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Study objective: We evaluated the emergency department providers’ ability to detect skull fractures in pediatric patients
presenting with blunt head trauma.

Methods: This was a secondary analysis of the National Emergency X-Radiography Utilization Study (NEXUS) Head computed
tomography (CT) validation study. Demographics and clinical characteristics were analyzed for pediatric patients. Radiologist
interpretations of head CT imaging were abstracted and cataloged. Detection of skull fractures was evaluated through provider
response to specific clinical decision instrument criteria (NEXUS or Canadian head CT rules) at the time of initial patient
evaluation. The presence of skull fracture was determined by formal radiologist interpretation of CT imaging.

Results: Between April 2006, and December 2015, 1,018 pediatric patients were enrolled. One hundred twenty-eight (12.5%)
children had a notable injury reported on CT head. Skull fracture was present in most (66.4%) children with intracranial injuries.
The sensitivity and specificity of provider physical examination to detect skull fractures was 18.5% (95% confidence interval 10.5%
to 28.7%) and 96.6% (95.3% to 97.7%), respectively. The most common injuries associated with skull fractures were
subarachnoid hemorrhage (27%) and subdural hematoma (22.3%).

Conclusion: Skull fracture is common in children with intracranial injury after blunt head trauma. Despite this, providers were
found to have poor sensitivity for skull fractures in this population, and these injuries may be missed on initial emergency
department assessment. [Ann Emerg Med. 2022;-:1-9.]
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INTRODUCTION
Background

Pediatric traumatic brain injury is a major cause of
morbidity and mortality in the pediatric population,
accounting for over 600,000 emergency department (ED)
visits annually.1 The mainstay of diagnosis for these injuries
is computed tomography (CT), and multiple clinical
decision instruments have been developed to aid clinicians
in determining which children can be safely discharged
without imaging and its associated risk of malignant
transformation.2-14 Physical examination of the evidence of
skull fracture is a common criterion among multiple
clinical decision instruments derived from populations of
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patients with head injury, indicating its importance as a
predictor of serious injury.10,12,15,16

Importance
Despite the emphasis on skull fractures in clinical

decision instruments used to evaluate blunt head injury,
there are limited data evaluating provider ability to detect
these injuries. An inability to detect these injuries could
lead to missed serious intracranial injuries. Therefore,
further analysis of the frequency of skull fractures and
providers’ ability to detect them on initial examination may
further our understanding of the evaluation of patients with
head injury.
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Editor’s Capsule Summary

What is already known on this topic
The physical examination assessment for skull
fracture is a required part of pediatric head computed
tomography decision rules.

What question this study addressed
How accurate is the skull fracture examination in
injured children?

What this study adds to our knowledge
In this secondary analysis of a rigorous, prospective
database, there were 1,018 injured children of whom
85 (8.3%) had a radiographically verified skull
fracture. Physical examination was 18.5% (10.8%,
28.7%) sensitive and 96.6% (95.3%, 97.7%) specific
in identifying skull fracture.

How this is relevant to clinical practice
The physical examination for skull fracture has limits
that can impact use in decision rule supported
imaging.
Goals of This Investigation
This was a preplanned secondary analysis of the

National Emergency X-Radiography Utilization Study
(NEXUS) II Head CT Validation Study. The main goal of
this study was to evaluate provider ability to detect skull
fractures in pediatric patients presenting to the ED with
blunt head trauma. In addition, this study sought to
describe further the frequency and characteristics of skull
fractures within a population of pediatric patients with
head injury.
MATERIALS AND METHODS
Study Design and Setting

