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ABSTRACT
Objective To estimate traumatic brain injuries (TBIs) and 
acute care costs due to sports activities.
Methods A planned secondary analysis of 7799 children 
from 5 years old to <18 years old with head injuries 
enrolled in a prospective multicentre study between 
2011 and 2014. Sports- related TBIs were identified by 
the epidemiology codes for activity, place and injury 
mechanism. The sports cohort was stratified into two age 
groups (younger: 5–11 and older: 12–17 years). Acute care 
costs from the publicly funded Australian health system 
perspective are presented in 2018 pound sterling (£).
Results There were 2903 children (37%) with sports- 
related TBIs. Mean age was 12.0 years (95% CI 11.9 to 
12.1 years); 78% were male. Bicycle riding was associated 
with the most TBIs (14%), with mean per- patient costs of 
£802 (95% CI £644 to £960) and 17% of acute costs. The 
highest acute costs (21%) were from motorcycle- related 
TBIs (3.8% of injuries), with mean per- patient costs of 
£3795 (95% CI £1850 to £5739). For younger boys and 
girls, bicycle riding was associated with the highest TBIs 
and total costs; however, the mean per- patient costs were 
highest for motorcycle and horse riding, respectively. For 
older boys, rugby was associated with the most TBIs. 
However, motorcycle riding had the highest total and mean 
per- patient acute costs. For older girls, horse riding was 
associated with the most TBIs and highest total acute 
costs, and motorcycle riding was associated with the 
highest mean per- patient costs.
Conclusion Injury prevention strategies should focus on 
age- related and sex- related sports activities to reduce the 
burden of TBIs in children.
Trial registration number ACTRN12614000463673.

INTRODUCTION
Injuries from sports activities are a global 
health concern, with children 5–14 years 
requiring more medical care than other 
ages.1 The need for comprehensive surveil-
lance and injury prevention initiatives has 
been recognised internationally.2–4 Sports 
activities are frequently associated with trau-
matic brain injuries (TBIs) in children.5–7 In 
Australia, head trauma occurred with 5.8%–
44% of all sports- related injuries in children 
with emergency department (ED) presenta-
tions between 1989 and 1993.5 Additionally, 
an increasing trend in hospitalisations for all 

sports injuries was reported between 2004 
and 2010.8 In 2012, the age- standardised inci-
dence rate of hospitalisations for all sports- 
related injuries in children ≤16 years was 281 
per 100 000 population with annual costs of 
Australian dollar (AU) $40 million.9 There 
are no population- based estimates of ED pres-
entations for paediatric sports- related TBIs 
in Australia. Sports were the second most 
common mechanism of injury in a cohort 
of approximately 18 000 Australian children 
presenting to ED with head injuries.7

In the UK, the annual incidence of head 
injuries in 2013 was 400 per 100 000 for chil-
dren younger than 15 years. Sports activities 
were the second most frequent injury mecha-
nism after falls, with rugby, football and horse 
riding being the most prevalent.6 In the USA, 
the incidence of non- fatal sports- related TBIs 
in children in 2018 was 299 per 100 000.10 An 
increasing trend in ED visits for sports- related 
TBIs was reported between 2001 and 2012, 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Sports activities are frequently associated with trau-
matic brain injuries (TBIs) in children.

WHAT THIS STUDY ADDS
 ⇒ Bicycle riding had the most sports- related TBIs, and 
motorcycle- related TBIs were associated with the 
highest mean per- patient and total acute care costs.

 ⇒ Mild TBIs from bicycle riding and severe TBIs from 
motorcycle riding were associated with the highest 
total acute care costs for the sports cohort.

 ⇒ The highest mean per- patient costs were from horse 
riding in younger girls and motorcycle riding for old-
er girls and boys in both age groups.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ Injury prevention strategies should focus on age- 
related and sex- related sports activities to reduce 
the burden of TBIs in children.

