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abstractBACKGROUND: Pediatric traumatic brain injury (TBI) contributes to impairments in functioning
in everyday settings. Evidence suggests that online family problem-solving therapy (FPST)
may be effective in reducing adolescent behavioral morbidity. This article examines the
efficacy of Counselor-Assisted Problem Solving (CAPS), a form of online FPST in improving
long-term functional outcomes of adolescents with TBI relative to Internet resources only.

METHODS: Children, aged 12 to 17 years, who were hospitalized in the previous 7 months for
TBI were enrolled in a multisite, assessor-blinded randomized controlled trial. Consented
participants were randomly assigned to CAPS or an Internet resource comparison (IRC)
condition. Outcomes were assessed at baseline and at follow-ups 6, 12, and 18 months
postbaseline. The Child and Functional Assessment Scale and the Iowa Family Interaction
Rating Scale (IFIRS) served as primary outcomes of child and family functioning
respectively.

RESULTS: For the Child and Functional Assessment Scale total, we found a significant group 3
time interaction, with less impaired functioning for the CAPS group than for the IRC group at
the final follow-up. Parent education moderated the efficacy of CAPS on overall rates of
impairment and school/work functioning, with the advantage of CAPS over IRC evident at the
final follow-up only for participants with less-educated parents. Neither group differences nor
group 3 time interactions were found for the IFIRS.

CONCLUSIONS: Relatively brief, online treatment shortly after injury may result in long-term
improvements in child functioning, particularly among families of lower socioeconomic status.
Clinical implementation of CAPS during the initial months postinjury should be considered.

WHAT’S KNOWN ON THIS SUBJECT: Pediatric
traumatic brain injury (TBI) contributes to
impairments in functioning across multiple
settings. Online family problem-solving therapy
may be effective in reducing adolescent
behavioral morbidity after TBI. However, less is
known regarding maintenance of effects over
time.

WHAT THIS STUDY ADDS: This large randomized
clinical trial in adolescents with TBI is the only
study to examine maintenance of treatment
effects. Findings reveal that brief, online
treatment may result in long-term improvements
in child functioning, particularly among families
of lower socioeconomic status.
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Traumatic brain injury (TBI) is
a common cause of morbidity,
affecting nearly 750 000 children per
year.1 Although mild injuries often
resolve quickly,2 more severe TBI
contributes to persistent deficits in
behavior, social competence, and
adaptive skills. Adolescents with TBI
may be at particular risk of academic
difficulties, substance use, and
criminal offending.3,4 Adolescents are
at elevated risk of sustaining TBI1 and
may be responsive to interventions
designed to improve self-regulation
and executive function skills5,6 that
underlie deficits in everyday
functioning.7

Recent reviews highlight the paucity
of high-quality trials addressing
behavior and attention problems after
TBI,8,9 although some notable
exceptions exist.10,11 Family problem-
solving therapy (FPST) has emerged
as a potentially efficacious treatment
of reducing behavioral and executive
dysfunction after TBI in
adolescents.5–7,12–15 Family
functioning contributes to recovery
after TBI16–19; thus, interventions
promoting family problem-solving
may improve the child’s behavior and
functioning.

A review of 3 published studies of
FPST using randomized designs
revealed significant improvements
in behavior immediately after
treatment among participants
assigned to family problem-solving
relative to those assigned to an
Internet resource comparison
(IRC).5–7,12,13 Both family
socioeconomic status (SES) and the
child’s age moderated treatment
efficacy. Older children and those
from lower-income families showed
the greatest improvements in parent-
reported behavior problems and
executive dysfunction.5,7

Tele-health treatments may benefit
adolescents after TBI.5–7,12–15,20

However, meta-analyses comparing
online to traditional face-to-face
approaches for various psychiatric
and medical conditions have yielded

mixed conclusions.14,21,22 Although
some reviews indicated comparable
efficacy of traditional and tele-health
interventions,22 others noted smaller
effects for online treatments.23

