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ABSTRACT

Neurologic and neuropsychologic sequelae of crush head injury, which is produced by static forces occurring when the
head is stationary and pinned against a rigid structure, were studied prospectively in a series of eight children ranging in

age from 13 to 32 months. Hospital course, computed tomographic findings, and neurologic and developmental outcomes
were examined. All children sustained pronounced cerebral trauma characterized by multiple fractures throughout the

calvaria, extra-axial hemorrhages, and parenchymal contusions. Cranial nerve injuries were noted in three and hemiparesis
in two of the cases. Two months after the injury, 63% of the children displayed deficits in either IQ or motor functioning.
One year after the injury, five of the six children reevaluated had a good recovery. Motor scores were significantly lower
than cognitive scores at baseline and showed the greatest degree of improvement over time. Neuropsychologic outcome
after brain injury produced by static loading of the head is more favorable than from traumatic brain injury associated
with dynamic loading. (J Child Neurol 1999; 14:496-501).

Crush head injuries result from mechanical loading of the
head by static forces, applied for greater than 200 ms over
a large area, that relatively slowly deform the cranium.l2 Sta-
tic loading of the head occurs when the head is stationary
and pinned against a rigid structure. In contrast, dynamic
loading (eg, high falls or motor vehicle accidents) results
from sudden, rapid movement of the head for a brief dura-
tion (less than 50 ms).3 Russell and Schiller’s early work
(1949) elucidated some of the biomechanical effects of
crushing forces to the head in postmortem adult skulls.4
Despite the breaking of the skull by vices, the brain sustained
little injury. In most clinical cases, crush head injuries are
rarely biomechanically &dquo;pure&dquo; and there is often a dynamic
component.n3 However, in these compression injuries the
static loading is considered to be a greater factor than the

dynamic force. For example, when a person is knocked to
the ground by a falling object the crushing weight of the
object is considered to be a greater factor in the injury than
the dynamic force involved in falling to the ground. 1

Large-scale studies of severe pediatric traumatic brain
injury indicated that infants and preschool-aged children suf-
fering such injuries often exhibit a wide rage of cognitive
deficits, including impairments in intelligence, language,
and motor skills.5-8 Although closed head injury studies
have included children with crush injuries, the sequelae of
this type of injury have not been differentiated from trau-
matic brain injury secondary to dynamic forces. Because of
the cranium’s flexibility and ability to absorb slowly applied
force,2 it has long been assumed that crush injuries result
in less severe neurologic damage and better outcome. How-
ever, little research has been conducted on this unique
mechanism of injury and to date only one study has specif-
ically addressed pediatric crush head injury. Duhaime and
associates reviewed a series of seven retrospective pedi-
atric crush head injury cases ages 15 months to 6 years and
found a favorable recovery in all surviving children. This find-
ing of good outcome in children with crush head injury
supports the assertion that the brain within the cranium can
tolerate static loading. Duhaime et al emphasized neurologic
sequelae and assessment of outcome was complicated by
the administration of varying cognitive tests at different
times. Three of the six surviving children had premorbid
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attention-deficit hyperactivity disorder or Down syndrome,
which further complicated the identification of postinjury
deficits. The wide age range of the sample also made it dif-
ficult to delineate a distinct pattern of injury associated
with static loading because of significant changes in the skull
during the first 3 years of life.9 The purpose of this study is
to further describe the neurologic and neuropsychologic
sequelae of crush injuries to the head from quasistatic to sta-
tic forces by examining a restricted age range of children,
3 years of age and younger, and by the administration of uni-
form measures of neuropsychologic outcome at 1 month and
at 1 year post injury.

METHODS

Participants

Neurologic and neuropsychologic outcomes were evaluated

prospectively in eight children with no history of medical or behav-
ioral disorders who survived crush injuries to the head between
1983 and 1996 and were treated at Memorial Hermann Children’s

Hospital. Inclusion criteria were an age less than 3 years and the
determination from information obtained from adults at the scene

of the accident that the injury involved static loading to the head.

Demographic and neurologic information is presented in Table 1.
The sample was composed of four girls and four boys with a mean

age of 20.9 months. Five of the children were run over by vehicles
while their heads were stationary and close to the ground. The

remaining three children pulled television sets onto their heads from

heights of less than approximately 3 feet.

