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Fracture of the sternum in children
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Obijective: Sternal fracture is poorly characterised in children. The purpose of this study was to gain insight
into the mechanism, radiological characteristics, and accompanying injuries of sternal fracture in children.
Methods: The study was refrospective. The records of all children who underwent plain radiography of the
sternum, or compufecl tomogrophy of the thorax after trauma, over a 40 month period in our poedictric
hospital were reviewed for evidence of sternal fracture.

Results: 12 of 33 children identified had radiological evidence of sternal fracture. The age range of
children with fractures was 5 to 12 years. Eleven children had fracture of the anterior cortex of the first or
second sternebra of the body of the sternum. One child had fracture through the manubriosternal joint with
posterior displacement of the body. Seven fractures resulted from direct blows to the anterior chest, five
fractures resulted from hyperflexion injury of the thoracic spine. None were the result of motor vehicle
crash. All fractures were isolated injuries.

Conclusions: Sternal fracture is uncommon in children. Injury may result from direct or indirect violence.
The child’s sternum is commonly fractured by more minor blunt trauma than generally recognised in the
literature. All patients with sternal fracture after indirect violence should have careful examination of the
spine. Patients with undisplaced anterior cortical fracture without other injury may be safely discharged

from the emergency department.

treatment of adults with sternal fracture.' > However, in

children, fracture of the sternum is an uncommon injury
and isolated fracture has been reported on few occasions.’”
The literature suggests that when sternal injury occurs in a
child, a particularly forceful blow to the chest has occurred
and there is a greater likelihood of intrathoracic injury.® It is
widely believed that fractures of the sternum are usually
caused by blunt trauma occurring in motor vehicle crashes.”
In our anecdotal experience, sternal fracture more often
results from more minor trauma and is often an isolated
injury. We therefore undertook a review of consecutive cases
of sternal injury presenting to our department. Our aim was
to study the mechanism, radiological characteristics, and
accompanying injuries of sternal fracture in children.

In recent years there has been much interest in the

METHODS

We searched our radiology database to identify children with
possible sternal injury presenting to our hospital between
July 1998 and October 2001. We included all children who
underwent plain radiography of the sternum and all children
who had computed tomography of the thorax after trauma.
Thirty three patients were identified from the database. The
records and radiological reports of all 33 children were
reviewed. Twelve children had radiological evidence of
sternal injury. All sternal fractures were identified by plain
radiography. We looked at the mechanism of injury, sternal
fracture pattern, and accompanying injuries in these chil-
dren. The treatment for the sternal injury was also noted.

RESULTS

There were four boys and eight girls in age from 5 to 12 years
(median 10 years). All 12 patients with sternal fracture had
history of trauma (table 1). Seven children had sustained a
direct blow to the anterior chest wall—four patients
sustained their injuries falling off a bicycle, two patients
slipped and fell forwards striking their anterior chest wall. In
the remaining five children, sternal injury followed indirect
violence after they landed on the upper back or head causing
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hyperflexion of the thoracic spine. Two patients fell from
heights on to their upper back. One fell five feet from a tree
and another six feet from a gym bar. Three patients with
hyperflexion injury landed awkwardly while bouncing: two
on a trampoline, one on a bouncy castle. None of the injuries
were the result of a motor vehicle crash.

Eleven of twelve children had an undisplaced fracture of
the anterior cortex of the first or second sternebra of the body
of the sternum (fig 1). The sternal fracture was an isolated
injury from clinical examination in 10 of these children and
no further investigations were undertaken. One patient (case
4) had tenderness over the T4 and T5 spinous processes after
hyperflexion injury. Neurological examination was normal.
Magnetic resonance imaging of the thoracic spine showed no
evidence of spine injury and she was discharged. All children
with isolated anterior cortical fracture were safely discharged
from the emergency department. Five of these children were
reviewed up to three weeks after the initial injury at the
discretion of the treating physician. All five children were still
requiring analgesia and had persistent pain on deep inspira-
tion and movement for several weeks after the injury.

There was one case of displaced sternal fracture that
resulted from falling from a bicycle at speed onto a wall (case
1). A lateral sternal radiograph showed complete fracture
through the manubriosternal joint with posterior displace-
ment of the body. The chest radiograph was unremarkable
for other injury. Echocardiography and 12-lead electrocardio-
graph were normal. Initially she was managed conservatively
with rest and analgesia and the fracture reduced sponta-
neously into normal alignment overnight. She returned to the
department four days after the injury with further pain.
Repeat radiography showed re-dislocation and she under-
went internal fixation of the manubriosternal joint.