Factors such as greater treatment
intensity/duration, therapist
involvement, and inclusion of
behavioral change methods such as
self-monitoring are associated with
stronger tele-health intervention
effects.21,23,24

Previous studies have been limited by
reliance on parent-reported outcomes
and lack of longer-term follow-up.
The current study addresses these
limitations by examining the efficacy
of FPST in improving child
functioning as assessed by
standardized clinical ratings of child
functional status. Previous reports
from this randomized controlled trial
in 132 youth ages 12 to 17 years
hospitalized for TBI revealed that
immediately after treatment there
were fewer behavior problems13 and
lower levels of executive dysfunction7

among older adolescents in the
treatment versus the comparison
condition. We extend this previous
work by evaluating long-term effects
of problem-solving therapy on child
functioning and examining the
influence of SES on long-term
outcomes.

METHODS

Participants

Participants were enrolled at 5 major
trauma centers in the central and
western regions of the United States.
Eligibility criteria included age
between 12 and 17 years and
hospitalization for a moderate to
severe TBI13 within 7 months of
study enrollment. Moderate TBI was
defined as a Glasgow Coma Scale
(GCS) score of 9 to 12 or a GCS score
.12 with evidence of neurologic
insult on imaging,25 and severe TBI
was defined as a GCS score ,9.26 We
targeted ages 12 to 17 years given the
emerging demands for effective,

autonomous problem-solving in this
age range and the desire to use
consistent measures across
participants. Additional requirements
included English as the primary
language, availability of the
adolescent to participate (eg, not
incarcerated), and family residence
within a 3-hour drive of the hospital.
Reasons for exclusion included the
following: (1) insufficient recovery
to participate (eg, minimally
responsive state) or unavailability of
high-speed Internet access at their
address, (2) child or parent
hospitalization for psychiatric
problems during the year before
injury, or (3) premorbid intellectual
disability (see Fig 1). The trial was
registered with clinicaltrials.gov
(assigned identifier NCT00409448)
and approved by the institutional
review boards of participating
institutions.

Baseline and Follow-up Assessments

Personnel obtained informed consent
and completed the baseline
assessment at the families’ homes.
Families were given a new computer,
Web camera, and high-speed Internet
access and links to online TBI
resources. The structured interview
and parent-reported measures were
completed at baseline and again
immediately after treatment
(6 months postbaseline) and at 12
and 18 months postbaseline.20

Participants were randomly assigned
to the following groups: (1)
Counselor-Assisted Problem Solving
(CAPS), a 6-month Web-based,
therapist-moderated intervention
providing training in problem-solving,
communication, and self-regulation,
or (2) IRC, a control intervention
providing self-guided, Web-based TBI
information and resources.
Randomization was stratified
according to race and gender. A
sealed envelope containing group
assignment was handed to
participants at the visit completion,
allowing the coordinator to remain
naive to assignment.
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Treatment Groups

CAPS Intervention

Four licensed clinical psychologists
delivered CAPS. Session objectives
and procedures were detailed in
a treatment manual. Fidelity was
maintained through weekly
supervision calls and verified by
session checklists.

The initial CAPS treatment sessions
were conducted in the families’ homes.

During this visit, the psychologist
completed a background interview,
provided a treatment overview, and
identified family goals for problem-
solving. Subsequent CAPS sessions were
completed online via video conferencing.
Each session included a Web-based
module that was completed
independently and a Skype session with
the psychologist to review skills and
implement the problem-solving process
to address family-identified goals. The

teen with TBI and at least 1 parent were
required to participate. However, all
family members were encouraged to
participate.27

IRC

The IRC program consisted of a home
page with links to online resources
including local, state, and national
brain-injury association Web sites
and sites about pediatric TBI.
Families were instructed to spend at
least 1 hour per week on these
educational sites and to log the sites
that they visited and time spent at
each site in a diary provided for that
purpose. This diary was collected at
treatment completion.

Follow-up Assessments

Follow-up assessments were
scheduled at treatment completion (6
months after baseline) and at 12 and
18 months postbaseline. Although it
was anticipated that most
participants would complete the
CAPS treatment by the 6-month
follow-up, assessments were
scheduled without knowledge of
whether the participant had
completed treatment.

