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Abstract

Primary objective—To investigate the occurrence of post-concussive symptoms (PCS) and
symptoms of post-traumatic stress disorder (PTSD) in children following mild traumatic brain
injuries (TBI).

Research design—Longitudinal study comparing the outcomes of mild TBI and orthopaedic
injuries (OI) in children aged 8-15.

Methods and procedures—One hundred and eighty-six children with mild TBI and 99 with Ol
were recruited prospectively. Parents rated children's PCS and symptoms of PTSD at 2 weeks, 3
months and 12 months post-injury. One hundred and sixty-seven with mild TBI and 84 with Ol
completed all assessments.

Main outcomes and results—Controlling for symptoms of PTSD, the mild TBI group
demonstrated more PCS than the Ol group, although the magnitude of group differences diminished
with time. Controlling for PCS, the OI group displayed more symptoms of PTSD than the mild TBI
group at baseline, but not thereafter. Symptoms of PTSD and PCS were correlated significantly, but
more highly in the Ol group than the mild TBI group.

Conclusions—Although PCS and symptoms of PTSD are correlated, children with mild TBI are
more distinguishable from children with Ol based on PCS than on symptoms of PTSD. The latter
symptoms, moreover, do not account for increased PCS following mild TBI in children.
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Introduction

Traumatic brain injury (TBI) in children results in high rates of mortality and morbidity and
therefore is a major public health concern [1]. The majority of TBI are mild in nature, but the
long-term outcomes of mild TBI in children are still poorly understood. Most children recover
successfully, but some suffer from a range of post-concussive symptoms (PCS) [2], which in
some cases persist for months post injury [3,4]. PCS include cognitive, somatic and emotional
symptoms, such as impaired concentration and memory, headaches, sleep disturbances,
irritability and anxiety [5]. Depending on the circumstances of the injury, children with mild
TBI may also suffer from symptoms of post-traumatic stress disorder (PTSD). These symptoms
include reports of re-experiencing the trauma event, increased arousal and avoidance of trauma-
related stimuli [6]. PCS and symptoms of PTSD often overlap and their co-occurrence
following mild TBI is controversial, although evidence suggests the two can occur
simultaneously [7].

Research suggests that ~10% of adults suffer from persistent PCS following mild TBI, although
the vast majority of individuals experience only transient symptoms [8]. The outcomes of mild
TBI in children are less well documented and have historically been controversial, with
researchers debating whether or not PCS occur in children [3,9]. Studies indicate that children
with mild TBI demonstrate higher levels of PCS compared to uninjured siblings or children
with injuries not involving the head [9,10]. PCS are more likely in the days immediately
following the injury and decrease with time [4,11]. In a sub-group of children, PCS may persist
and this cluster of symptoms is thought to represent a coherent syndrome. Post-concussion
syndrome is included in the International Classification of Diseases [12] and research criteria
for post-concussional disorder is included in the fourth edition of the Diagnostic and Statistical
Manual of Mental Disorders (DSM-IV) [6].

Evidence concerning the origin and maintenance of PCS is still inconclusive. Some researchers
have proposed that mild TBI may be sufficient to cause neurological dysfunction that initially
engenders PCS, but that persistent PCS are more likely to be maintained by a variety of non-
neurological factors [3,14]. Influential factors in the origin and maintenance of PCS may
include injury severity, history of prior head trauma, children's pre-morbid functioning, family
functioning or other life stressors [14,25].

Studies have yielded mixed results regarding the occurrence of symptoms of PTSD following
mild TBI. Some studies have found little evidence of these symptoms following mild TBI in
adults, but others have found prevalence rates ranging from 20-40% [16]. Complicating
matters, post-concussional disorder and PTSD share overlapping symptoms, including anxiety,
depression, poor concentration, sleep disturbance and irritability [16]. The possible
simultaneous occurrence of the two disorders following mild TBI is controversial [15,17]. In
adults, Bryant and Harvey [7] found that PCS were more common in patients with mild TBI
who displayed concurrent PTSD symptoms than in those without PTSD symptoms. The results
suggest a possible relationship between PCS and PTSD symptoms following TBI [7].

