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a  b  s  t  r  a  c  t

Objectives:  To  determine  the  incidence,  nature  and  severity  of all  sports-related  brain  injuries  in  the
general  population.
Design: Population-based  epidemiological  incidence  study.
Methods:  Data  on  all traumatic  brain  injury  events  sustained  during  a sports-related  activity  were
extracted  from  a dataset  of  all  new  traumatic  brain  injury  cases  (both  fatal  and  non-fatal),  identified
over  a one-year  period  in  the  Hamilton  and  Waikato  districts  of  New  Zealand.  Prospective  and  retrospec-
tive  case  ascertainment  methods  from  multiple  sources  were  used.  All  age  groups  and  levels  of  traumatic
brain  injury  severity  were  included.  Details  of  the registering  injuries  and  recurrent  injuries  sustained
over  the  subsequent  year were  obtained  through  medical/accident  records  and  assessment  interviews
with  participants.
Results:  Of  1369  incident  traumatic  brain  injury  cases,  291  were  identified  as  being  sustained  during
a  sports-related  activity  (21%  of all traumatic  brain  injuries)  equating  to an  incidence  rate  of  170  per
100,000  of the general  population.  Recurrent  injuries  occurred  more  frequently  in  adults  (11%)  than
children  (5%).  Of the  sports-related  injuries  46%  were  classified  as mild  with  a high risk  of  complications.
Injuries  were  most  frequently  sustained  during  rugby,  cycling  and  equestrian  activities.  It was  revealed
that  up  to 19%  of  traumatic  brain  injuries  were  not  recorded  in  medical  notes.
Conclusions:  Given  the high  incidence  of  new  and  recurrent  traumatic  brain  injury  and  the  high risk  of
complications  following  injury,  further  sport  specific  injury  prevention  strategies  are  urgently  needed  to
reduce the  impact  of  traumatic  brain  injury  and  facilitate  safer  engagement  in  sports  activities.  The  high
levels  of ‘missed’  traumatic  brain  injuries,  highlights  the  importance  in  raising  awareness  of  traumatic
brain  injury  during  sports-related  activity  in  the general  population.
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1. Introduction

The physical, social and psychological benefits of engaging in
sports-related activities are well documented,1 however, partici-
pation in sports-related activities can place individuals at increased
risk of injury.2 Injury to the brain as the result of a high acceleration,
multiple or rotational impact to the head in the context of sport
is common, with previous studies revealing that up to 15% of all
traumatic brain injuries (TBIs) are sustained during sports-related
activities.3 In the USA, 1.6–2.3 million cases of sports-related head
injury occur every year, with high associated direct and indirect
costs (estimated to be US$56billion each year).4

http://dx.doi.org/10.1016/j.jsams.2014.02.001
1440-2440/© 2014 Sports Medicine Australia. Published by Elsevier Ltd. All rights reserved.

dx.doi.org/10.1016/j.jsams.2014.02.001
http://www.sciencedirect.com/science/journal/14402440
http://www.elsevier.com/locate/jsams
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jsams.2014.02.001&domain=pdf
mailto:alice.theadom@aut.ac.nz
dx.doi.org/10.1016/j.jsams.2014.02.001


592 A. Theadom et al. / Journal of Science and Medicine in Sport 17 (2014) 591–596

The most recent consensus statement5 on concussion in sport
highlights that the term concussion specifically refers to a low
velocity shaking of the head. Many injuries sustained during sport
can involve severe injury or a direct blow to the head, in addition to
injuries sustained through shaking of the brain. All injuries where
there is an injury sustained to the brain will be referred to as TBIs
in this article to encompass the full spectrum of injuries that may
occur within the sports context, rather than just concussion.

Although early management has improved enormously with
more people now surviving acute injury, those who do survive
a significant brain injury frequently experience persistent diffi-
culties in physical, social, cognitive and emotional functioning.6–8

There is emerging evidence that there may  also be long-term
effects from sustaining even a mild TBI(s). For example, mild TBIs
may  pre-dispose individuals to early onset dementia and cognitive
impairment,9 depression10 and neurogenerative disease.11 Sus-
taining multiple impacts to the head (recurrent TBI) can result in
cumulative effects as the surviving brain cells from the initial injury
become more vulnerable to further damage.12

Previous studies on the epidemiology of brain injuries sustained
during sport have revealed that males and those under 18 years of
age are at increased risk of sports-related TBI.3,13 Generally, the
highest rates of TBIs occur in hockey, rugby, equestrian activities,
cycling, winter sports and football.3,13,14 However, the findings of
previous studies are limited as recruitment has been restricted
to particular populations (such as school children or professional
athletes) or specific sporting activities (such as football players).
Studies examining sports-related injuries in the general population
have also been limited as they have focused on hospital or emer-
gency department records to identify TBI cases. This approach to
case ascertainment can result in cases of mild TBI being missed as
people may  not wish to go to hospital or an emergency depart-
ment (particularly if it may  affect return to play), may  not realise
they have experienced a brain injury, or the TBI can be overshad-
owed by more severe injuries, such as broken bones, that require
immediate treatment. Population-based studies utilising a range
of sources of case ascertainment sources are needed to accurately
capture the extent of sports-related TBI in the general population.
It is also unclear if the greater risk of TBI experienced by people
of Maori and Pasifika ethnicity (indigenous populations of New
Zealand, NZ) identified in TBI incidence studies15 is also observed
in sports-related TBIs.

