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Objective:  To describe trends in hospitalisation for sport-related concussion.

Design, setting and patients:  Analysis of routinely collected hospital 
admissions data from all Victorian hospitals (public and private) over the 2002–
03 to 2010–11 financial years for patients aged � 15 years with a diagnosis of 
concussion and an ICD-10-AM external cause activity code indicating sport.

Main outcome measures:  Number and cost of hospitalisations; rate of 
hospitalisation per 100 000 participants overall and for specific sports; and 
percentage change in frequency and hospitalisation rate per 100 000 
participants over 9 years.

Results:  There were 4745 hospitalisations of people aged � 15 years for sport-
related concussion, with a total hospital treatment cost of $17 944 799. The 
frequency of hospitalisation increased by 60.5% (95% CI, 41.7%–77.3%) over 
the 9 years, but could only partially be explained by increases in sports 
participation, as the rate per 100 000 participants also increased significantly, 
by 38.9% (95% CI, 17.5%–61.7%). After adjustment for participation, rates were 
highest for motor sports, equestrian activities, Australian football, rugby and 
roller sports. The greatest significant increases in rates were seen in roller sports, 
rugby, soccer and cycling.

Conclusions:  The frequency and participation-adjusted rate of hospitalisation 
for sport-related concussion, both overall and across several sports, increased 
significantly over the 9 years. These findings, along with high levels of public 
concern, make prevention of head injury in sport a population health priority in 
Australia.
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I) is the leading cause of
ath and disability in children
and is involved in nearly half

of all trauma deaths.1 In Australia,
Europe and the United States, the esti-
mated annual incidence of TBI requir-
ing hospitalisation is 60–250 per 100000
population, with 80%–90% of cases cat-
egorised as mild TBI.2 For some young
adults in the US, the annual incidence
of emergency department presentations
for TBI is reportedly as high as 760 per
100000 population.3 In Australia, lim-
ited population data are available, but
one report estimated the direct hospital
costs for all TBI in the 2004–05 financial
year at $184 million.4

A subset of mild TBI is concussion,
reflecting a complex pathophysiological
process resulting from trauma to the
brain. Common symptoms include
headache, amnesia, confusion, blurred
vision, dizziness, nausea, balance prob-
lems and fatigue. Loss of consciousness
is reported in 10%–20% of cases. Most
concussions resolve within a few days
to weeks, but in some cases the symp-
toms can be prolonged.5-7 The esti-
mated incidence of concussion varies
between countries, but US census data
suggest about 600 cases per 100000
population.3 In 2004–05, of the 22710
Australia-wide hospital separations
coded as TBI using the International
statistical classification of diseases and
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sport is included under several injury
mechanism categories in routinely col-
lected data, the precise incidence is
unknown. This is particularly so in
Australia, where there is no routine
monitoring or reporting of sport-
related concussion. Data using ICD-9
coding suggest there are 1.6–3.8 million

hospital presentations for sports and
recreation-related head injury in the US
annually.2 As sport-related concussions
are not usually reported to doctors, this
could underestimate the true incidence
by a factor of six to 10.9

As the incidence of sport-related
concussion in Australia, especially at
the population level, is unknown, we
aimed to enumerate trends in the inci-
dence of hospitalisation for sport-
related concussion in Victoria over a 9-
year period, along with estimating the
total hospital costs. A secondary aim
was to identify the specific sports with
the highest frequency of hospitalisation
for concussion and to examine trends
in these sports over the same period. It
is hoped that this information will be
used to identify priority groups for pop-
ulation targeting of concussion preven-
tion and management strategies.

Methods

The Victorian Injury Surveillance Unit
is the repository for de-identified
injury surveillance data in Victoria,

outsourced by the Victorian Depart-
ment of Health. Hospitalisation data
relating to all admissions to public
and private hospitals in Victoria for
the 9 financial years from 2002–03 to
2010–11 were extracted from the Vic-
torian Admitted Episodes Dataset
(VAED). Data in the VAED are coded
to the ICD-10-AM.8 We chose July
2002 as the start date to coincide with
the introduction of the third edition of
the ICD-10-AM, which introduced
more than 200 codes for sporting
activities.

