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Abstract

Objective: To provide an epidemio-
logical understanding of the types of
injuries treated in ED in Australian
children, describe the impact of these
injuries in volume and severity, and
assess the patterns by demographic
and temporal factors.
Methods: ED data from six major
paediatric hospitals in four
Australian states over the period
2011–2017 were analysed to identify
childhood injury patterns by nature
of injury and body region, as well as
sex, age group and temporal factors.
Results: A total of 486 762 ED pre-
sentations for injury in children aged
0–14 years were analysed. The most
common injuries for all age groups
were fractures of the upper extremi-
ties. Leading injury diagnosis groups
varied by age groups and sex. Over-
all, children aged 1–2 years had the
highest number of ED presentations
for injury, and from birth more

males than females presented to ED
with injuries with the highest abso-
lute sex difference observed for 10-
to 14-year-olds. Seventeen percent of
children who presented to ED were
admitted to hospital with the leading
type of hospitalised injury being
fractures. Little monthly variation in
ED presentations was observed,
except for higher presentations for
drowning in summer months, and
for most injury types, ED presenta-
tions were higher during weekends
and daytime.
Conclusions: This is the first large-
scale quantification of paediatric
injury-related ED presentation pat-
terns in Australia since the conclu-
sion of the National Injury
Surveillance and Prevention Pro-
gram about 30 years ago. It pro-
vides valuable information to
inform paediatric ED resourcing
decisions as well as important evi-
dence for injury prevention
practitioners.

Key words: emergency, epidemiol-
ogy, injuries, injury surveillance,
paediatric.

Introduction
Injury is a leading cause of
hospitalisation and child deaths in
Australia causing around 282 deaths
and 66 500 hospital admissions in
children aged 0–14 years each year.1

Although Australian child injury
death rates have decreased over the
last decade, concerningly injury
hospitalisation rates in children aged
0–14 years have changed little.1,2 The
financial burden of child injury is
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Key findings
• The most common injuries for

all age groups were fractures of
the upper extremities.

• Young children had the highest
number of ED presentations for
injury.

• More males than females pres-
ented to ED with injuries.

• Around 17% of children who
presented to ED were admitted
to hospital.

• There was little monthly varia-
tion in ED presentations except
for higher presentations for
drowning in summer months.

• For most injury types, ED pre-
sentations were higher during
weekends.
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substantial with annual hospital
treatment costs around A$212 mil-
lion, not including injuries treated in
the ED and the wider costs to society
as a whole.2

Child injuries are highly prevent-
able and injury prevention is a policy
priority as evidenced by the develop-
ment of a new Australian national
injury prevention strategy.3 Quality
data are a key component of injury
surveillance and to inform injury
prevention, and form a key principle
underpinning the Australian injury
prevention strategy as well as being
acknowledged as one of the impor-
tant gaps which needs addressing. In
Australia, core state-based health
datasets contain injury information
related to ambulance transportation
services, ED presentations, hospital
admissions and deaths.4 So far, most
of the information used to quantify
paediatric injury is from hospital
and mortality data which only cover
the most severe injuries. Many
injured children presenting to EDs
are not admitted to hospital, and
therefore ED data offer an important
additional source of data on child-
hood injury.
Although the value of examining

ED data to inform injury prevention
strategies and resource allocation has
been demonstrated,5–8 Australia does
not have a well-established national
ED-based injury surveillance system.
The National Injury Surveillance and
Prevention Program (NISPP) com-
menced injury surveillance in
Australia in the late 1980s9 but did
not persist, and ED data is used rou-
tinely for injury surveillance in only
two Australian states, Victoria and
Queensland. There have been
repeated calls for improvements to the
quality of injury incident data.10–12

Yet there are few resources directed
towards timely processing and analy-
sis of incidence data in Australia, and
the delay between a rise in incidents
and detection and timely reporting of
this, using current systems, is signifi-
cant. In comparison, other countries
have well established timely injury
surveillance systems based on ED data
such as the US National Electronic
Injury Surveillance System (NEISS),13

the Canadian Hospitals Injury
Reporting and Prevention Program

(CHIRPP)14 and the European
Union’s Injury Database (EU-IDB).15

The aim of this present study is to
describe the types of injuries treated
in EDs in Australian children,
describe the impact of these injuries
in volume and severity, and assess
the patterns by demographics and
temporal factors. The current study
will add to existing state-based
knowledge of injuries through exam-
ination of ED data from six dedi-
cated major paediatric hospitals in
four Australian states for the period
2011–2017.

