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Objective Trampoline-related injuries have increased in South Korea. However, little research has
been conducted on this topic. This study aimed to show the characteristics of pediatric trampo-
line-related injuries in South Korea and to investigate the factors associated with admission.

Methods A retrospective, cross-sectional study was conducted using data from South Korea's
Emergency Department-based Injury In-depth Surveillance registry for dates between January
2011 and December 2016. All patients under 18 years of age with trampoline-related injuries
were included. We divided the patients into two groups based on whether they were admitted
or discharged. Odds ratios with 95% confidence intervals were calculated to evaluate the factors
associated with hospital admission for pediatric trampoline-related injuries.

Results A total of 2,745 patients were enrolled and the incidence increased over time (P for
trend <0.01). The most common injury site was the lower extremity (45%). Fracture was the
most frequent diagnosis (34.3%). Compared to the discharge group, the adjusted odds ratios
(95% confidence intervals) for hospital admission were 3.53 (1.73-7.17) for the teenage group,
2.62 (1.82-3.77) for upper extremity injuries, 18.48 (7.95-42.95) for fractures, 2.28 (1.35-3.86)
for falls, and 2.04 (1.15-3.60) for collisions.

Conclusion Trampoline-related injuries in children have increased over time in South Korea.
Most occur in children under the age of 12 years, but children between the ages of 13 and 18
years are at a higher risk for hospitalization. Also, injuries of the upper extremity, fracture, fall-
ing, and collision are risk factors for admission. Preventive strategies are needed to reduce tram-
poline-related injuries in children.
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What is already known

Trampoline-related injuries in Korea have increased just like any other coun-
tries. However, there is a lack of research on the risk factors associated with
hospitalization.

Capsule
Summary

What is new in the current study

Most trampoline-related injuries in Korea occur in children under the age of 12
years, but children between the ages of 13 and 18 years are at a greater risk for
hospitalization. Injury to an upper extremity and injury mechanism of fall or
collision increase the likelihood of hospitalization.
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INTRODUCTION

Trampolines are devices with a flexible mat made for jumping or
performing aerial movements. They are popular as playground
equipment, attracting a great deal of attention from children." As
trampolines gain popularity, trampoline-related injuries are incre-
asing, and research in this regard has been conducted in the US
and Europe.®® In one study in the United States, more than one
million people visited hospital emergency departments (EDs) due
to trampoline-related injuries over a 7-year period, and 288,876
(29.0%) of these injuries were identified as fractures.* A study
from Finland showed that the annual incidence of severe tram-
poline injuries, such as cervical spine injury, in the pediatric popu-
lation was 6.28 per 100,000.° Based on these findings, recommen-
dations and regulatory policies to prevent trampoline-related in-
juries are being made continuously.>”’

As in many other countries, Korea has seen an increase in the
number of trampolines and consequently in related injuries. Ac-
cording to a survey conducted by the Korea Consumer Agency in
2013, there are more than 400 facilities with trampolines, and
trampoline-related injuries have been increasing steadily since
2010.2 Recently, several studies about trampoline-related injury
have been reported in Korea.” " However, these studies showed
only the epidemiological characteristics of the patients, and there
have been no studies addressing the risk factors for severe tram-
poline-related injury.

The purpose of this study was to investigate the characteristics
of trampoline-related injuries in Korean children and to identify
the factors affecting hospital admission.

METHODS

Study design, setting, and data source

This study was a retrospective, cross-sectional study using data
from the Korean national Emergency Department-based Injury
In-depth Surveillance (EDIIS) registry from between January 2011
and December 2016. The EDIIS is a nationwide prospective clini-
cal database of injured patients who visit the ED, which is sup-
ported by the Korea Centers for Disease Control and Prevention.
EDs from 15 hospitals participated in the EDIIS in 2011, 17 hospi-
tals participated in 2012 to 2014, 20 participated in 2015, and 23
participated in 2016."

Study population

All patients under 18 years of age who were registered in the
EDIIS database as having a trampoline-related injury between
January 2011 and December 2016 were included. Cases of tram-
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poline-related injury were defined by the "primary or direct object
of injury" EDIIS code category C10.03.10, which means trampo-
line. If “trampoline” and words that are similar to “trampoline” in
Korean were included in the narrative data, we also defined those
cases as trampoline-related injuries. We excluded cases that were
not related to trampoline injury after a review of the narrative
data.

