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Long-Term School Outcomes of
Children and Adolescents With
Traumatic Brain Injury

Mary R. Prasad, PhD; Paul R. Swank, PhD; Linda Ewing-Cobbs, PhD

Objective: To better understand the impact of age at injury, severity of injury, and time since injury on long-term
school outcomes of children with traumatic brain injury (TBI). Participants: Four groups of children: complicated
mild/moderate TBI (n = 23), severe TBI (n = 56), orthopedic injury (n = 35), and healthy controls (n = 42).
Children with TBI were either 2 years postinjury or 6 years postinjury. Design: Cross-sectional design. Measures:
School records as well as parental ratings of functional academic skills and school competency. Results: Children
with severe TBI had consistently high usage of school services and low school competency ratings than children
with orthopedic injuries and healthy controls. In contrast, children with complicated-mild/moderate TBI were
significantly more likely to receive school support services and have lower competence ratings at 6 years than at 2
years postinjury. Students injured at younger ages had lower functional academic skill ratings than those injured at
older ages. Conclusions: These findings highlight the increasing academic challenges faced over time by students
with complicated-mild/moderate TBI and the vulnerability of younger children to poorer development of functional
academic skills. Key words: children, school outcomes, special education, traumatic brain injury

TRAUMATIC BRAIN INJURY (TBI) is a leading
cause of death and disability in childhood. Each

year in the United States, approximately 475 000 chil-
dren younger than 14 years sustain a TBI1 and approx-
imately 30 000 have long-term disabilities.2 Traumatic
brain injury is viewed as a chronic disease process that
initiates ongoing and possibly lifelong changes that af-
fect multiple organ systems.3 Common consequences
of moderate to severe pediatric TBI include chronic,
often lifelong, impairments in cognition, psychologi-
cal health, adaptive behavior, and academic function-
ing. Academic functioning is particularly important
to health-related quality of life because mastering the
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school curriculum is one of the major developmen-
tal tasks of childhood. Functional academic deficits
often emerge long-term following significant TBI and
are characterized by poor school performance, high
rates of grade retention, and receipt of special aca-
demic support services.4,5 In this article, we examine
long-term academic outcomes in children with a range
of TBI severity using a prospective, multidimensional
approach.

TIME SINCE INJURY, SEVERITY OF TBI, AND
AGE AT INJURY

Academic deficits, which are among the most signifi-
cant and pervasive areas of difficulty after pediatric TBI,
are influenced by injury-related variables such as the
time since injury, severity of injury, and age at injury.
During the initial 6 months after TBI, core academic
skills are commonly reduced in children with a wide
range of injury severity. Difficulties have been reported
in virtually all academic areas evaluated, including read-
ing, mathematics, and written language in children with
TBI as compared with children with orthopedic injuries
or healthy children.6–8 Although some initial improve-
ment in core academic skills typically occurs during the
first 6 to 12 months after injury, longitudinal studies
indicate a persistent deficit in academic skills from 1 to
5 years postinjury.4,5,9 Although children with TBI de-
velop new skills, these skills develop more slowly and
often do not catch up to skills of healthy children.
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Parent and teacher ratings of academic competence also
indicate significant long-term reduction in everyday aca-
demic performance.4,10–12

In addition to disruption of core academic skills,
greater injury severity is associated with increased ini-
tiation of school support services.10 Ewing-Cobbs and
colleagues4 found that only 21% of severely injured
school-aged children and adolescents received a regular
education curriculum and were promoted each year de-
spite most having generally average achievement scores.
In a recent 1-year follow-up study, 45% of children with
moderate and severe TBI and 6% of children with mild
TBI group received new school support services under
federal statutes.13 Glang and colleagues14 found that
25% of school-aged students with mild-moderate and se-
vere TBI received formal special education services upon
return to school and that another 41% received informal
school supports. At an extended follow-up, 4 years after
injury, special education services were received in 50% of
children with severe TBI, 14% of children with moder-
ate TBI, and 10% of children with orthopedic injuries.12

Informal academic accommodations were provided for
an additional 31% to 62% of the same groups.12 These
rates of new educational support services are very high,
particularly in light of the view in the educational com-
munity that TBI is a low-incidence disability.15,16