Research on the relationship between symptoms of PTSD and TBI in children is still lacking.
Existing studies have primarily examined TBI of mixed or unspecified severity or moderate-
to-severe TBI rather than mild TBI. Previous studies suggested that symptoms of PTSD could
not occur in individuals who experienced amnesia, loss of consciousness or other symptoms
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of more severe TBI [18]. However, contemporary studies indicate that such symptoms occur
in patients with and without loss of consciousness or amnesia [17,19-23]. In a group of 95
children with severe TBI and amnesia for the event, Gerring et al. [19] documented PTSD in
12 (13%) of these children. Moreover, Max et al. [23] examined 50 children following mild-
to-severe TBI and found that children commonly experienced PTSD symptoms despite
amnesia for the event [23]. Most research suggests that children rarely meet full DSM-1V
diagnostic criteria for PTSD following TBI, but the onset of a number of the symptoms of
PTSD is fairly common [23]. The symptoms are more likely to appear shortly after TBI and
diminish over time.

Efforts have been made to identify possible psychological and physical risk factors for
symptoms of PTSD following TBI in children. Levi et al. [24] reported that injury severity
may be an influential factor in the onset of symptoms of PTSD. They examined parent- and
child-rated symptoms of PTSD in children following TBI and found that children with severe
TBI reported higher rates of PTSD symptoms than children with moderate TBI or orthopaedic
injuries (Ol) [24]. Group differences emerged at 6 and 12 months based on parent ratings and
at 12 months based on child ratings. The results suggest that children continue to experience
PTSD symptoms at least 1 year post-injury. Gerring et al. [19] examined additional risk factors
and found that pre-morbid psychopathology, female gender, psychosocial adversity and injury
severity were related to an increased vulnerability to develop PTSD symptoms in children
following TBI.

To the authors’ knowledge, no previous research has examined both PCS and symptoms of
PTSD in a large sample of children following mild TBI. Therefore, the primary goal of the
current study was to examine PCS and symptoms of PTSD in children with mild TBI, as
compared to children with mild orthopaedic injuries (OI) not involving the head. As part of
the larger study, it was previously reported that children with mild TBI displayed more somatic
and cognitive PCS compared to children with Ol [4,25]. It was hypothesized that children with
mild TBI also would exhibit more symptoms of PTSD than children with Ol. This result was
anticipated based on research examining symptoms of PTSD in children with more severe TBI
[24]. The secondary goal of the study was to examine the overlap and relationship between
symptoms of PTSD and PCS in these two groups of children. The secondary hypothesis, based
on symptom overlap, was that measures of PCS and symptoms of PTSD would demonstrate
significant positive correlations. This study also sought to determine whether group differences
in PCS would be accounted for by those in symptoms of PTSD and vice versa.

Participants were part of a larger prospective study examining the neurobehavioural outcomes
of mild TBI in children and adolescents [3-5]. Children were prospectively recruited from the
Emergency Departments at Nationwide Children's Hospital (Columbus, OH) and Rainbow
Babies and Children's Hospital (Cleveland, OH). They were eligible if they were 8-15 years
of age at the time of their injury and met pre-specified injury criteria. General exclusion criteria
for both groups included: injury-related surgery; hypoxia or shock following the injury;
previous head injury requiring hospitalization; pre-morbid neurological disorders; severe
psychiatric disorder requiring hospitalization; associated injuries with an Abbreviated Injury
Scale [26] greater than 3; injuries that would hinder neuropsychological assessment; and
injuries related to child abuse or drug/alcohol use. A history of previous traumatic events was
not an exclusion criterion.

In the mild TBI group, children were eligible if they demonstrated an observed loss of
consciousness, a Glasgow Coma Scale (GCS) score of 13-14 or at least two symptoms of
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concussion as reported by Emergency Department physicians. Symptoms of concussion
include persistent post-traumatic amnesia, transient neurological deficits, vomiting, nausea,
headache, diplopia, dizziness, disorientation and other mental status changes. Children were
excluded from the mild TBI group if they experienced a loss of consciousness over 30 minutes
or received a GCS score below 13. Children were not excluded if they demonstrated intracranial
lesions or skull fractures on acute computerized tomography or if they were hospitalized.