We performed a post hoc secondary analysis of pediatric
patients from the validation studies of the NEXUS Head
CT decision instrument.7,14 The primary goal of the
original study was to validate the previously derived
NEXUS Head CT decision instrument, with a secondary
goal of evaluating the performance of another previously
derived clinical decision instrument, the Canadian CT
Head rule.10,15 Our current preplanned secondary analysis
examines data from patients less than 18 years of age from
this study. In addition, we retrospectively analyzed the
prevalence of skull fractures and the provider’s ability to
detect these injuries.
Annals of Emergency Medicine
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The original study was performed in 4 EDs (Antelope
Valley Hospital, Lancaster, CA; San Francisco General
Hospital, San Francisco, CA; the University of California,
Los Angeles Ronald Reagan Medical Center, Los Angeles,
CA; University of California San Francisco Fresno
Community Regional Medical Center, Fresno, CA) from
April 2006 through December 2015. These centers
encompass a wide variety of hospital environments,
including community and academic hospitals, in differing
geographic locations, including urban, suburban, and rural
environments. The institutional review committees at each
study center reviewed and approved the study protocol.
Selection of Participants
Consecutive pediatric patients under 18 years of age were

eligible for enrollment if they presented with blunt head
trauma being evaluated by CT head at one of the participating
centers. Enrollment occurred at the time the CT order was
placed by the provider. Patients were excluded for the
following reasons: penetrating traumatic injuries, delayed
presentations (more than 24 hours after injury), patients
receiving imaging for reasons other than traumatic injury, and
patients with known intracranial injuries transferred to one of
the participating hospitals from an outside facility. In an effort
to maximize provider compliance, a protocol was adopted to
delay CT imaging from being performed until decision
instrument criteria were assessed and recorded.17 Providers
were allowed to bypass the data collection and proceed
immediately to imaging if they felt delay might harm the
patient. In such cases, providers were instructed to obtain
demographic and decision instrument criteria as soon as
following possible enrollment. Imaging was ordered at the
provider’s discretion, and providers were cautioned against the
sole use of decision instruments in determining which patients
should receive imaging.
Methods of Measurement
The methodology for data collection has been previously

published in detail.14 Briefly, on enrollment, limited
patient demographic data (age, sex, race, and ethnicity), as
well as the criteria for each of the NEXUS and Canadian
Head CT decision instruments, were recorded by the
treating provider. The criteria for the decision instruments
were deemed present, absent, or unable to be assessed. As
part of this process, the provider was required to specifically
document the presence of “signs of depressed or displaced
skull fracture” and “signs of basilar skull fracture.” Criteria
that were unable to be assessed were deemed abnormal to
maximize safety and ensure low-risk assignments were not
based on missing data but rather on measured variables.
Volume -, no. - : - 2022
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Outcome Measures
Formal radiographic interpretations and outcome

assignments were performed without knowledge of the
demographic or decision instrument criteria. Each patient
was assigned to the following categories: (1) uninjured, (2)
no significant injury (or minor injury), (3) significant
injury, and (4) injury requiring neurosurgical intervention.
Patients in the “significant injury” group included those
who were also classified as “injury requiring neurosurgical
intervention.”

Patients were deemed to have a clinically significant head
injury, as defined by Stiell et al,15 which included all
injuries found on CT head imaging except for the following
injuries in patients with intact neurologic status: solitary
small contusions, localized subarachnoid hemorrhage less
than 1 mm thick, subdural hematoma less than 4 mm
thick, isolated pneumocephaly, and closed depressed skull
fractures that did not violate the inner table.

The need for neurosurgical intervention was defined as
any of the following within 7 days of injury: (1) death
because of head injury, (2) need for craniotomy, (3)
elevation of skull fracture, (4) intubation related to head
injury, or (5) intracranial pressure monitoring. Outcome
assessments were performed by 2 separate reviewers, with a
third independent reviewer assigning outcomes in instances
of initial assignment discordance.

The detection of skull fracture on physical examination
(index test) was based on responses to decision instrument
criteria. Specifically, clinicians were asked to determine
whether patients had evidence of skull fracture, which
included signs of any of the following: basilar skull fracture,
including ecchymosis in the periorbital or preauricular area,
hemotympanum, and clear drainage from the ear or nose;
depressed or diastatic skull fracture (palpable step-off,
stellate laceration from a point source); or any injury
produced by striking a localized region of the skull
(including sports balls, club-like weapons, or other blunt
objects). In addition, the presence of skull injury (reference
standard) was determined by formal radiologist
interpretation of the CT head images.
Abstraction of Radiographic Results and Mechanism
The CT head results from each of the injured patients