Admission Status and Hospital Course

Glasgow Coma Scalel° scores ranged from 4 to 13 upon admission.
Six children had impaired consciousness, which was defined as a

modified Glasgow Coma motor subscale score of less than 6, for
a period greater than 24 hours. The motor scale item &dquo;following com-
mands&dquo; was modified to &dquo;spontaneous movements&dquo; for infants
less than 6 months old and &dquo;goal-directed movements&dquo; for children

aged 7 to 35 months.
At admission, pupils were equal and bilaterally reactive in all

but two cases. Case 5 presented with a fixed right pupil and slug-
gishly reactive left pupil. Case 6 had bilaterally unreactive pupils.
Two children received mannitol prophylactically (cases 2 and 3) for
intracranial pressure. Case 6 received mannitol and case 5 addi-

tionally received furosemide for increased intracranial pressure. A
Camino bolt was placed in one child (case 3) secondary to brady-
arrhythmias and fluctuation of blood pressure. It was removed the

following day after stable intracranial pressure was established.

Outcome Measures

Global outcome was assessed using the Glasgow Outcome Scalel
modified for children. Children were rated as falling into one of sev-
eral categories within the month following discharge: (1) Good
recovery (resumption of premorbid activities with minimal neu-

rologic deficit or change in personality or cognitive abilities), (2)
Moderate disability (reduction in abilities compared to premorbid
status with changes in personality or cognitive abilities or requir-
ing ongoing rehabilitative therapies, or both), or (3) Severe disability

(requiring substantial assistance in self-care inappropriate for

chronologic age, with deficient cognition).
All children were assessed within 8 weeks of the crush injury

and six children were reevaluated in I year. Cognitive and motor
outcome was assessed using the Bayley Scales of Infant Develop-
ment : Mental and Motor Scales. 12.13 At the 1-year follow-up, children
under the age of 43 months were re-administered the Bayley Scales.
Older children were given the Stanford-Binet Intelligence Scale-4th
edition and the McCarthy Scales of Children’s Abilities-Motor
Scale. 15 Previous longitudinal studies have demonstrated the com-

parability of these measures.’
Parents were interviewed as soon as possible after the injury

about the premorbid status of the children using the Vineland

Adaptive Behavior Scales a semistructured parental interview
assessing typical functioning in communication, daily living skills,
socialization, and motor domains. Caregivers were also inter-
viewed 1 year post injury about the adaptive skills of their children
at the time of evaluation.

RESULTS

Neurologic and Neuroimaging Findings
As shown in Table 1, two of eight children who had motor
deficits showed significant improvement following inpa-
tient physical and occupational therapies. Two children
presented with intermittent seizures: Case 5 had tonic-
clonic seizures and was successfully treated with phenytoin
and phenobarbital; case 6 presented with generalized
seizures, which responded to lorazepam. Two of three chil-
dren with cranial nerve injuries had unilateral facial paral-
ysis. Case 3 had a good recovery of facial mobility without

surgical intervention. She also had involvement of cranial
nerve VI with inward deviation of both eyes. One year post
injury, ocular functions remained mildly impaired, as the right
eye was mildly deviated inward. Case 5 underwent facial
nerve decompression with a cable graft and displayed good
recovery of function. Case 6 had good recovery of ocular
function in cranial nerves III and IV without further treat-

ment. Two children exhibited hearing abnormalities; case
5 had a right-ear hearing loss in the mild to moderate range
and case 6 had mild sensitivity loss in the right ear (1000 to
4000 Hz).

Computed tomographic scans of the brain obtained on
the day of injury revealed that seven children had cerebral
contusions, six had subdural hematomas, one had an
epidural hematoma, and four sustained subarachnoid hem-
orrhages (Table 1). Cervical spine imaging was negative in
all children. All of the children sustained skull fractures: basi-

lar (62%), linear (62%), and diastatic (37%). Soft tissue injury
overlying the skull was found in all children. No lesion or
fracture required surgical intervention.

