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Object. The objective of this study was to measure the incidence of concussion (scaled relative to number of
athlete exposures) and recurrent concussion within 2 teams of fourth-tier junior ice hockey players (16–21 years old)
during 1 regular season.
Methods. A prospective cohort study called the Hockey Concussion Education Project was conducted during
1 junior ice hockey regular season (2009–2010) involving 67 male fourth-tier ice hockey players (mean age 18.2 ±
1.2 years, range 16–21 years) from 2 teams. Prior to the start of the season, every player underwent baseline assessments using the Sideline Concussion Assessment Tool 2 (SCAT2) and the Immediate Post-Concussion Assessment
and Cognitive Test (ImPACT). The study protocol also required players who entered the study during the season to
complete baseline SCAT2 and ImPACT testing. If the protocol was not followed, the postinjury test results of a player
without true baseline test results would be compared against previously established age and gender group normative
levels. Each regular season game was observed by a qualified physician and at least 1 other neutral nonphysician
observer. Players who suffered a suspected concussion were evaluated at the game. If a concussion diagnosis was
made, the player was subsequently examined in the physician’s office for a full clinical evaluation and the SCAT2
and ImPACT were repeated. Based on these evaluations, players were counseled on the decision of when to return to
play. Athlete exposure was defined as 1 game played by 1 athlete.
Results. Twenty-one concussions occurred during the 52 physician-observed games (incidence 21.5 concussions
per 1000 athlete exposures). Five players experienced repeat concussions. No concussions were reported during
practice sessions. A concussion was diagnosed by the physician in 19 (36.5%) of the 52 observed games. One of the
5 individuals who suffered a repeat concussion sustained his initial concussion in a regular season game that was not
observed by a physician, and as a result this single case was not included in the total of 21 total concussions. This
initial concussion of the player was identified during baseline testing 2 days after the injury and was subsequently
medically diagnosed and treated.
Conclusions. The incidence of game-related concussions (per 100 athlete exposures) in these fourth-tier junior
ice hockey players was 7 times higher than the highest rate previously reported in the literature. This difference may
be the result of the use of standardized direct physician observation, diagnosis, and subsequent treatment. The results
of this study demonstrate the need for follow-up studies involving larger and more diverse sample groups to reflect
generalizability of the findings. These follow-up studies should involve other contact sports (for example football
and rugby) and also include the full spectrum of gender, age, and skill levels. (DOI: 10.3171/2010.9.FOCUS10186)

C

Key Words

•

concussion

•

urrent literature on ice hockey concussion incidence does not use a single agreed-upon definition or methodology. Very few studies use direct
physician-based data collection, and an internationally
agreed-upon return-to-play protocol.19 This research in-

Abbreviations used in this paper: HCEP = Hockey Concussion
Education Project; ImPACT = Immediate Post-Concussion As-
sessment and Cognitive Test; MBESS = Modified Balance Error
Scoring System; SAC = Standardized Assessment of Concussion;
SCAT2 = Sideline Concussion Assessment Tool 2.
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consistency may result in a paucity of significant concussion incidence data and contribute to an underreporting
of the true incidence of this important injury.
Sport concussions can have cumulative and longlasting effects on memory, judgment, social conduct, reflexes, speech, balance, and coordination. Epidemiological studies have suggested an association between sport
concussions and both immediate and later-life cognitive
impairment.4,5,12,13,19–21,26,27 For example, data from a small
sample of retired professional football players demonstrated an increased risk and earlier onset of memory
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impairment, mild cognitive impairment, and Alzheimer’s
dementia.12,13 Furthermore, anecdotal case reports have
noted neuropathological evidence of chronic traumatic
encephalopathy in some retired professional football
players.20 In 2009, there was a news release of 1 case of
chronic traumatic encephalopathy in a former National
Hockey League player.27
Investigation of the true incidence of sport concussions may require direct observation and diagnosis by an
independent, trained physician. The primary goals of this
study were to prospectively measure the direct physicianobserved incidence of concussion (scaled relative to number of athlete exposures) and recurrent concussion within
2 teams of junior ice hockey players during 1 regular
season (36 games), utilizing the concussion definition and
return-to-play protocol from the 2009 Zurich consensus
statement from the 3rd International Conference on Concussion in Sport.19

tion, either at the end of the game or in the days following
that game.
Neuropsychological Measures

