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ABSTRACT: Concussion is a poten-

tially serious injury for athletes. 

Re cent statistics suggest that ap -

proximately 300 000 sports-related

trau matic brain injuries occur annu-

ally in the United States. Soccer,

rugby, football, and ice hockey are

all considered high-risk team sports

for concussion. Hockey-related con-

cussions are of particular concern in

Canada, where over 500 000 players

compete annually in ice hockey. An

understanding of current concepts

in concussion diagnosis and man-

agement as well as a background on

scientific concepts relating to con-

cussion can help general practition-

ers. GPs can also benefit from know-

ing about the latest recommendation

from two recent international con-

ferences on concussion in sport,

which have produced new guidelines

at variance with previously accepted

protocols. 

T he word “concussion” derives
from the Latin concussus,
which means to shake violent-

ly. Concussion was initially felt to
involve only transient disturbance of
brain function without gross structur-
al change. It is now recognized that
some concussions do involve structur-
al damage with loss of neurons. Sports
concussion is defined as a complex
pathophysiological process af fecting
the brain, induced by traumatic bio-
mechanical forces.1 A high incidence
of concussion in contact sports is well
documented in the literature.1-5

There are several common features
of a concussive head injury:
• Concussion may be caused either by

a direct blow to the head, face, or
neck, or a by a blow elsewhere on
the body that transmits an “impul-
sive” force to the head.

• Concussion typically results in the
rapid onset of short-lived impair-
ment of neurological function that
resolves spontaneously. 

• Concussion may result in neuro -
pathological changes, but the acute
clinical symptoms largely reflect a
functional disturbance rather than
structural injury.

• Concussion results in a graded set of
clinical syndromes that may or may
not involve loss of consciousness.
Resolution of the clinical and cog-

nitive symptoms typically follows a
sequential course.

• Concussion is typically associated
with grossly normal structural neu-
roimaging studies.6

Recently, the premature retirement
of some professional ice hockey 
players because of concussion-related
symptoms has increased awareness of
concussion in Canada, but questions
remain about whether there is adequate
understanding of appropriate concus-
sion management.7 Wennberg recently
reported that the National Hockey
League (NHL) concussion rate in the
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past 5 years was 3 times that reported
in the previous decade.8 It may be
assumed erroneously that this repre-
sents the effect of bigger, faster play-
ers colliding with one another, but in
fact the primary reason for the higher
rate is improved recognition and injury
reporting. 

In 2001 the first International
Conference on Concussion in Sport
was held in Vienna and a summary and
agreement statement was published in
the British Journal of Sports Medi-
cine,6 the Clinical Journal of Sports
Medicine, and The Physician and
Sportsmedicine. The aim of the sym-
posium was to gather world concus-
sion experts to provide recommenda-
tions for improvement of health and
safety of athletes who suffer concus-
sion. Three Canadians were included
in the expert group: Dr Willem Meu -
wisse, Dr Karen Johnston, and Dr
Mark Aubry. The entire group has been
referred to as the Concussion in Sport
Group (CISG). Guidelines were estab-
lished for “return to sport,” with the
understanding that further changes
could be made to this protocol with
new information obtained through pre-
sent and future research. A second inter-
national conference on concussion in
sport was held in Prague in the fall of
2004, where revisions and further rec-
ommendations were made.9

One of the key points from the dis-
cussions at these conferences was the
need to individualize return-to-play
decisions rather than relying on arbi-
trary grading scale algorithms that are
not based on science. Also, determin-
ing the severity of concussion is only
possible in retrospect, when all symp-
toms have cleared and cognitive func-
tion has returned to normal. 

Traditionally, loss of conscious-
ness was thought to be the primary
measure of concussion severity, but
recent studies have cast doubt on this.
Studies have associated loss of con-

sciousness with specific early deficits
but not necessarily with overall sever-
ity.10 Because many concussion scales
rely on loss of consciousness as a grad-
ing component, this may lead to mis-
management. More recent evidence
suggests that posttraumatic amnesia
might be a more important measure of
injury severity.11,12

Incidence 
Recent statistics estimate that approx-
imately 300 000 sports-related trau-
matic brain injuries occur annually in
the United States.13 Concussion as an
injury group in the US increased 269%
in ice hockey from 1990 to 1999
according to a National Electronic
Injury Surveillance System (NEISS)
report.14 This report raises concerns
regarding the risk of traumatic brain
injuries in soccer, football, and ice
hockey, especially since the NEISS
collects data on only those injuries
that are seen and treated in participat-
ing hospital  emergency depart-
ments across the US. Many other
brain in juries may have gone unre-
ported if the athlete was not seen at an
emergency department. 

