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Abstract

Clinical research into outcomes after traumatic brain injury (TBI) frequently combines injuries that have been sustained

through different causes (e.g., car accidents, assaults, and falls), the effect of which is not well understood. This study

examined the contribution of injury-related psychological trauma—which is more commonly associated with specific

types of injuries—to outcomes after nonpenetrating TBI in order to determine whether it may be having a differential

effect in samples containing mixed injuries. Data from three groups that were prospectively recruited for two larger studies

were compared: one that sustained a TBI as a result of physical assaults (i.e., psychologically traumatizing) and another as

a result of sporting injuries (i.e., nonpsychologically traumatizing), as well as an orthopedic control group (OC). Psy-

chosocial and emotional (postconcussion symptoms, injury-related stress, and depression), cognitive (memory, abstract

reasoning, problem solving, and verbal fluency), and functional (general outcome; resumption of home, social, and work

roles) outcomes were all assessed. The TBIassault group reported significantly poorer psychosocial and emotional outcomes

and higher rates of litigation (criminal rather than civil) than both the TBIsport and OC groups approximately 6 months

postinjury, but there were no differences in the cognitive or functional outcomes of the three groups. The findings suggest

that the cause of a TBI may assist in explaining some of the differences in outcomes of people who have seemingly

comparable injuries. Involvement in litigation and the cause of an injury may also be confounded, which may lead to the

erroneous conclusion that litigants have poorer outcomes.
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Introduction

Nonpenetrating traumatic brain injuries (TBI) cause a

variety of cognitive, psychosocial, physical, and functional

sequelae.1 Although the severity of an injury is known to affect

outcome after a TBI, it has limited prognostic value.2–4 With mild

TBIs (mTBIs), people typically experience a range of short-term

postconcussive symptoms (PCSs) that usually resolve in the first

few months after an injury; however, a substantial minority report

experiencing long-term problems.5–7 Moderate-to-severe injuries,

on the other hand, are generally associated with poorer outcomes,8–12

although outcomes can vary appreciably between injuries that are

ostensibly similar in severity.13,14 Consequently, it remains diffi-

cult to accurately predict outcomes at an individual, rather than

group, level on the basis of injury severity.

A range of other variables have been found to affect outcome and

explain some of this variability. In the case of mTBI, it is has been

suggested that premorbid variables or psychological reactions may

be more important because the sequelae often exceed what would

be expected on the basis of the assumed injury.15–17 Specifically, it

is thought that pre-existing problems,18 inflated recollections of

premorbid ability (‘‘good-old-days’’ phenomenon),18,19 diagnosis

threat (poor performance resulting from expectations associated

with a particular diagnosis),6,20 stereotype threat (poor perfor-

mance resulting from the pressure to perform at preinjury levels),21

and/or disingenuous effort,22 possibly motivated by financial

compensation,23 may contribute to poor outcomes after mTBI.

Moreover, the fact that many symptoms are not specific to TBI has

led to the suggestion that they may be better explained by other

factors, such as depression and post-traumatic stress,24 involve-

ment in litigation,19,25 or the stress associated with litigation.21 The

common link between these explanations is that outcome after

mTBI is purportedly more affected by non-neurological factors

than by the physical injury.
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Likewise, a range of variables are thought to contribute to the

outcomes of people who have sustained moderate-to-severe injuries.

Included among these are demographic variables, such as age,26

gender,27 and education,28 as well as a range of premorbid charac-

teristics, including a history of psychiatric and learning prob-

lems,29,30 a previous TBI,31–33 and preinjury alcohol and/or drug

abuse.34,35 Marital status, employment status, and high levels of al-

cohol intoxication at the time of injury,34,36,37 as well as comorbid

physical injuries,35,39 are also reportedly related to outcome.39

Although there is evidence to suggest that there may be a rela-

tionship between these variables and outcome after TBI,23,25,38

these relationships are far from simple and important confounds

can easily be overlooked. For example, reports that people who are

involved in litigation have higher rates of PCS17,39 have led to the

suggestion that they may be exaggerating their symptoms for the

purposes of financial gain.39,40 However, the cause of the TBI may

also be contributing to this relationship. For instance, assault vic-

tims are more likely to be involved in criminal (and possibly civil)

litigation stemming from the cause of their injury. Outcome after an

assault may therefore be affected by both the TBI and the psy-

chologically traumatizing circumstances of the injury,21,41 even if

the person does not meet the diagnostic criteria for post-traumatic

stress disorder (PTSD). Thus, the psychological trauma experi-

enced by victims of assault may contribute to poorer outcomes in

this group, rather than the fact that they are involved in litigation.

Similarly, in Australia, people are more likely to be involved in

civil litigation for the purposes of compensation after motor vehicle

accidents (MVAs) than sporting injuries or falls, if only because

third-party insurance for personal injuries caused by MVAs is

mandatory (linked to car registration). Coincidentally, TBIs caused

by MVAs may also differ from other causes because of the greater

biomechanical forces associated with high-speed acceleration and

deceleration injuries,42–44 differences that may not be captured by

our relatively course-grained measures of injury severity (Glasgow

Coma Scale [GCS], loss of consciousness [LOC], post-traumatic

amnesia [PTA]), but may be reflected in poorer outcomes (e.g., PCS).

MVAs may also involve some degree of psychological trauma,

which may additionally affect outcome.15,21,45 Thus, although liti-

gation status and outcome after TBI may be related, variables related

to the cause of an injury (i.e., psychological trauma and/or biome-

chanical forces) may similarly be contributing to this relationship.

