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Abstract

Introduction: Trampoline use among children has in-
creased in recent decades. Isolated sternal fractures are
an overall uncommon pediatric injury. The limited data
in the literature on isolated sternal fractures in children
suggest that the injury may not necessitate extensive
additional work-up as would be the case if sternal frac-
ture occurred in a multi-injured patient. Case Resolution: A sternal x-ray demonstrated a buckle

fracture, which was managed conservatively, and the

Clinical Presentation: We present a case of an isolated
sternal fracture secondary to trampoline use, in which
a 7-year-old boy presented with chest pain after falling
from a zip line onto a trampoline.

Physical Exam: The patient had no external signs of
trauma, but he did have tenderness with palpation of
the sternum.

patient recovered uneventfully.

Conclusion: It is important to be aware that isolated
sternal fractures can occur from relatively minor trauma
in children, such as trampoline or bounce-house falls.
A sternal fracture from such a mechanism of injury
typically does not have associated intrathoracic injuries,
and patients can usually be managed conservatively

with minimal work-up.
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Introduction

rampoline use has increased in popularity over recent

decades with the rise in commercial trampoline parks,

which has resulted in greater numbers of associated
injuries. From 2000-2005 there were, on average, more
than 88,000 pediatric trampoline-related injuries that
presented to emergency departments (EDs) annually in
the United States.! Injuries in children resulting from
trampoline use can range from fractures to sprains/
strains to simple contusions and abrasions. Sternal frac-
tures have also been described as a type of injury which
can result from trampoline play in children.?

Sternal fractures most commonly occur from direct
trauma to the anterior chest, but can occur without di-
rect trauma as well, with motor vehicle collisions
(MVCs) being the most common culprit.! Trauma re-
sulting in sternal fracture can also be associated with
other thoracic pathology, such as acute respiratory dis-
tress (ARDS) and pulmonary contusions.>* An isolated
sternal fracture can actually occur from relatively minor
trauma, however, and is less commonly associated with
intrathoracic complications.’ Patients with an isolated
sternal fracture can be managed conservatively and can
generally be safely discharged without continuous car-
diac monitoring.>® There are relatively few reports of
isolated sternal fractures in children in the literature,
but none of which were secondary to trampoline use.
In addition to the case presented, there have been sev-
eral other children over the past 5 years who presented
to our hospital system with isolated sternal fractures
related to either trampoline or bounce house use.

Clinical Presentation

A 7-year-old male presented to the pediatric emergency
department with chest pain after letting go of a zip line
and falling onto a trampoline the day prior. He landed
on his side and had no loss of consciousness. The
patient complained of sternal pain after the fall.

Physical Exam Findings

On examination, the patient was awake and in no acute
distress. His vitals were stable. The airway was patent
and clear. His lung sounds were symmetric and clear
without wheezes, rales, or rhonchi. On cardiac auscul-
tation, he had normal S1 and S2, regular rate and
rhythm, no murmurs, and normal pulses and capillary
refill. He had normal mental status and no focal neuro-
logic deficits. The patient had no external signs of
trauma (eg, abrasions, ecchymoses, swelling). His ab-
domen was soft, non-tender, non-distended, with nor-
mal active bowel sounds, without rebound or guarding.
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Figure 1: Lateral Radiograph of the Sternum Showing
a Buckle Fracture

There was tenderness to palpation over the upper ster-
num without crepitus or deformity. There was no ten-
derness or deformity of the clavicles. He had normal
range of motion without tenderness or swelling in all 4
extremities.

Diagnostic Assessment

Based on chest exam findings, a sternum radiograph
was obtained. The sternum radiograph showed a buckle
fracture of the sternum (Figure 1).

Therapeutic Intervention and Case Conclusion

The patient’s family was advised to apply ice to the
chest, use ibuprofen as needed, and to avoid strenuous
activity for the next several weeks. Return precautions
were discussed, and pediatrician follow-up was rec-
ommended for recheck. At follow-up, the patient had
no complications resulting from the injury.

