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Acute Identification of Cranial Burst Fracture:
Comparison between CT and MR Imaging Findings

Thomas S. Ellis, L. Gilbert Vezina, and David J. Donahue

BACKGROUND AND PURPOSE: Scalp swelling associated with cranial burst fracture, a
widely diastatic skull fracture of infants associated with dural laceration and acute cerebral
extrusion, may be confused with that of a simple subgaleal hematoma. Both conditions can also
be associated with hemorrhagic shock. We sought to improve the early evaluation of infants
believed to have sustained cranial burst fracture by including MR imaging, since this study

clearly delineates the dural-cortical interface, the site of injury.

METHODS: Seven infants aged 1 through 11 months who sustained cranial burst fractures,
all initially imaged with skull radiography and CT, were studied or treated from 1992 through
1996. MR imaging was obtained after resuscitation and stabilization.

RESULTS: Surgery or autopsy confirmed MR findings (dural laceration and extracalvarial

cerebral tissue) in all seven infants.

CONCLUSION: MR imaging allows early diagnosis of skull fracture associated with acute

cerebral extrusion.

Crania burst fracture, a severe head injury unique
to infants, consists of a widely diastatic (> 4 mm)
skull fracture associated with acute extracranial ce-
rebral herniation beneath unbroken scalp. At the
time of injury or shortly thereafter, these infants
often present with seizures, contralateral hemi-
paresis, a Glasgow Coma Scale (GCS) score of 10
or less, and hemorrhagic shock (1). When scalp
swelling associated with cranial burst fracture is at-
tributed to a simple skull fracture and overlying
subgaleal hematoma, another condition sometimes
accompanied by seizures, lethargy, respiratory fail-
ure, and hemorrhagic shock (2), the correct diag-
nosis is delayed. Weeks to years later, persisting
scalp swelling invites further scrutiny after the cra-
nial burst fracture has become a ‘‘growing skull
fracture” with ongoing neurologic insult, enlarging
calvarial and dura defects, and adherence of in-
jured cortex to adjacent skull and overlying soft
tissues (3-5).

Because prompt repair of burst fractures may
prevent further brain dehiscence and ongoing neu-
rologic injury, acute neuroimaging should delineate
the injury: dura laceration and extrusion of cere-
bral cortex. Although skull radiographs obtained
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shortly after injury usually show fractures measur-
ing at least 4 mm in width (1, 6-15), and CT may
display extruded cortex associated with a diastatic
fracture and overlying soft-tissue swelling, skull ra-
diographs can be misleading (13), and CT studies
may not always differentiate herniated cortex from
scalp edema or subgaleal hematoma. Moreover, it
is the presence of dural laceration, poorly delineat-
ed on CT scans, that determines whether a diastatic
fracture will become a growing skull fracture (3).
Descriptions of the MR appearance of growing
skull fracture exist, but not in the context of pre-
vention (16-19).

M ethods

Seven infants aged 1 to 17 months (five girls and two boys;
average age, 4.1 months) with cranial burst fracture were treat-
ed or studied from January 1992 through January 1996 (Table).
One was involved in a motor vehicle accident, one fell two
stories, and five suffered unwitnessed or nonaccidental trauma.
All presented with marked scalp swelling and a GCS score of
10 or less. Four manifested clinical seizure activity and five a
contralateral hemiparesis (Table).

All seven infants were examined with skull radiography and
CT within hours of presentation. Anteroposterior and lateral
skull radiographs revealed fractures 5 to 15 mm wide (Fig 1A).
MR imaging was performed within 5 days of injury. Multi-
planar unenhanced MR studies, consisting of T1-weighted
(400-600/20 [TR/TE]) and T2-weighted (2500—-3000/80—120)
sequences, were obtained with a 1.5-T Signa magnet.

Results

CT scans aways showed marked soft-tissue
swelling over the fracture. Underlying cortical con-
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tusion or hemorrhage was present in six infants,
usually beneath the fracture, one edge of which was
mildly depressed. Associated subdural, subarach-
noid, or intraparenchymal hemorrhage was com-
mon (Figs 1B, 2A, and 3A). Ventricular displace-
ment toward the fracture, suggesting cerebral
extrusion, was noted in two infants, one of whom
died. A contralateral subdural hematoma was pres-
ent in the surviving infant.

CRANIAL BURST FRACTURE 797

Fic 1. Patient 1.

A, Skull radiograph 4 hours after injury
shows a widely diastatic right frontal skull
fracture.

B, CT scan of acute cranial burst frac-
ture 4 hours after injury shows hemorrhag-
ic contusion beneath the fracture, overly-
ing scalp swelling, and moderate eversion
of fracture edges.

