Brain Pathology ISSN 1015-6305

MINI-SYMPOSIUM: Forensic Pathology of Brain Trauma in Children

Accidental Traumatic Head Injury in Infants and

Young Children
Mary E. Case, MD

Department of Pathology, Division of Forensic Pathology, St. Louis University School of Medicine, St. Louis, Mo.

Keywords
epidural hemorrhage, head injury, short falls,
subdural hemorrhage.

Corresponding author:

Mary E. Case, MD, Department of Pathology,

St. Louis University, 1402 South Grand Blvd.,
St. Louis, MO 63104, USA (E-mail:
mcase@stlouisco.com)

Received 27 June 2008; accepted 24 July
2008.

doi:10.1111/1.1750-3639.2008.00203.x

Abstract

This article will discuss accidental head injuries in infants and young children. The first
category of injury is the crushing head injury. Static forces applied slowly to the head result
in multiple fractures of the skull and contusions and lacerations of the brain resulting from
the bone fragments striking the brain.

This article will discuss the subject of short falls in young children and the resulting head
injuries. Because falls are frequent events in early life, many cases have been collected and
many papers written on the subject. Study of these cases is informative about the injuries
likely to occur in these falls. Most often, only a minor contact injury such as scalp bruise or
laceration results. In a 2 to 3% of falls, a simple linear skull fracture occurs and the majority
of these are uneventful in terms of neurological deficit or intracranial bleeding. In about 1%
of the fractures, an epidural or subdural hemorrhage occurs. Each of these forms of contact
hemorrhages will be discussed and illustrated. While these are relatively rare injuries, it is
essential that they can be identified as consistent with an accidental mechanism so that an

erroneous diagnosis of inflicted injury is not made.

INTRODUCTION

A study carried out to demonstrate the differences between acci-
dental and inflicted injuries in children in the St. Louis Metro-
politan area—with a population base of 2 million from 1975 to
1985—found 160 cases of which 63 (39%) died from accidents,
70 (43%) died from homicides and 27(16%) died from undeter-
mined manners (4). The accidents excluded cases in which chil-
dren died from gunshot wounds, drowning that occurred out of
the home, fires, and vehicular accidents either as passenger or
pedestrian. Of the 63 accidents, 39% were under 1 year old, 28%
were between 1 and 2 years old, 8% were 2 to 3 years old and
22% were 3 years or older. Thirty-seven (58%) of the accidental
deaths were asphyxial deaths, 10 (16%) were head injuries, seven
(11%) were intoxications, three (4%) were in-home drowning,
two (3%) were burns, three (4%) were electrocutions and one
child died from lightning. Circumstances by which the head inju-
ries were sustained included four children who were struck by an
object (one each by a metal spear, tornado damage, rotary lawn
mower and a heavy pole) and six children who fell (three from
the second story, one from the ninth story, one down 13 basement
stairs inside a baby walker and one child, holding onto a toy cart,
down 10 basement stairs). The head injuries sustained by these
children included two children with fractures with acute subdural
hemorrhages, two children with penetrating wounds of the head
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and six children (70%) sustained massive crushing injuries with
fractures and brain lacerations.

An identical study of the same population base from 1986 to
1999 found 72 cases of child injuries, of which 29% were acci-
dents, 44% were homicides and 26% were undetermined. Forty-
three percent of the accidents were of children under 1 year old.
The circumstances of injuries were similar to the study mentioned
carlier, and head injuries accounted for 2 (10%) of the deaths.
These head-injury deaths—with crushing of the head—resulted
from a dog attack and an event wherein child climbed into a vehicle
and as the vehicle began to move the child fell out, and the vehicle
ran over the head.

These studies and others have shown that most accidental deaths
in and around the home—which excludes deaths from house
fires, drowning outside the home, gunshot wounds and vehicular
accidents—are caused by various asphyxial events. Injuries result-
ing from the excluded categories mentioned are usually easily iden-
tified as accidental. Difficulties arise when head trauma occurs in
the home, far from the presence of an unbiased witness to provide
an accurate account of what caused the injury. The neuropathology
resulting from inflicted trauma has been described in an accompa-
nying article. This article will describe the neuropathological find-
ings in accidental head injuries in young children. In the Introduc-
tion section of this symposium, the mechanisms of head trauma
were discussed and will not be described further here.
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Figure 1. A. A 21-month-old male with a crushing head injury after a vehicle ran over the child in a driveway. Head of child showing abrasions from
wheel and skull deformity. B. Skull showing multiple fractures and deformities from crushing injury. C. Brain showing lacerations and contusions from
crushing injury. D. Coronal section of brain showing fracture lacerations and fracture contusions of brain.