within the study were independently abstracted by 1 of 3
study investigators (TEA, JLW, or WRM). Injuries were
classified based on formal radiologist interpretations to
include the classification of injury (subdural hematoma,
epidural hematoma, nonspecific extraaxial injury,
subarachnoid hemorrhage, parenchymal hemorrhage,
parenchymal contusion, and diffuse axonal injury or diffuse
Volume -, no. - : - 2022
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edema, nondisplaced skull fracture, displaced skull fracture,
depressed skull fracture, and basilar skull fracture) and their
locations (frontal, temporal, parietal, falx, tentorium,
Sylvian fissure, brainstem, intraventricular, brainstem, or
cerebellum). Where present, midline shift and herniation
were also noted.

A subset of radiographic interpretations (100 charts from
the entire NEXUS II study population) was reviewed by 2
study investigators (TEA, JLW, or WRM) to assess for
subjectivity bias. Interrater reliability was calculated based
on a concordance of the injury’s classification and location.

Data for the specific mechanism of injury were
abstracted from the chart for all patients noted to have
injuries. These were classified into the following categories:
ground-level fall, fall from height, assault, motor vehicle
accident, automobile versus pedestrian, or nonmotorized
vehicle accident.

Primary Data Analysis
Data were abstracted manually and processed in

Microsoft Excel software (Microsoft). Relative risks and
operator characteristics were calculated using standard
formulae. Study participants in whom the presence of skull
fracture was recorded as “unknown” were excluded from
the sensitivity and specificity analysis.

Evaluation of Verification Bias
Because all patients enrolled in the original study

received CT head imaging, it is possible that some number
of patients who went unimaged had significant, yet
unrecognized, injuries. Therefore, we enrolled 118
pediatric patients who did not undergo CT imaging
during their initial presentation to the University of
California, Los Angeles ED between July 2011 and March
2015. To evaluate for potential verification bias because of
patient selection, 3-month follow-up interviews were
conducted, and reviews of the case and trauma logs were
reviewed to identify any instances of significant injury or
injury requiring neurosurgical intervention in this
population.

Reporting Guidelines
Where applicable, we have followed the Standards for

Reporting Diagnostic Accuracy (STARD) 2015 guidelines
for reporting characteristics of diagnostic tests.
RESULTS
Characteristics of Study Subjects

Between April 2006 and December 2015, 1,160
patients were approached as part of the NEXUS validation
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study, of whom 1,018 had both clinical decision criteria
completed and head CT results. Of these, 14 participants
had the specific criterion for evidence of skull fracture
marked as “unknown” and were therefore excluded from
the test characteristic analysis (Figure).

The median age of all enrolled participants was 11.9
years (interquartile range, 4.5 to 15.5), and 64.7% were
men (Table 1). The majority of participants were either
non-Hispanic White (42.3%) or Hispanic (30.0%)
patients. The cohort included 128 (12.5%) participants
with any injury identified on a CT scan, of whom 85 (66%
of all injured) had radiographically identified skull fractures
and 18 (14% of all injured) had depressed or basilar skull
fractures (median ages, 9 [3 to 14.9] and 10.5 [5.5 to 14.6]
years, respectively).

Presenting characteristics of the patients are presented
in Table 2. Overall, 23 of 1,018 (2.3%) participants were
deemed to be unstable by initial provider evaluation, and
27 of 1,018 (2.7%) received a neurosurgical intervention.
Among all injured children, 97 (75.8%) of 128 were
deemed to have injuries caused by a dangerous
mechanism. The most common abnormal examination
finding was scalp hematoma which was present in 77
Figure. Study flow chart. CDI, Clinical decision instrument.
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(60.2%) of 128 injured participants and 53 (62.4%) of
85 of those with skull fractures. Comorbidities were
reported in 33 (3.2%) of 1,018 total participants, and 12
(1.2%) of 1,018 participants had concomitant
coagulopathy. Fall from height and nonmotorized vehicle
accidents were the most common presenting mechanisms,
accounting for 31 (24.2%) and 25 (19.5%) of all injured,
respectively.
Main Results
The overall prevalence of skull fracture in patients with