C and D, Axial T2-weighted (3000/100/
1) (C) and sagittal T1-weighted (549/20)
(D) MR images 15 hours after injury show
acute transcalvarial brain herniation. Brain
parenchyma is clearly differentiated from
scalp soft tissue and hematoma. Note as-
sociated convexity and interhemispheric
subdural hematoma and cortical contusions.

Fic 2. Patient 3.

A, Axial CT scan 3 hours after injury
shows diastatic fracture with everted frac-
ture edge and marked scalp swelling. Un-
derlying subdural and subarachnoid hem-
orrhage and small cortical contusion are
present.

B, Coronal T2-weighted (3500/108/1)
MR image 36 hours after injury reveals ex-
tent of cerebral herniation and dural defect.
Note high signal intensity of both intracra-
nial and extracranial brain tissue.

MR imaging revealed dural defects and cerebral
herniation, confirmed at surgery in al six infants
who underwent surgery, and at autopsy in one. T1-
weighted images typically showed edematous,
mixed-signal hemorrhagic cortex traversing dural
and calvarial defects. T2-weighted studies revealed
the extent of underlying white matter edema (Figs
1C, 2B, and 3B). Proton density—weighted studies
showed herniated cortical vessels especially well.
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Fic 3. Patient 6.

A, CT scan of fatal cranial burst fracture
2 hours after injury shows diastasis of co-
ronal suture, bifrontal cortical contusions,
and marked, high-density scalp swelling.

B, Coronal T2-weighted (3000/108/1)
MR image 12 hours after injury reveals
transdural herniation of hemorrhagic brain
and cortical vessels with underlying corti-
cal contusions.

Coronal and sagittal images clearly delineated ver-
tex disorders. Although illustrating cortical contu-
sion beneath the fracturesin virtually every patient,
CT scans neither differentiated herniated cortex
from scalp or subgaleal hematoma nor showed du-
ral tears; ipsilateral ventricular displacement sug-
gested these conditions in two children.

Surgery was delayed until hemodynamic stabil-
ity and control of intracranial pressure were as-
sured: 1 to 15 days after injury (average, 6.4 days).
Herniated cortex is separated from the dural edges,
skull, and surrounding soft tissue, allowing primary
closure of dural and calvarial defects (Fig 4). One
infant requiring urgent evacuation of an expanding
intracerebral hematoma underwent repair of the
crania burst fracture on the day of injury. Another,
presenting with hemodynamic instability requiring
resuscitation en route to the hospital, hematocrit of
5%, and disseminated intravascular coagulopathy,
died within 48 hours of hospital admission.

Discussion

Crania burst fracture (1) is a widely diastatic
skull fracture associated with dural laceration and
extrusion of cerebral tissue outside the calvaria be-
neath an unbroken scalp. Prompt reduction of the
cerebral hernia followed by dural repair prevents a
growing skull fracture (3, 5-8, 10, 14, 15, 20-23).
Diagnostic strategies have ranged from serial phys-
ical examinations in search of an enlarging skull
mass to neuroimaging, including plain radiography
(7), cerebral arteriography (14, 15), CT (17, 21,
22), color Doppler sonography (24), and MR im-
aging (25).

