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Radiologic Assessment of Skull Fracture Healing
in Young Children
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Background: Skull fractures are commonly seen after both accidental
and nonaccidental head injuries in young children. A history of recent
trauma may be lacking in either an accidental or nonaccidental head injury
event. Furthermore, skull fractures do not offer an indication of the stage of
healing on radiologic studies because they do not heal with callus forma-
tion as seen with long bone fractures. Thus, a better understanding on the
timing of skull fracture resolution may provide guidance on the medical
evaluation for accidental or nonaccidental head injury.

Objective: The aim of the study was to determine the time required for
radiographic skull fracture resolution in children younger than 24 months.
Methods: This was a retrospective observational analysis of children
younger than 24 months referred with skull fractures between January
2008 and December 2012. Analysis included children with accidental head
injuries with a known time interval since injury and a negative skeletal sur-
vey who underwent serial radiographic studies. Complete healing of a skull
fracture was defined as resolution of fracture lucency by radiograph.
Results: Of the 26 children who met inclusion criteria, 11 (42.3%) dem-
onstrated resolution of skull fracture(s) on follow-up imaging. Fracture reso-
lution on radiologic studies ranged from 2 to 18 weeks. Twelve fractures in
10 children demonstrated fracture resolution at 10 or more weeks after injury.
Conclusions: Healing or resolution of a skull fracture can take months in
children younger than 24 months. With the high variability in skull fracture
presentation and large window to fracture resolution, unexplained or mul-
tiple skull fractures in children younger than 24 months may be the result of
a single or multiple events of head trauma.
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pidemiologic studies on child maltreatment have shown that
children younger than 2 years have high rates of both
nonaccidental head trauma' and serious physical abuse.” The rate
of nonaccidental head trauma in infants is more than twice the rate
of young children between the ages of 1 and 3 years."* However,
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in a study using a US database of hospitalized children, almost all
cases of skull fracture were attributable to accidental falls, espe-
cially in infants younger than 12 months.® Infants are more likely
to have skull fractures than toddlers after falls regardless of fall
height.*> Although skull fractures are more commonly identified
after accidental falls than nonaccidental head trauma,® the linear
parietal skull fracture is the most common fracture type identified
in both types of trauma in children younger than 2 years.”® In the
clinical setting, a skull fracture may be identified in a young child
who presents when scalp swelling is observed by a caregiver with-
out a reported history of head trauma. Likewise, a young child
may have more than 1 skull fracture identified. In these scenarios,
the diagnostic dilemma may lie in how to interpret the skull frac-
ture(s) in the context of the child's age and development without a
clear timeline of injury and whether to initiate an age-appropriate
evaluation for nonaccidental trauma.

A comprehensive medical history and physical examination
are important in the determination of accidental versus nonaccidental
head trauma. This history includes the mechanism of injury (details
of the injury event), the child's developmental abilities, and whether
the injury event was witnessed. Although most childhood frac-
tures occur from a reported fall,”!® a fall is also the most common
history of injury provided in cases of nonaccidental head
trauma.' "' Identification of other injuries such as scalp swelling,
abrasions, bruises, and oral trauma add to the understanding of the
mechanism and timing of injury. When scalp swelling is noted on
initial examination and/or radiologic studies with an injury, it can
aid in the assessment of the timing of the injury.'*> However, ap-
proximately 10% of children with skull fractures have no clini-
cally appreciable or radiographic evidence of scalp or facial soft
tissue swelling at the time of presentation.*'* The presence or ab-
sence of signs of skeletal healing on radiographic study may be
useful in the assessment of injury timing. Although there are stud-
ies on the radiologic healing of long bone fractures in
children'>2° and clavicular birth injuries,?' there are no published
studies on the healing of skull fractures. Furthermore, the mecha-
nism of healing differs between long bones and bones of the cal-
varium, thus studies of long bone healing do not translate to skull
fractures.”? Our objective was to determine the time to radiologic
fracture resolution in children younger than 24 months presenting
with skull fracture(s).

METHODS

This was a retrospective, single-center study conducted at a
tertiary pediatric hospital with a multidisciplinary child abuse pro-
gram that included subspecialty trained child abuse physicians,
social workers, pediatric radiology, and neuroradiology. The study
was approved by the hospital's institutional review board. Data
were extracted from the child abuse program database on cases
of children younger than 24 months with skull fractures who were
evaluated between January 1, 2008, and December 31, 2012.
These children were referred to the child abuse program either be-
cause the skull fracture occurred in an infant younger than
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12 months or because the referring emergency department (ED)
physician had a concern for child abuse or neglect. As part of
the consultation for head injury, the child abuse program
completed safety education and psychosocial assessments as
well as comprehensive consultations by child abuse physicians if
indicated. Inclusion criteria were as follows: (1) younger than
24 months, (2) identified skull fracture(s), (3) caregiver provided
a history of recent head trauma, (4) known time of injury, (5) no
additional fractures on skeletal survey, and (6) completion of
follow-up skull radiographs.