Neurobehavioral Outcome

Initial

Based on parent interviews, Vineland Adaptive Behavior
Composite16 scores indicated that all children were within
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Table 1. Demographic and Neurologic Information for Children with Crush Head Injuries on Hospital Admission

GCS = Glasgow Coma Scale; E = eyes; M = motor; V = verbal; 0 = occipital; P = parietal; SAH = subarachnoid hemorrhage;T = temporal; pneumo = pneumocephalus; ceph =
cephalohematoma;T-P = temporoparietal; SDH = subdural hematoma; EDH = epidural hematoma; STS = soft tissue swelling; F = frontal; R = right; L = left; I = intubated.

or above the average range prior to injury. On the Bayley
Scales of Infant Development,12,13 scores of 85 to 114 (16th
to 82nd percentiles) comprise the normal range. Mildly
delayed scores fall between 70 to 84 (2nd to 14th percentiles)
and any score below 69 is considered significantly delayed.
Two children were functioning in the mildly delayed range
on mental testing and two children were in the significantly

and mildly delayed ranges, respectively, on the motor scale.
The mental and motor scores are presented in Table 2. The
relationship between the mental and motor scales and the
difference needed to be statistically significant at the P < .05

level varies by age. Four of the children displayed differences
between the scales that were at the P < .05 level of signifi-
cance, with three of four displaying significantly lower
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Table 2. Outcome Variables for Children with Crush Injuries

NA = not available.

*Significant difference between scales of test at P< .05.

’Significant difference between scales of tests at P< .95.

motor than mental scale scores. One child had lower men-

tal than motor scale scores at the P < .15 level. Thus, five
of eight (63%) displayed discrepancies on this test that are
not commonly seen in normally developing children.

As shown in Table 2, at baseline two of the children were
rated as having moderate disabilities on the modified Glas-
gow Outcome Scale11 as both required intensive rehabilita-
tive efforts. The remaining six children were rated as having
a good recovery.

One Year Follow-Up
IQ scores increased an average of 7.16 points and motor
scores increased 25.33 points for the six children who were
available for reevaluation. Three children (cases 2, 3, and
5) had increases of more than 35 points on motor scores.
Although two of the children who displayed significant dis-
crepancies between mental and motor IQs at the initial
evaluation continued to have disparate scores at 1 year
(case 4 and 5), all children scored in the normal range. Only
one child (case 4) did not have a significant gain in either
metal or motor scores.

Comparing premorbid and postinjury adaptive behav-
ior scores revealed comparable scores in five of six children.
Postinjury adaptive behavior was significantly lower than
premorbid functioning in case 2, who had a moderate recov-
ery on the Glasgow Outcome Scale because of ongoing
physical therapy. The remaining children were rated as hav-
ing a good recovery.

DISCUSSION

Pure static force, as was generated by Russell and Schiller4
in their experimental study, is rarely seen clinically. All chil-
dren in our study either fell a few feet to the ground before
being run over by a vehicle or being hit by a falling object.
Thus, in addition to the static force applied by heavy objects
onto the cranium, there was a dynamic component to these
injuries. The short distance of the falls is not likely to have
been of sufficient force to generate severe injuries, as all chil-
dren fell from a standing or squatting position. Thus it is likely
that injuries in this study are primarily attributable to sta-
tic or quasistatic forces.

Although all children in this study sustained skull frac-
tures, many of which were complicated (comminuted,
diastatic, or bilateral), none required surgical intervention.
Children under 2 years of age typically have the highest rate
of skull fractures relative to older children and adults 17,11
because of open metopic and mendosal sutures and thinner
bones.l9 Linear skull fractures are very common 18,20 in chil-
dren and were present in 62% of this sample. Bilateral
skull fractures were present in 75% of the children and dias-
tasis of sutures were found in 37% of the children. Bilateral

skull fractures, although rare,lS,19 have been reported fol-
lowing bilateral head compression or inflicted crush injury
in infants.&dquo; Basilar skull fractures were present in 62% of
the cases, which is somewhat higher than expected for this
age range. 17 Basilar skull fractures can result either from
direct impact or stress waves emanating from remote areas
of impact .3 &dquo; The prevalence of this type of fracture in crush
head injury is to be expected, given the direct pressure
exerted on the skull. Case 4 sustained a fracture through the
foramen magnum with no complications. This fracture site
is uncommon and typically is associated with fatal injuries.22
The relatively minor sequelae of fractures in the foramen
magnum in both this sample and that of Duhaime et all
suggest that this fracture type likely results from stress
waves from remote areas of impact and not from direct
impact.