In the 1990s, concussive injury in
a number of high-profile professional
athletes resulted in the implementa-
tion of baseline neuropsychological
testing by the National Football
League (NFL). Similar injuries in
hockey led the NHL to make the same
requirement. 

A recent systematic review by Koh
and colleagues15 provides useful data on
concussion incidence in all sports and
shows ice hockey to have the highest inci-
dence of concussion among team sports.
Rugby is shown to have the second high-
est incidence of concussion among team
sports, followed by football and soccer.
Looking at in dividual sports, it is no sur-
prise to see boxing with the highest inci-
dence of concussion, followed by tae kwon
do. 

Female athletes are not immune to
concussions, with higher incidences
being reported in more elite players.
Schick and Meeuwisse studied injury
rates and profiles in female hockey
players and found that the rate of con-
cussion was higher than previously
reported and also that it was the most
frequent cause of time loss from play.16

Female lacrosse and soccer players are
also at a high risk of suffering con-
cussion.17 With increasing numbers of
females participating in rugby, it is
anticipated that concussion will be an
important injury in this sport also. 

Pathophysiology
Discovering the exact pathophysio-
logical changes in concussion by ex -
perimental means is inherently diffi-
cult. A variety of animal models have
been used to study concussion, but all
of these models can be criticized to one
degree or another.18 The use of anes-
thetized animals makes it difficult to
identify acute clinical effects and addi-
tionally it is impossible to evaluate
cognitive symptoms such as posttrau-
matic amnesia in these models. Ani-
mals with small brains can also toler-
ate much higher acceleration or
deceleration forces than humans can.
Most animal models use loss of con-
sciousness as the primary evidence of
presence of concussion, but the major-
ity of sports concussions do not exhib-
it this sign.19

Giza and Hovda have outlined a cas-
cade of metabolic, ionic, and neuro-
chemical changes immediately after
experimental brain injury.20 Excitatory
amino acids may be released during brain
injury that precipitate receptor-mediated
neuroexcitation leading to influx of sodi-
um and calcium ions.21 Other researchers
have shown an ap parent mismatch
between hyperglycolysis and decreased
cerebral blood flow.22 The complexity of
the various neurometabolic and histo-
logical chang  es in the concussed brain
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child’s need to limit exertion in activ-
ities of daily living and scholastic
endeavors while still symptomatic.9

Evaluation of the
concussed athlete
Sideline evaluation is an essential step
in determining the immediate manage-
ment of the athlete who may be con-
cussed. Typical symptoms and signs
to be monitored are shown in .

If any one of the symptoms or
signs listed is present, a traumatic
brain injury should be suspected and
appropriate management instituted. A
key point of education for athletes,
parents, and ancillary personnel is that
a player does not need to have lost con-
sciousness to suffer a concussion. 

A detailed history will be needed
after the sideline evaluation is com-
plete. As well as asking questions
about the current injury, it is extreme-
ly important to make pointed inquiries
about previous injuries, including
those that may have been suffered in
the off-season or in another activity.
Many athletes will not recognize all
the previous concussions they have
suffered. Most serious athletes in con-
tact sports will have suffered at least
one concussion but may be unaware of
this. A study of Canadian Football
League players in the 1997 season

Table 1

revealed that 44.8% suffered probable
concussions, yet only 18.8% of these
concussed players recognized that they
had suffered a concussion.28 Kaut and
colleagues recently reported on the
high frequency of college athletes
reporting concussions (approximately
20%) coupled with a large proportion
who continue to play with symp-
toms.29 It is therefore very important
to question athletes about the previous
symptoms of a concussion rather than
just asking for their perceived number
of past concussions. It has been sus-
pected that athletes who have suffered
one concussion are at increased risk of
a second and subsequent such injury,
although some question this concept.
However, a recent large prospective
cohort study by Zemper suggested that
the risk of sustaining a cerebral con-
cussion is nearly 6 times greater for
individuals with a history of concus-
sion than for individuals with no such
history.30

Additional questions on the rela-
tionship between impact force and
symptom severity may reveal a pro-
gressive, increased vulnerability to
injury (i.e., more pronounced or pro-
longed symptoms from smaller hits
with subsequent injuries). This dis-
turbing trend has been noted by clini-
cians who deal with elite hockey play-
ers (oral communication with Dr
Karen Johnston, 2001). 

Conventional structural neuro -
imaging by CT or MRI should be
used whenever suspicion of a struc-
tural lesion exists, even though the
results are usually normal in concus-
sive in jury. Neuroimaging is also
required when there is prolonged dis-
turbance of a conscious state, focal
neurological deficit, seizure activity,
or persistent clinical or cognitive
symptoms.