any injury was 66.4%, and basilar or depressed skull
fractures were present in 14.0% (Table 3). Provider
sensitivity and specificity for detection of any skull fracture
was 18.5% (95% confidence interval [CI], 10.5% to
28.7%) and 96.6% (95.3% to 97.7%), respectively.
Sensitivity and specificity of basilar or depressed skull
fractures as 11.1% (1.4% to 34.7%) and 95.9% (94.5% to
97.1%). Additional test characteristics stratified by severity
of the injury and tabular matrices are displayed in Table 3
and Table E1 (available online at http://www.
annemergmed.com). Temporal and parietal bone fractures
were most commonly identified on imaging (Table E2).

Table 4 displays additional injuries sustained by
patients in our cohort. Pneumocephalus was present in 29
(34.1%) of 85 skull fractures and 9 (50%) of 18
depressed/basilar skull fractures. The most common
injuries overall were subdural hematoma and
subarachnoid hemorrhage, with 37 (28.9%) of 128 and
38 (29.6%) of 128 sustaining each, respectively. In
patients with skull fractures, subarachnoid hemorrhage
was the most common associated injury, present in 23
(27.1%) of 85 of all skull fractures and 8 (44.4%) of 18 of
depressed/basilar skull fractures.
Verification Bias and Interrater Reliability
Given that not all patients enrolled in the study received

a CT head, we performed an assessment of workup bias
through case review and patient follow-ups. In our cohort,
118 patients did not receive a CT head on their initial
assessment. However, in a review of the medical center logs
of trauma service activations as well as case reviews, none of
these patients were discovered to have an injury.
Additionally, none of these patients were discovered to have
injuries during the follow-up interview.

Our raters agreed on the exact number of injuries in
90% of cases and exhibited an intraclass correlation
coefficient of 0.90. Raw agreements on the types and
locations of injuries were 93% and 92%, respectively, with
intraclass correlation coefficients of 0.89.
Volume -, no. - : - 2022
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Table 1. Participant demographics.

Patient Characteristics

All Participants Uninjured Any Injury Any Skull Fracture
Depressed/Basilar

Skull Fracture

n[1,018 n[890 n[128 n[85 n[18

Age, y* 11.9 (4.5-15.5) 12 (4.9-15.5) 10 (3.3-15.2) 9 (3-14.9) 10.5 (5.5-14.6)

n (%) n (%) n (%) n (%) n (%)

Sex

Male 659 (64.7) 570 (64.0) 89 (69.5) 59 (69.4) 14 (77.8)

Female 356 (35.0) 318 (35.7) 38 (29.7) 25 (29.4) 4 (22.2)

Unknown 3 (0.3) 2 (0.2) 1 (0.8) 1 (1.2) 0 (0.0)

Race/ethnicity

Asian 41 (4.0) 33 (3.7) 8 (6.3) 7 (8.2) 1 (5.6)

Black 166 (16.3) 153 (17.2) 13 (10.2) 6 (7.1) 1 (5.6)

Hispanic 305 (30.0) 262 (29.4) 43 (33.6) 26 (30.6) 4 (22.2)

Middle Eastern 18 (1.8) 14 (1.6) 4 (3.1) 3 (3.5) 1 (5.6)

Native American 1 (0.1) 1 (0.1) 0 (0.0) 0 (0.0) 0 (0.0)

Non-Hispanic White 431 (42.3) 375 (42.1) 56 (43.8) 40 (47.1) 11 (61.1)

Other 55 (5.4) 51 (5.7) 4 (3.1) 3 (3.5) 0 (0.0)

Unknown 1 (0.1) 1 (0.1) 0 (0.0) 0 (0.0) 0 (0.0)

*Median age in years (interquartile range).

