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ABSTRACT

An understanding of the epidemiology of injuries in ice hockey is the
prerequisite for successful injury prevention, treatment and
rehabilitation. The purpose of this dissertation was to investigate the
incidence, type, severity and risk factors of injuries, including
concussions in men, women and junior players competing in
international tournaments.
Ice hockey injuries in the International Ice Hockey Federation (IIHF)
World Championship tournaments and the Olympic Winter Games
were prospectively registered in 2006-2015. A total of 3293 games were
played in the 169 tournaments by 1212 teams comprising 142244
athletic game exposures.
We found the highest risk for injury in the men’s tournaments.
Incidence of injury varied from 12.2 to 17.5 per 1000 player-games and
from 44.7 to 64.2 per 1000 player-game hours. Head and especially face
injuries were common in men’s and male junior under-20 tournaments
where full-facial protection is not mandatory. The risk of knee injury
was two times higher in men’s and female under-18 tournaments
compared with male junior and women’s tournaments. Shoulder
injury rate was highest in the male junior under-18 championships and
in men’s tournaments. Further studies are needed to explain
differences in the knee injury risk between the age groups. These
injuries may be prevented with proper neuromuscular training.
Mandatory use of full-facial protection is a great opportunity to reduce
the risk of facial injuries, especially for male junior under-20s who have
the highest injury rate.
One of our major findings was that flexible boards and glass
significantly decreased the risk for those shoulder injuries and
concussions that occurred during board contact. Installation of flexible
boards and glass and the elimination of illegal hits are highly
recommended for all future tournaments, especially in men’s and male
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under-18 tournaments where a high number of injuries occurred with
board contact.

6

TIIVISTELMÄ

Jääkiekkovammojen
epidemiologinen
tutkimus
on
tärkeää
loukkaantumisia
ehkäisevien
ratkaisujen
löytämiseksi.
Epidemiologinen tutkimus auttaa vammojen hoidossa, vammojen
jälkeisen kuntoutuksen suunnittelussa ja sen kehittämisessä. Tämän
väitöskirjatyön tarkoituksena oli tutkia loukkaantumisriskiä ja
tyyppivammoja miesten, naisten ja juniorien huipputason jääkiekkootteluissa, tutkia loukkaantumisten riskitekijöitä sekä vertailla tuloksia
sukupuolten ja eri ikäryhmien välillä.
Väitöskirjatyössä kerättiin loukkaantumistiedot kansainvälisen
jääkiekkoliiton
maailmanmestaruus
turnauksissa
ja
talviolympialaisissa vuodesta 2006 alkaen yhdeksän vuoden ajan.
Kaikkiaan seuranta-aikana pelattiin 3293 ottelua 169 turnauksessa.
Turnauksiin osallistui 1212 joukkuetta. Näistä muodostui yhteensä
142244 ottelukohtaista pelaaja-altistumista.
Tutkimusjakson aikana korkein loukkaantumisriski oli miehillä.
Pään alueen vammojen ja erityisesti kasvovammojen esiintyvyys oli
korkeinta miesten ja alle 20-vuotiaiden juniorien turnauksissa.
Osakasvosuojan käyttö on heillä sallittu. Polvivamman riski oli
kaksinkertainen miesten turnauksissa verrattuna poikien ja naisten
turnauksiin. Alle 18-vuotiaiden tyttöjen polvivammariski vastasi
kuitenkin miesten polvivammariskiä. Olkapäävammoja sattui eniten
alle 18-vuotiaiden poikien ikäryhmässä ja miesten turnauksissa.
Jatkotutkimuksia tarvitaan selvittämään, mistä johtuvat
polvivammariskin erot miesten ja poikien sekä tyttöjen ja naisten
välillä. Nykytiedon valossa heikko polven liikehallinta on yleistä
etenkin naisurheilijoilla. Kehon hallintaa ja alaraajojen liiketaitoa tulee
kehittää kaikilla jääkiekkoilijoilla jo lapsuudesta lähtien.
Kasvovammojen esiintyvyyttä jääkiekossa voidaan vähentää
merkittävästi alle 20-vuotiaiden poikien otteluissa muuttamalla
sääntöjä siten, että kokokasvosuojan käyttö on pakollista alle 18vuotiaiden tapaan.
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Väitöskirjatyön yksi päähavainto oli, että joustokaukalon käyttö
vähensi merkittävästi laitakontaktissa tapahtuvia olkapäävammoja ja
aivotärähdyksiä. Joustokaukalon käyttö onkin suositeltavaa
vähentämään
niin
olkapäävammoja
kuin
aivotärähdyksiä.
Joustokaukalo olisi erityisen hyödyllinen varsinkin miesten ja alle 18vuotiaiden poikien otteluissa, joissa kyseisten vammojen esiintyvyys
laitakontaktissa on suuri.

8

CONTENTS

Abstract .............................................................................................................................................. 5
Tiivistelmä......................................................................................................................................... 7
LIST OF ORIGINAL PUBLICATIONS ................................................................................ 15
ABBREVIATIONS........................................................................................................................ 17
1

INTRODUCTION ............................................................................................................ 19

2

REVIEW OF THE LITERATURE ............................................................................... 21
2.1
2.2

Epidemiology in sports medicine ................................................................. 21
Theoretical model of injury prevention research ................................... 22

2.3

Sports injuries ....................................................................................................... 24
2.3.1
Definition of an injury .................................................................... 24
2.3.2
Acute injuries ..................................................................................... 25
2.3.3
Overuse injuries ................................................................................ 26
2.3.4
Recurrent injuries ............................................................................. 26
2.3.5
Incidence of injury ............................................................................ 26
2.3.6
Severity of sports injuries .............................................................. 27
Ice hockey injuries ............................................................................................... 27
2.4.1
Definition of an injury in ice hockey ......................................... 28
2.4.2
Population at risk.............................................................................. 29
2.4.3
Incidence of injury ............................................................................ 29
2.4.4
Injuries in men’s ice hockey.......................................................... 30
2.4.4.1 Incidence of injury ......................................................... 31
2.4.4.2 Type of injury, period and cause ............................. 31
2.4.4.3 Differences between decades .................................... 32
2.4.5
Injuries in women’s ice hockey ................................................... 32
2.4.5.1 Incidence of injury ......................................................... 33
2.4.5.2 Type and causes of injury ........................................... 33
2.4.6
Injuries in juniors’ ice hockey ...................................................... 34
2.4.6.1 Incidence of injury ......................................................... 34
2.4.6.2 Injured anatomical region, cause, and
position............................................................................... 34

2.4

9

2.4.7

2.4.8

2.4.6.3 Type of injury, period ................................................... 35
2.4.6.4 Full face protection ........................................................ 35
Concussions in ice hockey ............................................................. 36
2.4.7.1 Definition of a concussion........................................... 37
2.4.7.2 Symptoms and signs of a concussion ..................... 38
2.4.7.3 Sideline evaluation ........................................................ 38
2.4.7.4 Concussion management and return to
play protocol .................................................................... 39
2.4.7.5 Incidence of concussions ............................................. 40
2.4.7.5.1 Men's ice hockey ……...………...…………….... 40
2.4.7.5.2 European and Japanese ice hockey ………………... 41
2.4.7.5.3 The NHL …..……………………………………… 41
2.4.7.5.4 Women's ice hockey ………………………………. 42
2.4.7.5.5 Juniors' ice hockey…………………………....…… 42
2.4.7.6 Causes of concussions .................................................. 43
2.4.7.7 Period .................................................................................. 43
2.4.7.8 Position, zone, and penalty ........................................ 44
2.4.7.9 Recovery time after a concussion............................. 44
Effect of ice surface size and dasher boards ........................... 44

3

PURPOSE OF THE STUDY.......................................................................................... 46

4

RESEARCH METHODS ................................................................................................ 47

5

4.1

Research process and dissertation structure............................................. 47

4.2

Epidemiology and risk factors of injuries .................................................. 48
4.2.1
Study design ....................................................................................... 48
4.2.2
Definition of an injury ..................................................................... 52
4.2.3
Population at risk .............................................................................. 52
4.2.4
Data collection .................................................................................... 53
4.2.5
Incidence of injury ............................................................................ 56
4.2.6
Statistical analyses ............................................................................ 57
4.2.7
Reliability and validity of the injury registry
system .................................................................................................... 58

RESULTS ............................................................................................................................. 60
5.1

10

Injuries in men’s international ice hockey ................................................. 60
5.1.1
Incidence of injuries ......................................................................... 60
5.1.2
Head and face injuries .................................................................... 60
5.1.3
Lower-body injuries......................................................................... 62
5.1.4
Upper-body injuries......................................................................... 62
5.1.5
Injury types by diagnosis............................................................... 62
5.1.6
Concussions ........................................................................................ 63

5.1.7

5.2

5.3

5.4

5.5

Contact with the boards ................................................................. 63
5.1.7.1 Flexible boards and glass ............................................ 64
5.1.8
Causes of injury, penalties, injury severity ............................ 65
5.1.9
Player position ................................................................................... 65
Injuries in women’s international ice hockey........................................... 65
5.2.1
Incidence of injury ............................................................................ 65
5.2.2
Head and face injuries .................................................................... 66
5.2.3
Lower-body injuries ........................................................................ 66
5.2.4
Upper-body injuries ........................................................................ 66
5.2.5
Injury types by diagnosis .............................................................. 68
5.2.6
Concussions ........................................................................................ 68
5.2.7
Causes of injury, penalties and injury severity..................... 69
5.2.8
Player position, period and zone................................................ 69
Injuries in juniors’ international ice hockey.............................................. 70
5.3.1
Incidence of injury ............................................................................ 70
5.3.2
Head and face injuries .................................................................... 71
5.3.3
Upper-body injuries ........................................................................ 71
5.3.4
Lower-body injuries ........................................................................ 72
5.3.5
Injury types by diagnosis .............................................................. 72
5.3.6
Concussions ........................................................................................ 73
5.3.7
Contact with the boards ................................................................. 74
5.3.8
Causes of injury, penalties and injury severity..................... 74
5.3.9
Player position, period and zone................................................ 75
Concussions in international ice hockey .................................................... 75
5.4.1
Incidence of injury ............................................................................ 75
5.4.2
Annual injury rate for concussions............................................ 76
5.4.3
Contact with the boards ................................................................. 77
5.4.3.1 Flexible boards and glass ............................................ 77
5.4.4
Causes of concussions and penalties ........................................ 78
5.4.5
Injury Severity.................................................................................... 81
5.4.6
Player position, period and zone................................................ 81
5.4.7
Risk factors for concussion ........................................................... 82
Differences between men’s, women’s, and juniors’ injury
profile ....................................................................................................................... 84
5.5.1
Incidence of injury ............................................................................ 84
5.5.2
Injuries by anatomical region ...................................................... 84
5.5.2.1 Head and face injuries.................................................. 85
5.5.2.2 Lower-body injuries ...................................................... 87
5.5.2.3 Upper-body injuries ...................................................... 88
5.5.3
Injury types by diagnosis .............................................................. 88
5.5.4
Concussions ........................................................................................ 89
5.5.5
Contact with the boards ................................................................. 90

11

5.5.6
5.5.7
5.5.8
6

5.5.5.1 Flexible boards and glass ............................................ 90
Causes of injury ................................................................................. 91
Injury severity .................................................................................... 92
Player position, period and zone ................................................ 92

DISCUSSION ..................................................................................................................... 94
6.1

Definition of injury.............................................................................................. 94

6.2

Population at risk................................................................................................. 94

6.3

Injuries in men’s ice hockey ............................................................................ 96
6.3.1
Incidence of injury ............................................................................ 96
6.3.2
Type of injury ..................................................................................... 97
6.3.3
Causes and period ............................................................................ 97

6.4

Injuries in women’s ice hockey ...................................................................... 98
6.4.1
Incidence of injury ............................................................................ 98
6.4.2
Injured anatomic region and type of injury ........................... 99
6.4.3
Causes of injury ................................................................................. 99
Injuries in juniors’ ice hockey .......................................................................100
6.5.1
Incidence of injury ..........................................................................100
6.5.2
Injured anatomical region and type of injury ......................101
6.5.2.1 Facial injuries .................................................................101
6.5.3
Causes of injury, position and period.....................................102
Concussions in ice hockey..............................................................................102
6.6.1
Incidence of injury ..........................................................................103
6.6.2
Annual injury rate for concussions and illegal hits...........104
6.6.3
Flexible boards and glass .............................................................105
6.6.4
Return to the game on the day of injury ................................105
6.6.5
Period, position and gender .......................................................106
Comparison between age groups and genders .....................................106
6.7.1
Incidence of injury ..........................................................................107
6.7.2
Head and face injuries ..................................................................107
6.7.3
Highest rate for knee injuries in the WS ................................108
6.7.4
How to reduce the risk of shoulder injury............................109
6.7.5
Player position as a risk of injury .............................................109
Strengths and limitations of the study ......................................................110
6.8.1
Strengths .............................................................................................110
6.8.2
Limitations .........................................................................................111

6.5

6.6

6.7

6.8

7

MAIN FINDINGS AND CONCLUSIONS ..........................................................113

8

ACKNOWLEDGEMENTS .........................................................................................115

12

REFERENCES .............................................................................................................................. 117
ORIGINAL PUBLICATIONS

13

14

LIST OF ORIGINAL PUBLICATIONS

This thesis is based on the following original publications, which are
referred to in the text by their Roman numerals.
I

Injuries in men’s international ice hockey: a 7-year study of
the International Ice Hockey Federation Adult World
Championship Tournaments and Olympic Winter Games.
Tuominen M, Stuart MJ, Aubry M, Kannus P, Parkkari J.
British Journal of Sports Medicine 2015; 49 (1): 30-36.

II

Injuries in women's international ice hockey: an 8-year
study of the World Championship tournaments and
Olympic Winter Games. Tuominen M, Stuart MJ, Aubry M,
Kannus P, Tokola K, Parkkari J. British Journal of Sports
Medicine 2016; 50 (22): 1406-1412.

III

Injuries in World Junior ice hockey Championships
between 2006-2015. Tuominen M, Stuart MJ, Aubry M,
Kannus P, Parkkari J. British Journal of Sports Medicine
2017; 51 (1): 36-43.

IV

Concussions in the international ice hockey World
Championships and Olympic Winter Games between 2006
- 2015. Tuominen M, Hänninen T, Parkkari J, Stuart MJ,
Luoto T, Kannus P, Aubry M. British Journal of Sports
Medicine 2017; 51 (4): 244-252.
Study IV is also a part of the doctoral thesis of M.D. Timo
Hänninen (thesis title: The Sport Concussion Assessment Tool in
the Management of Concussion in Professional Ice Hockey).

15

16

ABBREVIATIONS

AC

Acromioclavicular joint

ACL

Anterior cruciate ligament

AE

Athlete exposure

FIFA

Fédération Internationale de Football Association

GIR

Game Injury Report

IIHF

International Ice Hockey Federation

IOC

International Olympic Committee

IR

Injury Rate

IRS

Injury Report System

MCL

Medial Collateral Ligament

NCAA

National Collegiate Athletic Association

NHL

National Hockey League

OWG

Olympic Winter Games

RTP

Return to Play

SCAT

Sport Concussion Assessment Tool

SHL

Swedish Hockey League

SRC

Sport-related Concussion

WC

World Championship

WJ

World Junior

WJ U18

World Junior Under-18 Championship

17

WJ U18 A-pool

World Junior Under-18 Championship top level

WJ U20

World Junior Under-20 Championship

WJ U20 A-pool

World Junior Under-20 Championship top level

WS

Men’s World Senior Championship

WS A-pool

Men’s World Senior Championship top level

WW U18

World Women Under-18 Championship

WWC

Women’s World Championship

WWC A-pool

Women’s World Championship top level

All WWC

WWC and WW U18 tournaments together

18

1

INTRODUCTION

Ice hockey is a major winter team sport. Number of registered players
in the world is currently about 1.8 million. The International Ice
Hockey Federation (IIHF), founded on 15 May 1908 in Paris, is the
governing body of international ice hockey and inline hockey. The
IIHF is comprised of 72 member associations, each of which is the
national governing body for the sport of ice hockey. The IIHF also
presides over ice hockey in the IIHF World Championships (WC) at all
levels - that is, men, women, junior under-20, junior under-18 and
women under-18, and the Olympic Winter Games. The teams are
qualified for the divisions and groups according to the IIHF world
ranking. Ice hockey is the biggest team sport in the Olympic Winter
Games (OWG).
Each ice hockey team typically consists of 20 - 22 players, including
two wingers, one centre, two defensemen and a goalkeeper who are
usually on the ice at the same time. The active playing time is three
periods of 20 minutes each. In ice hockey, body contact is common.
Body checking is not permitted in the female game. Ice hockey is also
associated with many other potential risk factors, such as unintended
collisions, high velocity, rapid changes in direction and trauma from
the boards, sticks or a puck. As a result, a wide variety of injuries ensue.
Facial injuries and concussions have been reported in epidemiological
studies at other levels of the sport, including in the National Hockey
League (NHL; USA and Canada).
Most of the epidemiological research of ice hockey is done at the
minor, youth, high school or collegiate level in North America. There
are very few studies published from the NHL. In Europe, most of the
studies have been conducted at the end of the 1980s or in the 1990s.
However, in the new millennium, the game has become faster, and the
board materials, rules, as well as players’ equipment, have changed.
These changes may well have affected the type, incidence and severity
of ice hockey injuries. The IOC wants to promote injury and disease
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prevention as well as the improvement of the physical health of the
athlete (Engebretsen et al. 2014).
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2

REVIEW OF THE LITERATURE

2.1 Epidemiology in sports medicine
Epidemiology assesses relationships among the various factors
determining the frequency and distribution of diseases and/or injuries
in a human community. The basic elements of epidemiology have been
applied to the study of the frequent consequences of practicing a sport.
Understanding the incidence and prevalence of injuries based on
variables such as the type and nature of the injury, age group, the
nature of the sport, gender and time since the onset of symptoms,
amongst others, has contributed to the development of programmes
aimed at the prevention and treatment of injured athletes (Walter &
Hart 1990). Most importantly, these studies have resulted in the
identification of risk factors for sports injuries (Macera et al. 1989) and
modifications in the competitive rules within various sports (Frontera
2003).
Epidemiological research in sports medicine is essential to the
development of preventive interventions. Understanding the risk
factors associated with sports injuries is necessary in the design of
rehabilitation strategies, which can result in a lower incidence and
severity of injuries. The study of the epidemiology of sports injuries is
also as valuable to rehabilitation as it is to prevention. Many injuries
may occur because the rehabilitation of a previous injury was not
complete (Frontera 2003).
The study of the patterns of disease and injuries in international
sports competitions can help local medical staff and team physicians
plan the composition of the health care teams as well as the necessary
equipment and medical supplies for a tournament. (Frontera et al.
1997).
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2.2 Theoretical model of injury prevention research

Van Mechelen, Hlobil and Kemper (1992) developed a four-step
sequence model of injury prevention research. This model has been
modified by Frontera (2003), with the inclusion of rehabilitation
programmes. At first, (1), the magnitude of injury issues within a
certain population are identified and described according to incidence
and severity. Establishing the risk factors and injury mechanisms that
affect the occurrence of sports injuries is the second step (2). The third
step is to provide preventive measures (3a) and/or rehabilitation (3b)
programmes that have the potential to reduce the risk of injuries,
which is based on the information gathered in the second phase.
Finally, (4), the efficiency of the preventive action should be assessed
in a randomised clinical trial and/or epidemiological study (repeat
Step 1). In addition, when a number of studies have been carried out,
conclusions are determined by means of meta-analysis (van Mechelen
et al. 1992, Frontera, 2003).
Clearly-defined methodologies are essential to use in order to
receive reliable and comparable information on sports injury research.
Conflict conclusions can be reached, depending on how the data are
collected and analysed. Injury definition, recurrent injury definition,
the method of reporting injuries and the method of calculating
incidences have played a pivotal rule. There has to be an
unambiguously and universally-defined term for sports injuries based
on the present recommendations or consensus statements (van
Mechelen et al. 1992, Brooks & Fuller 2006).
What is important is that incidence of injuries reflect the true
magnitude of the problem and is reported in a way that allows it to be
compared to injury rates in different sports and populations.
Epidemiological studies have commonly reported the absolute
number of injuries or number of injured individuals, the relative
proportion of injuries or the incidence of injuries. The incidence of
injury is dependent upon the definition of an injury and the population
at risk. Injury incidence is enunciated as the number of injuries per
1000 hours of sports participation, including the time an athlete is
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actually at risk of injury. Injury incidence based on athletic -exposure
requires that sports participation is clearly defined. Counting the
incidence of injury from training and competition combined reflect
more often the results from training injuries, but the distribution of
injuries reflects more of the game injuries (van Mechelen et al. 1992,
Brooks & Fuller 2006).

1. Establishing
the extent of the
injury problem:
- incidence
- severity

4. Assessing
effectiveness of
a preventive
action

2. Establishing
the aetiology
and injury
mechanisms
3a. Introducing
a preventive
measure
and/or

3b Introduction
a rehabilitation
programmes

FIGURE 1 The sequence of injury prevention research, modified from van
Mechelen, Hlobil & Kemper (1992).

The chosen study design and the methodology, as well as the
representativeness of the sample, affect the results of sports injury
research (van Mechelen et al. 1992).
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2.3 Sports injuries
An injury occurs when the stress applied to a tissue is greater than its
ability to ‘absorb’ the stress acutely or chronically. This results from
complex interactions between internal and external risk factors
(Meeuwisse 1994, McBain et al. 2012) as well as protective factors. All
types of injuries that occur during a sporting activity are generally
considered as sports-related injuries. However, for research purposes,
the criteria of sports injuries need to be clearly and consistently defined
(Brooks & Fuller 2006, Fuller et al. 2006). Currently, a number of
consensus statements on injury definitions and data collection have
been published. Some of them are based on the definition of diagnosis
and some of them are sport-specific consensus statements (Fuller et al.
2006, Fuller et al. 2007, Pluim et al. 2009, McCrory et al. 2013a, Timpka
et al. 2014, Weir et al. 2015, Mountjoy et al. 2016).
2.3.1

Definition of an injury

There have been considerable methodological variations in injury
definitions, thus making comparisons between studies difficult.
Consensus statements have been suggested in team sports such as
rugby, soccer and multi-sport events (IOC). Individual sports such as
tennis, track and field, and aquatic sports have proposed their own
definitions and statements. These statements make injury surveillance
more sport-specific. This helps to compare the results of the studies
with each other, but does not help compare risk of injury between
various sports events.
The definition of an injury in rugby and soccer includes any physical
complaint that is associated with training or a match within the sport,
that needs medical attention or results in a player being unable to take
full part in ordinary training or matches (“medical attention” or “timeloss” definitions) (Fuller et al. 2006, Fuller et al. 2007). The combination
of time-loss and medical attention injuries is probably the best
combination to collect reliable and comparable data regarding sport
injuries.
Because in some studies a previous injury is connected to an
increased risk of subsequent injury, recurrent injuries are necessary to
24

define and collect. A recurrent injury is an injury of the same type and
at the same site as an index injury and which occurs after a player’s
return to full participation from the index injury (Hägglund et al. 2006,
Hamilton et al. 2011).
2.3.2 Acute injuries
An injury occurs when the stress applied to a tissue is greater than its
ability to ‘absorb’ the stress acutely or chronically (Meeuwisse 1994,
McBain et al. 2012). An acute injury was defined as ‘trauma resulting
from a specific and identifiable event’ (Yang et al. 2012, Fuller et al.
2006). Two widely-used and acceptable injury definitions for acute
injuries are based on medical attention and a time-loss from sports
participation (Brooks & Fuller 2006, Fuller et al. 2006). An injury that
results in a player receiving medical attention is referred to as a
‘‘medical attention’’ injury. An injury is referred as a “time-loss” injury
if an athlete is unable to take full part in training or competition (Fuller
et al. 2006).
In high-speed sports, acute injuries are common. Sudden changes of
direction, rapid accelerations, decelerations, stops and jump landings
characterise them. Especially in team sports, contact with opponents or
teammates is very common (Wennberg 2004, Wennberg 2005, Darrow
et al. 2009, Yang et al. 2012, Tranaeus et al. 2016).
Acute injuries are classified within practice or competition injuries.
There can be contact with another player or another object (Fuller et al.
2007). Contact injuries are divided into injuries caused by direct
contact to the injured body part or indirect contact injuries. A direct
impact to the knee, causing an MCL rupture, is an example of direct
contact injury. A hit to an opponent’s shoulder that results in a
concussion is an example of an indirect contact injury. Injuries that
occur without contact with any outside object are classified as noncontact injuries. Indirect contact injuries and non-contact injuries are
often the result of a loss of adequate movement control.
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2.3.3 Overuse injuries
Approximately 50% of all sports injuries are due to overuse as a result
of repetitive microtrauma (Frontera 2003). An overuse injury is defined
as a gradual-onset injury caused by repeated microtrauma without a
single, identifiable event responsible for the injury. (Fuller et al. 2006,
Yang et al. 2012). Overuse injuries are common in sports that include
monotonous training sessions (endurance sports) (Clarsen et al. 2010,
Ristolainen et al. 2010, Andersen et al. 2013) or repetitious movement
patterns (technical sports) (Jacobsson et al. 2013). In team sports, most
of the injuries are acute injuries. From 17% to 30% of all injuries in highspeed sports are overuse injuries (Wikström & Andersson 1997,
Starkey 2000, Snellman et al. 2001, Deitch et al. 2006, Pasanen et al.
2008, Drakos et al. 2010). In team sports, repeated competing and the
high training activity are factors, that are associated with the risk of
overuse injury (Lian et al. 2005, Myklebust et al. 2011, Visnes & Bahr
2013).
2.3.4

Recurrent injuries

A recurrent injury can be defined as an injury of the same type and
anatomical site as the initial injury after a person has returned to full
participation from the index injury (Fuller et al. 2006). A recurrent
injury occurring within 2 months of a player’s return to full
participation is referred to as an ‘early recurrence’; one occurring from
2 to 12 months after a player’s return to full participation as a ‘late
recurrence’; and one occurring more than 12 months after a player’s
return to full participation as a ‘delayed recurrence’ (Fuller et al. 2006,
Fuller et al. 2007).
2.3.5

Incidence of injury

The incidence of injury is highly dependent upon the definition of
injury and the population at risk. In epidemiological sports injury
research, the incidence of injury is usually the main outcome,
expressed as a ratio between the adequate numerator and denominator
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data. The number of injuries or the number of injured players during
a defined period is the common numerator data. The number of
athletes at risk and the time of sports participation, or the number of
athlete -exposures belongs to the denominator data. Injury incidence is
usually expressed in team sports as the number of injuries per 1000
player-hours, per 1000 athlete -exposures, per 1000 player-games
(player-matches) or per 1000 matches. The injury incidence reported in
a study thus fully depends on the definitions of injury and exposure
used (Hägglund et al. 2010).
2.3.6 Severity of sports injuries
Sports injury severity can be described on the basis of 6 criteria: (1) the
nature of the injury; (2) the duration and nature of treatment; (3) sport
participation time lost; (4) work time lost; (5) permanent damage; and
(6) financial cost. Uniform definitions are important in order to
enhance the comparability of the research data (van Mechelen et al.
1992).
The definition for the severity of sports injuries is the number of
days that have elapsed from the date of injury to the date of the player’s
return to full participation in team training and availability for match
selection (Fuller et al. 2006, Fuller et al. 2007). The severity of time-loss
injuries are usually classified into four to six categories based on the
number of days lost from full participation in training and competition
(van Mechelen et al. 1992, Fuller et al. 2006, Fuller et al. 2007, Yang et
al. 2012).