It may therefore be important to consider the cause of an injury

in addition to its severity when examining outcome after TBI,

particularly given that psychological trauma may be more common

after certain types of injuries (e.g., MVAs or assaults) than others

(e.g., sporting injuries or falls).21,41 Whereas a number of studies

have examined outcome after different causes of injury, their

findings and methodologies are inconsistent. For example, it has

variously been reported that MVAs result in more serious injuries,

but better outcomes, than assaults and falls46,47; nonviolent TBIs

(MVAs and falls) have better outcomes and less disability than

violent TBIs (assaults and gunshot wounds)48,49; MVAs are more

likely to lead to persistent problems than other causes15; and the

cause of an injury does not independently predict outcome after

controlling for age.50 Importantly, many of these studies50,51 have

combined very different injuries into a single group (e.g., gunshot

wounds, assaults, and sporting injuries),47 examined a specific cause

(e.g., assaults) but combined penetrating with nonpenetrating TBIs

(e.g., gunshot wounds plus assaults),46,48,49 excluded participants

who were hospitalized but did not receive inpatient rehabilitation

(therefore excluding mild and very severe injuries),46,48 and/or only

assessed outcome using rating scales (e.g., Glasgow Outcome Scale

[GOS] and Disability Rating Scale)47,50 or self-report measures (e.g.,

Symptom Impact Profile).46,48,49 Still other studies have reported

poorer outcomes in those who have sustained their injuries in psy-

chologically traumatizing circumstances (e.g., MVAs or as-

saults).45,51–53 However, to our knowledge, no study has undertaken

a detailed examination, using both formal cognitive assessments and

rating scales, of the effect of injury-related psychological trauma

on outcomes subsequent to nonpenetrating TBIs in samples whose

injuries arose from specific causes.

The present study examined whether TBIs (nonpenetrating)

sustained in circumstances that are more psychologically trauma-

tizing have poorer outcomes than those who sustain equivalent

injuries through other causes. To this end, the psychosocial and

emotional, cognitive, and functional outcomes of a group who

sustained their TBI as a result of physical assaults (TBIassault) were

compared with those resulting from accidental sporting injuries

(TBIsport). An orthopedic control (OC) group was included to

control for more general accident- and injury-related stress. As-

saults were thought to be more psychologically traumatizing be-

cause they involved physical violence with intent to cause injury.

Sporting injuries, on the other hand, occur while participating in an

activity of the person’s own choosing and, although they may in-

volve physical violence or risk-taking, any associated harm is less

likely to be malicious or criminal in intent. TBIs caused by MVAs

were excluded in order to avoid the potentially confounding effects

caused by the greater biomechanical forces involved in high-speed

acceleration/deceleration injuries. Mild, moderate, and severe in-

juries were examined in order to capture a range of injuries and

outcomes, and participants were assessed approximately 6 months

after their injury in order to focus on any residual problems that

arose from these injuries.5–7 Litigation status was also considered.

Methods

Participants

Data for three groups of participants are reported: a group that
had acquired their TBI during an assault that was intended to cause
physical harm (TBIassault; N = 27); another that sustained their TBI
through sporting injuries (TBIsport; N = 26); and an OC group who
had not sustained a TBI (or experienced any LOC), did not have an
injury to the head or face, and had not previously had a TBI (OC;
N = 36; see Table 2 for summary demographic information). TBI
severity was determined on the basis of the lowest recorded GCS
score (mild, 13–15; moderate, 9–12; severe, £ 8), LOC (mild, < 20
min; moderate, ‡ 20 min to 6 h; severe, > 6 h), and/or PTA (mild,
< 60 min; moderate, > 60 min to < 24 h; severe, ‡ 24 h). When the
GCS, LOC, and PTA scores for a participant did not all fall into a
single category, he or she was assigned to the most severe category.
mTBIs were reclassified as moderate if hospital records indicated
that there was a depressed skull fracture or if computed tomography/
magnetic resonance imaging scans performed on the day of injury
provided evidence of any form of hemorrhage or focal lesion.

Participants were excluded from any group if they had a pre-
existing neurological problem, English was a second language, or
had serious physical problems that would prevent test completion
(e.g., blindness or amputation). Participants who sustained their
TBI as a consequence of domestic violence were not recruited into
the study because of the risk that it might lead to further violence.
All participants were recruited on a prospective basis from con-
secutive admissions to the Royal Adelaide (Adelaide, South Aus-
tralia, Australia) and Alfred (Melbourne, Victoria, Australia)
hospitals and were assessed approximately 6 months after their
injury (see Table 2 for means and standard deviations [SDs]). The
two TBI groups were predominately males (TBIassault, 100%;
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TBIsport, 85%); therefore, only demographically matched males
were selected from the pool of participants who were originally
recruited into the OC group in order to avoid the potentially con-
founding effects of gender on outcome.54–56 The OC group suffered
orthopedic injuries to their upper (N = 14) and lower limbs (N = 13)
or shoulders (N = 5), lacerations (N = 2), spinal injuries (N = 1),
and multi-site injuries (N = 1), which were sustained during sport-
ing (N = 14) or bicycle accidents (N = 7), falls (N = 6), and motor
vehicle (N = 2) or other accidents (e.g., injured by machinery;
N = 7).