Very little is known about the impact of age at injury
on academic outcomes. Young age at injury does not ap-
pear to confer any advantage relative to older age at in-
jury for either academic skill development or functional
academic performance. Infants and toddlers who sus-
tained moderate to severe TBI and were followed for 5
to 8 years after injury showed significantly lower reading
and math scores relative to a healthy comparison group.
Nearly 50% of the injured children had been retained
and/or required placement in self-contained special ed-
ucation classrooms. The odds of unfavorable academic
performance were 18 times higher for young children
with TBI than for healthy comparison children.6 In chil-
dren aged 3 to 6 years at injury, severe TBI was associated
with lower scores than moderate TBI and orthopedic
injury groups on measures of applied mathematical rea-
soning and school readiness at both postacute and 1
year follow-up evaluations.7,8

ACADEMIC SUPPORT SERVICES AFTER TBI

Two different laws regulate receipt of academic ser-
vices. In 1990, reauthorization of the Individuals With
Disabilities Education Act specifically mandated TBI as
a qualifying condition for receipt of a free and appro-
priate public education. Despite this federal mandate,
relatively few students are served under this qualifying
condition. The majority who do receive services had
relatively severe injuries and received hospital-school

transition supports.14 The second law, Section 504 of
the Rehabilitation Act of 1973, is civil rights legislation
requiring schools to eliminate barriers that prevent stu-
dents from full participation in the general curriculum.
Section 504 protects students who have a disability, have
a record of disability, or are treated as having a disability
from discrimination. Section 504 does not require as-
sessment of suspected areas of disability or a structured
educational plan, and there are fewer protections and
procedural safeguards. Despite the provision of formal
and informal educational supports, many children with
TBI have serious functional deficits in everyday perfor-
mance that limit educational attainment, psychological
adjustment, and eventual vocational opportunities.

RATIONALE AND HYPOTHESES

Although it appears that long-term school outcome
for children with complicated-mild, moderate, and se-
vere TBI is unfavorable, it is unclear whether children
injured in infancy or early childhood fare worse than
those injured during school age or adolescence. This
study sought to better understand the impact of age at
injury, severity of injury, and time since injury on long-
term school outcomes by including children injured in
infancy and early childhood as well as those injured
in later childhood and adolescence. This study is the
first to compare school outcome of children injured in
early childhood with those injured in later childhood
and adolescence. Because of this wide span of age at
injury (from 2 months to 15 years), children from 2 dif-
ferent age at injury cohorts were recruited for this study.
To better delineate school outcomes, academic records
were obtained directly from the children’s school. In ad-
dition to school records, academic functioning was as-
sessed through parental ratings of functional academic
skills and school competency. School outcomes for chil-
dren with TBI were compared with school outcomes
for children with orthopedic injuries as well as healthy
children from the community. We hypothesized that
children with severe TBI, injured at young ages, would
have higher rates of school support services and lower
academic competencies.

METHODS

Participants

Participants in this study included 4 groups of
children: complicated -mild/moderate TBI, severe TBI,
orthopedic injuries, and healthy children from the
community. All participants were recruited from 1 of
2 cohorts: a longitudinal study from 1994 to 1998
and a prospective study from 2004 to 2007. Children
in the first cohort ranged in age from 2 months to 6
years at the time of injury. Participants in the second
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cohort ranged in age from 8 years to 15 years at the
time of injury. Participants with orthopedic injuries
were recruited only in the second cohort (2004-2007).
Participants with TBI or orthopedic injuries were
hospitalized at Children’s Memorial Hermann Hospital
or Texas Children’s Hospital in Houston, Texas.
Inclusionary criteria for children with TBI were the
same for both cohorts: (1) complicated-mild, moderate,
or severe TBI, (2) no known premorbid neurologic,
metabolic, or major psychiatric disorder, (3) no history
of prior TBI, and (4) gestational age of 32 weeks or
more. A total of 99 children with TBI participated in
the long-term outcome components of both cohorts.
Of that sample, 4 were lost to follow-up, one was
ineligible to participate in the study because of severe
cognitive limitations, and 1 withdrew. Of the remaining
93 children with TBI, school records and parent ratings
of academic functioning were obtained on 79 children.
The participants with TBI in this study did not signif-
icantly differ in age at injury, gender, socioeconomic
status (SES), or injury severity from the 14 children
who were not included in this study (P > .20). Within
the TBI group, 2 participants were diagnosed with
attention-deficit/hyperactivity disorder prior to the
injury and were receiving medication. No participant
was receiving special education services prior to the TBI.