2.4 Ice hockey injuries
Ice hockey is associated with many injury risk factors, such as
unintended collisions, high velocity, rapid changes in direction and
contact with the boards. The fast-moving puck, swinging sticks and 6
players per team in a small space contributes to the risk of injury
(LaPrade et al. 2014).
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The active playing time is 60 minutes in all World Championship
tournament games, including three 20-minute periods. Intermission is
usually 15 minutes between the periods. The main difference between
male and female ice hockey rules is that body checking is legal in the
men’s game. Intentional body checking is not permitted in any level of
women’s ice hockey (Dick 2009, Brainard et al. 2012, Delaney et al.
2014, Wilcox et al. 2014, Covassin et al. 2016). The equipment is similar
for all ice hockey players, except for facial protection. All female and
male under-18 (U18) players must use full-facial protection (full cage
or shield), but male players over 18 years of age are allowed to wear
partial-facial protection (visor) only. In addition, a mouth guard is
mandatory for players in the World Junior U20 category who wear a
visor (Asplund et al. 2009).
The exact size of an ice hockey rink and its sections (offensive zone,
neutral zone and defensive zone) varies among arenas within the limits
of variation of the IIHF rulebook but not between gender, age groups
or levels of tournament. Modern rink materials have the flexibility and
capacity to absorb the energy of players colliding with the boards and
perimeter glass. This has led to the gradual replacement of traditional
rinks with modern flexible materials (Poutiainen et al. 2014).
2.4.1

Definition of an injury in ice hockey

To improve the understanding of injuries within a specific sport is the
target of sports injury research in order to facilitate prevention and
rehabilitation. Comprehension of epidemiology principles is necessary
to design research protocols that are both accurate and pragmatic. The
definitions usually used in previous ice hockey studies have been a
combination of time-loss and medical attention injuries. A
recommended injury definition is any ice hockey related injury
occurring on the rink or the player’s bench or during team practice that
keeps (or would keep) a player at least out of the next practice or
competition or has required medical attention (other than icing or
wrapping) and all concussions, lacerations, fractures, dental, eye and
nerve injuries. Consistent use of the exact definition of the injury will
allow more meaningful comparisons between studies of ice hockey
injuries (Stuart & Smith 2000).
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2.4.2 Population at risk
Only the participating players are at risk for injury and are included in
the denominator when calculating incidences. In Europe, the
population at risk is determined by including only the players who are
on ice at the same time. This definition takes out the players who are
on the bench during a game. When calculating the incidence of injury
estimated, collective playing time is used (Lorentzon et al. 1988, Mölsä
et al. 1997). However, in North America, the population at risk belongs
all the players who take part in a practice or a game, regardless of the
duration of the practice or game (Flik et al. 2005, Agel & Harvey 2010).
In some studies, only one goalie is counted in the population at risk in
a game (Benson et al. 2011). In some studies, the measurement of
individual player exposure time is used to count the incidence of game
injuries. Individual practice time is not possible to use for counting the
incidence of practice injuries. The results of this research were closer to
the results of studies conducted in Europe (estimated player-game
hours). The use of individual playing time also gives an opportunity to
compare the risk of injury between the different playing times (Stuart
& Smith 2000, Izraelski 2014, McKay et al. 2014).
2.4.3 Incidence of injury
The concept of athlete -exposures, which reports the injury rate with
reference to 1000 player-practice hours and 1000 player-game hours,
estimates the risk of injury in a clearly-defined sample (Stuart & Smith
2000). Injury incidence rates were usually estimated by collective
playing time, since individual on-ice exposure was not being
measured. In addition, it has been assumed that each game was played
for 60 minutes. This approach did not take penalties and overtime into
consideration. When the results were given from the games only, the
injury incidence per 1000 player-game hours was equal to the 1000
player-games or 1000 athlete -exposures, when the population at risk
was defined the same way. Usually, the total duration of a game is
between 2 to 2.5 hours, including intermissions and breaks during the
periods. Differences in the duration of games, breaks and penalties
give the ability for coaches to use players in different ways.
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In ice hockey, most of the studies conducted in Europe expressed
injury incidence as the number of injuries per 1000 player-hours, where
the population at risk was the six players who were on the ice at the
same time in each team (Lorentzon et al. 1988, Mölsä et al. 1997). In
North-America, injury incidence was usually counted per 1000 athleteexposures, where the players of an entire team were at risk for an
injury (Agel & Harvey 2010, Benson et al. 2011). In this definition, all
players of the team participating in a game had an impact on the game
and were at risk for injury during every moment of the game.
Today, the greater number of players on a team has increased the
speed of the game. This gives a little bit longer rest period and better
recovery for players between the shifts. This also means that players
have more intensive shifts when they are on the ice.
If training and game injuries are combined, the incidence of injury
is more likely to reflect the incidence of training injuries, but the
distributions of injuries are more likely to reflect the distributions of
game injuries (Brooks & Fuller 2006).
2.4.4

Injuries in men’s ice hockey

Most of the studies of men’s ice hockey have been carried out in North
America. There are only a few studies from Europe, and most of them
occurred at the end of the 1980s or at the beginning of the 1990s. There
are also only a few published studies from the NHL. Most of the
studies were reported from collegiate players. In previous studies from
the international level in each research conducted, only one team was
followed or ice hockey injuries were collected within part of the
Olympic Winter Game’s (OWG) medical research. Most of the studies
have used the definition of injury, which included time-loss injuries
and medical attention, but there have been differences in the
definitions. There have also been differences in defining the population
at risk.
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2.4.4.1 Incidence of injury
The injury rates for ice hockey injuries reported for North American
collegiate players were from 13.8 to 18.7 injuries per 1000 athleteexposures (AEs) (McKnight et al. 1992, Flik et al. 2005, Agel et al. 2007a,
Agel & Harvey 2010). In the prospective study from six NHL seasons
(2006-2012) on the basis of the estimated AEs, the overall regular
season incidence density was 15.6 injuries per 1000 AEs. Based on
individual time on ice, the injury rates were 49.4 injuries per 1000
player-game hours. There was a reduction in injury rates over the 6year period, with the greatest reduction between the 2007-2008 and
2008-2009 seasons (McKay et al. 2014).
The result was similar with the reported injury rates of 66–79.2 per
1000 estimated player-game hours in the elite European leagues and in
the Japanese ice hockey league (Lorentzon et al. 1988, Mölsä et al. 1997,
Mölsä et al. 2000, Kuzuhara et al. 2009). In Finnish and Swedish ice
hockey leagues the injury rate was 66 - 78.4 per 1000 player-game hours
(Lorenzon et al. 1988). In Finland in the second highest level (Division
I), the league incidence of injury was 36 per 1000 player-game hours
(Mölsä et al. 1997). The risk of injury was very low during practices
compared to the games.
2.4.4.2 Type of injury, period and cause
Contusions were the most common diagnosis of the injury. Facial
lacerations were also a very common type of injury in studies from the
European leagues. In that time, under half of the players used a facial
protection. There were fewer injuries in first period, while most of
them occurred during the third period. Body checking, unintended
contact with another player or contact with the boards and glass were
the main causes of an injury. Most of the facial lacerations were caused
by a hockey stick (Lorentzon et al. 1988, Mölsä et al. 1997, Mölsä et al.
2000). In North American collegiate studies, a concussion was one of
the most common diagnosis together with shoulder and knee ligament
injuries (Flik et al. 2005, Agel et al. 2007a, Agel & Harvey 2010).
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2.4.4.3 Differences between decades
In another study from the Finnish ice hockey league, the injury rate
increased significantly from 54 per 1000 player-game hours in the
1970s to 83 per 1000 player-game hours in the 1990s. The rate of
contusions, sprains and strains increased significantly with each
decade (Mölsä et al. 2000). Injuries were classified as major in 5% of the
patients, and there were fractures in 8% and head or facial involvement
in 18% of them (Mölsä et al. 1997). Checking and unintentional
collisions with an opponent were the common mechanisms of injury
regardless of decade (Mölsä et al. 2000).
McKay et al. (2014) reported in an NHL study that the most
commonly injured body regions were the head (16.8%), thigh (14.0%)
and knee (13.0%). Together, these body regions also accounted for the
greatest number of man-game lost, resulting in 16.7%, 10.5% and 15.5%
of total man-game lost, respectively. Of the cases where the mechanism
was reported, body checking accounted for the largest proportion.
Compared with the forwards, the defensemen were more likely to
report a game-related time-loss injury. Injuries were significantly more
frequent in the first period (48.1%) than in the second (25.4%) or third
(24.4%) periods. Only a few injuries occurred during the pregame
warm-up and during overtime (McKay et al. 2014).
2.4.5

Injuries in women’s ice hockey

Almost all female studies have been carried out in North America
using same methods as in men’s ice hockey (Agel et al. 2007a, Agel et
al. 2007b, Agel & Harvey 2010). Most of them are from the collegiate
level. There has been no specific research from injuries in women’s
international-level ice hockey. Only some results were given from
OWGs. Most of the studies have used a definition of injury, which
included time-loss injuries and medical attention, but there were
study-to-study differences in the definitions.
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2.4.5.1 Incidence of injury
In the women’s National Collegiate Athletic Association (NCAA), ice
hockey game injury rates were reported to be from 12.1 to 12.6 per 1000
athlete –exposures (AEs). The athlete –exposure was determined by
the number of athletes participating in a game or practice, regardless
of duration or type of exposure (Agel et al. 2007b, Agel & Harvey 2010).
Schick and Meeuwisse (2003) reported that the injury rate for female
ice hockey was 7.77 per 1000 athlete-exposures (AEs) and for game
injuries 10.43. In all studies, the game injury rate was significantly
higher compared to the practice injury rate (MacCormick et al. 2014).
In women’s ice hockey, the risk of injury was greater with increasing
age and at the more elite levels to play as well as an increase in injury
severity (Keightley et al. 2013). Agel and Harvey (2010) reported a nonsignificant average annual decrease (2.9%) for injury rate (IR) in
women’s ice hockey. In turn, the practice injury rate for women had a
7.2% nonsignificant increase (Agel & Harvey 2010). The injury rate in
female ice hockey was lower than that in men’s ice hockey, but the
differences between the sexes were smaller at the collegiate level
(MacCormick et al. 2014).
2.4.5.2 Type and causes of injury
Most of injuries in women's ice hockey were lower-body injuries.
Sprains and strains were main types of injury. Concussions were the
most common diagnosis followed by hip/groin and ankle injuries
(Schick & Meeuwisse 2003, Agel et al. 2007b, Agel & Harvey 2010). The
average rate of concussion over 7-year period was 0.82/1000 athlete exposures (Agel & Harvey 2010) and the concussion rate for game
injuries was 2.72 (Agel et al. 2007b). In women’s collegiate ice hockey,
the injury rate for concussions was reported to be higher than in men’s
ice hockey. Body checking and unintentional collisions with an
opponent were the common mechanisms of injury in female ice hockey
(Agel & Harvey 2010). Ninety-six percent of injuries were related to
contact mechanisms (Schick & Meeuwisse 2003).
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2.4.6

Injuries in juniors’ ice hockey

Most of the research from juniors’ (under-18 and under-20) ice hockey
have been carried out in USA or Canada. Most of them are from high
school, college or junior A-level.
2.4.6.1 Incidence of injury
In North American collegiate-level ice hockey, the incidence of injury
was reported to be from 13.8 to 18.7 per 1000 athlete -exposures. There
were differences in the definition of injury. The majority of them
included both time-loss injuries and injuries that required medical
attention (McKnight et al. 1992, Flik et al. 2005, Agel et al. 2007a, Agel
& Harvey 2010). Stuart and Smith (1995) reported an injury rate of 96.1
per 1000 player-game hours in Elite Junior A (from 16 to 21 years) ice
hockey in North America. The injury rate for laceration was 32.4 per
1000 player-game hours. The anatomical region most often injured was
the face (IR 38 per 1000 player-game hours) (Stuart & Smith 1995). At
the high school level, the injury rate was lower compared to the Junior
A-level: IR 34.4 per 1000 player-game hours (Smith et al. 1997). The
injury rate for games was significantly higher in all studies compared
to the risk of injury during practices (a 6.3 to 25 times higher risk of
injury during a game) (McKnight et al. 1992, Smith et al. 1997, Pinto et
al. 1999, Flik et al. 2005, Agel et al. 2007a, Agel & Harvey 2010, Matic et
al. 2015).
2.4.6.2 Injured anatomical region, cause, and position
Players competing at the minor hockey, high school and Junior A levels
of competition sustained most of their injuries to the upper extremity,
head and face and the lower extremity, respectively (Benson &
Meeuwisse 2005). In earlier studies, the face was the most common
location of injury, and lacerations were the most common diagnosis
before full-facial protection was mandated in the United States Hockey
League for players age 18 and older (Stuart et al. 2002).
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More than half of the injuries were caused by collision with another
player or the boards and glass followed by stick and puck contact.
Injuries caused by contact with another player or the boards and glass
were more common during games than practices. Forwards and
defensemen had the highest injury rates for injury and the position of
goalie had the lowest rate of injuries compared to the other positions
(Benson & Meeuwisse 2005).
2.4.6.3 Type of injury, period
In Junior A hockey, the three most commonly reported types of injuries
were sprains and strains (20.5–41%), contusions (18–45.8%), and
lacerations (9.6–24%). Similarly, the most frequent types of injuries in
high school hockey were contusions (29–58.6%), sprains and strains
(6.8–37%), lacerations (10.3–13%), and concussions (3.7–13.8%). In
most of the studies, the third period had the highest risk of injury
(Benson & Meeuwisse 2005). Flik et al. (2005) reported injury risk by
periods: 36.5% in the first and second period and 27% in last period. In
this study, only time-loss injuries were included in the definition.
Concussions were one of the most common diagnosis in junior ice
hockey. The overall injury rate for concussions in high school was
reported to be from 0.54 per 1000 AEs to 0.64 per 1000 AEs, and the
game injury rate was higher compared to the concussion rate for
practices (Clay et al. 2013, Matic et al. 2015). Agel et al. (2007a) reported
(NCAA) that the injury rate for concussions in games was 1.47 per 1000
AEs.
2.4.6.4 Full face protection
Facial protection reduces overall head injuries in ice hockey. Stuart et
al. (2002) reported the incidence of injury at 158.9 per 1000 player-game
hours occurred in players wearing no facial protection, 73.5 per 1000
player-game hours in players wearing partial facial protection (half
shield), and 23.2 per 1000 player-game hours in players wearing fullfacial protection (full cage or shield). Facial protection showed a
statistically significant reduction in the number and type of facial
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injuries. In studies evaluating full-facial protection versus half-facial
protection, full-facial protection offered a significantly higher level of
protection against facial injuries and lacerations than half facial
protection. Both full and partial facial protection significantly reduced
injuries to the eyes and face without increasing the risk of neck injuries
and concussions. In those players with full-facial protection who
sustained a concussion, they returned to practice or games sooner than
players with partial facial protection (Benson et al. 2002, Asplund et al.
2009).
There is now good evidence that full-facial protection reduces the
number and risk of overall head and facial injuries in ice hockey
compared with partial facial protection and no facial protection
(Asplund et al. 2009).
2.4.7

Concussions in ice hockey

Concussions are a known problem at all levels of the game and have
been reported to account for 3-22% of all ice hockey injuries.
Concussions in sport have been defined as a clinical syndrome of a
traumatically-induced transient disturbance of normal brain function.
The lateral and temporal areas of the head are the most common areas
to be struck, resulting in concussion. In ice hockey, concussion impacts
are more likely to occur from contact with another body part or object
rather than with another head. Differences in the mechanisms of
injuries have been found between males and females, which may be of
importance when planning the prevention of concussions (Noble &
Hesdorffer 2013, Delaney et al. 2014). Concussive injury is believed to
result from a series of metabolic events within the brain and have been
summarised in detail by Giza and Hovda (2001 and 2014) as well as
Barkhoudarian et al. (2016).
The diagnosis of a concussion relies on the clinician’s evaluation.
Injury mechanics, visible signs, reported symptoms, changes in
cognitive and/or physical performance and the exclusion of a more
severe neurotrauma are the fundamentals of clinical assessment
(Aubry et al. 2002, McCrory et al. 2005, McCrory et al. 2009, Harmon et
al. 2013, McCrory et al. 2013a). The systematic collection of all ice
hockey injuries shows that, in both genders, a concussion is one of the
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most common injury types resulting in missed participation (Schick &
Meeuwisse 2003, Flik et al. 2005, Agel et al. 2007a and 2007b, Agel &
Harvey 2010, Keightley et al. 2013, Matic et al. 2015). Furthermore,
growing concerns about the possible lingering detrimental effects of
concussions have addressed the need for preventive measures
(McCrory et al. 2013b).
2.4.7.1 Definition of a concussion
The 1st International Consensus Conference on Concussion in Sport
was organised by the IIHF, FIFA and IOC in Vienna in 2001. The 2nd
was in Prague in 2004; the 3rd and 4th in Zurich in 2008 and 2012,
respectively. The definition of a concussion was updated after the 5th
International Conference on Concussion in Sport which was held in
Berlin in 2016.
A sport-related concussion (SRC) is a traumatic brain injury induced
by biomechanical forces. Several common features that may be utilised
in clinically defining the nature of a concussive head injury include:
(McCrory et al. 2017):
1. A sport-related concussion (SRC) may be caused either by a
direct blow to the head, face, neck or elsewhere on the body with an
impulsive force transmitted to the head (McCrory et al. 2017).
2. SRC typically results in the rapid onset of short-lived
impairment of neurological function that resolves spontaneously.
However, in some cases, signs and symptoms evolve over a number of
minutes to hours (McCrory et al. 2017).
3. SRC may result in neuropathological changes, but the acute
clinical signs and symptoms largely reflect a functional disturbance
rather than a structural injury and, as such, no abnormality is seen on
standard structural neuroimaging studies (McCrory et al. 2017).
4. SRC results in a range of clinical signs and symptoms that may
or may not involve the loss of consciousness. Resolution of the clinical
and cognitive features typically follows a sequential course. However,
in some cases symptoms may be prolonged (McCrory et al. 2017).
The clinical signs and symptoms cannot be explained by drug,
alcohol, or medication use, other injuries (such as cervical injuries,
peripheral vestibular dysfunction, etc) or other comorbidities (eg,
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psychological factors or coexisting medical conditions) (McCrory et al.
2017).
2.4.7.2 Symptoms and signs of a concussion
The diagnosis of an acute sport-related concussion (SRC) involves the
assessment of a range of domains including clinical symptoms,
physical signs, cognitive impairment, neurobehavioral features and
sleep/wake disturbance. Furthermore, a detailed concussion history is
an important part of the evaluation both in the injured athlete and
when conducting a pre-participation examination. The suspected
diagnosis of SRC can include one or more of the following clinical
domains: 1. Symptoms: somatic (e.g., headache), cognitive (e.g., feeling
like in a fog) and/or emotional symptoms (e.g., lability); 2. Physical
signs (e.g., loss of consciousness, amnesia, neurological deficit); 3.
Balance impairment (e.g., gait unsteadiness); 4. Behavioural changes
(e.g., irritability); 5. Cognitive impairment (e.g., slowed reaction times);
6. Sleep/wake disturbance (e.g., somnolence, drowsiness). If
symptoms or signs in any one or more of the clinical domains are
present, an SRC should be suspected and the appropriate management
strategy instituted. (McCrory et al. 2013a, McCrory et al. 2017).
2.4.7.3 Sideline evaluation
No single diagnostic test exists for a concussion. The sideline
evaluation is based on the recognition of an injury, assessment of the
symptoms, cognitive and cranial nerve function, and balance. Serial
assessments are often necessary (re-evaluation). Because SRC is often
an evolving injury, and signs and symptoms may be delayed, erring
on the side of caution (i.e., keeping an athlete out of participation when
there is any suspicion of injury) is important. The player should be
evaluated by a physician or other licensed healthcare provider on-site
using standard emergency management principles, and particular
attention should be given to excluding a cervical spine injury (McCrory
et al. 2017).
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The Sideline Concussion Assessment Tool 5rd Edition (SCAT5) was
developed during the 5th International Conference on Concussion in
Sport (Berlin 2016) (Attachment VII) (developed by the Concussion in
Sport Group 2017). The recognition of a suspected SRC is therefore best
approached using multidimensional testing guided via expert
consensus. The SCAT5 currently represents the most well-established
and rigorously developed instrument available for sideline
assessment. There is published support for using the SCAT and Child
SCAT in the evaluation of SRC. The SCAT is useful immediately after
an injury in differentiating concussed from non-concussed athletes, but
its utility appears to decrease significantly 3–5 days after the injury.
The symptom checklist, however, does demonstrate clinical utility in
tracking recovery. (McCrory et al. 2017).
2.4.7.4 Concussion management and return to play protocol
The process of recovery and then a return to sports participation after
an SRC follows a graduated stepwise rehabilitation strategy (table 1).
A brief period (24-48 hours) of cognitive and physical rest is
appropriate for most patients. Following this, patients should be
encouraged to gradually increase activity while staying below a
cognitive and physical exacerbation threshold (Stage 1). The exact
amount and duration of rest are not yet well defined (Schneider et al.
2017). Once concussion-related symptoms have resolved, the athlete
should continue to proceed to the next level if he or she meets all the
criteria (e.g., activity, heart rate, duration of exercise, etc.) without a
recurrence of concussion-related symptoms. Generally, each step
should take 24 hours, so that athletes would take a minimum of 1 week
to proceed through the full rehabilitation protocol once they are
asymptomatic at rest. However, the time frame for Return to Sport
(RTS) may vary with player age, history, level of sport, etc., and
management must be individualised. In athletes who experience
prolonged symptoms and resultant inactivity, each step may take
longer than 24 hours, simply because of limitations in the physical
conditioning and recovery strategies outlined above. If any
concussion-related symptoms occur during the stepwise approach, the
athlete should drop back to the previous asymptomatic level and
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attempt to progress again after being free of concussion-related
symptoms for a further 24-hour period at the lower level (table 1)
(McCrory et al. 2017).

TABLE 1. Graduated return to sport protocol adopted from McCrory et al. (2017)

2.4.7.5 Incidence of concussions
2.4.7.5.1 Men’s college ice hockey
At the North American collegiate level, concussion incidence rates
have varied between studies, ranging from as low as 7.9% to as high as
18.6% overall, and from as low as an overall concussion rate of 0.22 per
1000 athletic -exposures to as high as 0.79 per 1000 athletic -exposures.
The reported game injury rates for concussion varies between studies
- from 1.47 to 2.49. Injury rates for concussions were a few times higher
in games compared to practices. Part of the large variance can be
explained by different methods and measures employed (McKnight et
al. 1992, Flik et al. 2005, Agel et al. 2007a, Hootman et al. 2007, Agel &
Harvey 2010, Clay et al. 2013, Ruhe et al. 2014, Zuckerman et al. 2015).
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2.4.7.5.2 European and Japanese ice hockey
Concussions in the Swedish Hockey League (SHL) have been studied
previously. During the seasons 1982 to 1985, 5.3% of all recorded
injuries in one observed team were concussions (Lorentzon et al. 1988).
From 1988 to 1992, a study of all SHL teams found that 6% of all
recorded injuries were concussions, and the injury rate was 6.5 per
1000 player-game hours (Tegner & Lorentzon 1996). The concussion
incidence rates (IRs) have also been reported, and during the period
1982 to 2001, it ranged from 12 per 1000 games to 53 per 1000 games in
SHL teams. Pauelsen et al. (2016) has shown an increase in the
concussion rate over a 29-season period - a shift in the injury pattern
toward relatively more concussions and an increased concussion
severity. In previous studies from the Finnish league and Mestis (First
Division), Mölsä reported a 3% to 5% proportion of concussions from
all injuries (Mölsä et al. 1997; Mölsä et al. 2000).
In a Japanese elite team over a period of 3 seasons, an overall injury
rate during games of 74 per 1000 player-hours was found. The
concussion rate for games was 1.6 per 1000 player-hours for that team
(Kuzuhara et al. 2009).
2.4.7.5.3 The NHL
Benson and colleagues (2011) reported that the estimated incidence of
concussions in the NHL was 1.8 per 1000 game player-hours, where
the athlete -exposure time was estimated based on a roster of 18 skaters
and one goalie playing in each team per game.
Wennberg and Tator (2008) evaluated concussions in the National
Hockey League (NHL). They analysed the concussion incidence and
time lost from play due to concussions during the ten NHL seasons
1997-1998 through 2007-2008. Data were obtained from a complete
review of injury reports from two different sports media sources. The
incidence of concussions reported in the regular season ranged from a
high of 1.81 per 1000 athlete -exposures in 1998-99 to a low of 1.04 per
1000 athlete -exposures in 2005-06. The mean incidence for concussions
over the ten seasons was 1.45 per 1000 athlete -exposures (Wennberg
& Tator 2008).
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Hutchison et al. (2015a) reported a total of 260 regular season
concussions to have occurred during the data collection period from
the beginning of the 2006-2007 season to the end of December 2009, or
6.05 injuries per 100 games.
2.4.7.5.4 Women’s ice hockey
Studies from women’s ice hockey were usually done from the
collegiate level in North America. The overall injury rate for
concussions varied between studies from 0.75 to 0.91 per 1000 athleteexposures. The game injury rate for concussions was higher than that
of men’s games (from 2.01 to 2.72 per 1000 athlete-exposures), but the
difference between game and practice injury rates was not as high as
in men’s ice hockey. The proportion of concussions from all injuries
ranged from 15.2% to 21.6% (Schick & Meeuwisse 2003, Agel et al.
2007b, Zuckerman et al. 2015). In previous studies, the concussion rate
for female ice hockey players has been higher than that for male ice
hockey players, regardless of the fact that female players sustain fewer
impacts and impacts resulting in lower head acceleration than males
(Schick & Meeuwisse 2003, Hootman et al. 2007, Agel et al. 2007b, Agel
& Harvey 2010, Brainard et al. 2012, Zuckerman et al. 2015).
2.4.7.5.5 Juniors’ ice hockey
In high school ice hockey, the concussion rate was from 1.2 to 1.5 per
1000 athlete -exposures for games, and the overall incidence has been
from 0.54 to 0.64 per 1000 athlete-exposures (Marar et al. 2012, Clay et
al. 2013, Matic et al. 2015, Pfister et al. 2016). Echlin et al. (2010) reported
the concussion rate as high as 21.52 per 1000 athlete -exposures in one
junior physician-observed concussion study. The results differed
considerably from the other studies made before or after the Echlin et
al.’s (2010) work. The percentage of concussions from all injuries has
been lower at the junior and high school level compared to men’s and
women’s results (from 1.3% to 13.2%) (Pinto et al. 1999, Marar et al.
2012, MacCormick et al. 2014).
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2.4.7.6 Causes of concussions
In a systematic video analysis of the National Hockey League (NHL),
88% of concussions occurred due to contact with an opponent and 5%
involved contact with a teammate. The most common body part
initially contacted by the hitter was the player’s head (68%), with 22%
of direct head contact from the shoulder, elbow or gloves. Eight
percent of concussions were due to fighting (Hutchison et al. 2015 a,
Hutchison et al. 2015b). Previous research at the collegiate and high
school levels reported that player-to-player collisions accounted for
63%-73% of concussions in male ice hockey. It should be noted that
10% to 25% of concussions involved direct head contact with the
boards or glass (Dick 2009, Agel & Harvey 2010, Marar et al. 2012,
Zuckerman et al. 2015). The most common injury mechanism was
checking.
In women, 41%-49% of the concussions sustained in games resulted
from player contact. Overall, 35%-47% of the injuries sustained by
women were the result of player contact (Agel et al. 2007b, Agel &
Harvey 2010). In women’s ice hockey, more of the concussions
occurred with player-surface contact than in men’s ice hockey.
Concussions due to sticks and the puck accounted for only 10% to 16%
(Tegner & Lorentzon 1996; Pauelsen et al. 2016).
2.4.7.7 Period
The majority of concussions in ice hockey are sustained during games.
Most of the concussions at the men’s highest level of competition
occurred during the first period, when the players are maximally
energised and able to apply more force with greater acceleration to
contacts (Benson et al. 2011, Hutchison et al. 2015a). In the studies done
in Sweden, more concussions were sustained in the second period
compared to the first and third periods (Tegner & Lorentzon 1996;
Pauelsen et al. 2016). These findings are contrary to the traditional view
that concussions in hockey often occur when players are more fatigued
or at points later in the game when emotions run high and the game
gets ‘out of hand’.
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2.4.7.8 Position, zone, and penalty
Sixty-five percent of the concussions in the NHL were sustained by
forwards, 32% by defensemen and 3% by goalies. The proportion of
concussions sustained by a centre was about twice that of defensemen
and wingers (Benson et al. 2011). In Swedish ice hockey, 47% of the
concussions occurred to wings, 34% to defensemen, 11% to the centre,
and 8% to the goalie (Pauelsen et al. 2016).
Forty-five percent of concussions occurred in the defensive zone,
34% in the offensive zone, and 21% in the neutral zone. A penalty was
called in 29% of concussions (Hutchison et al. 2015 a).
2.4.7.9 Recovery time after a concussion
In female ice hockey, the higher concussion incidence rates and
severity compared to men have been exhibited (Agel et al. 2007b, Dick
2009, Agel & Harvey 2010). However, physical contact is not allowed
in female ice hockey, and body checking, a significant injury risk factor,
is illegal at all ages and skill levels making this statistic particularly
perplexing (Emery et al. 2010, Emery et al 2017). The average time lost
from play per concussion has increased in men’s ice hockey (Wennberg
& Tator 2008, Benson et al. 2011, Hutchison et al. 2015a, Pauelsen et al.
2016).
In total, 80% of the reported concussions in women required fewer
than 10 days of lost activity. Seventy-seven percent of those
concussions occurred during a game. For concussions severe enough
to keep an athlete out of scheduled practices or games for 10 or more
days, 75% of these severe concussions sustained by women occurred
during games (Agel & Harvey 2010). Benson et al. (2002) reported that
full-facial protection will decrease the severity of a concussion (length
of time to return to play).
2.4.8 Effect of ice surface size and dasher boards
Wennberg (2005) compared collision rates and head impacts in elite
junior hockey between games played on the small North American ice
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surface, an intermediate-size Finnish ice surface, and the large
standard international ice surface. There was a significant inverse
correlation between ice size and collision rates in elite hockey,
including direct, indirect, and severe head impacts. Thus, in order to
decrease the occurrence of collisions and head impacts in ice hockey,
larger international rinks could be preferred (Wennberg 2004,
Wennberg 2005).
Dasher board materials and structures had a clear effect on the
impact characteristics. Compared to the reference dasher board,
flexible protective shielding material resulted in 17% and 16% lower
peak forces, 110% and 136% greater stopping distances and 62% and
56% lower stiffness values in the straight and the corner parts of the
dasher board, respectively. The shielding support posts were much
stiffer compared to the protective shielding. The single-framed dasher
board was found to be 29% and 11% more flexible than its dual-framed
counterpart, and heavier protective shielding resulted in 33% and 19%
higher element stiffness in the straight and the corner parts of the
dasher board, respectively. The safest dasher board would be singleframed with a light and flexible protective shielding material, and
would not include shielding support posts (Poutiainen et al. 2014).
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3

PURPOSE OF THE STUDY

The goals of this dissertation were to investigate the incidence of ice
hockey injuries, especially concussions, in international top-level ice
hockey, and to determine the risk factors of injuries, including
differences between the gender and age groups. The specific study
aims were:
1. To examine the risk, type, mechanism and severity of injuries at
the elite level of men’s international ice hockey. (Study I)
2. To investigate the incidence, type, mechanism and severity of
injuries at the international female ice hockey. (Study II)
3. To identify the incidence, type, mechanism and severity of
injuries in males under ages 18 and 20 at the junior ice hockey.
(Study III)
4. To describe the incidence, injury characteristics and time trends
of concussions in international ice hockey. (Study IV)
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4

RESEARCH METHODS

4.1 Research process and dissertation structure
This dissertation is based on four independent research articles
published in a prestigious peer-reviewed journal. The first three
original articles described the incidence, severity and potential risk
factors of ice hockey injuries in men, women and juniors. The fourth
article is an analysis of specific diagnosis, concussion and identified
risk factors for it. All the studies were based on the IIHF Injury Report
System since 2006 (Medhockey, Medisport Ltd, Finland) (figure 2).