A population-based TBI incidence study using prospective and
retrospective methods to identify cases via multiple sources in NZ
revealed that the TBI incidence rate was higher than previous esti-
mates (overall incidence rate of 790 per 100,000 of the general
population).16 The sequence of injury prevention model17 empha-
sises that describing the nature and extent of the injury problem
is a critical component to design, implement and evaluate injury
prevention strategies. Given the drive to encourage adults and chil-
dren to engage in sport as part of maintaining a healthy lifestyle,
it is important that general population are able to do so in the
safest way possible. To provide an evidence base for the design
and implementation of sports-related injury prevention strategies,
a population-based incidence study of sports-related TBIs in the
general population is needed.16 Therefore the purpose of this study
is to report on the incidence, nature and severity of sports-related
brain injury from a population-based TBI incidence dataset using
multiple case ascertainment approaches.

2. Methods

Ethical approval was obtained from the Northern Y Regional
Ethics Committee of NZ (NTY/09/09/095). This study formed a com-
ponent of a population-based incidence study that identified all TBI

events that occurred in a one-year period (1st March 2010–28th
February 2011) in the Hamilton and Waikato districts in the central
North Island of New Zealand (Total Population 173,214, including
20% Maori and 2% Pasifika).18 To be eligible for inclusion, identified
TBI cases were required to have been primarily resident in the study
area for the past 12-months. Cases included people across all ages
and encompassed the full spectrum of injury severity (including
fatal and non-fatal injuries). The methodology of the parent epi-
demiological study19 (and full incidence findings)16 are described
elsewhere. In brief, all new cases of TBI that occurred in the
study region were identified using a capture–recapture approach.
Prospective and retrospective searches of hospital, coroners, ambu-
lance, general practitioner (GP) or other clinical records (e.g.,
physiotherapy) were conducted. Searches also included school
and sports club accident records, national health-care databases
(Accident Compensation Corporation and New Zealand Health
Information Service) and local prison records. Self-referrals and
referrals from community services were also accepted. As many
cases of TBI go unrecognised, all people who experienced an acci-
dent resulting in an injury to the upper half of their body were
contacted and screened to identify if a TBI had been sustained.

A TBI was defined in accordance with the World Health Organ-
isation (WHO) criteria as an acute brain injury resulting from
mechanical energy to the head from external physical forces.20 Symp-
toms needed to be related to the TBI and not be due to drugs/alcohol
or medications, nor caused by other injuries/treatments (e.g., sys-
temic injuries, facial injuries), or other problems (e.g., psychological
trauma, co-existing medical conditions). TBI severity was  classi-
fied using the Glasgow Coma Scale (GCS): mild TBI as GCS 13–15
and/or Post Traumatic Amnesia (PTA) <24 h; moderate TBI–GCS
9–12 and/or PTA 1–6 days; and severe TBI–GCS 8 or less and/or
PTA 7 or more days.21,22 If GCS and PTA severities differed, the
more severe category was assigned. If no information on PTA was
available, severity was based on the worst GCS score.

Details of the injury were obtained from medical records and
through an interview assessment with the participant (where pos-
sible) to ascertain if the injury met  the study criteria for TBI
(reviewed by a panel of clinicians). If it was  unclear if the case met
the inclusion criteria they were excluded. Information on recur-
rent TBIs was collected from interviews with participants over
12 months following the initial injury and via medical/accident
records. As the majority (over 95%) of injuries were mild, they
were sub-classified using Servadei et al.23 criteria. This criteria
classifies mild TBI into three categories according to their risk of
intracranial lesions; low-risk, medium-risk and high-risk mild TBI
based on the presence of clinical signs (e.g., vomiting), risk factors
(e.g., pre-trauma epilepsy) and neurological deficits (e.g., impaired
vision/speech). These criteria aim to identify patients who require
neuroimaging and further medical treatment to prevent onset of
subsequent complications.

Based on the incidence data from the parent study of 1369
cases,16 data were extracted on all TBI events that were reported
to have been sustained during a sports-related activity. For the
purposes of this study, sports-related activities were defined as
‘participation in a specified activity for the purpose of competi-
tion or pleasure involving physical exertion and skill,24 that may
follow rules or require the use of specific equipment (such as a
ball) to complete’. Physical activities that were not deemed to meet
this definition included walking, gardening or playing on play-
ground equipment. Additionally, injuries sustained whilst cycling
to a destination (cycling as a means of transportation) were also
not included as the primary purpose was for transportation rather
than competition or pleasure.

Incidence rates were calculated per 100,000 of the general pop-
ulation using NZ census data for the study region. The profile of
TBIs is presented by age, gender, nature and severity of injury and
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