone interview). Due to administrative error, 3.8% (n = 3) of
participants had medical record data collected in the direction opposite from which they
had been randomly assigned. Furthermore, a total of 20.3% of participants (n = 16)
completed telephone interviews in the opposite order from which they had been assigned,
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largely due to participants contacting the author immediately after receiving the
recruitment letter (i.e., assigned to medical record collection before interview, yet
medical record data were collected after interview). No effect was found for medical
review record form order by RTW status, χ2(1) = 0.54, p = .465, r = .08, or RTW level,
χ2(1) = .92, p = .339, r = .13. Similarly, no effect emerged for medical record review
timing by RTW status, χ2(1) = 0.07, p = .798, r = .03, or RTW level, χ2(1) = 0.24, p
= .627, r = .06.
Telephone interview. For the purpose of this study, eligible participants were
contacted by telephone to collect outcome data regarding RTW (RTW Survey; Appendix
B) as well as overall functioning using an orally-administered self-report measure
(MPAI-4; Appendix C). Former Mild TBI clinic patients were mailed letters notifying
them of the purpose, nature, and length of the upcoming telephone call as well as the
incentive for participating ($15 gift card to a local retailer). Those who did not respond to
initial contacts were called up to three times total, and a second letter was mailed to
patients who did not respond to telephone contacts. Once reached, patients were informed
about the purpose of the study and oral informed consent was obtained before proceeding
to the telephone interview. In order to ensure that the telephone interviewer remained
naïve to all other participant data obtained from medical records, participants were
contacted using a list of patient names and contact information maintained in a separate
file from the deidentified study database.
Creation of cognitive domains. For the purpose of this study, neuropsychological
test results were analyzed by cognitive domain using the conceptualization by Lezak,
Howieson, Bigler, and Tranel (2012) in order to reduce the probability of Type I error.
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Cognitive domains included Attention/Processing Speed (Trailmaking Test A, DelisKaplan Executive Functioning System [DKEFS] Color-Word Conditions 1 and 2),
Supraspan (Rey Auditory Verbal Learning Test-First Trial) Concentration/Focused
Attention (i.e., Integrated Visual and Auditory Continuous Performance Test), Verbal
Memory (Rey Auditory Verbal Learning Test), Visual Memory (Rey-Osterrieth Complex
Figure Test), Construction (Rey-Osterrieth Complex Figure Test-Copy, -Strategy Score),
Concept Formation (Category Test), Executive Functioning (DKEFS Color-Word
Conditions 3 and 4, Trailmaking Test B), and Verbal Fluency (Animal Naming,
Controlled Oral Word Association).
4.4 A Priori Power Analysis and Statistical Standards
In order to determine the sample size needed to have an 80% chance of detecting
significant effects, an a priori power analysis was conducted. Unfortunately, only about
half of the mTBI studies on RTW provided sufficient information needed to determine
effect sizes. Among these studies, significant effects of predictors ranged from small to
large (r = .15 to .57), with effect sizes most frequently occurring in the medium range (r
= .25 to .35; Drake et al., 2000; Friedland & Dawson, 2001; Hanlon et al., 1999; Paniak
et al., 2000; Reynolds et al., 2003; Ruffolo et al., 1999). Applying the latter range to a
bivariate power table, a sample size of 59 to 120 was required. The actual sample size for
this study fell within this range at 79 total participants. Interpretation of results
emphasizes effect sizes rather than p values in order to avoid Type I errors.
The following standards applied to all analyses. Effects at the p < .05 level were
considered statistically significant. Chi-square analyses were conducted only with
variables in which all cell sizes were greater than five. In these instances, efforts were
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made to examine the variable by (a) collapsing categories as conceptually reasonable, or
(b) excluding small categories from analysis. All continuous variables were evaluated for
outliers using a quartile-based procedure (Hoaglin, Mosteller, & Tukey, 1983). Values
identified as outliers were subsequently Winsorized by replacing upper and lower
extremes with maximum and minimum acceptable values, respectively. The number of
outliers censored using this procedure and the distribution of outliers within relevant
groups (e.g., RTW vs. non-RTW) are reported.
CHAPTER 5: RESULTS
Results are presented throughout this chapter in the following manner. In Section
5.1, potential differences in characteristics by participation group are examined. After
describing RTW outcomes in Section 5.2, hypotheses are tested for RTW status using
bivariate and multivariate analyses of pre-injury, injury, and post-injury variables. Section
5.3 includes bivariate analyses of multidisciplinary rehabilitation factors. The relationship
between RTW and overall functioning is explored in Section 5.4. Finally, program
evaluation recommendations are made for the Mild TBI Clinic at Madonna Rehabilitation
Hospital in Section 5.5.
5.1 Preliminary Analyses
In this section, potential differences between participants and non-participants are
explored. Selected pre-injury, injury, and post-injury characteristics by participation
group are presented in Table 5.1. Compared to eligible non-participants, study
participants were older by approximately eight years (participants: M = 43.72, SD =
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Table 5.1
Selected Pre-Injury, Injury, and Post-Injury Characteristics by Study Participation
Variable
Participants
Non-Participants
Total
(n = 79)
(n = 55)
(n = 134)
n (%)
n (%)
n (%)
Age
Mean (SD)
43.72 (13.13)**
36.04 (13.59)**
40.64 (13.79)
Range
19-62
19-65
19-65
Gender
Women
Men

54 (68.4)
25 (31.6)

23 (41.8)
32 (58.2)

77 (57.5)
57 (42.5)

Race
Caucasian
Asian
African American/Black

74 (93.7)
3 (3.8)
2 (2.5)

51 (92.7)
0 (0.0)
1 (1.8)

125 (95.4)
3 (2.3)
3 (2.3)

Ethnicity
Hispanic/Latino
Not Hispanic/Latino

0 (0.0)
79 (100.0)

2 (3.8)
50 (96.2)

2 (1.5)
128 (97.7)

Marital status
Married
Never married
Divorced
Cohabitating

45 (57.0)*
20 (25.3)*
13 (16.5)
1 (1.3)

23 (41.8)*
25 (45.5)*
3 (5.5)
0 (0.0)

68 (52.3)
45 (34.6)
16 (12.3)
1 (0.77)

14.42 (2.23)
10 – 20

13.65 (2.30)
8 - 20

14.12 (2.26)
8 - 20

3 (3.8)
19 (24.1)
10 (12.7)
19 (24.1)
17 (21.5)
9 (11.4)
2 (2.5)

1 (1.8)
21 (38.2)
16 (29.1)
3 (5.5)
7 (12.7)
0 (0.0)
4 (7.3)

4 (3.1)
40 (30.5)
26 (19.8)
22 (16.8)
24 (18.3)
9 (6.9)
6 (4.6)

Years of education
Mean years (SD)†
Range
Educational group
GED
High school graduate
Some college
Associate’s degree
Bachelor’s degree
Master’s degree
Doctoral degree
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a

Pre-injury employment *
Paid work
Self-employed
Student

68 (86.1)
4 (5.1)
7 (8.9)

26 (66.7)
3 (7.7)
10 (25.6)

94 (79.7)
7 (5.9)
17 (14.4)

Injury typeb†
MVA
Fall
Assault
Struck by/against object
All other causes

45 (57.0)
24 (30.4)
2 (2.5)
5 (6.3)
3 (3.8)

29 (74.4)
4 (10.3)
1 (2.6)
4 (10.3)
1 (2.6)

74 (62.7)
28 (23.7)
3 (2.5)
9 (7.6)
4 (3.4)

171.2 (177.9)
17 - 629
93
7 (8.9)
32 (40.5)
28 (35.4)
11 (13.9)
1 (1.3)

208.6 (218.4)
9 - 629
104
6 (12.8)
16 (34.0)
15 (31.9)
7 (14.9)
3 (6.4)

185.13 (193.95)
9 - 629
96.5
13 (10.3)
48 (38.1)
43 (34.1)
18 (14.3)
4 (3.2)

Rehabilitation delayc
Mean days (SD)
Range
Median days
< 29 days
30-89 days
90-364 days
1-5 years
> 5 years

Note. Columns may not total 100% for each variable due to missing data.
a
Paid work and self-employed groups were collapsed in analyses. bInjury type
collapsed into MVA vs. non-MVA for analyses. cRehabilitation delay = Time elapsed
from injury to rehabilitation admission. Upper extreme outliers greater than 629 were
Winsorized (participants: n = 4, 5.1%; non-participants: n = 8, 17.0%).
†p < .10. *p < .05. **p < .01.
13.13; non-participants: M = 36.04, SD = 13.59), F(1, 130) = 10.56, p = .001, d = 0.57.
Participants were more likely to be married (participants: n = 45, 57.0%; nonparticipants: n = 23, 41.8%), whereas non-participants were more likely to have never
married (participants: n = 20, 25.3%; non-participants: n = 25, 45.5%). Participants and
non-participants did not differ by gender, χ2 (1) = 1.46, p = .227, r = 0.10. Distribution of
racial background by participation was unable to be analyzed due to small cell size, as
individuals in both participation groups predominantly identified as Caucasian
(participants: n = 74, 93.7%; non-participants: n = 51, 92.7%). Similarly, ethnicity was
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unable to be analyzed due to small cell size, as only two non-participants (3.8%)
identified as Hispanic/Latino.
An effect for years of education × participation group approached significance
such that participants (M = 14.42, SD = 2.23) had three-quarters of one year (0.77) more
education than non-participants (M = 13.65, SD = 2.30), F(1, 127) = 3.70, p = .057, d
= .27. Educational level was also considered categorically using the following three
groups to account for small cell sizes: high school graduate or less, some college, and
Bachelor’s degree or more. In contrast to the previous analysis, no statistically significant
differences emerged for educational group × participation group, χ2(2) = 4.10, p = .129, r
= .17. With regard to pre-injury employment type, the majority of both participant groups
had been engaged in paid work (79.7%), while the remainder were students (14.4%) or
self-employed (5.9%). Paid work and self-employment groups were collapsed for the
following analysis to account for small cell sizes. Pre-injury employment type ×
participation group produced a significant effect such that a greater proportion of nonparticipants were students (25.6%, n = 10), compared to participants (8.9%, n = 7), χ2 (1)
= 5.96, p = .015, r = 0.22.
The most common injury types for both participation groups were MVA
(participants: 57.0%, n = 45; non-participants: 74.4%, n = 29) and fall (participants:
30.4%, n = 24; non-participants: 10.3%, n = 4), with the remaining participants injured by
other traumatic means. When considering MVA vs. non-MVA injuries (collapsed for
analysis), injury type × participation group approached significance such that nonparticipants were more likely to be injured by MVA (74.4%, n = 29) than participants
(45.0%, n = 57), χ2 (1) = 3.38, p = .066, r = 0.17.
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The number of days elapsed from injury date to rehabilitation admission date, or
“rehabilitation delay,” was positively skewed for both participation groups. Values ranged
from 17 to 2,922 days for participants and 9 to 3,403 for non-participants. Upper extreme
outliers greater than 629 days were Winsorized (participants: n = 4, 5.1%; nonparticipants: n = 8, 17.0%). Mean rehabilitation delay was 171.2 days (SD = 177.9) for
participants, and 208.6 days (SD = 218.4) for non-participants. No significant findings
emerged for rehabilitation delay × participation group, F(1, 124) = 1.10, p = .297, d
= .19.
For descriptive purposes, the time elapsed between injury and telephone interview
was examined, as well as time elapsed between rehabilitation admission and telephone
interview. No outliers were identified for either variable. On average, participants
completed the study telephone interview at two years and ten months post-injury (days:
M = 1,020.44; SD = 730.49), with no difference by RTW status, F(1, 77) = 0.07, p = .799,
d = .06. The time elapsed between rehabilitation admission and telephone interview was
also examined. Participants completed telephone interviews an average of two years and
three months (days: M = 808.30; SD = 568.67) after rehabilitation admission, with no
difference by RTW status, F(1, 77) = 0.003, p = .959, d = .01.
5.2 Pre-injury, Injury, and Post-Injury Factors and Return to Work
The remaining analyses were conducted only with study participants (N = 79).
Return to Work Outcomes
Nearly three-quarters (n = 58, 73.4%) of participants returned to work (i.e., “RTW
participants”). Among those who did not RTW (i.e., “non-RTW participants”) (n = 21,
26.6%), the vast majority attributed this to injury (n = 20, 95.2%). The sole participant
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who indicated that non-RTW was not due to injury cited a chronic medical condition
diagnosed after injury. Of RTW participants with data available to rate RTW level (n =
57, 98.3%), the majority (n = 35, 61.4%) resumed work at full pre-injury level, while the
remaining participants (n = 22, 38.6%) resumed work at a modified level.
Post-injury changes in work by RTW level are presented in Table 5.2. For each of
the following four questions regarding post-injury work, data were available for 68.4% to
96.5% of participants. Missing data typically reflected questions not being asked by the
interviewer due to time constraints (n = 4-16, depending on item). In addition, because
items were not administered to non-RTW participants, data were not available for those
who were rated as non-RTW during the telephone interview but were later changed to
RTW (n = 2). The majority of RTW participants (n = 37, 67.3%) resumed work with their
pre-injury employer. Non-significant trend-level differences were found for return to
same employer × RTW level, as full RTW participants were more likely to return to preinjury employers than modified RTW participants, χ2(1) = 3.42, p = .064, r = .25.
Change in job position or duties was reported by nearly half of participants (45.8%, n =
22), and was more likely to be reported by modified RTW participants (n = 16, 75.0%)
than full RTW participants (n = 7, 22.2%), χ2(1) = 11.75, p = .001, r = .49. (Note: Some
full RTW participants who endorsed post-injury change in job position/duties described
this as unrelated to injury [e.g., made lateral position changes within same employer]).
Due to small cell sizes, responses regarding reduced working hours and trading difficult
tasks with co-workers were unable to be examined by RTW level. However, it is notable
that 72.2% (n =16) of modified RTW participants reported reduced hours, compared with
only 6.5% (n = 2) of full RTW participants.
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Table 5.2
Post-Injury Changes in Employment by RTW Level
Variable
Full RTW
Modified RTW
(n = 35)
(n = 22)
n (%)
n (%)

Total
(n = 57)
n (%)

Return to same employera
Yes
No

26 (76.5)†
8 (23.5)†

11 (52.4)†
10 (47.6)†

37 (67.3)
18 (32.7)

Reduced hoursb
Yes
No

2 (6.5)
29 (93.5)

16 (76.2)
5 (23.8)

18 (34.6)
34 (65.4)

2 (7.4)
25 (92.6)

6 (50.0)
6 (50.0)

8 (20.5)
31 (79.5)

7 (25.0)**
21 (75.0)**

15 (75.0)**
5 (25.0)**

22 (45.8)
26 (54.2)

Trade difficult tasks with co-workersc
Yes
No
Change job position/dutiesd
Yes
No

Note. Columns may not total 100% for each variable due to missing data. Due to
small cell sizes, analyses were not performed on the variables “Reduced Hours” and
“Trade Difficult Tasks with Co-Workers.”
a
Did you return to your pre-injury employer following your injury? bHave you cut
down on the number of hours worked per day or per week? cHave you traded
difficult tasks with co-workers? dHas your job position or duties changed since your
injury?
†p < .10. **p < .010.

Among RTW participants, 94.8% (n = 55) completed ratings of work satisfaction,
perceived competence in job performance, and experience of negative changes at work.
On a scale of 1 (not at all satisfied) to 5 (completely satisfied), mean satisfaction with
work for all RTW participants was 3.84 (SD = 1.0). Mean perceived competence in job
performance on a scale of 1 (not at all confident) to 5 (confident) was 3.98 (SD = 1.05).
With regard to negative post-injury changes experienced at work on a scale of 1 (no
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negative changes) to 5 (high amount of negative changes), participants reported an
average rating of 2.82 (SD = 1.33). Work ratings by RTW level are displayed in Figure
5.1. A MANOVA of work ratings (satisfaction, competence, negative changes) by RTW
level (full, modified) was significant, ∧= 0.79, F(3, 53) = 4.49, p = .007. Separate
bivariate ANOVAs of RTW level revealed no significant effect for satisfaction, F(1, 53) =
0.01, p = .913, d = .03. Compared to full RTW participants, modified RTW participants
reported lower competence (full: M = 4.12, SD = 0.86; modified: M = 3.64, SD = 1.22),
F(1, 53) = 4.25, p = .044, d = 0.56, and greater negative changes (full: M = 2.36, SD =
1.19; modified: M = 3.50, SD = 1.26), F(1, 53) = 17.05, p = .001, d = 1.11.