FIGURE 2. The dissertation structure
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4.2 Epidemiology and risk factors of injuries
4.2.1

Study design

The dissertation contains data from the IIHF Injury Report System. The
International Ice Hockey Federation has had an Injury Report System
(IRS) since 1998. Since 2006, the IIHF has used Medhockey software
(Medisport Ltd, Finland) to collect all injuries in a computer-based data
register. All the studies were done with permission from the
International Ice Hockey Federation.
For Study I, during the seven ice hockey seasons between 2006 and
2013 (from 1 July 2006 to 30 June 2013), all ice hockey injuries were
analysed from 32 men’s World Championships (7 of them were A-pool
tournaments), one OWG and eight Olympic Qualification tournaments
(table 2, figure 3). The A-pool tournament was the highest (top) level
of tournaments.
During the eight ice hockey seasons (from 1 July 2006 to 30 June
2014), all ice hockey injuries were analysed from 39 female World
Championships and OWGs for Study II (table 2). From the 69 male
junior ice hockey tournaments, all ice hockey injuries were analysed
during the nine ice hockey seasons (from 1 July 2006 to 30 June 2015)
for Study III (table 2, figure 3).
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FIGURE 3. The flow of injuries

For Study IV, all concussions during the nine ice hockey seasons
between 2006 and 2015 (from 1 July 2006 to 30 June 2015) were analysed
from the 169 ice hockey tournaments. Forty-four of them were World
Senior Championships (WS) (ten of them were A-pool tournaments),
two Olympic Winter Games (OWG), and eight Olympic Qualification
tournaments. Seventy tournaments were World Junior Under-18 and
Under-20 Championships (WJ U18; WJ U20) (19 of them were A-pool
tournaments). Forty-three tournaments were women’s World
Championships (WW) (14 of them were A-pool tournaments), and two
OWGs. Fifteen of the Women’s World Championships were Women’s
Under-18 tournaments (WW U18) (table 3, figure 3). A total of 3293
games were played in the 169 tournaments by 1212 teams comprising
142244 athletic game exposures.
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TABLE 2. Investigated tournaments in the World Men’s Championships (WC),
World Juniors’ Under-20 Championships (WJ U20), World Juniors’ Under-18
Championships (WJ U18), Women’s Championship (WWC) and the World Women’s
Under-18 Championship (WWC U18).
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TABLE 3. Investigated tournaments for Study IV in the World Men’s Championships
(WS), World Juniors’ Under-20 Championships (WJ U20), World Juniors’ Under-18
Championships (WJ U18), Women’s Championship (WWC) and the World Women’s
Under-18 Championship (WWC U18).
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4.2.2

Definition of an injury

In Studies I-IV, the definition of an injury was made in accordance with
the accepted international ice hockey norms (Stuart & Smith 2000). The
definition of an injury was the combination of time-loss injuries and
injuries that required medical attention including lacerations, all
dental injuries, concussions and fractures. Minor injuries that allowed
the athlete to continue playing and did not require medical attention
were not included. An injury was reported when one of the following
criteria was observed:
• any injury sustained in a practice or a game that prevented the
player from returning to the same practice or game;
• any injury sustained in a practice or a game that caused the
player to miss a subsequent practice or game;
• a laceration that required medical attention;
• all dental injuries;
• all concussions;
• all fractures.
A concussion was a clinical diagnosis made by a team physician. At
the Team Medical Personnel Meeting before every tournament
physicians were advised to follow the recommendations provided by
the Consensus Statement on Concussion in Sport and were given the
Sport Concussion Assessment Tool (SCAT) to use as a tool in making
the clinical diagnosis (Aubry et al 2002, McCrory et al 2005, McCrory
et al 2009, McCrory et al 2013a).
Concussions caused by illegal contacts were defined as checking to
head (CTH), checking from behind (CFB), sticks, fighting and body
contact (BC) in female games. All other concussions were caused by
legal contact.
4.2.3

Population at risk

The population-at-risk or player exposure to injury was determined by
an estimation of the collective playing time. The number of playergames was based on 20-22 players competing for each team in a game,
depending on the specific level and year of a given tournament. Only
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the participating athletes were included in the denominator when
calculating the incidence of injury. All the players of the team
participating in a game, had an impact on the game, and were at risk
for injury during every moment of the game.
4.2.4 Data collection
Before each tournament, a team medical personnel meeting (TMPM)
was organised by the IIHF Medical Supervisor (MS). The TMPM gave
the Medical Supervisor the ability to review the definition of each
injury, the game injury report form (GIR) and the injury report system
(IRS, figure 5) form to the individual team physicians. The GIR form
was used to verify the number of injuries that satisfied the definition
(figure 4). The individual team physician followed all the players on
their team and submitted the GIR form to the Medical Supervisor after
each game. The team physician was also required to complete a
detailed injury report (IRS form) for every injury. The IRS form was
returned to the Medical Supervisor during the tournament as soon as
all the sufficient information had been obtained and the final diagnosis
was confirmed. Each championship the IIHF Medical Supervisor was
assigned and was responsible for the data collection. The IRS form was
filled out only once for each injury. It included detailed information on
the game period, ice location, mechanism, anatomical site, severity and
specific injury diagnosis. Time-loss was used as a proxy to determine
the injury severity. The severity was graded into four groups by the
team physician according to the IRS form (figure 5). The anonymous
forms were returned to the IIHF Medical Committee for insertion into
a computer-based injury report system for ice hockey injuries
(Medhockey, Medisport Ltd, Finland) (figure 6).
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FIGURE 4. The IIHF game injury report form.
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FIGURE 5. The IIHF individual injury report form.
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FIGURE 6. Data collection system for Studies I-IV (GIR = game injury report
form, IRS = injury report form)

4.2.5

Incidence of injury

Injury rate (IR) was expressed as the number of injuries per 1000 ice
hockey player-games and/or per 1000 player-game hours. These two
different injury rate definitions were used to allow better comparison
with other ice hockey leagues and other sports (rugby, football,
basketball). Injuries that occurred during practice were excluded
because there were very few documented practice injuries. Therefore,
the given injury rates in this dissertation refer to game injuries only.
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The player-game injury rate was an average risk of injury for one
individual player per 1000 games (# injuries / # players (two teams) /
# games x 1000 = injuries per 1000 player-games). These results are
mostly comparable to the results per 1000 athlete -exposures in games.
The injury rate for 1000 player-game hours was based on a 60-minute
active game with five players and a goalie per team on the ice at the
same time (# injuries / # players on ice same time (two teams) / #
games x 1000 = number of injuries per 1000 player-game hours). These
results are comparable to the results from the European leagues and
other studies from the European sports.
4.2.6 Statistical analyses
As noted above, the given injury rates refer to game injuries only
(practice injuries excluded). In Study I, results from A-pool (top level)
tournaments were reported separately. The subgroup ‘flexible boards
and glass’ was collected from the tournaments where comparable
boards with the NHL were used. The more flexible boards and glass
were developed to improve player safety (Poutiainen et al 2014). To
determine the association between the arena characteristics and
occurrence of injuries, Poisson and Logistic regressions were used.
Logistic regression was used when the number of analysed injuries in
each game was zero or one. In other statistical analyses, Poisson
regression was applied to allow for several injuries per game. In these
analyses, weighting with standardised active playing time was
employed. Generalised Estimating Equations (GEE) were used to
determine the association between the concussion and player position
in A-pool tournaments.
In Study II the injury results are presented as total numbers,
percentages and rates (injuries per 1000 player-games and per 1000
player-game hours). Risk ratios and 95% confidence intervals for
player position-wise concussion were calculated by comparing
concussions in one position to concussions in all other positions. Timeloss was used as a proxy for the severity of an injury.
The outcomes from A-pool tournaments are reported separately in
Study III, because they represent the top-level international
championships in each age group. The injury results are presented as
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total numbers, percentages and rates (injuries per 1000 player-games
and per 1000 player-game hours).
In Study IV the outcomes from A-pool (top/highest level in each age
group and gender) tournaments are reported separately, because the
tournaments represent the highest level of international
championships in each age group. The injury results are presented as
total numbers, percentages and rates (injuries per 1000 player-games
and per 1000 player-game hours). Risk ratios (RRs) and 95% confidence
intervals (Cl) for concussion were calculated by comparing traditional
boards and glass to flexible boards and glass (Poutiainen et al 2014).
RRs were also used to compare differences between the genders. Odds
ratios (ORs) and 95% CI were calculated to determine the association
between player’s positions, groups, causes, the arena characteristics
and concussions. ORs were calculated for the senior women’s World
Championships and World Women Under-18 tournaments separately.
4.2.7 Reliability and validity of the injury registry system
The IIHF has used the above-described injury report system since 1998.
Thus, the questionnaires were thoroughly tested prior the start of the
current study period. An injury was precisely defined, and before each
tournament, the injury definition was explained to the team physicians
by the IIHF Medical Supervisor during the team medical personnel
meeting. Game injury report (GIR) and individual injury report (IRS)
forms were also checked and discussed during each meeting.
The IIHF Medical Supervisor collected all the forms after each game
to ensure 100% data collection from each reported injury. Personal
contact with the team physician after each game gave the ability for the
Medical Supervisor to diminish selection bias and guarantee proper
completion of each IRS form. The seven- to nine-year study period
increased the number of outcomes and thus improved the reliability
and validity of the study.
The IIHF Injury Reporting System was in use before this PhD
candidate started the project, but he took part in the development of
the GIR form and the second edition of the IRS form before the current
data collection period. The PhD candidate has been developing the
Medhockey software, together with Medisport Ltd. (Finland) and the
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testing of the program was carried out during the 2005-2006 season
before actual deployment. The Medical Supervisors of the
tournaments was also educated by the PhD candidate regarding injury
definition and data collection. During the entire thesis process, he has
been the key person in data management, data cleaning and data
analysis.
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5

RESULTS

5.1 Injuries in men’s international ice hockey
We registered, with permission from the IIHF, all ice hockey injuries
from 32 men’s World Championships, one Olympic Winter Games and
eight Olympic qualification tournaments during seven ice hockey
seasons from 2006 to 2013. A total of 844 games were played in the 41
tournaments by 303 teams (6666 players). A-pool (top) level
competitions consisted of 436 games in the 8 tournaments played by
124 teams (2728 players).
5.1.1 Incidence of injuries
In total, 528 injuries in 511 incidents were reported in 844 games. The
injury rate per 1000 player-games was 14.2 for all men’s World
Championships (WC) and 16.3 per 1000 player-games for men’s WC
A-pool tournaments and the Olympic Winter Games (OWG). The
annual injury rate ranged between 12.2 (2011) and 17.5 (2008) in men’s
WC and from 10.3 (2013) to 20.6 (2008) in men’s A-pool tournaments
and OWGs. The injury rate per 1000 player-game hours was 52.1 for all
men’s World Championships and 59.6 for men’s WC A-pool
tournaments (figure 7).
5.1.2 Head and face injuries
The head and face were the most frequently injured body parts (39.8%;
IR 5.7) (figure 8). The face was the most common location. Facial
injuries comprised 72.4% of the head injuries in all men’s World
Championships, and the injury rate was 4.1 per 1000 player-games.
Seventy-four percent of facial injuries were lacerations, and 59.3% of
them were caused by a stick. The injury rate for dental injuries was 0.5
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(9.5% of the head injuries) and for eye injuries 0.1 (1.4%) per 1000
player-games.

FIGURE 7. Annual ice hockey injury rates for all men’s World Championship
and men’s World Championship A-pool tournaments.

FIGURE 8. Injury rate by anatomic region per 1000 player-games in men’s ice
hockey World Championship tournaments.
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5.1.3 Lower-body injuries
Lower-body injuries consist of 30.7% of all injuries. The knee was the
most common lower-body injury site: 46.9% of the lower-body injuries
affected the knee. The injury rate was 2.0 per 1000 player-games for
knee injuries. Medial collateral ligament (MCL) sprain was the most
common knee injury (56.6% of the knee injuries). Most of the MCL
injuries (51.2 %) were mild, Grade I sprains. Anterior cruciate ligament
(ACL) disruption covered 10.5% of all knee injuries. Ankle and thigh
injuries were the second and third common lower-body injuries (figure
8).
5.1.4 Upper-body injuries
Injuries involved the upper-body in 21.8% of game injuries. The most
common location was the shoulder (49.6%). The injury rate was 1.5 per
1000 player-games for shoulder injuries. Acromioclavicular joint
sprain (50.9%) and glenohumeral joint injury (40.4%) were the most
frequent diagnoses. The fingers (14.2%), wrist (10.8%) and hand
(10.8%) injuries were in the second, third and fourth positions,
respectively (figure 8).
5.1.5 Injury types by diagnosis
The vast majority of injuries (92.8%) were acute in nature. Lacerations
were the most common type of injury (26.1%). Sprains (21.8%) and
contusions (15.0%) made up the next largest groups. Fourteen percent
of injuries were fractures. Neurotrauma was diagnosed in 9.9% (Figure
9).
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FIGURE 9. Injury distribution by diagnosis in the men’s World Championship
games.

5.1.6 Concussions
The injury rate of concussions was 1.4 per 1000 player-games in all
men’s World Championships and 1.9 in men’s A-pool tournaments.
Checks to the head were the most common cause for concussions
(51.9%). In one-third of concussions, a penalty was called. For those
players diagnosed with a concussion, 11.5% returned to play in the
same game (men’s WC A-pool = 5.6%). The centre had the highest
percentage for concussion 25.0% (30.6% in men’s WC A-pool). The
majority of concussions occurred during the first period (42.3%; 47.2%
in men’s WC A-pool).
5.1.7 Contact with the boards
Most injuries occurred away from the boards (68.5%). This trend was
apparent in all championships and was similar over the seven-year
study period. A shoulder injury was the most common injury type that
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occurred with board contact (27.3%). On the other hand, sixty-three
percent of all shoulder injuries occurred with board contact. The
majority of concussions occurred without board contact (55.8%).
5.1.7.1 Flexible boards and glass
There was a 29% lower risk of injury in the arenas where flexible
boards and glass were used compared to arenas with traditional
boards and glass [IRR 0.71, (95% CI 0.56 to 0.91)]. The A-pool WC
tournaments that were played in arenas with flexible boards and glass
had a shoulder injury rate of 0.9/1000 player-games as compared to
2.2/1000 player-games when traditional boards and glass were in
place [IRR 0.36, (95% CI 0.15 to 0.90)] (figure 10). In addition to these
significant findings, there were fewer concussions when flexible
boards and glass were used instead of traditional boards and glass [OR
0.43, (95% CI 0.18 to 1.01)]. Also, there was a trend for a decrease in all
other types of injuries in arenas with flexible boards and glass
compared to arenas with traditional boards and glass [IRR 0.82, (95%
CI 0.61 to 1.09)].

FIGURE 10. Injury rate at the shoulder, acromioclavicular and knee per 1000
player-games in men’s World Championship A-pool tournaments. Flexible
versus non-flexible boards and glass.
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5.1.8 Causes of injury, penalties, injury severity
The three most common causes of the injuries were body checking
(27.2%), hockey stick (21.1%) and puck (12.3%) contact. Seventy-seven
percent of stick injuries involved the head and face. Penalties were
assessed in 25.9% of stick injuries. Forty percent of checking to the head
and nearly half of hitting from behind injuries resulted in a penalty
called. In 14.5% of the injured players a recovery time was more than
three weeks. The majority of injured players (53.8%) returned to play
within one week.
5.1.9 Player position
Injuries were equally distributed according to player position. The
goalkeeper was the least injured in all the positions (3.5%) despite the
fact that the goalkeeper is on the ice for the entire game. The proportion
of concussions sustained by the centre was about twice that of the
defense and wing in the men’s A-pool tournaments [OR 2.01, (95% CI
0.87-4.66)].

5.2 Injuries in women’s international ice hockey
5.2.1 Incidence of injury
One hundred and sixty-eight injuries were reported in 637 games. For
all female tournaments (WWC U18, WWC and OWG), the injury rate
per 1000 player-games was 6.4. The annual injury rate ranged between
4.5 (2014) and 11.2 (2010) per 1000 player-games. The injury rate was
higher for World Women’s Under-18 Championship tournaments (IR
7.5/1000 player-games) than in World Women’s Championships (IR
5.7 per 1000 player-games). The annual injury rate ranged between 4.2
(2012) and 11.2 (2013) per 1000 player-games in WWC U18 and from
3.6 (2011) to 11.3 (2010) in WWC tournaments (figure 11). The injury
rate per 1000 player-game hours was 22.0 for all female tournaments,
25.6 for World Women’s Under-18 Championship tournaments, 19.7
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for World Women’s Championship tournaments and 29.8 for Olympic
Winter Games.
5.2.2 Head and face injuries
Injuries involved the head and face in 20.8% of game injuries (IR 1.3;
WWC U18 IR 1.9; WWC IR 1.0). A concussion was the most common
head injury (74.3%; IR 1.0 per 1000 player-games). Lacerations were in
8.6% and dental injury in 5.7% (IR 0.1) of head and facial injuries. There
were no eye injuries. Seventeen percent of the head and face injuries
were facial injuries with an injury rate of 0.2/1000 player-games in all
female tournaments (WWC U18 21.1%; IR 0.4; WWC 13.3 %; IR 0.1)
(figure 12).
5.2.3 Lower-body injuries
The lower-body was the most commonly-injured body area (42.9%; IR
2.7 per 1000 player-games). The knee was the most frequent site of
lower-body injury (48.6%; IR 1.3). The two most common knee injuries
were medial collateral ligament (MCL) sprain (37.1%) and knee
contusion (28.6%), respectively. Disruption of the anterior cruciate
ligament (ACL) was found in 11.4% of all knee injuries. Ankle (27.8%;
IR 0.8) and thigh injuries (8.3%; IR 0.2) were the second and third most
common lower-body injuries (figure 12).
5.2.4 Upper-body injuries
The upper-body injuries consist of 22.0% of all injuries (IR 1.4 per 1000
player games). The shoulder was the most common location for an
upper-body injury (32.4%), and the injury rate for it was 0.5 per 1000
player-games. Acromioclavicular (AC) joint sprain was the most
frequent diagnosis, comprising one half of all shoulder injuries. Wrist
(18.9%) and elbow (18.9%) injuries were the second and third most
common upper-body injuries.
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FIGURE 11. Annual ice hockey injury rates per 1000 player-games for all female
tournaments, WWC and WWC U18 (OWG, Olympic Winter Games; WWC,
World Women’s Championship; WWC U18, World Women’s Under-18
Championship).

FIGURE 12. Injury rate by anatomic region per 1000 player-games in the World
Women’s Championship and World Women’s Under-18 Championship.
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5.2.5 Injury types by diagnosis
The vast majority of injuries (80.8%) were acute in nature. Most of the
injuries were contusions (28.0%), followed by sprains (20.8%). The
proportion for concussions was 15.5%. Twelve percent of injuries were
strains, and five percent of them were lacerations (figure 13).

FIGURE 13. Injury distribution by diagnosis in all female tournaments, WWC
and WWC U18 (OWG, Olympic Winter Games; WWC, World Women’s
Championship; WWC U18, World Women’s Under-18 Championship).

5.2.6 Concussions
The concussion injury rate (IR) was 1.0 per 1000 player-games in all
female tournaments. The concussion rate was two times higher (IR 1.4)
in the World Women’s Under-18 Championship tournaments than that
of the World Women’s Championship tournaments (IR 0.7).
Unintended collisions (34.6%) and body checks (30.8%) were the two
most common causes for concussions. A penalty was called in only
one-fourth of the events when a concussion was caused by a body
check. For those players diagnosed with a concussion, 11.5% returned
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to play in the same game. The centre position had the highest risk for
concussion (IR 1.6/1000 player-games), followed by the defense
position (IR 0.5) and wing (IR 0.4). The risk ratio for a concussion at the
centre position versus all other positions was 4.29 (95% CI 1.99 to 9.24).
Most concussions occurred during the second (30.8%) and third
(34.6%) periods. The majority of concussions occurred without board
contact (65.4%).
5.2.7 Causes of injury, penalties and injury severity
Unintended collision (26.3%) was the most common cause of injury in
women’s ice hockey, followed by body checking (24.6%), and puck
contact (12.0%), respectively. Injuries caused by a stick were mostly
lower-body injuries (70.0%). Penalties were assessed in 24.4% of body
check injuries, 40.0% in checking to the head and 50.0% in checking
from behind injuries.
Almost ten percent of the players who were injured did not return
for at least three weeks. Most of the severe injuries were wrist and hand
fractures and knee sprains. However, the majority of injured players
returned to play within one week (58.1%).
5.2.8 Player position, period and zone
There were no significant differences between player positions
concerning injuries other than concussion. The second and third period
had the highest percentages of injured players (35.3%; 37.1%) during
the game. There were only a few injuries sustained during the warm
up (2.3%) and overtime (1.7%). Players sustained injuries in the home
zone (39.5%), visitor zone (31.7%) and neutral zone (19.8%).
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5.3 Injuries in juniors’ international ice hockey
5.3.1 Incidence of injury
Six hundred and thirty-three injuries were reported in 1326 games. The
injury rate per 1000 player-games was 11.0 for all World Junior
Championships. The annual injury rate ranged between 7.7 (2008) and
14.4 (2009). For the WJ U20 tournaments, 361 injuries were reported in
695 games comprising 29992 athletic game exposures. The injury rate
was 12.0 per 1000 player-games, and the annual injury rate ranged
from 7.0 (2008) to 15.8 (2009) (figure 14). For the WJ U18 tournaments,
272 injuries were reported in 631 games comprising 27334 athletic
game exposures. The injury rate was 9.9 per 1000 player-games, and
the annual injury rate ranged from 6.7 (2013) to 15.0 (2011) (figure 14).
The injury rate per 1000 player-game hours was 39.8 for all WJ
tournaments, 43.3 for WJ U20 tournaments and 35.9 for WJ U18
tournaments. Over the 9-year study period, there was a trend towards
an increase in upper-body injuries and a decrease in lower-body
injuries.

FIGURE 14. Annual ice hockey injury rates per 1000 player-games in all World
Junior Under-20 (WJ U20) Championships, WJ U20 Championships (A-pool), all
World Junior Under-18 (WJ U18) Championships and WJ U18 Championships
(A-pool).
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5.3.2 Head and face injuries
The head and face were the most frequently injured body part in WJ
U20 tournaments (48%; IR 5.8/1000 player-games; 20.6/1000 playergame hours) (figure 15). Facial injuries comprised 76% of the head and
face injuries in all WJ U20 Championships with an injury rate of 4.4 per
1000 player-games. Eighty percent of the facial injuries were
lacerations (IR 3.6), 41% were caused by a stick and a penalty was
called less than 20% of the time. The dental injury rate was 0.7 (11% of
the head injuries). No eye injuries were reported.
In WJ U18 tournaments, a concussion was the most common head
and face injury (46%; IR 1.2 per 1000 player-games; 4.2 per 1000 playergame hours). Lacerations consist of forty-four percent of all injuries (IR
1.1), while 7% were dental injuries (IR 0.2). In WJ U18 tournaments,
nearly half of the head and facial injuries involved the face with an
injury rate of 1.2 per 1000 player-games. In WJ U18 A-pool (top level)
tournaments, a laceration was the most common head and face injury
(52%; IR 2.1). The proportion of concussions was 36% and IR 1.5 per
1000 player-games.
5.3.3 Upper-body injuries
Over the 9-year study period there was a trend towards an increase in
upper-body injuries. Twenty-nine percent of injuries were upper-body
injuries (IR 3.2 per 1000 player-games). The shoulder was the most
common location for an upper-body injury in WJ U18 and WJ U20
tournaments (58%). The injury rate for shoulder injuries was 1.8 per
1000 player-games (6.7 per 1000 player-game hours) (figure 15).
Acromioclavicular (AC) joint sprain (59%) was the most frequent
diagnosis. In WJ U18 tournaments, the shoulder injury rate was 2.0 and
in WJ U18 A-pool tournaments 2.4 per 1000 player-game hours. Finger
and wrist injuries were the second and third most common upperbody injuries, respectively.
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5.3.4 Lower-body injuries
The lower-body was involved in 24% of game injuries (IR 2.6 per 1000
player-games). The knee was the most frequent site of lower-body
injury in World Junior tournaments (33%). The injury rate for the knee
was 0.9 per 1000 player-games (3.1 per 1000 player-game hours) (figure
15). The most common knee injury was a medial collateral ligament
(MCL) sprain (40%). Anterior cruciate ligament (ACL) rupture
occurred in 6% of all knee injuries. Two-thirds of knee injuries resulted
from unintended or intended collisions. Ankle and thigh injuries were
the second and third most common lower-body injuries.

FIGURE 15. Injury rate by anatomical region per 1000 player-games in all World
Junior Under-20 (WJ U20) Championships, WJ U20 Championships (A-pool), all
World Junior Under-18 (WJ U18) Championships and WJ U18 Championships
(A-pool).

5.3.5 Injury types by diagnosis
Ninety percent of injuries were acute in nature. The most common
diagnosis of injury was laceration (24%), followed by a contusion
(22%), sprain (18%), concussion (10%) and fracture (10%) (figure 16). In
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the U18 category, a sprain was the most common diagnosis of injury,
while in the U20 age group a laceration was the most common injury
type.

FIGURE 16. Injury rate by diagnosis per 1000 player-games in all World Junior
Under-20 (WJ U20) Championships, WJ U20 Championships (A-pool), all World
Junior Under-18 (WJ U18) Championships and WJ U18 Championships (A-pool).

5.3.6 Concussions
The concussion injury rate was 1.1 per 1000 player-games (4.0 per 1000
player-game hours) in all WJ tournaments, 1.2 in WJ U18 tournaments
and 1.0 in WJ U20 tournaments. Checking to head was the most
common cause (48%) for concussion, followed by body checks (23%).
Two-thirds of concussions were caused by illegal hits. A penalty was
called in half of the events when checking to the head or checking from
behind caused a concussion. For those players diagnosed with a
concussion, six percent returned to play on the day of injury. The wing
position (IR 0.5 per 1000 player-game hours) had the highest risk of
concussion, followed by the defense position (IR 0.4) and centre (IR
0.1). Most concussions occurred during the third (38%) period.
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5.3.7 Contact with the boards
Most injuries occurred away from the boards. In WJ U18 tournaments,
36% (IR 3.6; in A-pool (top level) IR 4.4) of injuries occurred with board
contact. Twenty-four percent of the injuries occurred with board
contact in WJ U20 tournaments (IR 2.9) (figure 17). Shoulder (30%) and
head (18%) injuries were the two most common injuries that occurred
in contact with the boards. Fifty-four percent of shoulder injuries were
caused by board contact (59% in WJ U18). More than half of the
concussions occurred without board contact.

FIGURE 17. Injury rates for shoulder injuries and injuries occurred with board
contact in all World Junior Under-20 (WJ U20) Championships, WJ U20
Championships (A-pool), all World Junior Under-18 (WJ U18) Championships
and WJ U18 Championships (A-pool).