Children were eligible for the Ol group if they demonstrated a fracture with an Abbreviated
Injury Scale (AIS) score of 3 or less [26]. Children were excluded from the Ol group if they
had any evidence of head injury, including external trauma or symptoms of concussion. A
comparison group of children with injuries not involving the head was selected to control for
differences in children's pre-morbid functioning or environment that may predispose them to
being injured, as well as for the experience of an acute medical trauma [3,27].

A total of 393 children were determined to be eligible for the mild TBI group and 286 for the
Ol group and invited to participate in the study. From these, 48% in the mild TBI group and
35% in the Ol group agreed to participate. Parents frequently cited scheduling difficulties,
distance from the hospital or disinterest in the study as reasons for declining to participate.
Participants and non-participants did not significantly differ in terms of age, gender, race/
ethnicity or in census tract measures of socioeconomic status (i.e. mean family income,
percentage of minority heads of household and percentage of households below the poverty
line). The final sample included 186 children with mild TBI and 99 children with mild Ol not
involving the head. The mild TBI group did not differ from the Ol group on demographic
factors such as age, gender, race/ethnicity and socioeconomic status (SES). SES was measured
by averaging sample z-scores for years of maternal education, median family income for census
tract and the Duncan Socioeconomic Index, a measure of occupational prestige [28]. Children
in both groups were also similar in terms of mechanism of injury, although transportation-
related injuries were significantly more common among the mild TBI group.

Procedure and attrition

Institutional review board approval and informed parent consent and child assent were obtained
prior to participation. During the larger study from which the current data were derived, eligible
children and their parents were assessed four times during the first year post-injury. The first
evaluation occurred no later than 3 weeks post-injury, with 80% completed between 1 and 2
weeks post-injury (M = 11.35 days, SD = 3.42). The initial assessment included magnetic
resonance imaging (MRI) of the brain for children with mild TBI and retrospective assessments
of child, parent and family pre-injury functioning, as well as concurrent assessments of the
child's acute post-injury cognitive functioning, PCS and symptoms of PTSD. The measures of
PCS were administered again by phone 1 month post-injury, but data from this assessment
were not used in the current analyses because PTSD data were not collected at that time.
Complete follow-up assessments that included measures of both types of symptoms occurred
at 3 and 12 months following the injury.

A total of 285 children completed the initial assessment, 268 (94%) completed the 3 month
assessment (178 or 96% with mild TBI, 90 or 91% with OI) and 253 (89%) completed the 12
month assessment (169 or 91% with mild TBI, 84 or 85% with Ol). Attrition did not differ by
group. Children who completed all assessments did not differ from those who did not do so in
age, sex, pre-injury symptoms or early post-injury post-concussive symptoms, but were less
likely to be of minority status and had higher socioeconomic status. The analyses presented
here are based on the 251 children who completed all follow-up assessments (167 with mild
TBI, 84 with orthopaedic injury). Among children with complete data, the TBI and Ol groups
did not differ on demographic factors such as age, gender, race/ethnicity and SES (see Table

).
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Post-concussive symptoms—PCS were assessed using two measures, the Health and
Behaviour Inventory (HBI) and the Post-Concussive Symptom Interview (PCS-I) [9,10]. The
HBI consists of 50 items covering somatic, cognitive, affective and behavioural symptoms.
The frequency of each PCS is rated on a 4-point scale that ranges from ‘never’ to ‘often’.
Previous factor analyses revealed two underlying dimensions of the HBI, representing
cognitive and somatic symptoms, that are robust across raters and time [5]. Scores for the two
dimensions were used in analyses for this study. Parent ratings on both dimensions showed
high internal consistency (Cronbach's o > 0.95 at all assessments for cognitive symptoms and
>0.85 at all assessments for somatic symptoms).

