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In 1946, Caffey [1] provided one of the first

medical accounts of child abuse, with descriptions

of subdural hematomas (SDH) and characteristic

long bone fractures in six children. In 1962, Kempe

et al [2] introduced the phrase battered child syn-

drome, and discussed the incidence, clinical mani-

festations, radiologic findings, and insights into

the psychiatric profiles of the batterer and the

abused victim. These seminal works stimulated

other investigators to explore the depth of child

abuse.

Awareness of child abuse among clinicians has

risen from 10% in 1976 to over 90% by 1996. Child

abuse transcends all racial, cultural, religious,

socioeconomic, and gender boundaries, but the

statistics on the prevalence and type of injuries

are fraught with inherent problems. First, the inci-

dence of abuse is underestimated because many

cases are not brought to medical attention and

the experience in dealing with abuse varies widely

between urban and rural trauma centers. The sec-

ond problem in documenting abuse is the inherent

limitation of obtaining a history from a young

child; therefore, only abuse with obvious physical

manifestations is reported. Even with these limita-

tions, head injury is the most common cause of

death and disability in childhood and the third

leading cause of death in children less than 1 year

of age [3–5].

Approximately 10% of all inpatients with neu-

rologic injury are abused children [6,7]. Several

studies have shown that if one looks at only the

infant group, 64% of all head injuries, excluding

simple skull fractures, were caused by child abuse,

and 95% of intracranial injuries were caused by

child abuse [8–10]. The reported mortality with

head trauma is 10% [11–13], which is five times

the mortality from childhood leukemia, and 18

times that of childhood brain tumors [14].

The sequelae of child abuse are not limited to

skin or bone injury but its effects are long ranging

[4]. The behavioral, cognitive, and emotional effects

of child abuse result in a long-lasting impact on the

individual and society [15]. Duhaime and Sutton [4]

estimated the annual national cost of hospital care

for head-injured children to be greater than 1 bil-

lion dollars. There are numerous texts written

about pediatric radiologic injuries. This article does

not discuss all these aspects, but rather summarizes

the types of injuries involved in child abuse for

which a neurosurgeonmight be consulted.Also dis-

cussed are common pitfalls in interpreting images

of suspected abused children.

Scalp injuries

Scalp injury might be the first and only clue

of an underlying head trauma. Other than lacer-

ations, there are two types of scalp-associated

hematomas. The most common scalp injury is a

cephalohematoma (Fig. 1). It occurs under the

periosteum and results from shear forces between

the pericranium and the calvarium [16–18]. The

two most common sites for this type of lesion are

the parietal and the occipital convexities. Twenty-

five percent of cephalohematomas are associated

with skull fractures [19]. The temptation to aspi-

rate this lesion should be resisted because of the
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possibility of infecting the hematoma. Over a

period of several months these hematomas might

result in remnant calcified subperiosteal lesions

that can be resected at a later time for cosmetic

reasons.

The other type of scalp injury is a subgaleal

hematoma, also known as caput succedaneum. This

results from the tearing of emissary veins that run

from the diploe of the calvarium to the subgaleal

tissue. Most subgaleal hematomas are results of

birth injuries caused by either forceps injury or

vaginal canal narrowing; however, forceful hair

pulling may also be a cause [20]. The hematoma

lies typically beneath the hair braid. These hema-

tomas are less likely to be associated with an

underlying skull fracture; however, in an infant

they may result in significant blood loss. Unlike

cephalohematomas, which are confined by the

periosteal-fibrous union of the calvarial sutures

and do not cross suture lines, subgaleal hemato-

mas can expand widely and lead to hypovolemic

shock in infants. In most cases conservative treat-

mentwith follow-up over several weeks is sufficient.

On skull radiographs and CT the lesions appear as

opacified oval masses above the outer calvarial

layer. The two types of lesions can be differentiated

by noting whether or not a suture line is crossed.

Skull fractures

Skull fractures are very common in children.

Even from birth they can sustain one, such as from

obstetric trauma, where the infant’s head is com-

pressed against the sacral promontory resulting

in a depressed prominence leading to a ping-pong

fracture [21]. More relevant to this discussion is

that fractures can be the only evidence of child

abuse (Fig. 2). Most abuse-related skull fractures

in infancy are simple linear fractures; however, in

older children depressed skull fractures are more

prominent. When a skull fracture is detected em-

phasis should also be placed on the site of the frac-

ture and the type of fracture. For instance, a linear

fracture in and of itself might not carry the same

importance as one that crosses a dural sinus, an

air-filled sinus, a vascular groove, or the vestibular

apparatus.

Skull fractures are divided into two categories:

simple or complex. Within these two categories

there are various subtypes. A simple fracture is

defined as one that is 2 mm or less in width; limited

to one bone; not crossing a suture line; and extend-

ing in a straight, jagged, or curved fashion. A com-

plex fracture can have a branching pattern or a

radial spiked pattern termed a stellate fracture. A

high-velocity small surface injury results in a focal

depressed stellate fracture. A high-velocity, broad-

surface injury typically results in a central stellate

fracture with an extending V-shaped peripheral

fracture [22]. If the fracture is circumferential

and isolated it is termed a comminuted fracture.

If there is an overlying scalp laceration it is called

a compound fracture. Wide complex fractures are

termed diastatic. Complicated fractures are often

caused by mid- or high-impact forces.