Akie et al Physical Examination Sensitivity for Skull Fracture in Pediatric Patients
LIMITATIONS
Our current study has several limitations, which we

would like to acknowledge. Primarily, this study was a
retrospective secondary analysis of a previously collected
database of pediatric patients presenting with a blunt
head injury. In addition, the original study was designed
to test 2 clinical decision instruments which use evidence
of skull fracture as one of several criteria and thus was not
primarily designed to test detection of skull fracture per
se. Despite this, the NEXUS and Canadian Head CT
rules are frequently applied in direct patient care, and
therefore we feel our study represents a real-world
assessment of skull fracture detection by emergency
providers.

Additionally, to be eligible for enrollment, all
participants had to have a CT head obtained at the index
visit. This has the potential to introduce verification bias
into our results, because our study may have missed injuries
on patients in whom CT was not obtained. We attempted
to mitigate this by follow-up interview and review of
trauma logs in which no undiagnosed injuries were
discovered. Additionally, previous reports suggest that
missed injuries are rare among pediatric patients.18

Nevertheless, there is a chance a greater number of skull
fractures were missed by providers. However, this would be
unlikely to change the overall conclusion of our study,
Volume -, no. - : - 2022
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because provider detection of skull fractures was generally
poor, and missed injuries would further reduce this
sensitivity.

Our current evaluation relies on CT image reports and
abstraction for confirmation of skull fracture. Although this
is the currently accepted reference standard, our images
were not independently reviewed or determined by
consensus, which may have resulted in the incorrect
assignment of injuries. Despite this possibility, reports of
interobserver reliability for the detection of skull fractures
by CT scan have generally been acceptable.19,20

Additionally, analysis of our chart abstraction revealed
sufficient interrater reliability for types of injuries.

Finally, the numbers of depressed and basilar skull
fractures were low; therefore, precise estimations of
provider detection of these injuries are somewhat limited.
Indeed, the CIs for sensitivity for depressed or basilar skull
fractures ranged from 1.4% to 34.7%. Nevertheless, should
sensitivity be at the upper limit of our CI, this still amounts
to a large number of missed fractures, supporting the
conclusion that providers had poor sensitivity for these
injuries in our study.
DISCUSSION
The present study is a secondary analysis of the NEXUS

II database, evaluating emergency provider ability to detect
Annals of Emergency Medicine 5
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Table 2. Presenting characteristics and mechanisms of participants.

All Participants Uninjured Any Injury Any Skull Fracture Depressed/Basilar Skull Fracture

n[1,018 n[890 n[128 n[85 n[18

n (%) n (%) n (%) n (%) n (%)

Presenting characteristics

Unstable* 23 (2.3) 7 (0.8) 16 (12.5) 11 (12.9) 4 (22.2)

Intervention† 27 (2.7) 0 (0.0) 27 (21.1) 15 (17.6) 6 (33.3)

NEXUS positive 688 (67.6) 571 (64.2) 117 (91.4) 79 (92.9) 17 (94.4)

Ottawa positive-high risk 413 (40.6) 317 (35.6) 96 (75.0) 66 (77.6) 15 (83.3)

Ottawa positive-moderate risk 887 (87.1) 766 (86.1) 121 (94.5) 84 (98.8) 18 (100.0)

Scalp hematoma 364 (35.8) 287 (32.2) 77 (60.2) 53 (62.4) 12 (66.7)

Neurologic deficit 122 (12.0) 86 (9.7) 36 (28.1) 25 (29.4) 8 (44.4)

Abnormal level of alertness 269 (26.4) 209 (23.5) 60 (46.9) 35 (41.2) 10 (55.6)

Abnormal behavior 207 (20.3) 163 (18.3) 44 (34.4) 29 (34.1) 9 (50.0)

Recurrent/forceful vomiting 139 (13.7) 112 (12.6) 27 (21.1) 23 (27.1) 5 (27.8)

Coagulopathy‡ 12 (1.2) 11 (1.2) 1 (0.8) 1 (1.2) 0 (0.0)

Comorbidity 33 (3.2) 27 (3.0) 6 (4.7) 2 (2.4) 1 (5.6)

Glascow Coma Scale 15 738 (72.5) 683 (76.7) 55 (43.0) 38 (44.7) 6 (33.3)