5.3.8 Causes of injury, penalties and injury severity
Body checking was the most common cause of injury (32%), followed
by stick (13%), and puck contact (13%). Half of the finger, hand and
wrist injuries were caused by a puck or stick. In WJ U18 tournaments,
body checking caused 39% of all injuries, while the stick caused only
3% of them. However, the stick caused one-fifth of the injuries in WJ
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U20 tournaments. Seventy-eight percent of them occurred to the head
and facial area. Penalties were assessed in 35% of the cases when
checking to the head caused the injury while this figure was 46% when
checking was from behind.
Based on an estimate of time recovery, ten percent of injured players
did not return for at least three weeks. Most of the severe injuries were
fractures (38%) and sprains (27%). The majority of injured players
returned to play within one week.
5.3.9 Player position, period and zone
Injuries were distributed according to player position as follows: wing
44% (two wings per team), centre 17% (one centre per team), and
defense 32% (two defenses per team). The goalkeeper was the least
injured of all positions (3%). Half of the injuries occurred in the wing
position in the WJ U18 tournaments. The second and third period had
the highest percentages of injured players (34%, respectively) during
the game. Players sustained injuries in the home zone (37%), visitor
zone (38%) and neutral zone (17%).

5.4 Concussions in international ice hockey
5.4.1 Incidence of injury
One hundred sixty concussions were reported in 3293 games.
Concussions accounted for ten percent of all injuries in the
championships. The average IR for concussion per 1000 player-games
was 1.1 for all the IIHF World Championships. The annual injury rate
ranged from 0.7 (2007) to 1.6 (2012). The results of the different groups
can be found in table 4.
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TABLE 4. Injury rate for concussion per 1000 player-games and per 1000 player-hours
in all World Championships (WC) at all skill levels of men (WS), women (WW),
juniors under-20 years (WJ U20), WJ U20 A-pool, juniors under-18 years (WJ U18),
WJ U18 A-pool, all WW, WW A-pool and WW U18 tournaments (A-pool =
highest/top level in each age group and gender).

5.4.2 Annual injury rate for concussions
The time trend of concussions and annual IRs are shown in figure 18.
The highest concussion rate was in the men’s World Championships
A-pool (top level) tournaments and OWGs. In the men’s tournaments,
the injury rate for concussions decreased, especially in WS A-pool
tournaments. Since 2012, the annual concussion rate in the men’s
tournament has been lower than that of the WJ tournaments. The
annual concussion rate slowly increased in WJ U18 and WJ U20
tournaments (figure 18). In the WW tournaments, no clear time trend
was observed.
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FIGURE 18. Annual injury rates per 1000 player-games for concussions in the
World Senior, World Junior Under-20 and Under-18 and Women’s World
Championships tournaments.

5.4.3 Contact with the boards
The majority of concussions occurred without board contact (56%; IR
0.6). This trend was apparent in all championships and was similar
over the 9-season study period, with the exception of the seasons 20072009. In the WJ U20 A-pool (top level) tournaments, 72% (IR 1.0) and
in the WW U18 tournaments, 67% (IR 0.9) of concussions occurred
away from the boards. The highest injury rate for a concussion (when
a concussion occurred with board contact) was in the WS A-pool (IR
0.7) and WJ U18 (IR 0.7) A-pool tournaments.
5.4.3.1 Flexible boards and glass
The men’s A-pool (top level) WC tournaments, in which flexible
boards and glass were used, showed an overall concussion injury rate
of 1.0 per 1000 player-games, as compared to 2.0 per 1000 player-games
when traditional boards and glass were in place [for the latter RR 2.07,
(95% CI 1.06 to 4.04)]. When concussions occurred with board contact,
77

the injury rate was 0.2 per 1000 player games when flexible boards and
glass were in place, compared to the IR 1.1 when traditional boards
and glass were used [for the latter RR 6.44, (95% CI 1.50 to 27.61)]. If
the concussion occurred without board contact, no differences were
seen in the concussion rates: traditional boards and glass (IR 0.9) vs.
flexible boards and glass (IR 0.8) (figure 19).

FIGURE 19. Injury rate for concussion per 1000 player-games when traditional
or flexible boards and glass were used and when concussions occurred with or
without board contact.

5.4.4 Causes of concussions and penalties
Contact with another player (89%) was the most common situation
leading to a concussion. Checking to head caused 42% of concussions,
followed by a body check (23%), checking from behind (13%), and
unintended collision (13%). Ninety percent of the concussions that
were caused by checking from behind occurred with board contact.
The highest concussion rate caused by checking to the head was in WJ
U18 (56%) and WJ U20 A-pool (top level) (61%) tournaments (IR 0.8,
respectively). Concussions were caused mainly by unintended
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collision (34%; IR 0.3) and body checking (31%; IR 0.3) in the WW
tournaments. Fighting caused 3% of the concussions in all the
tournaments and 7% in the WS A-pool tournaments (figure 20).

FIGURE 20. Injury rates per 1000 player-games for causes of all concussions.

Two-thirds of the concussions were caused by illegal hits. The trend
of annual injury rate for concussions caused by illegal contacts was
slowly decreasing in all tournaments. The trend of the annual
concussion rate caused by legal hits was slowly increasing. However,
in the WS tournaments, the trend of the annual injury rate for
concussions caused by illegal hits was significantly decreasing. The
trend for legally-caused concussions remained stable (figure 21). In the
WJ tournaments the trends of the annual concussion rate caused by
illegal or legal contacts were increasing (figure 22).
Penalties were assessed in one-third of the concussions. In half of
the concussions caused by checking from behind and in forty percent
of concussions caused by checking to head, a penalty was called.
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FIGURE 21. Annual injury rate per 1000 player-games for concussions in the
World Senior Championships tournaments caused by legal or illegal hits.

FIGURE 22. Annual injury rate per 1000 player-games for concussions in the WJ
tournaments (World Junior Under-20 and Under-18 Championships) caused by
legal or illegal hits.
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5.4.5 Injury Severity
Nine percent of the players who were diagnosed with a concussion
returned to play in the same game. In the WS tournaments, 14% of the
concussed players returned on the day of the injury before the Zurich
Consensus Statement 2012 was published (no return to play on the day
of a concussion) (McCrory et al. 2013a). Following the Zurich
Consensus publication, none of the concussed players in the men’s
World Championship tournaments returned to the same game.
However, in all female and World Junior tournaments, the percentage
of players who returned on the day of the injury was similar before and
after the 2012 Zurich Consensus Statement.
5.4.6 Player position, period and zone
Concussions were distributed according to player position: wing 37%
(two wings per team), centre 23% (one centre per team), and defense
38% (two defenses per team). The goalkeeper was the least injured of
all positions (1%). Two-thirds of concussions occurred among
forwards and one-third among defense in the men’s A-pool (top level)
tournaments. The highest concussion rate for the centre was in the
men’s A-pool tournaments (IR 0.4) and in the female tournaments
(45%; IR 0.4). Compared to the other positions, the wing (53%; IR 0.6;
two wings per team) had the highest risk for concussion in the WJ U18
tournaments.
The percentages of periods for concussed players were 33%, 31%,
and 31% during the games. Only a few concussions occurred during
the warm up or overtime. Forty-three percent of the concussions
occurred during the first period in the men’s A-pool games, and the
third period had the lowest injury rate for concussions. In the WJ U18
and WW tournaments, the lowest injury rate was during the first
period and the highest during the third period.
The proportion of concussions in the visitor’s zone was 37%,
followed by the home zone 36% and the neutral zone 23%). In the WJ
U20 A-pool tournaments, 28% of concussions occurred in the neutral
zone.
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5.4.7 Risk factors for concussion
The concussion rate for men was higher than that for women, but the
results were statistically insignificant [RR 1.29, (95% CI 0.87 to 1.91)].
Results related to the player’s position, the cause of concussion and the
arena characteristics are summarised in table 5.
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TABLE 5. Association between player’s positions, groups, causes, the arena
characteristics and concussions.
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5.5 Differences between men’s, women’s, and juniors’
injury profile
5.5.1 Incidence of injury
The highest injury rate was in men’s games (IR 14.2; in WS A-pool (top
level) 16.3) and the lowest in women’s games (IR 6.4). In male junior
games the IR was lower than in men’s games but higher than in
women’s games (WJ U18 IR 9.9; WJ U20 IR 12.0). In WW U18
tournaments, the injury rate was 7.5, which was higher than that of
WWC tournaments (IR 5.7) (figure 23). Regardless of gender or age
group the injury rate was higher in A-pool tournaments as compared
to the lower divisions.

FIGURE 23. Injury rates by different age groups and gender per 1000 playergames (A-pool is the highest/top level tournament in each age group and
gender).

5.5.2 Injuries by anatomical region
In WS and WJ U20 tournaments, the head and face were the most
commonly injured body parts. The injury rate for the head and face
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was significantly higher in WS and WJ U20 tournaments as compared
to the other groups. In WJ U18 tournaments, the upper-body had the
highest IR, which was higher than that of WS tournaments. The lowerbody was the most injured body part in women’s games. The injury
rate for spinal and trunk injuries was at the same level in different
groups (figure 24).

FIGURE 24. Injury rate by anatomic region by different age groups and gender
per 1000 player-games.

5.5.2.1 Head and face injuries
In WJ U20 tournaments, the injury rate for the head and face was
highest (IR 5.8), especially in WJ U20 A-pool (top level) tournaments
(IR 7.2). Most of them were facial injuries (WJ U20 IR 4.4; WJ U20 Apool IR 5.6). Regardless of the mandatory use of full-face protection in
WJ U18 tournaments, the IR for head and face injuries was in WJ U18
A-pool 4.1 (figure 25). However, IR for facial injuries (IR 2.2) was
significantly lower than that of WJ U20 tournaments. In WW U18
tournaments, IR for head and face injuries was significantly higher (IR
1.9) compared to the results in WWC (IR 1.0). The injury rate for facial
injuries was lowest (IR 0.2) in all WWC tournaments (figure 26).

85

FIGURE 25. Injury rate for head and face injuries by different age groups and
gender per 1000 player-games (A-pool is the highest/top level tournament in
each age group and gender).

FIGURE 26. Injury rate for facial injuries by different age groups and gender per
1000 player-games (A-pool is the highest/top level tournament in each age group
and gender).
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5.5.2.2 Lower-body injuries
The highest injury rate for lower-body injuries was in WS tournaments
(IR 4.6). In all WWC tournaments, lower-body injuries were the most
common injured body area. However, the IR for lower-body injuries
was similar to that of WJ tournaments. The injury rate for knee injuries
was 0.8 in WJ U18 tournaments, 0.9 in WJ U20 tournaments and 2.0 in
WS tournaments (in WS A-pool (top level) IR 2.3). Respectively, in WW
U18, the knee injury risk was close to the level of men (IR 1.8). In WWC
tournaments, the IR for knee injuries was similar to the juniors (IR 1.0)
(figure 27). Eleven percent of knee injuries were ACL injuries in men’s
games and 6% in WJ games. Injury rate for ACL injuries was 0.22/1000
player-games in WS tournaments and 0.05/1000 player-games in WJ
tournaments. The injury rates for ankle injuries were highest in all
WWC (IR 0.8).

FIGURE 27. Injury rate for knee injuries by different age groups and gender per
1000 player-games.
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5.5.2.3 Upper-body injuries
The injury rate for upper-body injuries were highest in WJ U18
tournaments (IR 3.55). More than half of them were shoulder injuries
(IR 2.0; in WJ U18 A-pool (top level) 2.4). In men’s and WJ U20
tournaments, the injury rate for shoulder injuries was similar.
Shoulder injuries were not as common in all WWC tournaments
(figure 28). In all groups, AC-joint sprain was the most frequent
diagnosis of shoulder injuries (WS 51%; WJ 59%; WWC 50%).

FIGURE 28. Injury rate for shoulder injuries by different age groups and gender
per 1000 player-games.

5.5.3 Injury types by diagnosis
In WS and WJ U20 tournaments lacerations were the most common
diagnosis (WS 26%, IR 3.7; WJ U20 32%, IR 3.8), while in WJ U18,
sprains (26%; IR 2.6) and in all WWC tournaments, contusions (28%;
IR 1.8) were the most frequent diagnosis. Lacerations occurred in 14%
(IR 1.4) of WJ U18 and in 5% (IR 0.3) of all WWC tournaments. The
percentage for fractures was lowest in all WWC (7%; IR 0.5) and
highest in WS (14%; IR 2.0). Ten percent of injuries were fractures in
WJ tournaments (IR 1.1).
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5.5.4 Concussions
Ten percent of injuries were concussions. The average injury rate (IR)
for concussions was 1.1 per 1000 ice hockey player-games for all IIHF
WC tournaments. The IR was the highest in the men’s WC A-pool (top
level) tournaments and OWG (IR 1.6). However, the annual IR for
concussion in the men’s tournaments has been lower than that of the
World Junior tournaments since 2012. The risk of concussion was a
little bit higher in WJ U18 tournaments than that of WJ U20. In WW
U18, the concussion rate (IR 1.4) was twice as high as in WWC and
higher than that of WS (figure 29). In the men’s tournaments, the trend
of concussions caused by illegal hits decreased over the study period,
while in WJ games, the trend for the annual risk of concussions caused
by illegal hits increased. After the 2012 Zurich Consensus Statement,
none of the concussed players in the men’s WC returned to play on the
day of the injury.

FIGURE 29. Injury rate for concussion by different age groups and gender per
1000 player-games (A-pool is the highest/top level tournament in each age group
and gender).

89

5.5.5 Contact with the boards
The majority of injuries occurred away from the boards in all groups.
The shoulder was the most common body part injured regarding
contact with boards in male tournaments, and the head and the face
were the most common in female games. More than half of the
shoulder injuries occurred with board contact in male games (IR 0.97
WS; IR 0.78 WJ U20; IR 1.19 WJ U18). In female games, only one-third
of the shoulder injuries occurred with board contact (IR 0.15 per 1000
player games). The majority of concussions occurred without board
contact.
5.5.5.1 Flexible boards and glass
There was a 29% lower risk of an injury in the arenas where flexible
boards and glass were used compared to arenas with traditional
boards and glass [IRR 0.71, (95% CI 0.56-0.91)]. In the WS A-pool (top
level) tournaments where flexible boards and glass were used the
injury rate for shoulder injuries was 0.9 per 1,000 player-games
compared to the IR 2.2 per 1,000 player-games when traditional boards
and glass were in place [IRR 0.36, (95% CI 0.15-0.90)] (figure 30).

FIGURE 30. The effect of flexible boards and glass on shoulder injuries (IR per
1000 player-games). AC =Acromioclavicular join.
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The men’s A-pool (top level) WC tournaments that were played in
arenas with flexible boards and glass had an overall concussion IR of
1.0 per 1000 player-games, as compared to 2.0 per 1000 player-games
when traditional boards and glass were in place [for the latter RR 2.07,
(95% CI 1.06 to 4.04)]. When concussions occurred with board contact
the IR was 0.2 per 1000 player games when flexible boards and glass
were used, compared to the IR 1.1 when traditional boards and glass
were used [for the latter RR 6.44, (95% CI 1.50 to 27.61)]. There were no
differences between the IRs of concussions when the concussion
occurred without board contact: traditional boards and glass (IR 0.9)
vs. flexible boards and glass (IR 0.8) (figure 31).

FIGURE 31. The effect of flexible boards and glass on concussions (IR per 1000
player-games).

5.5.6 Causes of injury
The most common cause of injury during games was a body check for
male athletes and an unintended collision for female athletes. The stick
caused 24 % of injuries in WS tournaments (IR 3.0), 20 % in WJ U20
tournaments (IR 2.4), 3% (IR 0.3) WJ U18 tournaments and 6% of
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injuries (IR 0.4) in all WWC tournaments. The percentage of injuries
caused by the puck was similar in the different groups.
5.5.7 Injury severity
The majority of players who were injured returned to play within one
week. The estimated recovery time was more than three weeks in 10 %
of injuries in WJ (IR 1,1) and in all WWC tournaments (IR 0.6).
However, in men’s games 15% of the injured players did not return for
at least in three weeks (IR 2.1).
5.5.8 Player position, period and zone
Injuries were equally distributed according to player position in men’s
tournaments. In WJ tournaments, the most injured position was the
wing 44% (2 wings per team) (WJ U18, 50%; WJ U20, 40%). The centre
had the biggest risk in female games. In all groups, the goalkeeper was
the least injured position. In WJ U20 tournaments, the defenseman had
highest risk of concussion compared to the other positions [RR 2.3 (95%
CI 1.2 to 4.5)] and in WJ U18 tournaments, the concussion rate for the
wing was nearly three times at greater risk compared to other positions
[RR 2.9 (95% CI 1.4 to 6.0)]. In the women’s tournaments, the
proportion of concussions sustained by the centre was about four times
higher than that of other positions [RR 4.1 (95% CI 2.0 to 8.4)] (figure
32).
The risk of injury was highest in the second and third period in WJ
and in all WWC tournaments, while in the men’s games, the second
period had the highest percentage of injured players. Most of the
injuries occurred in the home zone.
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FIGURE 32. Risk of concussion by playing position in different age groups and
genders (IR per 1000 players-game) (A-pool is the highest/top level tournament
in each age group and gender).
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6

DISCUSSION

6.1 Definition of injury
Differences in injury definition and the at-risk population assessment
need to be taken into consideration when comparing the results of this
dissertation to the existing literature. Some of the earlier studies
included only time-loss injuries and others included a combination of
time-loss and medical attention required. Diagnoses have usually been
made
by
team
medical
staff:
physician
or
athletic
trainer/physiotherapist.
If only time-loss injuries were included, it left out for example most
of the lacerations. Lacerations are very common in ice hockey. If all
injuries are collected, minor injuries, like contusions, reflect the injury
profile, which in fact may not affect the player’s game ability. A clear
and strict definition of an injury is needed to equalise methods of data
collection. In ice hockey, widely-recommended definition of an injury
is a combination of time-loss injuries and injuries requiring medical
attention, which leave out minor injuries, but collect all injuries that
required future investigation like concussions, dental injuries, and
fractures supplemented with lacerations.

6.2 Population at risk
In most of the North American studies, the population at risk has been
defined as the total number of players who take part in practices or
games, including players who are on the bench (Flik et al. 2005, Agel
et al. 2007a and 2007 b, Agel & Harvey 2010). Sometimes only one
goalie was included (Benson et al. 2011). The number was used in the
denominator when calculating the incidence and the results were
presented as per 1000 athletic -exposures. Warm up, penalties and
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overtime were excluded (Flik et al. 2005, Agel et al. 2007a and 2007b,
Agel & Harvey 2010).
When athletic exposures were used, the results were more
comparable between practices and games and describe the average
risk of players in a game or a practice. In the same way, two goalies
shall be used when counting the population at risk. All the players of
the team participating in a game, had an impact on the game and were
at risk for injury during every moment of the game. When all the
players are used in the denominator, the players’ bench belongs to the
playing field. Players’ benches are used for recovery after each very
intensive shift on the ice. In comparison to other sports, for example,
soccer, players have a possibility to recover during a match by walking
between running intervals. In ice hockey, the player-game is
comparable with athletic -exposure in a game, because the active
playing time is usually 60 minutes. Because the number of practices is
much higher compared to the games, the overall injury rate describes
the injury rate of practices more than that of games. However, the
distributions of injuries are more likely to reflect the distributions of
game injuries.
In studies from European ice hockey leagues, only the players who
are on ice were at risk of injury. Usually one goalie, two defensemen
and three forwards were in denominator when calculating the
incidence, and the results were reported as per 1000 player-hours or
per 1000 player-game hours. An average playing time was used
(Lorentzon et al. 1988, Mölsä et al. 1997). This definition of at-risk
population takes out the players who are recovering on the bench and
ready to return to the ice. Mentally, they are all the time part of the
game; they receive continuous advice from coaches; they are intensely
following the progress of the game, and at the same time, they try to
recover physically. However, in that time they are not in contact with
the opposing players and thus have a lower risk of injury. When
individual playing time is used, the results are close to the results per
1000 player-game hours. An individual playing time gives an
opportunity to compare the risk of injury between players in a team
relative to the individual playing time.
Both ways give the possibility to compare results in ice hockey, but
it is still difficult to compare the results between the different sports.
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Perhaps in future studies, the results shall be given in both ways. A
consensus statement for injury definition and data collection specific
for ice hockey is needed to increase the comparability of the findings.

6.3 Injuries in men’s ice hockey
This observational study followed 41 men’s ice hockey World
Championship tournaments over a seven-year period to determine the
incidence, type, mechanism and severity of injuries. During the study
period, 6666 players sustained 528 injuries in 844 games.
6.3.1 Incidence of injury
In the present study, the incidence of injury in the men’s World
Championships was 14.2 per 1000 player-games (IR 52.1 per 1000
player-game hours) and in the men’s WC A-pool (top level)
tournaments and Olympic Winter Games, 16.4 per 1000 player-games
(IR 59.6 per 1000 player-game hours).
The incidence of injury was reported to be in North American
collegiate ice hockey from 13.8 to 18.7 per 1000 athletic-exposures
(McKnight et al. 1992, Flik et al. 2005, Agel et al. 2007a, Agel & Harvey
2010). McKay et al. (2014) reported in the prospective study of six NHL
seasons, the average injury rate to be 15.6 per 1000 athletic -exposures.
In Finland and Sweden, the injury rate for ice hockey injuries has been
from 66 to 78.4 per 1000 player-game hours in National League level
and 36 per 1000 player-game hours in the Division I league (Lorenzon
et al. 1988, Mölsä et al. 1997). In another study, Mölsä et al. (2000)
reported that the injury rate increased significantly from 54 per 1000
player-game hours in the 1970s to 83 per 1000 player-game hours in
the 1990s. These findings are comparable and support the results
reported in earlier studies. The injury rate from the 1990s has not
changed compared to the results of the 2010s.
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6.3.2 Type of injury
Contusions and lacerations, especially facial lacerations have been the
most common diagnosis of injury. The number of the facial lacerations
has been decreasing because of the increased use of facial protection
(half-visor or full-face protection) (Stuart et al. 2002). However, the rate
of contusions, sprains and strains were reported to increase
significantly with each decade (Mölsä et al. 2000). In North American
collegiate studies, concussions were one of the most common
diagnosis followed by shoulder and knee ligament injuries (Flik et al.
2005, Agel and Harvey 2010). McKay et al. (2014) reported in NHL
study that the most commonly injured body regions were the head
(16.8%), thigh (14.0%) and knee (13.0%).
The proportion of head injuries were higher in the present study
compared to what McKay et al. (2014) reported in the NHL study.
Lacerations were the most common diagnosis, followed by sprains and
contusions in the present study. Fourteen percent of injuries were
fractures and ten percent were neurotraumas. The knee was the most
common lower-body injury (46.9%). The proportion for knee injuries
was 14.4% of all injuries. The injury rate for knee injuries was
comparable with the results at the NHL (McKay et al 2014) and
collegiate level (Agel et al. 2007a). Half of them were medial collateral
(MCL) sprains, and a half of the latter were Grade I injuries. Anterior
cruciate ligament (ACL) disruption covered 10.5% of all knee injuries.
The shoulder was the most common upper-body injury (49.6%). Half
of them were acromioclavicular (AC) joint injuries.
6.3.3 Causes and period
Body checking, unintended contact with other player or contact with
the boards and glass were the main causes of an injury. Most facial
lacerations were caused by a stick (Lorentzon et al. 1988, Mölsä et al.
1997, McKay et al. 2014). The present study supports these findings.
In the studies from 1980s and 1990s, there were fever injuries in first
period, while most of them occurred during the third period
(Lorentzon et al. 1988, Mölsä et al. 1997). McKay et al. (2014) reported
that injuries were significantly more frequent in the first period (48.1%)
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than the second (25.4%) or third (24.4%) periods. In the present study,
the highest percentage of injury occurred during second period, but
the differences were not statistically significant. Differences between
the studies may be explained by differences in players’ physiological
performance and that players were more energetic at the beginning of
the game. A greater number of players on a team gives coaches the
possibility to use four shifts. In this option, players have more recovery
time between shifts and can play intensively when they are on the ice.
The same effect can be seen using longer breaks during periods.

6.4 Injuries in women’s ice hockey
This observational study followed 39 women’s Ice Hockey World
Championship tournaments over an 8-year period to determine the
incidence, type, mechanism and severity of injuries. During the study
period, 5344 players sustained 168 injuries in 637 games.
6.4.1 Incidence of injury
In the women’s National Collegiate Athletic Association (NCAA), ice
hockey game injury rates were reported to be from 12.1 to 12.6 per 1000
athlete –exposures (AEs). The athlete –exposure was determined by
the number of athletes participating in a game or practice, regardless
of the duration or type of exposure (Agel et al. 2007b, Agel & Harvey
2010). Schick and Meeuwisse (2003) reported that the injury rate for
female ice hockey was 10.43 per 1000 athlete -exposures (AEs) for game
injuries. In women’s ice hockey, the risk of injury was greater with
increasing age and at the more elite levels of play (Keightley et al.
2013).
In the present study, the injury rate was lower than reported earlier
at the collegiate level, which may be due to tougher competition of
individual playing time in North America than Europe. The injury rate
was higher in the World Women’s Under-18 Championship
tournaments than that of the World Women’s Championships. The
higher injury rate for WWC U18 may reflect the fact that the physical
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readiness of girls is deficient; they do not have enough strength and
awareness to avoid collisions, and they are physically not as capable to
withstand collisions. However, the injury rate was highest in the
Olympic Winter Games.
6.4.2 Injured anatomic region and type of injury
Most injuries in women's ice hockey were lower-body injuries.
Sprain/strain was main type of injury. Concussions were the most
common diagnosis, followed by the hip/groin and ankle injuries in
collegiate ice hockey (Schick & Meeuwisse 2003, Agel et al. 2007b, Agel
and Harvey 2010). The concussion rate for game injuries was as high
as 2.72 per 1000 athletic-exposures (Agel et al. 2007b).
In the present study, contusions were the most common type of
injury followed by ligament sprains. The lower-body was injured most
frequently (42.9% of game injuries). In all female tournaments, threefourths of the head and facial injuries were concussions. Concussions
were the most common diagnosis in female ice hockey, followed by
knee and ankle sprains.
6.4.3

Causes of injury

Body checking and unintentional collision with an opponent were the
common mechanisms of injury in female ice hockey (Agel & Harvey
2010). Ninety-six percent of injuries were related to contact
mechanisms (Schick & Meeuwisse 2003). In the present study,
unintended collision (26.3%) was the most common cause of injury in
women’s ice hockey, followed by body checking (24.6 %) and puck
contact (12.0%), respectively. Injuries caused by a stick were mostly
lower-body injuries (70.0%). The results of the present study support
the earlier studies from women’s ice hockey.
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6.5 Injuries in juniors’ ice hockey
This prospective, observational study followed 69 male junior ice
hockey World Championship tournaments over a 9-year period to
determine the incidence, type, mechanism, and severity of injuries.
During the study period, 633 injuries were reported in 10518 players
competing in 1326 games.
6.5.1 Incidence of injury
In North American collegiate-level ice hockey incidence of injury was
reported to be from 13.8 to 18.7 per 1000 athletic -exposures. Stuart and
Smith (1995) reported an injury rate of 96.1 per 1000 player-game hours
in elite Junior A ice hockey in North America. The injury rate for
lacerations was 32.4 per 1000 player-game hours. The anatomical
region most often injured was the face (IR 38 per 1000 player-game
hours). Over the study period, facial protection was not mandatory for
players aged 18 and older. The lack of any facial protection has been
attributed to the high risk of facial trauma, especially lacerations.
(Stuart and Smith 1995). At the high school level, the injury rate was
lower compared to the Junior A level: IR 34.4 per 1000 player-game
hours (Smith et al. 1997). However, there were differences in the
definition of injury. Most studies included both time-loss injuries and
injuries requiring medical attention (McKnight et al. 1992, Smith et al.
1997, Pinto et al. 1999, Flik et al. 2005, Agel et al. 2007a, Agel & Harvey
2010, Matic et al. 2015).
In the present study, the total injury rate was lower than that of
North American studies. In WC U18 tournaments the injury rate was
lower than that of WC U20 tournaments, which support the findings
of earlier studies where the injury rate was lower at the high school
level compared to the Junior-A level. Differences in the style of play,
officiating and ice surface size between North America and Europe
may help explain the lower injury rate in the juniors’ World
Championships.
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6.5.2 Injured anatomical region and type of injury
In the present study, anatomical regions of injury were different in
Under-20 category compared to the Under-18 age group. The head and
face were injured most frequently (48% of game injuries) in WJ U20
tournaments followed by the upper-body and lower-body,
respectively. The majority of head and face injuries involved the face
(76%). The upper-body was the most commonly injured anatomical
region (36% of game injuries) in WJ U18 tournaments the lower-body
being the second and the head and face were the third most commonly
injured anatomical region.
Players competing at the minor hockey, high school, and junior
levels of competition sustained most of their injuries to the upper
extremity, head and face and lower extremity, respectively (Benson &
Meeuwisse 2005). In junior hockey, the three most commonly reported
types of injuries were sprains/strains, contusions and lacerations.
Similarly, the most frequent types of injuries in high school hockey
were contusions, sprains/strains, lacerations and concussions (Benson
& Meeuwisse 2005). The present study supports these findings;
contusions, sprains/strains and lacerations were the three most
common types of injuries. The order for the type of injuries varies from
one study to another. Agel and colleagues (2007a) reported that more
than one-third of all game injuries were to the upper extremity (34%)
in NCAA ice hockey. The lower extremity (34%) and head and neck
injuries (15%) accounted for the majority of other game injuries. Fullfacial protection has been a requirement in the NCAA for all ice hockey
players since 1978. Concussions were the most common diagnosis
followed by the shoulder and knee (Agel et al. 2007a).
6.5.2.1 Facial injuries
The incidence of injury was 158.9 per 1000 player-game hours in
players wearing no facial protection, 73.5 per 1000 player-game hours
in players wearing partial facial protection (half shield) and 23.2 per
1000 player-game hours in players wearing full-facial protection (full
cage or shield) (Stuart et al. 2002). Facial protection showed a
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statistically significant reduction in the number and type of facial
injuries.
In the present study three-fourths of head and face injuries in WJ
U20 were facial injuries and 80% of the facial injuries were lacerations.
In WJ U18 tournaments a laceration was diagnosed only in 14% of all
injuries, most likely due to the fact that full-facial protection is
mandatory in the under-18 category. The use of a half visor instead of
full-face protection in the under-20 category increases the risk of injury
(LaPrade et al. 1995, Benson et al. 1999, Benson et al. 2002, Stuart et al.
2002, Meeuwisse 2002, Asplund et al. 2009). For this reason, mandatory
use of full-facial protection for under-20 players seem justified.
6.5.3 Causes of injury, position and period
In the present study, injuries were caused by body checking (32%),
stick (13%) and puck contact (13%). In WJ U18 tournaments, body
checking caused 39% of all injuries, while the stick accounted for only
3%. In WJ U20 tournaments, the stick caused 20% of the injuries, and
the majority of them were to the head and faciale area (78%). The wing
had the highest risk for injury, especially in the under-18 age group.
More than half of the injuries were caused by collision with another
player or the boards and glass followed by stick and puck contact.
Wings and defensemen had the highest injury rates for injury and the
position of goalie had the fewest injuries compared to the other
positions (Benson et Meeuwisse 2005).
Flik et al. (2005) reported that the risk of injury was 36.5% in the first
and second period and 27% in last period. Only time-loss injuries were
included in the definition. The present study supports these results.

