
Accepted Manuscript

Title: Sports-related brain injury in the general population: an
epidemiological study

Author: Alice Theadom Nicola J. Starkey Tony Dowell Patria
A. Hume Michael Kahan Kathryn McPherson Valery
Feigin<ce:collaboration id="colb0005"></ce:collaboration>

PII: S1440-2440(14)00029-2
DOI: http://dx.doi.org/doi:10.1016/j.jsams.2014.02.001
Reference: JSAMS 994

To appear in: Journal of Science and Medicine in Sport

Received date: 9-6-2013
Revised date: 15-1-2014
Accepted date: 1-2-2014

Please cite this article as: Alice TheadomNicola J StarkeyTony DowellPatria A.
HumeMichael KahanKathryn McPhersonValery Feiginon behalf of the BIONIC
Research Group, Sports-related brain injury in the general population: an
epidemiological study (2014), http://dx.doi.org/10.1016/j.jsams.2014.02.001

This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.

http://dx.doi.org/doi:10.1016/j.jsams.2014.02.001
http://dx.doi.org/10.1016/j.jsams.2014.02.001


Page 1 of 21

Acc
ep

te
d 

M
an

us
cr

ip
t

1

Title: Sports-related brain injury in the general population: an epidemiological 

study

Running title: Sports-related brain injury in the general population

Authors: Alice Theadom,a Nicola J Starkey,b Tony Dowell,c Patria A. Hume,d Michael Kahan,e Kathryn 

McPherson,f Valery Feigin,a  on behalf of the BIONIC Research Group

a. National Institute for Stroke and Applied Neuroscience

Faculty of Health and Environmental Science

Auckland University of Technology, Auckland, New Zealand

b. School of Psychology, 

University of Waikato, Hamilton, New Zealand

c.    Primary Health Care and General Practice, 

       Wellington School of Medicine and Health Sciences, 

       University of Otago, Wellington, New Zealand

d. Sports Performance Research Institute New Zealand, 

Faculty of Health and Environmental Studies, 

Auckland University of Technology, New Zealand

e. Waikato Occupational Service Ltd, 

Hamilton, New Zealand

f. Person Centred Research Centre



Page 2 of 21

Acc
ep

te
d 

M
an

us
cr

ip
t

2

Faculty of Health and Environmental Studies, 

Auckland University of Technology, New Zealand

BIONIC Research Group members

Valery Feigin (Chair and Principal Investigator), Suzanne Barker-Collo, Kathryn McPherson, Robert Kydd, P. 

Alan Barber, Varsha Parag, Paul Brown, Nicola Starkey, Anthony Dowell, Michael Kahan, Alice Theadom, 

Shanthi Ameratunga, Grant Christey, Kelly Jones, Amy Jones, Natalie Hardaker, Braden Te Ao. Alice Theadom 

was co-funded by ABI Rehabilitation Management during this study and Kath McPherson holds the Laura 

Fergusson Trust Chair.

Correspondence to:

Dr Alice Theadom 

National Institute for Stroke and Applied Neurosciences, School of Rehabilitation and Occupation Studies, 

Faculty of Health and Environmental Studies, AUT University, AUT North Shore Campus, AA254C, 90 Akoranga 

Dr, Northcote 0627, Private Bag 92006, Auckland 1142, New Zealand. 

Telephone: +64 9 921 9999 x7805; 

Fax: +64 9 921 9620; 

Email: alice.theadom@aut.ac.nz

Submitted to: Journal of Science and Medicine in Sport

Abstract 249

Word count 2982

References 30

Tables 3

Supplementary Material 1



Page 3 of 21

Acc
ep

te
d 

M
an

us
cr

ip
t

3

Keywords: Brain injury, incidence, concussion, epidemiology, sport and recreation, population-based



Page 4 of 21

Acc
ep

te
d 

M
an

us
cr

ip
t

4

Contributor statement: According to the definition given by the International Committee of Medical Journal 

Editors (ICMJE), the authors listed above qualify for authorship based on making one or more of the substantial 

contributions to the intellectual content of:  

(i) Conception and design [AT, NS, MK, TD, VF and other members of the BIONIC Research Group]; 

and/or, 

(ii) Analysis and interpretation of data [AT, NS, PH, VF]; and/or 

(iii) Participated in drafting of the manuscript [AT, NS, MK, TD, PH,]; and/or 

(iv) Critical revision of the manuscript for important intellectual content [AT, NS, MK, TD, PH, VF BIONIC 

Research group].



