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ABSTRACT

OBJECTIVE: The aims of this study were: (1) to characterize mild traumatic brain injury
(mTBI), mTBI with skull fracture, and complicated mTBI in school-aged children seen at
a Level I pediatric trauma center and (2) to examine the nature of imaging findings seen
in children with mTBI with skull fracture and those with complicated mTBI.
METHODS: A total of 1777 pediatric patients (male: 1193 or 67.1%; age = 11.1 § 3.5 years) sus-
taining mTBI who presented to the Emergency Department or directly to the trauma service in
the years 2010 to 2013 were identified and classified into mTBI (n = 1,319 or 74.2%), mTBI with
skull fracture (n = 127 or 7.2%), and complicated mTBI (n = 331 or 18.6%). Patient characteristics
and imaging findings were analyzed using descriptive statistics, Pearson's x2 test, Fisher's exact
test, and logistic regression analysis.
RESULTS: In children with complicated mTBI, subdural hematoma (36.9%) was the most
common finding. Of the 331 children with complicated mTBI, 241 (72.8%) had multiple
findings compared with one (0.8%) of 127 children having mTBI with skull fracture (Fish-
er's exact P < 0.001), with logistic regression analysis revealing younger age as a poten-
tial risk factor (P < 0.01). Children sustaining a depressed or complex skull fracture
were nearly twice as likely as those with simple, linear skull fracture to have intracranial
abnormality.
CONCLUSIONS: Multiple radiographic findings in children sustaining mTBI with skull fracture
or complicated mTBI are prevalent (72.8%), with younger age as a potential risk factor.

© 2018 Elsevier Inc. All rights reserved.
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Introduction

Traumatic brain injury (TBI) can be classified based on its
severity from mild to severe. TBI is defined as mild TBI
(mTBI), if the Glasgow Coma Scale (GCS) within 24 hours of
injury is 13 to 15, the duration of loss of consciousness (LOC)
is less than 30 minutes, and the duration of post-traumatic
amnesia (PTA) is less than 24 hours.1 mTBI is often further
characterized as complicated mTBI by researchers if there is
radiographic evidence of abnormality, such as a depressed
skull fracture or other trauma-related intracranial abnormality
(e.g., hemorrhage, contusion, and edema).2,3 Other researchers
have omitted skull fracture as a criterion in designating an
injury as complicated or uncomplicated.2 According to a
recent report from the Centers for Disease Control (CDC),4 the
incidence of complicated mTBI in pediatric cohorts presenting
to Emergency Departments (ED) or other acute care settings
is estimated to be approximately 7.5%.

Although research on mTBI has received increased
attention in recent years there have been no recent
reports describing the potential burden of complicated
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mTBI that are presenting to Level I pediatric trauma cen-
ters. The primary objective of this study was to report on
epidemiology of mTBI, mTBI with skull fracture, and com-
plicated mTBI in school-aged children seen at a Level I
pediatric trauma center over a 4-year period. The second-
ary objective was to examine the nature of imaging find-
ings seen in children with mTBI with skull fracture and
those with complicated mTBI.

Methods

The governing institution's Institutional Review Board (IRB)
approved all study procedures described herein. We included
patients with all forms of mTBI who presented to the ED or directly
to the trauma service in the years 2010 to 2013. Subjects were iden-
tified via two methods. First, they were searched using a trauma
registry. Enrollment into the trauma registry occurs when a child is
admitted to the hospital with any blunt, penetrating, or burn injury,
or is transferred by Emergency Medical Services from another hospi-
tal to our institution for traumatic injuries, even if subsequently dis-
charged from the ED. Search criteria from this registry included: age
five to 18 years at the time of injury, any head injury diagnosis code
(ICD-9), and arrival GCS of 13 to 15. Second, additional subjects
were identified who presented to the ED but were not admitted to
the trauma service. Search criteria from this group included: age
five to 18 years at the time of injury, any concussion diagnosis code
(ICD-9 850.x), and were not admitted to the trauma service.

Once these two cohorts were identified, basic demographic varia-
bles were retrieved, and chart reviews were carried out to identify if
CT or MRI brain imaging studies were obtained, followed by a
detailed categorization of relevant findings, if any, on such studies.
The actual images were not reviewed, but rather the imaging
reports were examined by trained pediatric neuroradiologists. If
imaging reports noted hemorrhagic contusion but without a size
noted, author CH, who has several years of experience reviewing
imaging studies of TBI patients, personally viewed the study to
make a size determination. Based on this information, subjects were
classified into one of three categories: (1) mTBI, (2) mTBI with skull
fracture only, and (3) complicated mTBI.