PATHOLOGY OF ACCIDENTAL HEAD
INJURY

Crushing head injury

The category of crushing head injury is particularly pertinent to
accidental pediatric neurotrauma. In the studies detailed previ-
ously, crushing head injuries are relatively common in the pediat-
ric age group. Crushing head injuries are static injuries and are
caused by the application of force over time periods greater than
200 ms. In a crushing head injury, the head is stationary, or at
least the primary components of the injury occur in the stationary
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head. Massive forces literally crush the head causing fractures of
the facial skeleton, calvarium and skull base. Examples of crush-
ing injuries include: a vehicular wheel passing over the head of a
pedestrian; a heavy object falling onto the head; and the head
becoming fastened within a mechanical device that compresses
the head. The brain injuries in a crushing head injury consist of
contusions and lacerations of the brain caused by fractured bone
striking and penetrating the brain. (Figure 1) There are neither
coup or contrecoup contusions of the brain, but the contusions
and lacerations caused by the bony fragments should be labeled
as fracture contusions to properly denote their mechanism.
Because there is no acceleration-deceleration component of the
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injury, consciousness may not be lost initially as the head is being
crushed, but unconsciousness may occur following the develop-
ment of brain swelling and complications of raised intracranial
pressure. Despite the extensive injury caused by this type of acci-
dent, a few studies have found that some children survive these
massive injuries, and the outcome of the survivors is surprisingly
good (9, 22). Some of the crushing head injuries in these studies
were children who were run over by a vehicle where the wheel
passed over the head, and children who pulled a heavy object—
like a television—onto their heads. These cases provide evidence
that dynamic injuries from impulsive forces are much more dam-
aging than the actual physical disruption created by the crushing
forces of a static injury.

Short falls

Falling is a common occurrence in children and probably every
child experiences one or more falls from infancy throughout
childhood. The great majority of childhood falls result in no sig-
nificant head injury. Whether a particular head injury in a child
has been caused by a fall is a common dilemma faced by a
variety of physicians, because the history of a fall is a common
scenario falsely provided by caregivers in cases where the head
injury is actually an inflicted injury. A large literature on short
falls in young children has accumulated to assist in understanding
what injuries occur in the common household falls during child-
hood (5, 6, 12, 13, 15, 16, 20, 26). The short falls that occur in
and around the home from distances of less than 6 ft are associ-
ated primarily with focal contact injuries such as a scalp lacera-
tion or contusion although the great majority of patients demon-
strate no injury at all. About 1% to 3% of short falls in young
children cause a skull fracture. These fractures are generally
simple linear fractures without any associated intracranial hemor-
rhage or neurological deficit. Approximately less than 1% of
these fractures cause an epidural hemorrhage or, even more
rarely, a subdural hemorrhage; and if these hemorrhages enlarge
sufficiently to become a mass lesion, death may result from
increased intracranial pressure (8). In these rare incidences, either
the epidural or the subdural hemorrhage is a focal injury located
near or adjacent to the region of the fracture. Because fracture of
the skull may arise at the point of the outbending of the bone, the
fracture and hemorrhage may arise at a point different than the
point of impact. A biomechanical study of bed falls using a test
dummy demonstrated that rolling from a 27-in.-high bed onto a
surface presented a low risk of contact-type head injury (3). In
short falls, even in those associated with a skull fracture, the
period over which energy is delivered to the head is so short that
there is little deformation of the brain substance distant to the
point of impact such that there is no diffuse brain injury.
Although there may be point of contact focal injury in the form
of a skull fracture or fracture contusion of the brain, there is no
potential for traumatic diffuse axonal injury (17, 18). A divergent
view is presented in a paper by Ommaya et al proposing that in
fact contact injury may distribute injury widely throughout the
brain of a young child (21). However, this view is not supported
by the literature noted earlier that looked at hundreds of cases of
short falls and found that the great majority produced no loss of
consciousness or neurological deficit (5, 6, 12, 13, 15, 16, 20,
26).
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Falls from great heights

Falls from a height are a major cause of accidental injury and death
especially in urban children where they are vulnerable to falling
from tall buildings. One study of 61 children under 16 years of age
who were admitted to a hospital after falling from a height found
that all of the children who fell from three stories or less survived,
and a 50% mortality rate occurred for those who fell from the fifth
to sixth story (1). Twenty-three percent of the children died and the
cause of death in 11 of the 14 children (78%) who died was lethal
head injury. The head injuries consisted of skull fractures and brain
contusions identical to those seen in crushing head injuries. Of 70
children—from 10 months to 15 years old—admitted to the hospi-
tal after sustaining a fall from a height greater than 10 feet and up to
17 stories all survived their injuries (19). Fifty percent were under 3
years of age and most of the falls were from a height of one to three
stories. The most common injury in these children was head injury,
seen in 54% of the cases, and consisted of skull fractures and
intracranial hemorrhages.