Page 5 of 21

Acc
ep

te
d 

M
an

us
cr

ip
t

5

Title: Sports-related brain injury in the general population: an epidemiological 

study

Running title: Sports-related brain injury in the general population

ABSTRACT

Objective: 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 (TBI) events sustained during a sports-related activity were extracted 

from a dataset of all new TBI cases (both fatal and non-fatal), identified over a one-year period in the Hamilton 

and Waikato districts of New Zealand. Prospective and retrospective case ascertainment methods from multiple 

sources were used. All age groups and levels of TBI 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 TBI cases, 291 were identified as being sustained during a sports-related activity 

(21% of all TBIs) 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 TBIs were not recorded in medical notes.

Discussion: Given the high incidence of new and recurrent TBI and the high risk of complications following 

injury, further sport specific injury prevention strategies are urgently needed to reduce the impact of TBI and 

facilitate safer engagement in sports activities. The high levels of ‘missed’ TBIs, highlights the importance in 

raising awareness of TBI during sports-related activity in the general population.
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INTRODUCTION

The physical, social and psychological benefits of engaging in sports-related activities are well documented1, 

however,  participation 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 to 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

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 difficulties 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 Sustaining 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 emergency 

department records to identify TBI cases. This approach to case ascertainment can result in cases of mild TBI 
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being missed as people may not wish to go to hospital or an emergency department (particularly if it may affect 

return to play), may not realise they have experienced a brain injury, or the TBI can be overshadowed 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 estimates (overall incidence 

rate of 790 per 100,000 of the general population).16 The sequence of injury prevention model17 emphasises 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 children 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.

METHODS

Ethical approval was obtained from the Northern Y Regional Ethics Committee of NZ (NTY/09/09/095). This 

study formed a component of a population-based incidence study that identified all TBI events that occurred in a 

one-year period (1st March 2010 to 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 epidemiological study19 (and full incidence findings16) 
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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, ambulance, 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 accident 

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 Organization (WHO) criteria as an acute brain injury 

resulting from mechanical energy to the head from external physical forces.20 Symptoms needed to be related to 

the TBI and not be due to drugs/alcohol or medications, nor caused by other injuries/treatments (e.g., systemic 

injuries, facial injuries), or other problems (e.g., psychological trauma, co-existing medical conditions). TBI 

severity was classified using the Glasgow Coma Scale (GCS): mild TBI as GCS 13-15 and/or Post Traumatic 

Amnesia (PTA) <24 hours; 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 possible) 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 recurrent 

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’s23 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. 
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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 competition 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 playground 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 population using NZ census data for the study region. 

The profile of TBIs is presented by age, gender, nature and severity of injury and type of sports-related activity. 

Frequencies of attendance at health care services following injury, recurrent injuries and identification of the TBI 

in the medical notes are reported. To enable comparison of the frequency of injury and level of participation in 

sport, the percentage of people participating in each sport were gathered from data from the “Sport and 

Recreation Participation Levels in New Zealand report”.25 26 These reports classify participation as partaking in 

each sport at least once per year with separate profiles for children and adults. As participation levels were 

published separately for boys and girls under 16 years of age in the young new zealander’s report, the average 

participation rate was calculated for use in this analysis. 