Subjects were assigned to the mTBI group, if they had no imag-
ing study done, or if an imaging study was done and found to be
negative for any traumatic injuries. The mTBI with skull fracture
only group had any combination of a linear non-depressed skull
fracture, depressed skull fracture, or a skull fracture described as
complex or comminuted. In addition, subjects in this group could
not have any described intracranial abnormalities. Lastly, subjects in
the complicated mTBI group had any combination of the following:
hemorrhagic contusion, hemorrhagic shear or axonal injury, trau-
matic subarachnoid hemorrhage, subdural hematoma, epidural
hematoma, extra-axial hematoma, or cerebral edema. If a subject
had skull fracture plus any of the aforementioned intracranial find-
ings, he/she was classified as complicated mTBI. Additional charac-
terization of these respective intracranial findings was made,
including relative number, size, and distribution of such findings.
TABLE 1.
Demographics of Children With Mild Traumatic Brain Injury

mTBI mTBI w
Variable 1,319 (74.2) 127 (7

Gender Male 878 (66.6) 93 (73
Female 441 (34.3) 34 (26

Age [mean (SD)] 11.5 (3.5) 9.8 (3.

Abbreviation: mTBI: mild traumatic brain injury.
Values are frequency (%) unless specified otherwise.

a From Pearson's x2 test.
b From one-way analysis of variance.
Descriptive statistics were calculated for patient demographics as
well as the characteristics for concussion diagnosis. Pearson's x2 test
and a one-way analysis of variance (ANOVA) were performed to
compare patient characteristics by mTBI classification. Furthermore,
Pearson's x2 test and Fisher's exact test were used to examine sub-
categories of imaging findings in children with mTBI with skull frac-
ture and those with complicated mTBI, including proportion of
children with a simple linear nondepressed skull fracture versus
proportion of children with either a depressed skull fragment or
more complex or comminuted fracture fragments, and hemorrhagic
contusion by location and size. A logistic regression analysis with
the calculations of an odds ratio (OR) and its 95% confidence interval
(CI) was conducted to examine the association of age and gender on
the presence of multiple findings in radiographic studies among
these two mTBI groups. Lastly, the relationship between type of
skull fracture (skull fracture linear or nondepressed vs. skull fracture
depressed or skull fracture complex/comminuted nondepressed) and
mTBI diagnosis was analyzed using Pearson's x2 test with a calcula-
tion of an OR and its 95% CI.
Results

A total of 1777 subjects were identified and analyzed
for this study (male: 1193 or 67.1%; age = 11.1 § 3.5
years). Imaging was completed for 1268 of 1777 cases
(71.4%). Of those with imaging done, three had a CT orig-
inally after the trauma, followed by an additional, follow-
up MRI, nine had an MRI only without a prior CT, and
the rest (1256 patients) had a CT scan only. Table 1 sum-
marizes demographic variables by mTBI group. Of all the
subjects, 1319 (74.2%) were classified as mTBI, 127 (7.2%)
as mTBI with skull fracture, and 331 (18.6%) as compli-
cated mTBI. There was no significant association between
gender and mTBI classification (x2 = 2.33, P = 0.312). On
the other hand, age was significantly different among the
mTBI groups (F = 23.16, P < 0.001). The post hoc tests
with the Bonferroni correction revealed that the mTBI
group (11.5 § 3.5 years) was significantly older than the
mTBI with skull fracture group (9.8 § 3.0 years, P <
0.001) and the complicated mTBI group (10.4 § 3.4 years,
P < 0.001).

Of the children sustaining mTBI with skull fracture
(n = 127), 74.0% had a simple linear skull fracture, 11.8%
had a depressed skull fracture, and 14.2% had a complex
or comminuted skull fracture which was nondepressed
(Fig 1). The proportion of children with a simple linear
skull fracture was significantly greater than that of chil-
dren with a depressed skull or a complex or comminuted
skull fracture (x2 = 96.69, P < 0.001).
mTBI Classification (N = 1,777)