5

*

4.5

***

4

Rating

3.5
Full RTW

3

Modified RTW

2.5
2
1.5
1
Satisfaction

Competence

Negative Changes

Figure 5.1. Participant ratings of satisfaction, perceived competence, and post-injury
negative changes at work by RTW level. Note. All ratings provided on 1-5 scale, where
higher scores reflect greater satisfaction, perceived competence, and amount of negative
changes at work. *p < .05. ***p < .001.
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Pre-Injury Factors
Separate Pearson’s Chi-square and one-way ANOVA analyses were performed to
examine the relationship between RTW status and the following pre-injury factors: age,
gender, occupational decision-making latitude, estimated pre-morbid intellectual ability
(i.e., Barona FSIQ), academic performance, history of learning disability, pre-injury
psychological/substance use problems, and pre-injury TBI. No pre-injury factors emerged
as significantly related to RTW status. Results were inconsistent with the expectation that
successful RTW would be associated with younger age, higher educational level, being
married, high occupational decision-making latitude, absence of pre-injury
psychological/substance use problems, and absence of pre-injury TBI.
Demographic data are presented in Table 5.3. Contrary to hypotheses, no
significant differences emerged for age × RTW status, F(1, 77) = 2.14, p = .148, d = 0.33.
Table 5.3
Demographic Characteristics at Rehabilitation Admission by RTW Status
Variable
RTW
Non-RTW
Total
(n = 58)
(n = 21)
(N = 79)
n (%)
n (%)
n (%)
Age in years
Mean (SD)
42.43 (13.19)
47.29 (12.58)
43.72 (13.13)
Range
19-62
22-61
19-62
Gender
Women
Men

43 (74.1)†
15 (25.9)†

11 (52.4)†
10 (47.6)†

54 (68.4)
25 (31.6)

Marital Status
Married
Never Married
Divorced
Cohabitating

34 (58.6)
17 (29.3)
6 (10.3)
1 (1.7)

11 (52.4)
3 (14.3)
7 (33.3)
0 (0.0)

45 (57.0)
20 (25.3)
13 (16.5)
1 (1.3)

Note. Columns may not total 100% for each variable due to missing data.
†p < .10.
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A non-significant trend emerged for gender × RTW status such that women tended to
RTW at a greater rate than men, χ2(1) = 3.37, p = .066, r = .21. To account for small cell
sizes, marital status was collapsed into two groups: married/cohabitating, and never
married/divorced. Contrary to the hypothesis that married/cohabitating participants would
be more likely to RTW, no significant differences emerged for marital status × RTW
status, χ2(1) = 0.40, p = .526, r = .07.
Educational and occupational data by RTW status are presented in Table 5.4.
Contrary to the hypothesis that RTW would be associated with higher level of education,
no significant findings emerged for years of education × RTW status, F(2, 79) = 0.50, p
= .780, d = 0.33. Educational level was also examined categorically, using three collapsed
groups to account for small cell sizes (i.e., GED/high school, some college, Bachelor’s
degree or more). Inconsistent with the hypothesis that greater level of education would be
associated with RTW, no significant findings were demonstrated for educational group ×
RTW status, χ2(2) = 0.26, p = .877, r = .06. In order to explore potential differences in
estimated pre-morbid intellectual ability, Barona FSIQ standard scores were examined.
Barona FSIQ standard scores less than 85 (n = 5, 6.3%, all RTW participants) were
identified as lower extreme outliers and were Winsorized. Mean Barona FSIQ scores for
the full sample fell within the average range (M = 105.38; SD = 8.60), and did not differ
by RTW status, F(1, 77) = 0.50, p = .480, d = 0.16.
Very few participants reported a history of learning disability diagnosis (RTW: n
= 2, 6.9%; non-RTW: n = 1, 12.5%) or a subject weakness (RTW: n = 4, 13.8%; nonRTW: n = 2, 25.0%), precluding statistical examination. Academic performance was
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Table 5.4
Pre-Injury Education, Occupation, and Related Factors by RTW Status
Variable
RTW
Non-RTW
Total
(n = 58)
(n = 21)
(N = 79)
n (%)
n (%)
n (%)
Years of education
Mean years (SD)
14.49 (2.39)
14.24 (1.78)
14.42 (2.23)
Range
10-20
12-18
10-20
Educational group
GED
High school graduate
Some college
Associate’s degree
Bachelor’s degree
Master’s degree
Doctoral degree

3 (5.2)
14 (24.1)
6 (10.3)
14 (24.1)
11 (19.0)
8 (13.8)
2 (3.4)

0 (0.0)
5 (23.8)
4 (19.0)
5 (23.8)
6 (28.6)
1 (4.8)
0 (0.0)

3 (3.8)
19 (24.1)
10 (12.7)
19 (24.1)
17 (21.5)
9 (11.4)
2 (2.5)

Barona FSIQ
Mean (SD)

104.97 (9.22)

106.52 (6.67)

105.38 (8.60)

Academic performance
Above Average
Average
Below Average

26 (86.7)
4 (13.3)
0 (0.0)

5 (55.6)
4 (44.4)
0 (0.0)

31 (79.5)
8 (20.5)
0 (0.0)

History of learning disability
Learning disability
No learning disability
Subject weakness

2 (3.4)
52 (89.7)
4 (6.9)

1 (4.8)
18 (85.7)
2 (9.5)

3 (3.8)
70 (88.6)
6 (7.6)

Note. Columns may not total 100% for each variable due to missing data.

documented for 49.4% (n = 39) participants. Among participants with data, the majority
in both groups reported earning grades that were above average (n = 31, 79.5%; RTW: n
= 26, 86.7%; non-RTW: n = 5, 55.6%), with the remaining participants characterizing
their grades as average (RTW: n = 4, 13.3%; non-RTW: n = 4, 44.4%). No participants
reported earning grades within the below average range.
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History of psychological/substance use problems and prior TBI are presented in
Table 5.5. To account for small cell sizes, pre-injury treatment for psychological
problems and history of substance use problems were collapsed into one binary variable.
Contrary to the hypothesis that pre-injury psychological and substance use problems
would be associated with worse RTW outcomes, no significant differences emerged for
history of psychological/substance use problems × RTW status (positive history; RTW: n
= 32, 55.2%; non-RTW: n = 9, 42.9%), χ2(1) = 0.94, p = .33, r = .15. A total of 27.8% (n
= 22) of participants reported experiencing a pre-injury TBI. Inconsistent with the

Table 5.5
Pre-Injury History of Psychological/Substance Use Problems and TBI by RTW Status
Variable
RTW
Non-RTW
Total
(n = 58)
(n = 21)
(N = 79)
n (%)
n (%)
n (%)
Pre-injury treatment for
psychological problems
Psychotherapy/Counseling
8 (13.8)
1 (4.8)
9 (11.4)
Medication
10 (17.2)
4 (19.0)
14 (17.7)
Both treatments
10 (17.2)
3 (14.3)
13 (16.5)
No treatment or symptoms
27 (46.6)
13 (61.9)
40 (50.6)
Symptoms without
3 (5.2)
0 (0.0)
3 (3.8)
treatment
Pre-injury substance use
problems
Yes
No

6 (10.3)
52 (89.7)

1 (4.8)
20 (95.2)

7 (8.9)
72 (91.1)

Prior TBI
Yes
No

15 (25.9)
43 (74.1)

7 (33.3)
14 (66.7)

22 (27.8)
57 (72.2)
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hypothesis that a positive history of pre-injury TBI would be associated with non-RTW,
no significant relationship was found for TBI history × RTW status, χ2(1) = 0.43, p
= .513, r = .07. The number of prior TBIs was not systematically reported for those with
pre-injury histories of TBI, precluding examination of number of prior TBIs by RTW
status. For the 59.1% of participants with this data (i.e., 13/22), number of prior TBIs
reported ranged from one to five.
Injury Factors
Separate Pearson’s Chi-square analyses were performed to examine the
relationship between RTW status and the following injury factors: injury type, LOC,
intracranial abnormalities, and extracranial injury. Injury type and extracranial injury
were hypothesized to be associated with RTW status, yet no injury-related variables
demonstrated a significant relationship with RTW. See Table 5.6 for descriptive data of
injury factors by RTW status.
The majority of participants were injured by MVA (n = 45, 57.0%), followed by
fall (n = 24, 30.4%), with the remaining participants injured by other traumatic means
(struck by/against object: n = 5, 6.3%; assault: n = 2, 2.5%; other: n = 3, 3.8%). Although
it was anticipated that participants injured by assault would have worse RTW outcomes,
this hypothesis could not be tested due to the small number of participants (n = 2) with
this injury type. Only participants injured by MVAs and falls could be examined due to
small cell sizes of other injury types. As expected, no significant findings emerged for
injury type (MVA vs. fall) × RTW status, χ2(1) = 0.23, p = .632, r = .06. Of the 78.5% of
participants with LOC data, the majority reported no LOC (64.5%, n = 40). To account
for small cell sizes, participants who suspected that they had experienced LOC were
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Table 5.6
Injury Type, LOC, and Other Injury-Related Factors by RTW Status
Variable
RTW
Non-RTW
(n = 58)
(n = 21)
n (%)
n (%)

Total
(N = 79)
n (%)

Injury type
MVA
Fall
Struck by/against object
Assault
All other traumatic causes

36 (62.1)
18 (31.0)
3 (5.2)
1 (1.7)
0 (0.0)

9 (42.9)
6 (28.6)
2 (9.5)
1 (4.8)
3 (14.3)

45 (57.0)
24 (30.4)
5 (6.3)
2 (2.5)
3 (3.8)

LOC
No LOC
LOC < 30 min
Suspected LOC

28 (62.2)
8 (17.8)
9 (20.0)

12 (70.6)
3 (17.6)
2 (11.8)

40 (64.5)
11 (17.7)
11 (17.7)

Intracranial abnormalities
Abnormal CT/MRI
Normal CT/MRI

4 (8.9)
41 (91.1)

1 (5.6)
17 (94.4)

5 (7.9)
58 (92.1)

Extracranial injuries
Present
Absent

12 (23.5)
39 (76.5)

8 (38.1)
13 (61.9)

20 (27.8)
52 (72.2)

Note. Note. Columns may not total 100% for each variable due to missing data.
CT/MRI = Computed Tomography/MRI = Magnetic Resonance Imaging. LOC = Loss
of consciousness. MVA = Motor vehicle accident.
grouped with participants who reported experiencing LOC. Consistent with hypotheses,
no significant effect emerged for LOC × RTW status, χ2(1) = 0.38, p = .539, r = .08.
Due to the small number of participants (n = 5) whose neuroimaging showed
evidence of acute post-injury abnormalities, the hypothesis that intracranial abnormalities
would not demonstrate a significant relationship with RTW could not be evaluated.
Among the 91.1% (n = 72) of participants with extracranial injury data available, the
majority (72.2%, n = 52) did not sustain extracranial injury. Contrary to the hypothesis
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that those with extracranial injuries would have worse RTW outcomes, no significant
findings emerged for extracranial injury × RTW status, χ2(1) = 1.57, p = .210, r = .15.
Post-Injury Factors
Prior to examining hypothesis-specific questions, the diagnosis of postconcussion syndrome was examined. Because the existence of post-concussion syndrome
itself is controversial (Vanderploeg & Belanger, 2015) and there is a lack of consensus for
important criteria such as minimum duration of symptoms required for diagnosis (Rose,
Fischer, & Heyer, 2015), the following analyses were conducted for descriptive purposes
rather than to test study hypotheses. As shown in Table 5.7, more than two-thirds of
participants (67.1%, n = 53) were diagnosed with post-concussion syndrome. Diagnoses
were made predominantly by the clinician performing the neuropsychological evaluation
(75.9%, n = 44), followed by a physician (e.g., primary care physician, neurologist)
(15.5%, n = 9), or the source was not reported (8.6%, n = 5). Using a collapsed variable
to account for small cell sizes (diagnosis, probable, or rule out vs. not reported), postconcussion syndrome diagnosis did not significantly differ by RTW status, χ2(1) = 0.11, p
= .737, r = .04.
Separate Pearson’s Chi-square and one-way ANOVA analyses were performed to
examine the relationship between RTW status and the following post-injury factors
obtained at rehabilitation admission: litigation involvement, receipt of worker’s
compensation, payer type (i.e., insurer), number and intensity of PCS, post-injury
emotional symptoms, neuropsychological test performance, and gait, vision, and motor-
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Table 5.7
Post-Concussion Syndrome Diagnosis by RTW Status
Variable
RTW
Non-RTW
(n = 58)
(n = 21)
n (%)
n (%)
Post-concussion syndrome
diagnosis
Yes
37 (63.8)
16 (76.2)
Probable
3 (5.2)
0 (0.0)
“Rule out”
2 (3.4)
0 (0.0)
Not Reported
16 (27.6)
5 (23.8)

Total
(N = 79)
n (%)
53 (67.1)
3 (3.8)
2 (2.5)
21 (26.6)

speech impairments. Consistent with hypotheses, PCS and post-injury anxiety symptoms
were significantly related to RTW status. Contrary to hypotheses, however, the remaining
post-injury factors showed no significant relationships with RTW. In addition, AVLTRecognition differed significantly by RTW status, although this neuropsychological test
was not hypothesized to be associated with RTW.
Descriptive data for post-injury variables of litigation involvement, receipt of
worker’s compensation, and payer type by RTW status are presented in Table 5.8. More
than one-third of participants (39.2%, n = 31) reported active injury-related litigation at
rehabilitation admission. Inconsistent with hypotheses, no significant relationship
emerged for litigation × RTW status, χ2(1) = 0.02, p = .900, r = .02. The variable of
injury-related benefits or compensation was operationalized as receipt of worker’s
compensation, as review of participant medical records found no documentation of other
types of injury-related benefits or compensation. One quarter of participants (25.3%, n =
20) received worker’s compensation. Contrary to expectations, no significant relationship
was demonstrated for worker’s compensation × RTW status, χ2(1) = 0.16, p = .689, r
= .05.
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Table 5.8
Litigation Status, Receipt of Worker’s Compensation, and Primary Payer Type by
RTW Status
Variable
RTW
Non-RTW
Total
(n = 58)
(n = 21)
(N = 79)
n (%)
n (%)
n (%)
Injury-related litigation
Yes
23 (39.7)
8 (38.1)
31 (39.2)
No
35 (60.3)
13 (61.9)
48 (60.8)
Worker’s compensation
Yes
No

14 (24.1)
44 (75.9)

6 (28.6)
15 (71.4)

20 (25.3)
59 (74.7)

Primary payer type
Private health insurance
Automotive Insurance
Worker’s compensation
Medicare/Medicaid

30 (51.7)
14 (24.1)
14 (24.1)
0 (0.0)

11 (52.4)
3 (14.3)
6 (28.6)
1 (4.8)

41 (51.9)
17 (21.5)
20 (25.3)
1 (1.3)

Private health insurera
Blue Cross Blue Shield
United Health Care
Aetna/Coventry
Other

16 (53.3)
3 (10.0)
5 (16.7)
6 (20.0)

8 (72.7)
2 (18.2)
0 (0.0)
1 (9.1)

24 (58.5)
5 (12.2)
5 (12.2)
7 (17.1)

a

Reported only for participants with private health insurance as primary payer.