The severity of TBI was determined using the lowest
postresuscitation Glasgow Coma Scale score.17 The
motor and verbal scales were modified to be develop-
mentally appropriate for children from birth through
35 months of age.6 Injury severity was further classified
using acute computed tomographic or brain magnetic
resonance imaging findings as follows.18 Complicated
mild was defined as lowest postresuscitation Glasgow
Coma Scale scores from 13 to 15 with neuroimaging
evidence of parenchymal injury. Moderate and severe
TBI consisted of lowest postresuscitation Glasgow
Coma Scale scores from 9 to 12 and 3 to 8, respectively,
regardless of imaging findings. Because of the small
number of children with complicated-mild TBI and
the similarity in outcomes following complicated-mild
and moderate TBI,18 data from these 3 children were
combined with data for children with moderate TBI,
creating a combined complicated-mild/moderate TBI
group.

The orthopedic comparison group was recruited dur-
ing their hospitalization (2004-2007) and their school
records were obtained 2 years after their enrollment in
the study. Children with orthopedic injuries were ex-
cluded from the study if they sustained injuries sug-
gestive of head injury such as facial bruising or facial
fractures or exhibited any alteration in consciousness or
symptoms of concussion. Of the 35 children with ortho-
pedic injuries enrolled in the study, 28 children partic-
ipated in the current school outcomes study. Children

with orthopedic injuries were included to account for
possible preinjury demographic factors, as well as the
stresses associated with injury and hospitalization, that
may influence outcomes.

Healthy children were recruited in both cohorts
(1994-1998 and 2004-2007). Age at enrollment ranged
from 2 months to 16 years (n = 42). These children were
recruited from advertisements at local libraries, daycares,
and well child programs in the community. Children in
both the orthopedic and healthy comparison groups met
inclusionary criteria of 2 to 4 as described previously for
the TBI samples. Socioeconomic status was assessed us-
ing the Hollingshead Four Factor Scale.19 Demographic
and injury variables for the 4 groups are presented in
Table 1.

Written informed consent to participate was obtained
from the children’s guardians. The protocol was ap-
proved by the institutional review board at each medical
school and affiliated hospital. Information regarding the
child’s school functioning was obtained from parental
report and school records. Child oral assent was ob-
tained for participants 6 years of age and older. Written
assent was obtained for children 8 years and older.

Measures

School services

School records were released directly from the schools
to the study by parental consent. School records were
obtained for children in the first cohort 6 years after
their enrollment in the study and for the second co-
hort at approximately 2 years postenrollment. Schools
records were coded to reflect the presence or absence of
the following variables: formal placement in special edu-
cation; self-contained classroom (child is removed from
the general education curriculum and placed in a class-
room with remedial assistance); pullout services, some-
times referred to as content mastery (small classroom
setting with additional instruction); classroom accom-
modations (ie, extended time for examinations, reduced
work); tutorial assistance at school, reading intervention
(Tier II/small group instruction); and grade repetition.
If the child received any of these support services or
repeated a grade, then the dichotomous school services
outcome variable was coded as present or “1.” Partic-
ipants who did not receive any services, accommoda-
tions, and who did not repeat a grade were coded as
“0.”

Parent ratings

Child Behavior Checklist (CBCL)20: School Competence

This subscale is composed of parental ratings of the
child’s performance on several academic subjects and
also includes whether the child is in a special class,
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TABLE 1 Comparison of demographic variables by group

Traumatic brain injury groups Comparison groups

Complicated-mild/
moderate (n = 23)

Severe
(n = 56)

Orthopedic
(n = 28)

Healthy
(n = 42)

Months of age at injury,
M (SD)

106.78 (56.58) 109.94 (48.35) 124.18 (34.85) NA

Months of age at
follow-up, M (SD)

158.64 (37.68) 156.34 (40.10) 149.55 (35.14) 142.80 (49.98)

Glasgow Coma
Scale—lowest, M
(SD)

10.83 (3.02) 4.05 (1.92) NA NA

Gender, Female/male 10/13a 9/47a 12/16 19/23
Ethnicity (n)