Measures

Demographic (age, gender, and education), injury-related (cause
of injury, GCS, LOC, PTA, hospitalization, and litigation status),
and background information was obtained from hospital records
and participant interviews. In addition, the 10-item Alcohol Use
Disorders Identification Test (AUDIT)57 was administered by
telephone at the time of recruitment to measure alcohol use over the
preceding year (score range, 0–40; 0 = abstainer, 1–7 = low-risk
alcohol consumption, 8–12 = risky/harmful alcohol use, and
> 13 = dependence). The Modified Rey 15-item Memory Test58 was
used to screen for suboptimal effort (maximum total score, 30),
with scores below 20 suggestive of malingering.58

Details for the measures of psychosocial and emotional (PCS,59

injury-related stress,60, 61 PTSD,62 and depression63), cognitive
(verbal memory, vocabulary, verbal and visual abstract reasoning,
problem solving, and verbal fluency),64–67 and functional (global
outcome68 and community integration69) outcomes are summarized
in Table 1. The Rivermead PCS Questionnaire (RPCSQ)59 was used
to assess PCS on a continuous scale and determine the presence or
absence of clinically diagnosable postconcussive syndrome
(PCSsynd). Specifically, participants who rated three of the eight In-
ternational Classification of Diseases, Tenth Edition, symptoms70 as
being moderate or severe were classified as having PCSsynd (RPCSQ
items 1, 2, 5, 6, 7, 8/9, 10, and 11).

Procedure

Data were drawn from two recent studies on outcome after TBI
that had ethics approvals from the participating hospitals (Royal
Adelaide and Alfred hospitals) and Universities (Universities of
Adelaide [Adelaide, South Australia, Australia] and Melbourne
[Melbourne, Victoria, Australia]). Participants were recruited on a
prospective basis and completed the self-report measures before
attending a single test session (2–3 h). Detailed demographic and
background information was collected during an initial interview
and injury-related information was obtained from medical records.

Results

Comparability of the traumatic brain injury
and orthopedic control groups

Overall, the three samples were comparable in terms of age and

education and consisted largely of young to middle-aged males

who had completed some postsecondary education (see Table 2).

Unlike the TBIsport group, the TBIassault and OC groups only in-

cluded males, resulting in a significant difference in gender. This

was not considered problematic because there were only 4 females

(15%) in the TBIsport group and, when examined, there were no

gender differences on any of the outcome measures.

Mean GCS scores of the TBIassault and TBIsport groups were

comparable and there were similar numbers of participants who

were classified as having mild and moderate-to-severe TBIs, with

the majority classified as mild (Table 2). In addition, mean length of

hospitalization (proxy measure of injury severity) was comparable

across all three groups. In contrast, there were significant differ-

ences in mean time since injury, with the TBIsport group being

assessed slightly sooner (approximately 1.5 months) than both the

TBIassault and OC groups.

As seen in Table 2, there were significant group differences in

mean alcohol usage, which was also reflected in the categorization

of drinkers (AUDIT scores). Specifically, the TBIsport group had

significantly lower mean AUDIT scores and fewer people in the

‘‘risky’’ and ‘‘possible dependence’’ categories than the TBIassault

and OC groups.

In addition, significantly more participants in the TBIassault group

were involved in legal proceedings, although it was not known if

this was for criminal or civil purposes (see Table 2). When TBIassault

litigants were subsequently approached for clarification, 7 of the

12 were still contactable. All 7 were involved in assault-related

criminal proceedings and 3 sought modest financial compensation

for out-of-pocket medical expenses (Note: all Australian residents

are entitled to high-quality, government-subsidized public health

care, which includes in- and out-patient public hospital care and

rehabilitation, diagnostic assessments, specialist consultations, and

subsidized medications), to replace damaged property, and/or le-

gislated ‘‘victims of crime’’ payments for pain and suffering. Im-

portantly, there were no group differences on the Modified Rey 15

Test, which was used to screen for test effort (Table 2); no participant

in any group performed at a level suggestive of compromised effort;

and all assessments were conducted entirely for research purposes

(i.e., the results were not available for medicolegal or clinical pur-

poses). Thus, it was considered unlikely that disingenuous perfor-

mance contributed to the study findings.

Before examining group differences in outcomes, we examined

the relationship between the two variables that differed between the

groups—time since injury and alcohol use—and outcome. These

analyses revealed that time since injury did not correlate with any

outcome measure ( p > 0.01), and AUDIT scores only correlated

with immediate memory (Wechsler Memory Scale [WMS]-III

Logical Memory; r = - 0.29; p < 0.01). Thus, it was not considered

necessary to statistically control for these variables when examin-

ing group differences in outcome.

Group differences in outcome

The current study sought to examine whether TBIs sustained in

psychologically traumatizing circumstances are associated with

poorer outcomes than injuries of equivalent severity that do not

have this same psychological overlay. Three multivariate analyses

of variance (MANOVAs) were performed to examine group dif-

ferences in the measures of 1) psychosocial and emotional (RPCSQ

scores, Impact of Event Scale/Impact of Event Scale-Revised [IES/

IES-R] Intrusion and Avoidance subscale scores, and Beck De-

pression Inventory [BDI]-II scores), 2) cognitive (Wechsler Ab-

breviated Scale of Intelligence/Wechsler Adult Intelligence Scale

[WASI/WAIS] Vocabulary, Block Design, Similarities, and Matrix

Reasoning scaled scores, WMS Logical Memory-immediate and

delayed recall, and Controlled Oral Word Association [COWA]

total), and 3) functional (Extended GOS [GOS-E] and Community

Integration Questionnaire [CIQ]) outcomes. Group (TBIsport,

TBIassault, and OC) was the fixed factor.