The PCS-I includes 15 cognitive, somatic and emotional symptoms. The PCS-1 is administered
orally; parents are asked to report the presence or absence of each symptom. The total score
on the PCS-I equals the number of symptoms endorsed by parents. For this study, children
were classified as displaying post-concussional disorder at each post-injury assessment if they
demonstrated at least three new PCS compared to pre-morbid levels. This classification is
consistent with the DSM-1V research criteria requiring three PCS to meet the diagnosis for
post-concussional disorder. The PCS-I has shown satisfactory reliability and validity in
previous studies [10]. In the current study, the PCS-I demonstrated satisfactory internal
consistency (Cronbach's « > 0.78 at all assessments).

Post-traumatic stress symptoms—The PTSD Checklist for Children/Parent Report
(PCL-C/PR) was used to assess children's symptoms of PTSD [29]. This measure is based on
parental perceptions of their child's symptoms. Specifically, parents are asked to rate the extent
to which their child displays 17 post-traumatic symptoms. The rating scale ranges from ‘not
atall’ (1) to ‘extremely’ (5). The PCL-C/PR has items tapping the three major symptom
dimensions of PTSD (i.e. re-experiencing, avoidance/numbing and hyperarousal). In previous
studies, the measure has shown satisfactory internal consistency and reliability [29]. Total
scores were used in the analyses and can range from 17-85. For this study, children were
classified as meeting symptom criteria for PTSD if they had at least one symptom of re-
experiencing, at least three symptoms of avoidance/numbing and at least two symptoms of
hyperarousal. This classification is consistent with the DSM-IV diagnostic criteria for PTSD.
The PCL-C/PR demonstrated high internal consistency for the total score across all three
assessments (Cronbach's o > 0.80). The sub-scales of the PCL-C/PR also demonstrated
acceptable levels of internal consistency.

Data analysis

Multivariate repeated measures analyses were used to examine symptoms of PTSD and PCS
in the groups longitudinally. The total number of symptoms of PTSD (total score on the PCL-
C/PR) in the mild TBI group was compared to that in the Ol group at the initial, and 3 and 12
monhs post-injury assessments. Then, the total number of PCS (total score on the PCS-I) in
the mild TBI group was compared to that in the Ol group at these three time points. After
examining total symptom scores, similar analyses examined the specific dimensions of PCS
and symptoms of PTSD to determine which types of symptoms differed between groups.
Separate analyses were conducted for each of the sub-scales on the PCL-C/PR (i.e. re-
experiencing, avoidance and hyperarousal) and the cognitive and somatic sub-scales from the
HBI. Race and SES were treated as covariates in all analyses. Pre-morbid PCS were controlled
in the analyses of the PCS-1 and HBI by using the appropriate retrospective parent ratings
obtained at the initial assessment as a covariate. Finally, the proportions of children in the mild
TBI and Ol groups meeting symptom criteria for PTSD were compared using chi squares
analyses at each occasion. Similar analyses were conducted to compare the proportion of
children in each group meeting symptom criteria for post-concussional disorder.
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The correlations between the measures of PCS and symptoms of PTSD were examined in the
combined sample and in the mild TBI and Ol groups separately. Specifically, correlations
among the PCL-C/PR (total score and sub-scales), the PCS-I (total score) and the HBI (sub-
scales) were examined at all three assessment occasions. It was also determined if group
differences in PCS could be accounted for by increased levels of symptoms of PTSD and vice
versa. Multivariate repeated measures analyses were conducted again separately for total
number of symptoms of PTSD and number of PCS symptoms, as well as for the sub-scales of
the PCL-C/PR and HBI. The baseline PCS-I total score was used as a covariate for the analysis
of symptoms of PTSD. In turn, the baseline PCL-C/PR total score was treated as a covariate
for the analysis of PCS. Race and SES were treated as covariates as well, as was pre-morbid
PCS in the analyses of post-injury PCS.