Epidural hemorrhage

Epidural hemorrhage occurs in about 3% of all head injuries with
the highest incidence between 10 and 30 years of age (2). Epidural
hemorrhages are uncommon under 2 years of age and after 60
years because the dura is very firmly adherent to the inner table of
the skull (14). Of 738 head injuries in children under 16 years of
age, Hahn found that epidural hemorrhages accounted for 44% of
the intracranial hemorrhages, and that 75% of these hemorrhages
occurred in children under 3 years old (11). In about 85% of
cases, epidural hemorrhage is associated with skull fracture (23).
Children under 15 years old are less likely to have a fracture asso-
ciated with development of an epidural hemorrhage. Bleeding in
an epidural hemorrhage usually arises from laceration of a branch
of the middle meningeal artery when the dura is separated away
from the inner table of the skull. Fracture of the skull may lacerate
small branches of the middle meningeal artery where these
vessels lie in grooves on the inner table of the skull. In children,
an impact to the head may cause deformity of the skull without
causing a fracture, but this is sufficient to separate the dura from
the inner table and tear the small vessels. The grooves on the inner
table of the skull in which the small vessels lie do not develop
until 4 years of age when the diploe of the skull develops (10). In
some cases, epidural bleeding arises from tears of a dural sinus or
diploic vein rather than arterial vessels. Variations in whether the
source of bleeding is arterial or venous determine how rapidly the
hemorrhage enlarges.

Epidural hemorrhage is a contact injury and requires an impact
to the head. Epidural hemorrhages in young children arise most
commonly from falls. These are much less common from an
inflicted blow to the head that is more likely to produce acceleration
of the head with diffuse brain injuries. However, it is possible
to inflict blows to the stationary head and cause an epidural
hemorrhage.

Epidural hemorrhages occur most commonly over the cerebral
convexities most often in the parietal and temporal regions,
although they may occur in the frontal region or the occipital-
posterior fossa. Epidural hemorrhages in the posterior fossa tend to
be of venous origin and even small amounts may be significant as
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Figure 2. A. A 2-year-old child struck on head with object, with a fracture of right parietal bone and an 80-mL epidural hemorrhage over the right
temporoparietal convexity. B. Marked flattening of right parietal lateral convexity with fracture contusions of right superior and middle temporal gyri. C.
Coronal section of brain showing marked flattening of right parietal lobe.

mass lesions. Epidural hemorrhages over the cerebral convexities
are usually limited to one side by the firm attachment of the dura at
the sagittal suture. Epidural bleeding into the lifted-out dura creates
a lens-shaped configuration of the hematoma and markedly flattens
out the underlying gyral surfaces (Figure 2). The gyral surface
beneath an epidural hemorrhage will frequently have contusions
and subarachnoid hemorrhage caused by the adjacent skull frac-
ture. The volume of epidural blood needed to act as a mass lesion is
about 100 mL in an adult and much less in children (23). Epidural
hemorrhages over the cranial fossae may create problems with
increased intracranial pressure in much smaller volumes than those
over the convexity (Figure 3). The evolution of an epidural hemor-
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rhage may be observed by serial computed tomography (CT)
scans;. not all hemorrhages continue to bleed but may stop and then
be resorbed.

The dura is the periosteum of the skull and is adherent to the
inner table of the skull and more firmly adherent during the
younger and older ages. Microscopically, the epidural surface of
the dura in young children has a layer of cells comprised of osteo-
clasts and fibroblastic cells. Pigment resembling hemosiderin is
often present in the osteoclastic cells. Sometimes, the epidural
surface is mistakenly interpreted as an organizing subdural mem-
brane because of the cellular elements that resemble macrophages
bearing hemosiderin. The epidural surface may have actual spi-
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Figure 3. A. A 4-month-old male (Case 1 in
Table 1), who fell from bed and struck a table,
with fractures of the right frontal bone and the
right orbital plate. B. Epidural hemorrhage over
right anterior cranial fossa. C. Fracture of right
orbital plate.

cules of osteoid tissue. The younger the child, the more reactive the
dural osteoblastic activity appears.