Variables and measurements

We abstracted data including the patient's age, sex, injured ana-
tomical site, the place where the injury occurred (indoor or out-
door), disposition after ED care (discharged, transferred, or admit-
ted), discharge diagnosis, mechanism of injury, and whether the
patient underwent surgery.

Injured anatomical sites were grouped for analysis into the fol-
lowing categories: head and neck, trunk, upper extremity, and
lower extremity. Discharge diagnoses were grouped into the fol-
lowing categories: cerebral concussion, dislocation, fracture, open
wound, sprain, superficial injury, and others. The mechanisms of
injury were grouped into the following categories: collisions,
overuse, falls, contact with another person, slips, and others.

Statistical analysis

To describe the characteristics of pediatric trampoline-related in-
juries in Korea, we divided the patients into four groups by age
(0-3 years, 4-6 years, 7-12 years, and 13-18 years). Continuous
variables were presented as medians and interquartile ranges.
Categorical variables were presented as frequencies and propor-
tions.

We divided the patients into two groups according to whether
they were admitted, including those who were transferred to oth-
er hospitals or departments, or discharged. Then, odds ratios (OR)
with 95% confidence intervals were calculated using a multivari-
able logistic regression analysis, in order to evaluate the factors
associated with hospital admission in pediatric trampoline-relat-
ed injuries.

All statistical analyses were performed using Stata ver. 14.2
(StataCorp., College Station, TX, USA). The level of statistical sig-
nificance was defined as a P-value <0.05.

Ethics statement

This study was approved by the institutional review board of Seoul
National University Hospital (1807-079-958). The institutional
review board waived the need for informed consent LIS:s, and
patient information was anonymized prior to analysis.
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535,977 EDIIS data <18 yr

1,988 Coded as “trampoline” as primary
object of injury

62 Coded as “trampoline” as direct object
of injury

215 “Trampoline” and words that are similar
to "trampoline” in Korean were included in
the free text of primary object

; — 2,745 Trampoline-related
15 “Trampoline” and words that are similar to injuries

“trampoline” in Korean were included in the
free text of direct object

3 "Trampoline” and words that are similar to
“trampoline” in Korean were included in the
free text of sports type

9 Excluded after the review
of injury narrative

471 "Trampoline” and words that are similar
to “trampoline"” in Korean were included in

the narrative data

533,223 Excluded

Fig. 1. Flowchart of study population selection process. EDIIS, Emergency Department-based Injury In-depth Surveillance.

RESULTS

Of the 1,537,617 injured patients during the study period, 1,001,640
patients older than 18 were excluded. We screened 535,977 pa-
tient entries (Fig. 1), from which we obtained 2,745 patients that
we included in our study.

The annual rate of trampoline-related injuries per 1,000 injured
pediatric patients increased throughout the study period (P for
trend <0.001) (Fig. 2). Table 1 shows the baseline characteristics
of pediatric trampoline-related injuries in Korea. The median age
of the injured patients was 5 years (interquartile range, 3-8 years).
The most common injured site was a lower extremity (45.0%), fol-
lowed by the head and neck (26.0%), and an upper extremity
(24.4%). Fracture was the most frequent diagnosis (34.3%), fol-
lowed by superficial injuries (23.5%) and sprains (19.7%). The ED
admission rate was 9.1%, and 0.5% of patients were transferred
out. In addition, three patients were admitted to the intensive
care unit. Table 2 shows the demographic findings by ED disposi-
tion. Hospitalization was the most frequent in cases of upper ex-
tremity injuries, outdoor trampoline injuries, and fractures.

The results of the multivariable logistic regression models are
presented in Table 3. Compared to the discharge group, the ad-
justed odds ratios were highest for the teenage group, for upper
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Fig. 2. Rate of pediatric trampoline-related injuries by year (per 10,000

injuries).

extremity injury, for fracture amongst wound characteristics, and
for falls and collisions amongst identified injury mechanisms.