Group differences in PCS and symptoms of PTSD

We have previously reported that the mild TBI group showed more PCS at baseline than the
Ol group, but the difference diminished with time [25]. In summary, both groups showed a
similar decreasing trend over time, but the decline was faster in the mild TBI group. Analyses
of cognitive and somatic PCS also revealed group differences in PCS based on symptom type.
Compared to the Ol group, children with mild TBI displayed higher levels of somatic PCS at
baseline, but group differences were not apparent by 12 months. Conversely, significant group
differences in cognitive PCS were apparent at all three assessments, with children in the mild
TBI group demonstrating higher symptom levels than children in the Ol group.

The analysis of the symptoms of PTSD total score did not reveal a significant main effect for
group or group-by-time interaction. Analyses also did not reveal any significant group main
effects or group-by-time interactions for the re-experiencing or avoidance sub-scales. The
analysis of the hyperarousal sub-scale indicated a significant group x time interaction, F(2,
247) =6.11, p = 0.002. As shown in Figure 1, the mild TBI group displayed a stable level of
hyperarousal across the first year post-injury, whereas the Ol groups showed a gradual decline.
According to follow-up tests, the mild TBI group was slightly but significantly elevated
compared to the Ol group at 12 months. In contrast, the proportion of children meeting
symptom criteria for PTSD was significantly higher in the Ol group than in the mild TBI group
at 12 months post-injury, but not prior to that (see Table I1).

Relationships between PCS and symptoms of PTSD

Significant positive correlations between PCS and symptoms of PTSD were found at all three
occasions when examining total scores on the PCL-C/PR and PCS-I, both across and within
groups. Correlations between the PCL-C/PR total score and the HBI cognitive and somatic
sub-scales were lower but still significant. The sub-scales of the PCL-C/PR were also
significantly positively correlated with the HBI sub-scales at all three occasions. The
magnitude of the correlations was often significantly higher in the Ol group than the mild TBI
group, suggesting less overlap between the two constructs for children with mild TBI (see
Tables Il and 1V).

The relationship between PCS and symptoms of PTSD was further analysed to determine
whether group differences in PCS could be accounted for by increased levels of symptoms of
PTSD or vice versa. After controlling for baseline PCS, the Ol group displayed higher total
scores on the PCL-C/PR than the mild TBI group at the initial assessment, but group differences
were minimal thereafter (see Figure 2). The group-by-time interaction was significant, F(2,
247) =5.52, p = 0.004. The Ol group showed higher scores on the re-experiencing sub-scale
at all occasions, as reflected in a significant group main effect, F(1, 246) =5.39, p = 0.021 (see
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Figure 3). The Ol group displayed more hyperarousal symptoms than the mild TBI group at
the initial assessment, but group differences were minimal thereafter; the group-by-time
interaction was significant, F(2, 246) = 13.085, p = 0.000 (see Figure 4). Neither the group
main effect nor the group-by-time interaction was significant on the avoidance sub-scale.

The mild TBI group continued to demonstrate higher total scores on the PCS-1 after controlling
for baseline symptoms of PTSD; both the group main effect, F(1, 246) = 8.188, p = 0.005, the
group-by-time interaction, F(2, 246) = 8.682, p = 0.000, remained significant (see Figure 5).
The mild TBI group also showed higher scores on the HBI cognitive sub-scale at all three
occasions after controlling for baseline symptoms of PTSD, as reflected in a significant group
main effect, F(1, 245) = 7.909, p = 0.005 (see Figure 6). As before, scores on the HBI somatic
sub-scale were higher in the mild TBI group than the Ol group at the initial assessment, but
the difference decreased rapidly over time. Both the main effect for group, F(1, 245) = 18.219,
p = 0.000, and group-by-time interaction F(2, 245) = 21.180, p = 0.000, were significant (see
Figure 7).