Radiologic imaging at the time of ED presentation was at the
discretion of the ED physician with all children initially imaged by
head computed tomography (CT) with 3-dimensional (3D) recon-
struction. Other radiologic studies ordered at the time of initial
presentation included skull radiographs (before head CT) and
skeletal surveys (after identification of a skull fracture) in some
children. The need for additional follow-up imaging was deter-
mined clinically, for example, to evaluate for leptomeningeal cyst
formation as recommended by neurosurgery. Follow-up imaging
included 2 view skull radiographs (frontal and lateral) offered at
2 to 3 weeks (in conjunction with a follow-up skeletal survey)
and several months after initial injury. Follow-up skeletal surveys
still included skull radiographs as the timing of this study overlap-
ped the American College of Radiology recommendation for
elimination of skull radiographs from the follow-up skeletal sur-
vey.?? Follow-up skeletal surveys were recommended but not re-
quired in infants younger than 1 year with isolated skull
fractures at the time of this study. Accidental head injury was de-
fined as a child presenting with a history of witnessed accidental
injury (such as a fall) occurring in the absence of additional con-
cerning injuries such as nonscalp cutaneous trauma (bruising),
oral trauma, or skeletal injury.

Data that were extracted included the child's age in months,
sex, ethnicity (Hispanic or non-Hispanic), race, maternal age, in-
strumentation used, and mode of delivery (as rarely skull fractures

Non-accidental vs
Accidental head
injury n=5

Excluded

FIGURE 1. Flow chart of subject selection.
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Child Abuse Program
database search:
January 1, 2008 to
December 30, 2012

Total
subjects
n=106

Accidental head
Injury n=70

Included in
study n=26

can occur with instrumented deliveries®*** and the length of time
for a birth skull fracture to heal is unpublished), date of presenta-
tion to the ED and consultation with child abuse physician, fall
history, fall height, floor surface, location of skull fracture
(calvarial), type of fracture (simple vs complex), associated soft
tissue swelling on clinical examination and radiography, type of
radiologic study completed, and radiologic findings on follow-up
skull radiographs. A simple skull fracture was defined as single
and linear, whereas complex fractures were defined as being
multiple, bilateral, diastatic, depressed, or stellate.”® The pres-
ence or absence and resolution of skull fractures were based on
the official reading of pediatric radiologists. Complete healing
of the skull fracture was defined as resolution of the fracture lu-
cency by skull radiograph. Fracture length and width during
follow-up imaging were not measured. A child abuse physician
reviewed all imaging with the pediatric radiologists at the time
of the initial consultation and follow-up. Timing of radiographi-
cally demonstrated fracture resolution was determined in weeks.
The time interval between initial injury and the fracture resolution
on skull radiograph was rounded to the nearest week. Descriptive
statistics were used in analysis.

RESULTS

After reviewing data on 106 children evaluated by the child
abuse program between January 1, 2008, and December 31,
2012, 26 children were eligible for inclusion in the study.
Figure 1 shows the study subject flow chart. The median age of
the children was 7 months with a range of 0 to 18 months. The
study population was 80.8% Hispanic, consistent with the popula-
tion of the region, and 46.2% of the children were male. Most chil-
dren (69.2%) were born by vaginal delivery without instrumentation
(Table 1). A child abuse physician evaluated 50% of the children
within 24 hours and 69.2% within 48 hours of injury. The remain-
der were seen more than 48 hours after injury as the discovery of

Non-accidental

head injury n=31 Excluded
Date of injury unknown, n=6
No follow-up radiographs, n=37 Excluded

No initial skeletal survey, n=1
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TABLE 1. Population Demographics

Subjects (N = 26), n (%)