 ⇒ While contact sports are common mechanisms of 
injury, they are often not associated with severe TBIs 
or high acute care costs.
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followed by a subsequent decline of 27% by 2018.10 11 
Contact sports accounted for approximately 45% of inju-
ries, with American football and bicycle riding accounting 
for the most TBIs.4 While playground- related TBIs were 
the most common mechanism for children younger than 
10 years, American football in boys and soccer in girls 
accounted for the most TBIs for older children.4

The aim of this study was to estimate the ED and acute 
hospital costs for children with TBIs due to sports activ-
ities in Australia, stratified by mechanisms of injury, TBI 
severity, sex and age of the child.

METHODS
This was a secondary analysis of the prospective multi-
centre Australasian Paediatric Head Injury Study 
(APHIRST), in which 17 841 Australian children <18 
years with head injuries of all severities were enrolled 
between April 2011 and November 2014. There were 
two mixed and six free- standing children’s hospital EDs, 
all members of the Paediatric Research in Emergency 
Departments International Collaborative (PREDICT) 
network. The detailed methodology of the APHIRST 
study has been previously published.12 For this analysis, 
we excluded 2296 children enrolled in New Zealand to 
be consistent with the costing methods (figure 1). The 
other exclusions have been discussed previously.7 12

The costing analysis was conducted from a publicly 
funded health system perspective, applying direct and 
indirect costs from the Royal Children’s Hospital (RCH) 
to patient- level data in the Australian cohort (online 
supplemental appendix 1).7 13 The details of the costing 
methods and data inputs have been published.7 Acute 
care included ED presentations with either discharge 

or acute admissions until hospital discharge. The total 
acute care costs and mean per- patient cost with 95% CIs 
for sports- related TBIs were estimated by sex, child age 
groups and injury severity. All costs were inflated to 2018 
Australian dollars using the Reserve Bank of Australia 
General Consumer Price Index rates from 13 September 
2019 and presented as pound sterling with the average 
exchange rate of UK £0.60 from 30 June 2018.14 15

Sports- related TBIs for children ages 5–<18 years 
(sports cohort) were identified using the activity code 
for sports (activity=S) noted on the case report form of 
the APHIRST study.16 The research assistants assigned 
the activity codes at each site based on information the 
clinician recorded at the ED visit, obtained from medical 
record review and during the follow- up call.16 Epidemi-
ology codes for activity, place and injury mechanism of 
injury employed by the Victorian Injury Surveillance 
Unit in Australia were used across all study sites in 
APHIRST.8 17 18 These codes were mapped to the Interna-
tional Classification of Diseases, 10th Revision- Australian 
Modification sports activity codes (U50–U71) (online 
supplemental appendix 2).9 19 The combined football 
codes (U50.01–U50.05) included rugby, Australian rules 
football, touch football, soccer and football–not other-
wise specified.9 19

We considered injuries sports- related if they occurred 
from organised or recreational sports. Falls from play-
ground equipment or casual play were excluded. Helmet 
use was noted for TBIs from bicycle riding. The sports 
cohort was stratified into two age groups (younger: 5–11 
years and older: 12–17 years) based on the reported 
differences in physical activity levels in Australian chil-
dren.20 TBI was defined as any injury to the brain caused 
by an external force.21 TBI severity was defined as mild, 
moderate and severe. Mild TBI was defined as Glasgow 
Coma Scale (GCS) scores of 13–15 on ED presenta-
tion, no neurological deficits, with no evidence of TBI 
on cranial CT or MRI if performed.22 Moderate TBI 
included either GCS scores 9–13 or 13–15 with neuro-
logical deficits or evidence of TBI on CT or MRI. Severe 
TBI was defined as GCS scores of ≤8.22 Data analysis was 
performed with Stata V.15.

RESULTS
Sports cohort: patient characteristics
Of the 7799 Australian children between 5 years and 
18 years with head injuries enrolled in APHIRST, 2903 
(37%) had TBIs from sports activities (figure 1 and 
table 1). The mean age for the sports cohort was 12 years 
(95% CI 11.9 to 12.1 years), and 78% were male. The 
acute care costs for sports- related TBIs were £1.9 million, 
with mean per- patient costs of £669 (95% CI £566 to 
£772). The acute admission rate was 34%, with mean per- 
patient costs of £1559 (95% CI £1265 to £1853), which 
accounted for 80% of acute care costs. Paediatric inten-
sive care unit admissions for 43 children (1.5% of the 
sports cohort) accounted for 29% of acute care costs, 

Figure 1 Patient flowchart: the Australasian paediatric head 
injury study sports cohort. ED, emergency department; TBI, 
traumatic brain injury.
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with mean per- patient costs of £13 199 (95% CI £8217 
to £18180). There were no deaths reported from sports 
activities.