From the VAED data, we selected
patients aged � 15 years who had all
of the following, as indicated by ICD-
10-AM codes:
• a principal diagnosis recorded as
an injury (S00–T98)
• a concussive injury recorded any-
where in the diagnosis codes (S06.00–
S06.05)
• an unintentional external cause
code (V00–X59)
• a sport or exercise activity code at
the time of the incident (U50–U71).

We restricted our analysis to people
aged � 15 years because appropriate
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published sports participation data
were only available for this group. To
minimise multiple counting of
patients, transfers within and
between hospitals and identifiable re-
admissions to the same hospital
within 30 days were excluded.

Ethics approval for the study was
obtained from the Human Research
Ethics Committee at the Victorian
Department of Health.

Hospitalisation costs

Each hospitalisation is assigned an
Australian Refined Diagnosis Related
Group (AR-DRG), which provides a
clinically meaningful way of relating
the types of hospital patients to the
resources required by the hospital to
treat them. The National Hospital
Cost Data Collection produces aver-
age public hospital costs for each AR-
DRG, by state. We assigned the Victo-
rian average costs to each hospitalisa-
tion for concussion according to its
AR-DRG.

Concussion rates and participation-
adjusted trends

We obtained sports participation
numbers from the annual Exercise,
Recreation and Sport Survey (ERASS)
for each year from 2002 to 2010.10 The
ERASS is a joint initiative of the Aus-
tralian Sports Commission and state
and territory departments of sport and
recreation. It collects information on
the frequency, duration, nature and
type of activities that people aged
� 15 years participated in for exercise,
recreation or sport during the previ-
ous 12 months. We calculated the
annual number and rate of hospital-
isations for sport-related concussion
both overall and for individual sports,
using the participation data as the
denominator.

Trends in the annual rate of hospi-
talisation for sport-related concussion
per 100 000 participants aged � 15
years were computed using a log-
linear regression model of the rate
data, assuming a negative binomial
distribution of cases. Statistics relating
to the trend curves (ie, the slope and
intercept) and their associated P val-
ues were calculated using the regres-
sion model in SAS version 9.1 (SAS
Institute). A trend was considered sta-
tistically significant if the P of the
regression slope was < 0.05.

Results

Of the 28 718 hospitalisations for con-
cussion in people aged � 15 years in
Victoria over the 9-year period, 4745
(16.5%) were for sport-related con-
cussion. The estimated total hospital
cost of hospitalisations for sport-
related concussion over the 9 years
was $17 944 799 ($1 993 867 per year),
with a median cost per admission of
$1583 (range, $631 to $190 190).
Although the average hospital costs
used to calculate these figures are
specific to the public sector, only 94
hospitalisations (2%) were in private
hospitals.

The annual number of hospitalisa-
tions for sport-related concussion
increased significantly by 60.5% (95%
CI, 41.7%–77.3%; P < 0.001), from 443
in 2002–03 to 621 in 2010–11 (Box 1),
corresponding to an average annual
increase of 5.4% (95% CI, 4.0%–6.6%;
P < 0.001). Over the same period, the
rate of hospitalisation for concussion
injury per 100 000 participants also
increased significantly, by 38.9% (95%
CI, 17.5%–61.7%; P < 0.001) (Box 1), an
average annual increase of 3.7% (95%
CI, 1.8%–5.5%; P < 0.001). Thus, just
over a third of the increase in hospital-
isation can be explained by increases in
reported sports participation.

The most common activities lead-
ing to hospitalisation (defined as
accounting for > 50 hospitalisations
over the 9-year period) were: team
ball sports (particularly the football

codes), modes of active transporta-
tion, and snow-based adventure
sports (Box 2). Together, the football
codes accounted for 36.0% (1709/
4745) of all hospitalisations. The
activities with the highest mean par-
ticipation-adjusted rates of hospital-
isation for concussion over the 9-year
period were motor sports (181.8 per
100 000 participants), equestrian
activities (130.3/100 000) and Austral-
ian football (80.3/100 000) (Box 2).

Cricket was the only activity with a
decrease in the rate of hospitalisation
for sport-related concussion, but it
was not statistically significant. The
rate of hospitalisation for concussion
injury increased in all other major
sports and recreational activity
groups, although the increases were
only significant for roller sports,
rugby, cycling and soccer.