Methods
Setting

This present study used data from
six major paediatric hospitals in four
states in Australia. Participating hos-
pitals were Monash Health and the
Royal Children’s Hospital in
Victoria, John Hunter and
Westmead hospitals in New South
Wales, the Women’s and Children’s
Hospital in South Australia and the
Queensland Children’s Hospital (the
Mater Children’s Hospital and
Royal Children’s Hospital, merged
to become the Queensland Chil-
dren’s Hospital in late 2014).

Data

ED data from the six paediatric hos-
pitals were collected for the seven
calendar years 2011–2017. The data
contains information on age and sex,
time and date of ED attendance,
injury diagnosis (coded to ICD-
10-AM), triage category (resuscita-
tion, emergency, urgent, semi-urgent
and non-urgent) and mode of separa-
tion (admitted, transfer to another
hospital, death, discharged, left/did
not wait). The participating hospitals
supplied de-identified datasets to the
research team. Queensland data was
obtained from the Queensland Injury
Surveillance Unit (QISU) because it
has been collecting injury data before
and after the merge of the two chil-
dren’s hospitals. This unit only
ascertained around 80% of all injury
cases16 and the data were adjusted
using the annual ascertainment rates,
calculated as the proportion of injury

cases captured in the data over the
total number of injury cases coded to
S00-T75 or T79.
The study sample included 486 762

unintentional injury records of chil-
dren aged 0–14 years with a diagno-
sis of injury (ICD-10-AM code range
S00-T75 or T79). Unintentional inju-
ries were identified based on the
coded intent (supplied by three hospi-
tals) and by using a machine classifier
for the remaining three hospitals. The
classifier was developed and tested
using a few machine learning models
and trained using manually coded
ED-based injury surveillance data
from Queensland.17–19 For this pre-
sent study, it was decided to use the
Logistic Regression model based on
previous findings that it had the best
performance in recognising un-
intentional injuries (99% sensitivity
and 97% positive predictive value).19

Analysis

The study outcomes of interest were
the frequency and severity of the
injury diagnosis by nature of injury
and body region affected. Analysis
was conducted across demographic
groups (sex and age groups) and by
temporal factors (month, day, time).
The nature of injury and body region
affected were derived by mapping
the four-digit ICD-10-AM diagnosis
codes to the NDSIS nature of injury
and body regions codes.20 These
were then grouped into 17 higher
level categories for nature of injury
and seven for body region affected.
Severe injuries were defined as those
requiring hospital admission or
resulting in death.

Ethics approval

Ethics approval under the National
Mutual Acceptance was obtained
from the Sydney Children’s Hospital
Network Human Research Ethics
Committee for data collection across
the six hospitals (Approval number
HREC/18/SCHN/137).

Results
A total of nearly half a million
(n = 486 762) ED presentations for
injury in children aged 0–14 years

© 2022 The Authors. Emergency Medicine Australasia published by John Wiley & Sons Australia, Ltd on behalf of Australasian College
for Emergency Medicine.
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(58% males) were recorded in the
six participating hospitals from 2011
to 2017. Of these, 40.7% presented
to an ED in Victoria, 23.5% in New
South Wales, 20.6% in Queensland
and 15.2% in South Australia. Over-
all, the annual number of ED presen-
tations because of injury increased
by 24.6% from 66 098 presentations
in 2011 to 74 874 presentations in
2017. The largest relative increases
were observed in Victoria (27.1%)
and New South Wales (24.5%).
Fractures (25.2%), open wounds

(18.2%), injuries to the muscle, ten-
don, ligament and joint (16.8%),
superficial injuries (11.6%) and
intracranial injuries (6.9%) were the
five most frequent types of nature of
injury resulting in ED presentation
for all age groups accounting for
78.6% of all injury presentations.
The most commonly injured body
regions were upper extremities
(35.8%), head and neck (30.6%)
and lower extremities (15.5%;
Table 1). The leading groups of
nature of injury and body regions
affected varied by age groups and
sex, reflecting behaviours and risk
factors (Figs 1–3).