RESULTS

There were 291 injuries sustained during sports-related activities (21% of all TBIs) equating to an incidence rate 

of 170 per 100,000 of the general population. The characteristics of the sample are described in Table 1. From 

the overall sample children <16 years of age accounted for 39% of all injuries (51% <18 years). The frequency of 

sports-related injuries peaked between 10 and 35 years of age (Figure 1) with males (<16 years of age; 73%) 

and adults (69%) experiencing a higher frequency of TBI. As shown in Table 1, just under half of all injuries

(46%) were classified as having a high-risk of further complications from the injury. Only half of the sample (51%) 

reported experiencing loss of consciousness immediately following injury. Less than 1% (N = 1) of injuries 

resulted in mortality.
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For adults, TBIs were most commonly sustained during rugby (union and league), equestrian activities and 

motorcross/trail riding (Table 2). For children (under 16 years of age), TBIs were most commonly sustained whilst 

cycling, playing rugby, football and swimming (Table 3). Cycling resulted in the highest number of moderate and 

severe injuries for those under 16 years of age. Participation in cycling is high (23% in adults and 68% in 

children) which may account for the higher number of injuries observed. Rugby, motor-cross and equestrian 

activities had lower participation levels (<6%). 

For the injuries sustained while playing rugby (for both adults and children), 42 injuries (62%) were sustained 

during a tackle or a collision with another player, 4 (6%) were sustained during a scrum/ruck, 2 (3%) through 

contact with a moving ball or hitting a post and 1 (2%) due to a slip on the field. The actual mechanism of injury 

could not be determined for 19 of the injuries sustained whilst playing rugby (28%). For equestrian injuries, 19 

injuries (73%) were sustained due to falling from the horse while riding, 6 (23%) due to being knocked or kicked 

by the horse in the head and 1 (4%) due to a fall whilst leading a horse. All cycling injuries were sustained 

through falling off the bicycle (or being hit by an object causing a fall). Of the 198 cases where information on 

alcohol use was available for adults, 7 cases (4%) were found to be under the influence of alcohol at the time of 

injury.

Attendance to a health care service (GP or hospital) following injury was higher for children (83%) than adults 

(74%). Thirty-one participants (11%) were hospitalised following initial consultation, 11 (4%) received a referral to 

another service and 73% were discharged. There were 27 (15%) adults and 7 (6%) children who received a CT 

scan following injury. Over half of the sample (57% children, 63% adults) sustained other injuries in addition to 

their TBI, including broken bones, fractures, sprains and lacerations. On reviewing the notes of participants who 

sought medical attention, the TBI had not been recorded in 19% of adults and 11% of child cases. Of the 194 

cases (67% of the total) who were able to confirm if they had experienced a TBI prior to entry into the study, 89 

(46%) has experienced at least one prior TBI.

During the year following the initial injury, 26 of the 291 sports-related injury cases (9%) reported experiencing a 

recurrent TBI, with 16 (6%) participants reporting a subsequent injury whilst participating in the same sport as 

their initial injury (4 recurrent injuries each were reported for rugby and cycling, 3 from horse-riding falls, 2 from 
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boxing and 1 further injury sustained when snowboarding, playing softball or motorcross). Recurrent injuries were 

more frequent in adults (11%) than children (5%).

DISCUSSION

The incidence of sports-related TBIs in New Zealand is high in relation to other activities and other countries, 

particularly for rugby, equestrian activities, cycling and football.  The proportion of cases where the TBI was not 

recorded in medical notes is of concern. Adolescents and young adults were at highest risk of injury, which may 

reflect the higher participation in sports activities in these age groups. The overall frequency of sports-related 

injuries for children <18 years of age was found to be lower (51%) than reported in a previous study (61%) that 

identified TBI cases through hospital and emergency department records . These disparate findings may reflect 

different participation levels in sports activities between countries (US and NZ) and the influence of using 

different case identification methods (hospital records vs multiple sources of case ascertainment). It is also 

possible that, as previous studies identified TBI cases based on hospital records alone, the proportion of adults 

who did not seek medical treatment revealed in this study may have been missed in previous research.  Males 

were found to be at an increased risk of injury in comparison to females, supporting the findings of previous 

studies of concussion in sport27 28 People of Maori and Pasifika ethnicity were over-represented in this sports-

related TBI sample indicating an increased risk of sports-related TBI, reflecting the trends observed in overall TBI 

epidemiological findings.15

TBIs were most frequently sustained during rugby and cycling sports for both children and adults, with a high 

number of TBIs sustained in equestrian activities in adults, and soccer/ football in children. Equestrian activities 

were of particular interest as the frequency of injuries was high in comparison to the participation levels in New 