Measures

Family Socioeconomic and Youth
Premorbid Status

Information regarding preinjury
learning or psychiatric conditions and
sociodemographic information,
including primary caregiver
educational attainment and parent-
reported income, was collected via
interview at the baseline assessment.
Given the significant association
between caregiver education and
family income (P , . 01), we chose to
use highest educational attainment for
the primary caregiver as a proxy
variable for family SES.6 Educational
attainment was dichotomized into
high school education or less versus at
least some postsecondary education.

Cognitive Functioning

Processing speed, as measured by the
Processing Speed Index of either the

FIGURE 1
CONSORT (Consolidated Standards of Reporting Trials) flowchart.
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Wechsler Intelligence Scale for
Children, Fourth Edition,28 or the
Wechsler Adult Intelligence Scale,
Fourth Edition,29 depending on age,
provided a measure of TBI-related
cognitive impairment.

Receipt of Other Therapies

The Service Assessment for Children
and Adolescents was used to assess
the use of mental health services after
TBI in outpatient and school
settings.30

Everyday Functioning

Functioning in everyday settings was
assessed by using the Child and
Adolescent Functional Assessment
Scale (CAFAS). The CAFAS uses
information from structured
interviews with key informants
(eg, parents) to generate
standardized ratings of functioning
across domains and settings. The
CAFAS was chosen as a primary
outcome because it better predicts
subsequent service utilization than
either behavior checklists or
psychiatric diagnoses31 and has been
widely used to assess changes in
clinical outcomes for youth receiving
mental health services.20 The CAFAS
generates ratings of functioning in 8
domains: school, home, community,
behavior toward others, moods/
emotions, self-harmful behaviors,
substance abuse, and thinking.32

Functioning in each domain is rated
on an ordinal scale ranging from
0 (no impairment) to 30 (severe
impairment) in increments of 10. A
total score is created by summing
domain scores. This total score is
a continuous variable with a range of
0 to 240. The CAFAS has established
validity and excellent interrater
reliability, ranging from 0.74 to
0.99.33 On the basis of the CAFAS
manual and previous research,
clinically significant change was
defined as an improvement of $10
points. Total scores of #50 were
considered to be “unimpaired.” Two
research personnel with advanced
degrees in psychology or counseling

were certified as CAFAS trainers after
attending a 2-day training session.
Additional raters were trained to
achieve interrater reliability .80%,
as recommended by the creator of the
CAFAS. Ten percent of interviews
were taped and jointly rated, yielding
an overall interrater reliability of
95%.

Analyses

To compare the groups (CAPS versus
IRC) on baseline demographic, injury,
and behavioral characteristics and
to examine baseline differences
between those who completed the
study and those who dropped out,
t, x2, and 2-tailed Fisher’s exact tests
were used. Table 1 reports baseline
characteristics for completers versus
those missing $1 follow-ups.
Caregivers of noncompleters had
disproportionately lower income and
were more often single than
caregivers of completers. Attrition did
not differ significantly between the
treatment groups. As reported in
Table 2, the CAPS and IRC groups
were well matched and did not differ

significantly on demographic
characteristics or injury severity at
baseline.

A single mixed-models analysis, with
random intercepts and slopes, was
conducted to examine the intention-
to-treat group differences on the
CAFAS total across follow-up. Mixed-
models analysis retains participants
in the model who are missing data for
$1 assessments and is thus less
affected by attrition. An unstructured
covariance structure was chosen on
the basis of Akaike’s information
criterion. Six post hoc analyses of the
CAFAS domain subscales allowed
us to elucidate the nature of the
effects. The self-harmful behaviors
and substance abuse scales were
excluded from analyses due to
insufficient variability in scores over
time. General estimating equation
analyses were conducted to examine
group differences in the proportion of
youth with clinically significant
impairment on the CAFAS: no/mild
impairment (score range: 0–50) and
at risk (score range: .50). Before
constructing final models,