Many authors have noted the lack of associa-

tion between fractures and underlying intracranial

injuries, and based on clinical presentation defer to

a head CT orMRI [9,23,24]. Skull radiographs can

be helpful in documenting abuse and may demon-

strate inconsistencies in the alleged mechanism of

injury. Correct diagnosis of a skull fracture

requires familiarity with the radiologic and devel-

opmental anatomy of the skull. It is imperative

that the examining physician or radiologist be

familiar with the various sutures, synchondroses,

and fissures that may be present throughout the

developmental stages. A common pitfall is in diag-

nosing these variants as a fracture. Fractures are

radiolucent, sharply etched lines that may or may

not branch but finally taper to indistinction. For

example, a depressed skull fracture can be detected

Fig. 1. Axial proton density image demonstrates cepha-

lohematoma on the left, with fluid level typical of

evolution involving blood products. The lesion seems to

be contained within the suture confines.
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by a sclerotic edge on one side of the fragment and

a parallel disproportionate lucency on the other

[22]. Sutures in turn can be differentiated by their

serpiginous appearance, symmetry, sclerotic edges,

and normal anatomic position.

In the adult it is easy to differentiate the coro-

nal, sagittal, and lamdoid sutures. Interpretation

of an infant’s skull radiograph, however, can be

complicated. A classic example is the misdiagnosis

of the metopic suture for a frontal bone fracture.

Furthermore, in a Towne’s view this suture could

be mistaken for an occipital fracture. One can dif-

ferentiate this by noting whether or not the frac-

ture runs through the foramen magnum. A true

occipital fracture typically ends at the posterior

lip of the foramen magnum.

Radiographic markings in the occipital bone

can present a challenge in differentiating fissures

and sutures from true fractures. Embryologically,

the occipital bone arises from six separate ossifica-

tion centers that are separated by four cartilagi-

nous segments [25]. Examples of this include a

transverse occipital suture, which typically lies at

the transverse sinus level and results from nonfu-

sion of the intraparietal and supraparietal squama

of the occipital bone [26]. A mendosal suture

results from the mid-fusion of the transverse occi-

pital suture with the resultant lateral portions

appearing as paired fractures. This variance may

persist into adulthood as either bilateral fissure

or unilateral fissure. A superior median fissure is

a remnant of incomplete union of the superior

intraparietal segments often extending dorsally

past the union of the sagittal and lambdoid sutures.

A midline occipital fracture can be differentiated

from a superior median fissure by assessing whe-

ther the defect extends the entire length of the occi-

put [27]; only a fracture could account for this.

Numerous small sutures known as the lateral

interparietal sutures may be seen along the occipi-

tal margin of the lambdoid sutures. The existence

of these intraparietal sutures should be kept in

mind before diagnosing the so-called eggshell frac-

ture of the calvarium.

Intraparietal sutures are symmetric, whereas an

eggshell fracture is not [22]. Similar confusion can

occur along the lateral skull radiograph. The

greater wing of the sphenoid connects with the

frontal, zygomatic, parietal, and temporal bones.

These sutures vary in size and depending on the

size can form an X or an H configuration [28].

The squamous suture of the temporal bone may

also be misinterpreted as a diastatic fracture if

the film is rotated so that the bilateral sutures are

superimposed [27].

Vascular markings on skull radiographs may

also pose a diagnostic problem. These can be differ-

entiated from fractures on the basis of radiolu-

cency, because fractures involve the inner and

outer calvarial table. Furthermore, vascular

grooves are more linear and have a near constant

anatomic branching pattern. Venous lake tribu-

taries can be confused with stellate fractures, but

can be differentiated by additional skull views.

In infants, fractures can result in two late seque-

lae not observed in other age groups. The first

Fig. 2. Axial CT scan in a young child with apparently mild head bump demonstrates soft tissue swelling and subtly

displaced skull fracture (left). Axial T2-weighted image demonstrates small amount of subdural hemorrhage not seen on

the CT scan, and the soft tissue hyperintensity of the scalp (right).
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involves a fracture that crosses a suture line. This

can result in a tear in the arachnoid layer that is

fixed to the suture, resulting in a subepicranial cer-

ebrospinal fluid (CSF) hygroma [29], which usually

resolves over time. The second is a growing skull

fracture known as a leptomeningeal cyst, which

results from a combination of an enlarging skull

and an underlying contused brain that swells and

herniates through the dural tear further separating

the fracture margins (Fig. 3). On tangential skull

radiographs, a leptomeningeal cyst appears as a

widened skull defect with scalloped or everted

sclerotic margins. On CT it appears as a poren-

cephaly, ventricular diverticula, or hypodensity of

brain [25,30]. Clinically these infants have pro-

gressive neurologic deficits or seizures. Surgical

intervention consists of separating the brain from

the dural scar and repairing the dural defect with

a graft and bone closure with a split-thickness bone

graft [31]. Although skull fractures are not absolute

indicators of child abuse, findings ofmultiple linear

skull fractures that are bilateral and cross suture

lines have been shown to be more characteristic of

child abuse than accidental trauma [32].

Epidural hematomas

Although epidural hematomas (EDHs) are

more common in older children, they still account

for 2% of intracranial hematomas in infants [30].

Unlike a SDH, an EDH has a higher likelihood

of being associated with a skull fracture. With

Fig. 3. Axial CT scan (upper left) demonstrates encephalomalagic area of the left posterior temporal region with obvious

lytic defect of the bone best seen on the bone images (upper middle). Eburnated margins of the bone of the lytic lesion

suggest that this is a chronic lesion. Lateral skull view demonstrates an oblique lesion, typical of the growing fracture

(upper right). Axial T1- (lower left) and T2- (lower right) weighted images demonstrate the changes seen on the CT scan

and the extensive gliosis in this case. Porencephalic involvement of the ventricular system is noted.
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any fracture that crosses over the middle menin-

geal groove, clinical suspicion for an underlying

EDH should increase. The source of the bleeding

in 85% of cases is the posterior branch of the mid-

dle meningeal artery [23], with the remainder

caused by either the middle meningeal vein or

dural sinus tear.

