Downloaded from bjsm.bmj.com on 13 September 2007

Research based recommendations on management
of sport related concussion: summary of the
National Athletic Trainers’ Association position
statement
K M Guskiewicz, S L Bruce, R C Cantu, M S Ferrara, J P Kelly, M McCrea, M
Putukian and T C Valovich McLeod
Br. J. Sports Med. 2006;40;6-10
doi:10.1136/bjsm.2005.021683

Updated information and services can be found at:
http://bjsm.bmj.com/cgi/content/full/40/1/6

These include:

References

This article cites 41 articles, 12 of which can be accessed free at:
http://bjsm.bmj.com/cgi/content/full/40/1/6#BIBL
1 online articles that cite this article can be accessed at:
http://bjsm.bmj.com/cgi/content/full/40/1/6#otherarticles

Rapid responses
Email alerting
service

Topic collections

You can respond to this article at:
http://bjsm.bmj.com/cgi/eletter-submit/40/1/6
Receive free email alerts when new articles cite this article - sign up in the box at the
top right corner of the article

Articles on similar topics can be found in the following collections
Guidelines (504 articles)
Head injury (335 articles)
Sports Medicine (1324 articles)

Notes

To order reprints of this article go to:
http://journals.bmj.com/cgi/reprintform
To subscribe to British Journal of Sports Medicine go to:
http://journals.bmj.com/subscriptions/

Downloaded from bjsm.bmj.com on 13 September 2007
2

Bone mass
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Building bone mass through exercise:
could less be more?
T S Gross, S Srinivasan
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Insertion of a rest interval between loading events greatly
amplifies the response of bone to loading

A

vast literature supports the sensitivity of bone to mechanical
loading. When mechanical loading is acutely diminished, as occurs with
paralysis or other forms of disuse, bone
mass is rapidly degraded.1 Alternatively,
bone is also capable of substantial
augmentation following long term exercise.2 In combination, these observations
suggest that mechanical loading of the
skeleton is essential for maintenance of
bone homoeostasis and holds potential
to serve as a substantial anabolic stimulus. Given the extremely debilitating
nature of bone loss pathologies and
nascent development stage of anabolic
interventions capable of enhancing skeletal mass and morphology at both
trabecular and cortical sites, examination of how mechanical loading induces
bone formation continues to be an area
of substantial study.

elderly populations has been the incomplete elucidation of specific bone
mechanotransduction pathways. In vivo
studies of bone adaptation have clearly
confirmed that bone is responsive to a
variety of specific aspects of mechanical
loading such as magnitude and serial
bouts of activity.6 7 Although the benefit
of increased loading or activity eventually plateaus, few would argue that
the greater the stimulus, the bigger the
response of the tissue. Substantial progress has been made in studying the
molecular events underlying this pathway, including identification of numerous second messengers, transcription
factors, and signal transduction genes,
the regulation of which is rapidly altered
in various bone cells by mechanical
stimuli. However, mechanotransduction
within bone remains a largely unresolved area of research.

‘‘…high magnitude loading is not
practical for those seniors acutely in
need of bone augmentation’’

‘‘…rest insertion serves to reduce
the amount and magnitude of
mechanical loading required for an
intervention to be perceived as
stimulatory, even in the aged skeleton’’

The most efficacious exercise interventions have exposed young developing skeletons to dynamic impact loads
such as those induced by jumping.3 The
success of such a regimen stems, in part,
from the enhanced ability of the developing skeleton to respond to mechanical
stimuli compared with an aged skeleton4 and, we would argue, the intermittent nature of activities such as
jumping. However, although impact
exercise interventions may serve to
augment peak skeletal strength and
thereby serve as a potential prophylaxis
for future osteopenias, high magnitude
loading is not practical for those seniors
acutely in need of bone augmentation.
Exercise that is accessible for this
population, such as the relatively mild
skeletal loading that might be generated
by walking or resistance exercise, is not
perceived as a stimulus for bone formation.5
It is quite likely that a primary
contributor to the poor efficacy of
exercise interventions in adult and
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Our recent efforts in this area have
focused on developing strategies to
‘‘trick’’ bone into perceiving that mild
loading activities, such as walking, are
stimulatory for bone accretion. If successful, such an approach could greatly
broaden the use of exercise to build
bone mass. In a recent series of in vivo
studies, our group (and others) have
observed that the insertion of a rest
interval between each loading event
greatly amplifies the response of bone
to loading. This strategy is capable of
transforming a brief (100 second) low
magnitude regimen that is normally
ignored by bone into one that is potently
osteogenic. As well, it appears that rest
insertion serves to reduce the amount
and magnitude of mechanical loading
required for an intervention to be
perceived as stimulatory, even in the
aged skeleton.8–10