Before conducting these analyses, Pearson’s r correlations were

calculated between measures of outcome to ensure that they were

grouped appropriately71 (see Table 3). With the exception of the

CIQ home integration subscale, which did not correlate with any

other measure of functional outcome, the measures correlated
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Table 2. Summary Demographic and Background Data for the TBI
sport

, TBI
assault

, and OC Groups

Group

TBIsport (n = 26) TBIassault (n = 27) OC (n = 36)

Mean SD Mean SD Mean SD f df p value

Age (years) 28.5 9.6 34.3 16.8 34.4 12.4 1.91 2, 87 0.15
Education (years) 13.4 1.8 13.1 2.6 14.3 2.8 2.02 2, 87 0.14
GCS 14.4 1.4 14.0 2.6 0.41 1, 42 0.52
Time in hospital (days) 2.4 3.2 3.9 7.6 2.0 2.0 1.33 2, 87 0.27
Time since injury (months) 5.4 1.1 7.1 2.3 7.0 1.5 8.7a 2, 87 < 0.001
Alcohol use (AUDIT score) 4.8 3.1 9.1 5.8 7.5 4.1 7.24b 2, 87 < 0.01
Effort (Modified Rey 15) 29.3 1.5 28.5 2.3 29.3 1.4 1.99 2, 87 0.14

N % N % N % v2 df p value

Gender (male) 22 85 27 100 36 100 10.30 2, 90 < 0.01
Injury severity 0.23 1, 53 0.63

Mild 18 69 17 63
Moderate/severe 8 31 10 37

Alcohol use (AUDIT category) 45.79 6, 90 < 0.001
Abstainers 14 54 1 4 1 3
Low-risk consumption 9 35 12 44 19 53
Risky or harmful consumption 3 11 5 19 13 36
Possible alcohol dependence 0 0 9 33 3 8

Involved in legal proceedings (yes) 2 8 12 43 4 11 13.38 2, 90 < 0.01

aLeast significant difference post-hoc comparison: TBIsport assessed significantly sooner than TBIassault ( p < 0.01) and OC ( p < 0.001).
bTamhane’s post-hoc comparison: TBIsport significantly lower AUDIT scores than TBIassault ( p < 0.01) and OC ( p < 0.05).
GCS, Glasgow Coma Scale; AUDIT, Alcohol Use Disorder Identification Test; TBI, traumatic brain injury; OC, orthopedic control; SD, standard

deviation.

Table 3. Pearson’s r Correlations between the Outcome Measures, within and across Domains

Emotional Cognitive Functional

Measures 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Emotional
1. RPCSQ — 0.68{ 0.67{ 0.70{ - 0.23* - 0.19 - 0.24* - 0.23* - 0.16 - 0.27* - 0.17 - 0.64{ - 0.02 - 0.25* - 0.38{

2. IES-Intrusion — 0.79{ 0.52{ - 0.17 - 0.09 - 0.26* - 0.28{ - 0.20 - 0.36{ - 0.27* - 0.58{ - 0.09 - 0.23* - 0.30{

3. IES-Avoidance — 0.47{ - 0.06 - 0.01 - 0.21* - 0.26* - 0.21* - 0.36{ - 0.22* - 0.43{ - 0.11 - 0.21 - 0.25*
4. BDI-II — - 0.26* - 0.13 - 0.33{ - 0.22* - 0.23* - 0.25* - 0.08 - 0.54{ - 0.18 - 0.32{ - 0.28{

Cognitive
5. LM-Immediate — 0.85{ 0.42{ 0.12 0.20 0.16 0.30{ 0.45{ 0.07 0.26* 0.11
6. LM-Delayed — 0.39{ 0.19 0.17 0.23* 0.29{ 0.34* 0.05 0.19 0.02
7. Vocabulary — 0.30{ 0.67{ 0.40{ 0.47{ 0.35* 0.26* 0.19 0.01
8. Block Design — 0.38{ 0.45{ 0.20 0.31* 0.06 0.07 - 0.06
9. Similarities — 0.42{ 0.39{ 0.26 0.13 0.19 0.15

10. Matrix
Reasoning

— 0.33{ 0.29* 0.22* 0.04 0.09

11. COWA — 0.28* 0.13 0.26* 0.17

Functional
12. GOS-E — 0.26 0.32* 0.46{

13. CIQ-Home — 0.20 - 0.15
14. CIQ-Social — 0.28{

15. CIQ-Work —

N = 89 for correlations in Emotional domain; N = 52 for correlations involving GOS-E.
*p < 0.05; {p < 0.01.
RPCSQ, Rivermead Post Concussion Symptoms Questionnaire; IES-Intrusion, Intrusion subscale score of the Impact of Events Scale (IES or IES-R);

IES-Avoidance, Avoidance subscale score of the Impact of Events Scale (IES or IES); LM-Immediate, Weschler Memory Scale (WMS)-III Logical
memory Immediate recall; LM-Delayed, WMS-III Logical Memory Delayed recall; Vocabulary, Block Design, Similarities, and Matrix Reasoning—
scaled scores from the Wechsler Abbreviated Scale of Intelligence or Wechsler Adult Intelligence Scale-III; GOS-E, Glasgow Outcome Scale, Extended
version; CIQ, Community Integration Questionnaire.
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within, but not across, outcome domains. Closer examination of the

CIQ-home scores revealed a strong correlation with age (r[99],

0.43; p < 001), reflecting the fact that younger participants were

living with their parents and not actively involved in home duties.

This subscale was therefore excluded from further analysis.

Psychosocial and emotional outcomes

Descriptively, all three groups reported low levels of ongoing

PCS (RPCSQ; maximum score, 64), although the TBIassault group

was experiencing more problems than the other two groups and

showed greater within-group variability (see Table 4). This same

pattern was evident for the measures of injury-related stress (IES;

maximum score, 100) and depression (BDI; maximum score, 63),

with all groups reporting low means and the TBIassault similarly

reporting more symptoms and greater variability.