Neuropsychological testing
Several neuropsychological test bat-

re mains incompletely understood at
present. 

Increased interest in the patho-
physiology of concussion has raised
questions regarding the risk of multi-
ple concussions in the developing
child or adolescent, including the risk
of permanent learning deficits.23 In
Canada most elite ice hockey players
begin body checking at age 11, and
some players are permitted to begin
checking at age 9. Body checking ac -
counts for up to 86% of injuries
among players age 9 to15.24 Each year,
10% to 12% of hockey players age 9
to 17 who are injured report a brain
injury, most of which are concus-
sions.25,26

In the past, conventional wisdom
held that the younger brain was more
resilient to injury. Research in young
rats suggested that low rates of injury
occurred with moderate percussion
injury.27 However, evidence now sug-
gests that there are specific develop-
mental periods when the immature
brain may be more vulnerable to injury. 

More research about the long-term
sequelae of concussion in sports is
required, particularly with high num-
bers of children and teen agers in volved
in contact sport. At the Prague confer-
ence, the concept of “cognitive rest”
was introduced with reference to the
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SSyymmppttoommss

• Headache

• Dizziness

• Feeling dazed, stunned

• Sensitivity to light

• Tiredness

• Irritability

• Seeing stars

• Double vision

• Sleepiness

• Nausea

SSiiggnnss

• Poor balance or coordination

• Slow or slurred speech

• Poor concentration

• Vacant stare

• Confusion, disorientation

• Amnesia

• Loss of consciousness 

• Unusual emotions

• Personality change

• Inappropriate behavior

Table 1. Typical symptoms and signs of concussion.
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teries are available,  including the
Mad docks Questions19 and the Stan-
dardized Assessment of Concussion
(SAC).31 Another protocol developed
at McGill by Johnston and colleagues
has been compared with the NHL stan-
dard test battery. 32 The 2004 Prague
conference led to the development of
the Sports Concussion As sessment
Tool (SCAT), based on many other
forms and cards. This can be used for
patient education as well as for assess-
ment purposes and is available free of
charge at the ThinkFirst web site
(www. thinkfi rs t . ca/document s /
SCAT-v13-2.pdf). 

Previously, more detailed baseline
and follow-up neuropsychological test-
ing was expensive and restricted to
those groups associated with qualified
neuropsychologists. New computer
programs now permit the large-scale
testing of sports teams and rapid ac -
cess to repeat testing after suspected
concussions. Players can also undergo
follow-up testing when they are symp-
tom-free to compare their test results
with their baseline results and to deter-
mine if there are any reasons to sus-
pect residual cognitive deficits. A neu-
ropsychologist should be consulted
regarding difficult management issues.

Classification of concussions
At least 25 scales for grading concus-
sions exist.30 The final statements
from the Vienna and Prague confer-
ences on concussion in sport recom-
mend abandoning any management
approach that relies on grading scales6,9

because many of the scales are based
on consensus and clinical opinion
rather than on scientific data. For
instance, in one study of 21 profes-
sional rugby league athletes, concus-
sion severity as de fined by several
scales was not clearly related to the
presence or duration of impairment as
indicated by neuropsychological test
performance.33 Thus, current return-to-

play programs rely more on symptoms
than grading. 

The grading scales may still be of
value for research purposes and for
determining the athlete’s safety after
sustaining multiple concussions, but
at present their clinical usefulness is
open to question. The Concussion in
Sport Group stated in Vienna that
while they recognized the strengths of
several existing concussion scales, no
single scale could be endorsed. 

One of the Prague meeting’s key
conclusions was that concussions are
best classified as “simple” or “com-
plex”9 for concussion management
purposes. Simple concussion repre-
sents the most common form of injury
and may be appropriately managed by
primary care physicians. In simple
concussion, an athlete suffers an in -
jury that progressively resolves with-
out complication over 7 to 10 days.
Apart from encouraging the athlete to
rest while symptomatic and to resume
sport by a graduated return-to-play pro-
tocol, no specific further interventions
are needed in these cases, and the ath-
lete typically resumes sport without
further problem.

Complex concussion requires the
attention of physicians specially train -
ed in the management of these injuries
(see  ). Formal neuropsycho-
logical testing may be indicated in
cases of complex concussion, and
management by sports medicine phy -
sicians, sports neurologists, or neuro-

Table 2

surgeons in a multidisciplinary group
may be needed. Often the classifica-
tion of the concussion can only be
made in retrospect since it is not pos-
sible to predict with complete certain-
ty whether the concussion will resolve
promptly and be classed as “simple,”
or the athlete will go on to have pro-
longed symptoms and the concussion
will be classed as “complex.” 