Sex
Male 12 (46.2)
Female 14 (53.8)
Age, mo
0-3 8(30.7)
4-6 1(3.8)
7-9 7 (26.9)
10-12 9 (34.6)
>12 1(3.8)
Ethnicity
Hispanic 21 (80.8)
Non-Hispanic 5(19.2)
Race
White 19 (73.1)
Black 1(3.8)
Others 4(15.4)
No data 2(7.7)
Mode of delivery
Vaginal 17 (65.4)
Vaginal with instrumentation (forceps) 1(3.8)
C-section 6(23.1)
No data 2(7.7)
Fall heights
Unknown 7(26.9)
<3 ft 12 (46.2)
36 ft 7 (26.9)
Floor surface
Tile/concrete 10 (38.5)
Other surface flooring/concrete 4(15.4)
Carpet/concrete 1(3.8)
Tile 2(7.7)
Dirt 1(3.8)
Wood 3(11.5)
Concrete 2(7.7)
Unknown 3(11.5)

scalp swelling was noted days after the occurrence of a fall. Per in-
clusion criteria, all children had a skeletal survey on presentation.
All children were scheduled for a complete follow-up skeletal sur-
vey at 2 weeks. However, 9 children (34.6%) did not complete a
follow-up skeletal survey at 2 weeks (eg, cancellations, no-
shows, rescheduling, caregiver preference to limit imaging to
skull views) but did return later for follow-up skull imaging.

An estimated fall height was available for 19 children
(73.1%), 12 (46.2%) with an estimated fall height less than 3 feet
and 7 (26.9%) between 3 and 6 feet. Most falls (17 children or
65.4%) occurred onto a surface involving concrete (uncovered
or with an overlying surface such as linoleum). Simple and complex
skull fractures were seen with both fall heights, but 60% of the
complex skull fractures occurred between 3 and 6 feet (Table 2).

There were 31 skull fractures that occurred in 26 children.
Simple fractures were noted in 21 children (80.8%) whereas com-
plex fractures occurred in 5 children (19.2%). Four (80%) of the 5
complex skull fractures were bilateral parietal fractures with 1
child having a complex fracture of the parietal and occipital bones.
Of the simple fractures, 14 (66.7%) were found on the right side
and 7 (33.3%) on the left. The parietal bone was affected in 22
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fractures (71%), followed by the occipital bone with 4 fractures
(12.9%), and the frontal bone with 1 fracture (3.2%). No temporal
bone fractures were seen in our study. Two children (7.7%) did not
have associated soft tissue swelling on clinical examination or ra-
diography. Twenty-five children (96.1%) had initial neuroimag-
ing, which included 3D head CT. Eleven children (42.3%) had
intracranial bleeds on CT—10 extra-axial hemorrhages and 1 cor-
tical hemorrhage. All intracranial hemorrhages were small, focal,
and associated with the fracture area.

Of the 26 children with 31 skull fractures, skull fracture res-
olution occurred for 13 fractures (41.9%) from 11 children
(42.3%) on follow-up imaging. The radiologic studies demon-
strating fracture resolution ranged from 2 to 18 weeks, as 1 child
demonstrated resolution of a frontal bone fracture on the initial
2-week follow-up skeletal survey. Ten children (38.5%) received
only follow-up imaging at 2 to 3 weeks after injury with 9 of these
children still demonstrating the presence of a fracture on imaging.
Therefore, the follow-up imaging at 2 to 3 weeks demonstrated
persistence of skull fracture(s) in 90% of these studies. The re-
maining 16 children (61.5%) with 20 fractures returned for addi-
tional imaging beyond the follow-up skeletal survey. Twelve
fractures in 10 children demonstrated fracture resolution on
follow-up imaging between 9 and 18 weeks after injury. One child
with a bilateral skull fracture did not have resolution of one side of
the fracture at a final imaging visit at 18 weeks. Eight fractures in
the remaining 6 children did not demonstrate fracture resolution
when imaged between 9 and 18 weeks after injury.

DISCUSSION

These results are particularly valuable because there are no
published studies on the “healing” of skull fractures. Dating of
skull fractures has been limited to the presence or absence of scalp
swelling indicating a more recent injury, whereas the absence of
scalp swelling is not helpful in timing. It is notable that there is
high variability in the presentation of skull fractures with both
simple and complex skull fractures (eg, bilateral skull fractures)
occurring in falls of less than 3 feet in this study population.
The small number of complex skull fractures in this series limits
further analysis. However, in a case-control study of the biome-
chanical characteristics of falls in children, no association was
seen between fall height and the presence of simple or complex
skull fractures.® Although it is difficult to date head injuries and

TABLE 2. Comparison of Fall Heights to Type of Fracture
and Surface

Unknown
<3 ft, n (%) 3-6 ft, n (%) Height, n (%)