Most EDHs are a result of obstetric trauma.

The infant commonly presents with an edematous

scalp, full fontanel, decreased level of conscious-

ness, and neurologic deficit. If the EDH is asso-

ciated with a diastatic fracture the possibility of

hypovolemic shock can occur secondary to loss

of a tamponade effect of the skull. In older chil-

dren, the textbook presentation of brief loss of

consciousness followed by a lucid interval then

obtundation, contralateral hemiparesis, and ipsi-

lateral pupillary dilatation occurs in less than

10% to 27% of cases [33].

In the pre-CT era, epidural bleeding could be

diagnosed on angiographic basis by noting the

medial displacement of the ipsilateral middle cere-

bral artery vasculature. On CT scans, EDHs have

a characteristic biconvex, high-density appear-

ance. This configuration is a result of the dural

attachment to the inner calvarial table. Small

EDHs, however, can be virtually impossible to dif-

ferentiate from a SDH [34]. Furthermore, a lucent

zone within the hematoma may represent an area

of active bleeding [35].

An MRI can also be helpful in detecting epi-

dural blood. On an MRI scan the dura can be

detected as a thin, low-signal line between the

hematoma and the brain further assisting in differ-

entiating an EDH from a SDH. Furthermore the

calvarial artifact that is seen on CT is not present

on MRI, making detection of an EDH easier.

The down side to using an MRI for this purpose

is in the dating of the blood. BecauseMRI is a rela-

tively recent technology, the appearance of blood

on an MRI as it progresses through its stages from

oxyhemoglobin to deoxyhemoglobin to methemo-

globin is still controversial. The appearance of

intracranial hemorrhage is based on empirical clin-

ical observations, theoretical explanations, animal

models, and in vitro studies of human blood clot

composition and evolution [36]. In general though,

blood on T1-weighted images progresses from a

dark appearance in the hyperacute phase, to an

isodense appearance in the acute phase, to a bright

appearance in the subacute phase, to a heteroge-

nous appearance in the chronic phase. Similarly,

on T2-weighted images the blood appears bright

in the hyperacute phase and progresses to a dark

appearance in the acute phase until the late suba-

cute phase, where it appears bright again, and

finally becomes heterogenous in the chronic phase.

In terms of surgical intervention, clinically signifi-

cant EDHs should be evacuated emergently by a

craniotomy.

Subdural hematomas

Acute subdural bleeding is more common in the

neonate than in any other age group of children

secondary to obstetric trauma [37]. In fact, SDHs

have been reported to outnumber EDHs by as

much as 10:1 [38]. SDHs are second only to con-

genital hydrocephalus as the primary cause for

macrocephaly [39]. The posterior fossa is the most

common location for SDHs in this age group. The

hematoma results from a tear in the posterior fossa

veins or more severely, a laceration of the tentor-

ium with extension to the straight sinus, vein of

Galen, or transverse sinus [40]. Another location

common for SDHs is the convexity; the mecha-

nism of injury involves tearing of the small bridging

veins that empty into the sagittal sinus (Fig. 4).

Nonevacuated hematomas become surrounded

by endothelial cells with granular tissue inva-

sion along the dural side, which in turn results in

membrane encapsulation in 2 to 3 weeks. The

hematoma then liquefies and takes on a serosan-

guinous appearance. Previously it was assumed

that the breakdown in the red blood cells caused

an increase in the osmolarity of the solution, caus-

ing an influx of fluid. There is evidence, however,

that the increase in size of the lesion might be

caused by neovascular permeability [41–43].

The typical appearance of a subdural bleed on

CT is a crescentic lesion along the convexities. In

infants bilateral SDHs are present 80% to 90% of

the time [44]. Acute blood typically appears as

a hyperintense lesion on CT, subacute blood

appears as isointense to the brain, and chronic

blood appears hypointense. Because of increased

protein concentration in the SDH, the intensity is

slightly more intense than CSF. Traditionally,

the timing of SDHs has been classified as acute

(less than 72 hours); subacute (1 to 4 weeks); or

chronic (greater than 4 weeks) (Fig. 5). These

parameters are based on the evolution of radio-

graphic changes of SDH and intraparenchymal

hemorrhages in adults and animals.

Dias et al [45] retrospectively reviewed 117 serial

CT and MRI scans in 33 infants with shaken baby

syndrome. Their data showed that the evolution of

acute to chronic subdural fluid collection can occur

187E. Rustamzadeh et al / Neurosurg Clin N Am 13 (2002) 183–199



as early as 20 hours and certainly by 3 to 12 days

after the insult. Furthermore, they report that

hypodensities can appear as early as 3.5 hours after

the insult as comparedwith the traditional view of 6

to 48 hours.