Although the overlying scalp usually remains
unbroken (10), crushing forces causing significant
skull deformation may tear or burst adherent dura
mater and extrude cerebral cortex (3, 10, 26, 27).
The mechanism of injury appears analogous to the
“nutcracker” injury sustained by infants suffering
air bag—related trauma (28). Elevated intracrania
pressure resulting from cerebral swelling, hemor-
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rhage, or hydrocephalus in the presence of a dural
tear can also facilitate cerebral dehiscence.
Growing skull fractures can develop when dural
and arachnoid tears remain unrepaired (27, 29, 30).
Goldstein et a (30) demonstrated chronic cerebral
herniation into craniectomy defects in experimental
animals, and noted that an associated dural defect
could prevent or delay fracture healing. Cranial and
dural defects associated with arachnoid tears en-
larged with or without surgically induced focal
brain injury or ventricular disruption (29, 30). Stein
and Tenner (14, 15) considered herniated cerebral
tissue within the fracture defect the defining feature
of growing skull fracture. Lende and Erickson (10)
noted that a *‘dural defect ... appearsto be areg-
uisite for enlargement of the fracture,” and de-
scribed underlying cortical injury, often clinically
manifested by contralateral hemiparesis and sei-
zures. These authors acknowledged that cerebral
swelling might enlarge the defect. Likewise, Pen-
field (31) proposed that the interposition of cortical
tissue between fracture edges accounts for fracture
growth. Expanding calvarial defects not associated
with underlying cortical injury in patients reoper-
ated for craniosynostosis have been reported and
are believed to be the result of unrecognized dural
tears sustained during the initial operation (32, 33).
Such controlled injuries are not analogous to the
massive trauma sustained by our patients.
Neuropathologic findings associated with grow-
ing skull fractures may simply represent the static
aftermath of severe traumatic brain injury (9). Ce-
rebral changes associated with some growing skull
fractures, however, could represent secondary
changes arising in the wake of untreated cerebral
extrusion (20, 22, 27, 31). Stein and Tenner (14,
15) stated that cortical ischemia (suggested by slow
flow at angiography) might cause ongoing neuro-
logic injury in patients suffering cortical herniation
associated with their diastatic fractures. Roy et a
(27), noting areas of acute and chronic cortical ne-
crosis associated with growing skull fractures long
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after injury, stated that, **varying degrees of brain
damage continue to occur in the area of the main
defect and at its edges long after the incidence of
the trauma,” and that, *‘in addition to the damage
including laceration of the brain at the time of ini-
tial injury, further damage to these structures con-
tinues to occur” as evidenced by ‘‘the accumula-
tion of compound granular corpuscles and foci of
reactive astrocytic cell proliferation.” Conse-
quences of such ongoing injury may transcend lo-
cal effects. Cytokine production by reactive astro-
cytes and mononuclear phagocytes occurs months
after experimental head injury and may play arole
in posttraumatic cerebral degeneration (34).

Ramamurthi and Kalyanaraman (35) questioned
the need for repair of growing skull fractures in
older patients, yet two of their four subjects man-
ifested progressive neurologic deficits throughout
the observation period. Roy et a (27) and Tandon
et a (22) reported 60 patients with growing skull
fractures, most presenting months to years after in-
jury, two thirds suffering hemiparesis, and nearly
one half seizures. More than 10% had progressive
neurologic deficits. Others have documented such
deterioration (8, 35-37), possibly due to ongoing
cerebral damage after the initial injury analogous
to that seen in the ““syndrome of the trephined”
(20, 22, 27, 37). Development of a posttraumatic
pseudoaneurysm adjacent to an untreated growing
fracture has been reported (12).

Enlargement of cranial defects and cerebral ad-
hesion to overlying scalp unnecessarily complicate
repair. Cortical parasitization of scalp vessels oc-
curs as herniated cortex adheres to adjacent tissues
(27). Figure 5 shows the operative findings of a
cranial burst fracture left untreated for 6 months.

Other injuries must not be confused with crania
burst fracture. Sekhar and Scarff (13) reported two
infants with *‘ pseudogrowing skull fractures’ after
a relatively trivial injury, unaccompanied by neu-
rologic deficit, who never displayed clinical evi-
dence of increased intracranial pressure. These ini-
tially minimally diastatic (2-mm wide) fractures
had enlarged 2 to 3 mm 3 to 6 weeks later, but
went on to heal spontaneously by 18 to 23 weeks.

Blunt impact to an infant’'s head sufficient to
fracture skull and tear or burst dura may be asso-
ciated with meager clinical findings at the time of
injury. Scalp swelling and anemia (26) may be at-
tributed to subgaleal hematoma and soft-tissue
swelling alone (1, 3-15, 17, 18, 20-23, 26, 27, 29,
32, 35, 38-44). A close look at the history (severe
trauma) and careful physical examination (enlarg-
ing scap mass) may identify growing skull frac-
tures as early as 4 weeks after injury (8, 17, 29,
30), but alone cannot establish the presence of cra-
nial burst fracture soon after the event.

Cerebral angiography aside (15), imaging tech-
niques have elucidated cerebral herniation well af-
ter the fact. Although acute skull radiographs do
show fracture diastasis exceeding 4 mm, Goldstein
et a (30) showed experimentally that bony rarefac-
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tion, evidence that dural laceration with dehiscence
of brain or meninges or both have occurred, is not
identifiable until 6 weeks later. Lye et a (36) used
CT to demonstrate subgaleal CSF and soft tissue,
presumably herniated cortex, overlying a growing
fracture 8 weeks after injury in a patient with a
clinically obvious growing skull fracture associated
with a fluctuant scalp mass despite a reportedly
norma CT study obtained 2 weeks after injury.
Nalls et a (21) identified cerebral herniation in a
12-month-old child from unenhanced and enhanced
CT studies obtained 10 months after injury, when
the nature of the cranial defect was already clini-
cally apparent. Other published reports of CT find-
ings in growing skull fractures are limited to frac-
ture characteristics months to years after injury (22,
38, 45).