6.6 Concussions in ice hockey
This prospective, observational study in 2006-2015 followed 169 ice
hockey World Championship tournaments and Olympic Winter
Games over 9 ice hockey seasons to determine the incidence and
circumstances of concussions in international ice hockey. Concussions
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accounted for 10% of all injuries in the championships, including 160
concussions in 26130 players competing in 3293 games.
6.6.1 Incidence of injury
Concussions are a known problem at all levels of the game and have
been reported to account for 2-14% of all ice hockey injuries and 1530% of all hockey head injuries (Izraelski 2014). At the North American
collegiate level, concussion incidence rates have varied between
studies, ranging from as low as 7.9% to as high as 18.6% overall
(McKnight et al. 1992, Flik et al. 2005, Agel et al. 2007a, Hootman et al.
2007). In women’s games, the proportion of concussions from all
injuries was from 15.2% to 21.6% (Schick & Meeuwisse 2003, Agel et al.
2007b, Zuckerman et al. 2015). In the current study, the overall
percentage of concussions was 10%. In women’s games, the proportion
of concussions was highest (15%) and lowest in WC U20 tournaments
(9%). These results support earlier studies.
At the collegiate level, the overall concussion rate has varied from
0.22 to 0.79 per 1000 athletic exposures. The injury rates for concussions
in games were from 1.47 to 2.41 per 1000 athletic exposures (McKnight
et al. 1992, Flik et al. 2005, Agel et al. 2007a, Hootman et al. 2007, Agel
& Harvey 2010, Clay et al. 2013, Zuckerman et al. 2015). Wennberg and
Tator (2008) reported the mean incidence for concussions over the ten
seasons in NHL 1.45 per 1000 athlete -exposures. Benson and
colleagues (2011) reported the incidence of concussions in the NHL at
1.8 per 1000 athlete -exposures. In women’s ice hockey, the overall
injury rate for concussions varied between studies from 0.75 to 0.91 per
1000 athlete -exposures. The game injury rate for concussions was
higher than that of men’s games (from 2.01 to 2.72 per 1000 athlete exposures). In high school ice hockey, the concussion rate was from 1.2
to 1.5 per 1000 athlete -exposures for games (Schick & Meeuwisse 2003,
Agel et al. 2007b, Hootman et al. 2007, Agel & Harvey 2010, Brainard
et al. 2012, Zuckerman et al. 2015,).
In the current investigation, the overall concussion rate was 1.1. In
men’s tournaments, the injury rate for concussions was the highest (IR
1.2) and it was the lowest in all WW tournaments (IR 0.9). In the North
American studies (Dick 2009, Marar et al. 2012, Covassin et al. 2016),
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the women’s concussion rate has been reported to be higher compared
to the men’s concussion rate. In the present study, the injury rates were
always the highest in A-pool (top level) tournaments, compared to
other divisions in each age group. The highest concussion rate was in
men’s A-pool tournaments (IR 1.6), which is comparable with that
reported in the NHL (Benson et al. 2011). In WC U18 A-pool
tournaments, IR for concussions was 1.5, and in WWC U18
tournaments, IR for concussions was 1.4, which was two times higher
than the injury rate for concussions in WWC tournaments (IR 0,7).
Results from the World Junior tournaments were comparable with
findings from high school ice hockey (Marar et al. 2012, Clay et al. 2013,
Matic et al. 2015, Pfister et al. 2016). In the men’s and women’s category
at the collegiate level, ice hockey injury rates for concussions were
higher than that of WS and WWC tournaments (Flik et al. 2005, Agel
et al. 2007a, Zuckerman et al. 2015).
6.6.2 Annual injury rate for concussions and illegal hits
Pauelsen and colleagues (2016) have shown an increase in the
concussion rate over a 29-season period, a shift in the injury pattern
toward relatively more concussions and an increased concussion
severity. In the present study, the concussion rate increased in World
junior tournaments and decreased in men’s tournaments. The annual
risk of concussion in WS tournaments since 2012 has been lower than
that of WJ tournaments. The research interval was longer in the
Swedish study compared to the present study. However, in the
Swedish study, the number of concussions per 1000 games increased
from season 2000 to 2001 and was significantly higher than that of the
NHL studies (Benson et al. 2011, Hutchinson et al. 2015a, Pauelsen et
al. 2016).
The concussion rate resulting from illegal hits decreased in WS
tournaments but has slowly increased in other tournaments. More
attention is needed in particular to decrease the risk of concussion
caused by illegal hits in WJ tournaments. Further studies are needed to
clarify the possible effect of improved rule enforcement, disciplinary
panel suspensions, player education and the attitude on reducing the
risk of concussions.
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6.6.3 Flexible boards and glass
The men’s A-pool (top level) WC tournaments that were played in
arenas with traditional boards and glass had a two-times higher
overall concussion injury rate compared to arenas where flexible
boards and glass were in place. When concussions occurred with board
contact, the risk of concussion was more than six times higher if
traditional boards and glass had been used compared with flexible
boards and glass.
More than half of the concussions occurred away from the boards.
In the WJ U20 A-pool tournaments (IR 1.0) and in WW U18
tournaments, two-thirds (IR 0.9) of concussions occurred without
board contact. The highest injury rate for concussions that occurred
with board contact was in the WS A-pool (IR 0.7) and WJ U18 (IR 0.7)
A-pool tournaments.
This dissertation study showed that the risk of concussion is lower
in arenas where flexible boards and glass are in use. The purpose of
flexible boards and glass is to improve impact energy absorption
(resorption), resulting in lower peak forces and greater stopping
distances (Poutiainen et al. 2014).
Installation of flexible boards and glass is highly recommended to
decrease the risk of concussions and shoulder injuries in all future
tournaments in all levels and age groups.
6.6.4

Return to the game on the day of injury

None of the concussed players since 2012 returned to the same game
in the WS tournaments. This is in line with the 4th Consensus Statement
on Concussion in Sport (2013) (McCrory et al. 2013a). Conversely, the
policy of returning to competition on the day of injury has not changed
in the other tournaments. More thorough education on concussion
management and effective injury prevention measures are especially
needed for the World Junior and World Women tournaments.
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6.6.5 Period, position and gender
Hutchison et al. (2015) reported in a systematic video analysis of the
National Hockey League (NHL) Part I and Part II that the majority of
concussions occurred in the first period (47%). Concussions were
distributed relatively equal in the second (27.9%) and third (25.1%)
periods (Hutchinson et al. 2015a). During the first period, the players
are maximally energised and able to apply more force with greater
acceleration to contacts. Our finding from WS A-pool (top level)
tournaments supports this result. But this finding does not support the
risk analysis in our WJ U18 and women’s tournaments in which the
risk for concussion was lowest in the first period and highest in the
third period. Players are expected to be more tired in the third period.
Also, there may be an increase in game intensity in the third period
because of its importance in determining the outcome of the game.
Sixty-five percent of the concussions in the NHL were sustained by
forwards, 32% by defensemen and 3% by goalies. The proportion of
concussions sustained by a centre was about twice that of defensemen
and wingers (Benson et al. 2011). In Swedish ice hockey, 47% of the
concussions occurred to wings, 34% to defensemen, 11% to centre and
8% to the goalie (Pauelsen et al. 2016).
The present results from WS A-pool (top level) tournaments
supports the NHL findings by Benson et al. (2011) and Hutchison et al.
(2015a). The centre had a statistically significant higher risk for
concussion in the World Women Under-18 tournaments compared
with the other positions. In the WW U18 tournaments, most
concussions were caused by body checking or unintended collision.
These results may reflect the fact that girls may not have enough
strength and skill to avoid collisions and are physically not as capable
to withstand collisions.

6.7 Comparison between age groups and genders
This comparative study analysed the differences by age groups and sex
in international ice hockey. Highest injury rate was in WS tournaments
(IR 14.2) and lowest in WWC tournaments (IR 5.7). The injury rate was
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always highest in A-pool (top level) tournaments in each age and
gender group. The head and face were the most commonly injured
body parts in WS and WJ U20. In WJ U18, upper-body was the most
commonly injured body part and has the highest IR 3.55 compared to
the other groups. The injury rate for knee injuries in WJ were similar
to that of WWC tournaments, but it was two times higher in WS and
WW U18 tournaments. Flexible boards and glass significantly
decreased the risk of shoulder injuries and concussions. Ten percent of
injuries were concussions.
6.7.1 Incidence of injury
In the male ice hockey, the injury rate increased along with the level of
ice hockey. In WJ U18 tournaments, the injury rate is lowest while it is
highest in men’s World Championships. Accordingly, the injury rate
is highest in A-pool (top level) tournaments within each age group. In
female hockey, the highest injury rate was in WWC U18 tournaments,
which may indicate that players try hard, but their readiness to
withstand intense games is not so good. In these young ladies, most
injuries were caused by unintended collisions and unintended body
checking.
The injury rates in WS tournaments were similar to the results of
earlier studies done in the USA and Canada (McKnight et al. 1992, Flik
et al. 2005, Agel et al. 2007a, Agel & Harvey 2010). The risk of injury
for junior and female players competing in IIHF tournaments was
lower than reported for North American players (Stuart & Smith 1995,
Pinto et al. 1999, Schick & Meeuwisse 2003, Agel et al. 2007b, Agel &
Harvey 2010). It is possible that differences in the style of play,
officiating, and ice surface size between North America and Europe
explain the lower injury rate in the WJ and in all WWC games.
6.7.2 Head and face injuries
The risk for head and face injuries were significantly higher in WS and
WJ U20 tournaments compared to the other groups. Most of the facial
injuries were facial lacerations. Most of them were caused by the stick.
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Due to the fact that full-facial protection is mandatory at all levels of
female ice hockey, a laceration was diagnosed only in 5.4% of all
injuries (IR 0.3).
There is good evidence that full-facial protection reduces the
number and risk of overall head and facial injuries in ice hockey,
compared with partial facial protection and no facial protection
(Asplund et al. 2009). Also in this dissertation study, full-facial
protection offered a significantly higher level of protection against
facial injuries and lacerations than half-facial protection. In addition,
full and partial facial protections do not increase the risk of neck
injuries or concussions and concussed players with full-facial
protection returned to practice or games sooner than players with
partial facial protection.
Thus, compulsory use of full-face protection is a great opportunity
to reduce the risk of injury especially in the WJ U20 category, which
possesses the highest injury rate for facial injuries.
6.7.3 Highest rate for knee injuries in the WS
The rate for knee injuries was 2.0 per 1000 player-games in WS
tournaments and was the highest in WS A-pool (top level) (IR 2.3). This
result was similar to the NHL (McKay et al. 2014) and collegiate ice
hockey (Agel et al. 2007a). However, the rate for knee injuries was 0.9
in WJ tournaments. Respectively, the risk of ACL injury was
significantly higher in WS tournaments (IR 0.22/1000 player-games),
as compared to WJ tournaments (IR 0.05/1000 player-games). Further
studies are needed to explain the differences in knee injuries between
the age groups in male games.
In the WW U18 category the rate for knee injuries was two times
higher than that of WWC tournaments. Poor knee control is especially
common among female athletes and highlights the need for
neuromuscular training to enhance knee control in order to decrease
the risk of future injuries (Malinzak et al. 2001, Chappell et al. 2002,
Ford et al. 2003, Kernozek et al. 2005, Leppänen et al. 2014, Leppänen
et al. 2016, Leppänen et al. 2017)
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6.7.4 How to reduce the risk of shoulder injury
The rate for shoulder injuries was lowest in all WWC tournaments
where body checking was not allowed. A lot of injuries occurred in
women’s games because of unintended collisions. Two-thirds of
shoulder injuries in women’s tournaments occurred in open ice
(without board contact). The body-checking rule in female games is
likely to reflect the lower rate of shoulder injuries in women’s
tournaments. This rule thus has a firm injury prevention basis.
In male games, close to two thirds of shoulder injuries occurred in
contact with the board. The risk for male shoulder injuries was highest
in the WJ U18 group as compared to the older groups. Muscular
strength may partly explain the difference, since it is lowest in the
Under-18 category. Future studies are needed to determine the effect
of power training on the risk of shoulder injury.
This study showed that flexible boards and glass decreases the risk
of shoulder injuries. Therefore, installation of flexible boards and glass
is highly recommended to decrease the risk of shoulder injuries (and
concussions) in all future tournaments.
6.7.5 Player position as a risk of injury
Injuries were equally distributed according to player position in men’s
tournaments. In WJ tournaments, the most dangerous position was
wing, 44% (2 wings per team) (WJ U18, 50%; WJ U20, 40%). The centre
had the highest risk in female games. In all groups, the goalkeeper had
the lowest injury risk.
In WJ U20 tournaments the defenseman had the highest risk of
concussion compared to the other positions, and in WJ U18
tournaments, the concussion rate for the wing was nearly three times
higher compared to the other positions. In the women’s tournaments,
the proportion of concussions sustained by the centre player was about
four times higher than that of other positions. This definitely needs
future studies and thus a reliable explanation.
The high risk of injury for the wing in WJ U18 players may reflect
the fact that many of the injuries occur with board contact, and
therefore flexible boards and glass are needed for these games.
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Increased muscle strength and power via conditioning training could
also decrease the risk of injury in WJ U18 wing players. In female
games, unintended collisions are the most common cause for injury,
and therefore female ice hockey should pay more attention to
neuromuscular body control and fluent game reading.

6.8 Strengths and limitations of the study
6.8.1 Strengths
A strength of these studies was the large number of players who were
followed at the highest level of international competition. The research
period varied from seven to nine years between the studies. The IIHF
Injury Report System has been in use since 1998, but the study period
started from 2006, when Medhockey software was starting to be used.
Thus, the teams and their medical staff were familiar with the Injury
Report System before the research intervals.
A strength was also that before each tournament, a team medical
personnel meeting was organised by the IIHF Medical Supervisor,
allowing for review of the definition of each injury, game injury report
form (GIR), and the Injury Report System form (IRS) with the
individual team physicians. The number of injury events was
determined with an accepted injury definition that incorporated a
specific diagnosis, standardised nomenclature, a reliable data
collection instrument, and time lost from play. Detailed information
was collected with the two validated questionnaires (Stuart & Smith
2000).
A third strength was that the Medical Supervisors collected study
forms after each game, thus ascertaining excellent coverage of all
injuries. They followed all the games during a tournament and
inquired about possible injuries as well as players who were missing
from the team roster. Because the team physicians diagnosed all the
injuries, the data collection was as reliable and accurate as possible.
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6.8.2 Limitations
A limitation of the study was that injuries were analysed in
tournament games only, and thus practice or training injuries were not
included. Although the injury diagnoses were made by the team
physicians, the diagnostic procedure depended on the experience of
the physician, and thus the study had a chance for detection bias. A
more consistent injury diagnosis would have required an examination
of every injured athlete at each tournament by a single experienced
physician.
Lack of control for the clustering effect by a team and/or team
physicians was also a limitation of the study. However, to minimised
the cluster effect by a team or team physician, a pre-tournament
meeting was organised for the team medical staff. The Medical
Supervisor followed all the games and met with team physicians after
each game at least to reduce the selection bias and measurement bias.
Efforts to control the clustering effect by Medical Supervisors were
reduced by regular education. In the men’s World Championship Apool tournaments and the Olympic Winter Games, only a small
number of the IIHF Medical Committee members were in a position of
Medical Supervisors. If a player concealed his/her injury from the
team medical staff, an injury distribution bias could occur. Because of
an anonymous injury registry, a limitation was also the inability to
control for lack of independence if players were included across
multiple tournaments and years of play. This could occur especially in
men’s and women’s World Senior tournaments.
A limitation was also that injury incidence rates were estimated by
collective playing time, since individual on-ice exposure could not be
measured. In addition, each game was assumed to be played for 60
minutes. Penalties, overtime or time-loss injuries during a game were
not taken into consideration. However, to determine the association
between the arena characteristics and the occurrence of injuries
weighting with a standardized, active playing time was used. The
severity of the injury was based on an estimate of the time to return to
play.
The studies of the dissertation were also affected by recall bias when
the player and the physician subjectively reported the cause and zone
of injury and whether or not a penalty was called. A more accurate
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description of the injury mechanisms would require a detailed review
of the multi-angle game videos.
Finally, in Study IV, a concussion was a clinical diagnosis made by a
team physician. At the Team Medical Personnel Meeting, physicians
were advised to follow the recommendations provided by the
Consensus Statement on Concussion in Sport and were given the Sport
Concussion Assessment Tool (SCAT) for making the clinical diagnosis
(McCrory et al. 2005, McCrory et al. 2009, McCrory et al. 2013a). A more
consistent and detailed injury diagnosis would have required the
examination of every injured athlete at each tournament by a single
physician experienced in concussion diagnosis.
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7

MAIN FINDINGS AND CONCLUSIONS

1. The risk of injury was highest in men’s ice hockey tournaments.
Injury incidence varied from 12.2 to 17.5 per 1000 player-games
and from 44.7 to 64.2 per 1000 player-game hours.
2. Head and face (especially facial) injuries were most common in
men’s and male junior U20 tournaments, where full-facial
protection was not mandatory. Therefore, compulsory use of
full-face protection can be seen as a great opportunity to reduce
the risk of injury especially in the WJ U20 category, where there
was the highest injury rate for facial injuries.
3. Risk of knee injury was two times higher in men’s tournaments
compared with male juniors’ and women’s tournaments but
similar to the risk in female U18 tournaments. Further studies
are needed to explain the differences of knee injuries between
the age and gender groups. In women, poor knee control is
prevalent and thus may highlight the need for neuromuscular
training.
4. The shoulder injury rate was highest in male U18
Championships and men’s tournaments. Flexible boards and
glass significantly decreased shoulder injuries and concussions
that occurred with board contact. Installation of flexible boards
and glass is thus highly recommended to decrease the risk of
concussions and shoulder injuries in all future tournaments.
5. During the study years, the men’s A-pool (top level) ice hockey
tournaments showed a decrease in the general annual
concussion rate that was similar to the decrease in concussions
caused by illegal hits. This observation should inspire the ice
hockey community to clarify the possible effect of improved
rule enforcement, disciplinary panel suspensions, and player
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education and attitudes on the reduction of the risk of
concussions.
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ABSTRACT
Background Information on ice hockey injuries at the
international level is very limited. The aim of the study
was to analyse the incidence, type, mechanism and
severity of ice hockey injuries in men’s international ice
hockey tournaments.
Methods All the injuries in men’s International Ice
Hockey Federation World Championship tournaments
over a 7-year period were analysed using a strict
deﬁnition of injury, standardised reporting strategies and
an injury diagnosis made by a team physician.
Results 528 injuries were recorded in games resulting
in an injury rate of 14.2 per 1000 player-games (52.1/
1000 player-game hours). Additionally, 27 injuries
occurred during practice. For WC A-pool Tournaments
and Olympic Winter Games (OWG) the injury rate was
16.3/1000 player-games (59.6/1000 player-game hours).
Body checking, and stick and puck contact caused
60.7% of the injuries. The most common types of
injuries were lacerations, sprains, contusions and
fractures. A laceration was the most common facial
injury and was typically caused by a stick. The knee was
the most frequently injured part of the lower body and
the shoulder was the most common site of an upper
body injury. Arenas with ﬂexible boards and glass
reduced the risk of injury by 29% (IRR 0.71, (95% CI
0.56 to 0.91)).
Conclusions The incidence of injury during
international ice hockey competition is relatively high.
Arena characteristics, such as ﬂexible boards and glass,
appeared to reduce the risk of injury.
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The International Ice Hockey Federation (IIHF),
founded on 15 May 1908 in Paris, France, is the
governing body of international ice hockey and
inline hockey. The IIHF is comprised of 72
member associations, each of which is the national
governing body for the sport of ice hockey. The
IIHF also presides over ice hockey in the Olympic
Games and the IIHF World Championships (WC)
at all levels, that is, men, women, junior under-20,
junior under-18 and women under-18. Each
season, the IIHF, in collaboration with the local
organising committee, runs Men’s WC in the six
different categories. The teams are qualiﬁed to the
divisions and groups according to IIHF World
ranking. Ice hockey is also the biggest team sport in
the Olympic Winter Games (OWG).
Each ice hockey team typically consists of 22
players, including two wingers, one centre, two

defencemen and a goalkeeper who are usually on
the ice at the same time. The active playing time is
three periods of 20 min each. In ice hockey, body
contact is common and body checking is permitted
in the men’s game. Ice hockey is also associated
with many other potential risk factors, such as
unintended collisions, high velocity, rapid changes
in direction and traumas from the boards, stick or
puck. As a result, a wide variety of injuries ensue.1
Facial injuries and concussion have been reported
in epidemiological studies at other levels of the
sport including in the National Hockey League
(NHL; USA and Canada).2 3 However, the risk,
type, mechanism and severity of ice hockey injuries
at the international elite level have not been well
studied.
The purpose of this study was to assess the incidence, nature, causes and severity of ice hockey
injuries among IIHF men’s WC and Olympic
Games between 2006 and 2013.

METHODS
During the seven ice hockey seasons between
2006–2007 and 2012–2013 (from 1 July 2006 to
30 June 2013) we registered, with permission from
the IIHF, all ice hockey injuries from 32 men’s WC
(seven WC Tournaments, seven WC Division (Div)
I Grade (Gr) A Tournaments, seven WC Div I Gr B
Tournaments, two WC Div II Gr A Tournaments,
seven WC Div II Gr B Tournaments, two WC Div
III Tournaments), one OWG (2010) and eight
Olympic Qualiﬁcation Tournaments. A total of 844
games were played in the 41 Tournaments by 303
Teams (6666 players). A-pool level competitions
consisted of 436 games in the eight tournaments
played by 124 teams (2728 players).
A Team Medical Personnel Meeting before each
tournament allowed the IIHF medical supervisor
(MS) to review the deﬁnition of the injury, game
injury report form (GIR) and the injury report
system form (IRS) with the individual team physicians (ﬁgure 1).
The deﬁnition of an injury was made in accordance with accepted international ice hockey norms.
An IRS was completed when one of the following
criteria was observed:
▸ any injury sustained in a practice or a game that
prevented the player from returning to the same
practice or game;
▸ any injury sustained in a practice or a game that
caused the player to miss a subsequent practice
or game;
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Figure 1 Injury report system form of the International Ice Hockey Federation.
▸
▸
▸
▸

a laceration that required medical attention;
all dental injuries;
all concussions;
all fractures.
The team physician followed all the players on their team and
reported all injuries to the MS using the GIR and IRS forms.
Each injury required a separate IRS form and was reported only
once. The GIR and IRS forms were both anonymous. The IIHF
MS assigned to each championship was responsible for data collection. A GIR form was obtained from each team physician
after every game to determine the number of injuries that satisﬁed the deﬁnition (ﬁgure 2). An IRS form was completed by the
team physician for each individual injury. The IRS form detailed
the period, location on ice, mechanism, anatomic location,
severity and speciﬁc injury diagnosis. The anonymous forms
were returned to the IIHF Medical Committee for insertion
into a computer-based injury report system for ice hockey injuries (Medhockey).
Injury rate (IR) was expressed as the number of injuries per
1000 ice hockey player-games and per 1000 player-game hours.
These two different injury rate deﬁnitions were used to allow
comparison with other IIHF championships, hockey leagues
and sports (football, soccer).
The number of player-games was based on 22 players competing for each team in a game. The player exposure to injury was
determined by collective playing time; that is, all the players of
the team were participating in the game, had an impact in the
game and were at risk for injury during every moment of the
game event. When calculating the incidence all the players of
the team were included in the denominator.
2 of 7

The player-game injury rate was an average risk of one individual player per 1000 games (# injuries/# players (two teams)/#
games×1000=injuries per 1000 player-games). The injury rate
for 1000 player-game hours was based on a 60 min active game
with ﬁve players and a goalie per team on the ice at the same
time (# injuries/# players on ice same time (two teams)/#
games×1000=number of injuries per 1000 player-game hours).
The given injury rates refer to game injuries only ( practice
injuries excluded). In the present study, the subgroup ‘ﬂexible
board and glass’ was collected from the tournaments where
boards comparable to those of NHL were used. The more ﬂexible boards and glass were developed to improve player safety.
To determine the association between the arena characteristics
and occurrence of injuries, Poisson and Logistic regressions were
used. Logistic regression was used when the number of the analysed injuries in each game was zero or one. In other statistical
analyses, Poisson regression was applied to allow for several
injuries per game. In these analyses, weighting with standardise
active playing time was employed. Generalised estimating equations were used to determine association between the concussion and player position in A-pool tournaments.

RESULTS
Incidence of injuries
During the study period, 528 injuries in 511 incidents were
reported in 844 games. Additionally, 27 injuries occurred
during the practices. The injury rate per 1000 ice hockey playergames was 14.2 for all men’s WC and the annual injury rate
ranged between 12.2 (2011) and 17.5 (2008). For WC A-pool
tournaments and OWG the injury rate was 16.3/1000 playerTuominen M, et al. Br J Sports Med 2015;49:30–36. doi:10.1136/bjsports-2014-093688
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Figure 2 Game injury report form of
the International Ice Hockey
Federation.

games and the annual injury rate ranged between 10.3 (2013)
and 20.6 (2008). Injury rate per 1000 player-game hours was
52.1 for all men’s WC and 59.6 for men’s WC A-pool tournaments (ﬁgure 3).

Injuries by anatomic region
Injuries involved the head and face in 210 cases (39.8% of
game injuries), the lower body in 162 cases (30.7%), the upper
body in 115 cases (21.8%), and spine or trunk in 41 cases
(7.8%). The injury rate for head and face injuries was 5.7/1000
player-games, for lower body 4.4, for upper body 3.1 and for
spine and trunk 1.1, respectively. In men’s WC A-pool tournaments the injury rate for head and face injuries was 7.0/1000
Tuominen M, et al. Br J Sports Med 2015;49:30–36. doi:10.1136/bjsports-2014-093688

player-games, for lower body 4.6, for upper body 3.4 and for
spine and trunk 1.2, respectively (table 1 and ﬁgure 4).

Head and face injuries
Head and facial injuries were the most commonly injured body
parts (39.8%; IR 5.7) and the face was the most common location. Facial injuries comprised 72.4% of the head injuries in all
men’s WC with an injury rate of 4.1/1000 player-games (in
men’s WC A-pool 70.9%; IR 5.0). A laceration was diagnosed
in 74.3% of the facial injuries and 59.3% of them was caused
by stick. Injury rate for dental injuries was 0.5 (9.5% of the
head injuries; in men’s WC A-pool 0.7; 10.4%) and for eye
injuries 0.1 (1.4%)/1000 player-games (in men’s WC A-pool
0.2; 2.2%).
3 of 7
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Figure 3 Annual ice hockey injury
rates for all men’s World
Championship and men’s World
Championship A-pool tournaments.