MRI can also be used to detect SDHs but the

same controversy in dating the lesion as discussed

previously exists. An important role of MRI lies in

its ability to differentiate a chronic SDH from

enlargement of the subarachnoid space caused by

either benign extra-axial fluid collection of infancy

or atrophy. Superficial veins draining the cortical

convexity sulci penetrate the overlying arachnoid

layer and then the inner dural layer to reach the

superior sagittal sinus. These venous branches lie

at a distance from the sagittal sinus. McCluney

et al [46] coined the term cortical vein sign and pro-

posed that enlargement of the subarachnoid space

because of a fluid collection results in stretching or

tethering of the cortical veins onMRI as compared

with enlargement of the subdural space, which dis-

places the arachnoid membrane and the traversing

cortical veins onto the cortical surface and results

in a fluid collection void of vasculature structure.

Furthermore, a chronic SDH results in visualiza-

tion of the cortical veins only along the cortical

margin emptying directly into the sagittal sinus.

Chen et al [47] used color Doppler ultrasound in

a series of 18 consecutive infants with pericerebral

fluid collection presentation to differentiate sub-

arachnoid versus subdural space enlargement on

the presence of cortical veins on Doppler ultra-

sound. All the patients with cortical vein detection

on ultrasound had confirmation of enlarged subar-

achnoid space on MRI.

The presence or absence of cortical veins in in-

fants with a pericerebral fluid collection is crucial in

Fig. 4. Axial CT scans of young victim of nonaccidental trauma demonstrates subtle subdural hematoma posteriorly,

and along the inner atmospheric fissure posteriorly (left). More cephalic images demonstrate the hemorrhagic contusions

with fluid levels again consequent to the trauma (right).

Fig. 5. Axial CT image of a 4-year-old girl demonstrating

an acute subdural hematoma on the right with mass effect

obliterating the right lateral ventricle and midline shift to

the left. Note the less dense crescentic portion of the

hematoma more superficially along the frontal regions

with the higher density clotted subdural hematoma.
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differentiating a chronic SDH because of previous

nonaccidental trauma versus benign enlargement

of the subarachnoid space caused by extra-axial

fluid collection of infancy (external hydrocepha-

lus). In the latter case there is usually a family his-

tory of macrocephally, and more importantly the

anterior interhemispheric fissure, the sylvian fis-

sure, third ventricle, and the chiasmatic cisterns

are larger than normal, whereas the posterior

interhemispheric fissure and the occipital and pos-

terior fossa CSF spaces are within normal limits

[48]. Because of the tethered cortical veins in the

infantswith benign external hydrocephalus, a small

percentage present with increased intracranial

pressure caused by SDH. Because of the tenuous

nature of these veins minor trauma, such as cough-

ing or sneezing, can result in rupture of these veins.

On MRI one typically sees a two-compartment

fluid collection: a SDH overlying a dilated sub-

arachnoid space [49].

Duhaime et al [50] coin the term the disappear-

ing subdural in discussing a group of infants who

presented with acute SDHs that disappeared

within 24 to 48 hours. Distinguishing between

the subarachnoid and the subdural compartment

on an initial CT scan of an infant with an extra-

axial fluid collection can be difficult at times. In

this series of four patients all were diagnosed with

an accidental inflicted SDH. Because the hemor-

rhage disappeared within 24 to 48 hours, however,

the authors believe that hemorrhage might have

been in the subarachnoid space with the CSF

washing out the hemorrhage. The authors provide

several characteristics that might help localize the

fluid collection to the appropriate compartment.

The first is that the density of the clot is less than

that seen in a surgically treated SDH, and it has

an inhomogeneous appearance to it as a result of

CSF dilution. Second, blood may be seen in the

sulci and fissures of the corresponding hemisphere.

Third, the underlying brain does not seem to have

mass effect.

Subarachnoid hemorrhage

Trauma is the most common cause of sub-

arachnoid hemorrhage (SAH). Most traumatic

SAHs are associated with other injuries including

SDHs, intracerebral hematomas (ICHs), skull

fractures, and cerebral contusions [51]. In general

a CT scan more readily detects a SAH than does

an MRI. This is caused by the rapid dilution and

clearance of the SAH by CSF. Two specific se-

quences, intermediate echo and FLAIR, have been

shown to be the most sensitive in detecting SAHs

[52,53]. Most SAHs are supratentorial and an

infratentorial SAH should raise the suspicion for

atlantoaxial dissociation or other craniocervical

injury [54].

The challenge lies not in identifying large

SAHs, but in differentiating small SAHs from

SDHs especially along the interhemispheric fis-

sure. Three helpful clues in differentiating the

two lesions are (1) SAH does not widen the inter-

hemispheric fissure as does a SDH; (2) the falx

does not extend to the rostrum of the corpus callo-

sum, and any hyperintense extension is an indica-

tion for a SAH [55]; and (3) the hyperdensity of

SAHs has an undulating margin, which conforms

to the gyral surface of the brain [56].

Traumatic SAHs do not require surgical inter-

vention; however, surgical intervention might be

needed for other associated injuries and for possible

late sequelae of hydrocephalus.

Intracranial hemorrhage

There are two basic types of forces involved in

head trauma. The first is a translational force that

involves an injury to the underlying brain directly

at the site of the impact, with or without an overly-

ing skull fracture. The mechanism involves a rapid

acceleration and deceleration of the brain paren-

chyma. The second type of force is a rotational

force that results in a shearing effect on the axons.

This type of injury is discussed in depth in the next

section. ICHs have a low incidence in neonates

because of a lack of counter-coup injury [14]. Mul-

tiple sites of ICH in the neonate might be caused by

an underlying coagulopathy. Cerebral injury can

be documented in more than half of the child abuse

cases [44]. Such injuries have the most significant

and devastating sequelae of child abuse.