Discussion

The primary hypothesis of the study was that children with mild TBI would exhibit more
symptoms of PTSD than children with Ol, but that the elevation in PTSD symptoms would
not fully account for group differences in PCS between children with mild TBI and Ol. This
study did not find consistent evidence of group differences in symptoms of PTSD, with results
failing to reveal differences on the total PCL-C/PR score or on the re-experiencing or avoidance
sub-scales of this measure. The mild TBI group did demonstrate higher reported levels of
hyperarousal at 3 and 12 months post-injury, but not when controlling for baseline PCS.
Moreover, the Ol group displayed higher levels of PTSD symptoms than the mild TBI group
when controlling for baseline PCS and was more likely to meet symptom criteria for DSM-IV
PTSD at 12 months compared to the mild TBI group. Higher rates of symptoms of PTSD were
predicted in the mild TBI group compared to the Ol group because of previous research
demonstrating a higher incidence of symptoms of PTSD in children following severe TBI
compared to Ol [24]. However, the results suggest this trend may not be apparent in children
with mild TBI.

The reasons that the Ol group displayed higher rates of PTSD symptoms when controlling for
PCS are unclear. Research has shown that children can experience psychological distress and
PTSD symptoms following motor vehicle accidents [30-32]. However, transportation-related
injuries accounted for significantly more mild TBI (17%) than Ol (3%); thus, mechanism of
injury is unlikely to be related to higher levels of PTSD symptoms in the Ol group. Other
factors, such as pain resulting from the injury or parental anxiety, may be related to increased
levels of PTSD symptoms in children following traumatic injuries [33,34]. These factors may
have differentially affected the Ol and mild TBI groups; however, they were not assessed in
the current study, so further research is needed to delineate the reasons for elevated PTSD
symptoms in children with mild Ol.

As previously reported, this study found group differences in PCS, with higher symptom ratings
reported in the mild TBI group than the OI group [5,25]. Additional studies with both adults
and children have consistently documented higher levels of PCS in individuals in the days and
weeks immediately following mild TBI [9,10,14]. The current study also found that the mild
TBI group exhibited significantly higher rates of post-concussional disorder at baseline
compared to the Ol group, but not thereafter. Previous research has shown that PCS are most
common immediately following mild TBI, but diminish with time, in both children and adults
[4,9,11,13,27].
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The secondary hypothesis of the study was that measures of PCS and symptoms of PTSD
would demonstrate significant positive correlations. This study examined the correlations
between the two types of symptoms and determined whether increased rates of PCS can be
accounted for by increased rates of symptoms of PTSD, or vice versa. Significant positive
correlations were found between the two types of symptoms. Notably, however, the
correlations tended to be significantly higher in the Ol group than the mild TBI group. This
suggests that PCS and symptoms of PTSD may be more distinct in the mild TBI group
compared to the OI group. This could potentially reflect a closer link between PCS and
neurological dysfunction in the mild TBI group. In any case, the findings are consistent with
previous research demonstrating an association between high rates of PCS and PTSD in adults
following mild TBI [7].

Among the sub-scales on the PCL-C/PR, the hyperarousal scale was most strongly correlated
with the total PCS-I score. This may not be surprising, given that many of the symptoms of
hyperarousal that define PTSD are also characteristic of post-concussive disorder [7]. On the
PCL-C/PR, hyperarousal symptoms include ‘trouble falling or staying asleep’, ‘difficulty
concentrating’, ‘being “super-alert” or watchful or on guard’, ‘feeling jumpy or easily startled’.
The PCS-1 measures similar symptoms, such as ‘has your child had trouble paying attention?”’,
‘has it been hard for your child to think?” and ‘has your child had trouble sleeping?’ Despite
overlap between symptoms of PTSD and PCS, analyses indicated that symptoms of PTSD
cannot account for the increased level of PCS in children following mild TBI. In contrast, group
differences in symptoms of PTSD following mild TBI may be accounted for by differences in
PCS. After controlling for baseline PCS, the Ol group actually displayed higher scores on the
PCL-C/PR, as well as more re-experiencing symptoms, at baseline and 3 months, compared
to the mild TBI group.