Management
Initial management consists of fol-
lowing the basic principles of trauma
care. It is always important not to
overlook a cervical spine injury. It is
also important not to overlook the
possibility of coexisting concussion
when considering more obvious
neck,maxillofacial, or dental
injuries.34 And while it is important to
identify all past concussions, manage-
ment decisions should not be based
solely on the number of concussions,
as was done in the past with the “three
strike rule,” which excluded an athlete
from play after a third concussion.35

The injured player should be ex -
amined by a medical doctor and should
not be left alone. Regular monitoring
for deterioration is essential over the
initial few hours. Further neurological
evaluation to look for evidence of
potentially catastrophic brain injury is
appropriate if the clinical situation dic-
tates this. Most physicians experi-
enced in concussion management do
not routinely order neuroimaging un -
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SSiimmppllee  ccoonnccuussssiioonn
• All symptoms and signs resolve by 10
days and do not recur during rehabil-
itation—that is, while patient is
being monitored at each step of the
return-to-play protocol (Table 3)

CCoommpplleexx  ccoonnccuussssiioonn
• Preceded by prolonged loss of con-
sciousness (more than 1 minute)

• Symptoms and signs persist beyond
10 days or recur during rehabilita-
tion—that is, while patient is being
monitored at each step of the return-
to-play protocol (Table 3)

• Prolonged cognitive impairment 

Table 2. Simple versus complex concussion. 
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less features suggesting a more com-
plicated injury are present. 

At present, there is no specific
treatment for concussion other than
rest until the athlete is asymptomatic.
Complex concussions may require
pharmacological agents in the later
stages if sleep or mood disturbances
are involved, but these cases are like-
ly best managed by physicians with
experience in this area.

Return to play
The fundamental dictum currently is
that all concussed athletes must be
asymptomatic at rest before returning
to any type of training, game play, or
physical exertion. Until recently, it
was felt safe to allow a player with a
so-called grade 1 concussion, where all
symptoms clear within 15 minutes, to
return to play in the contest. Recent
research suggests that this protocol
may be too lenient. Thirty-six hours
after injury, mildly concussed high
school athletes demonstrated a decline
in memory and a dramatic increase in

self-reported symptoms compared
with baseline performance.36 Return-
ing these athletes to play may be too
liberal and needs to be evaluated. 

Hockey Canada Guidelines state
that any athlete with a suspected con-
cussion must be evaluated by a physi-
cian before return to play.  These 
stringent guidelines are supported by
practice: the decision usually made by
the physician, even with so-called bell-
ringers, is that the athlete cease play
for a period of time and not return to
the current competition. It should be
noted that even asymptomatic players
may go on to develop concussive
symptoms minutes, hours, or possi-
bly days later, and that players, coach-
es, and trainers should not ignore the
possibility of concussive injury just
because they do not have ready access
to a physician. 

Concussion-associated convul-
sions often raise undue anxiety about
the severity of injury or the risk of
postinjury epilepsy. Athletes who suf-
fer these episodes can be reassured that

such events are usually benign, are not
associated with the long-term risk of
epilepsy, do not require specific phar-
macotherapy, and that overall manage-
ment should focus on the correct man-
agement of the associated concussive
injury.37

Other factors that may influence
the return-to-play decision include
injury severity, previous history, sport,
and speed of resolution of the acute
symptoms.3,38 The currently estab-
lished step-wise return-to-play proto-
col is outlined in  . Whenever
possible, return to play should be med-
ically supervised or under the direction
of an experienced trainer.

In the case of recurrent injury, a
more conservative time frame for re -
turn to play should be considered.
Clearly the athlete must be asympto-
matic before beginning the return-
to-play protocol. As well, a slower 
ad vancement of the steps should be
considered by the supervising clini-
cian.

The minimum time allowed for
each step in the return-to-play proto-
col is 1 day, which means that the con-
cussed athlete will not be able to enter
competition for approximately 1 week.
The cornerstone of concussion man-
agement is rest. Once all symptoms
and signs resolve, the athlete com-
mences a program of increasing exer-
tion before returning to full competi-
tion. It is important to emphasize to
the athlete that physical and cognitive
rest are required during the period of
recovery, especially in the first few
days after an injury. Activities that
require concentration and attention,
such as reading or computer work, may
exacerbate symptoms and delay recov-
ery. In symptomatic children, there
may be a need to limit not only exer-
tion with activities of daily living, but
also television watching, computer
game playing, and scholastic activi-
ties. This latter recommendation may

Table 3
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SStteepp  11
No activity, complete rest 
OOnnccee  ppaattiieenntt  iiss  aassyymmppttoommaattiicc,,  pprroocceeeedd  ttoo  SStteepp  22  aanndd  ccoonnttiinnuuee  ttoo  ssuubbsseeqquueenntt  sstteeppss  if
patient remains asymptomatic. IIff  ssyymmppttoommss  rreeccuurr,,  ddrroopp  bbaacckk  ttoo  aa  sstteepp  wwhheerree  tthheerree  aarree  nnoo
ssyymmppttoommss,,  aanndd  ttrryy  ttoo  pprrooggrreessss  aaggaaiinn..