No. patients 12 (46.2) 7 (26.9) 7(26.9)
Simple fractures 11 (42.3) 4(15.4) 6(23.1)
Complex fractures 1(3.8) 3(11.5) 1(3.8)
Concrete surface 1(3.8) 0 1(3.8)
Tile/concrete surface 5(19.2) 2(7.7) 3(15.4)
Carpet/concrete surface 1(3.8) 0 0
Other/concrete surface 2(7.7) 2(7.7) 0
Tile surface 0 1(3.8) 1(3.8)
Dirt surface 0 1(3.8) 0
Wood surface 2(7.7) 1(3.8) 0
Unknown surface 1(3.8) 0 2(7.7)

N =26.

www.pec-online.com | 215


http://www.pec-online.com

Harper et al

Pediatric Emergency Care e Volume 37, Number 4, April 2021

fractures in children, determining a window of injury may be help-
ful in cases where the history is unclear, the history includes mul-
tiple falls or injury events, or when multiple fractures are present.
This study provides some initial data to aid in that process. Al-
though most children in this case series had scalp swelling at the
time of presentation supporting a recent injury, soft tissue swelling
was not present in all children. There were children without frac-
ture resolution at follow-up visits between 9 and 18 weeks after in-
jury. In those children that did demonstrate healing, fracture
resolution largely occurred 10 or more weeks after injury. There-
fore, a skull fracture that presents without soft tissue swelling
may be a recent injury or may represent a prior head injury event.
In addition, with the large window to fracture resolution, unexplained
or multiple skull fractures in children younger than 24 months
may be the result of a single or multiple events of head trauma.

This study used a child abuse program database for data ex-
traction. Every child received a multidisciplinary evaluation by the
child abuse program team including psychosocial assessment and
additional medical evaluation including skeletal survey and neu-
roimaging with 3D head CT in all children. This study has limita-
tions as the population included in this study is a subset of the
pediatric population with skull fractures, which represents a risk
for selection bias. These children were referred to the child abuse
physician either because they were infants younger than 12 months
and sustained a skull fracture, or the referring ED physician had a
suspicion for nonaccidental head trauma in a child older than
12 months. This suspicion for nonaccidental trauma by the ED phy-
sician may have been based on the examination findings such as ab-
sence of scalp swelling, presence of additional bruises, presence of
a complex skull fracture, or psychosocial risk factors such as prior
involvement with child protective services. Despite the initial con-
cern for nonaccidental head trauma in some referrals, all of the chil-
dren in the study had a history of witnessed accidental injury (such
as a fall) occurring in the absence of additional concerning injuries
such as nonscalp cutaneous trauma or skeletal injury. The study
population is small because not all children with skull fractures pre-
senting to the ED were referred to the child abuse program for a
multidisciplinary evaluation, and not all children who were referred
were eligible as they did not complete follow-up imaging.

The study has other limitations such as the timing of
follow-up radiographs was not standardized. Therefore, follow-up
intervals varied between patients and were dependent on caregiver
availability. A study designed with more frequent follow-up inter-
vals may allow identification of the timing of fracture resolution
more precisely as fractures may have resolved earlier than 10 weeks
(between 3 and 9 weeks) or later than 18 weeks. Finally, initial
fracture length or separation was not measured in this study and
may also affect the timing of fracture resolution.

A final limitation of this study is that both physicians and
caregivers may have expressed concern regarding radiation expo-
sure reducing follow-up imaging. In general, the use of radiation
in pediatric patients should be judicious. Radiation should not
be an overriding concern in skeletal surveys given the overall es-
timated low cumulative dose of 0.2 mSv.?’ Using the data pro-
vided by Berger et al,?’ the individual effective dose of an AP
skull radiograph is 0.005 mSv (55 kVp and 2 mAs), and the effec-
tive dose of a lateral skull radiograph is 0.008 mSv (60 kVp and
2.5 mAs). Thus, the cumulative dose of a 2-view skull is
0.013 mSv. In comparison, the yearly average absorbed dose from
the American Nuclear Society is estimated at 6.2 mSv per person
per year or a daily dose of 0.017 mSv.*® Although a future study
with standardized imaging intervals and a larger number of sub-
jects could provide more precise information on the resolution
of skull fractures, it may also be difficult because of the concern
for cumulative radiation exposure from repeated imaging. It may
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be feasible to design a study of fracture healing using ultrasonog-
raphy as information continues to accrue on this technique for
skull fracture identification in the pediatric population.?*°

CONCLUSIONS

Healing or radiographic resolution of a skull fracture in
young children can take months. In this retrospective chart review,
those skull fractures with follow-up imaging demonstrated radio-
graphic resolution at or after 10 weeks. Emergency medicine phy-
sicians and multidisciplinary teams should be aware of the high
variability in skull fracture presentation and the large window to
skull fracture resolution when children younger than 24 months
present with unexplained or multiple skull fractures.
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