Researchers have suggested that symptoms of PTSD not only overlap with PCS but also may
exacerbate PCS, such that PCS are more common in individuals who experience symptoms of
PTSD [7,35]. Hypothetically, discomfort related to the latter symptoms may further deplete
the already limited cognitive resources that individuals have available following mild TBI
[7,15,35]. Similarly, PCS may prolong symptoms of PTSD because PCS may render an
individual unable to adequately cope with traumatic events [24]. The results of the current
study suggest that, following mild TBI in children, PCS help to account for symptoms of PTSD,
but the latter symptoms do not influence the rates of PCS. This study is one of the first to
examine the co-occurrence and overlap of symptoms of PTSD and PCS in a large group of
children following mild TBI and Ol. Methodological strengths of the study include clear criteria
for defining mild TBI, the use of a control group with other injuries and the prospective,
longitudinal design.

Future research should include both child and parent symptom reports, as children were not
assessed directly in the current study. Structured clinical interviews have traditionally been the
‘gold standard’ in assessing PTSD in children [36—38]. However, clinical interviews are time-
consuming and difficult to conduct with large samples of children and limited resources [36,
39]. Because satisfactory youth self-reports were unavailable at the time the study was
designed, it relied on the PCL-C/PR. However, the recent development of youth self-report
measures offers an efficient and effective alternative to structured interviews in a research
setting [36,39]. Furthermore, future studies are needed to investigate the effect of various child
characteristics on the occurrence and overlap of PCS and PTSD. Previous research
demonstrates that factors such as age, gender, pre-existing psychopathology, SES and injury
characteristics may affect PCS and PTSD symptom ratings [25,36,39]. For instance, the
inclusion of younger children and older adolescents in future research would be important.
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More practically, researchers and clinicians should work to develop clinical management
techniques for children following mild TBI. Assessment of psychological and cognitive
functioning is needed, especially in the weeks and months immediately following mild TBI,
to identify the sub-group of children with persistent PCS and other problems [11]. Interventions
for this sub-group of children are critical and should be individually tailored to each child's
specific needs [11]. Current interventions for PCS may need to be modified for children
experiencing symptoms of PTSD, as the two kinds of symptoms may exacerbate one another
[7]. Combining effective treatment components for PCS and PTSD may have potential for
reducing the occurrence of both types of symptoms.
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Figure 1.

Mean hyperarousal symptoms of PTSD by group and assessment.
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Mean symptoms of PTSD total score by group and assessment (controlling for baseline PCS).
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Figure 3.
Mean re-experiencing symptoms of PTSD by group and assessment (controlling for baseline
PCS).
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Figure 4.
Mean hyperarousal symptoms of PTSD by group and assessment (controlling for baseline

PCS).
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Figure 5.

Mean PCS by group and assessment (controlling for baseline symptoms of PTSD).

Brain Inj. Author manuscript; available in PMC 2011 February 1.

Page 16



1duosnuey Joyiny vd-HIN 1duosnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

I
>
<
m
A
o
=3

Page 17

[y
(-
|

g
S
75
=
Q P 10 N B —
Z 5 / = ———
=S / T T ———
ED w9 - / - — -
/

: g 7 —o— mTBI
S of — - 0l
= 7

S o

Assessment
Figure 6.

Mean cognitive PCS by group and assessment (controlling for baseline symptoms of PTSD).

Brain Inj. Author manuscript; available in PMC 2011 February 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duosnuely Joyiny vd-HIN

HAJEK et al.

Page 18

Mean somatic PCS total score

Assessment
Figure 7.

Mean somatic PCS (HBI) by group and assessment (controlling for baseline symptoms of
PTSD).
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Table |

Demographic characteristics of the mild TBI and Ol groups.

Group
Demographics Mild TBI Ol
n 167 84
% male 71 63
% white, non-Hispanic 74 66
Age 11.90 £ 2.19 11.66 +2.22
Socioeconomic status 0.07 £0.92 -0.05+1.21
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Number and percentage of children meeting DSM-1V symptom criteria for PTSD or post-concussional disorder.

Assessment
Baseline 3 Months 12 Months

PTSD

Mild TBI 15 (8%) 15 (8%) 3 (29%)"
ol 7 (1%) 6 (7%) 6 (7%)”
Post-concussional disorder

Mild TBI 94 (51%)™ 48 (27%) 32 (19%)
ol 29 (30%)" 19 (21%) 16 (19%)

*
Group difference significant, p < .05
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