TABLE 1 Comparison of Cohort and Dropouts: CAPS Study

Cohort (n = 99) Dropoutsa (n = 33) P

Treatment group, n (%) 0.13
CAPS (n = 65) 45 (69.2) 20 (30.8)
IRC (n = 67) 54 (80.6) 13 (19.4)

Age at baseline, mean (SD), y 14.8 (1.8) 15.1 (1.6) 0.39
Age at injury, mean (SD), y 14.5 (1.8) 14.8 (1.6) 0.42
Time since injury at baseline, mean (SD), mo 3.5 (1.8) 4.1 (1.8) 0.09
Female gender, n (%) 34 (34.3) 13 (36.4) 0.83
Race/ethnicity, n (%) 0.12
White 83 (83.9) 23 (69.7)
Black 10 (10.1) 9 (24.2)
Mixed/other 6 (6.1) 2 (6.1)

Injury severity, n (%) 0.12
Moderate TBI 57 (57.6) 24 (72.7)
Severe TBI 42 (42.4) 9 (27.3)

Primary caregiver education, n (%) 0.19
High school or less 41 (41.4) 18 (54.6)
More than high school 58 (58.6) 15 (45.5)

Income, n (%) 0.01*
,$40 000 32 (32.3) 20 (60.6)
$40 000–$89 999 37 (37.4) 8 (24.2)
.$90 000 30 (30.3) 5 (15.2)

Primary caregiver marital status, n (%) 0.008*
Married/living with partner 70 (70.7) 18 (54.6)
Not married 29 (9.3) 15 (45.5)

N = 132. *Cohort and dropouts differed significantly, P , .05 (x2 or t test).
a Dropouts included those who missed $1 of the 4 visits.
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preliminary analyses were conducted
examining the effects of injury
severity, child age, gender, premorbid
history of learning or behavior
difficulties, injury-related impairment
as defined by processing speed score
on the Wechsler Intelligence Scale
for Children, and caregiver education
and marital status on the CAFAS total.
Final models included the
aforementioned covariates and the
interaction of treatment group 3
caregiver education 3 visit along
with the component interaction
terms. When a significant interaction
was detected, post hoc analyses
examined group differences at each
time point to examine outcome
trajectories by group. All analyses
were conducted by using SAS version
9.3 (SAS Institute, Cary, NC).

RESULTS

A total of 132 children were enrolled,
with 65 assigned to CAPS and 67
assigned to IRC. Complete follow-up
data were available for 75% of the
sample, and attrition did not
significantly vary by group (see
Table 1). At enrollment, 13 children
in the CAPS group (20%) and 15
in the IRC group (22.39%) were

receiving behavioral treatments
(P . .7). Similar rates of receipt of
other treatments were reported at
visits 2 through 4 (all P . .4).

Parent-reported time spent on the
intervention Web sites did not differ
by group. Forty-three percent of
parents in CAPS versus 48% in IRC
spent ,30 minutes per week, and
50% of parents in CAPS versus 47% in
IRC spent 30 minutes to 2 hours per
week. Similarly, 43% of CAPS teens
versus 48% of IRC teens reported
spending ,30 minutes per week on
study Web sites. CAPS participants
completed an average of 8 sessions
(range: 0–13). Within CAPS, the
number of sessions completed was
unrelated to functioning at visits 2 and
3. However, at visit 4, total sessions
completed was positively correlated
with CAFAS total (P = .04), suggesting
that families with greater problems
completed more supplemental
sessions.

As depicted in Fig 2, there was
a significant group 3 visit interaction
for the CAFAS total score (P , .01).
Post hoc analyses revealed
significantly lower CAFAS total scores
(17.88 points) at the final visit in the
CAPS versus IRC participants,

suggesting that improvements in
everyday functioning emerged over
time after the intervention. The
groups did not differ significantly at
other time points.