Analysis by sex and age

Children aged 1 or 2 years
accounted for the largest number of
ED presentations for injury (105 330
cases), about twice as many as those
at ages 7 or 8 (53 068 cases; Fig. 1).
Although the number of injury pre-
sentations was higher for males than
females at all ages below 15 years
(58.1% males overall), variation
with age followed a similar pattern
for both sexes to about age 10 years.
At older ages, case numbers were
higher for males and lower for
females, and males comprised 67.4%
of ED attendances for unintentional
injury at age 14. Analysis of nature
of injury and body region affected
by age showed two broad age pat-
terns with peaks in the younger age
groups and peaks in the younger and
older age groups (Figs 2,3).
More males than females presented

to ED for the types of injuries investi-
gated (Fig. 2, Tables S1,S2). The rates
of injury varied between males and
females (Table S3, Figs S1,S2). For

nature of injury, the highest relative
differences between males and
females were observed for the oldest
age group (10–14 years). Males had
2.76 (95% CI 2.10–3.66) times
higher rate of injuries to internal
organs and 0.37 (95% CI 0.33–0.42)
times lower rate of poisonings com-
pared with females. Males aged 10–
14 years had 1.53 (1.48–1.57) times
higher rate of head and neck injuries
and 0.76 (95% CI 0.74–0.77) times
lower injuries to the lower extremities
compared with females (Table S3).

Hospitalised injuries

Of the 486 762 children who pres-
ented to ED with injuries, 84 420
(17.3%) were admitted to hospital
and 26 died in ED. The leading inju-
ries resulting in deaths in the ED
data were drowning (n = 11) and
unspecified injuries (n = 8). More
males (n = 19) than females died of
injuries (n = 7) and most children
who died were 1–9 years old
(n = 22). The leading types of hos-
pitalised injury were fractures
(30.8%), open wounds (16.9%),
intracranial injuries (12.6%), superfi-
cial injuries (10.7%) and injuries
because of foreign body entering ori-
fice (5.0%; Tables S4–S6). The
highest proportion of hospitalised
injury per injuries seen in ED were
observed for injuries to internal
organs (90%), asphyxia or other
threat to breathing including drown-
ing (60%) and poisoning or toxic
effect (44%). The most common
body regions affected in children
hospitalised for injury were the head
and neck (36.7%) and the upper
extremities (31.5%).

Daily, weekly and monthly
variation

There was little monthly variation in
ED presentation for the different
nature of injury types, except for
injuries because of asphyxia or other
threat to breathing including drown-
ing which increased during the sum-
mer months, in particular December
and January, because of higher pre-
sentations for drowning (Fig. S3).
For most injury types, rates of ED
presentations were higher during the

weekend than weekdays and higher
during daytime, in particular after-
noons and early evenings than at
night (Figs S4,S5). The highest
weekly variations were seen for den-
tal injuries with 1.8 times higher pre-
sentation rates on Sundays
compared with the weekly average.
Similarly, presentations for dental
injuries and threat to breathing were
more than two times higher at 7 pm
compared with midday.

Body regions injured because of
different natures of injury

The most common specified injuries
were fractures of the upper extremi-
ties (n = 93 551), open wounds of
the head and neck (n = 57 939),
muscle/tendon/ligament and joint
injuries to the upper extremities
(n = 43 244), intracranial injuries
(n = 33 503) and muscle/tendon/lig-
ament and joint injuries to the lower
extremities (n = 24 564; Table 2).