ith Skull Fracture Complicated mTBI
.2) 331 (18.6) p

.2) 222 (67.1) 0.312a

.8) 109 (32.9)
0) 10.4 (3.4) < 0.001b



FIGURE 1.
Imaging summary of children sustaining mild traumatic brain injury
with skull fracture (n = 127).
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For the complicated mTBI cohort, the pattern and rela-
tive distribution of imaging findings are summarized in
Table 2. The single most common radiographic finding
was subdural hematoma at 36.9%. Hemorrhagic contusion
(single focus = 23.0%, multiple foci = 13.9%), extra-axial
hematoma (21.1%), epidural hematoma (19.3%), and trau-
matic subarachnoid hemorrhage (18.7%) were relatively
common findings, while cerebral edema (5.1%) and hem-
orrhagic shear or axonal injury (3.0%) were uncommon.
Among children with a single contusion (n = 76), the
most common location was the frontal lobe (51.3%), fol-
lowed by the temporal lobe (28.9%), the parietal lobe
(13.2%), and the occipital lobe (1.3%). Of all single hemor-
rhagic contusions, 57.9% and 42.1% were greater than 5
mm and less than or equal to 5 mm, respectively. There
was no significant association between size and location
with respect to single hemorrhagic contusion (Fisher's
exact P = 0.326, Fig 2). Findings of hemorrhagic contusion
in more than one location (i.e., hemorrhagic contusion:
TABLE 2.
Imaging Summary of Children With Complicated Mild Traumatic Brain Injury
(n = 331)

Finding Frequency %

Hemorrhagic contusion: single 76 23.0
Frontal 39 51.3a

Temporal 22 28.9a

Parietal 10 13.2a

Occipital 1 1.3a

Other 4 5.3a

Hemorrhagic contusion: multiple 46 13.9
Frontal 34 73.9b

Temporal 27 58.7b

Parietal 8 17.4b

Occipital 1 2.2b

Other 1 2.2b

Hemorrhagic shear or axonal injury 10 3.0
Traumatic subarachnoid hemorrhage 62 18.7
Subdural hematoma 122 36.9
Epidural hematoma 64 19.3
Extra-axial hematoma 70 21.1
Cerebral edema 17 5.1

Percentage (%) is out of a total number of subjects with complicated mTBI
(n = 331) unless specified otherwise.

a Out of a total number of subjects with hemorrhagic contusion: single
(n = 76).

b Out of a total number of subjects with hemorrhagic contusion: multiple
(n = 46).
multiple) occurred in 13.9% of all complicated mTBI
(Table 2). These findings were most commonly located in
the frontal lobe (73.9%), followed by the temporal lobe
(58.7%), the parietal lobe (17.4%), and the occipital lobe
(2.2%). The majority of these injuries (87.0 to 100.0%
depending on the location) did not specify a size of hem-
orrhagic contusion. Traumatic subarachnoid hemorrhage
occurred in nearly 20% of all children with complicated
mTBI. This was confined to the cortical surface in 51.6%
of these patients, deeper in the cortical sulci 32.3% of the
time, and in the cisterns 8.1% of the time. Location
of traumatic SAH was not clearly identified in 16% of
subjects.

Importantly, of the 458 children sustaining mTBI with
skull fracture or complicated mTBI, 242 (52.8%) had inju-
ries in which more than one finding was identified on CT
scan (Table 3). In particular, 241 of 331 children (72.8%)
with complicated mTBI were found to have multiple find-
ings, whereas only one of 127 children (0.8%) sustaining
mTBI with skull fracture had multiple findings, with the
difference in the proportions being significant (Fisher's
exact P < 0.001). The logistic regression analysis showed
that younger age was significantly associated with multi-
ple findings (P < 0.01), after adjusting for gender and
mTBI classification. Specifically, a one year decrease in
age was associated with an increased odds of having
multiple findings by about 11% (OR = 1.11, 95% CI = 1.03
to 1.19). On the other hand, gender was not significantly
associated with multiple findings (P = 0.468), after adjust-
ing for age and mTBI classification. Lastly, skull fracture
depressed or skull fracture complex/comminuted nonde-
pressed was significantly associated with complicated
mTBI (x2 = 7.73, P = 0.005). The odds of being diagnosed
with complicated mTBI for children with skull fracture
depressed or skull fracture complex/comminuted non-
depressed was about 97% higher than the odds for those
with linear nondepressed skull fractures (OR = 1.97, 95%
CI = 1.22 to 3.17).