General estimating equation analyses
examining the proportion of youth
who exceeded the CAFAS cutoff for
clinical impairment (total .50)
revealed a significant group 3 time 3
caregiver education interaction (P ,
.01). As reported in Table 3, at the
final visit only, the odds of being
impaired in the IRC group were
significantly higher than the odds of
being impaired in the CAPS group
among youth with less educated
parents (odds ratio: 6.75; 95%
confidence interval: 1.97–23.24).

Post hoc analyses to elucidate the
nature of the effects revealed
significant interactions of treatment
group with visit and parent education
for the domain of school functioning
(Fig 3) (P = .03). The CAPS group had
significantly better functioning 12
months posttreatment than the IRC
group among adolescents with less
educated parents. For the domain of
community functioning, there was
a significant group 3 visit interaction
(P = .03). Consistent with the pattern
of improvements observed for the
CAFAS total, the CAPS group was
rated as having significantly better
functioning in the community than
the IRC group at the final assessment
(P = .04).

Analyses failed to reveal intervention
effects on functioning in the home,
behavior toward others, moods/
emotions, or thinking domains.
Parental education was a significant
predictor of both behavior toward
others and thinking difficulties, with
children of less educated parents
evidencing poorer functioning
(behavior toward others, P = .03;
thinking, P = .04). The caregiver’s
marital status was a significant
predictor of CAFAS total score and
subdomains including school and
behavior toward others (CAFAS total,
P = .03; school, P = .01; behavior

TABLE 2 Comparison of Intervention and Control Groups: CAPS Study

CAPS (n = 65) IRC (n = 67) P

Age at baseline, mean (SD), y 14.7 (1.7) 15.0 (1.8) 0.33
Age at injury, mean (SD), y 14.4 (1.7) 14.7 (1.8) 0.37
Time since injury at baseline, mean (SD), mo 3.7 (1.9) 3.5 (1.7) 0.48
Female gender, n (%) 21 (2.3) 25 (37.3) 0.55
Race/ethnicity, n (%) 0.23
White 52 (80) 45 (80.6)
Black 7 (10.8) 1 (16.4)
Mixed/other 6 (9.2) 2 (3.0)

TBI severity, n (%) 0.97
Moderate TBI 40 (61.5) 41 (61.2)
Severe TBI 25 (38.5) 26 (38.8)

Primary caregiver education, n (%) 0.19
High school or less 26 (40) 33 (49.3)
More than high school 39 (60) 34 (50.8)

Income, n (%) 0.41
,$40 000 22 (33.9) 30 (44.8)
$40 000–$89 999 25 (38.5) 20 (29.9)
.$90 000 18 (27.7) 17 (25.4)

Primary caregiver marital status, n (%) 0.44
Married/living with partner 44 (67.7) 41 (61.2)
Not married 21 (32.2) 26 (38.8)

N = 132.
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toward others, P = .01), with children
with married caregivers rated
significantly better than those with
unmarried caregivers. Premorbid
history of learning, attention, or
behavior problems was also
associated with poorer functioning
on the CAFAS total (P = .02), school
(P = .03), community (P = .03), and
behavior toward others (P = .01)
domains. Similarly, processing speed
at baseline was a significant predictor
of CAFAS total (P , .01), home (P =
.02), behavior toward others (P ,
.01), moods/emotions (P = .02), and
thinking (P , .01) domains, with
faster processing speed associated
with better functioning. The child’s
age, gender, and severity of injury
were unrelated to CAFAS total or
domain scores.

DISCUSSION

This study is the first to our
knowledge to show long-term

improvements in functioning after
online FPST in a large cohort of
adolescents with TBI. The CAPS
treatment integrated many of the
features known to boost the efficacy
of tele-health treatment, including
therapist involvement, greater
intensity/duration, and integration of
evidence-based behavioral change
strategies.23 Differences in
functioning between treatment and
control groups did not become
evident until a full 12 months after
treatment completion, suggesting that
the effects of problem-solving therapy
delivered soon after injury may
successfully generalize to the youth’s
functioning in everyday settings over
time. Consistent with previous
research,5,34 improvements after
CAPS were particularly evident
among youth from lower SES families.