African American 0 6 7 9
Asian 1 1 2 1
Latina/o 3 15 7 4
White 17 33 11 25
Other/multiethnic 2 1 1 3

Socioeconomic
background, M (SD)

36.65 (12.33)b 38.05 (13.15)b 42.32 (14.21) 48.00 (13.02)b

Abbreviations: M, mean; NA, not applicable; SD, standard deviation.
aP < .05. Severe traumatic brain injury versus complicated-mild/moderate.
bP < .01. Healthy comparison group versus complicated-mild/moderate traumatic brain injury and severe traumatic brain injury.

repeated 1 or more grades, and has other academic
problems. This scale yields a T score with a mean of
50 and a standard deviation of 10; higher scores indi-
cate better academic competence.

Adaptive Behavior Assessment System-II21: Functional
Academics subscale

This 23-item scale is completed by the parent and
assesses use of basic reading, writing, and mathematics
skills in everyday settings such as telling time, writing
letters, measuring, and using money correctly. It yields
a scaled score with a mean of 10 and standard deviation
of 3; higher scores indicate better functional academic
skills.

Statistical approach

We first assessed the bivariate relations among group
(complicated-mild/moderate TBI, severe TBI, orthope-
dic controls, and healthy comparison) and school sup-
port services. Chi-square analyses were conducted to
assess significant differences across the 4 groups for the
dichotomous school support variable and for each of
the support services individually.

For children with TBI, the bivariate relations between
injury variables and school support services were subse-
quently analyzed. The relation of injury severity, age at
injury, time since injury, and their interactions with the
dichotomous support services was examined using a gen-
eralized linear model (GLM) using logit link function.

Gender and SES were examined as covariates. Pearson
product moment correlations were also conducted.

To evaluate school competency and functional aca-
demic skill outcomes across the 4 groups, a GLM was
used to examine the effect of group with gender and
SES as covariates. To evaluate these outcomes in rela-
tion to injury variables in children with TBI, a GLM
was used to examine the relation of age at injury, in-
jury severity (complicated-mild/moderate versus severe),
time since injury, and their interactions on school com-
petency and functional academic skills. Multicollinear-
ity was assessed using variance inflation factors. Variance
inflation factor was less than 2 for all predictors, indi-
cating that multicollinearity is not a significant factor in
these models.

RESULTS

Demographic and injury variables

The 4 groups (complicated-mild/moderate TBI, se-
vere TBI, orthopedic controls, and healthy controls) did
not differ in age at the time of assessment of school
outcomes (F3,145 = 1.21, P = .31), nor were there sig-
nificant group differences for ethnicity (χ2

12, N = 149 =
18.80, P = .09). Although the groups did not signifi-
cantly differ in ethnicity, there are a high number of
children of Latino descent in the severe TBI group. The
groups differed in gender with the severe TBI group hav-
ing significantly fewer females than males (χ2

3, N = 149 =
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12.35, P = .0063). Significant group differences were
noted on SES; the healthy comparison group had
significantly higher than the 2 TBI groups (F3,147 = 5.66,
P = .001).

Within the TBI group, children with complicated-
mild/moderate TBI and children with severe TBI did
not differ significantly in age at injury, time since in-
jury, ethnicity, age at assessment, and SES (see Table 1).
There was a significant gender difference with the
severe group having a higher number of males than the
complicated-mild/moderate group (χ2

1, N = 79 = 4.80,
P = .02). Children with TBI in the first cohort (1994-
1998) did not differ from those in the second (2004-
2007) in injury severity or age whose school records were
assessed. Comparing children with TBI whose records
were assessed at the 2-year time point versus the 6-year
time point revealed that children assessed at the 6-year
time point were significantly younger at age at injury
than those assessed at the 2-year time point (F1,81 =
45.08, P < .0001). This difference in age at injury oc-
curred because school outcomes of children injured at
very young ages (3 years of age and younger) cannot be
assessed until several years after their injury when they
are in school.

School support services

Children with TBI and comparison groups

The dichotomous outcome variable reflecting receipt
of any school support services differed significantly
across groups (χ2

3, N = 149 = 37.48, P < .0001; ϕc =
0.50). The children with severe TBI received significantly
more services than those in the orthopedic and healthy
comparison groups. The number of children receiving
different types of services and findings of significant cell-
type χ2 comparing rates across the groups as well as odds
ratios are provided in Table 2. Healthy children from the
community and children with orthopedic injuries had
very low rates of school support services.

