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Objective: To describe the mechanism, location and types of injury for dll patients treated for trampoline-
associated injuries at St Olav’s University Hospital, Trondheim, Norway, from March 2001to October 2004.
Materials and methods: Patients were identified from a National Injury Surveillance System. All patients
were asked to complete a standard questionnaire at their first visit af the hospital. Most data were recorded
prospectively, but data on the mechanism of injury, the number of participants on the trampoline at the
time of injury, adult supervision and whether the activity occurred at school or in another organised setting
were collected retrospectively.

Results: A total of 556 patients, 56% male and 44% female, were included. The mean age of patients was
11 (range 1-62) years. 77% of the injuries occurred on the body of the trampoline, including falls on to the
mat, collisions with another jumper, falls on to the frame or the springs, and performing a somersault,
whereas 22% of the people fell off the trampoline. In 74% of the cases, more than two people were on the
trampoline, with as many as nine trampolinists noted at the time of injury. For children <11 years, 22%
had adult supervision when the injury occurred. The most common types of injuries were fractures (36%)
and injury to ligaments (36%). Injuries to the extremities predominated (79%), and the lower extremities
were the most commonly injured part of the body (44%). A ligament injury in the ankle was the most often
reported diagnosis (20%), followed by an overstretching of ligaments in the neck (8%) and a fracture of the
elbow (7%). Regarding cervical injuries, two patients had cervical fractures and one patient had an
atlantoaxial subluxation. Three patients with fractures in the elbow region reported an ulnar nerve
neuropathy. 13% of the patients were hospitalised for a mean of 2.2 days.

Conclusion: Trampolining can cause serious injuries, especially in the neck and elbow areas of young
children. The use of a trampoline is a high-risk activity. However, a ban is not supported. The importance
of having safety guidelines for the use of trampolines is emphasised.

rampolines have become popular during recent years, and

the number of injuries has increased with the popularity.

Whether there is an actual increase in the risk associated
with trampoline use for the same number of hours of exposure
is not known. The marked increase in trampoline injuries might
reflect only the increased number of trampolines now available
for recreational use or the creative manner in which they are
being used. Smith' studied the epidemiology of trampoline-
related injuries among children and concluded that they were
so common that children should not use trampolines. Furnival
et al’ and Woodward ef al’ found a dramatically increasing
number of trampoline injuries, and recommended a ban of the
recreational use of trampolines. In 2000, Brown and Lee*
reported that trampolines were responsible for >6500 paediatric
cervical spine injuries in the USA, and supported a ban of the
use of trampolines by children.

In 2002, The Norwegian Directorate for Civil Protection and
Emergency Planning estimated that there were between
90 000 and 100 000 trampolines for recreational use in
Norway. Figures from the Norwegian National Injury
Surveillance System (NISS) at The Norwegian National
Institute of Public Health indicate that the annual number
of trampoline-related injuries in Trondheim increased from
24 in 1997 to a peak of 160 in 2001 (fig 1).

This study was performed because we noticed that the
number of trampoline-related injuries seemed to increase
during spring 2001. The purpose of this study was to describe
the mechanism, location and types of injury for all patients
treated for trampoline-associated injuries at St Olav’s
University Hospital from March 2001 to October 2004.

MATERIALS AND METHODS

All patients with trampoline-related injuries treated in the
emergency department at St Olav’s University Hospital,
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Trondheim, Norway, from March 2001 to October 2004 were
included. Trondheim is the third largest city in Norway, with
154 351 inhabitants in 2004 including 31 955 children. A
total of 12 007 children were <6 years, and 19 948 were
between 6 and 15 years old. St Olav’s University Hospital
serves as the only local hospital in our area, and is also the
regional hospital for central Norway, receiving all multiply
injured patients from a population of 630 000 inhabitants.
The accident and emergency department has around 18 000
consultations every year.

The patients in this study were identified from the
database of NISS at the Norwegian National Institute of
Public Health. From 1990 to 2004, NISS registered all injured
patients at the emergency department in our hospital.
Inpatient and outpatient data were collected from the
hospital and the accident and emergency department. No
other facility in Trondheim treats serious injuries, and all
injuries should therefore be recorded.