Between September 2009 and February 2010, 67 male
fourth-tier junior ice hockey players (mean age 18.2 ± 1.2
years, range 16–21 years), from 2 teams (Team A and
Team B), consented to participate in the HCEP. Team A
was observed during 34 of the 36 regular season games.
Two games of Team A were not observed. One missed
game occurred secondary to their baseline evaluations
occurring after their first game. The second missed game
resulted from suspension of the HCEP for 1 game after the
improper return to play of a Team A player following an
observed and diagnosed concussion incident. The HCEP
was halted until an addendum was added to the protocol
that addressed this type of event. The player involved was
subsequently removed as a study participant.
Team B was observed during 21 of the 36 regular
season games. Team B withdrew their participation after
Game 21 of the season, because of an inability to comply with the HCEP protocol. After due process Team B
was removed from the study, and ended its participation
at Game 21 of the 36-game season.
Seventeen players from both teams played 5 regular
season games or fewer.

Two standardized concussion assessment tools, the
SCAT2 and ImPACT, were administered to all players
before the season began and to each player after a physician-observed and diagnosed concussion.
The SCAT2 is an accessible and free screening tool
that was developed by the 3rd International Conference
on Concussion in Sport held in Zurich, Switzerland, in
2008. The SCAT2 is an improved version of the original
SCAT developed in 2005.19 Although this tool has not yet
been validated as a whole, individual components have
been validated, such as the SAC, the Balance Error Scoring System, the Maddox Score, Glasgow Coma Scale, and
the Concussion Symptom Inventory.
The ImPACT is a computerized concussion evaluation
system and is (at the time of this writing) the most widely
used, although it has not been independently evaluated.
The ImPACT takes approximately 20 minutes to complete
and measures multiple aspects of cognitive functioning in
athletes including attention span, working memory, sustained and selective attention time, response variability,
nonverbal problem solving, and reaction time.
At the ice hockey rink the SCAT2 Symptom Inventory, Modified Balance Error Scoring System (MBESS),
and SAC were recorded during concussion evaluation
by a physician. The SCAT2 utilizes the MBESS that is
performed on the ground and does not use a secondary balance platform for the 3 balance positions. At the
postinjury office evaluation the ImPACT as well as the
aforementioned components of the SCAT2 were tested.
The ImPACT results for the HCEP were independently
evaluated by a remote certified neuropsychologist. Although the ImPACT is a commonly used and relatively
accessible test, it is a psychometric test whether it is
computer-generated or not, and calls for a refined level
of understanding available to the registered psychologist
with training in psychometrics and neuropsychological
diagnostic skills.28 The remote independent neuropsychological analysis of this diagnostic tool also eliminates
possible bias that may exist when a team physician is interpreting the test for an athlete that he or she works with
on a regular basis.

Concussion Definitions

General Procedures

Methods
Participants and Sampling

The definition of concussion for this study was derived from the 2009 Zurich consensus statement on concussions from the 3rd International Conference on Concussion in Sport.19 Concussion was clinically diagnosed
utilizing an observed or self-reported mechanism (such
as a blow to the head or body), immediate or delayed neurological signs (player is unstable, lacks coordination, or
is slow to return to play) or symptoms (player experiences
headache, dizziness, or alteration of vision) and abnormal
SCAT2 or ImPACT test results. A self-reported concussion was defined as a concussion that was not identified
by the physician or nonphysician observers at an observed
game. The players who self-reported concussions subsequently presented to the physician for diagnostic evalua2

Each participant signed an informed consent form,
and provided a release of medical information form at the
outset of the study. Each team’s board of directors and the
participating league’s board of directors gave consent for
participation in the study. The executives of both teams
were asked to inform the primary investigator when a
player left the team roster or was added to the roster, so
that appropriate baseline testing could be performed. The
Health Sciences Research Ethics Board at The University
of Western Ontario approved the study.