Chi-square analyses were also run for each of the
school support services. Significant group differences
were found for the following variables: special education
plan (χ2

3, N = 149 = 25.88, P < .0001; ϕc = 0.42); class-
room accommodations/modifications (χ2

3, N = 149 =
28.27, P < .0001; ϕc = 51); pullout services (χ2

3, N = 149

= 10.54, P = .01; ϕc = 0.27); tutoring at school
(χ2

3, N = 149 = 16.22, P = .001; ϕc = 0.33); read-
ing intervention (χ2

3, N = 149 = 15.43, P = .0015;
ϕc = 0.32); and grade repetition (χ2

3, N = 149 = 12.24,

TABLE 2 Number of children receiving school services and parent ratings by group

Traumatic brain
injury groups Comparison groups

Complicated-
mild/moderate Severe Orthopedic Healthy

Severe TBI versus
healthy

comparison

School support services,
n (%) n = 23 n = 56 n = 28 n = 42

Odds ratio, 95%
confidence

interval

Any support servicea 15 (65) 40 (71) 7 (25) 7 (17) 12.50 (4.61-33.89)
Special education plana 5 (22) 20 (35) 1 (3) 0 47.74 (2.79-817.19)
Self-contained classroom 0 4 (7) 0 0 7.28 (0.38-139.15)
Classroom
accommodationsa

7 (30) 24 (43) 3 (11) 0 64.08
(3.75-1093.44)

Pullout servicesa 3 (13) 10 (18) 1 (4) 0 19.19 (1.09-337.64)
Tutoring at schoola 6 (26) 21 (38) 4 (14) 2 (5) 12.60 (2.76-57.50)
Reading interventiona 5 (22) 13 (23) 1 (4) 0 26.38 (1.52-457.96)
Grade repetitiona 6 (26) 11 (20) 1 (4) 1 (2) 10.02 (1.24-81.06)

Parent ratings, M (SD) Effect sizes

Cohen d
Functional academicsb 9.7 (3.4) 8.8 (3.8) 9.5 (3.0) 11.8 (1.9) −0.99
School competencec,d 42.2 (10.8) 41.8 (9.1) 47.3 (7.3) 50.6 (6.2) −0.99

Abbreviation: TBI, traumatic brain injury.
aCell-type χ2 P < .01 for severe TBI versus healthy comparison group.
bTukey HSD test: Healthy comparison group > Orthopedic and severe TBI.
cTukey HSD test: Healthy comparison group > Both TBI groups.
dTukey HSD test: Orthopedic > Severe TBI.

Copyright © 2017 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

D
ow

nloaded from
 by B

hD
M

f5eP
H

K
bH

4T
T

Im
qenV

A
+

lpW
IIB

vonhQ
l60E

tgtdlLY
rLzS

P
u+

hU
apV

K
5dvm

s8 on 09/09/2024



Long-Term School Outcomes of Children and Adolescents With Traumatic Brain Injury E29

P = .007; ϕc = 0.29). As indicated in Table 2, chil-
dren with severe TBI had higher rates of school ser-
vices than children from the healthy comparison group;
rates of school services did not differ significantly for
the complicated-mild/moderate and severe TBI groups.
Significant group differences were not found for self-
contained placement; only 4 children with severe TBI
were educated in self-contained classrooms. It should
be noted that no participant in this study had a Sec-
tion 504 plan at the time of the study as most re-
ceived formal services through a plan or had informal
accommodations.

Children with TBI

Pearson product moment correlations examined
the relation of time since injury and at age at injury
with school supports. Time since injury was positively
correlated with reading intervention (r = 0.22, P =
.049) for children with TBI. That is, the further
out from injury, the greater the number of students
with TBI who received reading intervention services.
Placement in a self-contained classroom half-time was
also positively correlated with time since injury (r =
0.23, P = .0437) and negatively correlated with age
at injury (r = −.26, P = .0187). Therefore, greater
time since injury and younger age at injury were
associated with being in self-contained classroom for
half-time.