The clinical significance of an epidural hemorrhage depends
upon its association with other brain injuries and with the size and
rate of development of the hemorrhage. Cases of epidural hemor-
rhages that are the only head injury have a near 0% mortality rate
with prompt diagnosis and treatment (25). Those epidural hemor-
rhages that are associated with diffuse brain injury have much
greater mortality. Despite the near 0% mortality, in the last 10 years
the author has seen four children die from epidural hemorrhages. In
the two studies described previously in this section covering the
years 1975 to 1999 in the St. Louis metropolitan region, there were
no cases of accidental head injury with epidural hemorrhages.
Since that time period, the author has seen four cases of children
dying from accidental head injuries with epidural hemorrhages
(Table 1). In Cases 2 and 3, the children were not taken to medical
care because the parents did not recognize that the symptoms they
observed in the children needed medical attention. In Case 1, after
falling out of bed, the infant was seen in the emergency department
ofa children’s hospital and had a CT scan that was read as negative
despite a fracture. Case 4 was taken to a community hospital and
had a CT scan that showed an epidural hemorrhage but it was
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thought not to be causing a mass lesion. He was treated support-
ively without surgical intervention and died.

Subdural hemorrhage

Unlike epidural hemorrhage that requires an impact and is most
commonly associated with a skull fracture, subdural hemorrhage
does not require impact but may result from inertial forces alone.
Most subdural hemorrhages are in the class described in the Intro-
duction of this symposium as diffuse injuries, but subdural hemor-
rhages may also be a focal injury and the result of impact to the
head. Although experimental forms of subdural bleeding can be
produced by inertial forces alone, in reality in most circumstances
of injury impact occurs either as the initiator of accelerating the
head into motion or occurs when the head is decelerated by striking
an object or surface. The common causes of subdural hemorrhages
at other ages—vehicular accidents, falls and sporting events—are
not common causes of subdural hemorrhage in infants and young
children. Infants and young children spend most of their time in the
home and not in activities that cause head injuries in older groups.
The most common cause of subdural hemorhage in the young age
group is abusive head injury.
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Table 1. Epidural hemorrhages in accidental falls in young children.

Case

Case number

Case history Age Sex

How accident occurred Findings

1 Taken to a children’s hospital and
had a CT scan that was read as
normal; would not eat or sleep
well; survived for 2 days; taken to
pediatrician and died on way to
the office.

2 Complained of headache and
vomited several times over next
12 h; found dead in morning.

7 years

3 Cried after fall; able to be
comforted; vomited but then put
back to bed; found dead in bed in
morning.

4 Found on ground with an
overturned bike; combative;
became somnolent in emergency
room; CT showed fracture of right
temporal; became unresponsive;
neurosurgery consulted and
recommended observation; died
2 days later.

4 months Male

Female

21 months  Male

10 years Male

Fell out of adult bed and Right forehead contusion; fracture
struck edge of bedside of right frontal bone and right
table. orbital plate; epidural hemorrhage

over right anterior cranial fossa.

Fell off tree stump about 3-ft
high and hit the back of
the head.

Right frontal subgaleal hemorrhage;
fracture of right frontal bone
extending to coronal suture
posteriorly; epidural hemorrhage
over left frontal; small contusions
of left superior and middle
temporal gyri.

Left temporal subgaleal
hemorrhage; left temporal linear
fracture; large epidural
hemorrhage over left lateral
temporoparietal convexity.

Right temporal scalp contusion;
fracture of right temporal skull;
epidural hemorrhage over right
perital; contrecoup contusions of
left temporal lobe.

Fell out of bed.

Riding bike and fell off; not
wearing a helmet.