Procedure for Concussion Surveillance

Concussion surveillance was conducted at each regular season game of the participating teams by 1 indepenNeurosurg Focus / Volume 29 / November 2010
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dent physician and 1 to 3 independent, nonphysician observers. There were 6 licensed physician observers, all of
whom had experience as ice hockey team physicians and
5 of whom had sports medicine certification. There were
16 nonphysician observers (5 kinesiologists, 2 certified
ice hockey coaches, 5 ice hockey executives, 1 physical
therapist, 1 massage therapist, 1 chiropractor, and 1 former
junior ice hockey player). Independent physician and nonphysician observers were defined as individuals who were
not affiliated on a regular basis with the team or teams that
they were evaluating. This independence allows for the
elimination of possible identification and clinical decisionmaking bias that may affect the evaluation and return-toplay decision due to the familiarity with the athletes and
team.
Before entering the study the physician and nonphysicians were verbally instructed for 20 minutes on their observation and reporting duties. Each observer was asked to
complete a 23-question descriptive form to document each
observed and diagnosed concussion. The physician and
the observers were placed at elevated and well-balanced
positions around the ice rink, so as to have direct views

of the play from a variety of vantage points. Communication between the physician and nonphysician observers,
as well as the physician and team therapist/first responder/
trainer was by walkie-talkie. Practice sessions were not directly observed during this study. A flowchart concerning
the methods of concussion identification, treatment, and
return-to-play protocol is provided in Fig. 1.
In the event of an on-ice extended period of loss of
consciousness, or situations in which the player experienced neurological signs or symptoms (such as severe
neck pain, limb motor/sensory changes, or seizure), play
was suspended, an emergency 911 call was made, and the
player was maintained with neck stabilization and trauma
support until paramedics arrived for transport to the nearest hospital emergency department.
For an observed concussion that did not result in an
emergency department evacuation, the team therapist/first
responder was asked by the physician observer to remove
the player from the game. The player was then immediately evaluated by the physician away from the locker
room and ice surface, while other observers remained in
place. Clinical evaluations of the player with a suspected

Fig. 1. Flowchart of the methods of concussion identification, treatment, and return-to-play protocol.
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concussion included SCAT2 testing at the rink. If a concussion diagnosis was made, instructions regarding precautions were given to both the player and a responsible
adult (such as a coach or parent). Both individuals were
requested to attend a follow-up evaluation the next day in
the office of the primary investigator who is a physician.
All players involved in on-ice fights who were observed to sustain a blow to the head were removed from
the game and after a “cool-down” period of 30 to 60 minutes were clinically assessed by the game physician, involving a neurological examination and SCAT2. These
players were also asked to complete an ImPACT the following day at the medical office of the primary investigator. Clinical office evaluations (after the rinkside diagnosis of the concussion) were performed on Days 1, 3, and
6, and then weekly as needed until the player was cleared
to return to play.
Clinical Definition of Return to Play

All return-to-play decisions were made by the primary investigator on the basis of clinical judgment. The physician also drew upon the results of the SCAT2 objective
components and ImPACT scores to determine when test
results returned to the previously recorded baseline levels.
If a baseline ImPACT had not been performed, the athlete
was compared against established age-group normative
levels. After clinical and neuropsychological clearance
was obtained, each injured player returned to competitive
play only after successfully completing the 6-day progressive and active return-to-play protocol defined in the
consensus statement of international expert opinion at the
3rd International Conference on Concussion in Sport.19
Teams that played in opposition to an HCEP-observed
team and game officials were made aware of the physician at each game, and of their availability to evaluate any
injuries. Two players from opposing HCEP teams were
identified, diagnosed, and treated by the game physician
for concussion during the 52 observed games. In both
cases the physicians had to actively offer their services
to the opposing team after the observed injury. Concussions identified in this fashion were not included in the
incidence calculations.
Statistical Analysis