NSI-20 data were used to measure self-reported number and intensity of PCS at
rehabilitation admission. No outliers were identified among the 91.1% (n = 72) of
participants with NSI data. To facilitate interpretation of NSI results, percentiles are
included from published normative data of adults with a history of mTBI (Soble et al.,
2014), in which lower percentiles reflect greater symptom endorsement. Overall,
participants endorsed an elevated level of PCS, as the mean NSI-20 total score (M =
36.58, SD = 14.85) fell within the 5th to 9th percentile range. Scores for vestibular (M =
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4.33, SD = 2.88), somatic-sensory (M = 10.75, SD = 5.54), and cognitive (M = 9.17, SD =
3.86) subscales all fell within the 5th to 9th percentile range, while affective subscale
scores fell within the 10th to 24th percentile range. NSI data are presented in Table 5.9.
Raw NSI scores are reported in the following section, in which higher scores
reflect greater symptom endorsement. As hypothesized, an effect was found for NSI-20
total × RTW status such that scores for non-RTW participants (M = 43.61, SD = 13.36)
were significantly higher than RTW participants (M = 34.24, SD = 14.69), F(1, 70) =
5.74, p = .019, d = .56. To examine which types of items contributed to this effect, a
MANOVA was conducted of RTW status in which the four NSI subscales were entered as
dependent variables. No significant relationship at a multivariate level was found
between RTW status and NSI subscales, ∧= 0.90, F(4, 67) = 1.92, p = .118, r = .32.
In order to enhance interpretation of results, exploratory analyses were conducted
with the Validity-10, a recently-developed symptom validity scale embedded within the
NSI (see Measures section for full description). In addition to Validity-10 total score,
subscales of low frequency symptoms (“LOW6”) and negative impression management
(“NIM5”) were examined. Because no consensus has formed to identify symptom
invalidity cutoff scores, several different scores proposed in the literature were examined.
Across both RTW groups, the average Validity-10 score of 14.92 (SD = 7.94) fell below
the suggested cutoff of 23 for symptom invalidity as suggested in the original
development paper (Vanderploeg et al., 2014), but above scores of 11 to 13 proposed by
others (Lange, Brickell, & French, 2015). Across both RTW groups, subscale scores of
7.68 (SD = 4.81) for LOW6 and 8.06 (SD = 4.63) for NIM5 fell below the minimum
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Table 5.9
Self-Reported PCS at Rehabilitation Admission by RTW Status
Measure
RTW
Non-RTW
(n = 54)
(n = 18)
Mean (SD)
Mean (SD)
NSI-20 Subscales/Items
Vestibular
4.13 (2.85)
4.94 (2.96)
Dizziness
1.52 (1.04)
1.94 (1.21)
Balance
1.28 (1.11)
1.67 (1.03)
Coordination
1.11 (0.32)
1.06 (0.24)

Total
(N = 72)
Mean (SD)
4.33 (2.88)
1.63 (1.09)
1.38 (1.09)
1.10 (0.30)

Somatic-Sensory
Headache
Nausea
Vision
Light sensitivity
Noise sensitivity
Numbness/tingling
Taste/Smell

9.89 (5.34)
2.37 (1.14)
0.87 (1.06)
1.35 (0.95)
1.63 (1.14)
1.63 (1.19)
1.24 (1.27)
0.80 (1.23)

13.33 (5.46)
3.22 (0.94)
1.39 (1.46)
2.06 (1.06)
2.22 (1.17)
2.33 (1.37)
1.22 (1.40)
0.89 (1.18)

10.75 (5.54)
2.58 (1.15)
1.00 (1.19)
1.53 (1.02)
1.78 (1.17)
1.81 (1.26)
1.24 (1.29)
0.82 (1.21)

Cognitive
Poor concentration
Forgetfulness
Decisions
Slowed thinking

8.59 (3.66)
2.24 (1.03)
2.37 (1.03)
1.81 (1.17)
2.17 (1.09)

11.89 (4.03)
2.67 (0.84)
2.89 (0.96)
2.56 (1.38)
2.78 (1.31)

9.17 (3.86)
2.35 (1.00)
2.50 (1.03)
2.00 (1.26)
2.32 (1.17)

Affective
Fatigue
Sleep
Anxiety
Depression
Irritability
Frustration

11.63 (5.50)
2.13 (1.18)
1.89 (1.48)
1.85 (1.05)
1.43 (1.18)
1.98 (1.21)
2.35 (1.10)

14.44 (5.18)
2.67 (1.08)
2.94 (1.06)
2.06 (1.16)
1.72 (1.36)
2.17 (1.29)
2.89 (1.02)

12.33 (5.52)
2.26 (1.17)
2.15 (1.45)
1.90 (1.08)
1.50 (1.22)
2.03 (1.22)
2.49 (1.10)

34.24 (14.69)*

43.61 (13.36)*

36.58 (14.85)

0.94 (1.14)
0.91 (1.22)

1.61 (1.33)
1.33 (1.24)

1.11 (1.22)
1.01 (1.23)

NSI-20 Total Score
NSI-22 Residual Itemsa
Hearing
Appetite

Note. Higher scores reflect greater symptom endorsement. All item responses provided
on a five-point scale of 0 (none) to 4 (very severe). NSI = Neurobehavioral Symptom
Inventory.
a
Two items from NSI-22 eliminated from NSI-20 Total Score analyses based on results
of factor analysis results by Vanderploeg, Silva, et al., 2015.
*p < .05.
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Table 5.10
NSI Symptom Validity at Rehabilitation Admission by RTW Status
Measure
RTW
Non-RTW
(n = 54)
(n = 18)
Mean (SD)
Mean (SD)

Total
(N = 72)
Mean (SD)

Validity-10
Total
Total Range
LOW6
NIM5
Validity-10 Cutoffs
Total score > 10a
Pass
Fail
Total score > 14
Pass
Fail
Total score > 23
Pass
Fail

13.70 (7.55)*
3-36
7.15 (4.66)
7.35 (4.39)*

18.56 (8.18)*
5-28
9.28 (5.02)
10.17 (4.81)*

14.92 (7.94)
3-36
7.68 (4.81)
8.06 (4.63)

n (%)

n (%)

n (%)

20 (37.0)
34 (63.0)

3 (16.7)
15 (83.3)

23 (31.9)
49 (68.1)

29 (53.7)*
25 (46.3)*

5 (27.8)*
13 (72.2)*

34 (47.2)
38 (52.8)

45 (83.3)†
9 (16.7)†

11 (61.1)†
7 (38.9)†

56 (77.8)
16 (22.2)

Note. NSI = Neurobehavioral Symptom Inventory. Validity-10 = Ten-item embedded
symptom invalidity scale within NSI. LOW6 = Six-item subscale of low-frequency
symptoms. NIM5 = Five-item subscale associated with negative impression
management.
a
Not statistically examined due to small cell size.
*p < .05. †p < .10.
suggested cutoff scores of 11 for each subscale (Vanderploeg et al., 2014, Lange,
Brickell, et al., 2015). Descriptive data for NSI symptom validity are presented in Table
5.10.
A significant effect emerged for Validity-10 Total × RTW status such that nonRTW participants (M = 18.56, SD = 8.18) produced higher scores than participants (M =
13.70, SD = 7.55), F(1, 70) = 5.35, p = .024, d = 0.55. Symptom validity failure was
subsequently examined using three different proposed cutoff scores. Using a cutoff score
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of > 10, Validity-10 was failed by the majority of both RTW groups (non-RTW
participants: 83.3%, n = 15; RTW participants: 63.0%, n = 34). Because so few non-RTW
participants passed symptom validity using this stringent threshold (n = 3, 16.7%), cell
sizes were too small to conduct Chi-Square analysis of index failure. Using a cutoff score
of > 14, slightly more than half of participants (52.8%, n = 38) failed symptom validity.
This cutoff score produced a non-significant trend for Validity-10 failure × RTW status in
which symptom validity failure was higher in non-RTW participants (72.2%, n = 13) than
RTW participants (46.3%, n = 25), χ2(1) = 3.64, p = .056, r = .22. Using a cutoff score of
> 23, symptom validity was failed by a minority of participants in both non-RTW
(38.9%, n = 7) and RTW (16.7%, n = 54) groups. With this cutoff score, Validity-10
failure × RTW status fell at the threshold for significance, χ2(1) = 3.86, p = .050, r = .23.
Finally, analyses of Validity-10 subscales were conducted. NIM5 subscale × RTW
demonstrated a significant effect in which higher scores were produced by non-RTW
participants (M = 10.17, SD = 4.81) compared to RTW participants, (M = 7.35, SD =
4.39), F(1, 70) = 5.30, p = .024, d = 0.54. In contrast, no effect was found for LOW6
subscale × RTW (non-RTW: M = 9.28, SD = 5.02; RTW: M = 7.15, SD = 4.66), F(1, 70)
= 2.71, p = .104, d = 0.39.
Data for self-report measures of depression and anxiety are presented in Table
5.11. No outliers were identified among primary measures (i.e., BDI-II, BAI, PHQ-9,
GAD-7). Altogether, 89.9% (n = 71) of participants were administered a self-report
measure of depression, including the PHQ-9 (n = 31), BDI-II (n = 19), or an alternative
measure (n = 21) (MMPI: n = 7; PAI: n = 7; P3: n = 4; MBMD: n = 2; MCMI: n = 1). As
detailed elsewhere (see Procedures and Appendix D), scores for all depression measures
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Table 5.11
Self-Reported Symptoms of Depression and Anxiety at Rehabilitation Admission by
RTW Status
Variable
RTW
Non-RTW
Total
(n = 52)
(n = 19)
(N = 71)
n (%)
n (%)
n (%)
Depression Levela
None/Minimal
9 (17.3)
1 (5.3)
10 (14.1)
Mild
21 (40.4)
7 (36.8)
28 (39.4)
Moderate
12 (23.1)
4 (21.1)
16 (22.5)
Severe
10 (19.2)
7 (36.8)
17 (23.9)
Depression Level (1-4)b
Mean (SD)
Anxiety Levelc
None/Minimal
Mild
Moderate
Severe
Anxiety Level (1-4)b
Mean (SD)

2.44 (1.00)†

2.89 (0.99)†

2.56 (1.01)

14 (28.0)
18 (36.0)
12 (24.0)
6 (12.0)

1 (5.6)
8 (44.4)
3 (16.7)
6 (33.3)

15 (22.1)
26 (38.2)
15 (22.1)
12 (17.6)

2.20 (0.99)*

2.89 (1.02)*

2.38 (1.04)

Note. Sample size for Anxiety Level was n = 50 for RTW participants, and n = 18 for
non-RTW participants.
a
Includes BDI-II (n = 19), PHQ-9 (n = 31), and alternative measures of depression (n
= 21). b1 = None-Minimal. 2 = Mild. 3 = Moderate. 4 = Severe. cIncludes BAI (n =
20), GAD-7 (n = 25), and alternative measures of anxiety (n = 23).
†p < .10. *p < .05.
were converted into one of the following four symptom severity categories: noneminimal, mild, moderate, or severe. Because small cell sizes precluded chi-square
analysis, these categorical data were treated as interval data, ranging from one (noneminimal) to four (severe). The relationship between RTW status and depression level
approached but did not achieve significance such that a higher level of depression tended
to be associated with non-RTW, F(1, 70) = 2.86, p = .095, d = 0.40. A total of 86.1% (n =
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68) of participants completed a self-report measure of anxiety, including the GAD-7 (n =
25), BAI (n = 20), or an alternative measure (n = 23) (MMPI: n = 7; PAI: n = 7; P3: n =
3; MBMD: n = 3; Burns Anxiety Inventory: n = 2; MCMI: n = 1). Using the procedure
described above for measures of depression, participant scores on measures of anxiety
were converted into interval data ranging from one (i.e., none-minimal) to four (i.e.,
severe). In contrast with depression results, higher level of anxiety was statistically
significantly associated with non-RTW, F(1, 67) = 6.30, p = .015, d = 0.60.
Data for the following analyses of neuropsychological test scores are presented in
Table 5.12. One or more freestanding measure of performance validity was failed by
eight participants (RTW: n = 5, 8.6%, non-RTW: n = 3, 14.3%). Because accompanying
neuropsychological test results may not reflect true cognitive abilities, these participants
were eliminated from analyses of neuropsychological test scores. A total of 45
participants (RTW: n = 37, 63.8%, non-RTW: n = 8; 38.1%) passed all freestanding
measures of performance validity. Performance validity tests were not administered or
results were not reported for 26 participants (RTW: n = 16, 27.6%, non-RTW; n = 10;
47.6%). Because the significance of results did not differ when these participants were
excluded from analyses, data for these participants were included in all analyses.
Prior to completing the following analyses, each measure was examined for the
presence of outliers. Among all of the scores produced by participants for each measure
or index, a total of 33 outlier scores were identified and Winsorized to the nearest
acceptable value, including 15 upper extremes (RTW: n = 13, non-RTW; n = 2), and 23
lower extremes (RTW: n = 17, non-RTW; n = 6). MANOVAs were conducted for each
cognitive domain group with multiple measures, including Attention/Processing Speed,
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Table 5.12
Neuropsychological Test Standard Scores at Rehabilitation Admission by RTW Status
Domain/Measure
RTW
Non-RTW
Total
(n = 58)
(n = 21)
(N = 79)
n (%)
n (%)
n (%)
Freestanding PVTs
Failed > 1
5 (8.6)
3 (14.3)
8 (10.1)
Passed all
37 (63.8)
8 (38.1)
45 (57.0)
Not administered/reported
16 (27.6)
10 (47.6)
26 (32.9)
Mean (SD)

Mean (SD)

Mean (SD)

Estimated Pre-morbid Ability
Barona FSIQ

104.97 (9.22)

106.52 (6.67)

105.38 (8.60)

Attention/Processing Speed
Trails A
DKEFS Color-Word 1
DKEFS Color-Word 2

90.21 (17.77)
86.90 (18.80)
88.65 (17.29)

85.07 (13.71)
81.47 (19.55)
80.07 (19.57)

88.98 (16.93)
85.60 (18.96)
86.60 (18.07)

Supraspan
AVLT-1

83.51 (16.27)

83.59 (13.72)

83.53 (15.57)

Sustained Attention*
IVA-AQ Auditory
IVA-AQ Visual
IVA-Full-Scale AQ
IVA-RCQ Auditory
IVA-RCQ Visual
IVA-Full-Scale RCQ

77.86 (31.48)†
75.11 (36.35)
76.97 (31.11)
84.19 (22.28)
85.56 (27.61)
82.17 (27.28)

57.90 (16.64)†
68.90 (21.00)
60.80 (13.46)
85.60 (20.85)
77.30 (27.39)
79.30 (24.81)

73.52 (29.92)
73.76 (33.50)
73.46 (28.89)
84.50 (21.76)
83.76 (27.48)
81.54 (26.52)

Verbal Memory†
AVLT-Total
AVLT-Immed. Recall
AVLT-Delayed Recall
AVLT-Recognition

85.13 (17.76)
89.52 (17.60)
87.07 (19.03)
90.72 (14.65)*

78.87 (16.41)
86.60 (21.04)
80.20 (19.03)
78.53 (18.01)*

83.59 (17.51)
88.80 (18.37)
85.38 (19.33)
87.72 (16.27)

Visual Memory
RCFT-Immediate
RCFT-Delayed
RCFT-Recognition

93.69 (17.55)
92.88 (16.03)
97.84 (16.60)

87.63 (14.85)
87.25 (16.55)
90.69 (15.30)

92.24 (17.04)
91.54 (16.21)
96.13 (16.47)
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Construction
RCFT Copy
RCFT Strategy

83.73 (19.89)
92.97 (17.20)

77.90 (28.31)
98.20 (14.25)

82.49 (21.73)
94.09 (16.61)

Concept Formation
Category Test

97.04 (17.15)

97.83 (15.59)

97.19 (16.63)

Executive Functioning
Trails B
DKEFS Color-Word 3
DKEFS Color-Word 3 Errors
DKEFS Color-Word 4
DKEFS Color-Word 4 Errors

94.78 (16.31)
93.18 (19.55)
99.73 (11.48)
90.22 (20.97)
101.58 (10.80)

90.60 (10.99)
90.07 (17.20)
103.00 (11.32)
89.13 (16.75)
102.87 (11.27)

93.73 (15.18)
92.40 (18.90)
100.55 (11.43)
89.95 (19.86)
101.90 (10.84)

Verbal Fluency
Animal Naming
COWA

99.65 (20.35)
87.63 (13.36)

97.75 (19.11)
90.00 (15.40)

99.21 (19.94)
88.19 (13.78)