The most common sites of an ICH are the deep

white matter of the frontal and the temporal lobes

(Fig. 6). The hematoma results from either direct

injury to a parenchymal blood vessel or as a result

of extensive bleeding into a contusion site [35]. The

typical CT finding is a hyperdense area with

hypointense perilesional edema. Traumatic ICH

can be differentiated from an underlying vascular

malformation on the basis of the contour. The lat-

ter type has a more uniform margin [35]. Such

factors as hemophilia, abnormal platelet function,

defects in fibrin deposition, hepatic disease, exces-

sive fibrinolytic activity, and anemia can result in

an isodense appearance of the ICH [49,57–59]. In

fact, the appearance of a fluid-fluid level within a
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clot represents an underlying coagulopathy in 50%

of patients [28].

With the breakdown of the red blood cells the

lesion takes on an isodense appearance that lasts

for several weeks. During this time neovasculariza-

tion occurs around the lesion. On contrasted CT,

this appears as a ring-enhancing lesion [28]. A tell-

tale sign of repeated head trauma is the so-called

target sign. This appears as a hyperdense lesion

within the subacute ring-enhancing lesion des-

cribed previously.

The residue of ICH includes encephalomalacia

(37%), slit-like lesions (25%), calcification (10%),

and no identifiable abnormality in 27% of cases

[60]. Associated edema either unilateral or bilateral

is a frequent finding in an abused child with intra-

cranial hemorrhage. The edema is a result of

hyperemia and vasogenic edema. The edema be-

comes maximal at 3 to 6 days [61]. The mass effect

on CT manifests as obliteration or compression of

the ventricles, the sylvian fissure, and subarach-

noid cisterns around the brainstem [56]. The mass

effect does not resolve until resorption of the

hematoma takes place.

Cerebral edema may also result from anoxic

injury as a result of asphyxia, smothering, or stran-

gulation. A useful key in differentiating the cause

of the edema can be obtained by the findings on

CT. In anoxic-induced edema, the gray matter of

the cerebral cortex has a decreased density as com-

pared with that of the thalamus, brainstem, and

cerebellum (Fig. 7). This reversal of normal brain

appearance is known as Cohen’s reversal sign

[62]. The composition, structure, sequential degra-

dation, field strength of the magnet, and pulse

sequence all affect the signal intensity of an ICH

on a MRI scan. A CT scan is far more reliable in

detecting ICH, although an MRI is far more sensi-

tive to white matter changes including the extent

of edema.

Surgical intervention for ICH in neonates and

infants is technically difficult because of the soft

and friable consistency of the yet incompletely

myelinated white matter. Conservative treatment

should be used to treat the underlying increased

intracranial pressure.

Big black brain

Infants that survive the 26% acute mortality

rate [63] associated with nonaccidental inflicted

trauma may go on to develop severe parenchymal

loss. Duhaime et al [64] followed 21 consecutive

child-abuse infants with severe head trauma ra-

diographically, and noted the development of uni-

lateral or bilateral supratentorial hemispheric

infarctions within 48 hours of admission. They

termed these radiographic findings big black brain

(Fig. 8). The radiographic findings consisted of

loss of gray-white differentiation with uniform

hemispheric hypodensity. These infarctions could

Fig. 6. Axial T2-weighted image of young victim of nonaccidental trauma demonstrating unusual bitemporal hema-

tomas (left). Mass effect has resolved by the time of the MRI. Note the heterogeneity of the cystic hemorrhagic col-

lections. Nuclear medicine study demonstrates increase uptake of posterior ribs, consistent with rib fractures (middle).

Subsequent T1-weighted image from subsequent MRI demonstrates the malacic changes of temporal lobes seen earlier

on the T2-weighted images (right).
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not be explained solely on hypoxia because the

infarcts were not symmetric, or on vascular occlu-

sion because angiographically the vessels were

patent. All the patients had extra-axial blood rang-

ing from surgically significant SDH to thin fluid

collections detectable only on MRI. They postu-

late that a combination of local pressure caused

by the SDH or the release of vasoactive or

excitotoxic factors may exacerbate the initial

mechanical damage inflicted on the infant. Similar

Fig. 7. Sagittal T1-weighted image of an asphyxiated child demonstrating hyperintense laminar necrosis of occipital

cortex and portion of the posterior frontal lobe (left). Axial T2-weighted image demonstrates hyperintense basal ganglia,

and the T2 shortening (hypointense) occipital region caused by the laminar necrosis (right).

Fig. 8. (A) Axial CT image of an infant with inflicted shaking injury showing a small subdural hematoma and extensive

loss of normal cortical architecture (also referred to as big black brain). (B) Same patient at follow-up showing diffuse

encephalomalacia and cystic changes, which are common sequelae to early diffuse changes and are associated with

uniformly poor outcome in survivors. (From the American Academy of Pediatrics; with permission.)
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findings have been seen in experimental models of

SDH [65].

Diffuse axonal injury

The types of injuries discussed so far have re-

sulted from direct impact to the skull and its un-

derlying content; however, many times the child

can present with severe neurologic deficits without

any evidence of direct head trauma. Transmission

of rotational forces as a result of impact or nonim-

pact (whiplash) injuries can lead to sudden accel-

eration then deceleration of the brain causing a

shearing and tearing of the brain parenchyma,

known as diffuse axonal injury (DAI) (Fig. 9). The

most common cause of DAI is shaken baby syn-

drome. The presentation often involves severe neu-

rologic deficits, seizures, or sudden infant death

[66–68]. The functional outcome of shaken baby

syndrome is poor with up to 30% resulting in

death, 30% to 50% left with severe cognitive or

neurologic deficits, and only 30% having a full

and normal recovery [31]. Differences in the mobi-

lity of various parts of the brain are thought to be

the underlying cause of shearing effect seen on

radiologic and pathologic findings [69].