Discussion

The findings in this study emphasize that pediatric
complicated mTBI is a frequently encountered problem
among school aged children at high level trauma centers;
in this cohort, it comprised 18.6% of all presenting cases
of mild TBI, with an additional 7.2% as mTBI with skull
fracture only. While the CDC recently published a report
estimating the incidence of complicated mTBI to be
7.5%,4 the studies from which this report was drawn
reflect a wide variability in the incidence of intracranial
abnormality on CT scan (excluding isolated skull fracture)
among children presenting with mild TBI, from as little
as 1% to as much as 33%.5-17 Iverson et al.2 summarized
the existing literature in primarily adult cohorts and
noted a similar varied incidence of complicated mild TBI
ranging from 4.7% to 38.9% across 11 different studies.
These differences may reflect variability in defining mTBI,
differences in inclusion/exclusion criteria by study, false
positive CT scan interpretations, CT imaging technology,
regional differences in referral patterns, or variability
based on level of acuity typically seen in a given hospital



FIGURE 2.
Single hemorrhagic contusion by location and size among children with complicated mild traumatic brain injury (n = 76).
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(i.e., Level I trauma centers vs. lower level trauma cen-
ters). Overall, the incidence of complicated mTBI in this
study is within the range of other published studies.

Similar to other reports, there are varied findings seen
on CT scan in patients with complicated mTBI, ranging
from extra-axial hemorrhages to subarachnoid hemor-
rhage to parenchymal contusions5,8,18,19. Other findings
suggestive of injury (cerebral edema and hemorrhagic
shear injury) are relatively uncommon in this cohort.

Relative to specific types of injury, a few notable
themes emerge from these data. First, extra-axial hemor-
rhages (combining epidural hemorrhage with subdural
hemorrhage and unspecified extra-axial hemorrhage) are
present in approximately 75% of children with compli-
cated mTBI. These results are higher than those reported
elsewhere.6,10 Second, hemorrhagic contusions are com-
mon overall, with a preponderance of lesions being
located in the frontal lobes, followed in order by tempo-
ral, parietal, and occipital lesions. This is similar to a pre-
vious report.20 Third, subarachnoid hemorrhage is the
next most common finding, and tends to be confined to
the cortical surface or sulci, which is also reported else-
where.21 Fourth, a significant proportion of patients with
TABLE 3.
Numbers of Findings by Mild Traumatic Brain Injury With Skull Fracture and
Complicated Mild Traumatic Brain Injury

mTBI With Skull Fracture Complicated mTBI
Number of Findings (n = 127) (n = 331)

1 126 90
2 1 151
3 0 65
4 0 16
5 0 7
6 0 2

Abbreviation: mTBI: mild traumatic brain injury.
complicated mTBI (72.8%) have multiple abnormal find-
ings. The risk of multiple findings is higher with younger
ages. The frequency of multiple abnormalities has not
been well described elsewhere. Fifth, skull fractures,
when in isolation to other types of injury, tend to be sim-
ple, linear, and non-depressed fractures. Depressed skull
fracture, on the other hand, confers a higher risk of addi-
tional intracranial injury.

The current study is limited by the fact that it is a ret-
rospective chart review that relied on our interpretations
of radiograph reports. Additionally, we used ICD-9 codes
to assist in determining the number of children present-
ing to the ED with concussion. It is possible that there
could be some base rate of misdiagnosis. Furthermore,
identifying subjects from our trauma database relied on
the recorded GCS score of 13 to 15 to categorize them as
some form of mTBI. It is possible that some of the sub-
jects may have experienced persistent alteration of con-
sciousness or post traumatic amnesia beyond 24 hours,
which would be more appropriately classified as moder-
ate TBI instead of mTBI.

This study was not intended to assess or refine predic-
tion rules for when a clinician should obtain a CT scan.
Rather, it is intended to bring attention to this important
subgroup of patients with mTBI that are presenting to
trauma centers, specifically at Level I trauma centers.
According to the American College of Surgeons, there are
55 Level I pediatric trauma centers in the United States.22

The prevalence of complicated mTBI in our study com-
bined with this number of Level I pediatric trauma cen-
ters in the United States implies that complicated mTBI
can be a significant burden. On the basis of our clinical
experience, these patients are often active children who,
upon leaving the hospital, are eager to return to play.
While there are multiple guidelines on the safe return to
play of children with concussion,23-25 there is extremely
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little directed towards this significant demographic of
children with complicated mTBI. Experts agree that a
decision to return to play after evidence of structural
injury should be made cautiously.26-30 Unfortunately lit-
tle empiric evidence exists to inform this decision
beyond anecdotal experience.