The incidence of concussion was calculated as the
number of observed or self-reported concussions occurring
during observed games, divided by the total number of athlete exposures. Athlete exposures were defined within this
sample as the sum of all games played, and were summed
for all players. This method of determining the denominator for the incidence calculation is deliberately conservative, and includes all athlete exposures, regardless of the
length of time played within any given game.

Results

Twenty-one concussions were physician observed or
self-reported and subsequently physician diagnosed in 52
physician-observed regular season games, yielding an incidence of 21.52 concussions per 1000 athlete exposures.
A concussion was diagnosed in 19 (36.5%) of 52 observed
games. The data from the study (Table 1) demonstrated
4

a general trend of decreasing severity and normalization
of the objective measures (SCAT2 symptom inventory,
MBESS, SAC score, and ImPACT evaluation) toward the
injured player’s baseline levels over time.
Seventeen players suffered a physician observed or
self-reported physician-diagnosed concussion during a
physician-observed game, and 5 (29%) of these 17 players also suffered a second concussion during the study
period. One of the 5 individuals who suffered a repeat
concussion sustained his initial concussion in a regular
season game that was not observed by a physician, and
as a result this single case was not included in the total of 21 total concussions. This initial concussion of the
player was identified during baseline testing 2 days after
the injury and was subsequently medically diagnosed and
treated. The mean time interval between the first and second concussions of these 5 players was 78.6 days (median
82 ± 39.8 days), and the mean time between the returnto-play date of the first and second concussions was 61.8
days (median 60 ± 39.7 days).
Eighteen (53%) of the 34 potential concussions identified by the physician and nonphysician observers were
positively diagnosed by the physician at rinkside. Three of
the diagnosed concussions were not directly identified in
an observed game, and were self-reported to the physician
either at rinkside or within the next 48 hours. The remaining 16 (47%) of the concussions that were initially identified by the observers were returned to play after a negative
clinical and SCAT2 evaluation by the physician.
A total of 67 players competed in at least 1 game during the 2009–2010 regular season. Forty-six (69%) of these
67 players completed baseline SCAT2 and ImPACT testing at the start of the season. No further baseline testing
was completed for players entering the study after initial
testing was completed, as a result of team and individual
noncompliance with the study protocol agreement.
Fifty-three of the 67 players provided a medical history of previous concussions prior to the start of the study.
There was no concussion history provided by the remaining 14 players. Thirty-one (58%) of these 53 players denied sustaining any previous concussions. Thirty-four
percent (18 of 53) admitted to sustaining 1 to 2 previous
concussions. Four (8%) of these 53 players admitted to
sustaining 3 or more previous concussions.
Fifteen (88%) of the 17 players with a diagnosed concussion admitted to having experienced at least 1 concussion in the past. Two of the 17 players who suffered a concussion during the study admitted that they had concealed
a concussion sustained during the current season to keep
playing. Three of the 17 players who sustained a concussion identified themselves to team officials. All 3 players
were medically diagnosed with a concussion, and were
treated appropriately. Two of the 17 players with the diagnosis of a concussion suffered associated injuries. One
player suffered a separated shoulder and another player
suffered a dislocated shoulder.
Fifteen (22%) of all 67 participating players played
5 regular season games or fewer. Three of the 15 players
who participated in 5 regular season games or less were
diagnosed with a concussion. These 3 players eventually
returned to play: 1 player was medically cleared to return
Neurosurg Focus / Volume 29 / November 2010
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MBESS