The effects of rotational forces on the paren-

chyma were studied by Holbourn [70] by using a

gelatinous model. The areas that were found to be

most affected were the parasagittal, fronto-orbito-

temporal surfaces, corpus callosum, and the dorso-

lateral aspect of the upper brainstem. Zimmerman

et al [71] attributed this to the differential density

of the white and gray matter. Several factors put

infants and toddlers at a higher risk for DAI. First,

the incomplete myelination in infants predisposes

to shearing injury as compared with contusion in

older children. Second, the relative large size of

the head to the torso and the laxity of the ligaments

and underdeveloped neckmuscle strength results in

poor resistance to any positive force. Finally, the

thin and pliant skull bones allow more effective

transmission of the force to the brain [72].

The initial CT scan can miss 50% to 80% of

DAI cases [73,74]. Acute DAI on a CT scan is

diagnosed based on the presence of small petechial

hemorrhages in the gray-white matter junction and

in the corpus callosum [75]. MRI is far more sensi-

tive to changes in the white matter. The appear-

ance of DAI on MRI depends on the presence

or absence of hemorrhage and the duration of

the lesion. In nonhemorrhagic shearing lesions

T1-weighted images are often unremarkable. T2-

weighted images often have a multifocal hyperin-

tense foci at the gray-white matter junction and

in the corpus callosum. The hyperintensity of the

lesions diminishes over time. Hemorrhagic shear-

ing lesions are seen as petechial hemorrhages on

T1-weighted imaging and as diminished signal on

T2-weighted imaging and gradient echo scans. In

Fig. 9. Axial T2-weighted imaging demonstrates small foci of sheer hemorrhage in the right and left frontal lobe and left

temporal parietal region (left). Coronal gradient echo image, however, is clearly superior for the detection of sheer injury

compared with conventional imaging. Note the numerous sheer injuries through the frontal lobes not readily evident on

the T2-weighted images (right).
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some cases nonspecific atrophic changes might be

the only abnormality on imaging [76].

Medical intervention is limited to close moni-

toring and management of any signs of increasing

intracranial pressure.

Pediatric spine

Spinal fractures are uncommon in children,

but if detected provide for strong evidence of

child abuse. The prevalence of spinal trauma

in child abuse ranges from 0% to 3% [77]. The

sequelae of spine injury, however, can be devas-

tating. Approximately 50% of children with spinal

injury resulting in a major neurologic deficit have

normal roentgenograms [78]. The anatomic distri-

bution of spinal injuries relates to the age and the

biomechanics of the spine. In the neonatal group

cervicothoracic injury is common. In children less

than age 8, craniocervical junction injury is unu-

sually common because of the large fulcrum of the

head and the hypermobile spine. In older children,

a thoracolumbar injury is the secondmost common

site of fracture or fracture-dislocation [79].

Just as with head imaging films, one must be

aware of the normal variations in the presentation

of the pediatric spine when documenting injury of

the spine. There are several diagnostic pitfalls in

evaluating pediatric spine radiographs. These are

categorized as (1) hypermobility in which angular

or translational motion appears excessive; (2) var-

iations in normal lordosis, which may mimic liga-

mentous injury; and (3) deciphering between

synchondrosis and fracture [80].

Cervical

Cervical injuries occur as a result of four types

of forces: (1) flexion, (2) extension, (3) axial, and

(4) rotational. A frequent cause of misdiagnosis

of cervical spine instability is physiologic hyper-

mobility. This in turn is a result of three factors.

First, facet joints in infants are shallow and their

surfaces are oriented horizontally allowing for an

increase degree of motion on flexion and extension

as compared with an adult’s spine [81–84]. Second,

the vertebral bodies have an anterior wedged

shape permitting pseudosubluxation of one ver-

tebral body on another [82]. Third, the uncinate

processes are not fully developed allowing for both

rotational and lateral movement [85].

Variations in cervical lordosis result from a

combination of ligamentous laxity and underdeve-

loped cervical musculature. Because of the greater

content of cartilage present in children until the

age of 8, lucent areas in the cervical spine can be

mistaken for fractures [81,86]. Before discussing

specific injuries, it is important to list some local

variations in the alignment of the cervical spine.

First, the altantodens interval that spans from

the posterior border of the anterior arch of the

atlas to the anterior margin of the dens can vary

up to 5 mm in children. Second, the anterior arch

of the atlas can perch the tip of the dens in exten-

sion giving the false impression of an odontoid

hypoplasia. Third, up to 45% of children can have

anterior displacement of C2 on C3 exceeding

3 mm. A simple means to differentiate pathologic

subluxation from that caused by physiologic is

the posterior cervical line rule [87]. The line is

drawn from the anterior aspect of the cortex of

the C1 spinous process to the same point on the

C3 spinous process. The relationship of the C2

spinous process is compared with this line. A

deviation of 2 mm or more is indicative of a patho-

logic subluxation. Last, up to 14% of children

can have anterior displacement of C3 on C4 that

exceeds 3 mm [80]. Such normal variations in

pediatric spine usually disappear by the age of 8

when the spine conforms to the usual adult ap-

pearance. The facet joints deepen, the vertebral

bodies become more rectangular, the connective

tissue becomes more rigid, and the uncinate pro-

cess enlarges [80,82,84,88].