Lower body injuries

Contact with the boards

The knee was the most common lower body injury with 46.9% of
the lower body injuries affecting the knee (men’s WC A-pool
49.4%). The injury rate for knee injuries was 2.0/1000 playergames (men’s WC A-pool 2.3). Medial collateral ligament (MCL)
sprain was the most common knee injury (56.6% of the knee injuries) and most of them were grade I injuries (51.2%). Meniscus
tears comprised 14.5% and anterior cruciate ligament (ACL) disruption 10.5% of all knee injuries. Ankle and thigh injuries were
the second and third most common lower body injuries.

The majority of injuries occurred away from the boards
(68.5%). This trend was apparent in all championships and was
similar over the 7-year study period. Shoulder injuries were the
most common (27.3%) resulting from contact with the boards
(63.2%). The majority of concussions occurred without board
contact (55.8%).

Upper body injuries
The shoulder was the most common location for an upper body
injury (49.6%; men’s WC A-pool=50%). The injury rate for
shoulder injuries was 1.5/1000 player-games (men’s WC
A-pool=1.7). Acromioclavicular (AC) joint sprain (50.9%) and
glenohumeral joint injury (40.4%) were the most frequent diagnoses. The ﬁngers (14.2%), wrist (10.8%) and hand (10.8%)
injuries were in the second, third and fourth place in upper
body injuries, respectively.

Injury types by diagnosis
The vast majority of injuries (92.8%) were acute in nature and
this trend was consistent over the 7-year study period.
Lacerations were the most common type of injury (26.1%).
Sprains (21.8%) and contusions (15%) made up the next largest
group. A fracture was diagnosed in 14% (men’s WC
A-pool=15.4%). The percentage of neurotrauma was 9.9%
(men’s WC A-pool=11.5%; ﬁgure 5).

Flexible boards and glass
There was 29% lower risk of an injury at the arenas where ﬂexible boards and glass were used compared to arenas with traditional boards and glass (IRR 0.71, (95% CI 0.56 to 0.91)). The
A-pool WC tournaments that were played in arenas with ﬂexible
boards and glass had a shoulder injury rate of 0.9/1000 playergames as compared to 2.2/1000 player-games when traditional
boards and glass were in place (IRR 0.36, (95% CI 0.15 to
0.90); ﬁgure 6). In addition to these signiﬁcant ﬁndings, there
were fewer concussions when ﬂexible boards and glass were
used instead of traditional boards and glass (OR 0.43, (95% CI
0.18 to 1.01)). Also, there was a trend for a decrease in all other
types of injuries at arenas with ﬂexible boards and glass compared to arenas with traditional boards and glass (IRR 0.82,
(95% CI 0.61 to 1.09)).

Causes of injury
The three most common causes of injuries were body checking
(27.2%), and stick (21.1%) and puck (12.3%) contact. The majority of the injuries caused by stick were head injuries (76.9%).
Penalties were assessed in 25.9% of stick injuries, 40% in checking
to the head and 48.4% in hitting from behind injuries.

Concussion
Concussions accounted for a small yet clinically important
number (n=52, 9.9%) of injuries in the championships. The
injury rate of concussion was 1.4/1000 player-games in all
men’s WC and 1.9 in men’s A-pool tournaments. The most
common cause for concussion was check to the head (51.9%).
A penalty was called in only 32.7% of the events that caused a
concussion. For those players diagnosed with a concussion,
11.5% returned to play in the same game (men’s WC
A-pool=5.6%). Estimated time loss was more than 3 weeks in
7.7% of the cases. The centre position had the highest risk of
concussion, 25% (30.6% in men’s WC A-pool), the defence
position, 20.2% (15.3% in men’s WC A-pool) and the wing
position, 17.3% (19.4% in men’s WC A-pool). The majority of
concussions occurred during the ﬁrst period (42.3%; 47.2% in
men’s WC A-pool).
4 of 7

Injury severity
The majority of players who were injured returned to play
within 1 week (53.8%); however, 14.5% of the injured players
did not return for at least 3 weeks.

Player position, period and zone
Injuries were equally distributed according to player position:
wing players suffered 37% of all injuries (two wings per team),
centre 18.4% (one centre per team) and defence 36.8% (two
defences per team). The goalkeeper was the least injured in all
the positions (3.5%) despite the fact that the goalkeeper is on
the ice for the entire game. In the A-pool tournaments, the proportion of concussions sustained by centre was about twice that
of defence and wing (OR 2.01, (95% CI 0.87 to 4.66)). The
second period had the highest percentage of injured players
Tuominen M, et al. Br J Sports Med 2015;49:30–36. doi:10.1136/bjsports-2014-093688

Ice hockey injuries by anatomic region in all men’s World Championship games
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Anatomic
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IR per
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2010
IR per
IR per 1000
1000 playerplayer- game
games hours Number

2011
IR per
IR per 1000
1000 playerplayer- game
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2012
IR per
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1000 playerplayer- game
games hours Number
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IR per
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1000 playerplayer- game
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TOT
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IR per
1000
playergame
hours

3.8
3.1
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5
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2.4
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Face
16
Knee
13
Shoulder
6
+clavicle
Head
5
2
Fingers
+thumb
+hand
Ankle+leg
1
Groin+hip
3
+pelvis
Teeth
1
Thigh
4
Chest+throat 2
Foot+toes
1
3
Neck+upper
back+lower
back
Wrist
2
Upperarm
1
+forearm
+elbow
Abdomen
+genitals
+kidneys
Eye
Total
60
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IR per 1000
1000 playerplayer- game
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Figure 4 Injury rate by anatomic region per 1000 player-games in
men’s ice hockey World Championship tournaments.
(34.6%) during the game. There were only a few injuries sustained during the warm up (0.8%) and overtime in the
Championships. Only 5% of the injury situations occurred
during practices. Players sustained injuries at the home zone
(39.3%), visitor zone (35%) and neutral zone (20.2%).

DISCUSSION
This observational study followed 41 men’s Ice Hockey WC
tournaments over a 7-year period to determine the incidence,
type, mechanism and severity of injuries. During the study
period, 6666 players sustained 528 injuries in 844 games. The
total injury rate was 52.1/1000 player-game hours for all men’s
WC and 59.6 for men’s WC A-pool tournaments. Laceration
was the most common injury followed by ligament sprain. The
most commonly injured site was the head and face (39.8% of
game injuries). The most common lower body injury involved
the knee (46.9%) with the MCL (56.6% of all knee injuries)
being the most frequent area. ACL injury was documented in
10.5% of cases. The most common upper body injury involved
the shoulder (49.6%) with the AC joint most frequently
involved (50.9% of all shoulder injuries). Body checking
(27.2%) and stick contact (21.1%) were the most common

Figure 5 Injury distribution by diagnosis in the men’s World
Championship games.
6 of 7

Figure 6 Injury rate at the shoulder, acromioclavicular and knee per
1000 player-games in men’s World Championship A-pool tournaments.
Flexible versus non-ﬂexible boards and glass.
causes of injuries. Of the players diagnosed with a concussion,
11.5% returned to play in the same game (men’s WC
A-pool=5.6%). The majority of concussions occurred before
the 2012 Zurich Consensus Guidelines, which do not allow
return to play in the same game.
Strengths of this study include the large number of players in
the cohort, who were followed at the highest level of international competition over a 7-year period. Also, injury was
clearly deﬁned and detailed information was collected with the
two validated questionnaires.4 In addition, the MS at each tournament ensured 100% compliance with data collection and the
team physicians completed each injury report conﬁrming the
accuracy of the injury diagnosis.
Injury incidence rates were estimated by collective playing
time since individual on-ice exposure was not measured. In addition, we assumed that each game was played for 60 min. This
approach did not take penalties and overtime into consideration.
To determine association between the arena characteristics and
occurrence of injuries, weighting with standardised active
playing time was used.
Lorenzon reported that in Swedish ice hockey the injury rate
was 78.4/1000 player-game hours.5 In Finland, Mölsä observed
the incidence of game injury in the Division I league to be 36/
1000 player-game hours and 66/1000 player-game hours in the
National League.6 Injuries were classiﬁed as major in 5% of the
patients, and there were fractures in 8% and head or face
involvement in 18% of them.6 In another study, Mölsä reported
that the injury rate increased signiﬁcantly from 54/1000 playergame hours in the 1970s to 83/1000 player-game hours in the
1990s.7 Rate of contusions, sprains and strains increased signiﬁcantly with each decade. Checking and unintentional collision
with an opponent were the common mechanisms of injury.7
Benson et al,8 reported that the estimated incidence of concussions in NHL was 1.8/1000 player-game hours, where the
athlete-exposure time was estimated based on a roster of 18
skaters and one goalie playing in each team per game. The proportion of concussions sustained by centre was about twice that
of defencemen and wingers. The present study supports the
NHL ﬁndings of Benson et al.8 The reported differences in the
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injury rates are likely due to different study designs, including
the deﬁnition of injury and measurement of player exposure.
Injury risk in ice hockey has been compared to other sports.
In our study, the injury rate was 52.1/1000 player-game hours in
men’s ice hockey world championships. In contrast, injury rates
were reportedly 112 injuries per 1000 player-game hours in
male handball9 and 40.1 injuries per 1000 player-game hours in
male soccer.10 In World Football Tournaments 1998–2010, the
injury rate was 77.3 injuries per 1000 player-game hours but it
included not only male games but also female and junior
games.11 However, between-sports comparison of injury risk is
difﬁcult because of inconsistent study methodology including
differences in deﬁnition of injury and estimation of exposure.
In conclusion, our 7-year follow-up study showed that the
risk of injury during international ice hockey tournaments was
relatively high. The head, face, shoulder and knee are the most
vulnerable body sites. Arena characteristics, such as ﬂexible
boards and glass, seem to reduce the risk of injury in general
and of the upper body speciﬁcally. Improved knowledge of the
risk factors and mechanisms of ice hockey injuries are needed
for initiation of preventive strategies.

What are the new ﬁndings?
▸ The incidence of ice hockey injuries is at the same level as
reported for other team sports.
▸ Arena characteristics, such as ﬂexible boards and glass, reduce
the risk of injury in general and for the upper body speciﬁcally.
▸ The face is the most common head injury location. A laceration
is diagnosed in three-quarters of the facial injuries and
three-ﬁfths of them are caused by hockey sticks.
▸ Every 10th player diagnosed with a concussion returned to
play during the same game.

3

Ottawa Sport Medicine Centre, Ottawa, Canada
Injury and Osteoporosis Research Center, UKK Institute, Tampere, Finland
5
Tampere Research Center of Sports Medicine, UKK Institute, Tampere, Finland
4

Acknowledgements This study was ﬁnancially supported by The International Ice
Hockey Federation and the Finnish Ministry of Education and Culture. The authors
highly appreciate the cooperation of all team physicians, physiotherapists and IIHF
Medical Supervisors who volunteered their time to collect the data for this project.
The authors sincerely thank Mr Kari Tokola, MSc, for statistical advice. The authors
would also like to thank the International Ice Hockey Federation Medical Committee
for all practical support.
Contributors MT, MJS, MA, PK and JP contributed to study conception and
design. MT carried out the literature search, and coordinated and managed all parts
of the study. MT, MJS and MA conducted data collection and performed preliminary
data preparations. MT conducted data analyses and all the authors contributed to
the interpretation of data. MT and JP wrote the ﬁrst draft of the paper and all
authors provided substantive feedback on the paper and contributed to the ﬁnal
manuscript. All authors have approved the submitted version of the manuscript. MT
is guarantor.
Funding This study was ﬁnancially supported by The International Ice Hockey
Federation and the Finnish Ministry of Education and Culture.
Competing interests None.
Provenance and peer review Not commissioned; externally peer reviewed.
Open Access This is an Open Access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 3.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited and the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/3.0/

REFERENCES
1

2

3

How might it impact on clinical practice in the near future?
▸ Knowledge of the risk factors and mechanisms of ice hockey
injuries are needed to initiate systematic injury prevention.
▸ Arenas with ﬂexible boards and glass make ice hockey safer.
▸ Further research is necessary to determine if facial injuries in
ice hockey can be reduced by enforcing existing rules or
mandating full facial protection.
▸ Possible rule changes should be considered to reduce risk of
concussion. More education is needed for diagnosis and
treatment of concussion; the return to play protocol needs
wider adoption.

4

5

6

7
8

9
10

Author afﬁliations
1
Medisport Ltd, Tampere, Finland
2
Department of Orthopedics, Mayo Clinic, Rochester, Minnesota, USA

Tuominen M, et al. Br J Sports Med 2015;49:30–36. doi:10.1136/bjsports-2014-093688

11

Laprade RF, Surowiec RK, Sochanska AN, et al. Epidemiology, identiﬁcation,
treatment and return to play of musculoskeletal-based ice hockey injuries. Br J
Sports Med 2014;48:4–10.
Hutchison MG, Comper P, Meeuwisse WH, et al. A systemic video analysis of
National Hockey League (NHL) concussions, part I: who, when, where and what?
Br J Sports Med 2013. Published Online First: 13 June 2013. doi:10.1136/
bjsports-2013-092234
Hutchison MG, Comper P, Meeuwisse WH, et al. A systemic video analysis of
National Hockey League (NHL) concussions, part II: how concussions occur in the
NHL. Br J Sports Med 2013. Published Online First: 13 June 2013. doi:10.1136/
bjsports-2013-092235
Stuart MJ, Smith AM. Principles of ice hockey injury research. In: Ashare AB, ed.
Safety in ice hockey: third volume, ASTM STP 1341. West Conshohocken, PA:
American Society for Testing and Materials, 2000:19–31.
Lorentzon R, Werden H, Pietilä T. Incidence, nature, and causes of ice hockey
injuries: a three year prospective study of a Swedish elite ice hockey team. Am J
Sports Med 1988;16:392–6.
Mölsä J, Airaksinen O, Näsman O, et al. Ice hockey injuries in
Finland. A prospective epidemiologic study. Am J Sports Med
1997;25:495–9.
Mölsä J, Kujala U, Näsman O, et al. Injury proﬁle in ice hockey from the 1970s
through the 1990s in Finland. Am J Sports Med 2000;28:322–7.
Benson BW, Meeuwisse WH, Rizos J, et al. A prospective study of concussions
among National Hockey League players during regular season games: the
NHL-NHLPA Concussion Program. CMAJ 2011;183:905–11.
Langevoort G, Myklebust G, Dvorak J, et al. Handball injuries during major
international tournaments. Scand J Med Sci Sports 2007;17:400–7.
Dvorak J, Junge A, Derman W, et al. Injuries and illnesses of football players during
the 2010 FIFA World Cup. Br J Sports Med 2011;45:626–30.
Junge A, Dvorak J. Injury surveillance in World Football Tournaments 1998–2012.
Br J Sports Med 2013;47:782–8.

7 of 7

Downloaded from http://bjsm.bmj.com/ on April 15, 2017 - Published by group.bmj.com

Original article

Injuries in women’s international ice hockey:
an 8-year study of the World Championship
tournaments and Olympic Winter Games
Markku Tuominen,1 Michael J Stuart,2 Mark Aubry,3 Pekka Kannus,4 Kari Tokola,4
Jari Parkkari5
1

Medisport Ltd, Tampere,
Finland
2
Department of Orthopedics,
Mayo Clinic, Rochester,
Minnesota, USA
3
Ottawa Sport Medicine
Centre, Ottawa, Canada
4
Injury and Osteoporosis
Research Center, UKK Institute,
Tampere, Finland
5
Tampere Research Center of
Sports Medicine, UKK Institute,
Tampere, Finland
Correspondence to
Dr Markku Tuominen,
Medisport Ltd, Keskisenkatu 5,
Tampere 33710, Finland;
markku.tuominen@medisport.ﬁ
Accepted 17 June 2015
Published Online First
7 July 2015

ABSTRACT
Background We report the incidence, type,
mechanism and severity of ice hockey injuries in
women’s international ice hockey championships.
Methods All injuries in the International Ice Hockey
Federation World Women’s Championship, World
Women’s under-18 Championship and Olympic Winter
Games tournaments were analysed over an 8-year period
using a strict injury deﬁnition, standardised reporting
and team physician diagnosis.
Results 168 injuries were recorded in 637 games over
an 8-year period resulting in an injury rate (IR) of 6.4
per 1000 player-games and 22.0/1000 player-game
hours. The IRs were 2.7/1000 player-games for the
lower body, 1.4 for the upper body, 1.3 for the head
and face and 0.9 for the spine and trunk. Contusion
was the most common injury followed by a sprain. The
most commonly injured site was the knee (48.6% of
lower body injuries; IR 1.3/1000 player-games). The
Medial collateral ligament sprain occurred in 37.1% and
ACL rupture in 11.4% of knee injuries. A concussion
(74.3%; IR 1.0/1000 player-games) was the most
common head injury.
Conclusions and recommendations The risk of
injury to female ice hockey players at World
Championship and Olympic tournaments was about half
of that observed in the men’s Championships. Full facial
protection decreases the risk of lacerations and should
be continued in all future female tournaments. More
effective prevention strategies for knee, ankle and
shoulder injuries are needed in women’s ice hockey.
Improved concussion education is necessary to promote
more consistent diagnosis and return to play protocols.

INTRODUCTION

To cite: Tuominen M,
Stuart MJ, Aubry M, et al.
Br J Sports Med
2016;50:1406–1412.

Twenty-eight countries competed in the 2014
International Ice Hockey Federation (IIHF) World
Women’s Championship (WWC) programme and
19 in the World Women under-18 Championships
(WWC U18) category. The IIHF, in collaboration
with the local organising committee, runs WWC in
the ﬁve different divisions and WWC U18 in three
different divisions. The teams were qualiﬁed to the
divisions and its subgroups according to IIHF
World ranking. Women’s ice hockey has been part
of the Olympic Winter Games (OWG) since 1998.
Each ice hockey team typically consists of 20–22
players (depending of the level and age group of
the tournament), including two wingers, one
centre, two defencemen and a goalkeeper, who are
usually on the ice at the same time. The active
playing time is three periods of 20 min each.

Despite the fact that body checking is not permitted in women’s ice hockey at any level, ice hockey
is associated with many potential risks, such as
unintended collisions, high velocity, rapid changes
in direction and traumas from the boards, stick or
puck.1 Concussions, contusions, sprains and strains
occur in female ice hockey.2 3 However, the risk,
type, mechanism and severity of women’s ice
hockey injuries at the international elite level have
not been well studied.
We aimed to report the incidence, nature, causes,
severity and time-trend of injuries in women’s
international ice hockey, using standardised epidemiological methods.4 Our larger goal is to
promote athlete’s health and reduce the risk of
injuries.5

METHODS
During the eight ice hockey seasons between 2006–
2007 and 2013–2014 (from 1 July 2006 to 30
June 2014) we registered, with the permission from
the IIHF, all ice hockey injuries from the 39 female
ice hockey tournaments. Twenty-ﬁve of them were
WWC, including 2010 and 2014 OWG, and 14
were WWC U18 (table 1). A total of 637 games
were played in the 39 tournaments by 259 teams
(5344 players). WWC competitions consisted of
393 games in the 25 tournaments played by 163
teams (3376 players), and WWC U18 competitions
consisted of 14 tournaments played by 96 teams
(1968 players).
A team medical personnel meeting before each
tournament allowed the IIHF medical supervisor
(MS) to review the deﬁnition of the injury, game
injury report (GIR) form and the injury report
system (IRS) form with the individual team physicians (ﬁgure 1). The deﬁnition of an injury was
made in accordance with accepted international ice
hockey norms. An IRS form was completed when
one of the following criteria was observed:
▸ Any injury sustained in a practice or a game that
prevented the player from returning to the same
practice or game;
▸ Any injury sustained in a practice or a game that
caused the player to miss a subsequent practice
or game;
▸ A laceration that required medical attention;
▸ All dental injuries;
▸ All concussions;
▸ All fractures.
The team physician followed all the players on
the team and reported all injuries to the MS using
the GIR form. GIR was obtained from each team
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Table 1 Investigated tournaments in World Women’s
Championship (WWC) and World Women’s under-18 Championship
(WWC U18)
Tournaments
WWC
WWC
Olympic Winter Games (OWG) (2010, 2014)
Olympic qualification tournaments (QT)
WWC division I (WWC Div I)

WWC Div II

WWC
WWC
Total
WWC
WWC
WWC

Group

No groups
Group A
Group B
No groups
Group A
Group B

Div III
Div IV
U18
U18
U18 Div I

WWC U18 Div I QT
Total

No groups
Group A

Number of
tournaments

6
2
3
2
3
1
2
1
2
1
2
25

During the study period, 168 injuries were reported in 637
games. The IR per 1000 ice hockey player-games was 6.4 for all
female tournaments (WWC U18, WWC and OWG). The
annual IR ranged between 4.5 (2014) and 11.2 (2010). For
WWC U18 tournaments, the IR was 7.5/1000 player-games,
and the annual IR ranged between 4.2 (2012) and 11.2 (2013).
For WWC tournaments, the IR was 5.7/1000 player-games and
the annual IR ranged between 3.6 (2011) and 11.3 (2010;
ﬁgure 3). IR per 1000 player-game hours was 22.0 for all
female tournaments, 25.6 for WWC U18 tournaments, 19.7 for
WWC tournaments and 29.8 for OWG.

Injuries by anatomic region

8
4
1
1
14

physician after every game to verify the number of injuries that
satisﬁed the deﬁnition (ﬁgure 2). Each injury also required
completion of a more detailed IRS form by the team physician.
The GIR and IRS forms were both anonymous. The IIHF MS
assigned to each championship was responsible for data collection. The IRS form was ﬁlled only once for each injury
and included detailed information on the period, location on
ice, mechanism, anatomic location, severity and speciﬁc
injury diagnosis. The anonymous forms were returned to the
IIHF Medical Committee for insertion into a computer-based
IRS for ice hockey injuries (Medhockey, Medisport Ltd,
Finland).
Injury rate (IR) was expressed as the number of injuries per
1000 ice hockey player-games and per 1000 player-game hours.
These two different IR deﬁnitions were used to allow comparison with other IIHF championships, hockey leagues and sports
(handball, soccer).6–10
The population-at-risk or player exposure to injury was determined by an estimation of collective playing time. The number
of player-games was based on 20–22 players competing for each
team in a game, depending on the speciﬁc level and year of a
given tournament. Only the participating athletes were included
in the denominator when calculating incidence of injury.
The player-game IR was an average risk of one individual
player per 1000 games (number of injuries/number of players
(2 teams)/number of games×1000= number of injuries per
1000 player-games). The IR for 1000 player-game hours was
based on a 60-min active game with ﬁve players and a goalie per
team on the ice at the same time (number of injuries/number of
players on ice same time (2 teams)/number of games×1000=
number of injuries per 1000 player-game hours).
Practice injuries were excluded because there were few documented injuries (n=10); therefore, the given IRs refer to game
injuries only. Time loss was used as a proxy for severity of an
injury. Risk ratios (RRs) and 95% CIs for player position-wise
concussion were calculated by comparing concussions at one
position to concussions at all others positions.
2 of 7

RESULTS
Incidence of injury

Injuries involved were the head and face in 35 cases (20.8% of
game injuries), the lower body in 72 cases (42.9%), the upper
body in 37 cases (22%) and spine or trunk in 24 cases (14.3%).
The IR for head and face injuries was 1.3/1000 player-games,
for lower body 2.7, for upper body 1.4, and for spine and
trunk 0.9, respectively. In WWC U18 tournaments, the IR for
head and face injuries was 1.9/1000 player-games, for lower
body 3.1, for upper body 1.5, and for spine and trunk 1,
respectively. In WWC tournaments, the IR for head and face
injuries was 1.0/1000 player-games, for lower body 2.5, for
upper body 1.3, and for spine and trunk 0.9, respectively
(table 2 and ﬁgure 4).
1. Head and face injuries: Concussion was the most common
head injury (74.3%; IR 1.0/1000 player-games). There were
8.6% lacerations and 5.7% dental injuries (IR 0.1). There
were no eye injuries. In all female tournaments, 17.1% of
the head and face injuries were facial injuries, with an IR of
0.2/1000 player-games (WWC U18 21.1%; IR 0.4; WWC
13.3%; IR 0.1).
2. Lower body injuries: The knee was the most frequent site of
lower body injury (48.6%). The knee IR was 1.3/1000
player-games. Medial collateral ligament (MCL) sprain
(37.1%) and knee contusion (28.6%) were the most
common knee injuries. ACL rupture occurred in 11.4% of
all knee injuries. Ankle (27.8%; IR 0.8) and thigh injuries
(8.3%; IR 0.2) were the second and third common lower
body injuries.
3. Upper body injuries: The shoulder was the most common
location for an upper body injury (32.4%). The shoulder IR
was 0.5/1000 player-games. Acromioclavicular joint sprain
(50%) was the most frequent diagnosis. Wrist (18.9%) and
elbow (18.9%) injuries were the second and third most
common upper body injuries.

Injury types by diagnosis
The vast majority of injuries (80.8%) were acute in nature and
this trend was consistent over the 8-year study period. A contusion was the most common type of injury (28.0%), followed by
a sprain (20.8%), concussion (15.5%), strain (11.9%) and laceration (5.4%; ﬁgure 5).

Concussion
Concussions accounted for a small yet clinically important
number (n=26, 15.5%) of injuries in the championships. The
concussion IR was 1.0/1000 player-games in all female tournaments, 1.4 in WWC U18 tournaments and 0.7 in WWC tournaments. The two most common causes for concussion were
unintended collision (34.6%) and body check (30.8%).
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Figure 1 Injury report system form of the International Ice Hockey Federation.
A penalty was called in only 25.0% of the events when a concussion was caused by body check. For those players diagnosed
with a concussion, 11.5% returned to play in the same game.
The majority of concussions occurred before the 2012 Zurich
Consensus Guidelines, which do not allow return to play in the
same game. The centre position (IR 1.6/1000 player-game
hours) had the highest risk of concussion, followed by defence
position (IR 0.5) and wing (IR 0.4). RR for concussion on
centre position versus all other positions was 4.29 (95% CI
1.99 to 9.24). The majority of concussions occurred during the
second (30.8%) and third (34.6%) periods.

Contact with the boards
The majority of injuries occurred away from the boards
(61.1%). This trend was apparent in all championships and was
similar over the 8-year study period. Head and knee injuries
resulting from contact with the boards were the most common
(18.6%, respectively). The majority of concussions occurred
without board contact (65.4%).

Causes of injury
Injuries were caused by unintended collision (26.3%), body checking (24.6%) and puck contact (12.0%). The majority of the injuries caused by stick were lower body injuries (70.0%). Penalties
were assessed in 24.4% of body check injuries, 40.0% in checking
to the head and 50.0% in hitting from behind injuries.

Injury severity
The majority of players who were injured returned to play
within 1-week (58.1%); however, 9.6% of the injured players
did not return for at least 3 weeks. The most severe injuries
were wrist and hand fractures and knee sprains.

Player position, period and zone
Injuries were equally distributed according to player position:
wing 37.7% (2 wings per team), centre 24.0% (1 centre per
team) and defence 30.5% (2 defences per team). The goalkeeper was the least injured of all positions (6.6%). In the
women’s tournaments, the proportion of concussions sustained
by centre was about four times higher than that of other positions (RR 4.29, (95% CI 1.99 to 9.24)). There were no signiﬁcant differences between player positions concerning other
injuries. The second and third period had the highest percentages of injured players (35.3%; 37.1%) during the game. There
were only a few injuries sustained during warm up (2.3%) and
overtime (1.7%). Only 5.6% of the injury situations occurred
during the practices. Players sustained injuries at the home zone
(39.5%), visitor zone (31.7%) and neutral zone (19.8%).

DISCUSSION
This observational study followed 39 women’s Ice Hockey
World Championship tournaments over an 8-year period, to
determine the incidence, type, mechanism and severity of
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Figure 2 Game injury report form of
the International Ice Hockey
Federation.

injuries. During the study period, 5344 players sustained 168
injuries in 637 games. The total IR was 22.0/1000 playergame hours for all female tournaments. Contusion was the
most common type of injury followed by ligament sprain.
The lower body was injured most frequently (42.9% of game
injuries). In all female tournaments, 74.3% of the head and
face injuries were concussions, which were the most common
diagnoses in female ice hockey, followed by knee and ankle
sprains.

Quality of the data
The strengths of this study include the large number of players
competing at the highest level of international competition over
an 8-year period. The number of events was determined with a
4 of 7

strict injury deﬁnition that incorporated time lost and speciﬁc
diagnosis, standardised nomenclature and a reliable data collection instrument.4 Detailed information was collected with the
two structured questionnaires.11
Data collection was reliable and accurate because team physicians diagnosed the injuries. Coverage of all injuries was ascertained by the MSs who collected study forms after each game.
They followed all the games during a tournament, and enquired
about possible injuries and players who were missing from the
team roster. Injury incidence rates were estimated by collective
playing time since individual on-ice exposure could not be measured. We assumed that six players were on the ice for each
team during a 60 min game. This method does not take penalties or overtime into consideration.
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Figure 3 Annual ice hockey injury
rates per 1000 player-games for all
female tournaments, WWC and WWC
U18 (OWG, Olympic Winter Games;
WWC, World Women’s Championship;
WWC U18, World Women’s under-18
Championship).