Eyes open spontaneously 911 (89.5) 821 (92.2) 90 (70.3) 62 (72.9) 12 (66.7)

Oriented 783 (76.9) 719 (80.8) 64 (50.0) 44 (51.8) 6 (33.3)

Obeys verbal commands 846 (83.1) 776 (87.2) 70 (54.7) 50 (58.8) 10 (55.6)

Amnesia >30 minutes 136 (13.4) 118 (13.3) 18 (14.1) 14 (16.5) 3 (16.7)

Dangerous mechanism 675 (66.3) 578 (64.9) 97 (75.8) 69 (81.2) 15 (83.3)

Mechanism§

Ground-level fall - - - - 20 (15.6) 9 (10.6) 1 (5.6)

Fall from height - - - - 31 (24.2) 26 (30.6) 4 (22.2)

Assault - - - - 9 (7.0) 8 (9.4) 1 (5.6)

Motor vehicle accident - - - - 24 (18.8) 13 (15.3) 4 (22.2)

Automobile vs pedestrian - - - - 15 (11.7) 7 (8.2) 2 (11.1)

Nonmotorized vehicle accident - - - - 25 (19.5) 20 (23.5) 4 (22.2)

Unknown/other - - - - 4 (3.1) 2 (2.4) 2 (11.1)

*Patients deemed unstable by provider assessment and proceeded directly to CT scan followed by clinical decision instrument completion.
†Need for intervention was defined as death because of head injury, need for craniotomy or elevation of skull fracture, intracranial pressure monitoring, or intubation.
‡Coagulopathy defined as the use of anticoagulant or antiplatelet medications or inherited or acquired clotting impairment.
§Mechanism data abstracted only for injured patients.

Physical Examination Sensitivity for Skull Fracture in Pediatric Patients Akie et al
skull fractures in blunt head trauma in pediatric patients.
Despite the majority of patients with intracranial injuries
having skull fractures detected on CT scans, we found
Table 3. Test characteristics for provider detection of skull fractures.

Injury Category

All Skull Fractures

% with Skull Fracture Sensitivity % Specific

All injuries 66.4 18.5 (10.8-28.7) 96.6 (95.3

Minor injuries 69.6 11.3 (4.3-23.0) 95.5 (77.2

Significant injuries 61.2 32.1 (15.9-52.4) 93.8 (69.8

Intervention 55.6 20.0 (4.3-48.1) 81.8 (48.2
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providers had poor sensitivity for these injuries.
Additionally, there was poor sensitivity for skull fractures
classically associated with specific physical examination
Basilar or Depressed Skull Fractures

ity % % with Skull Fracture Sensitivity % Specificity %

-97.7) 14.0 11.1 (1.4-34.7) 95.9 (94.5-97.1)

-99.9) 13.9 12.5 (0.3-52.7) 96.7 (88.5-99.6)

-99.8) 14.3 16.7 (0.4- 64.1) 93.6 (78.6-99.2)

-97.7) 22.0 0.0 (0.0-52.2) 75.0 (50.9- 91.3)
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Table 4. Associated injuries in patients with and without skull fractures.

Injury Classification

All Injuries Injuries Without Skull Fracture All Skull Fractures Depressed/Basilar Skull Fracture

n[128 n[43 n[85 n[18

n (%) n (%) n (%) n (%)

Pneumocephalus 30 (23.4) 1 (2.3) 29 (34.1) 9 (50.0)

Subdural hematoma 37 (28.9) 18 (41.9) 19 (22.4) 5 (27.8)

Epidural hematoma 21 (16.4) 3 (7.0) 18 (21.2) 2 (11.1)

Nonspecific extraaxial bleed 10 (7.8) 2 (4.7) 8 (9.4) 1 (5.6)

Subarachnoid hemorrhage 38 (29.7) 15 (34.9) 23 (27.1) 8 (44.4)

Parenchymal hemorrhage 21 (16.4) 5 (11.6) 16 (18.8) 6 (33.3)

Diffuse axonal injury/diffuse edema 2 (1.6) 1 (2.3) 1 (1.2) 1 (5.6)

Other bleed 3 (2.3) 1 (2.3) 2 (2.4) 1 (5.6)

Akie et al Physical Examination Sensitivity for Skull Fracture in Pediatric Patients
findings (ie, depressed and basilar skull fractures). Overall,
this suggests that providers evaluating pediatric patients
presenting with blunt head trauma may miss a substantial
number of skull fractures during their initial assessment.