Subdural hemorrhage in certain circumstances deserves
mention. Accidental circumstances that might produce inertial
acceleration deceleration forces to the head to of a child have been
studied as possible causes of inertial subdural hemorrhages in
young children. A report of a playground rocking toy—described
as a motorcycle-shaped toy mounted on a large spring—caused a
head injury with subdural hemorrhage in a 2-year-old boy (24). The
child was in the care of a 12-year-old caretaker and was accompa-
nied by his 3-year-old and 6-year-old brothers. The 2-year-old boy
sat on the rocking toy as the 6-year-old was shaking it from behind
and the 12-year-old was holding the handlebars and pushing the toy
back. After 4 to 5 minutes of intense violent rocking, the 2-year-old
lost his grip and his head struck the handlebars. He cried and a
bruise appeared on his forehead but he then returned to play. The
boys went home shortly afterwards and the child seemed fine and
was put to bed about 1 '/, h later. During the night, it was noticed
that the child was breathing irregularly and he was taken to the
hospital. He died as the subdural hemorrhage was being evacuated.
Autopsy demonstrated a 10 X 9-cm bruise on the forehead. There
was evidence of surgical drainage of a left subdural hemorrhage
and a residual right subdural hemorrhage, bilateral subarachnoid
hemorrhages, diffuse cerebral swelling and multiple bilateral
retinal hemorrhages extending out to the ora serrata. After investi-
gation, it did appear that the stories of the three children were
consistent and that the details of the rocking incident were truthful.
In this incident, there was an impact to the handle bars that termi-
nated the intense rocking. Occasionally, rocking chairs have been
implicated as causes of diffuse subdural hemorrhages in young
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children. The author has seen two such cases where such a mecha-
nism was alleged in over 30 years of forensic practice. Both cases
involved toddler-aged children standing up on a rocking chair,
facing the back and holding on to the chair and rocking the chair.
The child then lost his grip and catapulted from the chair and fell to
the ground striking the head. The head injuries sustained were
lethal and consisted of a thin layer of subdural blood over the
cerebral convexities and a few retinal hemorrhages. These cases
were placed into the category of “undetermined” manner of death
because although the rocking chair scenario was a possible mecha-
nism for creating inertial brain injury, the only witness is each case
was the caretaker and the veracity of the account may not be
truthful.

Contact mechanisms can also produce subdural hemorrhage. Of
the 1% to 3% of short falls that caused a skull fracture, in a very
rare number of cases, the skull fracture is accompanied by a contact
subdural hemorrhage. These cases result from skull deformation
and the subdural hemorrhage is localized to the area of contact.
Denton and Milueusnic reported such a case (8). A 9-month-old
male fell backwards off the edge of a queen-sized bed elevated
30 in. to a concrete floor, an event witnessed by the grandmother. In
falling, he rotated off the bed from a sitting position striking the
back of his head. He immediately cried and the grandmother placed
ice on his bump. He then appeared fine. He was taken to a babysit-
ter’s residence and the babysitter was told about the fall and was
asked to watch for any change in behavior. The mother picked up
the child later in the day and the child still appeared fine. Approxi-
mately 72 h after the fall, the child was found in bed unresponsive
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and was pronounced dead shortly thereafter on arrival in the emer-
gency department. At autopsy, there was right parietal subgaleal
hemorrhage and a linear fracture of the right parietal skull 3 in.
long extending to the right parieto-occipital suture and causing
mild diastasis. There was a thin, adherent clotted 2 X2 x 0.1 cm
subdural hemorrhage underlying the fracture. The brain showed
severe edema with herniation. Coronal sections of the cerebrum
showed a focal 1-mm tear of the midsuperior corpus callosum
surrounded by 2 mm of hemorrhage. Microscopically, the tear
showed hemorrhage with intact red blood cells, focal axonal injury
and microglial activation without inflammation. The brain showed
no evidence of diffuse axonal injury. The subgaleal hemorrhage
showed hemorrhage with neutrophilic inflammation. The eyes were
examined by an ophthalmic pathologist and were found to be
normal. The authors analyzed the fall and autopsy findings and felt
that the rotational component of the fall could account for the
injuries found at autopsy. The several caretakers of the child had
consistent accounts. So although a rare occurrence, this case
appears to represent an example of a low-level fall causing a frac-
ture and a focal contact, subdural hemorrhage with delayed deterio-
ration and resulting in death from brain swelling.

Brain contusions

Contusions of the brain in young children are commonly seen
adjacent to skull fractures and these contusions should be labeled
fracture contusions. Coup and contrecoup contusions do not or
only rarely occur in children under about 4 years of age. Several
reasons account for this lack of brain contusions. The very soft
consistency of the young brain makes the brain less likely to
contuse than to tear when significant force is applied to the head.
Lesions described as contusion tears were discussed in the accom-
panying article on inflicted traumatic injury in infants and young
children. On rare occasions, coup contusions may occur in young
children but appear more like a faint blush on the cortical surface
rather than a fully developed hemorrhagic contusion. Cross-
sections of these blush contusions reveal little hemorrhagic compo-
nent within the cortical lamina. There is little or no associated
subarachnoid hemorrhage. Contrecoup contusions occur when a
moving head is accelerated by falling from a standing position to
produce a torque action on the body, and then the head strikes a
hard surface (7). A young child does not fall in a manner similar to
a rigid body—which is needed to produce head acceleration. A
young child is already near the surface as they strike on falling, and
their fall does not accelerate the head. After about 4 years of age,
children falling from a standing height will show the typical pattern
of contrecoup contusions.
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