The MANOVA performed on the three measures of psychoso-

cial and emotional outcomes revealed that there was a significant

main effect for group (Wilk’s L = 0.81; F(8,166) = 2.33; partial

eta2 = 0.10; p < 0.05; Table 4). Specifically, groups differed in terms

of their PCSs (RPCSQ; TBIassault more symptoms than TBIsport and

OC), injury-related psychological distress (IES/IES-R; TBIassault

more intrusive thoughts than OC as well as more avoidance than

TBIsport and OC), and depression (BDI-II; TBIassault more depressed

than TBIsport and OC; Table 4). Although the assumption of homo-

scedasticity was violated (Box’s M = 68.94; p < 0.001), this was a

result of positive skew, rather than the presence of outliers, in which

case the MANOVA remains robust.72 Overall, group (cause of in-

jury) accounted for 10% of the variance in psychosocial and emo-

tional outcomes, which equates to a high-moderate effect size,73

suggesting that the circumstances in which a TBI was sustained does

appear to contribute to psychosocial and emotional outcomes.

In addition, we examined rates of PCSsynd (RPCSQ), PTSD

(MINI), and clinical levels of depression (moderate to severe; BDI)

within each sample as well as the number of participants who

qualified for multiple diagnoses. Although mean scores for all

groups were low, a subset of individuals reported experiencing

problems at a level that met the criteria for a clinical diagnosis of

PCSsynd, PTSD, or depression. As seen in Table 4, there were

significant group differences in the number of cases of PCSsynd,

PTSD, and clinically significant depression. Specifically, the

TBIassault group had more people who met the diagnostic crite-

ria for PCSsynd, PTSD, and moderate-to-severe depression

(TBIassault = 25%; TBIsport = 8%; OC = 11%), indicating higher

rates of psychopathology in this group. When multiple diagnoses

were examined (Table 5), it was found that neither TBIsport par-

ticipant who showed evidence of PCSsynd suffered from PTSD, but

1 did have moderate levels of depression. Of the 8 participants who

had PCSsynd in the TBIassault group, 3 additionally met the diag-

nostic criteria for PTSD, but were equally spread over the depres-

sion categories (minimal, mild, moderate, and severe), suggesting

that PCSsynd and depression were relatively independent of one

another. In addition, the 3 TBIassault participants with PCSsynd and

PTSD showed moderate-to-severe symptoms of depression. Fi-

nally, only 1 individual from the OC group had symptoms equating

to those observed in people with PCSsynd, together with minimal

depressive symptoms, and no one had PTSD.

Cognitive outcomes. Overall, mean scaled scores for the

WMS and WAIS/WASI subtests were mostly in the average to

high-average range for all three groups (scaled scores are stan-

dardized to have mean = 10 and SD = 3; see Table 6), consistent

with the relatively high educational levels of these samples. Nor-

matively, cognitive performance of the three groups was generally

good. The one exception was for the TBIassault group, which in-

cluded participants who performed below average on the Logical

Memory-Immediate test (< 7).

A MANOVA preformed on cognitive measures found that the

dependent variables were normally distributed and the assumption

of homoscedasticity was supported (Box’s M, 83.95; p = 0.059), but

Table 4. Summary Data for the Psychosocial and Emotional Outcome Measures

TBIsport (n = 26) TBIassault (n = 27) OC (n = 36) ANOVA

Mean SD Mean SD Mean SD F df p value

RPCSQ score 5.4 7.6 13.3 15.8 2.5 6.1 8.79b 2, 89 < 0.001
IES Intrusion (% score) 13.9 17.7 20.8 25.9 7.5 11.6 3.95c 2, 89 < 0.05
IES Avoidance (% score) 11.6 19.0 22.9 24.3 8.4 13.7 4.74d 2, 89 < 0.05
BDI-II 6.8 7.3 11.7 10.7 5.9 8.9 3.84d 2, 89 < 0.05

Clinical diagnoses N % N % N % w2 df p value

PCSsynd (RPCSQ) 2 8 8 29 1 3 11.0 2, 89 < 0.001
PTSD (MINI) 0 0 3 11 0 0 7.1 2, 89 < 0.05
Depression (BDI) 13.5 6, 89 < 0.05

Minimal 24 92 17 61 32 89
Mild 0 0 4 14 0 0
Moderatea 1 4 5 18 3 8
Severea 1 4 2 7 1 3

aClinically significant levels of depression.
bLeast significant difference post-doc comparison: TBIassault significantly higher than TBIsport ( p < 0.01) and OC ( p < 0.001).
cLeast significant difference post-doc comparison: TBIassault significantly higher than OC ( p < 0.01).
dLeast significant difference post-doc comparison: TBIassault significantly higher than TBIsport ( p < 0.05) and OC ( p < 0.01).
RPCSQ, Rivermead Post Concussion Symptoms Questionnaire; IES, Impact of Events Scale (IES or IES-R); PCSsynd, postconcussion syndrome;

PTSD, post-traumatic stress disorder; MINI, Mini International Psychiatric Interview; BDI, Beck Depression Inventory; TBI, traumatic brain injury; OC,
orthopedic control; SD, standard deviation; ANOVA, analysis of variance.
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failed to find a main effect for group (TBIsport, TBIassault, and OC)

(Wilk’s L = 0.85; F(14,154) = 0.93; partial eta2 = 0.078; p = 0.52;

see Table 6). Moreover, there were no group differences in any of

the individual measures (Table 6), indicating that they had com-

parable cognitive outcomes. Interestingly, the cognitive perfor-

mance of the TBI groups did not differ from that of the OC group,

suggesting that the injuries sustained (predominantly mild) were

not sufficient to cause lasting cognitive effects approximately 6

months postinjury.

Functional outcomes. Based on the summary descriptive

data provided in Table 6, most of the TBIsport group were classified

as having a general functional recovery (GOS-E) that fell within the

lower-good to upper-good recovery range (92%), as did most of the

TBIassault group (75%). Thus, both groups reported having good

global functional outcomes. In terms of community integration, all

three groups reported social and work activity levels (mean + 1 SD)

that fell within the upper range for this measure.