Despite numerous studies indicating that examination
evidence of skull fracture is predictive of intracranial injury,
we are aware of few studies investigating provider ability to
detect these injuries.8,12,13,16,17 Interestingly, an evaluation
by Tunik et al21 of basilar skull fractures in a Pediatric
Emergency Care Applied Research Network cohort
indicated provider examination missed approximately 60%
of these injuries. Of note, this study had a greater overall
number and proportion of basilar skull fractures than our
current report. This supports our current data that these
injuries may be missed, even by providers employing
decision instruments that include evidence of skull fracture
as a criterion.

The reason for our demonstrated poor sensitivity to these
injuries remains unclear. One simple possibility is that
providers, in the presence of other high-risk features
warranting CT imaging, were less likely to perform specific
diagnostic examinations to seek out these injuries. However,
our study did not include direct observation of provider
examinations,making it difficult to evaluate whether this was
the case. Another possibility is that, even in the presence of
thorough examination, these injuries may be difficult to
detect. In addition, studies from the otolaryngology literature
suggest that specific examination findings may not always be
present in patients with skull fractures. For instance, in a
retrospective study of pediatric patients with known
temporal bone fractures by Lee et al22 bloody otorrhea was
present in only 58% and hemotympanum in 81% despite
excluding all patients who did not undergo a complete
otolaryngologic examination. Another case series by Liu-
Shindo et al23 found hemotympanum in 58% of admitted
pediatric patients with a basilar skull fracture, and none had
Volume -, no. - : - 2022
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the classic “Battle’s sign.” Finally, consistency between
provider examinations may vary. Although certain studies
have found good interobserver reliability for skull fracture in
pediatric head trauma, others have demonstrated
disagreement based on level of training, which could
potentially account for varying sensitivity for these
injuries.24,25 Nevertheless, the precise reason for our
demonstrated poor provider sensitivity remains
undetermined.

The overall import of missed skull fractures in the
context of blunt head trauma is an open question. In our
study, all study participants presumed to have skull
fractures received CT imaging, and to the best of our
knowledge, based on our sensitivity analysis, no additional
skull fractures were missed in patients in whom CT
imaging was not performed. This implies that providers
relied on other aspects of the history and examination to
deem these patients high enough risk of intracranial injury
to warrant imaging even in the absence of evidence of skull
fracture. This may indicate that it is rare for patients with
significant intracranial injury to have a skull fracture as an
isolated finding and frequently these patients will have
additional historical or examination findings which prompt
CT imaging.

Finally, in the absence of additional intracranial
pathology or altered mental status, patients with
undetected skull fractures are likely to do well. Despite the
possibility of serious complications such as growing
fractures, cerebrospinal fluid leak, and meningitis, these
appear to be rare.26,27 Indeed, numerous studies
have demonstrated few adverse outcomes in isolated
linear fractures, pneumocephalus, and basilar skull
fractures.21,28-32 Thus, failure to detect these injuries may
not alter the clinical course of otherwise well-appearing
patients and may call into question the importance of
provider sensitivity for these injuries.
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In conclusion, we performed a secondary analysis of
pediatric patients in the NEXUS II Head CT validation
study. Our present analysis reveals that skull fractures were
common in patients in this cohort who had concomitant
intracranial injuries. In addition, we found that emergency
clinicians had poor sensitivity for detecting skull fractures,
with lower sensitivity for basilar or depressed skull fractures.
Overall, this suggests that emergency clinicians could
potentially miss skull fractures in pediatric patients
presenting with blunt head trauma, though the overall
impact of these missed injuries is uncertain.
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