CAFAS scores are based on
behaviors/functioning for the
3-month period preceding the

interview. Thus, the posttreatment
follow-up assessment reflects
functioning for the period while the
youth was still participating in
treatment. It may take longer for
treatment-related improvements in
problem-solving and executive
functioning8 to translate into
improved everyday functioning.
Previous research with this cohort
showed that executive function skills
accounted for significant variance
in impairments in everyday
functioning on the CAFAS
administered before treatment.35

Subsequent analyses revealed
significant improvements in executive
function skills among older
adolescents in the CAPS group,
relative to the IRC, immediately after
treatment.7 These findings suggest
that initial improvements in executive
function behaviors may support
longer-term improvements in
functional outcomes.

Post hoc analyses of specific CAFAS
domains indicated greater efficacy of
CAPS in improving functioning outside
the home (eg, school/work and
community). Given that adolescents
with TBI are at risk of deficits in
school performance36 and may have
difficulty sustaining employment37 as
they transition into adulthood,
improving school and community
functioning may be particularly
important for long-term life success.

Consistent with previous research,
improvements in clinical impairment
as well as school/work functioning
were moderated by family SES.5,34

Previous research suggests that
social disadvantage, including lower
family income and lower levels of
parental education, is associated
with poorer outcomes after TBI.38–40

Disadvantaged youth may lack access
to treatment30 and may have greater
difficulty adhering to treatment
when available.40 The current
intervention addressed many
barriers to care by delivering care
within the home at times convenient
for the family. Nonetheless, lower

FIGURE 2
Average total CAFAS scores over time by group. There was a significant group 3 visit interaction:
F(3, 301) = 4.18, P = .006. Total score for the CAPS group was significantly less than the IRC group at
visit 4, P , .05.

TABLE 3 Proportions Above CAFAS Cutoff by Treatment, Parental Education, and Visit

Group College Baseline
(Pretreatment)

6 Months
(Posttreatment)

12-Month
Follow-up

18 Month
Follow-up

CAPS No 48.0 44.4 42.11 6.7
CAPS Yes 31.6 17.1 25.0 23.1
IRC No 48.5 35.7 41.7 72.2*
IRC Yes 27.3 18.2 14.3 15.4

Data are presented as percentages (proportions). CAFAS cutoff: .50 = impaired. *Significantly different from CAPS group
with no college education, P , .05.
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income and unmarried parents were
more likely to drop out,
underscoring the need to develop
strategies for engaging and retaining
disadvantaged families in
treatment.41

These findings should be interpreted
in the context of existing limitations.
Youth with TBI were not required to
have TBI-related behavior problems
or functional impairments, which may

have limited our ability to detect
significant improvements in
functioning (floor effects). Conversely,
given that tele-health interventions
may be most effective for individuals
with less severe impairments, our
findings may reflect a greater level of
improvement than would be seen
among a sample of youth with more
severe behavioral difficulties.23

Although both the CAPS and IRC

groups received access to online
resources regarding TBI, the groups
were not equated for therapist
attention or intensity. As such, it is
not possible to distinguish the
specific effects of problem-solving
therapy from those associated with
therapist attention. Although we
sought to minimize attrition effects,
differential dropout among
unmarried and lower income
participants may limit the
generalizability of the findings or
subtly bias the intent-to-treat
analyses. The study was inadequately
powered to examine the role of race/
ethnicity in attrition and treatment
response. The findings from this
study are limited to children admitted
to the hospital with a TBI who had
recovered sufficiently within the first
7 months to participate in study
procedures.

In summary, results support the
utility of problem-solving therapy in
improving functional outcomes after
TBI, particularly for youth of lower
SES. CAPS may be a useful adjunct to
standard follow-up for TBI and could
be readily integrated into ongoing
care. Further research is needed to
determine the optimal timing and
intensity of intervention and who is
most likely to benefit from more
intensive approaches.
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FIGURE 3
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contrasts indicate a significant group difference between the low-education CAPS and IRC groups at
visit 4: t(351) = 22.20, P = .03.
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