Two MANOVAs were performed on the functional measures to

compare outcomes—one that analyzed the GOS-E and CIQ scores

of the two TBI groups and one that excluded the GOS-E (measure is

specific to TBI), but was based on the CIQ data for all three groups

(see Table 6). The main effect for group was not significant in either

analysis (TBI groups, GOS-E included: Wilk’s L = 0.90; F(3,

48) = 1.74; partial eta2 = 0.098; p = 0.17; three groups, GOS-E

excluded: Wilk’s L = 0.92; F(4, 170) = 1.71; partial eta2 = 0.039;

p = 0.15). Once again, the assumption of homoscedasticity was

violated for these MANVOAs (Box’s M, 18.41; p < 0.01 and Box’s

M, 17.53; p < 0.05, respectively), but this, too, reflected the fact that

the distributions were negatively skewed (rather than the presence

of outliers), suggesting that the MANOVA remains robust.72 Si-

milarly, there were no group differences for any of the individual

measures, although the resumption of work activities approached

significance. Thus, functional outcome was unrelated to the cir-

cumstances in which a TBI was sustained.

Discussion

The current study examined the contribution of injury-related

psychological trauma to outcomes after nonpenetrating TBI in an

attempt to improve our understanding of how the cause of an injury

may contribute to the variability observed in patients who sustain

similar injuries. Existing research has tended to focus on the con-

tribution of premorbid and postinjury factors to outcome (e.g.,

disingenuous effort, postinjury stress, and depression),16,17,74 and

on demographic characteristics,14,75 but has yet to adequately

consider some of the variables that are more closely tied to the

cause of an injury, such as the effect of any associated psycho-

logical trauma, on outcome.

For this reason, the psychosocial and emotional, cognitive, and

functional outcomes of two TBI groups and an OC group that were

recruited specifically for research purposes (the assessments were

not performed for clinical or medicolegal purposes) on a prospec-

tive basis in a hospital setting were compared. The TBIassault group

comprised people who had sustained mild, moderate, or severe

TBIs as a result of physical assaults and who were assumed to have

experienced high levels of injury-related psychological trauma.

The TBIsport group sustained injuries of equivalent severity

while playing sport, which were not thought to be as traumatizing

because they did not involve criminal physical threats to a person’s

safety or life. Last, the OC group served as an injury control group

against which to compare outcomes while controlling for the

general stressors associated with physical injuries (e.g., pain and

hospitalization).

The three groups were assessed approximately 6 months post-

injury and were well matched in terms of age (young to middle-

aged adults), gender (predominantly males), education (late high

school and above), length of hospitalization, and TBI severity

(majority mild). Similarly, all groups performed comparably and at

high levels on a screening measure of effort and performed within

normal limits on the cognitive tests. This, combined with the fact

that the data were collected entirely for research purposes and could

not be used for litigation, suggests that participants were likely to

be responding genuinely. In contrast, the groups differed in terms

of their mean time since injury (TBIsport group assessed slightly

earlier), alcohol use (TBIsport group had lower AUDIT scores), and

involvement in legal proceedings (more TBIassault participants in-

volved in litigation). Alcohol is often involved in assaults and ac-

cidental injuries,76–78 so the higher AUDIT scores of these groups

was not unexpected. However, when these variables were exam-

ined further, it was found that time since injury and alcohol use only

correlated with one outcome measure (LM-immediate recall), for

which there was no group difference. It was therefore concluded

that time since injury and alcohol use were unlikely to substantially

or differentially affect the outcomes of the three groups. Although

the TBIassault group was more likely to be involved in litigation,

this largely involved criminal proceedings or limited financial

Table 5. Number of Participants in Each Group

Meeting the Diagnostic Criteria for Postconcussion

Syndrome (PCSsynd), PTSD, and Depression

PCSsynd

No N (%) Yes N (%)

PTSD
TBIsport

No 24 (92) 2 (8)
Yes 0 0

TBIassault

No 19 (70) 5 (19)
Yes 0 3 (11)a

OC
No 35 (97) 1 (3)
Yes 0 0

Depression
TBIsport

Minimal 23 (88) 1 (4)
Mild 0 0
Moderate 0 1 (4)
Severe 1 (4) 0

TBIassault

Minimal 15 (55) 2 (7)
Mild 2 (7) 2 (7)
Moderate 3 (10) 2 (7)
Severe 0 2 (7)

OC
Minimal 31 (86) 1 (3)
Mild 0 0
Moderate 3 (8) 0
Severe 1 (3) 0

aOne participant met the criteria for moderate depression and 2 for
severe depression.

PTSD = post traumatic stress disorder; PCSsynd = postconcussion syn-
drome; TBI, traumatic brain injury; OC, orthopedic control.
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recompense (minor medical expenses, replacement of damaged

property, or small victim of crime payment), rather than substantial

monetary gain, suggesting that secondary gain was unlikely to

contribute to the findings. Nevertheless, it is still possible that the

stress associated with litigation, whether it was for criminal or civil

purposes, may have affected the outcomes of this group.

When the groups were compared on measures designed to assess

the consequences of a TBI, the TBIassault group was found to have

significantly poorer psychosocial and emotional outcomes. Speci-

fically, they reported more PCSs (RPCSQ) and injury-related stress

(IES/IES-R), involving both intrusive thoughts and attempts to

avoid reminders of the injury, as well more symptoms of depression

(BDI). Indeed, our original assumption that the TBIassault group

experienced more psychological trauma than the TBIsport and OC

groups was supported by our measures of injury-related psycho-

logical stress. Though the PCS and stress levels evident in the

TBIassault group were largely subclinical, more participants in this

group met the criteria for clinically diagnosable PCSsynd, PTSD,

and depression. In contrast, the cognitive and functional outcomes

of the three groups were generally good and comparable across all

three samples. Indeed, neither TBI group had poorer cognitive or

functional outcomes than the OC group.