In a similar study of men’s international ice hockey, the total
men’s IR was 52.1/1000 player-game hours for all World
Championships (WC) and 59.6 for WC A-pool tournaments.12
In men, the most commonly injured sites were the head and
face (39.8% of game injuries; IR 5.7/1000 player-games).
Laceration, especially facial laceration, was the most common
injury type (26.1% of all injuries). In the present study, a laceration was diagnosed only in 5.4% of all injuries due to the fact
that full facial protection is mandatory at all levels of female ice
hockey.13 In men’s tournaments, the most common lower body

injury involved the knee (46.9%; IR 2.0/1000 player-games),
with the MCL (56.6% of all knee injuries) being the most frequently injured anatomic structure. ACL injury was documented
in 10.5% of all knee cases. The knee IR for women during
games was 1.3 (WWC U18 IR 1.8; WWC IR 1.0) and 28.6% of
knee injuries were contusions. In the present study, the shoulder
IR for women (IR 0.5) was clearly lower than the rate in men’s
tournaments (IR 1.5). In contrast, the ankle IR for women (IR
0.8) was higher than that for men (IR 0.6). The risk of concussion for women during international competition was lower

Table 2 Ice hockey injuries by anatomic region in all female tournaments, WWC and WWC U18
WWC (OWG)

Anatomic region

Number

IR per 1000
player-games

Face
Knee
Shoulder+clavicle
Head
Fingers+thumb+hand
Ankle+leg
Groin+hip+pelvis
Teeth
Thigh
Chest+throat
Foot+toes
Neck+upper back+lower back
Wrist
Upperarm+forearm+elbow
Abdomen+genitals+kidneys
Eye
Total

2
17
8
14
6
13
6
0
5
3
2
8
3
5
1
0
93

0.1
1.0
0.5
0.9
0.4
0.8
0.4
0.0
0.3
0.2
0.1
0.5
0.2
0.3
0.1
0.0
5.7

WWC U18
IR per 1000
player-game
hours
0.4
3.6
1.7
3.0
1.3
2.8
1.3
0.0
1.1
0.6
0.4
1.7
0.6
1.1
0.2
0.0
19.7

All female tournaments

Number

IR per 1000
player-games

IR per 1000
player-game
hours

2
18
4
15
2
8
3
2
1
2
1
7
4
5
1
0
75

0.2
1.8
0.4
1.5
0.2
0.8
0.3
0.2
0.1
0.2
0.1
0.7
0.4
0.5
0.1
0.0
7.5

0.7
6.1
1.4
5.1
0.7
2.7
1.0
0.7
0.3
0.7
0.3
2.4
1.4
1.7
0.3
0.0
25.6

Number

IR per 1000
player-games

IR per 1000
player-game
hours

4
35
12
29
8
21
9
2
6
5
3
15
7
10
2
0
168

0.2
1.3
0.5
1.1
0.3
0.8
0.3
0.1
0.2
0.2
0.1
0.6
0.3
0.4
0.1
0.0
6.4

0.5
4.6
1.6
3.8
1.0
2.7
1.2
0.3
0.8
0.7
0.4
2.0
0.9
1.3
0.3
0.0
22.0

IR, injury rate; OWG, OWG, Olympic Winter Games; WWC, World Women’s Championship; WWC U18, World Women’s under-18 Championship.
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Figure 4 Injury rate by anatomic
region per 1000 player-games in World
Women’s Championship and World
Women’s under-18 Championship.

than that in men’s tournaments but was similar, in the WWC
U18 level, to men’s tournaments: 1.4/1000 player-games in all
men’s WC and 1.9 in men’s A-pool tournaments compared
with 1.0/1000 player-games in all female tournaments, 1.4 in
WWC U18 tournaments and 0.7 in WWC tournaments.

Comparison with women’s hockey data in National
Collegiate Athletic Association (NCAA) and elsewhere
Agel and Harvey reported an IR of 12.1/1000 athleteexposure (AE) in women’s National Collegiate Athletic
Association ice hockey games. The AE was determined by the

number of athletes participating in a game or practice regardless of duration or type of exposure. Concussions were the
most common type of injury followed by the hip/groin and
ankle. The average rate of concussion over a 7-year period
was 0.82/1000 AEs. Body checking and unintentional collision with an opponent were the common mechanisms of
injury.14 Schick and Meeuwisse reported that the IR for
female players was 7.77 per 1000 AEs. Ninety-six per cent of
injuries were related to contact mechanisms. Concussions
were the most common injury, followed by ankle sprains and
adductor muscle strains.2

Figure 5 Injury distribution by
diagnosis in all female tournaments,
WWC and WWC U18 (OWG, Olympic
Winter Games; WWC, World Women’s
Championship; WWC U18, World
Women’s under-18 Championship).
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Injury risk in ice hockey can be compared with other sports.
In the present study, the IR was 22.0/1000 player-game hours in
women’s ice hockey World Championships. In contrast, the IRs
have been reported to be 103/1000 player-game hours in female
handball,6 and 67.4/1000 player-game hours in female soccer.7
In women’s World Football tournaments from 1998 to 2012,
the IR was 65.4/1000 player-game hours.8 IRs for the different
women’s team sports during the 2004 Olympic Games were:
soccer 70/1000 player hours, handball 145/1000 player hours
and basketball 100/1000 player hours.9 Pasanen et al10 reported
that the injury incidence in Finnish woman’s ﬂoorball was 40.3/
1000 player-game hours. However, the comparison between
sports with respect to injury risk is difﬁcult because of the different study methodology, differences in deﬁnition of injury and
estimation of exposure.
In summary, this 8-year study showed that the risk of injury
during women’s international ice hockey tournaments was
substantially lower than the risk in men’s games. Moreover, the
IR in female ice hockey appears to be lower than that in other
women’s team sports. The knee, head, ankle and shoulder are
the most vulnerable body sites. Improved knowledge on the risk
factors and mechanisms of ice hockey injuries are needed for
initiation of effective preventive strategies.
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ABSTRACT
Background Detailed injury data are not available for
international ice hockey tournaments played by junior
athletes. We report the incidence, type, mechanism and
severity of injuries in males under ages 18 and 20 at
junior ice hockey World Championships during 2006–
2015.
Methods All injuries in the International Ice Hockey
Federation World Junior under-20 (WJ U20)
Championship and under-18 (WJ U18) Championship
were collected over a 9-year period using a strict injury
deﬁnition, a standardised injury reporting system and
diagnoses made by a team physician.
Results 633 injuries were recorded in 1326 games
over a 9-year period, resulting in an injury rate (IR) of
11.0 per 1000 player-games and 39.8/1000 playergame hours. The IRs in all tournaments were 4.3/1000
player-games for the head and face, 3.2 for the upper
body, 2.6 for the lower body and 1.0 for the spine and
trunk. A laceration was the most common injury type
followed by a sprain. Lacerations accounted for 80%
(IR 3.6) of facial injuries in WJ U20 tournaments. The
shoulder was the most common injury site (IR 2.0) in WJ
U18 tournaments. Board contact was the mechanism for
59% of these shoulder injuries. Concussion was the
most common head and face injury (46%; IR 1.2) in WJ
U18 tournaments.
Conclusions and recommendations The risk of
injury among male junior ice hockey players was lower
than the reported rates in adult men but higher than
that in women. Facial lacerations were common in U20
junior players (WJ U20) since most wear only partial
facial protection (visor). The IR for shoulder injuries was
high in U18 junior players (WJ U18). Suggested
strategies for injury prevention include full facial
protection for all players and ﬂexible board and glass for
all junior tournaments.

INTRODUCTION

To cite: Tuominen M,
Stuart MJ, Aubry M, et al.
Br J Sports Med
2017;51:36–43.

Thirty-nine countries competed in the 2015
International Ice Hockey Federation (IIHF) Male
World Junior under-20 (WJ U20) Championships
and 43 in the Male World Junior under-18 (WJ
U18) Championships. The IIHF collaborated with
the local organising committees to organise the
A-pool and three other divisions. Divisions I and II
of WJ U20 tournaments and all divisions of WJ
U18 tournaments were divided into subgroups A
and B. The teams were qualiﬁed for the divisions
and its subgroups according to IIHF World
ranking.
Ice hockey is associated with many potential risk
factors for injury, such as unintended collisions;
high velocity; rapid changes in direction; and
contact with the boards, stick or puck.1 Full facial

protection is mandatory for players under 18 years
old. Partial facial protection (visor) is allowed for
junior players aged over 18 years. The ice hockey
injury research at other levels of competition
has shown that most injuries occur in a game,
including lacerations, contusions, sprains and concussions.2–6 Injuries in junior ice hockey at the
international level have scarcely been studied.
Knowledge of injuries should help to create effective prevention strategies for reducing the risk of
injury,7 and help organisers plan medical services
during tournaments.
The aim of the present study was to investigate
the incidence, nature, causes, severity and time trend
of injuries in the WJ U20 and U18 ice hockey tournaments between 2006 and 2015.8

METHODS
During the nine ice hockey seasons between 2006
and 2007 and 2014 and 2015 (1 July 2006 to 30
June 2015), we registered, with permission from
the IIHF, all ice hockey injuries from the 69 male
junior ice hockey championships. There were 36
WJ U20 and 33 WJ U18 Championships. A total
of 1326 games were played in the 69 tournaments
by 487 teams (10 518 players). WJ U20 competitions consisted of 695 games in 36 tournaments
played by 254 teams (5476 players) and WJ U18
competitions consisted of 631 games in 33 tournaments played by 233 teams (5042 players).
A team medical personnel meeting before each
tournament allowed the IIHF Medical Supervisor
(MS) to review the deﬁnition of the injury, game
injury report (GIR) form and the injury report
system (IRS) form with the individual team physicians (ﬁgure 1). The deﬁnition of an injury was
made in accordance with the accepted international
ice hockey norms. Minor injuries that allowed the
athlete to continue playing and did not require
medical attention were not included. An IRS form
was completed when one of the following criteria
was observed:
▸ Any injury sustained in a practice or a game that
prevented the player from returning to the same
practice or game;
▸ Any injury sustained in a practice or a game that
caused the player to miss a subsequent practice
or game;
▸ A laceration which required medical attention;
▸ All dental injuries;
▸ All concussions;
▸ All fractures.
The individual team physician followed all the
players on their team and submitted the GIR
form to the MS after each contest. The GIR form
was used to verify the number of injuries that
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Figure 1 Injury report system form of the IIHF. DG, diagnosis; ICD, International Classiﬁcation of Diseases; IIHF, International Ice Hockey
Federation; MCL, medial collateral ligament; LCL, lateral collateral ligament; NA, not available; PCL, posterior cruciate ligament.
satisﬁed the deﬁnition (ﬁgure 2). The team physician was also
required to complete a detailed injury report (IRS form) for
every injury. The IRS form was returned to the MS during
the tournament as soon as all the sufﬁcient information had
been obtained and the ﬁnal diagnosis was conﬁrmed. The
IIHF MS assigned to each championship was responsible for
data collection. The IRS form was ﬁlled out only once for
each injury and included detailed information on the game
period, ice location, mechanism, anatomic site, severity and
speciﬁc injury diagnosis. The anonymous forms were returned
to the IIHF Medical Committee for insertion into a
computer-based IRS for ice hockey injuries (Medhockey,
Medisport Ltd, Finland).
No separate ethics approval was needed for this register-based
study since all information was collected anonymously. The
study was conducted with written permission of the IIHF, who
is the holder of the registry.
Injury rate (IR) was expressed as the number of injuries per
1000 ice hockey player-games and per 1000 player-game hours.
These two different IR deﬁnitions were used to allow comparison with other IIHF championships, hockey leagues and sports
(soccer, rugby, football, basketball).9–16
The population-at-risk or player exposure to injury was
determined by an estimation of collective playing time. The
2 of 9

number of player-games was based on 20–22 players competing for each team in a game depending on the speciﬁc level
and year of a given tournament. Only the participating athletes
were included in the denominator when calculating incidence
of injury.
The player-game IR was an average risk of one individual player
per 1000 games (# injuries/# players (2 teams)/# games×1000=injuries per 1000 player-games). The IR for 1000 playergame hours was based on a 60 min active game with ﬁve players
and a goalie per team on the ice at the same time (# injuries/#
players on ice same time (2 teams)/# games×1000=number of
injuries per 1000 player-game hours).
Practice injuries were excluded because there were only a
few documented injuries (n=18, 3%; WJ U20, n=12; WJ
U18, n=6). The IRs refer to those injuries that occurred in
game competition only. Time loss was used as a proxy to determine the injury severity. The severity was graded into four
groups by the team physician according to the IRS form
(ﬁgure 1).
The outcomes from A-pool tournaments are reported separately, because they represent the top-level international championships in each age group. The injury results are presented as
total numbers, percentages and rates (injuries per 1000 playergames and per 1000 player-game hours).
Tuominen M, et al. Br J Sports Med 2017;51:36–43. doi:10.1136/bjsports-2016-095992
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Figure 2 Game injury report form of the International Ice Hockey Federation (IIHF).

RESULTS
Incidence of injury
During the study period, 633 injuries were reported in 1326
games. The IR per 1000 ice hockey player-games was 11.0 for
all World Junior Championships. The annual IR ranged
between 7.7 (2008) and 14.4 (2009). For WJ U20 tournaments,
Tuominen M, et al. Br J Sports Med 2017;51:36–43. doi:10.1136/bjsports-2016-095992

361 injuries were reported in 695 games comprising 29 992 athletic game exposures. The IR was 12.0/1000 player-games (WJ
U20 A-pool IR 13.2) and the annual IR ranged between 7.0
(2008) and 15.8 (2009; ﬁgure 3). For WJ U18 tournaments,
272 injuries were reported in 631 games comprising 27 334
athletic game exposures. The IR was 9.9/1000 player-games (WJ
3 of 9
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Table 1 Anatomic regions divided to the body parts in World
Junior under-18 Championships, World Junior under-20
Championships
Head and face

Upper body

Lower body

Spine/trunk

Figure 3 Annual ice hockey injury rates per 1000 player-games in all
World Junior under-20 (WJ U20) Championships, WJ U20
Championships (A-pool), all World Junior under-18 (WJ U18)
Championships and WJ U18 Championships (A-pool).
U18 A-pool IR 12.8) and the annual IR ranged between 6.7
(2013) and 15.0 (2011; ﬁgure 3). The IR per 1000 player-game
hours was 39.8 for all WJ tournaments, 43.3 for WJ U20
tournaments and 35.9 for WJ U18 tournaments.

Injuries by anatomic region
In all World Junior Championship tournaments (U20 and U18),
injuries involved the head and face in 244 cases (39% of game
injuries), the upper body in 182 cases (29%), the lower body in
150 cases (24%), and spine or trunk in 57 cases (9%). The IR for
head and face injuries in all tournaments was 4.3/1000 playergames (IR 15.3/1000 player-game hours), for upper body 3.2
(11.4/1000 player-game hours), for lower body 2.6 (9.4/1000
player-game hours), and for spine and trunk 1.0 (3.6/1000
player-game hours), respectively (table 1). Over the 9-year study
period, there was a trend towards an increase in upper body
injuries and decrease in lower body injuries (ﬁgure 4). IRs are
shown separately in U20 and U18 age groups in tables 1 and 2,
and ﬁgure 5.

Head
Face
Jaw/chin
Clavicle
Shoulder
Scapula
Upper arm
Elbow
Buttocks
Groin
Genitals
Hip
Thigh
Coccyx
Neck
Upper back
Lower back
Throat

Teeth/mouth
Eye
Ear
Forearm
Wrist
Hand
Thumb
Fingers
Knee
Leg
Ankle
Foot
Toes
Kidney
Chest
Abdomen
Pelvis

Upper body injuries
The shoulder was the most common location for an upper body
injury in WJ U18 and U20 tournaments (58%). The shoulder
IR was 1.8/1000 player-games (6.7/1000 player-game hours;
tables 1 and 2). Acromioclavicular joint sprain (59%) was the
most frequent diagnosis. In WJ U20 tournaments, the shoulder
IR was 1.7 (WJ U20 A-pool IR 1.5). The IR in WJ U18 tournaments was 2.0 (WJ U18 A-pool IR 2.4). Finger (9%; IR 0.3)
and wrist (8%; IR 0.3) injuries were the second and third most
common upper body injuries.

Lower body injuries
The knee was the most frequent site of lower body injury in WJ
U18 and U20 tournaments (33%). The knee IR was 0.9/1000
player-games (3.1/1000 player-game hours; tables 1 and 2).
A medial collateral ligament (MCL) sprain (40%) was the most
common knee injury. Disruption of the ACL was responsible for
6% of all knee injuries. Sixty-ﬁve per cent of knee injuries
resulted from unintended or intended collisions. Ankle (23%;
IR 0.6) and thigh injuries (22%; IR 0.6) were the second and
third most common lower body injuries.

Head and face injuries
The head and face were the most common sites of injury in WJ
U20 tournaments (48%; IR 5.8/1000 player-games; 20.6/1000
player-game hours) and the face was the most common location
(tables 1 and 2, and ﬁgure 5). Facial injuries comprised 76% of
the head and face injuries in all WJ U20 Championships with
an IR of 4.4 per 1000 player-games (in WJ U20 A-pool 78%;
IR 5.6). A laceration was diagnosed in 80% (IR 3.6) of the
facial injuries. Forty-one per cent of facial lacerations were
caused by a stick and a penalty was called in 18% of them.
The dental IR was 0.7 (11% of the head injuries; in WJ U20
A-pool 15%; IR 1.1). No eye injuries were reported.
In WJ U18 tournaments, concussion was the most common
head and face injury (46%; IR 1.2/1000 player-games; 4.2/1000
player-game hours). Forty-four per cent of injuries were lacerations (IR 1.1) while 7% were dental injuries (IR 0.2). In WJ
U18 tournaments, 47% of the head and face injuries involved
the face with an IR of 1.2/1000 player-games. In WJ U18
A-pool tournaments, a laceration was the most common head
and face injury (52%; IR 2.1) and the IR for concussion was 1.5
(36%).
4 of 9

Injury types by diagnosis
The vast majority of injuries (90%) were acute in nature and
this trend was consistent over the 9-year study period. A
laceration was the most common type of injury (24%), followed by a contusion (22%), sprain (18%), concussion
(10%) and fracture (10%; ﬁgure 6). In the U18 category, a
sprain was the most common injury type while in the
U20 age group a laceration was the most common type of
injury.

Concussion
Concussions accounted for a small yet clinically important
number (n=64, 10%) of injuries in the championships. The
concussion IR was 1.1/1000 player-games (4.0/1000 playergame hours) in all WJ tournaments, 1.2 in WJ U18 tournaments
(IR 1.5 in WJ U18 A-pool) and 1.0 in WJ U20 tournaments (IR
1.3 in WJ U20 A-pool; ﬁgure 6). The two most common causes
for concussion were checking to the head (48%) and body
check (23%). Illegal hits caused 63% of the concussions and a
penalty was called in 53% of the events when checking to the
Tuominen M, et al. Br J Sports Med 2017;51:36–43. doi:10.1136/bjsports-2016-095992
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Figure 4 Annual percentage of head
and face, upper body, lower body, and
spinal and trunk injuries in World
Junior Under-18 (WJ U18)
Championships and World Junior
under-20 (WJ U20) Championships
including trend lines for upper body
and lower body injuries.

head or checking from behind caused a concussion. For those
players diagnosed with a concussion, 6% returned to play in the
same game. The majority of concussions occurred before the
2012 Zurich Consensus Guidelines, which stated that a concussed athlete should not return to play in the same game. The
wing position (IR 0.5/1000 player-game hours) had the highest
risk of concussion, followed by defence position (IR 0.4) and
centre (IR 0.1). The majority of concussions occurred during
the third (38%) period.

Contact with the boards
The majority of injuries occurred away from the boards. This
trend was apparent in all championships and was similar over
the 9-year study period. In WJ U18 tournaments, 36% (IR
3.6; A-pool 4.4) of injuries occurred with board contact while
in WJ U20 tournaments 24% (IR 2.9) of the injuries occurred
in board contact (ﬁgure 7). Shoulder (30%) and head
(18%) injuries were most common as a result of contact with
the boards. Fifty-four per cent of shoulder injuries were
caused by contact with the board (59% in WJ U18). The
majority of concussions occurred without contact with the
board (52%).

Causes of injury
Injuries were caused by body checking (32%), stick (13%) and
puck contact (13%). There was an annual variation in injury
causes without a clear time trend. The most common mechanisms for ﬁnger, hand and wrist injuries were puck (31%) and
stick (18%) contact. In WJ U18 tournaments, body checking
caused 39% (A-pool 37%) of all injuries while the stick
accounted for only 3% (A-pool 3%). In WJ U20 tournaments,
the stick caused 20% (A-pool 22%) of the injuries and the
majority of them were to the head and face area (78%). Penalties
were assessed 35% of the time for checking to the head injuries
and 46% of the time for hitting from behind injuries.

Injury severity
The majority of players who were injured returned to play
within 1 week (59%); however, 10% did not return for at least
Tuominen M, et al. Br J Sports Med 2017;51:36–43. doi:10.1136/bjsports-2016-095992

3 weeks based on an estimate of time recovery. Most of the
severe injuries were fractures (38%) and sprains (27%).

Player position, period and zone
Injuries were distributed according to player position as follows:
wing 44% (2 wings per team) (WJ U18, 50%; WJ U20, 40%),
centre 17% (1 centre per team; WJ U18, 16%; WJ U20, 18%)
and defence 32% (2 defences per team; WJ U18, 29%; WJ
U20, 35%). The goalkeeper was the least injured of all the
players (3%). In WJ U18 tournaments, 50% of the injuries
occurred in the wing position. The second and third periods
had the highest percentages of injured players (34%, respectively) during the game. Players sustained injuries in the home
zone (37%), visitor zone (38%) and neutral zone (17%).

DISCUSSION
This prospective, observational study followed 69 male junior
ice hockey World Championship (WC) tournaments over a
9-year period to determine the incidence, type, mechanism and
severity of injuries. During the study period, 633 injuries were
reported in 10 518 players competing in 1326 games. The total
IR was 11.0 per 1000 ice hockey player-games and 39.8 per
1000 player-game hours for all junior tournaments. A laceration
was the most common type of injury followed by a contusion.
The head and face were injured most frequently (48% of game
injuries) in WJ U20 tournaments. The majority of these injuries
involved the face (76%) and 80% of the facial injuries were
lacerations. The upper body was the most commonly injured
anatomic region (36% of game injuries) in WJ U18
tournaments.
The strength of this study includes the large number of
players competing in each age group at the highest international
level over a 9-year period. The number of injury events was
determined with an accepted injury deﬁnition that incorporated
a speciﬁc diagnosis, standardised nomenclature, a reliable data
collection instrument and time lost from play.7 Detailed information was collected with two structured and validated questionnaires.17 Data collection was reliable because the MS
5 of 9
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Table 2 Ice hockey injuries by anatomic region in WJ U18 Championships and WJ U20 Championships
WJ U18

Anatomic region
Face
Knee
Shoulder+clavicle
Head
Fingers+thumb+hand
Ankle+leg
Groin+hip+pelvis
Teeth
Thigh
Chest+throat
Foot+toes
Neck+upper back
+lower back
Wrist
Upperarm+forearm
+elbow
Abdomen+genitals
+kidneys
Eye
Total

WJ U20

IR per 1000
Number player-games

IR per 1000
player-game hours

Together

IR per 1000
Number player-games

IR per 1000
player-game hours

IR per 1000
Number player-games

IR per 1000
player-game
hours

28
26
56
37
22
21
8
5
18
7
3
20

1.0
1.0
2.0
1.4
0.8
0.8
0.3
0.2
0.7
0.3
0.1
0.7

3.7
3.4
7.4
4.9
2.9
2.8
1.1
0.7
2.4
0.9
0.4
2.6

114
24
50
41
19
23
6
19
15
8
11
12

3.8
0.8
1.7
1.4
0.6
0.8
0.2
0.6
0.5
0.3
0.4
0.4

13.7
2.9
6.0
4.9
2.3
2.8
0.7
2.3
1.8
1.0
1.3
1.4

142
50
106
78
41
44
14
24
33
15
14
32

2.5
0.9
1.8
1.4
0.7
0.8
0.2
0.4
0.6
0.3
0.2
0.6

8.9
3.1
6.7
4.9
2.6
2.8
0.9
1.5
2.1
0.9
0.9
2.0

10
9

0.4
0.3

1.3
1.2

5
11

0.2
0.4

0.6
1.3

15
20

0.3
0.3

0.9
1.3

2

0.1

0.3

3

0.1

0.4

5

0.1

0.3

0
272

0.0
9.9

0.0
35.9

0
361

0.0
12.0

0.0
43.3

0
633

0.0
11.0

0.0
39.8

IR, injury rate; WJ U18, World Junior under-18; WJ U20, World Junior under-20.

veriﬁed the team roster and collected both the GIR and IRS
forms after each game.
The limitations of this study include the fact that injuries
were analysed in tournament games only and not in practice or
training. Moreover, the injury reporting system relied on the
individual team physician to record the mechanism and type of
injury. A more accurate description of injury mechanism
would require a detailed review of a multiangle video. A
more consistent injury diagnosis would require the examination of every injured athlete at each tournament by a single
experienced physician. Injury incidence rates were estimated
by collective playing time since individual on ice exposure
could not be measured. We assumed that six players were on
the ice for each team during the 60 min game. Thus, this
method did not take penalties or overtime into consideration.
The severity of the injury was based on an estimate of time to
return to play.

Comparable epidemiology with adult men’s hockey
In a similar study of adult men’s international ice hockey, the
total rate was 52.1/1000 player-game hours for all WC and
59.6 for the WC A-pool tournaments.18 The most commonly
injured site was the head and face (40% of game injuries; IR
5.7/1000 player-games). Laceration, especially to the face,
was the most common injury type (26% of all injuries). In
this study of junior hockey players, the IR for facial lacerations and dental injuries was higher in WJ U20 tournaments
than in the adult men’s tournaments. In WJ U18 tournaments, a laceration was diagnosed only in 14% of all injuries,
most likely due to the fact that full facial protection is mandatory in the U18 category. The transition to a half visor from
full face protection in the U20 category increases the risk of
injury.19–23
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In the study of adult men’s international ice hockey injuries,
the most common lower body injury involved the knee (47%;
IR 2.0/1000 player-games), with the MCL (57% of all knee
injuries) being the most frequently injured anatomic structure.18
ACL injury was documented in 11% of all knee injuries. The
knee IR for juniors during games was lower (IR 0.9) than in
men’s games (IR 2.0) and 40% of their knee injuries were MCL
sprains. In a similar study of women’s international ice hockey,
the IR for knee injuries in World Women’s Championship U18
tournaments (IR 1.4) was higher than that in the male U18 tournaments (IR 1.0) even though body checking is not allowed in
female tournaments. The reasons for a higher risk of knee
injury in women are unknown, but could be due to differences
in the physical strength and motor skills of the players.24
In this study, the concussion rate for juniors (IR 1.1) was
lower than that for adult men (IR 1.4). The risk of shoulder
injury for WJ U20 international competition was similar to that
for the adult men’s tournaments, but it was higher in the WJ
U18 tournaments: 1.5/1000 player-games in all adult men’s WC
and 1.7 in men’s A-pool tournaments compared with 1.7/1000
player-games (1.5 in A-pool) in WJ U20 tournaments and 2.0
(2.4 in A-pool) in WJ U18 tournaments. The higher risk of
shoulder injuries in the U18 age group could be due to lower
muscular strength or more frequent body checks and collisions
with the boards.

Comparison of the juniors’ WC ice hockey data with that in the
USA and Canada
Stuart and Smith2 reported an IR of 96.1/1000 player-game
hours in elite Junior A ice hockey in North America. The game
IR was highest in the third period. The IR for laceration was
32.4/1000 player-game hours. The anatomic region most often
injured was the face (IR 38/1000 player-game hours).2 This
Tuominen M, et al. Br J Sports Med 2017;51:36–43. doi:10.1136/bjsports-2016-095992
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Figure 5 Injury rate by anatomic region per 1000 player-games in all World Junior under-20 (WJ U20) Championships, WJ U20 Championships
(A-pool), all World Junior under-18 (WJ U18) Championships and WJ U18 Championships (A-pool).