DISCUSSION

Chest wall injuries causing fracture are uncommon in
children. The increased pliability and elasticity of the child’s
chest wall reduces the susceptibility to fracture.’
Consequently most reviews conclude childhood sternal
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Table 1 Details of the 12 patients with sternal injuries

Case

number Agely) Sex Cause of injury Mechanism Sternal fracture pattern

1 12 F Fall from bicycle Direct Displaced fracture through
manubriosternal joint

2 11 F Slipped in street Direct First sternebra, anterior cortex,
undisplaced

3 10 F Fall from bicycle Direct Second sternebra, anterior cortex,
undisplaced

4 10 F Fall on bouncy castle  Indirect First sternebra, anterior corfex,
undisplaced

15 5 F Fall from trampoline  Direct Second sternebra, anterior cortex,
undisplaced

6 10 F Fall from bicycle Direct Second sternebra, anterior cortex,
undisplaced

7 7 M Fall 5 feet from tree  Indirect First sternebra, anterior corfex,
undisplaced

8 11 F Fall from trampoline  Indirect Second sternebra, anterior cortex,
undisplaced

9 10 M Fall from frampo|ine Indirect First sternebra, anterior corfex,
undisplaced

10 11 M Slipped in bath Direct First sternebra, anterior cortex,
undisplaced

11 11 M Fall from bicycle Direct Second sternebra, anterior cortex,
undisplaced

12 10 F Fall six feet from gym Indirect Second sternebra, anterior cortex,

bar undisplaced

fracture is usually the result of severe blunt trauma, typically
motor vehicle crash, and the likelihood of intrathoracic injury
is high.®” Children are said to be at risk for the development
of significant arrhythmias and admission to an intensive care
unit has been advocated for children with sternal fracture.® In
our series, none of the sternal fractures were attributable to a
motor vehicle crash and many were the result of compara-
tively minor trauma. None of the children studied had
intrathoracic injury and all patients with isolated anterior
cortical fracture were safely discharged from the emergency
department. Although the study fails to identify children
with fatal injury who did not undergo investigation, it is
probable that most sternal fractures in children are the result
of more minor trauma than previously accepted.

Figure 1 Fracture of anterior cortex of the first sternebra (case 4).

A lateral radiograph of the sternum is usually taken to
confirm clinical diagnosis of sternal fracture because dis-
placement and dislocation occur in the sagittal plane.
However, interpretation is more difficult in children because
the number of ossification centres and their pattern of
appearance and fusion vary greatly.® In addition, the
synchondrosis between the first and second sternebrae in
adolescents may be misinterpreted as a fracture and plain
radiography will fail to identify patients with undisplaced
transsychondral fractures.® Presumably some of the 21
children with sternal tenderness and pain who were
discharged after normal lateral sternal radiography had such
fractures. In addition to plain radiography or computed
tomography, ultrasound may be used to demonstrate sternal
fracture. It is most useful in children who are able to point to
the site of tenderness. Ultrasound is less useful in children
with diffuse sternal pain.

In adults, two mechanisms of sternal injury have been
described.” The first results from direct compression applied
to the anterior chest wall or the body of the sternum. The
second type follows flexion-compression injury to the upper
thorax. We confirmed the same mechanisms of injury are
responsible for sternal injury in children. In our study, six of
the seven children who sustained direct sternal violence had
undisplaced fracture of the anterior cortex of the first or
second sternebra. We believe this resulted from a blow to the
lower more mobile body causing angulation above the site of
impact relative to the fixed manubrium. The sternum
becomes angulated slightly beyond its limit of bending and
a greenstick fracture is produced. The fracture is an
incomplete linear fracture that extends from the convex side
of the curvature. The subsequent elastic recoil improves the
position. Only one child, the oldest in the series, had a
complete fracture with posterior displacement of the body of
the sternum. It is likely to have resulted from a direct blow to
upper sternum. In adults, direct sternal injuries are often
accompanied by rib fractures. However, none of our children
with sternal fracture after direct violence had rib fractures on
clinical examination, reflecting greater pliability of the chest
wall in children.

Flexion-compression injury resulted in fracture of the
anterior cortex of the first or second sternebra in five children
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and was indistinguishable radiologically from greenstick
fractures after direct violence. Similar radiological features
have been reported in other children after flexion-compres-
sion injury.>” This injury pattern contrasts with adults where
the most common injury after indirect violence is dislocation
or fracture-dislocation of the manubriosternal joint with
backward and downward displacement of the manubrium on
the body.” Evidence from adult cadaver studies shows that
flexion of cervical and thoracic spine from a fall on to the
upper part of the spine imparts downward and backward
movement to the upper ribs—particularly the upper two ribs.”
From the radiological appearances, we assume this force
develops in hyperflexion injury in children causing angula-
tion of the sternum similar to that produced by a direct blow
to the lower sternum. The fracture that results represents
complete failure on the tension side of the bone but only
bending on the compression side.

In adults, injury to the sternum after indirect violence is
almost always associated with a severe spinal column
injury.” None of our cases of flexion-compression injury
had spinal injury. However, one patient had spine tenderness
and needed further imaging to exclude spinal injury. It is
probable that increased flexibility of the spine in children
permits the sternum to buckle without spinal injury.
Nevertheless thorough clinical examination of the spine is
the minimum that should be done to detect spine injury.

Conclusion

The sternum may be damaged by direct or indirect violence.
Sternal fracture is often the result of surprisingly minor
trauma and commonly there is no intrathoracic injury. In our
experience, by far the commonest sternal injury in children is
isolated anterior cortical fracture. These patients were
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discharged safely from our emergency department without
ECG monitoring. Further study is required to identify the role
of ECG monitoring in children with sternal injury. All
patients with indirect violence should have careful examina-
tion of the spine.
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