Zealand. Falls were a common mechanism of injury across sports-related activities through tripping or slipping 

over or through horse-riding or cycling. Whilst TBI prevention strategies have been implemented in NZ, the 

findings of this study emphasise the need for continued efforts to prevent sports-related TBI. Sport specific 

strategies may be needed to ensure policies/promotion activities and use of protective gear responds to the

unique requirements of each sport.5 29
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Despite 98% of injuries being classified as ‘mild' in this sample, a high proportion of injuries (46%) were identified 

as having a high risk of further complications (such as intracranial lesions) and symptoms. This suggests that 

greater emphasis is needed to both identify and seek treatment for what appears to be a relatively minor head 

injury. The early identification and proper treatment of the head injury will help prevent exacerbation of symptoms 

and reduce the risk of complications. The lack of recording of TBI in the medical notes, supports previous 

evidence, that the knowledge of TBI and effective management in community sport is low28 and suggests that 

medical personnel may need to routinely screen for TBI following an accident sustained during a sports-related 

activity. 

The high number of recurrent injuries sustained within the year following injury and proportion of people who did 

not seek medical treatment following injury or where the TBI injury was missed, highlights the need for greater 

awareness of TBI in the sports context, both within the community and medical care. The high rates of prior 

injuries in the current sample supports the proposal by Guskiewicz et al30 who stated that those with previous 

brain injuries are at a high risk of further injury. The high rates of recurrent injury indicate that people may well be 

returning to activity too soon or without the necessary precautions/assessment and placing themselves at higher 

risk of re-injury suggesting implications for concussion management and return to play protocols.30

Currently, most scales for assessing TBI following sport primarily focus on whether there was a loss of 

consciousness and post-traumatic amnesia immediately following injury.30 The current findings question the 

dependence on these criteria alone in the identification of TBI. Despite medical confirmation of having 

experienced a TBI, just over half of the participants reported experiencing loss of consciousness. This suggests 

that TBI may have been missed unless other symptoms were taken into account and greater emphasis needs to 

be placed on other common symptoms of TBI, such as blurred vision (seeing ‘stars’), headaches, dizziness,

confusion as well as amnesia and loss of consciousness in screening for TBI. Increased public awareness of 

these symptoms may also help people to decide whether they need to seek medical treatment following an injury 

to the head.

This study provides details of all sports-related TBI from a large population based community sample, across all 

ages and injury severity during a one-year period to support the identification of the main mechanisms of injury 
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and help to inform prevention strategies as proposed by the sequence of injury prevention model.17 In addition to 

the most complete case ascertainment on a population level, standardised diagnostic criteria were used, thus 

enhancing the methodological robustness and comparability of the study findings. However, despite the 

comprehensive case ascertainment approach, the findings may still be an underestimate of sports-related TBI as 

it was not possible to identify the exact mechanism of injury for some cases which were excluded from the 

analysis. The results of the study are also limited due to a lack of precise information on participation levels

across all sports in New Zealand, which precluded the calculation of risk ratios or rates per exposure. 

There is a wealth of evidence that participating in sports and physical activity is beneficial for both physical and 

mental health for both adults and children.1 However, the findings of this study reveal that more action is needed

to be taken to make engagement in these activities as safe as possible and to reduce the incidence of TBI.

CONCLUSIONS

There is a high rate of sports-related TBIs in New Zealand, with the highest levels of injury observed for rugby, 

equestrian activities, cycling and football. Occurrences of TBI sustained during sports-related activities may be 

missed in medical records due to lack of identification or nonattendance to medical services following injury. The 

high levels of mild high-risk TBIs highlights the importance in raising awareness of TBI and the provision of 

appropriate treatment to all severities of TBI sustained during sports-related activity.

Practical Implications

! ! Epidemiological studies on the incidence and nature of injury at the community level can assist in the 

effective implementation of injury prevention programmes and management.
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! ! Based on the diversity of mechanism of injury between sports-related activities, sports organisations 

need to investigate sport specific ways to modify training, techniques and use of equipment to prevent 

injury and reduce incidence to encourage safer engagement in sport.