Note. Participants who failed one or more freestanding performance validity test (PVT)
were eliminated from subsequent analyses. All reported means are derived from
Winsorized values, if applicable. Sample sizes for each domain were as follows:
Attention/Processing Speed: RTW, n = 48; non-RTW, n = 15; Supraspan: RTW, n = 51;
non-RTW, n = 17; Sustained Attention: n = 46; RTW, n = 36; non-RTW, n = 10; Verbal
Memory: RTW, n = 46; non-RTW, n = 15; Visual Memory: RTW, n = 51; non-RTW, n =
16; Construction: RTW, n = 37; non-RTW, n = 10; Concept Formation: RTW, n = 26;
non-RTW, n = 6; Executive Functioning: RTW, n = 45; non-RTW, n = 15; Verbal
Fluency: RTW, n = 52; non-RTW, n = 16. AVLT = Rey Auditory Verbal Learning Test.
AVLT-1 = AVLT-First Trial. Barona FSIQ = Barona Full-Scale Intellectual Quotient.
COWA = Controlled Oral Word Association. DKEFS Color-Word = Delis-Kaplan
Executive Function System Color-Word Interference Test; Conditions: 1 = Color
Naming. 2 = Word Reading. 3 = Interference. 4 = Interference/Switching. IVA =
Integrated Visual and Auditory Continuous Performance Test. IVA Full-Scale AQ =
Attention Quotient. IVA Full-Scale RCQ = Response Control Quotient. RCFT = ReyOsterrieth Complex Figure Test.
a
Three participants (RTW, n = 2; non-RTW, n = 1) who failed embedded performance
validity on the IVA were eliminated from analyses.
†p < .10. *p < .05.
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Table 5.13
Statistical Results of Analyses of Neuropsychological Test Standard Scores by RTW
Status
Cognitive
Domain/Measures

∧

F

df

p

r

Attention/Processing Speed .94

1.18

3, 59

.325

.24

Supraspan

--

0.00

1, 66

.986

Sustained Attention
IVA-AQ Auditory
IVA-AQ Visual
IVA-Full-Scale AQ
IVA-RCQ Auditory
IVA-RCQ Visual
IVA-Full-Scale RCQ

.73*
-------

2.38*
3.69†
0.27
2.54
0.03
0.70
0.09

6, 39*
1, 44†
1, 44
1, 44
1, 44
1, 44
1, 44

.047*
.061†
.610
.118
.859
.407
.766

.52*

Verbal Memory
AVLT-Total
AVLT-Immed. Recall
AVLT-Delayed Recall
AVLT-Recognition

.87†
-----

2.15†
1.46
0.28
1.44
6.98*

4, 56†
1, 59
1, 59
1, 59
1, 59*

.086†
.232
.597
.235
.011*

.36†

Visual Memory

.96

0.95

3, 63

.422

.21

Construction

.97

0.78

2, 44

.466

.19

Concept Formation

--

0.01

1, 30

.918

Executive Functioning

.96

0.41

5, 54

.838

d

0.0
0.57†
0.15
0.47
0.05
0.25
0.09
0.31
0.14
0.31
0.68*

0.04
.19

Verbal Fluency
.99
0.51
2, 65
.606
.12
Note. Measures for each cognitive domain listed only for those that were significant or
approached significance (p < .10). AVLT = Rey Auditory Verbal Learning Test. IVA =
Integrated Visual and Auditory Continuous Performance Test. IVA Full-Scale AQ =
Attention Quotient. IVA Full-Scale RCQ = Response Control Quotient.
†p < .10. *p < .05.
Sustained Attention, Verbal Memory, Visual Memory, Construction, Executive
Functioning, and Verbal Fluency. ANOVAs were conducted for two cognitive domains

109
that contained only one measure, which included Suprapan and Concept Formation.
Contrary to hypotheses, no significant differences emerged among cognitive
domains by RTW status, except for one cognitive domain. MANOVA of Sustained
Attention measures found a significant effect for RTW status, ∧= 0.73, F(6, 39) = 2.38, p
= .047, r = .52. Follow-up bivariate ANOVAs of each Sustained Attention index by RTW
status indicated that only one index approached significance. IVA-AQ Auditory scores
were lower for non-RTW participants (M = 57.90; SD = 16.64) than RTW participants (M
= 77.86; SD = 31.48), F(1, 44) = 3.69, p = .061, d = 0.57. All other indices of Sustained
Attention did not differ by RTW status, including IVA-AQ Visual, IVA-Full Scale AQ,
IVA-RCQ Auditory, IVA RCQ Visual, and IVA-Full-Scale RCQ. In addition, the
MANOVA of Verbal Memory measures by RTW status approached statistical
significance, ∧= 0.87, F(4, 56) = 2.15, p = .086, r = .36. Follow-up ANOVAs revealed
that AVLT-Recognition scores were significantly lower among non-RTW participants (M
= 78.53; SD = 18.01) relative to RTW participants (M = 90.72; SD = 14.65), F(1, 59) =
6.98, p = .011, d = 0.68. Statistical results are presented in Table 5.13 for the remaining
neuropsychological measures, which did not significantly differ by RTW status (all p’s
> .10).
Because an “average” standard score may nonetheless reflect a clinically
significant decline depending on pre-morbid intellectual ability level, scores were also
examined relative to Barona FSIQ. Descriptive and statistical data are presented in Tables
5.14 and 5.15, respectively, for neuropsychological mean difference scores (from Barona
FSIQ). On each neuropsychological measure, Barona FSIQ standard scores for each
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Table 5.14
Mean Difference Between Barona FSIQ and Neuropsychological Test Standard Scores at
Rehabilitation Admission by RTW Status
Measure
RTW
Non-RTW
Total
(n = 58)
(n = 21)
(N = 79)
Mean (SD)
Mean (SD)
Mean (SD)
Attention/Processing Speed
Trails A
-14.60 (19.28)
-21.20 (13.14)
-16.17 (18.13)
DKEFS Color-Word 1
-17.54 (21.38)
-24.80 (21.09)
-19.27 (21.37)
DKEFS Color-Word 2
-15.79 (20.24)
-26.20 (23.09)
-18.27 (21.23)
Supraspan
AVLT-1

-21.16 (18.10)

-23.53 (16.55)

-21.75 (17.64)

Sustained Attention†
IVA-AQ Auditory
IVA-AQ Visual
IVA-Full-Scale AQ
IVA-RCQ Auditory
IVA-RCQ Visual
IVA-Full-Scale RCQ

-26.17 (37.41)
-28.92 (41.14)
-27.06 (36.58)
-21.11 (30.21)
-18.60 (31.27)
-21.94 (31.70)

-45.60 (19.36)
-34.60 (18.95)
-42.70 (13.68)
-17.90 (23.13)
-26.20 (29.02)
-24.20 (26.74)

-30.39 (35.06)
-30.15 (37.34)
-30.46 (33.48)
-20.42 (28.61)
-20.25 (30.64)
-22.43 (30.42)

Verbal Memory*
AVLT-Total
AVLT-Immed. Recall
AVLT-Delayed Recall
AVLT-Recognition

-19.33 (20.14)
-14.93 (19.48)
-19.79 (20.26)
-13.74 (17.17)**

-28.40 (16.67)
-20.67 (21.38)
-27.07 (18.04)
-28.73 (16.33)**

-21.56 (19.61)
-16.34 (19.94)
-19.79 (20.26)
-17.43 (18.05)

Visual Memory
RCFT-Immediate
RCFT-Delayed
RCFT-Recognition

-11.41 (20.08)
-12.14 (18.32)
-7.25 (19.45)

-19.31 (14.91)
-19.69 (16.78)
-16.25 (14.01)

-13.30 (19.17)
-13.94 (18.14)
-9.40 (18.61)

Construction
RCFT Copy
RCFT Strategy

-22.32 (23.32)
-13.19 (22.29)

-29.00 (26.39)
-8.70 (14.40)

-23.75 (24.02)
-12.23 (20.80)

Concept Formation
Category Test

-10.00 (20.61)

-11.50 (14.52)

-10.28 (19.41)

Executive Functioning
Trails B
DKEFS Color-Word 3

-9.78 (22.30)
-11.38 (22.91)

-15.67 (14.05)
-16.20 (17.46)

-11.25 (20.60)
-12.58 (21.63)

DKEFS Color-Word 3 Errors
DKEFS Color-Word 4
DKEFS Color-Word 4 Errors
Verbal Fluency
Animal Naming
COWA

-4.80 (14.05)
-14.33 (22.83)
-2.47 (11.74)

-3.27 (11.01)
-17.13 (18.58)
-2.87 (11.24)
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-4.42 (13.28)
-15.03 (21.73)
-2.57 (11.53)

-5.35 (22.75)
-15.67 (17.19)

-9.81 (20.01)
-17.56 (16.15)

-6.40 (22.08)
-16.12 (16.85)

Note. Participants who failed one or more freestanding performance validity test (PVT)
were eliminated from subsequent analyses. All reported means are derived from
Winsorized values, if applicable. Sample sizes for each domain were as follows:
Attention/Processing Speed: RTW, n = 48; non-RTW, n = 15; Supraspan: RTW, n = 51;
non-RTW, n = 17; Sustained Attention: n = 46; RTW, n = 36; non-RTW, n = 10; Verbal
Memory: RTW, n = 46; non-RTW, n = 15; Visual Memory: RTW, n = 51; non-RTW, n =
16; Construction: RTW, n = 37; non-RTW, n = 10; Concept Formation: RTW, n = 26; nonRTW, n = 6; Executive Functioning: RTW, n = 45; non-RTW, n = 15; Verbal Fluency:
RTW, n = 52; non-RTW, n = 16. AVLT = Rey Auditory Verbal Learning Test. AVLT-1 =
AVLT-First Trial. Barona FSIQ = Barona Full-Scale Intellectual Quotient. COWA =
Controlled Oral Word Association. DKEFS Color-Word = Delis-Kaplan Executive
Function System Color-Word Interference Test; Conditions: 1 = Color Naming. 2 = Word
Reading. 3 = Interference. 4 = Interference/Switching. IVA = Integrated Visual and
Auditory Continuous Performance Test. IVA Full-Scale AQ = Attention Quotient. IVA FullScale RCQ = Response Control Quotient. RCFT = Rey-Osterrieth Complex Figure Test.
a
Three participants (RTW, n = 2; non-RTW, n = 1) who failed embedded performance
validity on the IVA were eliminated from analyses.
†p < .10. *p < .05.
participant were subtracted from the standard score produced, such that negative scores
reflected reduced performance relative to Barona FSIQ. In total, 20 outliers were
Winsorized from 11.1% of measures (i.e., 3/27). Outliers included 11 upper extremes
(RTW: n = 9; non-RTW: n = 2), and 9 lower extremes (RTW: n = 7; non-RTW: n = 2).
Results largely replicated the standard score findings, with slightly different significance
of results. Only the MANOVA for Verbal Memory measures by RTW status was
statistically significant, ∧= 0.84, F(4, 56) = 2.62, p = .044, r = .40. Follow-up ANOVAs
revealed that AVLT-Recognition scores were significantly lower among non-RTW
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Table 5.15
Statistical Results of Analyses of Mean Difference Between Barona FSIQ and
Neuropsychological Test Scores by RTW Status
Measure
F
df
p
r
∧
Attention/Processing Speed .94
1.19
3, 59
.323
.24

d

Supraspan

--

0.23

1, 66

.635

0.12

Sustained Attention
IVA-AQ Auditory
IVA-AQ Visual
IVA-Full-Scale AQ
IVA-RCQ Auditory
IVA-RCQ Visual
IVA-Full-Scale RCQ

.76†
-------

2.04†
2.48
0.18
1.74
0.10
0.48
0.04

6, 39†
1, 44
1, 44
1, 44
1, 44
1, 44
1, 44

.083†
.122
.675
.194
.757
.494
.838

.12

Verbal Memory
AVLT-Total
AVLT-Immed. Recall
AVLT-Delayed Recall
AVLT-Recognition

.84*
-----

2.62*
2.48
0.93
2.64
8.83*

4, 56*
1, 59
1, 59
1, 59
1, 59*

.044*
.121
.338
.110
.004*

.40*

Visual Memory

.95

1.13

3, 63

.343

.23

Construction

.97

0.76

2, 44

.474

.18

Concept Formation

--

0.03

1, 30

.868

0.06

Executive Functioning

.96

0.41

5, 54

.84

0.19

0.46
0.13
0.39
0.09
0.20
0.06
0.40
0.25
0.42
0.76*

Verbal Fluency
.99
0.25
2, 65
.78
0.09
Note. Participants who failed one or more freestanding performance validity test (PVT)
were eliminated from subsequent analyses. All reported means are derived from
Winsorized values, if applicable. AVLT = Rey Auditory Verbal Learning Test. IVA =
Integrated Visual and Auditory Continuous Performance Test. IVA Full-Scale AQ =
Attention Quotient. IVA Full-Scale RCQ = Response Control Quotient.
a
Three participants (RTW, n = 2; non-RTW, n = 1) who failed embedded performance
validity on the IVA were eliminated from analyses.
†p < .10. *p < .05.
participants (M = -28.73; SD = 16.33) compared to RTW participants (M = -13.74; SD =
17.17), F(1, 59) = 8.83, p = .004, d = 0.76. The MANOVA of Sustained Attention

113
measures by RTW status approached significance, ∧= 0.76, F(6, 39) = 2.04, p = .083, r
= .12. However, follow-up ANOVAs found that no sustained attention measure by RTW
status emerged as significant.
Descriptive data for the following post-injury factors obtained at multidisciplinary
rehabilitation admission are presented in Table 5.16. Multidisciplinary rehabilitation
admission evaluations for the full sample were completed an average of 162.63 days (SD
= 157.65) after injury. Eight upper extreme outliers (RTW: n = 4, 7.0%; non-RTW: n = 4,
18.2%) greater than 507 days were identified and Winsorized. Contrary to hypotheses, no
significant findings emerged for rehabilitation delay × RTW status, F(1, 78) = 1.02, p
= .316, d = 0.23.
Gait impairments were examined using the Functional Gait Assessment (FGA)
administered by therapists in PT evaluations. Only 36.7% (n = 29) of the sample had
been administered this measure. Among participants with FGA scores, the average score
was 23.62 (SD = 5.47) out of a possible 30 points, with lower scores reflecting greater
gait impairment. This score suggests relatively mild gait impairment among participants.
SLP therapists evaluated participants for impairments in motor-speech, expressive
language, receptive language, and cognitive-communication abilities. Motor-speech
impairments were present in a small number of participants (n = 3, 3.9%). In contrast,
cognitive-communication impairments were documented as present in the vast majority
of participants (n = 74, 96.1%). Due to small cell sizes, motor-speech and cognitivecommunication impairments were unable to be statistically examined. A total of 44.0% (n
= 33) of the sample was rated as having expressive language impairments. Contrary to
hypotheses, no significant differences emerged for expressive language impairments ×
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Table 5.16

Relationship Between Post-Injury Rehabilitation Evaluation Factors at Rehabilitation
Admission and RTW Status
Variable
RTW
Non-RTW
Total
(n = 58)
(n = 21)
(N = 79)
n (%)
n (%)
n (%)
Rehabilitation delay in daysa
Mean (SD)
151.86 (147.58) 192.38 (183.26) 162.63 (157.65)
< 30
4 (6.9)
3 (14.3)
7 (8.9)
30-89
25 (43.1)
7 (33.3)
32 (40.5)
90-364
22 (37.9)
6 (28.6)
28 (35.4)
1-5 years
7 (12.1)
5 (23.8)
12 (15.2)
Functional Gait Assessment
Total Score, Mean (SD)
SLP impairments
Motor-speech
Present
Absent
Expressive language
Present
Absent
Receptive language
Present
Absent
Cognitive-communication
Present
Absent

23.82 (5.49)

23.0 (5.77)

23.62 (5.47)

1 (1.8)
56 (98.2)

2 (10.0)
18 (90.0)

3 (3.9)
74 (96.1)

22 (40.7)
32 (59.3)

11 (52.4)
10 (47.6)

33 (44.0)
42 (56.0)

14 (25.0)
42 (75.0)

8 (38.1)
13 (61.9)

22 (28.6)
55 (71.4)

54 (96.4)
2 (3.6)

20 (95.2)
1 (4.8)

74 (96.1)
3 (3.9)