All patients or their parents completed a standardised
questionnaire regarding the circumstances of the current
accident at their first attendance at the hospital. The attending
doctor added details of the diagnosis and the severity of the
injury. The injuries were classified according to the Abbreviated
Injury Scale (AIS), which gives a severity score ranging from 1
(minor) to 6 (unsurvivable).” In cases where the patients had
been unable to complete the questionnaire, the information was
found in the medical records. Personal data on each patient, the
circumstances of the accident, the time of admission to the
hospital, the body part injured, the diagnosis, treatment and the
numbers of days in hospital were recorded prospectively. All
patients received another questionnaire at follow-up regarding

Abbreviations: AIS, Abbreviated Injury Scale; NISS, National Injury
Surveillance System
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Figure 1 The numbers of trampoline injuries in Trondheim 1997-2004.

the mechanism of injury, the number of participants on the
trampoline at the time of injury, adult supervision and whether
the activity occurred at school or in some other organised
setting. These data were collected retrospectively. We received
answers to this questionnaire from 244 (48%) of the patients.
The prospective questionnaire from NISS had a 100% response.
Regarding the mechanism of injury, most of the patients had
described the circumstances of the accident in the standardised
questionnaire from NISS. Regarding the number of participants
on the trampoline at the time of injury, adult supervision and
whether the activity occurred at school or in some other
organised setting, we have uncertain results because of the
lower response. The questionnaires were converted into a
database using SPSS V.12 computer software. Descriptive
statistics with frequency measurements for categorical variables
were used. The y? test was used to examine group differences.
The significance level was set at p<<0.05.

RESULTS

Between 2001 and 2004, 556 patients were treated for
trampoline-related injuries. This represented around 3% of
all injuries in our accident and emergency department.

All injuries occurred on a regular-sized trampoline except
two, which occurred on a minitrampoline. There were 56%
males and 44% females. Mean age was 11 (range 1-62) years;
13% of the patients were between 1 and 5 years old, 40%
were between 6 and 10 years old, 34% were between 11 and
15 years old and 13% were >15 years old.

Most of the injuries (77%) occurred on the body of the
trampoline, and included falls on to the mat, collisions with
another trampolinist, falls on to the frame or the springs, or
when performing a somersault, whereas 22% were injured
after falling off the trampoline (table 1). The number of
trampolinists on the mat at the time of injury was recorded in
268 (48%) instances. More than two people were on the
trampoline at the same time in 74% of the cases, with as
many as nine trampolinists noted at the time of injury in one
case. Adult supervision was reported for 40%. For children
<11 years, 22% had adult supervision when the injury
occurred. Preventive measures were recorded for 40% of the
cases, including padded trampoline frames in 36% and
security nets in 4%.

The most common types of injuries were fractures (36%)
injury to ligaments (36%), contusions (20%), lacerations
(7%) and dislocations (1%). Fractures were more common in
children <10 years 125 of 295 sustained a fracture, compared
with the older jumpers, where 76 of 261 patients had a
fracture (p =0.001).

The most commonly injured parts of the body were the
lower extremity (44%), upper extremity (34%), head (9%),
neck (8%) and trunk (4%; table 2). It was more common to
sustain an injury in the upper (76) than in the lower (30)
extremity when falling off the trampoline (p<<0.001). In the
second case, most patients were injured on the mat. Three of
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Table 1 Main cause of injury
Number (%)

Awkward landing on the trampoline 292 (53)
Fall off the trampoline 122 (22)
Collision with another person 73 (13)
Performing a somersault 59 (11)
Other 5(1)
Unknown 5(1)

Total 551 (100)

the hospitalised patients had an injury of the neck while
performing a somersault.

A ligament injury of the ankle was the most often reported
diagnosis (20%), followed by an overstretching of ligaments
in the neck (8%) and a fracture of the elbow (7%).

We observed significantly more fractures and dislocations
in the upper than in the lower extremity (p<<0.001). Soft
tissue injury accounted for almost 30% of injuries in the
upper extremity compared with 74% of injuries in the lower
extremity (p<<0.001). Of the patients, 46 (8%) had a cervical
injury, of which 43 were minor overstretching of ligaments, 2
were cervical fractures, and 1 was an atlantoaxial subluxation
without injury to the spinal cord. Of the patients, 49 (9%)
had an injury to the head area, of which 28 were lacerations
and 20 were scalp contusions. None of them were assigned a
Glasgow Coma Scale score <15.° One patient had a fracture
of the nose.

A total of 63 of 556 (11%) patients had a severe injury, as
defined by an AIS value >3. Patients injured on the mat had
a relative risk of 0.07 of a severe injury compared with 0.29 if
falling off the trampoline. A total of 70 (13%) patients were
hospitalised for a mean of 2.2 (range 1-8) days. The most
common site of injury among the hospitalised patients was
the elbow (27/70) followed by a fracture of the forearm (14/
70).