SCAT2
SAC
MBESS
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6 (SRP)
SCAT2
SAC
MBESS
IC/IR
7a (SRP)
SCAT2
SAC
MBESS
IC/IR

5b

5a

4

3

2

1

Case No.
(Test)†

29

28

no CRTP clearance for remainder of season

10

16

10

refused FU, out of study

refused FU, out of study

CRTP Interval (days)

3/4
27/30
27/30
IC

14/35
30/30
27/30
IR

0/0
24/30
26/30
IC

0/0
24/30
26/30
IC

NP

0/0
25/30
27/30
IC

NP

NP

Baseline

NP
SRP

NP
SRP

0
12/26
21/30
23/30

1/4
24/30
NP

0/0
28/30
NP

7/8
28/30
NP

10/17
30/30
21/30

0/0
25/30
24/30

Day of
Injury

PID 4
0/0
29/30
21/30
IC
PID 3
1/1
25/30
27/30
IC
PID 1
0/0
25/30
NP
IC
PID 1
6/10
25/30
26/30
IR
PID 2
17/38
27/30
28/30
IR
PID 2
10/14
25/30
NP
IR

refused FU

refused FU

1

PID 10
0/0
28/30
30/30
IC
PID 4
0/0
25/30
25/30
IC
PID 5
3/4
26/30
21/30
IR
PID 4
17/27
28/30
27/30
IC
PID 6
1/1
27/30
24/30
IR

2

PID 18
3/4
27/30
22/30
IC
PID 8
5/5
28/30
24/30
IC
PID 11
0/0
27/30
28/30
IR

3

PID 18
0/0
29/30
30/30
IC
PID 18
0/0
28/30
28/30
IC

declined further
testing

4

5

PID 23
0/0
27/30
28/30
IC

Office Visit No.

TABLE 1: Objective-measure results for the 17 HCEP players who sustained concussions during a physician-observed game*
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SCAT2
SAC
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SCAT2
SAC
MBESS
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SCAT2
SAC
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Case No.
(Test)†

9

10

refused FU, out of study

12

8 (delayed due to shoulder
injury)

15

9

CRTP Interval (days)

NP

8/10
24/30
19/30
IC

13/14
24/30
30/30
IC

13/14
24/30
30/30
IC

6/30
28/30
25/30
IC

6/30
28/30
25/30
IC

3/4
27/30
27/30
IC

Baseline

3/4
26/30
26/30

9/13
25/30
12/30

0/0
29/30
24/30

4/5
20/30
NP

0/0
28/30
26/30

5/7
27/30
NP

0/0
29/30
NP

Day of
Injury

PID 1
3/3
29/30
30/30
IR
PID 3
1/1
26/30
23/30
IC

PID 3
0/0
29/30
28/30
IC
PID 2
2/2
27/30
18/30
IR
PID 2
1/2
29/30
25/30
IC
PID 3
2/2
23/30
28/30
IC
refused FU

1

PID 5
1/1
30/30
27/30
IC

PID 6
0/0
24/30
27/30
IC

PID 4
0/0
24/30
23/30
IR

2

PID 9
0/0
29/30
30/30
IC

3

4

Office Visit No.
5
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7

no CRTP clearance for regular
season or playoffs, neurosurgical consult

15

7

sent to ER for evaluation on
Day 1, refused FU, out of
study

7

CRTP Interval (days)

0/0
28/30
22/30
IC

4/9
24/30
28/30
IC

9/19
27/30
29/30
IC

2/2
22/30
27/30
IC

NP

4/6
28/30
28/30
IC

Baseline

0/0
26/30
NP

NP

18/49
20/30
18/30

2/4
28/30
NP

8/23
23/30
23/30

0/0
25/30
NP

Day of
Injury
PID 1
0/0
26/30
NP
IC
PID 1
22/60
21/30
NP
NP
PID 1
0/0
23/30
28/30
IC
PID 2
8/8
26/30
21/30
IR
PID 2
3/3
29/30
30/30
IR
PID 1
0/0
29/30
28/30
IC