Total vision impairments, M(SD)
3.00 (1.26)
3.40 (1.45)
3.12 (1.32)
Accommodative dysfunction
5 (13.9)
2 (13.3)
7 (13.7)
Astheniopia/visual discomfort
15 (41.7)
8 (53.3)
23 (45.1)
Binocular vision dysfunction
14 (38.9)
7 (46.7)
21 (41.2)
Convergence insufficiency
17 (47.2)
3 (20.0)
20 (39.2)
Diplopia
2 (5.6)
5 (33.3)
7 (13.7)
Esophoria/exophoria
24 (66.7)
7 (46.7)
31 (60.8)
Fusion w/ reduced stereopsis
6 (16.7)
5 (33.3)
11 (21.6)
Heterophoria/hyperphoria
5 (13.9)
3 (20.0)
8 (15.7)
Midline shift
3 (8.3)
4 (26.7)
7 (13.7)
Oculomotor dysfunction
11 (30.6)
4 (26.7)
15 (29.4)
Post-traumatic vision syndrome
6 (16.7)
3 (20.0)
9 (17.6)
a
Rehabilitation delay = Days elapsed between injury and rehabilitation admission. Eight
upper extreme outliers (RTW: n = 4, 7.0%; non-RTW: n = 4, 18.2%) greater than 507
days were Winsorized.
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RTW status, χ2(1) = 0.83, p = .362, r = .11. Approximately one quarter (28.6%, n = 22) of
participants were rated as having receptive language impairments. Inconsistent with
hypotheses, no effect was found for receptive language impairments × RTW status, χ2(1)
= 1.28, p = .257, r = .13.
Of the total sample, 64.6% (n = 51) of participants completed neuro-optometry
evaluations. At this evaluation, participants were diagnosed with an average of 3.12 (SD
= 1.32, range = 0-6) impairments in vision. Due to small cell sizes, only four of the 11
visual impairment types reported were statistically examined by RTW status. No visual
impairment types were related to RTW status, including asteniopia/visual discomfort,
χ2(1) = 0.36, p = .551, r = .08, binocular vision dysfunction, χ2(1) = 0.13, p = .720, r
= .05, esophoria/exophoria, χ2(1) = 1.40, p = .236, r = .17, or fusion with reduced
stereopsis, χ2(1) = 1.47, p = .225, r = .17.
Multivariate Model
In order to test contribution to RTW status at the multivariate level, variables that
demonstrated a significant relationship with RTW status at the bivariate level were
entered into a multiple linear regression. A hierarchical multiple linear regression was
chosen in order to perform pairwise deletion for missing data, as this function cannot be
employed in a binary logistic regression. RTW status served as the dependent variable
(i.e., RTW vs. non-RTW) and NSI20-Total, anxiety level, and AVLT-Recognition
standard score were entered as predictors. Anxiety level was coded as a continuous
variable (i.e., 1 = Minimal, 2 = Mild, 3 = Moderate, 4 = Severe). Predictors were entered
into the model in a hierarchical manner (i.e., blockwise entry) in order of most to least
importance based on previous findings in the empirical literature. As such, NSI20-Total
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scores were entered first, followed by anxiety level, and then AVLT-Recognition standard
score.
Results of the hierarchical linear regression are presented in Tables 5.17 and 5.18.
A very low level of multicollinearity was present (VIF = 1.00-1.42). Results of the
regression analysis provided partial confirmation for the research hypothesis. In Model 1,
NSI20-Total contributed significantly to the regression model and accounted for 7.6% of
the variation in RTW status, F(1, 54) = 4.43, p = .040, r = .275, R2 = .076. In Model 2,
introducing anxiety level did not significantly add to the variance explained, yet the
overall model of NSI20-Total and anxiety level together significantly predicted RTW
status, F(2, 53) = 3.31, p = .044, r = .333, R2 = .111. The addition of AVLT-Recognition
standard score in Model 3 significantly contributed to the model, explaining an additional
12.0% of variation in RTW status, F(3, 52) = 5.21, p = .003, r = .481, R2 = .231. Model 3

Table 5.17
Statistical Comparison of Hierarchical Multiple Regression Models
Overall Model
Model Change
2
R
F
p
∆ R2
∆F
Model 1:
.076*
4.43*
.040*
.076*
4.43*
NSI20-Total

p
.040*

Model 2:
NSI20-Total, Anxiety Levela

.111*

3.31*

.044*

.035

2.10

.153

Model 3:
NSI20-Total, Anxiety Level,a
AVLT-Recognition Standard
Score

.231**

5.21**

.003**

.120**

8.13**

.006**

a

1 = None-Minimal, 2 = Mild, 3 = Moderate, 4 = Severe.
*p < .05. **p < .01.
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Table 5.18
Multiple Regression Coefficients by Hierarchical Model
Descriptive Summary
Regression Coefficients
M

SD

rb

b

SE b

β

Model 1:
RTW Status/Constant
NSI20-Total

0.73
36.58

0.44
14.85

--.28*

1.04
-.01*

.15
.004*

--.28*

Model 2:
RTW Status/Constant
NSI20-Total
Anxiety level (1-4)a

0.73
36.58
2.38

0.44
14.85
1.04

--.28*
-.30**

1.14
-.01
-.09

.17
.004
.06

--.18
-.21

0.73
36.58
2.38
87.66

0.44
14.85
1.04
16.59

--.28*
-.30**
-.31**

.29
-.002
-.15*
.01**

.34
.004
.06*
.003**

--.06
-.34*
.37**

Model 3:
RTW Status/Constant
NSI20-Total
Anxiety level (1-4)a
AVLT-Recognition
Standard Score

Note. RTW status was coded as 0 = Non-RTW, 1 = RTW. Model 1 ∆ R2 = .035. p
= .040. Model 2 ∆ R2 = .035. p = .153. Model 3 ∆ R2 = .120. p = .006.
a
1 = None-Minimal, 2 = Mild, 3 = Moderate, 4 = Severe. bCorrelation with RTW
status.
*p < .05. **p < .01.

contained a combination of predictors providing the best fit to explain variation in RTW
status, in which a significant contribution to the model was made by anxiety level and
AVLT-Recognition standard score. For every .15 increase in level of anxiety, participants
were less likely to RTW, β = -.342, t = -2.354, p =.022. For every .01 point increase in
AVLT-Recognition standard score, participants were more likely to RTW, β = .368, t =
2.851, p =.006. After accounting for anxiety level and AVLT-Recognition standard score,
NSI20-Total did not significantly add to the amount of variance explained in RTW status,
β = -.064, t = -.448, p =.656.
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5.3 Multidisciplinary Rehabilitation Factors and Return to Work
Prior to evaluating multidisciplinary rehabilitation factors and their relationship to
RTW, receipt of non-Madonna rehabilitation services was considered. As shown in Table
5.19, half of participants (50.6%, n = 39) reported receiving non-Madonna rehabilitation
services. Among these participants, the most common type of therapy completed was PT
only (n = 14, 35.9%), followed by various combinations of this and other types of
therapies. With regard to timing of the receipt of non-Madonna services, the largest group
of participants reported completing outside rehabilitation after Madonna (42.1%, n = 16),
followed by participants reporting outside rehabilitation before Madonna (34.2%, n = 13).
Receipt of non-Madonna rehabilitation services did not differ by RTW status, χ2(1) =
0.04, p = .842, r = .02.
With regard to Madonna rehabilitation therapy completion, participants were
categorized as full-completers, partial-completers, or non-completers as described in the
Measures section. Nearly half of participants were full-completers (n = 39, 49.4%), and
the remaining participants were approximately evenly comprised of partial-completers (n
= 21, 26.6%) and non-completers (n = 19, 24.1%).
The following analyses of number of therapy sessions were conducted with
participants who completed at least one session for the specified therapeutic discipline. A
total of four upper extreme outliers were identified, which all belonged to fullcompleters. Three outliers for number of PT sessions and one outlier for number of SLP
sessions were Winsorized to maximum acceptable values. Unexpectedly, number of
therapy sessions did not differ between full- and partial-completers. The average number
of PT sessions completed was 21.0 (SD = 10.1) for full-completers and 19.6 (9.7) for
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Table 5.19
Receipt of Non-Madonna Rehabilitation Services as Reported at Follow-Up by RTW
Status
RTW
Non-RTW
Total
Variable
(n = 58)
(n = 19)
(N = 77)
n (%)
n (%)
n (%)
Non-Madonna Rehabilitation
Yes
29 (50.0)
10 (52.6)
39 (50.6)
No
29 (50.0)
9 (47.4)
38 (49.4)
Rehabilitation Type
One therapy
PT
Vision
Chiropractic
SLP
Pain clinic
Two therapies
PT, OT
PT, SLP
PT, vision
SLP, vision
SLP, chiropractic
Three or more therapies
PT, OT, vision, psychotherapy
PT, OT, SLP
PT, chiropractic, pain clinic
Mental health only
Psychotherapy
Psychotherapy, psychiatry
Timing of Rehabilitation
Before Madonna
After Madonna
During Madonna
Before & After Madonna
Before & During Madonna

10 (34.5)
2 (6.9)
2 (6.9)
1 (3.5)
0 (0.0)

4 (40.0)
1 (10.0)
1 (10.0)
0 (0.0)
1 (10.0)

14 (35.9)
3 (7.7)
3 (7.7)
1 (2.6)
1 (2.6)

3 (10.3)
2 (6.9)
2 (6.9)
1 (3.5)
1 (3.5)

1 (10.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)

4 (10.3)
2 (5.1)
2 (5.1)
1 (2.6)
1 (2.6)

1 (3.5)
1 (3.5)
1 (3.5)

1 (10.0)
0 (0.0)
0 (0.0)

3 (7.7)
1 (2.6)
1 (2.6)

1 (3.5)
1 (3.5)

1 (10.0)
0 (0.0)

2 (5.1)
1 (2.6)

8 (27.6)
12 (41.4)
6 (20.7)
2 (6.9)
1 (3.5)

5 (50.6)
4 (44.4)
0 (0.0)
0 (0.0)
0 (0.0)

13 (34.2)
16 (42.1)
6 (15.8)
2 (5.3)
1 (2.6)

Note. Columns may not total 100% for each variable due to missing data.
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partial-completers, F(1, 54) = 0.251, p = .618, d = 0.13. The average number of OT
sessions was 12.8 (SD = 7.5) for full-completers and 13.5 (SD = 8.0) for partialcompleters, F(1, 33) = 0.06, p = .812, d = 0.08. Finally, the average number of SLP
sessions completed was 15.8 (SD = 9.2) for full-completers and 15.9 (SD = 8.3) for
partial-completers, F(1, 54) = 0.001, p = .970, d = 0.01.
For the full sample, the average number of sessions completed was 20.49 (SD =
9.90) for PT, 13.06 (SD = 7.56) for OT, and 15.84 (SD = 8.79) for SLP. Unexpectedly,
number of PT sessions approached significance by RTW status (RTW: M = 18.95, SD =
9.16; non-RTW: M = 24.25, SD = 10.90), F(1, 53) = 3.40, p = .071, d = 0.50. Number of
OT sessions did not significantly differ by RTW status (RTW: M = 11.76, SD = 6.43;
non-RTW: M = 16.30, SD = 9.44), F(1, 33) = 2.71, p = .109, d = 0.56. Finally, number of
SLP sessions by RTW status demonstrated a statistically significant effect, such that nonRTW participants completed more sessions (M = 20.56, SD = 9.52) than RTW
participants (M = 13.95, SD = 7.82), F(1, 54) = 7.20, p = .010, d = 0.72.
Level of rehabilitation completion was examined in relation to RTW status. Due
to small cell sizes, statistical analyses of RTW status were conducted for full-completers
and partial-completers only. Contrary to hypotheses, no significant differences in RTW
status emerged between full-completers and partial-completers, χ2(1) = 0.326, p = .568, r
= .07. In addition to receiving PT, OT, and/or SLP, a small number of participants
completed vocational rehabilitation (Total: n = 6, 10.5%, RTW: n = 3, 7.3%, non-RTW: n
= 3, 18.8%). Due to small cell sizes, however, this variable was unable to be statistically
examined. Table 5.20 presents data for therapy completion, number of therapy sessions
by discipline, and receipt of vocational rehabilitation.
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Table 5.20
Rehabilitation Completion, Number of Sessions, and Receipt of Vocational
Rehabilitation by RTW Status
Variable
RTW
Non-RTW
Total
(n = 58)
(n = 21)
(N = 79)
n (%)
n (%)
n (%)
Rehabilitation Completion
Full
Partial
Non

27 (46.6)
16 (27.6)
15 (25.9)

12 (57.1)
5 (23.8)
4 (19.0)

Full- and Partial-Completers
RTW
Non-RTW
(n = 43)
(n = 17)
Mean (SD)
Mean (SD)
Number of Sessions
PTa
Total Sessions
Range
OTb
Total Sessions
Range
SLP
Total Sessions
Range
Vocational Rehabilitation
Yes
No

39 (49.4)
21 (26.6)
19 (24.1)

Total
(n = 60)
Mean (SD)

18.95 (9.16)†
3 - 41

24.25 (10.90)†
7 - 41

20.49 (9.90)
3 - 41

11.76 (6.43)
1 - 28

16.30 (9.44)
5 - 29

13.06 (7.56)
1 - 29

13.95 (7.82)*
2 - 34

20.56 (9.52)*
7 - 41

15.84 (8.79)
2 - 41

3 (7.3)
38 (92.7)

3 (18.8)
13 (81.3)

6 (10.5)
51 (89.5)

Note. Number of therapy sessions presented for partial- or full-completers of
rehabilitation therapy who completed at least one session of the target therapy.
Approximately 38% of partial- and full-completers were not prescribed OT. PT =
Physical Therapy. OT = Occupational Therapy. SLP = Speech-Language Pathology.
a
Number of PT sessions contained two upper extreme outliers (RTW: n = 1, nonRTW: n = 1) greater than 41.5 sessions that were Winsorized. bNumber of OT
sessions contained two upper extreme outliers (both non-RTW) greater than 29.5
sessions that were Winsorized. cNumber of SLP sessions contained one upper
extreme outlier (non-RTW) greater than 41.5 sessions that was Winsorized.
†p < .10. *p < .05.
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Achievement of therapy goals was examined in relation to RTW status.
Participants who were partial- or full-completers achieved the majority of therapy goals
set for each discipline, including 70.6% (SD = 33.4) of goals set for PT, 87.8% (SD =
23.7) of goals set for OT, and 84.0% (SD = 36.5) of goals set for SLP. Contrary to
hypotheses, no differences emerged in RTW status by proportion of therapy goals
achieved for PT, F(1, 46) = 0.10, p = .757, d = 0.09, OT, F(1, 30) = 0.01, p = .982, d =
0.04, or SLP, F(1, 53) = 1.47, p = .230, d = 0.33.
The resolution of four central PCS as documented by rehabilitation therapists was
examined, including headache, fatigue, dizziness, and vision problems. In the following
descriptive analyses, participants are described who (a) were partial- or full-completers of
rehabilitation therapy; (b) reported the presence of the target PCS at admission; and (c),
had documentation of the direction of change in the target PCS at rehabilitation
discharge. Although symptom resolution data were available for 75.0% (n = 45) of
participants with headache, smaller proportions of data were present for vision problems
(43.3%, n = 26), dizziness (40.0%, n = 24), and fatigue (20.0%, n = 12). The absence of
these data was due to multiple factors, including absence of the specified symptom at
rehabilitation admission (e.g., some participants did not complain of some of these
symptoms), premature termination of rehabilitation therapy by participants, and difficulty
determining the direction of change in a specified symptom based on therapist
documentation. Due to small cell sizes, resolution of selected PCS at rehabilitation
discharge could not be analyzed by RTW status. Descriptive data are presented in Table
5.21. Based on the data available, however, participants largely appeared to have
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Table 5.21
Rehabilitation Goal Achievement and Resolution of Selected PCS at Discharge by
RTW Status
Variable
RTW
Non-RTW
Total
(n = 43)
(n = 17)
(N = 60)
n (%)
n (%)
n (%)
Proportion of Goals Achieveda
PT
71.5 (33.6)
68.0 (34.0)
70.6 (33.4)
OT
87.9 (26.7)
87.7 (16.5)
87.8 (23.7)
SLP
87.5 (33.5)
73.8 (43.7)
84.0 (36.5)
Change in Selected PCSb
Headache
Decreased
No change
Increased

27 (93.1)
1 (3.4)
1 (3.4)

11 (68.3)
4 (25.0)
1 (6.3)

38 (84.4)
5 (11.1)
2 (4.4)

Fatigue
Decreased
No change
Increased

5 (55.6)
4 (44.4)
0 (0.0)

2 (66.7)
1 (33.3)
0 (0.0)

7 (58.3)
5 (41.7)
0 (0.0)