In reviewing cervical spine films, the goal should

not be primarily in finding a fracture, because in

many instances spinal instability might not have a

concomitant discernable fracture. A systematic

approach involving attention to the curvature of

the spine, followed by assessment of the thickness

of the prevertebral soft tissue can indicate possible

spinal instability secondary to ligamentous injury.

A rule of thumb in assessing acceptable preverte-

bral soft tissue thickness is to allow thickness of

7 mm or less above the glottis and 14 mm or less

below the glottis [89]. Lack of prevertebral soft

tissue thickness does not rule out spinal injury

because it not uncommonly occurs with minimal

anterior compression fractures and undisplaced

dens fractures [90]. A pitfall in diagnosing in-

creased prevertebral soft tissue thickness incor-

rectly can result if attention is not paid to the lack

of distention of the airway or lack of extension of

the cervical spine during a radiograph [90].

The predental space should be measured next.

In children widths of 3 to 4 mm can be normal,

but anything 5 mm or greater is considered abnor-

mal [33]. Of note the altantodens interval can

widen 1 to 2 mm between flexion and extension
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views of the cervical spine, andonly a lateral neutral

film should be used for purposes of calculation [80].

Anterior vertebral body injury is the common-

est form of pediatric spine injury. This can take the

form of a compression fracture with a teardrop

fracture, or subluxation of one vertebral body on

another. Ligamentous injury is often present. In

children a teardrop fracture consists of an avulsed

epiphyseal ring of the vertebral body and indicates

compromise of the anterior longitudinal ligament.

These growth rings occur at either end of a verte-

bral body, and can sometimes be mistaken for a

fracture. To avoid this pitfall, associated findings

of spinal injury should be sought.

Radiographs can assist in discerning the type of

injury, whether flexion or extension in nature, and

this can be compared with the history of the injury.

A flexion injury results in a compressive force ante-

riorly andadistracting forceposteriorly.The radio-

graphic findings consistent with this are wedging

of the vertebral body anteriorly with avulsion of

the inferior, anterior epiphyseal ring, narrowing

of the disk space, widening of the apophyseal joint

with variable degree of anterior subluxation, and

splaying of the interspinous processes. In an exten-

sion injury the reverse is true. The vertebral body is

seldom affected and when it is the superior, ante-

rior epiphyseal ring is avulsed. The disk space is

widened, and the posterior arch elements are fre-

quently fractured [90]. An important pitfall to be

aware of in evaluating flexion type injuries is that

the spine can appear normal in a neutral or an

extension view, and only in the flexion view is the

injury realized [91].

Odontoid fractures occur as a result of either

flexion or extension injury. Often there is paucity

of clinical findings except for neck pain and resis-

tance movement of the neck. In children less than

8 years of age the fracture usually occurs through

the dens-body synchondrosis [87,92]. In flexion-

type injuries, lateral and open-mouth views dem-

onstrate increased radiolucency and widening of

the synchondrosis, increase in the altantodens

interval, and anterior subluxation of the dens

[92]. In extension-type of injury the dens is dis-

placed posteriorly, and frequently there is asso-

ciated fractures of C1 arch or C2 pedicles. In

older children, odontoid fractures usually are of

the type 2 variety. A nondiagnosed odontoid frac-

ture can manifest in two ways. The first can be

progressive myelopathy, and the second an os

odontoideum [93]. The latter consists of an ossicle

that is separated from the C2 body as a result of

traumatic vascular injury to the synchondrosis.

Another type of high cervical injury with mini-

mal clinical findings is the Jefferson fracture, which

involves the anterior or posterior rings of the C1

vertebrae. An axial loading force is the cause of

this burst fracture. Diagnosis can be established

with an open-mouth view. According to the ‘‘Rule

of Spence,’’ if the sum total overhang of the two

lateral masses of C1 on C2 is 7 mm or greater, then

there is a high likelihood that the transverse liga-

ment is disrupted [94]. This type of fracture is

uncommon in children less than 9 years of age

because of the cartilaginous nature of the ring.

A hangman’s fracture can result from either

hyperextension or hyperflexion, although hyperex-

tension with axial loading is more commonly the

cause of the injury. A hangman’s fracture caused

by hanging differs in that the submentally placed

noose causes a hyperextension with distraction

[95]. On radiographs a bilateral fracture of the

C2 pedicles with associated spondylosthesis is

seen. Although most fractures result from motor

vehicle accidents or diving, in infants such a frac-

ture can result from violent shaking [96]. The three

subclassification are (1) type 1: 3 mm or less sub-

luxation of C2 on C3; (2) type 2: 4 mm or more

subluxation of C2 on C3 or greater than 11 degrees

of angulation; and (3) type 3: disruption of the C2-3

facet with fracture through the isthmus and resul-

tant locked facet. Lateral C-spine radiographs

show the fracture in 95% of the cases. A CT with

thin bone slices picks up the rest. Ninety percent

of the fractures heal with immobilization; how-

ever, before reducing a type 2 or 3 fracture, an

MRI should be obtained to assess for any ruptured

cervical disk that can result in further spinal cord

injury during reduction. In an extremely small sub-

population of children a bony dysplasia, such as

pyknodysostosis or Crouzon’s disease, can mimic

a hangman fracture [97,98]. These occur as a result

of nonfusion of the dens-arch synchondrosis of

C2. They appear on oblique cervical views and dis-

appear on lateral views.