It is difficult to establish a particular pattern of fractures
in this sample because it is impossible to ascertain the
actual orientation of the head and object during the acci-
dents. Russell and Schiller~ found that forces applied in a
lateral direction resulted in fractures that crossed the mid-

dle fossa and in longitudinal fractures of the petrous bones.
In contrast, forces applied in the anteroposterior direction
resulted in fractures perpendicular to the lines of force
across the floor of the frontal fossa. One child in our study
sustained a bilateral skull fracture through the frontal fossa
and into the parietal region consistent with Russel and
Schiller’s’ application of force anteroposteriorly. Three chil-
dren sustained fractures through the petrous ridge, sug-
gesting that the force was applied laterally.

Diffuse axonal injury was not identified in any child. All
children sustained either extra-axial hemorrhage, parenchy-
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mal contusions, or both, with 87% having multiple lesions.
Parenchymal contusions were confined mainly to the area
under the fracture. Lesions in the cerebellar hemispheres
and the pons, which are rare,18 were found in two children.
Consistent with the findings of large-scale studies of chil-
dren under the age of 3 years who sustained closed head

injuries, 9,17 our study indicates that very young children are
likely to sustain skull fractures under static conditions and
are also likely to develop multiple extra-axial hemorrhages
and cerebral contusions. Only one child in our group sus-
tained fractures of the facial bones, despite the crushing of
the cranium by heavy weights. The low rate of facial frac-
tures in this sample is likely related to the elasticity of the

young skeleton and cartilaginous growth centers.13
Recovery of motor and cranial nerve function was

favorable. Three children in our sample sustained cranial
nerve damage and all displayed favorable recovery of func-
tion, with one child having persisting deficits. Similarly,
two children, both with cerebellar lesions, who presented
with hemiparesis showed a good recovery of function, but
with residual impairments in gait and strength.

Previous studies of children with severe traumatic brain

injury have indicated long-term deficits in intellectual, lan-
guage, and motor development.~-7 Glasgow Coma Scale rat-
ings on admission indicated that 64% of this sample sustained
a severe traumatic brain injury. Although Glasgow Outcome
Scale ratings indicated good recovery in 75% of the children
at time of discharge and 83% of children 1 year post injury,
this scale is a measure of gross functional level and not
actual cognitive ability, and could overestimate the quality
of outcomes. 24 Psychometric scores allow comparison of the
performance of these children to that of their peers, which
clarifies the extent of the sequelae. At baseline, 50% of the
children were delayed in either mental or motor domains and
63% displayed atypical discrepancies among their test scores.
These results are consistent with the presence of multiple
cerebral lesions and alterations in the level of consciousness.

At 1 year after the injury, there was considerable
improvement in motor scores and, to a lesser degree, men-
tal scores. The long-term sequelae in the present sample are
less severe than in samples with mean ages of 33 to 66
months with significant head injuries from dynamic forces.&dquo;
The cognitive and motor recovery in all children sustaining
injuries secondary to quasistatic forces in this study was
highly favorable, with all children scoring at or above the
average range. The persistent sequelae commonly seen fol-
lowing severe traumatic brain injury in previous studies
are likely secondary to diffuse neuronal injury related to
shear injury, increased intracranial pressure, and secondary
ischemia related to dynamic forceS.2

All children in this study were injured by pulling televi-
sions onto themselves or being run over by a motor vehicle
driven by a parent. These injuries are preventable, yet par-
ents of young children are rarely informed about the preva-
lence of these types of accidents. Televisions on stands are

particularly tempting for toddlers and the top-heavy nature
of the television stands makes them susceptible to being

pulled down by a young child. At present, there are no devices
available on the market that can easily secure televisions to

adjacent walls. A recent survey of television sets that had top-
pled onto children revealed that none of the sets were free-

standing or console units.25 Thus, placing the television on the
floor could reduce the incidence of crush injuries in young
children substantially. Parents of young children should be
advised to show discretion as to the size and placement of
televisions in rooms where young children have unrestricted
access. Three of the four children in this sample who had been
run over by cars were under adult supervision at the time of
the injury. These children were outside, waving goodbye to
parents, and ran to get closer to the vehicle. One child had

actually attempted to hug the tire of the car. Even though the
children were being supervised by adults, they were far too
close and were able to reach the moving motor vehicle before
the adult could intervene. Greater dissemination of infor-

mation about these hazards is needed to reduce the occur-

rence of crush injuries in young children.
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