DISCUSSION

This study was conducted to investigate the characteristics and
trends of pediatric trampoline-related injury in Korea and to iden-
tify the risk factors associated with admission to hospital. Al-
though the prevalence of trampoline-related injury in children
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Table 1. Baseline characteristics of pediatric trampoline-related injuries by age group

- Total Toddler (0-3 yr Preschooler (4-6 yr Schooler (7-12 yr Teenager (13-18 yr
Characteristics (n=2,745) (n= gon " (n=91(2) " (n =9(355) " g(n=( o )
Age (yr) 5(3-8)

Sex, male 1,490 (54.3) 421 (52.6) 437 (47.9) 575 (60.2) 57 (74.0)
Anatomical site
Head and neck 714 (26.0) 224 (28.0) 213 (23.4) 246 (25.8) 31(40.3)
Trunk 76 (2.8) 12 (1.5) 23 (2.5) 38 (4.0) 3(3.9)
Upper extremity 671 (24.4) 132 (16.5) 271 (29.7) 258 (27.0) 10 (13.0)
Lower extremity 1,235 (45.0) 421 (52.6) 387 (42.4) 397 (41.6) 30 (39.0)
Unspecified 58 (2.1) 15(1.9) 21(2.3) 9(2.0) 3(3.9)
Injury place
Indoor 1,908 (69.5) 623 (77.8) 629 (69.0) 610 (63.9) 46 (59.7)
Outdoor 761 (27.7) 159 (19.9) 252 (27.6) 324 (33.9) 26 (33.8)
Unspecified 76 (2.8) 19 (2.4) 31(3.4) 21(2.2) 5(6.5)
ED disposition
Discharge 2,482 (90.4) 771 (96.3) 818 (89.7) 835 (87.4) 58 (75.3)
Transferred-out 13 (0.5) 3(0.4) 6(0.7) 2(0.2) 2 (2.6)
Admission 250 (9.1) 27 (3.4) 88 (9.7) 118 (12.4) 17 (22.1)
Wound characteristics
Cerebral concussion 55 (2.0) 23(2.9) 9(1.0) 21(2.2) 2(2.6)
Dislocation 132 (4.8) 50 (6.2) 53 (5.8) 24 (2.5) 5(6.5)
Fracture 942 (34.3) 219 (27.3) 333 (36.5) 357 (37.4) 33 (42.9)
Open wound 383 (14.0) 116 (14.5) 119 (13.1) 135 (14.1) 13 (16.9)
Sprain 540 (19.7) 133 (16.6) 172 (18.9) 225 (23.6) 10 (13.0)
Superficial injury 645 (23.5) 241 (30.1) 214 (23.5) 179 (18.7) 1 (14.3)
Others 48 (1.8) 19 (2.4) 2(1.3) 4(1.5) 3(3.9)
Mechanism
Collision 463 (16.9) 123 (15.7) 149 (16.3) 172 (18.0) 19 (24.7)
Excessive use? 720 (26.2) 177 (22.1) 250 (27.4) 273 (28.6) 20 (26.0)
Fall down 361(13.2) 102 (12.7) 139 (15.2) 106 (11.1) 4(18.2)
Contact with human 379 (13.8) 74 (9.2) 129 (14.1) 164 (17.2) 2(15.6)
Slip 741 (27.0) 299 (37.3) 229 (25.1) 206 (21.6) 7 (0.1)
Others 81(3.0) 26 (3.3) 6(1.8) 34 (3.6) 5(6.5)
Operation
Yes 171 (6.2) 21 (2.6) 56 (6.1) 81(8.5) 13 (16.9)
No 1,816 (66.2) 579 (72.3) 600 (65.8) 598 (62.6) 39 (50.7)
Unknown 758 (27.6) 201 (25.1) 256 (28.1) 276 (28.9) 25 (32.5)

Values are presented as median (interquartile range) or number (%).
ED, emergency department.
JExcessive use of joint without external impact.

has increased over time, and trampoline-containing facilities
continue to grow in number, there is no appropriate official injury
prevention policy from some authoritative groups.® This might
contribute to the increasing trend of trampoline-related injuries.
The largest number of patients were under the age of 12 years,
and the most frequently injured area was a lower extremity. The
risk factors for significant injuries requiring admission were age
13 to 18 years, upper extremity injury, fracture, fall, and collision.
In Korea, the proportion of pediatric trampoline-related injuries
relative to the total number of injured patients is increasing an-
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nually. Previous studies in the United States, Australia, and else-
where have shown similar results."" Thus, pediatric trampoline-
related injury is still an emerging concern. In this study, trampo-
line-related injuries had a hospitalization rate of 9.2%. This rate
is similar to the admission rate reported for the US, both in gen-
eral (9.9%) and for trampoline park injuries in particular (8.8%),
and lower than that reported in a study in New South Wales, Aus-
tralia (12.5%).*"*'* A previous study conducted in Australia found
that children aged 5 to 9 years comprised 46.2% of admitted pa-
tients with a trampoline-related injury. Patients aged 15 to 19
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Table 2. Characteristics of trampoline-related injury by ED disposition