Lateral flexion injuries of the cervical spine can

range from ipsilateral vertebral body compression

to contralateral brachial plexus avulsion. The clin-

ical presentation can vary from ipsilateral neckpain

with no neurologic deficit, to contralateral Duch-

enne-Erb paralysis with injury to C4-6, to contra-

lateral Klumpke’s paralysis or an ipsilateral

Horner’s syndrome with a C7-T1 injury [90]. On

anteroposterior views of the cervical spine this type

of injury can manifest as an ipsilateral vertebral

body wedging, a contralateral transverse process

or an uncinate process fracture, or a widening of
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the joints of Lushka [99]. The joints of Lushka are a

series of joint-like structures that occur along

the superior, lateral edges of the vertebral bodies

of C3-T1. They have a spurlike structure that is

covered with a synovial capsule. In an antero-

posterior view of a lateral flexion stance, contra-

lateral widening of all these joints can occur;

however, if only one or two joints appear widened

then significant underlying ligamentous tear

with instability of the cervical spine should be sus-

pected [90].

Thoracolumbar

Vertebral body compressions are the most com-

mon type of injury in this location. The mechanism

is the same as in cervical injuries. The clinical man-

ifestation ranges from midline lower back pain to

abdominal pain. In infants fractures involve the

epiphyseal end plates. A teardrop fracture in the

lumbar region is known as a limbus fracture. In

severe hyperflexion injury, the nucleus pulposus

can herniate into the adjacent vertebral body.

The herniation invariably occurs along the super-

ior, anterior region of the vertebral body. The

replacement of the vertebral body bone marrow

with disk material results in a notched appearance

of the vertebral body on radiograph because of loss

of bone density [77]. Although diskitis can also

result in this appearance, several features differ-

entiate this etiology from trauma: notching caused

by trauma involves a larger portion of the vertebral

body, trauma results in mild disk narrowing, and

notching caused by infection has an accompanying

increase in the erythrocyte sedimentation rate and

white count [100].

Dislocation of the posterior elements can result

in a splaying of the spinous processes with avulsion

of the tips. Because the spinous process is com-

pletely cartilaginous in infants, a radiograph of a

chronically abused child shows progressive cal-

cification and ossification of these fragments

resembling a clay shoveler’s fracture seen in a

radiograph of an adult’s spine. With increasing

severity in the hyperflexion of the lower spine there

is dislocation of the facets with either a perched

appearance or a locked facet appearance. With

fractionation of the neural arch, a so-called wan-

dering vertebral body is seen on radiograph de-

lineating a subluxation of the vertebral body as a

result of separation from the pedicle [101]. An

axial loading force can result in a burst fracture

of the vertebral body. A combination of CT

and MRI assists in detecting the structural

compromise and the resultant degree of spinal

cord injury.

Spinal cord injury without radiographic

abnormality

A phenomena that occurs in children with

spinal trauma is spinal cord injury without radio-

graphic abnormality (SCIWORA). It is estimated

to occur in up to 30% of children with spinal

trauma [102]. The basis for this is caused by the

elasticity of the spine in children. As discussed pre-

viously, the spine of a child is comparably more

elastic than that of the adult’s. Only after the age

of 8 does the pediatric spine resemble the adult

spine in biomechanical characteristics. In an at-

tempt to define this quality, Leventhal [103] placed

the spine of neonatal cadavers under tension and

found that the spine could be stretched up to 2

inches without disruption, whereas the spinal cord

could withstand only 0.25 inches in distraction.

The region of maximal mobility in the cervical

spine of a child resides at the C2-3 level in a child

as compared with the C5-6 level in older children

and adults. This is caused largely in part by the dis-

proportionate head circumference and weak

supportive structures in a young child [102]. Fur-

thermore, in young children the surface of the lat-

eral C1 arches and the occipital condyles are flat as

compared with that of the adult’s, which forms a

groove for the vertebral artery’s entrance into the

skull. During extreme flexion and extension of

the cervical spine, as occurs in infant shaking,

the vertebral arteries can become compressed

and result in a cervical spine infarct [104]. Clinical

experience validates this theory because SCI-

WORA occurs predominantly in young children

and affects primarily the upper cervical spine

[105]. Furthermore, the younger a child is when

sustaining a SCIWORA, the greater he or she is

at risk for developing a complete neurologic deficit

[105]. SCIWORA should only be diagnosed after

complete radiologic work-up has excluded any

structural defect that can explain the neurologic

deficit.

Summary

The long-term outlook for infants subjected to

nonaccidental trauma is bleak. In a retrospective

study with a mean 9-year follow-up, Duhaime

et al [63] noted the relationship between acute fac-

tors on presentation and the long-term outcome.
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Infants who were unresponsive on presentation

remained vegetative or severely impaired at fol-

low-up. Most of the infants who required in-

tubations were severely impaired at follow-up.

In those with acute seizures, 60% were severely

impaired, and an equal number had moderately

severe to good outcome. Less than 6 months of

age at the time of insult resulted in severe disability

in most infants. CT findings of diffuse hypodensity

or loss of gray-white differentiation led to severe

disability at follow-up. Focal areas of hypodensity

or contusion had an equal probability of good out-

come or severe disability.

Child abuse unfortunately is prevalent in our

society, and as physicians our profession requires

that we help our patients. When dealing with one

of our most vulnerable group of patients, it is

imperative when a child with injury is examined

that physicians keep in their differential child

abuse. This article has provided information in

regards to radiographic studies that assist a physi-

cian in diagnosing child abuse. The importance of

this not only is in providing appropriate care, but

far more importantly in protecting a child or his or

her siblings from future abuse.
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