Although it remains the preferred imaging tech-
nigue for acute head injury, CT can fail to show
the severity of craniocerebral trauma (42, 46, 47).
Inappropriate algorithms, artifacts, and partial vol-
ume averaging may obscure injuries located near
the vertex or skull base. Unequivocal demonstra-
tion of crania burst fracture on initial CT studies
represents the exception. The CT appearance may
be deceptively benign, because the fracture margins
do not appear greatly depressed and the cortical
contusion beneath the fracture may appear trivial
(48) (Fig 2A). Although a dedicated pediatric head
algorithm optimizes CT detection of acute super-
ficial contusions and foca subarachnoid hemor-
rhage (findings present in the majority of infants
with surgically confirmed cranial burst fracture),
differentiating between scalp hematoma and cere-
bral extrusion by means of CT remains difficult.
MR imaging delineates the interface between cal-
varia and intracrania tissues, the locus of injury in
crania burst fracture, revealing dural defects and
acute cerebral extrusion through the calvaria, how-
ever subtle (Figs 1-3). Flow voids revea extracra-
nial cortical vessels. MR imaging surpasses CT in
depicting associated intracranial injuries (ie, diffuse
axonal injury, small superficial cerebral contusions,
small extraaxial collections, primary brain stem in-
jury, and subacute and chronic changes) ensuing
after head injury (18, 42, 46, 47, 49). MR imaging
defines the age of cerebral injury, an important con-
sideration in cases of suspected nonaccidental trau-
ma (50), a frequent cause of cranial burst fracture
in our patients. MR imaging is considered the ideal
study of nonaccidental head injury in infants (48,
49). Although Kelly et a (46), in their review of
100 patients with head injury undergoing both CT
and MR imaging days to weeks after injury, stated
that acute surgical management was not altered by
the additional information garnered by MR studies,
they acknowledged the latter's usefulness in the
subacute or chronic head injury setting as well as
in “selected patients.”” MR imaging is useful for
the prompt identification of infants with cranial
burst fracture (25), a condition requiring, in our
opinion, timely surgical repair (25).
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FiGc 4. Intraoperative photograph of patient 1. The cerebral cortex is encountered in the subgaleal plane after scalp incision.

Fic 5. Operative appearance of growing skull fracture that remained untreated for 6 months after injury. A sizable defect has developed,
necessitating large dural and split-thickness calvarial grafts. Acutely treated cranial burst fractures rarely require grafts of either skull or

dura.

Conclusion

Cranial burst fracture, a widely diastatic skull
fracture with acute cerebral extrusion into the sub-
galeal space, is a severe traumatic injury of infants.
Weeks must pass before physical examination can
differentiate a persisting or pulsatile scalp mass
from resolving subgaleal hematoma. Skull radio-
graphs confirm the condition only after chronic
bony changes have occurred, and CT may not re-
veal the condition until it is aready clinicaly evi-
dent (ie, after chronic neuropathologic and cicatri-
cia changes have occurred). Identification and
repair of cranial burst fracture before the chronic
neuropathologic changes of growing fracture de-
velop minimizes ongoing cerebral injury and facil-
itates safe repair. Because it differentiates brain pa-
renchyma from adjacent soft-tissue hematoma and
subcutaneous tissue, demonstrating the dural defect
and acute subgaleal cerebral extrusion, MR imag-
ing prospectively shows which injury (ie, crania
burst fracture) is likely to become a growing skull
fracture, allowing timely repair of dural and cal-
varial defects after the patient is hemodynamically
stable and acute cerebral edema has subsided.

Infants presenting with marked scalp swelling,
a GCS score suggesting moderate-to-severe head
injury, an acute skull fracture wider than 4 mm on
radiographic examination or CT lateral digital ra-
diographs, and subarachnoid or parenchymal
blood seen beneath the fracture on CT scans
should undergo MR examination after they are
clinically stable to identify dural defects and ce-
rebral dehiscence. Coexisting severe scalp swell-
ing and suspected abuse (five of the seven infants
reported herein sustained nonaccidental trauma)
should also suggest cranial burst fracture. Reduc-
tion of herniated neural tissue, dura repair, and
skull reconstruction are best performed after acute
cerebral swelling has subsided but before cortical
parasitization of scalp vessels and scarring have

occurred (1, 4, 11, 20, 27, 44). ldentification of
cranial burst fracture before the chronic neuro-
pathologic changes of growing fracture develop
facilitates safe repair and may minimize ongoing
cerebral injury.
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