In total, 23 patients sustained a supracondylar fracture of
the humerus, and 3 of these patients reported an ulnar nerve
neuropathy in association with the fracture. Two patients
with displaced fractures had immediate numbness in the
ulnar nerve distribution after the injury. However, they
recovered after open reduction and exploration of the nerve.
The third patient experienced ulnar neuropathy symptoms
after a supracondylar fracture treated with closed reduction
and pinning. The patient recovered after 3 months, and no
exploration of the nerve was performed. None of the four
patients with elbow dislocations reported a nerve injury, but
one patient sustained an injury to the brachial artery. The
artery was repaired with a vein graft. Two patients with

Table 2 Location of injury
Number (%)
Head 49 (9)
Neck 46 (8)
Trunk/back 24 (4)
Shoulder 8 (1)
Upper arm 8 (1)
Elbow 62 (11)
Forearm 36 (7)
Wrist/hand 77 (14)
Hip/thigh 10 (2)
Knee 49 (9)
Leg 15 (3)
Ankle 141 (25)
Foot 31 (6)
Total 556 (100)
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supracondylar fractures had diminished radial pulse imme-
diately after the accident; however, angiography was normal.
Three of the hospitalised patients had an injury of the neck
while performing a somersault.

DISCUSSION

In our study, most of the injuries occurred on the body of the
trampoline. Injuries were more likely with more than two
people on the trampoline at the same time. The most
common types of injuries were fractures, especially in
children <10 years.

Several safety guidelines have been reported in the
literature to reduce the incidence of trampoline-related
injuries. As early as in 1977, the American Academy of
Pediatrics published a position paper on trampoline injuries.”
* The statement recommended that the use of trampolines
should be banned from physical education programmes at all
school levels and that trampolining should be abolished as a
competitive sport. The American Academy of Orthopaedic
Surgeons' "' recommended that competent adult supervision
and instruction are needed, and that only one participant
should use the trampoline at a time. Most of the trampolines
sold in Norway have a warning label with safety suggestions
from the US Consumer Product Safety Commission. In
addition to the above guidelines, they state that no child
aged <6 years should use the trampoline, and that the
trampoline should not be placed in play areas."

Several publications have drawn attention to neurological
injuries after use of trampolines. A recently published review
found that trampoline use, boxing, American football and ice
hockey are associated with alarming rates of injury to the
central nervous system."” Brown and Lee* stated that injuries
to the cervical spine are the leading causes of neurological
injury associated with trampolines. In our study, injuries to
the head and neck were the second most common injury
category after injuries to the extremities, representing 17% of
the injured patients. In all, 8% of the patients sustained an
injury to the neck. Most of the injuries to the neck were
overstretching of ligaments. However, two patients sustained
a cervical spine fracture and one patient had an atlanto-axial
subluxation. None of these patients sustained permanent
neurological injuries. In our study, 11% of the jumpers were
injured when they attempted a somersault. Many reports
have emphasised that high-risk manoeuvres, such as
somersaults and back flips, are not to be recommended, not
even for highly skilled users."* '* ** Silver et al** reported 16
patients injured on trampolines who had severe paralysis
caused by trauma to the lower cervical spine. They reported
that failure of adequate supervision and the inherent power
of trampolines to propel an individual as high as 9 m into the
air were major contributing factors. Our findings are based
on injuries in the general population, and they are compar-
able to those in studies with similar populations. Larson and
Davis'® concluded that recreational trampoline users perform
less difficult manoeuvres and are at less risk of sustaining
severe neurological injuries. The results of our survey show
that serious injuries to the neck also occur on backyard
trampolines.

As in other studies, we found that fractures were the
predominant injury, representing 36% of all injuries.” ' '*
Despite the recommendations that jumping on trampolines
should be limited to older children, very young children are
increasingly sustaining trampoline injuries.”” They are at
greater risk because of immature judgement, coordination
and strength, and because of anatomical characteristics, such
as open bone physes. In our study, we found a significantly
higher incidence of fractures among the youngest patients
who were injured compared with the older patients. Children
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<10 years of age were disproportionately represented among
those with an AIS score >3.

Most of our patients with fractures were treated in the
outpatient department. Only 13% of the patients were
admitted to hospital. This is a lower proportion than reported
by Furnival ef al.” In our hospital, all children with fractures
requiring a reduction were hospitalised.

The elbow area is commonly injured on the trampoline. In
our study, four patients sustained a dislocation of the elbow
after falling from the trampoline. The most common fractures
were supracondylar fractures of the distal humerus. These
fractures are associated with nerve injury in at least 7% of
cases.” The ulnar nerve is particularly at risk because of its
superficial location. Maclin ef al* reported three cases of
ulnar nerve injury sustained in children with trampoline-
associated injuries. In our study, three patients reported ulnar
nerve neuropathy in association with injury to the elbow. All
were <10 years of age. Two of them had a supracondylar
fracture of the humerus, and the third sustained a proximal
fracture of the radius and ulna. Two of the patients were
treated with open reduction and exploration of the nerve. In
the last case, we followed up the patient with evaluation
similar to Maclin ef al.*° All three patients improved within
4 months of the injury.