ED disposition

Characteristics

Discharge (n=2,482) Admission® (n=263)

Age (yr) 5(3-8) 7 (5-10)
Age group (yr)
Toddler (0-3) 771 (31.1) 30 (11.4)
Preschooler (4-6) 818 (33.0) 94 (35.7)
Schooler (7-12) 835 (33.6) 120 (45.6)
Teenager (13-18) 58 (2.3) 19(7.2)
Sex, male 1,350 (54.4) 140 (53.2)
Anatomical site
Head and neck 692 (27.9) 18 (6.8)
Trunk 69 (2.8) 5(1.9)
Upper extremity 492 (19.8) 175 (66.5)
Lower extermity 1,162 (46.8) 65 (24.7)
Unspecified 67 (2.7) 0(0)
Injury place
Indoor 1,739 (70.1) 169 (64.3)
Outdoor 674 (27.2) 87 (33.1)
Unspecified 69 (2.8) 7(2.7)
Wound characteristics
Cerebral concussion 54(2.2) 1(0.4)
Dislocation 127 (5.1) 5(1.9)
Fracture 700 (28.2) 242 (92.0)
Open wound 379 (15.3) 4(1.5)
Sprain 534 (21.5) 6 (2.3)
Superficial injury 642 (25.9) 3(1.1)
Others 46 (1.9) 2(0.8)
Mechanism
Collision 420 (16.9) 43 (16.4)
Excessive use 686 (27.6) 34(12.9)
Fall down 300 (12.1) 61(23.2)
Contact with human 349 (14.1) 30(11.4)
Slip 650 (26.2) 91 (34.6)
Others 77 (3.1) 4(1.5)
Operation 42(1.7) 129 (49.1)

Values are presented as median (interquartile range) or number (%).
ED, emergency department.
JAdmission included the transferred-out.

years accounted for 3.3%." However, in this study, most of the in-
jured patients were under 12 years of age, but patients between
13 and 18 years of age had the highest odds ratio for admission.
These results indicate that older children have fewer trampoline-
associated ED visits and a higher risk of hospitalization. Previous
studies have shown that trampoline-related injuries are more like-
ly to result from dangerous movements, such as somersaults.®'®
In this study, the higher odds ratio values in patients between the
ages of 13 and 18 years may occur because children in this group
tend to engage in dangerous behaviors that can cause damage
requiring hospitalization.

Several previous studies identified the upper extremity as the
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most common injury site."'®%° Unlike previous studies, our study
found that lower extremity injuries were the most common, but
the odds ratio for hospitalization was higher for patients with
upper extremity injuries.

Previous studies of trampoline-induced orthopedic injury have
shown that fractures occur frequently in the upper extremities.*
It is known that lower extremities are subject to many minor in-
juries, such as soft tissue injury and strain.''*? In Korea, Na-
tional Health Insurance provides universal coverage for the entire
Korean population, so the threshold for ED use is relatively low. In
addition, it is usually not easy to care for injured pediatric pa-
tients at primary clinics outside the ED in Korea. Because pedia-
tricians in local clinics may have a lack of training and limited
experience in handling such injuries, they may feel unprepared to
treat these patients. These factors may have contributed in part
to our results.

In other studies, falling from the trampoline accounted for 27%
to 39% of all trampoline-associated injuries.’®*'** In our study,
slips and LJS: excessive use were the two most common mecha-
nisms of injury (accounting for 27.0% and 26.2% of cases, re-
spectively); in contrast, falls accounted for only 13.2%. However,
multivariable logistic regression results showed that falls and col-
lisions were the most dangerous mechanisms of injury. Addition-
ally, the study's findings may reflect Korean people's tendency to
visit the ED even for minor injuries.