Dizziness
Decreased
No change
Increased

16 (88.9)
2 (11.1)
0 (0.0)

4 (66.7)
2 (33.3)
0 (0.0)

20 (83.3)
4 (16.7)
0 (0.0)

Vision Problems
Decreased
No change
Increased

15 (78.9)
4 (22.1)
0 (0.0)

5 (71.4)
2 (28.6)
0 (0.0)

20 (76.9)
6 (23.1)
0 (0.0)

Note. Data reported only for full- and partial-completers of rehabilitation. PT =
Physical Therapy. OT = Occupational Therapy. SLP = Speech Language Pathology.
a
Proportion of goals achieved = Number of rehabilitation goals completed at
discharge ÷ number of rehabilitation goals set at admission. bChange in selected
PCS reported for participants with the target symptom at admission and for whom
the direction of change in target symptom was documented at discharge. Change in
selected PCS was not statistically examined due to small cell sizes.
experienced a decrease in selected PCS by rehabilitation discharge. Approximately 75%
(n = 45) of participants reported the presence of headache at rehabilitation admission.
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Among these participants, the majority of records (n = 38, 84.4%) documented a decrease
in headache at discharge. Approximately 20% (n = 12) of participants reported the
presence of fatigue at rehabilitation admission. At rehabilitation discharge, 58.3% (n = 7)
of participants had experienced a decrease in this symptom, while the remainder (n = 5,
41.7%) demonstrated no change. A total of 24 participants (40%) reported experiencing
dizziness at rehabilitation admission. Approximately 83.3% (n = 20) experienced a
reduction in this symptom at discharge, while the remainder (n = 4, 16.7%) experienced
no change in dizziness. Among the 43.3% (n = 26) of participants reporting vision
problems at rehabilitation admission, 76.9% (n = 20) experienced a decrease. The
remaining 23.1% (n = 6) of participants demonstrated no change in vision problems.
5.4 Overall Functioning and Return to Work
Per manual instructions (Malec & Lezak, 2008), MPAI-4 raw scores were
converted to T-scores (i.e., M = 50; SD = 10) in which lower scores reflect better
functioning. It is important to note that normative data were based on individuals with
moderate to severe TBI, although the measure has been used with individuals with mTBI.
As described in the Measures section, T-scores less than 30 reflect good outcome and
scores for each 10-point range above that successively indicate limitations that are mild,
mild to moderate, moderate to severe, and severe (Malec & Lezak, 2008). T-scores for
the total measure and its three subscales were examined for outliers. Nine lower extreme
outliers were identified, all of which were provided by participants from the RTW group
(i.e., n = 2, Abilities subscale; n = 2, Adjustment subscale; n = 5, Participation subscale).
Values were Winsorized using the minimum acceptable values for each subscale. Because
the Participation scale contained an item assessing current employment status (item #28),
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35
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Total Scale

Figure 5.2. MPAI-4 T-scores at follow-up by RTW status. Note. Participation subscale
and total scores calculated with employment item removed. Lower scores reflect better
functioning. T-score ranges: 30-40 = mild limitations; 41-50 = mild to moderate; 51-60 =
moderate to severe. MPAI-4 = Mayo-Portland Adaptability Inventory-4.
** p < .01. ***p < .001.
which would be expected to differ by RTW group, responses to this item were removed
for the following analyses.
MPAI-4 data by RTW status are depicted in Figure 5.2. All participants except for
one completed the MPAI-4. Consistent with hypotheses, RTW participants reported
significantly better functioning than non-RTW participants. On average, MPAI-4 total
scores were nearly eight points lower for RTW participants (M = 47.98; SD = 8.84; mild
to moderate) compared to non-RTW participants (M = 55.57; SD = 8.00; moderate to
severe), F(1, 76) = 11.88, p = .001, d = 0.78. A MANOVA of MPAI-4 subscales found a
significant effect for RTW status, ∧= 0.78, F(3, 74) = 6.84, p < .001, r = .47. Follow-up
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bivariate ANOVAs of each subscale by RTW status indicated that RTW participants
endorsed significantly better functioning than non-RTW participants on all three
subscales, including Abilities, F(1, 76) = 13.20, p = .001, d = 0.82, Adjustment, F(1, 76)
= 10.90, p = .001, d = 0.75, and Participation, F(1, 76) = 17.73, p < .001, d = 0.95. The
greatest difference between RTW groups was demonstrated with the Participation
subscale, which was nearly 14 points lower among RTW participants (M = 34.58; SD =
13.01; mild) relative to non-RTW participants (M = 48.24; SD = 11.84; mild to
moderate).
Based on total MPAI-4 score, participants were dichotomized into groups of good
functioning (i.e., T-score < 49) and impaired functioning (i.e., T-score > 50). Slightly less
than half (47.4%, n = 27) of RTW participants were classified as good functioning based
on MPAI-4 total score. Therefore, achieving good functioning classification based on the
MPAI-4 represented a higher functional threshold relative to successful RTW. Slightly
more than one-third of the full sample (34.6%, n = 29) was classified as good
functioning, and the remainder (62.8%, n = 49) was classified as impaired functioning.
The vast majority (93.1%, n = 27) of the good functioning group resumed employment,
compared with a slight majority (61.2%, n = 30) of the impaired functioning group. Due
to small cell sizes, MPAI-4 functioning group could not be examined by RTW status.
Among RTW participants, however, a significant effect emerged for MPAI-4 functioning
group by RTW level, χ2(1) = 4.31, p = .038, r = .27. Among good functioning participants
who resumed employment, slightly more than one-quarter (28.6%, n = 6) returned at a
modified level, compared to nearly three-quarters (71.4%, n = 15) of RTW participants in
the impaired functioning group.
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5.5 Program Evaluation for Madonna Rehabilitation Hospital’s Mild TBI Clinic
Based on the results of this study, program evaluation was completed for the Mild
TBI Clinic at Madonna Rehabilitation Hospital. See Appendix E for excerpts of a
preliminary executive summary created for hospital and clinic leadership that includes
relevant study outcomes and program recommendations.
CHAPTER 6: DISCUSSION
The purpose of this dissertation was to examine predictors of RTW following
multidisciplinary rehabilitation evaluation for persistent PCS using a clinical sample. A
range of factors based on a review of the literature was used to predict RTW. In addition,
process variables from rehabilitation course and therapeutic disciplines involved in
multidisciplinary rehabilitation were evaluated for their contribution to RTW. Findings
were used to inform recommendations for the mTBI rehabilitation program from which
this study was based. Overall, study hypotheses were partially supported. Relative to
those who did not resume work, participants who resumed employment had at
rehabilitation admission reported less severe post-concussion symptoms and lower levels
of anxiety, and performed better on a measure of verbal memory recognition. In addition,
participants who had returned to work were largely satisfied with their work, even if they
had to institute modifications in order to accommodate lingering symptoms after injury.
Because much of the data were collected from medical records, selected hypotheses were
unable to be fully explored. This is balanced against the high external validity of
examining clinical data from an outpatient rehabilitation clinic reflecting the
individualized treatment regimens and range of patient characteristics inherent to this
naturalistic setting. Only the three aforementioned post-injury variables were related to
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employment at follow-up, while the remaining variables—including level of
rehabilitation completed—were unrelated to outcomes. However, the need for increased
SLP services identified participants who were ultimately unable to achieve the level of
functioning needed to resume employment. Interpretation of results for each set of
hypotheses is provided below, along with clinical implications, study limitations, and
recommendations for future research.
6.1 Pre-Injury, Injury, and Post-Injury Predictors of Return to Work
Study hypotheses were partially corroborated, as examination of pre-injury,
injury, and post-injury variables found that only selected post-injury variables
demonstrated a statistically-significant relationship with RTW.
Pre-Injury Factors
It was hypothesized that younger age, higher education, absence of pre-injury
psychopathology, and absence of pre-injury TBI would be associated with successful
RTW, yet these and other pre-injury variables were unrelated to employment. In the
literature, younger age emerged as one of the most consistent pre-injury predictors of
successful RTW. Age was unrelated in this sample to RTW status, although the means fell
in the expected direction. This study was designed to detect the medium effect sizes most
commonly produced in the literature and was therefore insufficiently powered to detect
small effect produced by this particular analysis (d = .33). Furthermore, younger patients
tended not to participate in this study, a confound that may have contributed to null
results.
Contrary to hypotheses, the presence of pre-injury psychopathology was not
associated with worse RTW outcomes. Although the presence of pre-injury
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psychopathology has demonstrated a strong relationship with greater PCS (Meares et al.,
2011; Ponsford et al., 2012; van Veldhoven et al., 2011), the null findings in this study are
consistent with the RTW literature, which has found no relationship between employment
outcomes and pre-injury psychopathology (Guérin et al., 2006; Hanlon et al., 1999;
Paniak et al., 2000; Stulemeijer et al 2008; Wäljas et al., 2014). It is important to consider
that this variable was coded based on self-report, which is susceptible to unreliability.
Furthermore, psychopathology was coded as a binary variable (i.e., presence vs. absence)
based on the available data, yet psychopathology actually exists on a continuum (Kotov
et al., 2017). Any potential relationship that exists between pre-injury psychopathology
and RTW outcomes may have therefore been obscured by the dichotomization of this
variable and likely heterogeneity in true levels of psychopathology within each group.
For example, individuals who completed a remote, brief course of mental health
treatment for transient adjustment issues were categorized with individuals receiving
more intensive, long-term treatment for mental health problems of greater severity, such
as chronic mood or anxiety disorders.
The coding of prior TBI may have resulted in similar issues, as this was based on
self-report. Patients pursuing injury-related litigation may have been particularly
motivated to dismiss the contribution of any previous TBIs to current PCS. Furthermore,
previous injuries may have been undiagnosed, since approximately 68% of those meeting
criteria for mTBI do not seek medical care (Setnik & Bazarian, 2007).
Injury Factors
Consistent with the mTBI literature, in which injury-related variables have been
largely unrelated to employment outcomes, none of the injury-related factors considered
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in this study were associated with RTW. The lack of relationship between presence of
extracranial injuries and poor employment outcomes was unexpected, however, as this
was one of the few injury-related variables that had demonstrated a relatively more
consistent relationship with RTW in the literature. In addition to the likelihood that a
great deal of heterogeneity was present within categories of this dichotomized variable,
the absence of a standardized method to characterize extracranial injury may have
contributed to null findings. Many of the studies that found this factor to relate to RTW
had measured extracranial injury in the ER using a standardized instrument (e.g., Injury
Severity Score; Baker, O'Neill, Haddon, & Long, 1974). Finally, considering that a
sizeable proportion of participants were admitted to rehabilitation several months to years
after injury, extracranial injuries sustained were likely in various stages of healing when
this variable was recorded.
It is important to recall that the few studies in which injury-related variables
predicted employment outcomes were conducted with ER samples, enabling increased
precision and standardization of measurement. Furthermore, because injury-related
variables collected at the ER were obtained shortly after injury, they may be corroborated
by witness report or professional observation. Although ER medical records were
available for some participants, most injury-related variables were self-reported at
rehabilitation admission at a median of three months after injury. Furthermore, ER
medical records were provided from a variety of different hospitals, likely with differing
level of expertise with mTBI as well as standards for assessment and documentation.
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Post-Injury Factors
Emotional symptoms at rehabilitation admission were associated with RTW status
in the present study, a finding that has not emerged consistently in the mTBI literature of
employment outcomes (Friedland & Dawson, 2001; Hanlon et al., 1999; Stulemeijer et
al., 2008; Wäljas et al., 2014). In this study, a medium-sized effect was found in which
individuals who reported greater levels of anxiety at rehabilitation admission were less
likely to resume employment on average more than two years later. Level of depression
at rehabilitation admission showed a non-significant trend in the same direction. These
findings converge with the broader mTBI research demonstrating that greater emotional
symptoms at baseline are often associated with poor outcomes (Clarke, Genat, &
Anderson, 2012; Meares et al., 2011; Ponsford et al., 2012). While other studies have
examined the relationship between anxiety and prolonged PCS, the inclusion of
emotional factors in studies using RTW as an outcome has largely been limited to
depression (Dumke et al., 2014; Hanlon et al., 1999; Wäljas et al., 2014) and posttraumatic stress (Friedland & Dawson, 2001; Stulemeijer et al., 2008). Although a recent
investigation used a measure containing subscales for anxiety and depression as it related
to RTW up to 12-months post-injury (Vikane et al., 2017), the present investigation was
the first known mTBI rehabilitation study to separately examine anxiety and depression
primarily using full measures for each construct as related to employment at more than
one year post-injury.
The relationship demonstrated in this study between poor employment outcomes
and elevated anxiety is consistent with literature indicating that elevated anxiety is
common after TBI (Osborn et al., 2016) and linked to PCS (Albanese et al., 2017; Moore
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et al., 2006). Because this study captured anxiety using a variety of types of self-report
measures, the extent to which specific anxiety-related conditions or symptom clusters
were associated with this effect is unknown. Similarly, the mechanism by which anxiety
contributed to increased disability after mTBI was not explored. However, one possibility
is via increased anxiety sensitivity, the tendency to interpret benign arousal-related
sensations as harmful or dangerous (Reiss & McNally, 1985). Anxiety sensitivity has
been linked to poor recovery after mTBI (Albanese et al., 2017) and is proposed to
facilitate an overreaction to somatic forms of distress, thereby influencing perception of
PCS and the development of negative beliefs underlying the cause of these symptoms
(Whittaker, Kemp, & House, 2007; Wood et al., 2014).
Other demonstrated or proposed mechanisms linking prolonged PCS and anxiety
or other forms of emotional distress include trait resilience (Sullivan et al., 2016),
catastrophic expectations for injury recovery (Cassidy, Boyle, & Carroll, 2014; Snell,
Hay-Smith, Surgenor, & Siegert, 2013; Whittaker et al., 2007), symptom attribution
(Belanger, Bardwick, Kip, Kretzmer, & Vanderploeg, 2013), fear conditioning
(particularly with prolonged rest; Silverberg & Iverson, 2013), coping style (Woodrome
et al., 2011), specific personality traits (Garden, Sullivan, & Lange, 2010), and
alexithymia (Whittaker et al., 2007; Wood et al., 2014). Considering that many of these
mechanisms are not unique to anxiety, it is unknown why anxiety, but not depression,
was significantly related to RTW in this study. Perhaps anxiety initiates and maintains
prolonged PCS, and depression occurs as a byproduct of disabling symptoms.
Alternatively, considering its overlap with symptoms of PTSD (Magruder et al., 2004),
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depression may be more strongly related to employment outcomes in samples with
greater rates of PTSD symptoms (e.g., military populations, assault survivors).
Reduced performance on a measure of verbal memory recognition (AVLTRecognition) was associated with non-RTW in a medium-sized effect. This was an
unexpected finding, as no memory measures were hypothesized to be related to RTW,
and no other single neurocognitive measure or set of measures demonstrated a significant
relationship with RTW. Furthermore, RTW and non-RTW participants performed
equivalently on all other indices of the verbal memory measure, including first trial, total
recall, immediate recall, and delayed recall. As many memory recognition paradigms are
used as measures of performance validity, reduced scores on this measure may represent
suboptimal performance validity. Although individuals who failed one or more
freestanding performance validity tests were eliminated from analyses and the majority of
the sample had passed all freestanding performance validity tests, the sample also
included participants for whom freestanding performance validity tests were not
administered or reported. Therefore, results may simply reflect greater incidence of
performance invalidity among non-RTW participants rather than true impairment in
memory or other aspects of cognition.
Participants who did not resume employment also demonstrated reduced overall
performance across measures of sustained attention and inhibition (IVA). Follow-up
analyses of each of its six indices, however, found no statistically significant relationship
with RTW. As effect sizes of these indices were mostly in the small range, this study was
insufficiently powered to detect effects. Furthermore, it is important to note that relative
to other measures, the IVA was administered less frequently and may therefore have been
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administered predominantly to participants suspected of having impaired sustained
attention. This hypothesis is supported by the fact that performance on this measure of
sustained attention represented the most impaired among the entire battery.
Multivariate Model
Factors significantly related to RTW at the bivariate level were entered in a
hierarchical linear multiple regression. All variables entered in the model had been
obtained at rehabilitation admission, including self-reported PCS, anxiety level, and
verbal memory recognition. The best fitting model included all three variables, yet after
accounting for anxiety level and verbal memory recognition, self-reported PCS did not
significantly change amount of variance explained in RTW. Because multicollinearity
was minimal, results cannot be attributed to correlation between predictor variables.
Although this study was not specifically designed to test the model posited by Kay and
colleagues (1992), results are consistent with the conceptualization by these authors in
which transient emotional and cognitive symptoms produced by injury are maintained by
maladaptive processes that sustain long-term dysfunction. While there was no evidence
that participants who did not resume work had experienced pre-injury psychopathology at
a different rate than participants who resumed work, one speculative possibility is that
maladaptive response tendencies existing at a subclinical threshold were activated that
maintained persistent dysfunction. The fact that increased anxiety at rehabilitation
admission, but not increased depression, was associated with non-RTW suggests that a
shared construct within the cluster of symptoms associated with anxiety, including fear,
acute onset of physiological symptoms, and worry—but not necessarily anhedonia,
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depressed mood, or neurovegetative symptoms—coalesced to produce long-term
disability after injury.
Poorer performance on a verbal memory recognition task among patients with
poor employment outcomes may reflect emotion- or motivation-based interference with
optimal cognitive performance rather than true memory impairment. With specific
relevance to this study, it has been shown that individuals primed with diagnosis threat—
an expectation that cognitive performance will be reduced due to a history of TBI—are
more likely to perform worse on measures of memory but not attention or processing
speed, as a function of self-reported reduced effort (Suhr & Gunstad, 2002). Although
anxiety has been theorized to be the mechanism by which performance is reduced due to
the related concept of stereotype threat (Steele & Aronson, 1995), empirical findings have
not accumulated in support of this within mTBI samples (Carter-Allison, Potter, &
Rimes, 2016; Suhr & Gunstad, 2005). Perhaps patients who had negative expectations
about their cognitive performance or who were particularly vulnerable to diagnosis threat
put forth a subtle reduction in effort resulting in poor performance on the verbal memory
recognition test. Indeed, evaluation apprehension has been shown to lead to greater
cautiousness (e.g., reducing the number of task items attempted) (Beilock, Rydell &
McConnell, 2007; Schmader, Johns & Forbes, 2008). Nonetheless, any such reduction in
optimal neurocognitive performance appears to have been limited. Out of the nine
neurocognitive domains tested, no other groups of measures emerged as significantly
reduced among participants who ultimately did not resume employment.
Approximately 23% of the variance in RTW status was accounted for in this
study, a sizable amount when considering the retrospective design of this study.
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Nonetheless, the majority of variance in outcomes was unaccounted for by the predictors
examined in this study. A number of factors may have contributed to such error, such as
the range in timeframe during which participants were sampled and heterogeneity of
emotional measures administered. It is also possible that selected factors that would have
accounted for a greater amount of variance in outcomes were simply unable to be
included in this study. Such variables include occupational decision-making latitude
(Friedland & Dawson, 2001; Riss et al., 2008; Ruffolo et al., 1999), injury-related PTSD
symptoms (Friedland & Dawson, 2001), and neurobiomarkers of structural damage
(Stranjalis et al. 2004). In addition, factors shown to link emotional distress and
prolonged PCS were not included, such as alexithymia (Whittaker et al., 2007; Wood et
al., 2014), symptom attribution (Belanger et al., 2013), self-efficacy (Belanger et al.,
2015; Cicerone & Azulay, 2007; deRoon-Cassini, Mancini, Rusch, & Bonanno, 2010),
resilience (Sullivan et al., 2016), coping (Woodrome et al., 2011), anxiety sensitivity
(Albanese et al., 2017), and catastrophic expectations for recovery (Cassidy, Boyle, &
Carroll, 2014; Snell, Hay-Smith, Surgenor, & Siegert, 2013; Whittaker et al., 2007).
6.2 Multidisciplinary Rehabilitation Predictors of Return to Work
The vast majority of multidisciplinary rehabilitation factors did not significantly
relate to RTW. Results cannot be explained by inadequate treatment dosage or progress,
as the average number of sessions completed and goals achieved in rehabilitation indicate
that a robust dosage of treatment was delivered to partial- and full-completers of
treatment and that the majority of treatment objectives were attained. It is possible that
therapeutic gains made in rehabilitation were unable to be adequately captured in this
study. Because all multidisciplinary rehabilitation data relied on retrospective medical
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record review, many of the variables used were somewhat rudimentary and much less
robust than measures that would have been selected for a prospective research design. For
example, change in central PCS from rehabilitation admission to discharge was coded as
a decrease, increase, or no change based on medical record documentation by
rehabilitation therapists. A continuous measure indicating the extent of improvement in
symptom severity and management may have captured change in PCS more precisely by
enabling a wider gradation of change in symptoms to be measured. Furthermore, some
critical factors were unable to be considered altogether due to small cell sizes. To
illustrate, resolution of headache could not be statistically examined, yet informal review
of change in headache suggested that a larger proportion of RTW participants
experienced a decrease in this symptom at discharge.
The only multidisciplinary rehabilitation variable that significantly related to
RTW was number of SLP sessions, such that greater number of SLP sessions completed
was associated with non-RTW in a medium-sized effect. Number of PT and OT sessions
demonstrated similar non-significant trends. Collectively, this likely reflects the need for
a more intensive, longer course of treatment for individuals who experienced impaired
functioning to the extent that they were ultimately unable to resume employment. The
fact that significant findings only emerged for SLP, however, suggests that protracted
cognitive symptoms may present particular obstacles for resuming and maintaining
employment, relative to PCS addressed by other therapeutic disciplines.
6.3 Overall Functional Outcomes and Relationship with Return to Work
As expected, RTW participants reported significantly better functioning than nonRTW participants as measured by the MPAI-4 in activities, adjustment, and participation.
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Notably, the largest differences between RTW and non-RTW participants were
demonstrated on the participation subscale, on which RTW participants demonstrated
particularly good outcomes. Because the item on this subscale pertaining to employment
had been removed prior to analysis, results indicate that participants who had resumed
working also reported better overall participation beyond employment. Specifically, other
items on this subscale assessed activity initiation, social contact, leisure/recreation, selfcare, independent living/homemaking in residence, transportation, and financial
management. Unemployment may have impacted these activities in a negative manner.
For example, non-RTW participants may have experienced increased social withdrawal
as a result of unemployment. Similarly, participants who did not resume employment
may have engaged less in leisure and recreation pursuits as a result of unemploymentbased financial problems. Indeed, exploratory analyses (not presented) of these items
indicated that non-RTW participants had reported increased limitations in social contact
and leisure/recreational activities, yet the precise reasons for these limitations are
unknown.
Although functioning was reduced among non-RTW participants, this study was
not designed to test for causation. Therefore, it is unclear whether problems in these areas
resulted in being unable to resume employment, or whether unemployment led to
increased PCS, poor emotional adjustment, and reduced participation. Furthermore,
results may have been influenced by order of survey presentation. After completing a
survey about RTW status relative to injury, participants who did not resume employment
may have felt compelled to endorse more severe functional impairments in an effort to
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justify non-RTW. In order to account for any potential order effects, future studies may
benefit from counterbalancing the order in which measures are administered.
6.4 Clinical Implications
All of the factors that were related to RTW outcomes were obtained as part of the
neuropsychological evaluation. Although such results in this study may partially be a
function of the large number of variables included from that evaluation, this finding
nonetheless reinforces the utility of including neuropsychology in multidisciplinary
rehabilitation. Study findings illustrate how neuropsychological evaluation at
rehabilitation admission can help to identify individuals at risk for long-term functional
impairment, permitting an increased focus on treatment targets that may increase
likelihood of successful rehabilitation outcomes.
This study suggests that elevated anxiety deserves increased attention in
multidisciplinary rehabilitation. Considering that anxiety at rehabilitation admission
significantly contributed to RTW status more than two years later—albeit only a limited
amount of variance accounted for—it seems prudent to consider increasing the extent to
which anxiety and perhaps also depression are addressed in rehabilitation. Evidencebased treatments have demonstrated effectiveness in reducing anxiety, including
cognitive-behavioral therapy and mindfulness- and acceptance-based interventions
(Hofmann & Smits, 2008; Hofmann, Wu, & Boettcher, 2014; Vøllestad, Nielsen, &
Nielsen, 2011). With particular relevance to mTBI populations, preliminary studies
examining the mechanism by which anxiety is linked to elevated PCS have identified a
number of potential treatment targets (e.g., anxiety sensitivity; Albanese et al., 2017), for
which psychological treatments have been shown to be effective. In addition, the few
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psychoeducational and psychotherapeutic interventions designed to address prolonged
PCS have demonstrated promise (Bergersen, Halvorsen, Tryti, Taylor, & Olsen, 2017).
Multidisciplinary rehabilitation may already indirectly act upon anxiety and other forms
of affective distress via graduated exposure to previously avoided activities with the
guidance of rehabilitation therapists. Such interventions may, at the very least, increase
perceived self-efficacy for managing PCS among individuals with increased anxiety. It is
possible that individuals with lower levels of anxiety have benefited from this indirect
treatment of anxiety during rehabilitation as described, whereas individuals with greater
severity of anxiety require treatment specifically designed to target anxiety and its
relationship with prolonged PCS.
This study also reinforces the importance of assessing employment-based
functioning throughout course of rehabilitation. The high rate of individuals who resumed
employment at modified levels compared to pre-injury suggests that resuming
employment is not a sufficient gauge of functional outcomes. Instead, the extent to which
patients are able to resume employment relative to pre-injury levels represents an
important marker of functioning. Modified RTW participants continued to report a great
deal of impairment at work, including reduced hours, different positions/duties, and
feeling less competent in their performance. Importantly, this was not simply a function
of being less satisfied with work after injury, as satisfaction with work was equivalent
across both RTW levels. Furthermore, participants who returned to work at a modified
level reported significantly greater functional impairment overall, particularly in
participation.
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6.5 Limitations
Results of this study should be interpreted with caution in light of the following
limitations. Considering the distribution of the sample with regard to specific
demographic characteristics, results may be less applicable to certain populations. The
pool of patients from which this study was conducted tended to be homogenous in terms
of ethnic and racial backgrounds, resulting in a sample in which the vast of majority of
participants were non-Hispanic and European American. Approximately two-thirds of
participants were women, which was generally consistent with the gender distribution
among the pool of patients from which this sample was drawn. Although this does not
reflect the mTBI population as a whole, in which women are equally as likely to sustain
this injury as men (Cassidy et al., 2004), it is not uncommon for mTBI rehabilitation
samples to have slightly more women (Paniak et al., 2000; Reynolds et al, 2003; Scott et
al., 2017) or slightly more men (Dumke et al., 2017; Guérin et al., 2006; Vikane et al.,
2017), with no clear overall trend in the literature for gender distribution in this
population. Furthermore, a selected sample resulted in which younger patients tended not
to participate in this study, which likely explains why participants also tended to be more
established with their relationships, education, and career relative to non-participants.
Selected variables used in this study had suboptimal rates of missing data, due to
the archival nature of the study, which drew largely from medical records that were not
designed for research purposes. As a result, unremarkable findings such as the absence of
an experience in a medical history were likely not routinely recorded, and some measures
may have only been administered if a clinical need was identified. Prominent examples of
such instances include pre-injury TBI (63.3% of participants with data present), pre-
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injury academic performance (49.4%), history of learning disability (46.8%), Category
Test (40.5%), Functional Gait Assessment (36.7%), and resolution of selected PCS,
including fatigue (20.0%), dizziness (40%), and vision problems (43.3%). To further
illustrate this point, patients who denied having a prior TBI may not have had this
information reliably documented in the medical record because it reflected an
unremarkable history. Similarly, the subset of participants who were administered the
Functional Gait Assessment were likely to be those presenting with gait or balance issues.
Finally, individuals who denied problems with fatigue, dizziness, or vision problems
naturally would not have had corresponding documentation regarding these symptoms at
discharge. Considering that recording of these variables may have been non-random,
thereby producing a selected sample of patients with greater impairments in the
associated factors, analyses of these and other variables with high rates of missing data
should be interpreted with caution.
The measures used to assess affective symptoms were highly heterogeneous,
including seven measures for depression and eight measures for anxiety that were
subsequently collapsed into four severity levels for each construct. Using such a variety
of measures likely added error variance to depression and anxiety variables. Despite this
limitation, anxiety level emerged as significantly related to RTW and depression level
approached significance in its relationship to RTW, demonstrating the strength of these
factors. Furthermore, the primary measures of anxiety used in this study assessed
different aspects of anxiety, as the BAI tends capture predominantly physiological
symptoms of anxiety, whereas the GAD-7 was designed to assess symptoms of GAD
(e.g., worry, tension). Exploratory analyses (not presented) found no evidence of different