These findings serve to highlight the fact that sustaining a TBI in

psychologically traumatizing circumstances can have significant

and independent effects on specific aspects of a person’s recovery.

Psychosocial and emotional outcomes may therefore be compro-

mised, even when other aspects of a person’s life are unaffected,

although this does not exclude the possibility that cognitive and

functional outcomes may also be detrimentally affected by such an

injury. Indeed, the current failure to find evidence of cognitive and

functional problems may have been influenced by the fact that the

samples were well-educated, which may provide greater cognitive

‘‘reserve’’ and act as a buffer that lessens the effect of an injury79–81;

the majority of injuries were mild, and most people could be ex-

pected to have recovered within this period;16,17,82 within-group

variability in outcomes may have masked some between-group

differences; and sufficient time may have elapsed for subtle prob-

lems to have resolved, had they been present earlier.83–85

Interestingly, had the current study also found cognitive and/or

functional problems in the TBIassault group, it would have left un-

answered the question of causality—whether the psychosocial/

emotional problems were contributing to the cognitive/functional

problems of this group or whether the latter were contributing to the

poor psychosocial/emotional outcomes (e.g., depression secondary

to altered functioning). Instead, our results suggest that people who

sustain their TBI in psychologically traumatizing circumstances

have a poorer prognosis than those who do not have this addi-

tional complication, even if the effects are specific (psychosocial/

emotional outcomes). Moreover, this difference may be overlooked

when different, and potentially heterogeneous, types of injury

(assaults, sports, motor vehicles, or falls) are combined and dif-

ferentiated only by injury severity. Alternatively, the poorer out-

comes associated with this group could mistakenly be attributed to

their involvement in litigation because this group was more likely

to be involved in litigation, albeit largely criminal proceedings. It is

therefore likely that some within-group variability in outcomes

after TBI is explained by the cause of the injury. In the current

study, we examined TBI samples that differed in terms of

Table 6. Summary Data for the Cognitive and Functional Measures

TBIsport (n = 26) TBIassault (n = 27) OC (n = 36) ANOVA

Mean SD Mean SD Mean SD F df p value

Cognitive outcome
WMS-III–Scaled score

LM-Immediate 11.3 2.5 9.4 3.4 10.0 2.7 2.90 2, 83 0.061
LM-Delayed 11.5 3.0 9.9 2.9 10.3 2.6 2.41 2, 83 0.096

WAIS/WASI–Scaled score
Vocabulary 12.7 2.2 12.0 3.9 12.8 3.1 0.58 2, 83 0.57
Block Design 13.4 2.2 12.6 2.5 12.6 2.3 1.02 2, 83 0.37
Similarities 12.2 2.1 11.3 3.2 11.4 3.3 0.84 2, 83 0.44
Matrix Reasoning 12.5 2.8 12.1 2.7 12.3 1.9 0.24 2, 83 0.79
COWA total correct 40.7 9.1 39.2 11.9 42.2 10.7 0.91 2, 83 0.41

Functional outcome
GOS-Extended 7.4 1.3 6.7 1.9 N/A N/A 2.43 1, 52 0.13
CIQ-Social 9.4 1.8 9.0 2.0 8.9 2.1 0.35 2, 86 0.71
CIQ-Work 6.0 0.8 5.1 1.7 5.6 1.4 3.07 2, 86 0.052

N % N % v2 df p value

GOS-E 3.1 4, 52 0.53
Upper good recovery = 8 17 68 15 56
Lower good recovery = 7 6 24 5 19
Upper moderate disability = 6 0 0 0 0
Lower moderate disability = 5 0 0 1 4
Upper severe disability = 4 1 4 3 11
Lower severe disability = 3 1 4 3 11

WMS-III, Wechlser Memory Scale, third edition; LM-Immediate, Logical Memory Immediate recall; LM-Delayed, Logical Memory Delayed recall;
WAIS, Wechsler Adults Intelligence Scale, third edition; WASI, Wechsler Abbreviated Scale of Intelligence; COWA, Controlled Oral Word Association
test; GOS-E, Glasgow Outcome Scale, Extended version; CIQ, Community Integration Questionnaire; TBI, traumatic brain injury; OC, orthopedic
control; SD, standard deviation; ANOVA, analysis of variance; N/A, not applicable.
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psychological trauma, but it is also conceivable that other injury-

related variables, such as differences in the biomechanical forces

that are associated with different causes or in the regions of the

brain that are injured, could also be important.

Overall, the current findings are consistent with research that

reports a link between certain noninjury variables and outcome

after TBI; however, it also offers an alternative explanation for

some of these relationships. As with other research linking poorer

outcomes with litigation,25,38,86 the TBIassault group had poorer

psychosocial and emotional outcomes than the TBIsport and OC

groups and was also more likely to be involved in litigation.

However, upon closer examination, this group was largely involved

in criminal proceedings, and, at most, the financial benefits were

very modest. Thus, it is possible that the cause of an injury and

involvement in litigation have previously been confounded, which

could lead to the erroneous conclusion that the poorer outcomes of

litigants reflects disingenuous performance. Poorer outcomes have

also been linked with depression24,87 and PTSD. 87 In this study, we

examined a broad range of outcomes to capture the variety of areas

that can be affected by a TBI. Our TBIassault group had poorer

psychosocial and emotional outcomes, which was reflected in

significantly higher levels of PCS, emotional distress, and depres-

sion, as well as more cases of PCSsynd, PTSD, and clinical levels of

depression, than the TBIsport and OC groups. However, this group

did not experience poorer cognitive and functional outcomes,

suggesting that these areas can be independently affected and that

poor outcomes may be more related to the cause of an injury than

previously thought.