Case Discussion

This case demonstrates an uncommon musculoskeletal
injury that can result from trampoline use. Sternal frac-
tures are thought to be uncommon in children due to
the increased elasticity and pliability of their chest wall,
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Table 1. Details of 24 Patients With Sternal Fractures,
2018-2022

Case Patie'nt Age Sex Cal{se of
Number Location (years) Injury
1 Emergency 4 Male Bounce house
2 Emergency 5 Male Bounce house
3 Urgent Care 8 Male Bounce house
4 Urgent Care 8 Male Bounce house
5 Urgent Care 9 Female Bounce house
6 Urgent Care 5 Male Trampoline
7 Urgent Care 5 Female Trampoline
8 Urgent Care 6 Male Trampoline
9 Urgent Care 6 Female Trampoline
10 Urgent Care 6 Female Trampoline
11 Urgent Care 6 Male Trampoline
12 Emergency 7 Male Trampoline
13 Urgent Care 7 Female Trampoline
14 Urgent Care 7 Male Trampoline
15 Urgent Care 7 Male Trampoline
16 Emergency 8 Female Trampoline
17 Urgent Care 9 Male Trampoline
18 Urgent Care 10 Male Trampoline
19 Emergency 11 Male Trampoline
20 Urgent Care 12 Female Trampoline
21 Urgent Care 12 Male Trampoline
22 Urgent Care 12 Female Trampoline
23 Urgent Care 13 Female Trampoline
24 Urgent Care 14 Male Trampoline
Presented to Children’s Healthcare of Atlanta

which reduces the likelihood of fracture.® Sternal frac-
tures in children are usually the result of severe blunt
trauma to the chest, such as with a motor vehicle colli-
sion.>* Isolated sternal fracture in children, however,
has also been described after relatively minor trauma,’
such as from a trampoline or bounce-house fall as seen
with this patient.

Recreational trampoline use has gained popularity
in the United States over recent decades. The American
Academy of Pediatrics released a policy statement in
2012 recommending that pediatricians counsel patients
and families against recreational trampoline use, re-
gardless of safety measures, such as enclosures.” Accord-
ing to the US Consumer Product Safety Commission'’s
National Electronic Injury Surveillance System for 2021
the rates for trampoline injury were 132 per 100,000
for 0- to 4-year olds and 171 per 100,000 for 5- to 14-
year olds.® Of those pediatric patients who sustain tram-
poline-related injuries, lighter children are more than
13 times more likely to sustain an injury compared to
heavier children, which may be due to less complete
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motor development.®* The risk of injury also increases
with more participants on the trampoline.'®

Isolated sternal fractures caused by a trampoline fall
typically occur in toddler and school-aged children.!!
Previous studies focusing on isolated sternal fractures
in a large cohort of pediatric patients from a variety of
low energy mechanisms, including a trampoline fall,
did not find an association with blunt cardiac injury
(BCI).>!* Patients who sustain a major chest injury, such
as those related to high velocity MVC, however, do
have an increased risk for BCI and other significant in-
trathoracic and intraabdominal injuries and warrant
turther work-up.!?

The Eastern Association of Surgeons for Trauma
guidelines suggest an electrocardiogram (ECG) and tro-
ponin blood test are reasonable to screen for BCI in
adult patients who sustain a sternal fracture, though
these recommendations have softened in recent iter-
ations.!® The utility of obtaining these studies in chil-
dren is even less clear, but studies have generally not
supported an association between isolated sternal frac-
tures in children with low energy mechanisms and
BCL!! Therefore, strong recommendations for or against
obtaining ECG and troponin blood tests in pediatric
patients who sustain minor chest wall injuries have
been avoided.>!!