SStteepp  22
Light exercise off the game field (stationary biking, walking)

SStteepp  33
Sport-specific activity without body contact (light running, skating)

SStteepp  44
On-field practice without body contact

SStteepp  55
On-field practice with body contact, once cleared by a medical doctor (The time required
to progress from noncontact exercise to full contact will vary with the severity of the con-
cussion and the individual.)

SStteepp  66
Return to competition

Table 3. Return-to-play protocol.
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require a written note to the child’s
teacher. Meditation techniques have
been used by one of the authors (BH)
to accelerate recovery from concussion. 

Postconcussion syndrome 
Persistent complaints of symptoms
such as headache,  dizziness,  sleep 
disturbance, poor concentration, and
memory problems can occur after a
concussion. It has been reported that
the risk of this complication is lower
in the sporting community than in the
general population.39 As a result, other
factors such as medicolegal issues and
secondary gain have been postulated as
confounding factors.40 Despite the rel-
ative infrequency of symptoms last-
ing for months, both authors of this
paper have seen cases of athletes who
are highly motivated to return to play
but who cannot do so because of per-
sistent and prolonged symptoms. Often
these athletes have a history of multi-
ple concussions. 

Prevention and education 
The use of appropriate protective helmets
is obviously of paramount im portance in
those sports where head contact is a factor
in the mechanism of concussion. In ice
hockey, football, and baseball there is pub-
lished evidence of benefit for protection by
headgear. In other sports, however, there is
a suspicion that the use of headgear might
actually alter playing behavior and increase
risk of injury.41 Mouthguards have long
been proposed as a way to assist in the
reduction of concussion incidence, but
there is no scientific evidence yet to sup-
port their widespread use.42 Further lack of
evidence of benefit came from a study of
basketball players that found no reduction
in concussion rates through the use of cus-
tom-fitted mouthguards.43 The primary
value of mouthguards appears to be for
dental and oral soft tissue protection. 

Rule changes may play a role in
protecting athletes from injury. For
example, enforcing rules in hockey to

eliminate checking to the head and also
banning hard plastic elbow pads might
reduce head injuries. Another preven-
tion strategy—conditioning of the
neck muscles to decrease head move-
ment—is still largely a theoretical
concept. 

In addition to prevention strate-
gies, education of players, coaches and
trainers, and parents is crucial. These
groups must be given tools to under-
stand and recognize concussion and to
assist in appropriate management.
There is still considerable need for edu-
cation as shown by a recent study of
British Columbia minor hockey play-
ers. Williamson and Goodman44

showed that there was significant
underreporting on concussions in
minor hockey. Estimates from official
injury reports for male players were
between 0.25 and 0.61 concussions
per 1000 player game hours (PGH).
Concussion estimates from volunteer
reports were between 4.44 and 7.94
per 1000 PGH.

Physicians who treat athletes in
high-risk groups also need to educate
themselves in the current standard of
care. Methods to improve education,
including web-based resources, educa-
tional videos, and programs such as
ThinkFirst (www.thinkfirst.ca) should
be used to deliver the message to a
wide audience. 

Summary
• Return-to-play decisions must be

individualized, rather than relying
on arbitrary grading scale algo-
rithms that are not based on science.

• Loss of consciousness is no longer
the key measure of concussion
severity—concussion can occur
without loss of consciousness.

• Posttraumatic amnesia might be a
more important measure of severity. 

• Most serious players in contact
sports have suffered a concussion,
but are unaware of it.

• Ice hockey has the highest incidence
of concussion in team sports, fol-
lowed by rugby, football, and soc-
cer.

• Computer programs now permit
large-scale team testing and rapid
access to repeat testing after sus-
pected concussions.

• Athletes suffering a confirmed or
suspected concussion should not
return to the contest, allowing at
least 1 day’s rest. Even asympto-
matic players may go on to develop
concussive symptoms minutes,
hours, or even days later.

• Symptomatic children may need to
limit not only exertion with activ-
ities of daily living, but also tele-
vision, computer use, and school. 
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