Generalized linear model analyses were initially per-
formed covarying for gender and SES. Neither covari-
ate was significantly related to the dichotomous school
support services outcome and their inclusion did not
alter the results. Therefore, we report the results with-
out gender and SES as covariates (final models are pre-
sented in Supplemental Digital Content 1, available
at: http://links.lww.com/JHTR/A166). The GLM with
logit link function did not find a significant 3-way in-
teraction for age at injury, time since injury, and in-
jury severity for students with TBI, and this interaction
was dropped from the model. However, a significant

2-way interaction was found for time since injury by
injury severity (χ2

1, N = 79 = 4.13, P = .0421) after con-
trolling for age at injury. Plotting the interaction (see
Figure 1) revealed that the percentage of children with
severe TBI who received school services did not vary by
time since injury. However, children with complicated-
mild/moderate injuries were less likely to receive school
support services when they were closer in time to the
injury than children who were further in time from the
injury. Students with complicated-mild/moderate TBI
who were further in time from the injury had compara-
ble rates of school support services as those with severe
TBI.

Parent ratings of academic competence

Children with TBI and comparison groups

Significant group differences were found on both the
ABAS functional academic scale (F3,136 = 6.93, P =
.0002; R2 = 0.13) and the CBCL school competency
scale (F3,141 = 10.14, P = .0001; R2 = 0.18). Follow-up
Tukey pairwise comparisons revealed that children with
severe TBI were rated as having lower functional aca-
demic scores on the ABAS than children in the healthy
comparison group (P < .05 corrected). For school com-
petency on the CBCL, follow-up Tukey pairwise com-
parisons revealed that the healthy comparison group
significantly differed from children with moderate TBI
as well as children with severe TBI. The orthopedic in-
jury group also differed from children with severe TBI
(P < .05 corrected).

Children with TBI

For GLM analyses examining the parent ratings for
children with TBI, neither gender nor SES was signif-
icantly related to outcomes and they were trimmed
from each model. The 3-way interaction among age
at injury, time since injury, and injury severity was
not significant and was also trimmed from each
model.

Figure 1. Likelihood of school services and time since injury. CM indicates complicated mild.
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Figure 2. School services by injury severity. CM indicates
complicated mild.

For the ABAS functional academic scale, none of the
2-way interactions was significant and they were also
dropped (all P > .15). The main effect for age at in-
jury was significant; children injured at younger ages
had lower scores (F1,69 = 6.04, P = .02; ηp

2 = 0.08).
For ratings of school competency (CBCL), only the in-
teraction of time since injury and injury severity was
significant (F1,68 = 4.41, P = .04; ηp

2 = 0.06) after
controlling for age at injury. Plotting the interaction
indicated that students with less time since injury who
had complicated-mild/moderate TBI had higher school
competency ratings than students with more time since
injury (see Figure 2). Time since injury was not signifi-
cantly related to school competency for those with se-
vere TBI.

DISCUSSION

The results of this cross-sectional study highlight the
long-term educational challenges facing children with
TBI. As predicted, we found that children with TBI
have higher rates of school support services than stu-
dents with orthopedic injuries and healthy comparison
children. Students with severe TBI had high rates of
educational support services, regardless of age at in-
jury or time since injury. An unexpected finding was
the disparity in the provision of educational services
between students with complicated-mild/moderate and
severe TBI. Children with complicated-mild/moderate
TBI were less likely to receive educational services at
2 years postinjury than children with severe TBI; how-
ever, those assessed at an average of 6 years postinjury
had comparable levels of educational services to stu-
dents with severe TBI at the same time point. That is,
the complicated-mild/moderate TBI group that was fur-
ther from injury had much higher rates of school-based
services than those who were 2 years postinjury. Data re-
garding school services mirror parental ratings of school

competency and academic performance metrics such as
grades and retention. Parental ratings of school compe-
tency were significantly related to time since injury for
children with complicated-mild/moderate TBI; the co-
hort that was assessed at the later time point had lower
competency than those assessed at 2 years postinjury.

For children with complicated-mild/moderate TBI,
educational issues may be increasingly evident as they
age and more demands are placed upon them. These
findings are consistent with previous studies that have
found that children with TBI are at high risk for falling
further behind their peers as they age.5,9,22,23 The lower
rates of educational support services for children with
complicated-mild/moderate TBI at 2 years postinjury
raises concerns about underidentification of educational
needs for students with less severe TBI.