Sports cohort: TBI severity
Most head injuries from sports activities resulted in 
mild TBIs (94%), which were associated with 62% of 
the sports- related acute care costs with mean per- patient 
costs of £443 (95% CI £389 to £497) (table 1). Moderate 
TBIs occurred with 5% of injuries, accounting for 17% 
of sports- related acute costs, with mean per- patient cost 
of £2269 (95% CI £1622 to £2916). Severe TBIs in 1% of 
the sports cohort accounted for 21% of acute care costs, 
with mean per- patient cost of £13 395 (95% CI £6400 to 
£20 392).

Sports cohort: mechanisms of injury
The top 10 individual sports in decreasing frequency 
(figure 2 and table 2) cumulatively accounted for 76% of 
sports- related TBIs and 87% of acute care costs. Bicycle 
riding was associated with the most TBIs (14%) and 17% 
of sports- related acute care costs, with mean per- patient 
cost of £802 (95% CI £644 to £960). Children with bicycle- 
related TBIs who were not wearing helmets (48%) with 
mean per- patient cost of £1047 (95% CI £626 to £1468) 
accounted for 63% of bicycle- related costs. Motorcycle 
riding was associated with the largest proportion of 

Table 1 Sports cohort: demographics and acute care costs*

n (%) Mean cost (95% CI) Total cost (%)

Ages 5–17 years 7799 (100) £749 (£650 to £849) £5 843 060 (100)

Sports cohort 2903 (37) £669 (£566 to £772) £1 942 345 (33)

Age group

  Younger (5–11 years) 1286 (44) £501 (£438 to £564) £644 045 (33)

  Older (12–17 years) 1617 (56) £803 (£624 to £982) £1 298 300 (67)

Sex

  Male 2272 (78) £682 (£554 to £810) £1 549 252 (80)

  Female 628 (22) £625 (£513 to £738) £392 447 (20)

TBI severity†

  Mild 2727 (93.9) £443 (£389 to £497) £1 209 200 (62)

  Moderate 146 (5.0) £2269 (£1622 to £2916) £331 272 (17)

  Severe 30 (1.0) £13 395 (£6400 to £20 392) £401 873 (21)

Disposition

  Discharge from ED 1902 (66) £205 (£203 to £206) £389 483 (20)

  Admission 995 (34) £1559 (£1265 to £1853) £1 551 083 (80)

  Paediatric ward 267 (9.2) £4184 (£3173 to £5194) £1 117 009 (59)

  PICU 43 (1.5) £13 199 (£8217 to £18 180) £567 538 (29)

  Death 0 (0) £0.00 £0.00

*Costs inflated to 2018 Australian dollars and presented as pound sterling using the average exchange rate of £0.60 on 30 June 2018.
†TBI severity: mild TBI, GCS scores 13–15, no neurological deficits, negative neuroimaging; moderate TBI, GCS scores 9–12 or 13–15 with 
neurological deficits or positive neuroimaging; severe TBI, GCS scores ≤8.
ED, emergency department; GCS, Glasgow Coma Scale; NOS, not otherwise specified; PICU, paediatric intensive care unit; TBI, traumatic 
brain injury.

Figure 2 Sports- related TBI severity and acute care costs 
by age groups. Top 10 sports activities in decreasing order 
of injury frequency. CT, cranial tomography; GCS, Glasgow 
Coma Scale; NOS, not otherwise specified; TBI, traumatic 
brain injury.
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Table 2 Sports- related TBIs and acute care costs*

n (%) Mean cost (95% CI) Total cost (%)

Sports cohort 2903 (100) £669 (£566 to £773) £1 942 345 (100)

Sports activities

  Bicycle riding 409 (14) £802 (£644 to £960) £327 924 (17)

   No helmet (% bicycle riding) 197 (48) £1047 (£626 to £1468) £206 223 (63)