Discussion
This study has highlighted the pat-
terns of injuries in children pre-
senting to ED across four major
jurisdictions in Australia by nature
of injury and body region, as well as
sex, age group and temporal factors.
Fractured upper extremities, open
head wounds, and upper extremity
muscle/tendon/ligament/joint injuries
accounted for 40% of all presenta-
tions and fractures accounted for
one-third of the more severe injuries
requiring hospitalisation.
Young children had the highest

number of ED presentations, overall
and for all types of injury except
fractures and internal organ injuries.
In younger children under 5 years of
age, the most common body region
affected was the head/neck region
with a mixture of superficial and
open wounds and intracranial inju-
ries predominating. In contrast in
children aged 5 years and older, frac-
tures and injuries to muscles/ten-
dons/ligaments/joints especially
related to upper and lower extremi-
ties were most common presenta-
tions. These observed patterns of
injury are consistent with other stud-
ies suggesting a correlation between

© 2022 The Authors. Emergency Medicine Australasia published by John Wiley & Sons Australia, Ltd on behalf of Australasian College
for Emergency Medicine.
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TABLE 1. ED presentations for injury by age groups, all children nature of injury and body region affected; six children’s
hospitals in New South Wales, Victoria, South Australia and Queensland, 2011–2017†

Age

<12 months 1–4 years 5–9 years 10–14 years All ages

n (%) n (%) n (%) n (%) n (%)

Nature of injury

Fracture (excludes tooth) 1447 (7.0) 25 596 (14.0) 44 680 (31.7) 50 700 (35.6) 122 423 (25.2)

Open wound (excludes eye) 1608 (7.8) 47 049 (25.8) 26 696 (18.9) 13 151 (9.2) 88 504 (18.2)

Injury to muscle/tendon/ligament/
joint

1574 (7.6) 23 026 (12.6) 19 944 (14.1) 37 273 (26.2) 81 817 (16.8)

Superficial (including bruise;
excluding eye)

5115 (24.8) 22 059 (12.1) 15 285 (10.8) 13 770 (9.7) 56 229 (11.6)

Intracranial injury (includes
concussion)

4273 (20.7) 14 258 (7.8) 7565 (5.4) 7407 (5.2) 33 503 (6.9)

Foreign body entering orifice 1755 (8.5) 15 569 (8.5) 7359 (5.2) 2205 (1.6) 26 888 (5.5)

Burn or corrosion 1699 (8.2) 8951 (4.9) 2482 (1.8) 1689 (1.2) 14 821 (3.0)

Eye injury 471 (2.3) 4342 (2.4) 3080 (2.2) 1649 (1.2) 9542 (2.0)

Dental injury 159 (0.8) 4338 (2.4) 2535 (1.8) 1221 (0.9) 8253 (1.7)

Poisoning or toxic effect 443 (2.1) 4421 (2.4) 897 (0.6) 1097 (0.8) 6858 (1.4)

Crushing injury 170 (0.8) 2917 (1.6) 1705 (1.2) 1103 (0.8) 5895 (1.2)

Multiple injuries 256 (1.2) 1344 (0.7) 1049 (0.7) 1257 (0.9) 3906 (0.8)

Blood vessel or nerve 85 (0.4) 267 (0.2) 219 (0.2) 445 (0.3) 1016 (0.2)

Asphyxia or other threat to
breathing including drowning

148 (0.7) 537 (0.3) 154 (0.1) 63 (0.0) 902 (0.2)

Internal organ 7 (0.0) 59 (0.0) 233 (0.2) 364 (0.3) 663 (0.1)

Other specified 939 (4.5) 3384 (1.9) 2076 (1.5) 2042 (1.4) 8441 (1.7)

Injury of unspecified nature 512 (2.5) 4456 (2.4) 5072 (3.6) 7061 (5.0) 17 101 (3.5)

Body region

Upper extremities 3145 (15.2) 49 605 (27.2) 56 873 (40.3) 64 375 (45.2) 173 998 (35.8)

Head and neck 11 599 (56.1) 75 812 (41.5) 38 327 (27.2) 23 135 (16.2) 148 873 (30.6)

Lower extremities 1111 (5.4) 17 551 (9.6) 21 184 (15.0) 35 542 (24.9) 75 388 (15.5)

Location not required‡ 2908 (14.1) 24 794 (13.6) 11 476 (8.1) 5106 (3.6) 44 284 (9.1)

Trunk 266 (1.3) 2520 (1.4) 4049 (2.9) 4541 (3.2) 11 376 (2.3)

Multiple body sites 268 (1.3) 1993 (1.1) 1353 (1.0) 1500 (1.1) 5114 (1.1)

Unspecified location 1364 (6.6) 10 298 (5.6) 7769 (5.5) 8298 (5.8) 27 729 (5.7)

Total 20 661 182 573 141 031 142 497 486 762

†Data from Queensland Children’s Hospital is subject to injury surveillance completion rate which has been affected by
the merging of the Mater Children’s Hospital and Royal Brisbane Children’s Hospital. Ascertainment rates: 2011: 0.69;
2012: 0.60; 2013: 0.77; 2014: 0.95; 2015: 0.87; 2016: 0.91; 2017: 0.91. ‡Location not required includes injuries that affect
the entire body system (e.g., poisoning, drowning) or the body region is already indicated by the nature of injury (e.g., eye
injury, dental injury).