Figure 6 Injury rate by diagnosis per
1000 player-games in all World Junior
under-20 (WJ U20) Championships, WJ
U20 Championships (A-pool), all World
Junior under-18 (WJ U18)
Championships and WJ U18
Championships (A-pool).

study was performed at a time when facial protection was not
mandated in the US Hockey League for players aged 18 and
older. The lack of any facial protection in a large number of athletes contributed to the high risk of facial trauma, especially
lacerations.
Agel and Harvey reported an IR of 18.7/1000 athlete exposure (AE) in men’s National Collegiate Athletic Association
(NCAA) ice hockey games (term ‘1000 AE in games’ corresponds to ‘1000 player-games’ used in this study). AE was determined by the number of athletes participating in a game or
practice regardless of duration or type of exposure. Concussions
were the most common injury type followed by shoulder and
Tuominen M, et al. Br J Sports Med 2017;51:36–43. doi:10.1136/bjsports-2016-095992

knee injuries. The average rate of concussion over a 7-year
period was 0.7/1000 AEs.25 In another study, Agel et al
reported a total IR of 16.3/1000 AEs in men’s NAAC ice
hockey games. More than one-third of all game injuries were to
the upper extremity (34%). Lower extremity (34%) and head/
neck injuries (15%) accounted for the majority of other game
injuries. The IR for concussion was 1.5.26 It is important to
note that full facial protection has been a requirement for all
NCAA ice hockey players since 1978.
Flik et al reported an IR of 13.8 per 1000 game AE in
American Collegiate men’s ice hockey. Only time-lost injuries
were collected from the games and practices. Most of the
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Figure 7 Injury rates for shoulder
injuries and injuries occurred with
board contact in all World Junior
under-20 (WJ U20) Championships, WJ
U20 Championships (A-pool), all World
Junior under-18 (WJ U18)
Championships and WJ U18
Championships (A-pool).

injuries occurred during the ﬁrst and second periods and
concussion was the most common diagnosis.27
In our study, the IR was 12.0/1000 player-games. The risk of
injury for junior players competing in IIHF tournaments was
lower than that reported for North American players. It is possible that differences in the style of play, ofﬁciating and ice
surface size between North America and Europe help to explain
the lower IR in the WC games.

Summary and conclusions
In summary, this 9-year study showed that the risk of injury to
male junior ice hockey players under age of 20 during international tournaments was lower than the reported risk in adult
men. Facial lacerations and dental injuries were common in the
junior U20 Championships; therefore, full facial protection is
recommended for these athletes. Injuries to the shoulder were
common in juniors under 18 years. The risk for these injuries
could be decreased by better protection and a more ﬂexible
board and glass.

What are the ﬁndings?
▸ The overall injury rate (IR) in the World Junior
Championships was 11.0 per 1000 ice hockey player-games
and 39.8 per 1000 player-game hours.
▸ Head and facial injuries were the most commonly injured
body parts in World Junior under-20 (WJ U20) tournaments
and laceration was the most common injury type.
▸ In World Junior under-18 (WJ U18) tournaments, concussion
was the most common head and face injury. Laceration
occurred in only 14% of all injuries (all U18 players wore
full facial protection).
▸ The risk of shoulder injury in WJ U18 tournaments was
higher than that in men’s tournaments.
▸ The knee IR in junior games was considerably lower (IR 0.9)
than that in men’s games (IR 2.0). Forty per cent of juniors’
knee injuries were medial collateral ligament sprains.
▸ In WJ U18 tournaments, 36% (IR 3.6; A-pool 4.4) of injuries
occurred with board contact while in WJ U20 tournaments
this ﬁgure was lower, 24% (IR 2.9).
8 of 9

How might it impact on clinical practice in the future?
▸ Full facial protection decreases the risk of facial lacerations
and should be recommended for all junior tournaments.
▸ To prevent shoulder injuries involving contact with the
boards, a more ﬂexible board and glass should be used.
▸ Enforcing the existing stick rules may decrease the risk of
facial injuries in age groups where only half face protection
is used.
▸ More effective prevention strategies for shoulder and knee
injuries are needed in junior ice hockey; there is evidence
that neuromuscular exercises reduce knee injuries.28
▸ More effective prevention strategies for concussion are
needed including strict ofﬁciating and continuous education
of players, ofﬁcials, coaches and physicians.
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ABSTRACT
Background Concussions in sports are a growing
concern. This study describes the incidence, injury
characteristics and time trends of concussions in
international ice hockey.
Methods All concussions in the International Ice
Hockey Federation (IIHF) World Championships (WC) and
Olympic Winter Games were analysed over 9 ice hockey
seasons between 2006 and 2015 using a standardised
injury reporting system and diagnoses made by the team
physicians.
Results A total of 3293 games were played (169
tournaments, 1212 teams, 26 130 players) comprising
142 244 athletic game exposures. The average injury
rate (IR) for concussion was 1.1 per 1000 ice hockey
player-games for all IIHF WC tournaments. The IR was
the highest in the men’s WC A-pool tournaments and
Olympic Games (IR 1.6). However, the annual IR for
concussion in the men’s tournaments has been lower
than that in the World Junior tournaments since 2012.
When a concussion occurred with contact to a ﬂexible
board, the IR was 0.2 per 1000 player games. In
contrast, the IR was 1.1, if the board and glass were
traditional (for the latter, RR 6.44 (95% CI 1.50 to
27.61)). In the men’s tournaments, the trend of
concussions caused by illegal hits decreased over the
study period. After the 4th Consensus Statement on
Concussion in Sport was published (2013), none of the
concussed players in the men’s WC returned to play on
the day of injury.
Conclusions The annual risk of concussion in the
men’s WC has decreased during the study period. This
was most likely due to a reduction in illegal hits. The
risk of concussion was signiﬁcantly lower if games were
played on rinks with ﬂexible boards and glass. Rink
modiﬁcations, improved education and strict rule
enforcement should be considered by policymakers in
international ice hockey.

INTRODUCTION

To cite: Tuominen M,
Hänninen T, Parkkari J, et al.
Br J Sports Med
2017;51:244–252.

Ice hockey is a collision sport executed on a hard
ice surface surrounded by a perimeter of board and
glass. Players reach high skating velocities and
rapidly change direction. The fast-moving puck,
swinging sticks and six players per team in a small
space contributes to risk of concussion.1–8
The International Ice Hockey Federation (IIHF)
is responsible for ice hockey at the Olympic Winter
Games (Olympic Games) and coordinates the
annual IIHF World Championships (WC) at all
skill levels of men (WS), women (WW), juniors
under-20 years (WJ U20), juniors under-18 years

(WJ U18) and women under-18 years (WW U18).
A total of 28 WC tournaments, 10 Olympic
Qualiﬁcation tournaments and a Youth Olympic
tournament were held in collaboration with the
local organising committees during the 2015–2016
season.
In all WC tournament games, the active playing
time is three periods of 20 min each. The main difference between male and female ice hockey rules
is that body checking is legal in the men’s game.
Intentional body checking is not permitted in any
level of women’s ice hockey.1 9–12 The equipment
is similar for all ice hockey players, except facial
protection. All female and male U18 players must
wear full-facial protection (full cage or shield), but
male players over 18-year of age are allowed to
wear partial-facial protection (visor). In addition,
mouth guard is mandatory in WJ U20 category for
players wearing visor.13 The exact size of a hockey
rink and its sections (offensive zone, neutral zone
and defensive zone) varies among arenas but not
between sex, age or levels of tournament.14
Modern rink materials have ﬂexibility and the capacity to absorb the energy of players colliding with
boards and perimeter glass; this has led to the
gradual replacement of traditional rinks with
modern ﬂexible material.15
Concussion in sport is a clinical syndrome of
traumatically induced transient disturbance of
normal brain function. The lateral and temporal
area of the head are the most common areas to be
struck resulting in concussion. In ice hockey, concussion impacts are more likely to occur from
contact with another body part or object rather
than another head. Differences in mechanisms of
injuries have been found between men and
women.10 The diagnosis of concussion relies on a
clinician’s evaluation. Injury mechanics, visible
signs, reported symptoms, changes in cognitive
and/or physical performance and exclusion of a
more severe neurotrauma are the fundamentals of
clinical assessment.16–20 The systematic collection
of all ice hockey injuries shows that concussion is
one of the most common injury type resulting to
missed
participation
in
both
sexes.21–29
Furthermore, growing concerns on the possible lingering detrimental effects of concussion have
addressed the need for preventive measures.30
We aimed to describe the incidence of concussions in international ice hockey. In addition, we
examined and analysed possible contributing
factors, including: (1) injury causes, (2) injury location on the ice, (3) the period of the game, (4)
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player position and (5) contact with the board at the time of the
incident. We also examined the differences in concussion rates
stratiﬁed by sex, age groups and the level of play to help
develop concussion recognition and prevention programmes at
all levels of play.31

METHODS
During the nine ice hockey seasons between 2006–2007 and
2014–2015 (from 1 July 2006 to 30 June 2015), we registered,
with the permission from the IIHF, all ice hockey injuries from
the 169 ice hockey tournaments. Forty-four of them were
World Senior Championships (WS) (10 of them were A-pool
tournaments), two Olympic Winter Games (Olympic Games),
and eight Olympic Qualiﬁcation tournaments. Seventy tournaments were World Junior under-18 and under-20
Championships (WJ U18; WJ U20) (19 of them were A-pool
tournaments). Forty-three tournaments were women’s World
Championships (WW) (14 of them were A-pool tournaments)
and two Olympic Games. Fifteen of the women’s World
Championships were women’s under-18 tournaments (WW
U18). A total of 3293 games were played in the 169 tournaments by 1212 teams (26 130 players) comprising 142 244 athletic game exposures.

Before each tournament, a team medical personnel meeting
allowed the IIHF Medical Supervisor (MS) to review the deﬁnition of each injury, game injury report form (GIR) and the injury
report system (IRS, ﬁgure 1) form with the individual team physicians. The deﬁnition of an injury was made in accordance with
the accepted international ice hockey norms. Minor injuries that
allowed the athlete to continue playing and did not require
medical attention were not included. An IRS form was completed
when one of the following criteria was observed:
▸ any injury sustained in a practice or a game that prevented
the player from returning to the same practice or game;
▸ any injury sustained in a practice or a game that caused the
player to miss a subsequent practice or game;
▸ a laceration which required medical attention;
▸ all dental injuries;
▸ all concussions;
▸ all fractures.
The individual team physician followed all the players on
their team and submitted the GIR form to the MS after each
contest. The GIR form was used to verify the number of injuries
that satisﬁed the deﬁnition (ﬁgure 2). The team physician was
also required to complete a detailed injury report (IRS form)
for every injury. The IRS form was returned to the MS during

Figure 1 Injury report system form of the International Ice Hockey Federation.
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the tournament as soon as all the sufﬁcient information had
been obtained and the ﬁnal diagnosis was conﬁrmed. The IIHF
MS assigned to each championship was responsible for the data
collection. The IRS form was ﬁlled out only once for each
injury and included detailed information on the game period,
ice location, mechanism, anatomic site, severity and speciﬁc
injury diagnosis. The anonymous forms were returned to the
IIHF Medical Committee for insertion into a computer-based
IRS for ice hockey injuries (Medhockey, Medisport, Finland).
The injury rate (IR) was expressed as the number of injuries
per 1000 ice hockey player-games and per 1000 player-game
hours. These two different IR deﬁnitions were used to allow
comparison with other ice hockey leagues, and other sports
(rugby, football, basketball).32–35
The population-at-risk or player exposure to injury was determined by an estimation of the collective playing time. The

number of player-games was based on 20–22 players competing
for each team in a game depending on the speciﬁc level and
year of a given tournament. Only the participating athletes were
included in the denominator when calculating the incidence of
injury.
The player-game IR was an average risk of injury for 1 individual player per 1000 games (# injuries/# players (2 teams)/#
games×1000=injuries per 1000 player-games). The IR for
1000 player-game hours was based on a 60 min active game
with ﬁve players and a goalie per team on the ice at the same
time (# injuries/# players on ice same time (2 teams) / #
games×1000=number of injuries per 1000 player-game hours).
Concussion was a clinical diagnosis made by a team physician.
At the Team Medical Personnel Meeting, physicians were
advised to follow the recommendations provided by the
Consensus Statement on Concussion in Sport and were given

Figure 2 Game injury report form of
the International Ice Hockey
Federation.
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the Sport Concussion Assessment Tool (SCAT) to use as a tool
in making the clinical diagnosis.16–19 Concussions that occurred
during practice were excluded because there were very few
documented injuries (n=3, 2%); therefore, the given IRs in this
study refer to game injuries only. Time loss was used as a proxy
to determine the injury severity. The severity was graded into
four groups by the team physician according to the IRS form
(ﬁgure 1). Concussions caused by illegal contact were deﬁned to
checking to head (CTH), checking from behind, stick, ﬁghting
and body contact in female games. All other concussions were
caused by legal reasons (ﬁgure 1).
The outcomes from A-pool tournaments are reported separately, because the tournaments represent the highest level of
international championships in each age group. The injury
results are presented as total numbers, percentages and rates
(injuries per 1000 player-games and per 1000 player-game
hours). Risk ratios (RRs) and 95% CIs for concussion were calculated by comparing traditional board and glass with ﬂexible
board and glass. RRs were also used to compare differences
between the sexes. ORs and 95% CI were calculated to determine the association between player’s positions, groups, causes,
the arena characteristics and concussions. ORs were calculated
for the senior women’s WC and WW U18 tournaments
separately.

RESULTS
Incidence of injury
Concussions accounted for 10% of all injuries in the championships, including 160 concussions reported in 3293 games. The
average IR for concussion per 1000 ice hockey player-games
was 1.1 for all IIHF WC. The annual IR ranged between 0.7
(2007) and 1.6 (2012). The results of the different groups can
be found in table 1.

Annual IR for concussion
The time trend of concussions and annual IRs are shown in
ﬁgure 3. The IR for concussion was highest in the men’s world
Championships A-pool tournaments and Olympic Games. In
the men’s tournaments, the IR for concussion decreased, especially in WS A-pool tournaments. The annual IR for concussion
in the men’s tournament has been lower than that in the WJ
tournaments since 2012. The trends of annual IRs for concussion in WJ U18 and WJ U20 tournaments were slowly
Table 1 Injury rate for concussion per 1000 player-games and per
1000 player-hours in all World Championships (WC) at all skill
levels of men (WS), women (WW), juniors under-20 years (WJ U20),
WJ U20 A-pool, juniors under-18 years (WJ U18), WJ U18 A-pool,
all WW, WW A-pool and WW U18 tournaments

All WC
WS
WS A-pool
WJ U20
WJ U20 A-pool
WJ U18
WJ U18 A-pool
All WW
WW A-pool
WW U18
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Number

Games

IR per 1000
player-games

IR per 1000
player-hours

160
65
46
34
18
32
18
29
6
15

3293
1199
650
725
308
631
276
738
185
265

1.1
1.2
1.6
1.1
1.3
1.2
1.5
0.9
0.8
1.4

4.0
4.5
5.9
3.9
4.9
4.2
5.4
3.9
2.7
4.7

increasing (ﬁgure 3). In the WW tournaments, no clear time
trend was observed.

Contact with the boards
The majority of concussions occurred away from the boards
(56%; IR 0.6). This trend was apparent in all championships
and was similar over the nine-season study period with the
exception of the seasons 2007–2009. In the WJ U20 A-pool
tournaments, 72% (IR 1.0) and in WW U18 tournaments 67%
(IR 0.9) of concussions occurred without board contact. IR for
concussions that occurred with board contact was highest in the
WS A-pool (IR 0.7) and WJ U18 (IR 0.7) A-pool tournaments.

Flexible board and glass
The men’s A-pool WC tournaments that were played in arenas
with ﬂexible board and glass had an overall concussion IR of
1.0 per 1000 player-games, when compared with 2.0 per 1000
player-games when traditional boards and glass were in place
(for the latter, RR 2.07 (95% CI 1.06 to 4.04)). When concussion occurred with board contact, the IR was 0.2 per 1000
player games when ﬂexible board and glass was used, compared
with the IR 1.1 when traditional board and glass was used (for
the latter, RR 6.44 (95% CI 1.50 to 27.61)). There were no differences between the IRs of concussions when the concussion
occurred without board contact: traditional board and glass (IR
0.9) versus ﬂexible board and glass (IR 0.8) (ﬁgure 4).

Causes of concussion
The most common situation leading to concussion was contact
with another player (89%) (WS A-pool 91%). Concussions were
caused mainly by a CTH (42%), body checking (23%), checking
from behind (13%) and unintended collision (UC) (13%). Ninety
per cent of the concussions caused by checking from behind
occurred with contact to the board. The highest IR for concussion
caused by CTH were in WJ U18 (56%) and WJ U20 A-pool (61%)
tournaments (IR 0.8, respectively). In the WW tournaments, concussion was caused mainly by UC (34%; IR 0.3) and body checking
(31%; IR 0.3). Fighting caused 3% of the concussions in all the
tournaments and 7% in the WS A-pool tournaments (ﬁgure 5).
Sixty-six per cent of the concussions were caused by illegal
contact. In all the tournaments, the trend of annual IR for concussion caused by illegal contact was slowly decreasing and the
trend of annual concussion IR caused by legal reasons was
slowly increasing. In the WS tournaments, the trend of the
annual concussion rate caused by illegal contact was signiﬁcantly
decreasing, but the trend for legally caused concussion remained
stable (ﬁgure 6). In the WJ tournaments, the trends of annual
concussion rate caused by illegal or legal reasons were increasing
(ﬁgure 7). Penalties were assessed in 31% of concussions. In
40% of concussion caused by CTH and in 50% of concussions
caused by checking from behind, a penalty was called.

Injury severity
Nine per cent of the players who were diagnosed a concussion
returned to play on the day of injury. In the WS tournaments,
14% of the concussed players returned to the same game (in the
WS A-pool 8%) before the publication of the 2012 Zurich
Consensus Statement (no return to play in the same game following a concussion).19 Following the 4th Consensus Statement
on Concussion in Sport was published (2013), publication none
of the concussed players in WS tournaments returned to the
same game. However, in other tournaments, the percentage of
return during the same day were similar before and after 2012
Zurich Consensus Statement.
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Figure 3 Annual injury rates per 1000 player-games for concussion in the World Senior, World Junior under-20 and under-18 and women’s World
Championships tournaments.

Figure 4 Injury rate for concussion per 1000 player-games when traditional or ﬂexible board and glass was used and when concussion occurred
with or without board contact.

Player position, period and zone
Concussions were distributed according to player position: wing
37% (WS A-pool 41%) (two wings per team), centre 23% (WS
A-pool 26%) (one centre per team) and defence 38% (WS
A-pool 33%) (two defences per team). The goalkeeper was the
least injured of all positions (1%). In the WS A-pool tournaments, 67% of concussions occurred among forwards and 33%
among defence. The centre had the highest concussion rate in
the WS A-pool tournaments (IR 0.4) and women’s tournaments
(45%; IR 0.4). In the WJ U18 tournaments, wing (53%; IR 0.6;
two wings per team) had the highest risk for concussion compared with the other positions.
There were no differences between the periods. Percentages
of periods for concussed players were 33%, 31% and 31%

during the games. Few concussions occurred during the
warm up or overtime. In the WS A-pool games, 43% of the
concussions occurred during the ﬁrst period. The third period
had the lowest IR. In the WJ U18 and WW tournaments, the
lowest IR was during the ﬁrst and the highest during the third
period.
Players sustained concussions in the home zone (36%) (WS
A-pool 41%), visitor zone (37%) (WS A-pool 35%) and neutral
zone (23%) (WS A-pool 24%). In the WJ U20 A-pool tournaments, 28% of the concussions occurred in the neutral zone.
Concussion rate for men was higher than women, but the
results were statistically non-signiﬁcant (RR 1.29 (95% CI 0.87
to 1.91)). Results related to the player’s position, cause of concussion and the arena characteristics are summarised in table 2.
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Figure 5 Injury rates per 1000 player-games for causes of concussions.

Figure 6 Annual injury rate per 1000 player-games for concussion in the World Senior Championships tournaments caused by legal or illegal hit.

DISCUSSION
Our prospective, observational study from 2006 to 2015 monitored 169 ice hockey World Championship tournaments and
Olympic Games over 9 ice hockey seasons to determine the incidence and circumstances of concussion. The diagnosis
accounted for 10% of all injuries in the championships, including 160 concussions in 26 130 players who competed in 3293
games. The concussion rate was 1.1 per 1000 ice hockey playergames and 4.0 per 1000 player-game hours. The highest concussion rate was in the WS tournaments (IR 1.2) and lowest in the
WW tournaments (IR 0.9).

World senior A-pool tournaments results compared with the
NHL studies
The injury risk for concussions in WS A-pool tournaments was
similar to the National Hockey League (NHL). Benson et al36
6 of 9

estimated the incidence of concussions in NHL as 1.8 per 1000
player-game hours, where the athlete-exposure time was estimated based on a roster of 18 skaters and 1 goalie playing in
each team per game. The proportion of concussions sustained
by a centre was about twice that of defencemen and wingers.36
In our study, WS A-pool tournaments had a similar injury risk
for concussion (IR 1.6) and the centre was the most injured
position.
Hutchison et al37 38 used systematic video analysis of NHL to
report that 88% of concussions occurred due to contact with an
opponent and 5% involved contact with a teammate. Eight per
cent of concussions were due to ﬁghting, although the incidence
for this mechanism may be underestimated due to detection
bias. Sixty-ﬁve per cent of the concussions were sustained by
forwards, 32% by defencemen and 3% by goalies. The majority
of the concussions occurred in the ﬁrst period (47%).
Concussions were distributed relatively equally in the second
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Figure 7 Annual injury rate per 1000 player-games for concussion in the WJ tournaments (World Junior under-20 and under-18 Championships)
caused by legal or illegal hit.

(27.9%) and third (25.1%) periods. Forty-ﬁve per cent of concussions occurred in the defensive zone, 34% in the offensive
zone and 21% in the neutral zone. The most common body
part initially contacted by the hitter was the player’s head (68%)
with 22% of direct head contact from the shoulder, elbow or
gloves. A penalty was called 29% of cases of concussions. The
present ﬁndings from WS A-pool tournaments support the
NHL ﬁndings by Hutchison et al.37 38
The IIHF and the NHL should work together to identifying
common mechanisms and institute rules that will help prevent
concussions. All hits to the head, whether intentional or unintentional, should be penalised consistent with recent rule
changes by Hockey Canada and USA Hockey.

Changes in the annual risk of concussion
Concussion risk in World Senior tournaments has decreased and
since 2012, the annual risk of concussion in those tournaments
has been lower than that in World Junior tournaments. The concussion rate resulting from illegal hits decreased in the World
Senior tournaments but has slowly increased in other tournaments. More attention is needed to decrease the concussion risk
in World Junior tournaments caused by illegal hits. Further
studies are needed to clarify the effect of improved rule enforcement, disciplinary panel suspensions, player education and attitude on reducing the risk of concussion.

Differences between periods, positions and sex
Most of the concussions at the men’s highest level of competition occurred during the ﬁrst period, when the players are maximally energised and able to apply more force with greater
acceleration to contacts. This ﬁnding is contrary to the risk analysis in the WJ U18 and women tournaments in which the risk
for concussion was least in the ﬁrst period and highest in the
third period when players are expected to be more tired. There
may be also an increase in intensity in the third period because
of its importance in determining the outcome of the game.
In the WW U18 tournaments, the centre had a statistically
signiﬁcant higher risk for concussion compared with the other

positions and most of concussions were caused by body checking or a UC. These results may reﬂect the fact that girls do not
have enough strength and awareness to avoid collisions and are
not physically able to withstand a collision. Female sex has been
associated with a higher risk of sport-related concussions.3 9 11
Our study identiﬁes a higher risk of concussion in men, but the
result was not statistically signiﬁcant.

Effect of ﬂexible board and glass

More ﬂexible rink materials and protective installation methods
improve impact energy resorption, resulting in lower peak
forces and greater stopping distances. These should decrease the
risk of concussions.15 39 This study is the ﬁrst to report that the
risk of concussion is lower when ﬂexible boards and glass are in
use. Installation of ﬂexible board and glass is highly recommended to decrease the risk of concussion and shoulder injuries
in all future tournaments, especially in WS and WJ U18 tournaments, where the IRs for shoulder injuries and concussions
occurred contact with board were highest.27 29

Return to game on the day of injury
None of the concussed players since 2012 returned to the same
game in the WS tournaments in keeping with the 4th
Consensus Statement on Concussion in Sport (2013).19
Conversely, the policy of returning to competition on the day of
injury has not changed in other tournaments.19 We recommend
more thorough education on concussion management and
effective injury prevention measures are especially needed for
the WJ and WW tournaments.

Strengths and limitations
The strengths of this study include the large number of players
competing at each age groups’ highest international level over a
nine-season period. All the injuries were systematically collected
and the number of injury events was determined with an
accepted injury deﬁnition that incorporated a speciﬁc diagnosis,
standardised nomenclature, a reliable data collection instrument
and time lost from play.31 The detailed information was
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(0.07 to 4.09)
(0.01 to 4.00)
(1.87 to 15.29)

(0.20 to 4.94)
(1.45 to 20.41)
(0.07 to 6.35)
(0.68 to 2.20)

(2.77 to 11.09)
(0.67 to 3.92)
(0.50 to 3.36)

1 (referent)
0.50
1.66
0.15
0.62
1 (referent)
1.27
0.58
2.11
(1.03 to 5.94)
(0.33 to 3.88)
(0.03 to 2.30)
(0.68 to 1.74)

1 (referent)
2.47
1.14
0.28
1.09
1 (referent)
5.55
1.62
1.30

What are the ﬁndings?

(0.28 to 1.24)
(0.20 to 1.42)
(0.00 to 0.87)

(4.63 to 17.79)
(0.22 to 2.03)
(1.41 to 6.13)

▸ The overall concussion rate in the International Ice Hockey
Federation World Championships and Olympic Winter Games
was on average 1.1 per 1000 ice hockey player-games and
4.0 per 1000 player-game hours.
▸ The overall risk of concussion was highest in the men’s
tournaments. However, the concussion rate in the men’s
tournaments has been decreasing over the 9-year period and
since 2012, annual risk of concussion in the men’s
tournaments has been lower than in the junior tournaments.
▸ The concussion rate caused by illegal hits has been
decreasing in the men’s tournaments but slowly increasing
in the other tournaments.
▸ After the 4th Consensus Statement on Concussion in Sport
was published (2013), none of the concussed players
returned to play on the day of injury in the men’s
tournaments. In other tournaments, the conclusions from
the Consensus Statement have not been followed as players
have returned to play on the day of injury. As this paper
goes to press, the 5th Consensus Statement on Concussion
in Sport is being ﬁnalised (2017 publication, Br J Sports
Med).
▸ The risk of concussion was signiﬁcantly lower when the
game was played on an ice rink with a ﬂexible board and
glass.

(1.57 to 28.85)

(2.82 to 9.02)
(0.57 to 2.80)
(0.98 to 3.93)

(1.11 to 4.25)

1 (referent)
0.59
0.53
0.05
1 (referent)
1 (referent)
9.08
0.68
2.94
(0.65 to 2.50)
(0.75 to 3.39)
(0.00 to 1.05)
(1.01 to 2.38)

Concussion
with board contact

Board

Others
CTH checking
from behind body
checking
Flexible
Traditional
Flexible
Traditional
Group
Cause

Defence
Wing
Centre
Goalie
Position

1 (referent)
0.96
1.07
0.04
1.16
1 (referent)
6.53
1.28
1.59

Category
Variables

CTH, check to the head.
Statistically significant results are indicated in bold.
*WW and WW U18 results are calculated separately.

(4.03 to 10.58)
(0.65 to 2.49)
(0.85 to 2.97)

1 (referent)
1.27
1.59
0.06
1.55
1 (referent)
5.04
1.26
1.96
1 (referent)
2.17
1 (referent)
6.73
(0.56 to 1.66)
(0.56 to 2.04)
(0.00 to 0.61)
(0.78 to 1.75)

OR
95% Cl
OR

95% Cl

OR

95% Cl

OR

95% Cl

OR

95% Cl

(0.12 to
(0.51 to
(0.01 to
(0.34 to

1.98)
5.44)
2.69)
1.14)

(0.28 to 5.73)
(0.08 to 4.48)
(0.58 to 7.63)

1 (referent)
1.00
5.44
0.66
1.22
1 (referent)
0.54
0.24
5.35

95% Cl
OR

WW U18
WW*
WJ U18
WJ U20
WS A
WS

Association between player’s positions, groups, causes, the arena characteristics and concussions
Table 2
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collected with the two structured and validated questionnaires.40 The data collection was reliable as the MSs veriﬁed the
team roster and collected (and reviewed) the GIR and IRS
forms after each game.
The limitations of the study were that injuries were analysed
in tournament games only and not in practice or training. The
injury reporting system relied on the individual team physician
to record the mechanism and type of injury. A more accurate
description of the injury mechanisms would require a detailed
review of the multiangle game videos. A more consistent and
detailed injury diagnosis would require examination of every
injured athlete at each tournament by a single experienced physician in concussion. Injury incidence rates were estimated by collective playing time since individual on-ice exposure could not
be feasibly measured. We assumed that six players were on the
ice for each team during the 60 min game. Thus, this method
did not take penalties, overtime or time-lost injuries during a
game into consideration.41 The severity of the injury was also
based on an estimate of the time to return to play written by
the team physician.

How might it impact on clinical practice in the future?
▸ Flexible boards and glass should be used in ice hockey to
help prevent concussions.
▸ Enforcing the existing rules, including head checks and
checking from behind, may decrease the risk of concussion.
▸ More effective prevention strategies for concussions are
needed, especially in junior and women’s ice hockey
tournaments.
▸ Improved education of players, ofﬁcials, coaches and
physicians may mitigate concussion risk.
Tuominen M, et al. Br J Sports Med 2017;51:244–252. doi:10.1136/bjsports-2016-097119
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