Based on previous research indicating younger chil-
dren are more vulnerable to the deleterious effects of
TBI,6,24 we predicted that children injured at younger
ages would have greater educational services than chil-
dren injured at older ages. We found that younger age at
injury was associated with placement in a self-contained
classroom, which is an educational setting for children
with significant disabilities who cannot be appropriately
educated in a less restrictive regular classroom setting.
Younger age at injury was associated with lower func-
tional academic skills based on parental ratings of basic
reading, writing, and math skills.

Previous studies have found generally favorable re-
covery of basic academic skills on standardized tests
but poor school outcomes, such as grade retention
and poor grades.4,9,25 Although academic performance
may decline over time, de novo placements in spe-
cial education occur infrequently after the first year
postinjury.12 Therefore, inadequate monitoring of chil-
dren’s academic progress during the first several years
after injury represents a barrier to accessing appropriate
supports. The longer the interval between the injury and
identification of academic problems, the less likely that
educational and medical providers will connect the TBI
to the academic difficulties and initiate services to which
the child may be eligible under federal statutes.

In studies, such as this one and those by Taylor et al,26

Glang et al,14 and Rivara et al,13 the high rates of school
support services for students with TBI are contrary to
the view that TBI is a low-incidence disability in school
settings.14 Participants in this study were enrolled in lon-
gitudinal studies of outcome from TBI in children. As
part of their participation in those studies, the parents
received interval reports about their child’s functioning
and recommendations for services or accommodations
at school. These reports may have aided parents in iden-
tifying their child’s educational needs and provided a
means by which they could advocate for educational
services. Therefore, it is likely that this study may over-

Copyright © 2017 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.
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estimate educational services typically provided to stu-
dents with TBI. Most families do not have the benefit
of ongoing contact with healthcare professionals who
are knowledgeable about TBI. Schools rely primarily on
parental information regarding TBI and often do not re-
ceive information from healthcare providers about the
long-term effects of TBI on the child’s cognitive, social,
and academic functioning.11 Most parents are not well
informed about the possible long-term sequelae of TBI
and as such, do not advocate for services for their chil-
dren until the child experiences academic failure or so-
cial rejection.27 Educating parents about the long-term
impairments experienced by children with TBI often
falls to healthcare professionals, such as pediatricians.11

The low rates of special education services for students
with TBI relative to the fairly high incidence14 suggest
that healthcare providers may be unfamiliar with the
long-term sequelae of TBI and the educational rights of
students with TBI.

Limitations of the current study include its cross-
sectional design. A longitudinal study of school out-
comes would allow for examination of changes in ed-
ucational services overtime. Although it appears that
children with complicated-mild/moderate TBI have an
increase in school services by 6 years postinjury, with-
out following their school trajectory overtime, no con-
clusions can be drawn about change in services over-
time. To assess the impact of early age at injury on
school outcomes, children injured in early childhood
had much longer time since injury than those injured
in later childhood. It is not possible to assess school
functioning in children who are not yet of school age;
therefore, their follow-up period was much longer than
their older counterparts. To address the question of age

at injury on school outcome, children who participate
in this study hailed from 2 different ongoing research
studies or 2 cohorts. It would be ideal to be able to
follow children injured in infancy through late adoles-
cence; however, the reality of research funding makes
it improbable to do so. Although there may be un-
known cohort differences, these cohort differences are
not likely to have influenced findings related to injury
severity. An additional issue for this study is that school
records from students without TBI were obtained at
the 2-year time point. Long-term follow-up of school
outcomes of typically developing children and children
with orthopedic injuries is needed to better understand
how school outcomes for students with TBI differ. Al-
though school records were obtained, we were not able
to acquire ratings from teachers regarding the students’
school competences. Teachers may differ from parents
in how they view the academic capabilities of their stu-
dents. Similar to other studies of children with TBI,
this study has a small sample size that reduces statistical
power to identify significant findings. The small sam-
ple size likely reduced the ability to detect the interac-
tion among age at injury, injury severity, and time since
injury.

CONCLUSION

This study highlights the increasing vulnerability of
children with complicated-mild/moderate TBI to poor
long-term academic outcomes. Long-term monitoring
of educational performance and service delivery is es-
sential for children across the spectrum of TBI severity.
Future studies addressing barriers to educational services
and efficacy of educational supports are needed.
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