© 2022 The Authors. Emergency Medicine Australasia published by John Wiley & Sons Australia, Ltd on behalf of Australasian College
for Emergency Medicine.
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types and causes of injuries and the
stages in childhood physical, cogni-
tive and social development.5,6,21,22

Factors related to the predominance
of head and neck injuries for young
children include their lack of control
over head position and movement,
and inability to protect themselves
during a fall. In contrast, older chil-
dren have a tendency to use their
arms to protect themselves from
external hazards resulting in higher
frequency of fractures to upper
extremities.6,21

When examining by sex, from
birth, males had higher numbers of
injury than females which is consis-
tent with other studies.5,7,23,24 Dif-
ferent theories have been advanced
to explain the sex difference, includ-
ing suggestions that boys engage in
more risk taking than girls, behave
more impulsively and have higher
activity levels.23–25 Males and
females showed similar pattern of

Figure 1. ED presentations for injury by age; six children’s hospitals in New South
Wales, Victoria, South Australia and Queensland, 2011–2017. Queensland injury sur-
veillance data adjusted for ascertainment rates (calculated based on the number of cases
coded to S00-T75 or T79 as denominators) by year: 2011: 0.69; 2012: 0.60; 2013:
0.77; 2014: 0.95; 2015: 0.87; 2016: 0.91; 2017: 0.91. ( ), Female; ( ), male.

Figure 2. ED presentations for injury by age, females and males, nature of injury; six children’s hospitals in New South Wales,
Victoria, South Australia and Queensland, 2011–2017. Queensland injury surveillance data adjusted for ascertainment rates by
year: 2011: 0.69; 2012: 0.60; 2013: 0.77; 2014: 0.95; 2015: 0.87; 2016: 0.91; 2017: 0.91. ( ), Female; ( ), male.

© 2022 The Authors. Emergency Medicine Australasia published by John Wiley & Sons Australia, Ltd on behalf of Australasian College
for Emergency Medicine.
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ED presentations by age, except in
injuries of blood vessels, fractures
and muscle, ligament and joint inju-
ries where males have higher number
of injuries in the 10–14 years age
group. It is possible that a number of
male ED presentations in this age
group are sport-related with a recent

study finding that Australian males
were more than twice as likely to be
hospitalised for sports injuries than
females.26

The only nature of injury where
females showed a higher rate of pre-
sentation than males after the age of
12 was for poisonings. This higher

rate is consistent with other studies,
with poisonings including uni-
ntentional alcohol and drug over-
doses and unidentified cases of self-
harm.7,24 As the data in our study
are drawn from ED records where
self-harm intent may not yet have
been established, some of the cases
included in our study as un-
intentional poisonings may have
been cases of self-harm which were
not diagnosed or adequately docu-
mented in ED.
There was little variation in the

types of injuries treated in different
months of the year, apart from for
threat to breathing (including
drownings) which peaked in the
summer months. A recent Australian
study found drowning rates among
5- to 17-year-olds are more than
twice as high during holidays, which
include the long summer school holi-
days, than on school days.27 In
regards to time of day and day of
week, early afternoon and evening
and weekends were the most com-
mon presentation times for injuries,
which provides valuable data to
inform paediatric ED resourcing.
Injury ED presentations showed a

similar pattern in the top three nature
of injury categories to those reported
in hospitalisation data: fracture, open
wound, and muscle/tendon/ligament/
joint injuries.28 However, open
wounds, superficial injuries and intra-
cranial injuries were proportionately
higher in our study of ED data com-
pared to the hospitalisation data. In
contrast, fracture, poisoning/toxic
effect, internal organ/blood vessel
injuries were proportionately higher
in the hospitalisation data.28 Further-
more, the peak of paediatric ED
injury presentations was in the 1–
4 years age group, whereas the peak
of paediatric hospitalisation was in
the 10–14 years age group.28 These
differences show how the profiles of
injuries which require ED treatment
differ to the profiles of injuries requir-
ing hospitalisation for Australian
children and highlight the importance
of ED injury surveillance to provide a
more complete understanding of the
burden of child injury in Australia.
Currently hospitalisation and deaths
data are the main drivers of injury
policy in Australia as these data