In a report from a nationwide database in New Zealand,
with 2098 hospital admissions during a 10-year period,
Chalmers et al’' found that 80% of trampoline injuries
occurred from falls off the trampoline, whereas in reports
by Furnival ef al* and Larson and Davis, '° this figure was 28%.
The results from Furnival ef al are more consistent with our
result, where 22% of the patients had fallen off the trampo-
line. In our study, a large proportion of the patients who were
injured by falling off the trampoline were <10 years. Some
reports mention several preventive measures to reduce the
risk of falling from the trampoline.” ' ** These included a
trampoline mat of adequate size, placing the trampoline in a
pit so that the mat is level with the ground and providing an
energy-absorbing surface around the trampoline. In recent
years, a security net around the trampoline has been
recommended.” No data are available to show that these
measures really prevent jumpers from falling off the trampo-
line. We only have information from 224 of our patients with
regard to preventive measures. Only 15 reported the use of a
security net around the trampoline. The number of jumpers
who used a security net but did not have an injury is not
known. We therefore cannot comment on the efficacy of this
preventive measure.

Many authors have considered the centre of the mat as the
most dangerous place on the trampoline. Injuries sustained on
the trampoline mat occurred in half of our patients, as in other
studies.” "7 If we also include those patients who collided with
another jumper, fell on to the frame and spring, or attempted a
flip, up to 76% of the injuries occurred on the trampoline. The
recommended safety measures would probably not have
prevented these injuries. Black and Amadeo'® emphasised the
importance of multiple jumpers as a risk factor for injuries on
the mat. Half of the children in their study recalled multiple
jumpers on the trampoline at the time of injury. Almost 74% of
our patients were injured while others were on the trampoline.
Participants are at risk of colliding with other jumpers or being
pushed or bounced off the trampoline. Several participants on
the trampoline particularly represent a hazard for smaller
children, who may be injured by the elastic recoil generated by a
larger person jumping on the mat.

Although most patients in our study were injured on the
mat, there was a tendency for the most serious injuries to
occur after falling off the trampoline. More patients falling
off the mat gained an AIS score of 3 and 4 compared with the
patients who hit the mat of the trampoline.
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What is already known on this topic

e Trampolines have become popular during recent
years, and the number of injuries has increased with
the popularity.

e Several publications have called attention to neurolo-
gical injuries after use of trampolines.

o Several safety guidelines have been reported in the
literature to reduce the incidence of trampoline-related
injuries.

What this study adds

® Trampolining can cause serious injuries in small
children’s neck and elbow area.

® Serious injuries occur after falling off the trampoline.
® The use of a trampoline is a high risk activity.

Several reports on trampoline injuries recommend a ban on
private, recreational trampoline use for children.” * 7 > We do
not, for several reasons, support such a ban. Jumping on a
trampoline gives children the ability to improve their motor
control. It may also increase physical activity. The risk of
being injured during physical activity must be compared with
the risk of being physically inactive. Being physically inactive
is associated with many diseases and disorders, and in our
view probably represents a greater hazard to children’s
health. On the other hand, it is important to be aware of
the risks associated with the use of trampolines.

The fact that we cannot make any conclusions about the
hazard of trampolining compared with other activities is a
limitation of this study. We do not have data on time at risk
for this activity, and it is therefore difficult to compare the
risk of trampolining with, for example, ball sports and
bicycling. Data from this study are both retrospective and
prospective. Regarding the retrospective data, it is a
possibility that the patients may have recalled wrong
information owing to the time lapse from the actual incident.

CONCLUSION

Our study shows that trampolining can cause serious injuries,
especially to the neck and elbow area in small children. It is
difficult to avoid the injuries that occur on the mat. We agree
with the guidelines from American Academy of Orthopaedic
Surgeons," which state children should not use trampolines
without adult supervision. Somersaults and high-risk man-
oeuvres should be avoided. The supporting bars, strings and
surrounding landing surfaces should have protective padding.
In addition, it is important that young children should not use
trampolines. The children and their parents should receive
information on the potential dangers of trampoline use. Only
one participant should use the trampoline at a time. It is
important to prevent the jumpers from falling off the trampo-
line. Although our study was not designed to test the efficacy of
a security net, in the absence of data to the contrary, we support
the use of a security net. Our study emphasises that the
trampoline is a potentially dangerous piece of athletic equip-
ment and that it should be used sensibly.
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This study deals with the risk of trampoline injuries. The
trampoline is a dangerous toy. It is in fact so dangerous that
some researchers have recommended a ban. The authors of
the present study do not—despite a large number of injuries,
some of which were serious—recommend a ban, but state
that the trampoline is dangerous and should be used
sensibly. They also discuss preventive measures, and suggest
a few safety guidelines. It is, however, unclear whether any
such guidelines are useful or not, in other words, whether
they have the potential to reduce the number of injuries. This
issue needs further investigation. The study clearly shows
how dangerous the trampoline is, information that should be
taken seriously.
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