Although studies examining adult patients would sug-
gest that the difference in mTBI and complicated mTBI
may be modest or even nonexistent,31-34 the same notion
may not be applicable to pediatric patients. In fact, in
many respects, children with complicated mTBI may
behave more like those with moderate TBI than those
with mTBI. A prospective cohort study of 80 children
aged five to 15 showed that children with complicated
mTBI, compared with those with mTBI, were more likely
to have persistent difficulties at 12 months postinjury in
several cognitive domains, including episodic memory,
cognitive processing, visuomotor speed, and working
memory.35 Hence, more research focusing on children
needs to be conducted to elucidate the characteristics of
mTBI in pediatric populations.

In school-aged children with mTBI (GCS 13 to 15 at
the time of evaluation) presenting to high-level trauma
centers, our study indicates that about 18% of them have
complicated mTBI. Radiographic findings in these
patients are variable, though extra-axial hemorrhage,
hemorrhagic contusion, and subarachnoid hemorrhage
are the most common findings. Multiple radiographic
findings in children sustaining mTBI with skull fracture
or complicated mTBI are prevalent (72.8%), with younger
age as a potential risk factor. It is essential for trauma
and brain injury programs to track these children's
recovery and supervise the appropriateness of their
return to academic and physical activities. More prospec-
tive studies are needed to help clinicians understand
recovery trajectories and outcomes of children with vari-
ous forms of mTBI.

We thank Mary Pautler, M.S., Connor Peck, B.S., and Marcus Hunt, B.S. for their
assistance in this study.
References

1. Department of Veterans Affairs & Department of Defense. Va/DoD
Clinical Practice Guideline for Management of concussion/mild
traumatic brain injury (mTBI). 2009. https://www.healthquality.
va.gov/guidelines/Rehab/mtbi/concussion_mtbi_full_1_0.pdf;
2009 Accessed January 25, 2018.

2. Iverson GL, Lange RT, Waljas M, et al. Outcome from complicated
versus uncomplicated mild traumatic brain injury. Rehabil Res
Pract. 2012;2012:415740.

3. Williams DH, Levin HS, Eisenberg HM. Mild head injury classifica-
tion. Neurosurgery. 1990;27:422–428.

4. Lumba-Brown A, Yeates KO, Gioia G, et al. Report from the Pedi-
atric Mild Traumatic Brain Injury Guideline Workgroup: system-
atic review and clinical recommendations for healthcare
providers on the diagnosis and management of mild traumatic
brain injury among children. 2016. https://www.facs.org/search/
trauma-centers; 2016 Accessed September 1, 2018.

5. Atabaki SM, Stiell IG, Bazarian JJ, et al. A clinical decision rule for
cranial computed tomography in minor pediatric head trauma.
Arch Pediatr Adolesc Med. 2008;162:439–445.
6. Boran BO, Boran P, Barut N, Akgun C, Celikoglu E, Bozbuga M.
Evaluation of mild head injury in a pediatric population. Pediatr
Neurosurg. 2006;42:203–207.

7. Kuppermann N, Holmes JF, Dayan PS, et al. Identification of children at
very low risk of clinically-important brain injuries after head trauma: a
prospective cohort study. Lancet. 2009;374:1160–1170.

8. Osmond MH, Klassen TP, Wells GA, et al. CATCH: a clinical deci-
sion rule for the use of computed tomography in children with
minor head injury. CMAJ. 2010;182:341–348.

9. Palchak MJ, Holmes JF, Vance CW, et al. A decision rule for identi-
fying children at low risk for brain injuries after blunt head
trauma. Ann Emerg Med. 2003;42:492–506.

10. Simon B, Letourneau P, Vitorino E, McCall J. Pediatric minor head
trauma: indications for computed tomographic scanning revis-
ited. J Trauma. 2001;51:231–237. discussion 237−238.

11. Zhu H, Gao Q, Xia X, Xiang J, Yao H, Shao J. Clinically-important
brain injury and CT findings in pediatric mild traumatic brain
injuries: a prospective study in a Chinese reference hospital. Int J
Environ Res Public Health. 2014;11:3493–3506.

12. Dietrich AM, Bowman MJ, Ginn-Pease ME, Kosnik E, King DR.
Pediatric head injuries: can clinical factors reliably predict an
abnormality on computed tomography. Ann Emerg Med.
1993;22:1535–1540.

13. Dunning J, Daly JP, Lomas JP, et al. Derivation of the children's
head injury algorithm for the prediction of important clinical
events decision rule for head injury in children. Arch Dis Child.
2006;91:885–891.

14. Fabbri A, Servadei F, Marchesini G, Raggi A, Vandelli A. Analysis
of different decision aids for clinical use in pediatric head injury
in an emergency department of a general hospital. J Trauma Inj
Infect Crit Care. 2011;70:E79–E83.
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