Figure 3. ED presentations for injury by age, females and males, body region
affected by injury; six children’s hospitals in New South Wales, Victoria, South Aus-
tralia and Queensland, 2011–2017. Queensland injury surveillance data adjusted for
ascertainment rates by year: 2011: 0.69; 2012: 0.60; 2013: 0.77; 2014: 0.95; 2015:
0.87; 2016: 0.91; 2017: 0.91. ( ), Female; ( ), male.

TABLE 2. Most frequent combinations of nature and location of injury†

Nature of injury Location n (% of total)

Fracture Upper extremities 93 551 (19.2%)

Open wound Head and neck 57 939 (11.9%)

Muscle/tendon/ligament/joint Upper extremities 43 244 (8.9%)

Intracranial injury Head and neck 33 503 (6.9%)

Superficial Head and neck 31 176 (6.4%)

Muscle/tendon/ligament/joint Lower extremities 24 564 (5.0%)

Fracture Lower extremities 24 401 (5.0%)

Open wound Upper extremities 12 938 (2.7%)

Open wound Lower extremities 10 674 (2.2%)

Superficial Lower extremities 8717 (1.8%)

†Only nature of injuries included that require coding of body region. Data
from Queensland Children’s Hospital is subject to injury surveillance comple-
tion rate which has been affected by the merging of the Mater Children’s Hos-
pital and Royal Brisbane Children’s Hospital. Ascertainment rates: 2011: 0.69;
2012: 0.60; 2013: 0.77; 2014: 0.95; 2015: 0.87; 2016: 0.91; 2017: 0.91.
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sources are the only national
standardised sources available to
depict injury burden for Australian
children. Yet this present study dem-
onstrates the important differences in
the profile of injuries for the non-
admitted child injury cohort and pro-
vides strong justification for arguing
for enhancements to national collec-
tion and reporting of data on injury-
related ED presentations.

Limitations

As a result of the merging of two
paediatric hospitals into Queensland
Children’s Hospital in late 2014,
data for the study period was not
obtained from the individual hospi-
tals but was obtained from QISU.
The data, however, is subject to the
injury surveillance ascertainment
rate, which was corrected for in our
analysis.
This present study was limited to

six major paediatric hospitals in four
states in Australia, not all children’s
hospitals in the four states were
included in this present study. As
such we were not able to estimate
incidence rates for injuries, because
we did not have information on the
population in the catchment areas of
the hospital. Although there were
differences in the relative contribu-
tion of natures of injury to all injury
ED presentations, the leading causes
of nature of injury were the same
across hospital sites in our study,
suggesting that our findings are
transferable to other hospitals in
Australia. Differences between sites
are likely to be impacted by differ-
ences in age structure of the local
population and differences in coding
as well as differences in injury risk
factors.

Conclusion
This present study has provided one
of the first large scale quantifications
of paediatric injury-related ED pre-
sentation patterns in Australia and
provides valuable information to
inform paediatric ED resourcing
decisions as well as important evi-
dence for injury prevention
practitioners.

In the absence of a national ED
injury surveillance system, studies
such as these take considerable time
and resources to enable compilation
of data across disparate systems and
jurisdictions. However, given the
sheer scale of the problems, with
nearly half a million presentations to
only six hospitals over a 7-year
period, consideration needs to be
given to enabling more comprehen-
sive injury surveillance at the point
of ED presentations across all ages.
Such a system would prove invalu-
able for informing injury prevention
activities, support safety regulator
policy and programme decision mak-
ing, assist the health system in
resource allocation, and enable rapid
surveillance of emerging injury
trends to ensure timely responses to
minimise harm.
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