Discussion

Our findings show that the number of
patients with ICD-10-AM-coded
sport-related concussion admitted to
hospital in Victoria increased by 61%
over the period 2002–03 to 2010–11.
Much of this increase was independ-
ent of changes in sports participation,
because the participation-adjusted
hospitalisation rate also increased sig-
nificantly by 39% over this period.

Head injuries sustained during par-
ticipation in sport place a significant
burden on the health care systems
needed to assess and treat them; the

1 Trends in the frequency and rate of hospitalisation per 100 000 participants aged 
� 15 years for sport-related concussion,* Victoria, 2002–03 to 2010–11

* Dotted lines show trends. ◆
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2 Frequency, mean 
sport-related con

Sports activity*

Australian football§

Cycling

Motor sports

Equestrian activities

Soccer

Ice and snow sports

Basketball

Roller sports¶

Rugby (all codes)**

Netball

Cricket

All others

Total

* The specific sports act
100 000 participants ag
denominator data for ea
the presumption that pa
for all players, and there
non-motor scooter ridin
published participation 
concussion that occurre
sport delivery systems responsible for
providing safe sporting opportunities;
and the individuals who sustain them.
The short- and long-term conse-
quences of concussion mean that
potentially years of productive life are
lost, and there are substantial eco-
nomic costs for individuals, families
and society.

In the US, substantial economic
and societal effects of TBI have been
reported, with an estimated 1.7 mil-
lion people sustaining a TBI annually,
associated with 1.4 million emergency
room visits and 275 000 hospitalisa-
tions.11 In the sporting context, the
number of concussions reported to
the National Collegiate Athletic Asso-
ciation increased significantly by 7%
annually from the 1988–89 to 2003–04
US academic years.12 These data
reflect a wide range of collegiate
sports participation, and the increas-
ing trends could reflect increasing
concussion awareness, changes in
player risk, or changes in data collec-
tion methodology.13,14 Increasing
injury incidence seems not to be con-
fined to Victoria and may reflect a
longer-term increasing incidence of
injury globally.

The reasons for the increasing
trends of hospitalisation for concus-
sion in our study are unknown. They
could reflect, at least partially, chan-
ging health delivery system factors

such as improved detection of con-
cussion and its diagnosis in the hospi-
tal setting. Some of the increase could
be related to greater awareness of
concussion leading to more people
presenting to hospitals for treatment.
However, as the data here relate only
to patients who were hospitalised,
this presentation bias is expected to
be minimal over time. It is not known
if patients with concussion treated in
emergency departments (but not
admitted), by general practitioners or
by sports medicine practitioners fol-
low the same trends.

Sports delivery factors could also
contribute to the increasing trends.
For example, increased competitive-
ness may lead to faster game speeds
and higher-intensity activity, and
hence increased forces of collision
that lead to concussive impacts. As
athletes get bigger, stronger and
faster, and there are attempts to
increase game speeds for spectator
enjoyment, it is logical that the forces
associated with collisions would also
increase in magnitude. There is cur-
rently no effective headgear that pre-
vents concussions, so more collisions
with more force would be expected to
increase the number of concussions.
Other ways to prevent concussion are
rule changes and game modifications,
better education of coaches and play-
ers, and adherence to return-to-play

guidelines after a previous head
injury.

Although the football codes are
often thought to be the source of
most sport-related concussion,15

case-series reports of ICD-10-AM-
coded hospitalisations for injury have
found that concussion is also highly
associated with equestrian activities,
soccer, cricket, netball and martial
arts.4,16 Nonetheless, based on a com-
parison of results from epidemiologi-
cal studies of team sports with
variable definitions of concussion,
Australia’s high-participation football
codes may be associated with a con-
cussion risk 10–15 times higher than
that for American football.17-19 This
difference likely reflects differences in
injury mechanisms, speeds at which
the games are played, and the per-
sonal protective equipment used. In
our study, football accounted for just
over a third of all concussion cases.
Over the 9-year period, the participa-
tion-adjusted rates of hospitalisation
increased significantly by 77% in soc-
cer and by 96% in rugby, but non-
significantly by 8% in Australian foot-
ball, perhaps reflecting greater atten-
tion to concussion prevention in the
latter than in other football codes.
These increases support priority
attention being given to preventing
concussion across all football codes.