1

PID 6
3/3
26/30
27/30
IC
PID 5
1/1
30/30
27/30
IR

PID 3
13/30
28/30
24/30
IR

2

PID 9
0/0
27/30
26/30
IC
PID 8
14/25
28/30
23/30
IR

refused further
FU

3

PID 16
19/47
29/30
29/30
IR

4

PID 20
7/8
28/30
25/30
IR

5

PID 33
9/10
NP
NP
IR

6

PID 55
3/3
28/30
27/30
IR

7

PID 75
5/7
NP
NP
IR

8

* CRTP = clinical return to play; ER = emergency room; FU = follow-up; IC = ImPACT neuropsychological-based clearance given by neuropsychologist; IR = ImPACT neuropsychological-based restriction given by neuropsychologist; NP = not performed; PID = postinjury day; SRP = self-reported concussion.
† MBESS score (max 30); SAC score (max 30); SCAT2 symptoms (max 22)/symptom severity score (range 0–6, max 6 × 22 = 132).
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to play in 11 days, the second player was medically cleared
to return to play in 15 days, and the third player returned
to play high school ice hockey in 7 days against medical
advice.
The forward position suffered the most diagnosed
concussions (12 of 17 patients, 71%), while defensemen
were diagnosed with 29% of the concussions. No goalies
suffered a concussion. Fifty-seven percent (12 of 21 patients) of diagnosed concussions occurred in the third period, while 29% (6 of 21) occurred in the second period,
and 14% (3 of 21) occurred in the first period. Seven (30%)
of the 21 diagnosed concussions were not associated with
immediate self-declared symptoms (0–6 Likert scale) on
the SCAT2 inventory by the athlete. Inclusive of those athletes who did not declare immediate symptoms, the mean
number of symptoms reported was 5.5 ± 5.8 (range 0–18
symptoms). The most common self-disclosed symptom
was headache (mean score 1.9 ± 0.74, range 1–3/6, 10 patients). The second most common symptoms were “don’t
feel right” (mean score 2.7 ± 1.6, range 1–4, 9 patients)
and fatigue/low energy (mean score 1.8 ± 1.1, range 1–4, 9
players). The third most common symptom reported by the
players was sensitivity to light (mean score 1 ± 0, range 0).
There were 2 players who demonstrated an observable period of loss of consciousness (10–15 seconds). One
individual required the physician to come onto the ice
surface and initiate emergency assessment and cervical
stabilization. This player did not require an activation of
the 911 system. Both of these individuals were taken out
of the game, diagnosed with a concussion, and followed
up with the physician for appropriate evaluation and sequential care. A careful review of the files demonstrated
that 7 other players recalled a possible momentary loss of
consciousness (on secondary or tertiary historical questioning) associated with their diagnosed concussion.
One of the 17 players who was diagnosed with a concussion was sent to the hospital for emergency evaluation
secondary to severe and increasing concussion symptoms.
This player was released the same day. Two of the players were disqualified from return to play for their teams
for the remainder of the regular season and playoffs due
to persistent concussion symptoms. One of these 2 players continues to remain clinically symptomatic, while the
other declined further follow-up.
Twenty-four percent (5 of 21) of the HCEP concussions occurred in players who were directly involved in a
fight immediately prior to their diagnosis. Three of the 4
players who sustained a concussion as a result of involvement in a fight refused follow-up with the primary investigator and were taken out of the study. Sixty-nine percent
of the HCEP observers’ reports (29 of 42) documented
that the point of contact of the majority of hits documented as causing a concussion was the head. Eighty percent
of these observer reports (33 of 41) also documented that
the hit causing the concussion was purposeful versus incidental. The difference in the number of observer reports
is accounted for by the varied (1–3) number of nonphysician observers who attended each game.