! ! Given the high proportion of injuries where the TBI was missed, increased awareness of TBI and the full 

spectrum of associated symptoms is needed by coaches, parents, teachers and sports club personal to 

facilitate the identification and response to TBI.  

! ! Based on the findings that falls were a common cause of injury (particularly for cycling and equestrian 

activities), strategies to prevent and reduce the risk of injury from falls should be considered.
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Table 1: Characteristics of study participants

Sample Population (N=291)

Mean age in years (SD) 22.5 years (14.3)

Male gender 205 (70%)

Ethnicity

European

Maori

Pasifika

Other

187 (64%)

79 (27%)

16 (6%)

9 (3%)

Primary source of case identification

Hospital

GP/Accident or medical clinic

Self-referral

Coroner/death certificate

National health databases 

Other (Patient support organisations, sports 

clubs, schools, allied health professionals)

160 (55%)

65 (22%)

4 (1%)

1 (<1%)

43 (15%)

18 (6%)

TBI severity 

Mild Low-risk 59 (20%)
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Mild Moderate-risk

Mild High-risk

Moderate

Severe

98 (34%)

127 (44%)

3 (1%)

4 (1%)
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Table 2. Frequency of brain injuries by sports-related activity for adults (>16 years)

Percentage of injuries by TBI severity classification

Sports Activity Number of 

Injuries (%) 

(N=177)

Participation 

(%)

Mild Low 

Risk (%)

Mild Medium 

Risk (%)

Mild High 

Risk (%)

Moderate or 

Severe (%)

Rugby 53 (30) 6% 17 (32) 18 (34) 18 (34) -

Equestrian 22 (12) 3% 6 (27) 6 (27) 10 (45) -

Motorcross/Trail-biking 21 (12) <1% 3 (14) 7 (33) 10 (48) -

Cycling 15 (9) 23% 2 (13) 5 (33) 8 (36) -

Surfing/Wakeboarding 9 (5) 5% 3 (33) - 5 (56) -

Skateboarding 8 (5) 2% 3 (38) 3 (38) 1 (13) 1 (13)

Football 6 (3) 7% 1 (17) 2 (33) 3 (50) -

Skiing/Snowboarding 6 (3) 6% 1 (17) 2 (33) 3 (50) -

Other sports 13 (7) - 3 (23) 3 (23) 7 (54)

Unspecified sporting 

activity

16 (9) - 3 (19) 4 (25) 8 (50) 1 (6)

*Other sports (where less than 5 injuries occurred in the one year period) included; Boxing, 

Fishing/boating, hockey, cheerleading, basketball, trampolining, cricket, squash, netball, judo and ice-

skating.



Page 20 of 21

Acc
ep

te
d 

M
an

us
cr

ip
t

20

Table 3. Frequency of brain injuries by sports-related activity for under 16s

Percentage of injuries by TBI severity classification

Sports Activity Number of

Injuries (%) 

(N=114)

Average 

Participation 

%

Mild Low 

Risk

Mild Medium 

Risk

Mild High 

Risk

Moderate or 

Severe

Cycling 31 (27) 68% 5 (1.6) 11 (35) 13 (42) 2 (6)

Rugby 15 (13) 41% 1 (7) 9 (60) 5 (33) -

Football 9 (8) 61% 1 (11) 5 (56) 3 (33) -

Swimming 9 (8) 82% - 3 (33) 6 (67) -

Skateboarding 7 (6) 36% 1 (14) 3 (43) 3 (43) -

Trampolining 7 (6) - 2 (29) 3 (43) 1 (14) 1 (14)

Hockey 5 (4) 30% 2 (40) 1 (20) 2 (40) -

Other sports 12 (11) - 4 (33) 4 (33( 4 (33)

Unspecified sports 

activity

11 (10) - 1 (9) 5 (45) 5 (45) -

*Other sports (where less than 5 injuries occurred in the one year period) included; Equestrian, 

motorcross/trail-biking, basketball, cricket, softball, volleyball, badminton, skiing/snowboarding, 

boxing, water-polo and high jump.



Page 21 of 21

Acc
ep

te
d 

M
an

us
cr

ip
t

 

1 
 

Figure 1. Frequency of sports-related injuries by age and gender  
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