143
results by anxiety measure. This finding is consistent with the literature, which has found
that prolonged PCS is linked to physiological symptoms of anxiety (Albanese et al.,
2017) as well as generalized anxiety and worry (Fann, Katon, Uomoto, & Esselman,
1996).
Although the present study provided a more comprehensive examination of
employment outcomes by including RTW level and ratings of work satisfaction,
competence, and extent of negative post-injury changes, other important employment
outcomes were not captured. Specifically, this study did not obtain the number of days or
weeks that elapsed between injury and RTW (Kristman et al., 2010; Paniak et al., 2000;
Wäljas et al., 2014). Also, employment status or level was not obtained at rehabilitation
admission, which would have provided a more comprehensive picture of the typical
course of employment outcomes relative to rehabilitation.
6.6 Future Research
It is clear that emotional adjustment plays an important role in long-term
employment and other functional outcomes after mTBI, yet the mechanism by which this
occurs largely unknown. Future research should aim to isolate the mechanism by which
anxiety and other forms of emotional distress are related to functional outcomes after
mTBI so that effective interventions may be developed for prolonged PCS. A recent
literature review identified only five studies of psychotherapeutic interventions for
individuals with prolonged PCS published between 2004 and 2015 (Bergersen et al.,
2017), and only two were randomized controlled trials. Mechanisms that are
predominantly explored should be those that are modifiable via therapeutic intervention.
For example, preliminary studies have identified symptom attribution and mTBI
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knowledge as predictive of PCS after accounting for demographic and psychiatric
influences (Belanger et al., 2013). Attributional styles have been shown to be modifiable
in other areas (Peters, Constans, & Mathews, 2011), and have demonstrated promise as a
treatment target for individuals with prolonged PCS (Belanger et al., 2013). Self-efficacy
may hold similar promise as a treatment target in mTBI (Belanger et al., 2015; deRoonCassini, Mancini, Rusch, & Bonanno, 2010), particularly as it relates managing cognitive
PCS (Cicerone & Azulay, 2007).
Although it is critical to understand the maladaptive mechanisms by which
persistent disability after mTBI develops, further research is also warranted on the role of
post-traumatic growth, resiliency, and other positive outcomes in recovery from this
injury. In this study, although participants resuming work at a modified level reported
feeling less competent in their performance and experiencing greater negative changes at
work after injury, both full and modified RTW participants described equivalently high
levels of satisfaction with work, indicating that post-injury limitations did not lead to a
general dissatisfaction with their employment or career overall. These findings suggest
that despite having to institute modifications at work to account for post-injury
symptoms, individuals with persistent PCS may continue to lead satisfying careers. In a
related line of inquiry, a growing literature indicates that higher trait resilience is
associated with improved adjustment after mTBI (see Sullivan, Kempe, Edmed, &
Bonanno, 2016, for a review). Increased understanding of the role of resilience, posttraumatic growth, and other positive outcomes after mTBI may help to further clarify the
factors that contribute to different trajectories after injury. Furthermore, in addition to
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using employment and overall functioning as outcomes after rehabilitation, life
satisfaction is an important outcome to study in mTBI (Seidl et al., 2015).
Although only post-injury factors emerged as significantly related to outcomes in
this study, future studies should continue to consider a number of pre-injury, injury, and
rehabilitation factors. Multiple studies have found that successful RTW is associated with
certain pre-injury factors such as younger age (Guérin et al., 2006; Paniak et al., 2000;
Wäljas et al., 2014), higher educational level (de Koning et al., 2017; Stulemeijer et al.,
2008), and greater occupational decision-making latitude (Friedland & Dawson, 2001;
Riss et al., 2008; Ruffolo et al., 1999). While injury-related factors have demonstrated an
inconsistent relationship with RTW, it is important to recall that when significant findings
do emerge, they do so in ER-based, prospective studies. In such clinical settings and
study designs, injury-related factors such as LOC can be more precisely and reliably
measured shortly after injury. Furthermore, based on the compelling findings by the sole
RTW study using a serum-based biomarker of intracranial damage after “ultra-mild” TBI
(Stranjalis et al., 2004), this and other injury-related variables may eventually
demonstrate a more consistent relationship with RTW as such technologies evolve and
are utilized more routinely in clinical research and practice. Finally, the role of
multidisciplinary rehabilitation in recovery after mTBI has received limited attention in
the literature. The few studies conducted in these settings suggest that rehabilitation holds
promise for helping to reduce selected PCS and improve overall functioning (Riss et al.,
2008; Scott et al., 2017). Certain PCS, such as headache and fatigue, have been shown to
be associated with worse employment outcomes (de Koning et al., 2017; Dumke, 2017;
Guérin et al., 2006; Riss et al., 2008). However, the most rigorous studies examining
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employment outcomes after multidisciplinary rehabilitation for mTBI have not provided
clear evidence that gains in such interventions directly extend to improvement in
employment outcomes (Elgmark Andersson et al., 2007, 2011; Vikane et al., 2017). The
relatively low intensity of rehabilitation services provided in studies producing null
results should be taken into account when interpreting findings. Future studies should
take care to ensure that robust treatment is provided or at least analyze results by varying
levels of treatment intensity, particularly considering the results with regard to number of
SLP sessions completed in the present study. Finally, considering the strong influence
demonstrated by emotional adjustment in recovery after mTBI, including its contribution
to successful RTW, future research should aim to target the mechanisms by which
emotional distress is linked with persistent PCS, enabling interventions to be tailored
accordingly.
6.7 Conclusion
This dissertation examined factors predicting long-term employment outcomes
among patients who completed multidisciplinary rehabilitation evaluation for PCS.
Among several pre-injury, injury, and post-injury predictors, only selected post-injury
factors obtained at rehabilitation admission were associated with employment outcomes.
Specifically, lower self-reported PCS, decreased anxiety level, and higher verbal memory
recognition scores were associated with successful RTW. After accounting for anxiety
level, however, PCS no longer contributed to employment outcomes. No
multidisciplinary rehabilitation factors related to RTW outcomes, except for an
unexpected effect in which non-RTW was associated with completing an increased
number of SLP sessions. This finding suggests those who require lengthy rehabilitation—
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particularly for problems related to cognition—were at increased risk of poor
employment outcomes. For the purposes of program evaluation for the study site, it was
recommended that increased focus be placed on the adaption of treatment for individuals
reporting increased anxiety and other emotional symptoms. Additionally, it was
recommended that systematic assessments of PCS, emotional factors, and functional
outcomes be employed routinely throughout rehabilitation. This study was limited by
factors common to retrospective medical record reviews, yet results provide further
evidence indicating that emotional factors relate strongly to outcomes among the
minority of individuals who experience persistent impairment after mTBI. Further
research into the mechanisms linking anxiety and other forms of emotional distress to
functional impairment is needed in order to design effective therapeutic interventions for
populations with prolonged PCS.
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APPENDIX B: RETURN TO WORK SURVEY
“I will now ask you questions about your employment status before and after your
injury. Please note that when I use the term injury, I am referring to the mild
Traumatic Brain Injury or concussion that led you to seek rehabilitation services at
Madonna.”
Pre-injury work type:
1. “What type of work [or schoolwork] were you engaged in prior to your injury?”
[Verbatim response:]
________________________________________________________________________
________________________________________________________________________
__ High decision-making latitude occupation (i.e., students, homemakers,
professionals/semi-professionals)
__ Low decision-making latitude occupation (i.e., clerical, sales/service, manual labor,
and skilled crafts and trades)
RTW status:
2. “Are you currently working [or enrolled in schooling]?”
[Verbatim response:]
________________________________________________________________________
________________________________________________________________________
__ No à CONTINUE TO QUESTION 3.
__ Yes à SKIP TO QUESTION 4.
Non-RTW Reason:
3. “In your opinion, why haven’t you been able to return to work following your
injury?” [Verbatim response:]
________________________________________________________________________
________________________________________________________________________
__ Due to injury
__ Not related to injury
[NOTE: SKIP TO QUESTION 12 for non-RTW participants.]
Return to same employer:
4. Did you return to your pre-injury employer following your injury?
__ No
__ Yes
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Level of RTW:
5. “Have you resumed work at the same level and position that you held prior to your
injury?” [Verbatim response:]
________________________________________________________________________
________________________________________________________________________
5b. “Have you cut down on the number of hours worked per day or per week?” Yes /
No
5c. “Have you traded difficult tasks with co-workers?” Yes / No
5d. “Has your job position or duties changed since your injury?” Yes/No
__ RTW at previous level of employment
__ RTW at modified employed position or level
Work satisfaction – free response:
6. “How satisfied are you with your current work?” [Verbatim response:]
________________________________________________________________________
________________________________________________________________________
Work satisfaction – rating:
7. “Using a 1 to 5 scale, where 1 is Not at all satisfied with your work, and 5 is
Completely satisfied with your work, how satisfied are you with your work?”
circle response: 1 2 3 4 5
Work competence – free response:
8. “How confident are you that you can do your job well?” [Verbatim response:]
________________________________________________________________________
________________________________________________________________________
Work competence – rating:
9. “Using a 1 to 5 scale, where 1 is Not at all confident, and 5 is Confident, how
confident are you that you can do your job well?”
circle response: 1 2 3 4 5
Work differences – free response:
10. “Compared to the work you did prior to your injury, have there been any
negative changes in your work?”
[Verbatim response:]
________________________________________________________________________
________________________________________________________________________
Work differences – rating:
11. “Using a 1 to 5 scale, where 1 is No negative changes at work, and 5 is High
amount of negative changes at work, how would you rate change in work since your
injury?”
circle response: 1 2 3 4 5
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Receipt of non-Madonna rehabilitation:
12. “In addition to the rehabilitation services you received at Madonna, did you
receive rehabilitative therapy at any other hospital or clinic? For example, did you
receive vision therapy or physical, occupational, or speech therapy somewhere other
than Madonna to address problems resulting from your injury?”
__ No
__ Yes
If yes, describe services received:
________________________________________________________________________
________________________________________________________________________
__ Unsure/other response:
________________________________________________________________________
________________________________________________________________________
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APPENDIX D: CONVERSION OF ALTERNATIVE MEASURES OF
DEPRESSION AND ANXIETY INTO SYMPTOM SEVERITY LEVELS
Alternative Depression Measures
MeasureIndex