Discussion

This is the first study of its kind to document an in8

cidence of concussion in fourth-tier junior ice hockey
players based on the 2009 Zurich consensus statement
on concussions from the 3rd International Conference
on Concussion in Sport.19 The literature reports the incidence of concussion in terms of level of play, age, and
sex of participants. The most common denominators for
incidence calculation are player hours, athlete exposures,
and games played.1–3,8–10,16,17,24,25,29 Flick10 reported an incidence rate of 3.1 per 1000 athlete exposures for Division 1 university ice-hockey players in 1 season. Wennberg and Tator29 reported an incidence of concussion in
the National Hockey League that ranged from 1.81 per
1000 athlete exposures in 1998–1999 to a low of 1.04 per
1000 athlete exposures in 2005–2006. Our rate per athlete exposure (21.52 per 1000) was 7 times higher than
the highest rate reported by these authors, and our rate
of concussions observed per game (36.5%) was also far
higher than the National Hockey League game rate (3.1%)
reported by Keating.17
The reasons for the differences in incidence may be
multifactorial. There are several possible reasons for these
differences. First, prior studies have not incorporated prospective, direct, physician-based diagnosis and follow-up.
The majority of prior studies depended on either the retrospective self-reporting of the athlete, or the judgment of a
certified team trainer or first responder.6,7,11,14,15,18,22,31 Second, the elevated and multisite points of observation used
in our study provided improved ability to view the events
occurring on the ice surface. Because our observers were
specifically looking for concussions prospectively, as opposed to collecting these retrospectively or using historical
injury data previously collected, we likely observed and
recorded more events than otherwise might have been detected by team staff who have a multitude of other duties.
Our observers often reported that team trainers, despite not
being engaged with other duties at the time of the event,
did not either see or react to an observed concussion event.
The team therapist/first responder then had to be prompted
to evaluate a player with a suspected concussion. Third, it
is possible that the threshold for diagnosis using our observers and the Zurich statement was more sensitive than
prior diagnostic systems. Fourth, player recognition of
concussions may be improving, despite obvious barriers
and resistance. Three of our players who were diagnosed
with a concussion initially self-reported their injury. And
finally, there could be a true increase in the rate of concussion based on increased speed and aggression of players.
Some of these players were motivated to play as physically
as possible in hopes of attaining upper level junior or collegiate status, and may have taken more risk than players
in previous studies.
Five (24%) of 21 individuals who sustained a concussion were directly involved in a fight immediately prior to
their concussion diagnosis. The majority of hits causing
a concussion were to the head (29 of 42 observer reports,
69%). Eighty percent of the observer reports (33 of 41) described the hit that was perceived to cause the concussion
as purposeful. These observations demonstrate the need
for a closer examination of preventable hits to the head in
ice hockey and other sports. Although the intention of an
aggressor in ice hockey is difficult to determine, it is imNeurosurg Focus / Volume 29 / November 2010
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portant to objectively and directly document these events
in this manner. Future studies may use video surveillance
as well as human surveillance to provide an improved
historical record and analysis of each event.
We did not specifically monitor practices, and no
concussions that occurred in practices were reported by
either team during the study. Previous sport concussion
studies demonstrated that concussion predominantly occurs in game situations.1–3,10,30
Gerberich et al.,11 a commonly cited retrospective
study on recurrent concussions, states that the relative
risk of concussions is 4 times higher than for individuals without this history. A prospective survey study of
US high school and college football athletic trainers by
Guskiewicz et al.15 found that players who had sustained
1 concussion were 3 times more likely to sustain a second
concussion than those players who had not sustained a
previous injury. A large prospective study by Zemper31
indicates that the risk of sustaining a cerebral concussion
is 6 times greater for individuals with a history of concussion than for individuals with no such history.
Recurrent concussions may be related to the fact
that players are often prematurely returned to play.23,30
Guskiewicz et al.14 found that of the 12 incidents of repeat concussions that occurred within the same season,
11 (97%) occurred within 10 days of the first injury, and
9 (75%) occurred within 7 days of the first injury.14 The
time interval between the first and second concussions
found in the HCEP differed significantly from the findings of Guskiewicz et al. The HCEP findings demonstrated a mean time interval between the first and second concussions of these 5 players of 78.6 days (median 82 ± 39.8
days), and the mean time between the return-to-play date
of the first and second concussions was 61.8 days (median
60 ± 39.7 days). The difference in these findings may be
attributable to the direct surveillance and strict adherence
to the Zurich return-to-play protocol used in the HCEP.
In our opinion, the singular results of standardized
tools such as SCAT2 and ImPACT should not be considered independent decision-making instruments. Rather,
these tools can supplement clinical information, but not
override physician judgment. In 3 of the 17 cases (18%)
of diagnosed concussions in which medical follow-up was
obtained, the athletes scored either in the normal range or
were within their baseline ImPACT score, but still declared
significant symptoms. In 2 of the 17 (12%) diagnosed concussions which underwent medical follow-up, the athletes
declared no symptoms, yet demonstrated cognitive deficits
when compared to their their baseline ImPACT score, or
age-/gender-matched normative scores.
Baseline standardized testing served to identify 1
athlete who had been concussed in a game 2 days earlier and did not report his injury or resulting symptoms.
This athlete was withheld from play until he recovered
from his injury. A second player was less fortunate. He
had a positive symptom inventory on his baseline SCAT2
testing from a nondisclosed prior concussion, and was
permitted to play on the basis of a normal ImPACT result when compared with age-group means. This player
suffered 2 subsequent concussions (a second nondeclared
and 1 physician identified) during the 2009–2010 season,
Neurosurg Focus / Volume 29 / November 2010