  Australian rules football 306 (11) £367 (£303 to £430) £112 240 (5.8)

  Football–NOS 289 (10.0) £370 (£298 to £443) £107 007 (5.5)

  Rugby 281 (9.7) £412 (£340 to £484) £115 758 (6.0)

  Soccer 242 (8.3) £324 (£271 to £376) £78 285 (4.0)

  Skateboarding 170 (5.9) £1596 (£570 to £2622) £271 302 (14)

  Scooter 167 (5.8) £464 (£346 to £582) £77 460 (4.0)

  Basketball 132 (4.5) £384 (£237 to £531) £50 657 (2.6)

  Motorcycle riding 110 (3.8) £3795 (£1,850 to £5739) £417 411 (21)

  Horse riding 97 (3.3) £1267 (£747 to £1786) £122 856 (6.3)

  Hockey 80 (2.8) £348 (£232 to £464) £27 832 (1.4)

  Cricket 74 (2.5) £260 (£218 to £302) £19 242 (0.99)

  Swimming 72 (2.5) £246 (£222 to £270) £17 701 (0.91)

  Diving 61 (2.1) £414 (£181 to £647) £25 233 (1.3)

  Ice skating 53 (1.8) £382 (£244 to £519) £20 220 (1.0)

  Netball 47 (1.6) £269 (£220 to £318) £12 644 (0.65)

  Water sports (unspecified) 45 (1.6) £272 (£176 to £368) £12 232 (0.63)

  Gymnastics 38 (1.3) £257 (£216 to £298) £9756 (0.50)

  Baseball/softball 34 (1.2) £814 (£0 to £1649) £27 697 (1.4)

  Racket 28 (0.97) £246 (£209 to £284) £6900 (0.36)

  Golf 22 (0.76) £619 (£219 to £1019) £13 624 (0.70)

  Surfing 20 (0.69) £354 (£132 to £577) £7082 (0.37)

  Martial Arts 16 (0.55) £417 (£122 to £711) £6662 (0.34)

  Boating 16 (0.55) £630 (£270 to £989) £10 075 (0.52)

  Dancing 15 (0.52) £199 (£182 to £216) £2983 (0.15)

  Athletics 13 (0.45) £328 (£143 to £513) £4265 (0.22)

  Snow sports 9 (0.31) £1414 (£0 to £3148) £12 732 (0.66)

  High jump 8 (0.28) £386 (£287 to £485) £3089 (0.16)

  Roller skating 7 (0.24) £188 (£188 to £188) £1318 (0.07)

  Volleyball 7 (0.24) £252 (£161 to £343) £1762 (0.09)

  Dodgeball 6 (0.21) £276 (£132 to £421) £1661 (0.09)

  Cheerleading 6 (0.21) £318 (£184 to £452) £1906 (0.10)

  Rollerblading 5 (0.17) £1158 (£0 to £3849) £5788 (0.30)

  Lacrosse 5 (0.17) £341 (£0 to £689) £1706 (0.09)

  Boxing 4 (0.14) £279 (£0 to £567) £1116 (0.06)

  All- terrain vehicle 3 (0.10) £1602 (£0 to £7164) £4805 (0.25)

  Handball 3 (0.10) £188 (£188 to £188) £565 (0.03)

  Touch football 2 (0.07) £331 (£0 to £1631) £662 (0.03)

  Skating (unspecified) 1 (0.03) £188 £188 (0.01)

*Costs inflated to 2018 Australian dollars and presented as pound sterling using the average exchange rate of £0.60 on 30 June 2018.
NOS, not otherwise specified; TBI, traumatic brain injury.
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moderate (9.1%) and severe TBIs (8.2%) for any sport. 
Further, with 3.8% of TBIs, motorcycle riding was asso-
ciated with the highest mean per- patient cost of £3795 
(95% CI £1850 to £5739) and acute costs (21%) from 
individual sports.

Team ball sports were associated with the most sports- 
related TBIs (45%), which accounted for 25% of acute 
care costs (online supplemental appendix 3). Specifi-
cally, the combined football codes (U50.01–U50.05) were 
associated with 39% of sports- related TBIs and accounted 
for 21% of acute care costs. On the other hand, wheeled 
non- motored sports, with 26% of TBIs, were associated 
with the highest acute costs (35%), and wheeled motor 
sports, with 3.9% of TBIs, were associated with the highest 
mean per- patient cost.