Level

Scorea

Interpretive Guidelines

MBMD-BB
(Depression)

Minimal
Mild
Moderate
Severe

< 34
35- 74
75-84
85-115

Asset

Minimal
Mild

< 59
60-74

Moderate

75-84

Severe

> 85

Minimal

< 39

Mild
Moderate

40-64
65-99

Severe

> 100

Minimal

< 59

Mild

60-69

Moderate

70-80

Severe

> 81

Reflects a person with few complaints
about unhappiness or distress
Some unhappiness, sensitivity, pessimism,
and/or self-doubt
Significant dysphoria, despondency,
withdrawal, anhedonia, moody,
dissatisfied and/or guilt-ridden
Indicative of a major depressive episode

Minimal
Mild
Moderate
Severe

< 46
47-54
55-65
> 66

Below Average (fewer symptoms)
Average
Above Average (higher symptoms)
Above Average (higher symptoms)

MCMIMajor
Depression
(Scale CC)

MMPI-RC2
(Low
Positive
Emotions)

PAI-Dep

Pain Patient
ProfileDepression

Present liability
Prominent liability
Suggestive but not sufficiently indicative
of the scale’s symptom pathology unless
they are the highest scores in this segment
of the profiles
Suggest the presence of the scale’s clinical
syndrome
Strong support for the presence of the
pathological symptom
Reports a high level of psychological
well-being, a wide range of emotionally
positive experiences, feeling confident and
energetic
[> 65] Reports a lack of positive emotional
experiences, significant anhedonia, lack of
interest
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Alternative Anxiety Measures
MeasureIndex

Level

Scorea

Interpretive Guidelines

Burns
Anxiety
Inventory

Minimal

0-10

Mild
Moderate
Severe

11-20
21-30
31-99

Minimal or no anxiety (0-4)/Borderline
anxiety (5-20)
Mild anxiety
Moderate anxiety
Severe anxiety (31-50) / Extreme anxiety
or panic (51-99)

MBMD-AA
(AnxietyTension)

Minimal
Mild
Moderate
Severe

< 34
35-74
75-84
85-115

MCMI-A

Minimal
Mild

< 59
60-74

Moderate

75-84

Severe

> 85

Minimal
Mild
Moderate
Severe

< 39
40-64
65-99
> 100

Low scores < 39 are not interpreted

Minimal

< 59

Mild
Moderate

60-69
70-90

Severe

> 91

Few complaints of anxiety, worry or
tension
Some worry, sensitivity and/or tension
Indicate significant anxiety, worry and/or
tension.
Usually indicates generalized impairment
associated with anxiety. Serious
constriction in life. Trouble meeting
minimal role expectations. Mild stressors
often precipitation a crisis. Generally a

MMPI-ANX

PAI-ANX

Asset
Present liability
Prominent liability
Suggestive but not sufficiently indicative
of the scale’s symptom pathology unless
they are the highest scores in this segment
of the profiles
Suggest the presence of the scale’s clinical
syndrome
Strong support for the presence of the
pathological symptom

Reports feeling anxious
Reports feeling constantly anxious, often
feeling that something dreadful is about to
happen, being frightened by something
every day, and having frequent nightmares
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diagnosable anxiety disorder.
Pain Patient
ProfileAnxiety

Minimal
Mild
Moderate
Severe

< 46
46-55
56-65
> 65

Below Average (fewer symptoms)
Average
Above Average (higher symptoms)
Above Average (higher symptoms)

Note. All values are T-scores except for the following. MCMI uses base rates,
MBMD uses prevalence scores, and Burns Anxiety Inventory uses raw scores.
MBMD = Millon Behavioral Medicine Diagnostic. MCMI = Millon Clinical
Multiaxial Inventory-III. MMPI = Minnesota Multiphasic Personality Inventory-2
Restructured Form. PAI = Personality Assessment Inventory.
a
When treated as a continuous variable, symptom intensity labels were coded as
follows: 1 = Minimal, 2 = Mild, 3 = Moderate, 4 = Severe.
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APPENDIX E: PROGRAM EVALUATION FOR THE MILD TBI CLINIC AT
MADONNA REHABILITATION HOSPITAL: PRELIMINARY REPORT
I. Participant Demographics and Rehabilitation Data:
•

Selected participant characteristics and rehabilitation data for the 79 study
participants are included in the tables below.

Participant Characteristics
Age
Mean (SD)
43.72 (13.13)
Range
19-62
Gender
Women
Men
Educational Level
Mean years (SD)

54 (68.4%)
25 (23.1%)
14.42 (2.23)

Pre-injury Employment
Paid work
68 (86.1%)
Self-employed
4 (5.1%)
Student
7 (8.9%)

Rehabilitation Data
Rehabilitation Completion
Full
39 (49.4%)
Partial
21 (26.6%)
Non
19 (24.1%)

Average Number of Sessions
(Full/Partial Completers)
PT
20.5
OT
13.1
SLP
15.8

Injury Type
MVA
Fall
Struck by/against
object
Assault
Other
LOC
No LOC
LOC < 30 min
Suspected LOC

45 (57.0%)
24 (30.4%)
5 (6.3%)
2 (2.5%)
3 (3.8%)
40 (64.5%)
11 (17.7%)
11 (17.7%)

Injury to Rehabilitation Admission
Delay
Mean days (SD)
171.2 (177.9)
Median days
93
Percentage of Therapy Goals
Achieved (Full/Partial Completers)
PT
70.6%
OT
87.8%
SLP
84.0%
Vocational Rehabilitation Services
Provided (Full/Partial Completers)
Yes
6 (10.5%)
No
51 (89.5%)

II. Key Findings and Conclusions:
•

Employment and Functional Outcomes: At nearly there years post-injury, a
majority of patients had returned to work (73.4%), consistent with a previous
study of mTBI program participants at this site (Riss et al., 2008). However, more
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than one-third (38.6%) of participants who resumed work did so at a modified
level, which included reducing working hours, having to trade difficult tasks with
co-workers, or changing job position or duties as a result of injury. Participants
who returned to work reported substantially higher functioning, particularly in
participation activities including activity initiation, social contact,
leisure/recreation, self-care, independent living/homemaking in residence,
transportation, and financial management. Overall functioning for the entire
sample was comparable to other samples of mTBI rehabilitation completers
(Scott, Strong, Gorter, & Donders, 2016). Among partial- and full-completers of
rehabilitation, approximately 37% of the Madonna Mild TBI clinic patients in this
study achieved “good” outcomes according to MPAI-4 scoring guidelines at longterm follow-up. This is somewhat lower than a recently-published mTBI sample
at post-rehabilitation (Scott, Strong, Gorter, & Donders, 2016) in which 46% of
participants achieved “good” outcomes based on the MPAI-4. However, all
participants in the aforementioned study passed neurocognitive performance
validity and were admitted to rehabilitation less than six months after injury.
•

Predictors of Employment Outcomes: Out of numerous pre-injury, injury, and
post-injury variables considered, only higher anxiety, more severe PCS, and
poorer performance on a measure of verbal memory recognition at rehabilitation
admission were associated with not returning to work at an average of more than
two years after rehabilitation admission. Unexpectedly, higher number of SLP
sessions was associated with non-RTW (20.6 sessions vs. 14.0 sessions),
suggesting that individuals who require a greater number of sessions may have
more severe PCS or may be making slower progress in rehabilitation. Trends were
demonstrated in the same direction for PT and OT sessions. The precise reason for
the significant relationship only among SLP therapy is unknown. However,
persistence of cognitive symptoms, relative to other PCS, may particularly
interfere with the ability to resume employment.
III. Program Recommendations:

•

Increased Standardized Measurement of Post-Concussion Symptoms (PCS):
Currently, the 22-item self-report measure Neurobehavioral Symptom Inventory
(NSI) is administered routinely at rehabilitation admission by neuropsychology.
Greater severity of PCS at rehabilitation admission as measured by the NSI was
associated with unemployment at follow-up. It is recommended that measures
capturing PCS in this manner be employed throughout rehabilitation as part of
standard practice. The program may wish to consider routinely administering the
NSI (or similar standardized measure of PCS) at additional timepoints, such as a
standard number of weeks post-admission (e.g., four weeks) and at discharge in
order to capture change in these symptoms through rehabilitation.

•

Increased Measurement of Anxiety and Emotional Distress: A sizeable
proportion of participants reported experiencing clinically-significant levels of
emotional distress at rehabilitation admission. Specifically, 47% of patients
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reported moderate to severe symptoms of depression, and 40% reported moderate
to severe symptoms of anxiety. Considering that higher reported anxiety at
rehabilitation was associated with poorer long-term employment and functional
outcomes, the program may benefit from identifying and monitoring anxiety and
perhaps depression in order to better tailor intervention for their unique needs.
•

Enhanced Referral to Vocational Rehabilitation: A small proportion of patients
who were partial- or full-completers of rehabilitation received vocational
rehabilitation services (10.5%), precluding examination of its contribution to
employment outcomes. Considering that more than half of the sample reported
employment-related impairment at follow-up (26.6% did not resume employment
and 27.8% had resumed employment at a modified level), the manner by which
participants are referred this service may be worth reconsidering.

•

Increased Number of Therapy Sessions May Indicate Risk of Poor
Outcomes: As noted previously, higher number of SLP sessions (approximately
21 sessions) was associated with inability to resume employment at follow-up.
This suggests that individuals who require a greater number of sessions may have
more severe PCS or may have made slower progress in rehabilitation. An
increased number of SLP therapy sessions among participants who have not yet
resumed employment or have done so with substantial limitations, therefore,
could serve as a warning signal to a patient’s rehabilitation treatment team of
increased risk for poor long-term functioning. In these instances, rehabilitation
treatment teams may wish to consider a different approach to rehabilitation
services provided. If not previously considered, psychotherapy or other
interventions (vision, vocational) may be appropriate.