Limitations and recommendations

There are a number of limitations with this study that should be

used to temper the conclusions and inform future research. First,

psychosocial/emotional and functional outcomes were only as-

sessed using self-report measures. Although common practice,

collateral reports from family and/or clinical interviews would be

useful to corroborate these reports. In addition, the GOS-E does not

adequately capture subtle differences in global outcomes, particu-

larly after mTBIs, and should be replaced with a more sensitive

measure. Second, the study would benefit from having a measure of

psychological trauma that was administered around the time of the

TBI to strengthen the link between trauma and outcome. At present,

it is not possible to determine whether the injury-related psycho-

logical trauma was exacerbated by the protracted involvement of

assault victims in criminal litigation. It would also be helpful to

document the premorbid psychological histories of participants

(e.g., history of anxiety, depression, and personality disorders as

well as psychiatric treatments) to evaluate whether these factors

affected outcomes.

Third, although participants were recruited prospectively (i.e.,

were not symptomatic referrals or insurance/medicolegal cases),

we only recorded whether participants were involved in litigation

or not. They were not originally questioned about specific types

of litigation (criminal vs. civil) or, in the case of the financial

compensation, the actual or potential amount. This proved prob-

lematic for the TBIassault group, 43% of whom were involved

in litigation, potentially for criminal and/or financial reasons

(compared to 8% and 11% in the TBIsport and OC groups, respec-

tively). We attempted to contact the TBIassault litigants to obtain this

information; however, only 58% were contactable—all were in-

volved in criminal proceedings and only a few sought modest fi-

nancial compensation. Detailed information regarding litigation

should therefore be routinely collected, including whether a person

is involved in litigation (yes/no), type of litigation (criminal/civil),

potential for financial compensation (yes/no), and the type (e.g.,

medical expenses, victim of crime, and pain/suffering) and amount

of financial compensation. This limitation applies equally to many

other studies that report on litigation status, but do not provide more

details.

Fourth, although our TBI samples are likely to be representative

because they were recruited prospectively, they were relatively

small in size due to the specific cause of their injuries. Ideally, this

study should be replicated using well-matched, but larger, samples

that either examine a narrower severity range (mild, moderate, or

severe) or include sufficient numbers of each to enable subgroup

analyses of injury severity. Moreover, the mTBI category itself

includes a broad range of injuries (i.e., LOC ranging between 0 and

20 min), which may have differing outcomes. Researchers should

attempt to address this problem by additionally differentiating be-

tween concussion and mTBI.88–90

Fifth, the Modified Rey 15-item Memory Test was used to screen

for suboptimal effort because the motivation to perform disingen-

uously was considered low in the current setting. This was based on

the fact that participants were recruited through hospitals on a

prospective basis, assessments were performed for research pur-

poses only and not for clinical or medicolegal purposes, no feed-

back was provided to participants regarding their performance, and

publicly funded health care was available to all participants, whe-

ther or not they had insurance or received compensation. All of this

suggests minimal external incentives for poor or feigned perfor-

mance. However, a more sensitive measure of effort is re-

commended in circumstances where the potential for financial gain

is greater and/or the sample is more selected (e.g., insurance

claimants or symptomatic referrals). Next, detailed imaging data

were not available for our study participants. This information

would add significantly to any future research on this topic. Finally,

additional research is needed to examine the contribution of

other injury-related variables to outcome, such as variation in the

biomechanical forces that are associated with the different causes

of TBI, and how and where neuropathological changes occur

after TBI.

Conclusions

People who sustained their TBI in psychologically traumatizing

circumstances (assaults) had poorer psychosocial and emotional

outcomes, but comparable cognitive and functional outcomes, than

those who acquired injuries of equivalent severity in less-traumatic

circumstances (e.g., playing sport). Although not unexpected, our

findings have very important implications because they suggest that

outcome after TBI may differ according to the cause of an injury,

and that involvement in litigation (criminal or civil) may be con-

founded with the cause of an injury (assault victims may be more

likely to be involved in litigation), which could lead to the erro-

neous conclusion that litigants have poorer outcomes if the cause of

an injury and the type of litigation is not also considered. The cause

of a TBI therefore needs to be given greater consideration in clin-

ical settings when considering prognosis and treatment, because

emotional outcomes may be improved with targeted interventions

for at-risk individuals who have sustained their TBI in psycho-

logically traumatizing circumstances. This may extend beyond

assault victims to other TBIs in which there is a serious threat to a

person’s life and/or safety (e.g., MVA). Similarly, researchers need

to be aware that the cause of a TBI may be contributing to the
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variability in outcomes, and that both the cause and severity should

be considered.
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Echemendia, R.J., Engebretsen, L., Johnston, K., Kutcher, J.S., Raf-
tery, M., Sills, A., Benson, B.W., Davis, G.A., Ellenbogen, R.G.,
Guskiewicz, K., Herring, S.A., Iverson, G.L., Jordan, B.D., Kissick, J.,
McCrea, M., McIntosh, A.S., Maddocks, D., Makdissi, M., Purcell, L.,
Putukian, M., Schneider, K., Tator, C.H., and Turner, M. (2013).
Consensus statement on concussion in sport: the 4th International
Conference on Concussion in Sport held in Zurich, November 2012.
Br. J. Sports Med. 47, 250–258.

Address correspondence to:

Jane L. Mathias, PhD

School of Psychology

University of Adelaide

North Terrace

Adelaide, South Australia

Australia 5005

E-mail: jane.mathias@adelaide.edu.au

ASSAULT VERSUS SPORT TBI 669