Sports cohort: mechanisms of injury and TBI severity
By TBI severity, mild TBIs from bicycle riding (93% of 
bicycle riding injuries and 13% of the sports cohort) 
and severe TBIs from motorcycle riding (8% of motor-
cycle riding injuries and 0.31% of the sports cohort) 
accounted for the highest acute care costs (11%) for the 
sports cohort (figure 2). In contrast, the combined foot-
ball sports were associated with primarily mild TBIs and 
the lowest acute costs.

Sports cohort: age groups
In figure 2, the top 10 mechanisms of injury in decreasing 
frequency are shown for the younger and older age 
groups, which accounted for 70% and 86% of sports- 
related TBIs, respectively, and 79% and 91% of associ-
ated acute care costs. Of the 1286 children (44%) in the 
younger age group, 73% were male. Similarly, 82% of the 
1617 children in the older age group were male.

In the younger age group, bicycle riding was associ-
ated with the highest proportion of TBIs (17%) and 
age group- related costs (26%). Although rugby was 
the most frequent injury mechanism in the older age 
group (14%), with 8% of acute care costs, motorcycle- 
related TBIs (3.8%) were associated with the highest age 
group- related costs (26%). For the younger age group, 
mild TBIs from bicycle riding were associated with the 
highest group- related acute costs (18%). Severe TBIs 
from motorcycle riding were associated with the highest 
group- related acute costs (15%) for sports injuries in the 
older age group.

Sports cohort: sex
Boys accounted for 78% of the sports cohort and were 
associated with 80% of the acute care costs (table 1). For 
young boys, bicycle riding was associated with the most 
TBIs (17%) and the highest acute costs (27%) for the 
age group (figure 3 and online supplemental appendix 
4). For boys in the older age group, rugby had the most 
TBIs (17%); however, motorcycle- related TBIs (3.8%) 
accounted for the highest acute costs (28%) for the age 
group. Motorcycle riding was associated with the highest 

mean per- patient costs for boys in both age groups 
(online supplemental appendix 4).

For young girls, bicycle riding was associated with the 
most TBIs (19%) and the highest acute costs (25%) 
for the age group (figure 3 and online supplemental 
appendix 5). For girls in the older age group, horse 
riding was associated with the most TBIs (13%) and the 
highest total acute costs (26%) for the age group. The 
highest mean per- patient costs were associated with horse 
riding and motorcycle riding for younger and older girls, 
respectively (online supplemental appendix 5).

DISCUSSION
This cost of illness study estimates the frequency and 
economic burden of TBIs from sports activities in chil-
dren between 5 years and 18 years presenting to eight 
tertiary EDs in Australia. While bicycle riding was asso-
ciated with the most TBIs, motorcycle- related TBIs, 
with 4% of injuries, were associated with the highest 
total and mean per- patient acute care costs. When the 
combined effect of TBI severity and sports activities on 
the acute care costs were explored, bicycle riding inju-
ries with mild TBIs and motorcycle riding with severe 
TBIs accounted for similar acute care costs for the sports 
cohort. Therefore, while motorcycle- related injuries had 
the most severe TBIs and the highest patient- level costs, 
the combined effect of injury frequency and TBI severity 
from bicycle and motorcycle riding contributed to the 
high economic burden on the health system.

In a recent population- based report, the total acute 
care costs for all sports- related injuries in Australia 
were AU$764 million for fiscal year 2019.23 ED visits for 
all sports injuries accounted for 22% of the total acute 
care costs (AU$164 million), and 37% of the ED costs 
were for children <20 years, who accounted for 25% of 
the Australian population.23 24 The acute care costs for 

Figure 3 Acute care costs of sports- related TBIs stratified 
by age and sex. TBI, traumatic brain injury; NOS, not 
otherwise specified.
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sports- related TBIs were AU$32 million (4% of total costs 
for all sports injuries), and 95% were incurred at public 
hospitals. Similar to our results, acute admissions for 
sports- related TBIs accounted for 80% of the acute care 
costs.23

There are few published reports of paediatric sports- 
related head injuries in Australia.16 18 22 While one study 
excluded bicycle, motorcycle and playground injuries,22 
another did not report motorcycle- related head inju-
ries.16 Australian rules football was associated with the 
highest proportion of head injuries in the retrospective 
study,22 baseball and softball were associated with the 
most clinically important TBIs in the prospective study.16 
In the current study, we excluded playground injuries. 
We reported bicycle riding in younger children, rugby in 
older boys and horse riding in older girls were associated 
with the most sports- related TBIs.