Case Series Methods and Inclusion Criteria

Upon review of patients from our institution from 2018-
2022, we found 24 patients via retrospective chart re-
view (median age 7.5 years, 62% male) with sternal
fractures resulting from a trampoline or bounce-house
injury who presented to either the ambulatory urgent
care sites or the ED (Table 1). Cases were identified by
searching our institutional database of radiographs for
patients under the age of 21 with radiologic findings of
sternal fractures from 2018-2022. Chart review was then
performed on potential cases and only cases with con-
firmed history of “trampoline” or “bounce house”
mechanisms of injury were included. Patients with
other mechanisms of injury were excluded. All patients
had chest or sternal x-rays, which showed an isolated
sternal fracture. Of the 24 sternal fractures, only 1 was
noted to be minimally displaced, while 13 were doc-
umented as buckle fractures, and the remaining 10 were
documented as non-displaced.

Nine of 24 patients (37.5%) had an ECG ordered
(mean age of 7.6 years), 7 of 9 (77.8%) of which were
normal (mean age of 8 years). The other 2 patients with
abnormal ECG findings followed up with a cardiologist
and all were subsequently cleared (mean age of 6.5
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years). There were 11 of 24 (45.8%) referred to orthope-
dics for outpatient follow up (mean age of 9.1 years).
One patient returned to urgent care with a request for
sports clearance. Most patients were discharged directly
from the ED or urgent care.

Two of the 24 patients were admitted to the hospital
(mean age of 7.5 years), both of which presented to the
ED initially. The first patient presented to the ED for
chest pain after falling out of a bounce house onto a
wooden floor but had no tenderness to palpation on
initial exam or complaint of pain. This patient was ad-
mitted per surgery recommendations despite having
normal ECG, troponin, and no pain. The reason for
admission was not clear from chart review, however,
he was discharged the following day. The other patient
presented for chest pain along with head injury and
was noted to have a T6 compression fracture on their
chest x-ray along with a sternal fracture. This patient
was admitted for IV analgesia as the pain was not adequ-
ately controlled with oral agents. This patient was dis-
charged the following day and did not require any sur-
gical intervention. This was the only patient of the 24
patients in this series who had any fracture beyond an
isolated sternal fracture.

Discussion and Summary

Our reported number of isolated sternal fractures likely
underestimates the incidence of sternal fractures result-
ing from trampoline or bounce-house injuries seen in
our facilities. Only patients who presented to the ED or
urgent care centers within our institution who had a
chest or sternal x-ray showing a sternal fracture and
had documentation of a trampoline or bounce-house
injury were included. This likely does not represent all
pediatric patients in our area who have had sternal frac-
tures related to trampolines or bounce houses as patients
were not included if the mechanism was not noted, if
patients sought care outside our institution or at their
primary care provider’s office, or if they did not undergo
any medical evaluation.

Although sternal fractures are an uncommon injury
in the pediatric population, clinicians should be aware
that this is an injury that can occur from relatively
minor trauma, such as a trampoline or bounce-house
fall. As with all injuries, it is important to do a thorough
physical exam to rule out other associated injuries. A
sternal fracture from this type of injury typically does
not have associated intrathoracic injuries, and patients
can be managed conservatively with minimal work-up.
Patients should be advised to follow up with their pedi-
atricians, use non-steroidal anti-inflammatory drugs as
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needed for pain, and refrain from rigorous exercise for
4-6 weeks. Strict return precautions should be discussed.

Ethics Statement

The specific patient was unable to be contacted as he
was lost to follow-up, and therefore demographics and
some details of the case were changed to protect patient
anonymity and confidentiality. In the case series review,
specific patient identifiers were also intentionally
omitted for patient privacy. This case review was part
of a quality project, and therefore no institutional re-
view board approval was required as it did not fall under
human subjects research.

Take Away Points

m Sternal fractures do occur but are an uncommon in-
jury in the pediatric population.

m A sternal fracture can occur from relatively minor
trauma, such as a trampoline or bounce-house fall.

m Isolated sternal fractures from this type of injury al-
most never have associated intrathoracic injuries and
therefore can be managed conservatively with mini-
mal work-up, including a chest or sternal x-ray with-
out a need for obtaining an ECG. B

Manuscript submitted July 10, 2023; accepted February 2,
2024.
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