and was forced to retire permanently secondary to persistent postconcussion syndrome.
In retrospective analysis, 12 of the 17 athletes who
were diagnosed with a concussion demonstrated a positive symptom inventory or abnormal SAC score (< 25/30)
at baseline, despite the fact that their baseline ImPACT
scores were reviewed and found not to be outside their
expected age-related normative range. These athletes
were not clinically examined, retested, or withheld from
competition. Improved vigilance concerning interpretation of abnormal baseline test results is suggested for future studies, to identify individuals who may be suffering
from a nondisclosed concussion at baseline testing.
A limitation of this study was the lack of compliance
of athletes with requested neuropsychological evaluations.
Five of the players who were diagnosed with a concussion
did not complete their baseline SCAT2 and ImPACT testing prior to entering the study. A second example of noncompliance was the resistance to the recommended physician evaluation for medical release to game play. The lack
of compliance made it difficult to document a complete
data set of the measurements for comparison purposes.
Complaints by coaches, players, and parents concerning the inconvenience of multiple physician visits for
serial testing and evaluation were common. The reluctance to report concussion symptoms and to follow such
protocols likely results from certain cultural factors such
as athletes asserting their masculinity by playing through
the discomfort of an injury, and the belief that winning is
more important than the athlete’s long-term health.
Future studies should focus on improved education
and compliance of the athlete, coaching staff, medical/
training staff, club executives, and parents concerning
adherence to a direct surveillance protocol. The complete
SCAT2 data should be collected and compared across
the population to assist in validating and improving this
screening tool. Studies should also be performed on larger
populations, in other contact sports, across sexes, across
different levels of play, and across different countries to
assess the generalizability of these findings.

Conclusions

Physician observation and diagnosis using current
internationally agreed-upon diagnostic criteria and standardized assessment tools showed that the incidence of
concussion in fourth-tier junior ice hockey players was significantly greater than has previously been reported in the
literature for this age group. The results of this study demonstrate the need for follow-up studies involving larger and
more diverse sample groups to reflect generalizability of
the findings. These follow-up studies should involve other
contact sports (for example football and rugby) and also
include the full spectrum of gender, age, and skill levels.
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