To our knowledge, no prior studies have compared 
the acute costs of TBIs from sports activities in children. 
In this study, bicycle riding was the most frequent injury 
mechanism for the sports cohort and was associated with 
the highest costs for younger boys and girls. Additionally, 
the highest mean per- patient costs were associated with 
motorcycle riding for younger boys and horse riding for 
younger girls. While rugby was the most frequent injury 
mechanism for older boys, motorcycle riding had the 
highest mean and total acute costs. For older girls, horse 
riding was associated with the most head injuries and the 
highest total acute costs, and motorcycle riding with the 
highest mean per- patient costs. Education programmes 
on safe riding practices and protective gear are needed 
to reduce sports- related TBIs.25

Prior research has shown that helmet laws and the 
proper use of helmets reduce head injuries and fatali-
ties from bicycle riding.26–31 For the sports cohort, 52% 
of children with TBIs from bicycle riding were reported 
to be wearing helmets, accounting for 37% of bicycle- 
related acute care costs. Although we only obtained 
information regarding helmet use with bicycle riding, 
the effect of helmet use on reducing TBIs with other 
wheeled sports is strongly supported by research.32 33 
The impact of helmet legislation on reducing fatalities 
from motorcycle and bicycle riding has been shown glob-
ally.34 In Australia, helmets are required for motorcycle 
and bicycle riding for all ages.35 In the UK, helmet use is 
required for motorcycle riding for all ages.36 Helmets are 
only recommended for riding bicycles, all- terrain vehi-
cles, scooters or skateboards. In the USA, state and local 
laws are responsible for helmet legislation, and there are 
no helmet laws for bicycle riding in 29 states and motor-
cycle riding in 3 states.29 37 While helmet laws are neces-
sary for reducing mortality from sports activities, our 
results indicate that additional strategies are required to 
reduce head injury severity.

This study is not without some limitations. First, we 
focused on acute care costs of sports- related TBIs from 
the Australian publicly funded health system perspec-
tive. We did not consider the number of contact hours 

associated with individual sports or the costs associated 
with long- term follow- up and rehabilitation, which would 
increase the total costs of these injuries. Second, we did 
not collect information regarding helmet use during non- 
bicycle activities or if the TBIs occurred from recreational 
or organised sports. Third, the high acute costs of severe 
TBIs could be associated with multiorgan injuries, which 
we did not evaluate. However, because individual cost 
inputs were applied (online supplemental appendix 1), 
this would only be reflected in the length of hospital stay.7 
Fourth, the proportion of TBIs due to sports activities is 
likely underestimated because not all patients present 
to tertiary EDs after head injuries. Prior research has 
shown that about 25% of ED presentations for children 
in Australia occur at tertiary referral centres.38 APHIRST 
enrolled children across 10 tertiary referral hospitals in 
Australia and New Zealand, possibly under- representing 
rural and indigenous populations. Additionally, the rates 
of mild TBIs are likely underestimated because most of 
these children are not seen in EDs and are managed at 
home or by general practitioners.39 Therefore, the acute 
care costs and TBIs reported with sports and other mech-
anisms may not be generalisable beyond tertiary referral 
EDs.

CONCLUSION
Sports activities are common mechanisms of TBIs in chil-
dren and have a significant economic impact on patients 
and the health system. Injury prevention strategies should 
focus on age- related and sex- related sports activities to 
reduce the burden of TBIs in children. We highlight 
the effect of TBI severity on the associated acute costs 
of head injuries from wheeled sports in children. This 
has implications for resource allocations for population- 
based injury surveillance and targeted injury prevention 
programmes.
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