Our data also show that sport-
related concussion is not just a prob-
lem for football. In fact, the highest
participation-adjusted rates of hospi-
talisation were for motor sports and
equestrian activities, where higher-
impact speeds and greater fall dis-
tances are more likely to lead to con-
cussion. The greatest increase over
the 9-year period was in roller sports;
the reasons for this are unclear. These
findings confirm the US experience of
concussion occurring in many
sports,14,20 and emphasises that a
focus on football codes alone would
not prevent most concussions.

Our study has some limitations. It
assumes that the diagnosis of concus-
sion has been made correctly and that
all cases have been identified by the
ICD-10-AM coding. At least one
study has shown misdiagnosis of
head injury in emergency depart-
ments,21 and if this also occurs for
hospital admissions, then the rates in
our study would under-enumerate the

rate per 100 000 participants, and trend of hospitalisation of people aged � 15 years for 
cussion, Victoria, 2002–03 to 2010–11

Frequency
Mean rate† over 
9-year period‡

Estimated annual % 
change in rate 

Estimated % change in 
rate over 9-year period P for trend

1442 80.3 0.9% 8.2% 0.74

766 17.6 5.5% 62.0% 0.004

674 181.8 0.5% 4.6% 0.86

504 130.3 1.0% 9.0% 0.79

198 9.7 6.5% 76.6% 0.007

184 31.2 1.9% 18.9% 0.70

115 6.9 2.6% 26.3% 0.70

105 44.8 20.2% 424.8% < 0.001

69 49.9 10.1% 95.8% < 0.001

55 3.6 8.0% 100.5% 0.31

51 3.0  4.2%  31.8% 0.53

582 3.8 6.7% 80.0% 0.003

4745 15.6 3.7% 38.9% < 0.001

ivities listed are those with > 50 hospitalisations for concussion in total over the 9-year period. † Per 
ed � 15 years. ‡ For the trend analyses, yearly rates were computed using published participation 
ch year. § All “football unspecified” cases (n = 254) were included in the “Australian football” category on 
tients playing soccer or rugby would specify they were playing these codes in Victoria. This may not be so 
 may be some misclassification. ¶ Roller sports includes inline skating, rollerskating, skateboarding and 
g. ** Data for all rugby codes combined cover only 7 years (2004–05 to 2010–11 financial years) as no 
data were available for the first 2 years (there were an additional 13 hospitalisations for rugby-related 
d during 2002–03 and 2003–04). ◆
8) · 6 May 2013
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true rate of hospitalisation for sport-
related concussion. In any case, the
number of sport-related concussions
is almost certainly underestimated
because the only way to identify a
sport in the ICD-10-AM is through
the activity codes, which are known to
be underused.22 Also, the sports par-
ticipation data do not take into
account the frequency of participa-
tion, and it may be that people who
play more sport at higher intensities
or more regularly are the people most
at risk of concussion.

While only relating directly to one
state, our data clearly demonstrate
that sport-related concussion is a sig-
nificant and increasing public health
burden. Our findings are an under-
estimate of the true burden of sport-
related concussion because: a) they
are only based on patients requiring
hospitalisation, and most patients
with concussion would not require
hospitalisation; b) the number of hos-
pitalisations is almost certainly an
underestimate because of limitations
in the available data; c) they only
include direct hospital costs, and the
indirect morbidity costs of injury are
known to be at least as much as these;
and d) there is no assessment of any
adverse long-term health outcomes.
Even when injured players sustain
loss of consciousness, most do not
attend a hospital for treatment. If the
underreporting of incident cases was
up to 10-fold,9 the real number of
sport-related concussions could be
47 450 over the 9-year period, poten-
tially costing the Victorian community
about $20 million annually.

The most recent international con-
sensus statement on the management
of concussion in sport strongly argued
that there is an immediate need to
develop guidel ines,  education
resources and other health promotion
approaches for preventing head injury
and its adverse outcomes across all
sports with a risk of serious head
injury.7 Anecdotally, there are high
levels of public concern about the risk
of head injury in sport, and public
misinformation about its assessment,
management and prevention.23,24 Our
findings that a large number of head
injuries occur annually and that
trends in participation-adjusted inci-
dence rates are increasing make the

prevention of head injury in sport a
population health priority.
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