This study has LIS: several limitations. First, in this study, we
looked for factors affecting admission instead of assessing injury
severity itself. There are several scoring systems for injury severity
in pediatric patients, such as the injury severity score, revised
trauma score, and pediatric trauma score, but which is best is
controversial.2*?® Injury severity score is calculated using the di-
agnosis name, but this may not be entered correctly. There is also
controversy as to what score corresponds to serious damage. In
the case of the revised trauma score, blood pressure and respira-
tory rate, which are used as variables, change with age, and are of
limited use in children. In the case of the pediatric trauma score,
we could not calculate scores because patient weight is not re-
corded in the EDISS. Hospitalization is limited in representing the
severity of injury because it can be greatly affected by differences
among hospitals. In hospitals that have room to spare, patients
may be hospitalized for relatively minor injuries that require short-
term follow-up, or because the parents request hospitalization.
However, the EDIIS registry can be assumed to include hospitals
with similar levels and environments, and data are collected from
specialized hospitals as well as general hospitals. The result of
hospitalization has no missing value, and its reliability is guaran-
teed. Thus, we choose the result of hospitalization as our outcome.

www.ceemjournal.org
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Table 3. OR for the risk factors associated hospital admission in trampoline-related injuries

Unadjusted Adjusted?”
Characteristics
OR 95% Cl OR 95% Cl
Age group (yr)
Toddler (0-3) 0.27 0.18-0.41 0.38 0.24-0.61
Preschooler (4-6) 0.80 0.60-1.07 0.75 0.54-1.05
Schooler (7-12) Reference Reference
Teenager (13-18) 2.28 1.31-3.96 3.53 1.73-7.17
Anatomical site
Head and neck 0.47 0.27-0.79 0.98 0.49-1.99
Trunk 1.26 0.49-3.20 2.61 0.83-8.19
Upper extremity 6.33 4.67-8.57 2.62 1.82-3.77
Lower extremity Reference Reference
Unspecified 1.00 1.00
Injury place
Indoor Reference Reference
Outdoor 1.33 1.01-1.75 1.1 0.81-1.53
Unknown 1.04 0.47-2.31 1.03 0.41-2.58
Wound characteristics
Sprain Reference Reference
Cerebral concussion 1.65 0.19-13.94 1.31 0.14-12.21
Dislocation 3.50 1.05-11.66 217 0.62-7.52
Fracture 30.77 13.58-69.71 18.48 7.95-42.95
Open wound 0.94 0.26-3.35 0.74 0.19-2.96
Superficial injury 0.42 0.10-1.67 0.29 0.07-1.20
Others 3.87 0.76-19.72 297 0.54-16.22
Injury mechanism
Excessive use Reference Reference
Slip 2.82 1.88-4.25 1.62 1.00-2.63
Fall 4.10 2.64-6.38 2.28 1.35-3.86
Collision 2.07 1.30-3.29 2.04 1.15-3.60
Contact with human 1.73 1.04-2.88 1.32 0.74-2.37
Others 1.05 0.36-3.03 2.56 0.72-9.12

OR, odds ratio; Cl, confidence interval.

JAdjusted by age group, anatomical site, injury place, wound characteristics, and injury mechanism.

Second, there was a change in the number of hospitals that
participated in the survey during the study. The hospitals that
participated in the EDIIS registry were selected by the Korea Cen-
ters for Disease Control and Prevention in light of their geograph-
ic location and number of patients. However, there is a possibility
that the differences in the number of participating hospitals may
have affected the results, especially if hospitals that treat many
childhood patients were added during the course of our study.

Third, although EDIIS is a national injury database, not all EDs
in Korea were included in the EDIIS. Therefore, the results of this
study may not be fully representative. Further research and use of
a more representative database are needed.

In summary, trampoline-related injuries in children are increas-
ing in Korea. Most occur in children under the age of 12 years,

Clin Exp Emerg Med 2020;7(3):190-196

but children between the ages of 13 and 18 years are at a greater
risk for hospitalization. Although damage to the lower extremities
is common, damage to an upper extremity increases the likeli-
hood of hospitalization. Based on this study, general guidelines
and policies for the prevention of injury are necessary and should
they focus mainly on the protection of the upper and lower ex-
tremities and on the prevention of collisions and falls.
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