EDITORIAL

The conundrum posed by the effectiveness of rest insertion lies with its
contradiction of the ‘‘bigger the stimulus, the bigger the response’’ principle.
The potential mechanisms underlying
the effectiveness of rest insertion are
numerous and may range from simple
amplification of standard pathways to
activation of alternative signalling pathways. Given the difficulty associated
with defining specific biochemical
mechanotransduction pathways in vivo,
we have begun to explore this question
from a different perspective, using
approaches of complex adaptive system
biology to identify particular aspects of
cellular activation that may explain the
effectiveness of rest inserted loading.11
Complex adaptive (biological) systems
are characterised by internal heterogeneity, hierarchical structure, non-linear
interactions, and high degrees of connectivity within and between parts of
the system. Approaches used to analyse
such systems are typically inductive and
are premised on the observation that
local interactions (such as generation
and/or perception of signalling molecules by adjacent osteocytes) are capable
of inducing emergent system behaviours
(such as osteoblast activity days or
weeks after the loading event).
In this context, we have examined
how rest inserted stimuli may be perceived by osteocytes by an agent based
modelling technique that is uniquely
suited to studying counterintuitive and
emergent phenomena. The model predicted that inserting a rest interval
between load cycles enhances and sustains signalling activity within osteocytic networks. This augmented signalling
arose by a combination of more efficiently exploiting the dynamics of second
messenger
generation
and
depletion and by augmenting intercellular communication within the osteocyte network. Thus the model suggests
that the osteogenic potency of rest
inserted stimuli emerges from real time
activity induced within the cellular
syncytium of the bone during the brief
time—that is, seconds—that the skeleton is subjected to loading. The agent
based modelling approach also holds
potential for expansion to examine
transduction of specific signalling molecules—for example, Ca2+ or ATP—or
enhanced diffusion of these factors as
might be achieved by rest inserted
loading. Pending further studies and
experimental validation, it appears that
biological mechanisms of rest insertion
may lie at the level of altering how
osteocytes behave within the context of
their local cellular neighbourhood.
The specific signalling pathways
underlying the effectiveness of rest
insertion may prove elusive. However,
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it is our belief that this strategy may
yield positive clinical results without
exact knowledge of its mechanism. In
this context, our complexity based
approach may provide a tool to optimise
rest inserted loading waveforms and to
design strategies that compensate for
potential variations associated with factors such as age or genetic background.
With future optimisation, rest insertion
holds the potential to enable more bone
accretion with less exercise compared
with current repetitive loading strategies. Whereas cyclic aerobic exercise
undoubtedly confers numerous physiological and psychological benefits
beyond the skeleton, a rest inserted
exercise regimen, in our view, holds
greatly enhanced potential for utilisation in a couch potato era of substantially diminished physical fitness.
Br J Sports Med 2006;40:2–3.
doi: 10.1136/bjsm.2004.016972
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Exercise for chronic disease
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Benefits of exercise therapy for chronic
diseases
U M Kujala
...................................................................................

Evidence on the benefits of exercise therapy for chronic diseases
based on randomised controlled trials is accumulating

R

egular physical activity is one
means of decreasing disability and
increasing the number of independently living elderly people, as well as
decreasing the costs of the healthcare
system. On the basis of a recent review
of the results of randomised controlled
trials (RCTs), there is accumulating
evidence that, in patients with chronic
disease, exercise therapy is effective in
increasing fitness and correcting some
risk factors for the development of
disease complications.1

FROM PREVENTION TO
TREATMENT
Traditionally physical activity has been
regarded as a powerful tool in the
prevention of certain chronic diseases,
even though this has been confirmed in
only a very few cases by RCTs.2 When
the strength of evidence for the use of
exercise in health care is evaluated, data
from epidemiological observational follow ups, studies on the mechanisms of
disease, and controlled clinical trials are
used. Observational follow up studies

11 Gross TS, Poliachik SL, Ausk BJ, et al. Why rest
stimulates bone formation: a hypothesis based on
complex adaptive phenomenon. Exerc Sport Sci
Rev 2004;32:9–13.

COMMENTARY
Dynamic mechanical loading has been shown
to actively influence the adaptive activities of
bone in many animal studies and clinical
observations. This report reviews recent
studies on rest insertion between loading
events, which amplifies the response of bone
to loading, and suggests that the adaptation
of bone to mechanical loading may be
triggered by specific mechanical stimuli, but
not necessarily correlate with the ‘‘magnitude’’ per se. The authors further develop a
model and examine the cellular signalling
pathway to predict the signalling activity in
the osteocytic networks. This is an interesting
approach to explaining how bone is sensitive
to novel mechanical intervention at the
cellular level. The high anabolic response to
rest insertion of loading may also be supported by the mechanotransduction pathway,
in which rest insertion would improve the
fluid saturation caused by continuous loading
and enhance perfusion in bone. This work
provides valuable insight into the mechanism
of bone adaptation and potential design of
therapeutic strategies for clinical applications.
Y-X Qin
SUNY at Stony Brook, New York, NY, USA;
yi-xian.qin@sunysb.edu

can be biased for many reasons, such as
genetic selection bias and inability to
control for all confounding lifestyle
factors.3 However, it has been widely
accepted that an epidemiological observational study with supportive data
from studies on disease mechanisms
provides enough evidence for exercise
recommendations in disease prevention.
Conclusive evidence for the benefits of
exercise in the treatment of patients
with chronic disease using the limited
resources of the healthcare system
should optimally be based on well
designed RCTs.1 Recently, the number
of RCTs evaluating the effects of physical exercise therapy for specific diseases
has increased substantially, allowing
disease specific systematic reviews
including meta-analyses.

MAIN FINDINGS OF SYSTEMATIC
REVIEWS BASED ON RCTS
The most consistent finding of the
studies is that exercise capacity or
muscle strength can be improved in
patients with different diseases without
having detrimental effects on disease
progression.1 Severe complications in
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the exercise trials were rare. In some
diseases, such as osteoarthritis, pain
symptoms may also be reduced. Most
RCTs are too short to document disease
progression. Studies on patients with
coronary heart disease,4 as well as
studies on patients with heart failure,5
show that exercise groups have a somewhat reduced all-cause mortality. The
clinically very significant findings
include that exercise therapy has beneficial effects on all metabolic syndrome
components and is highly beneficial for
patients with type 2 diabetes mellitus.1 6

STUDY QUALITY IS IMPORTANT
Before the results are considered, the
methodological quality of the individual
RCTs should be critically analysed.7 8
Biased results from poorly designed
and reported trials can mislead decision
making. It should be taken into account
that exercise trials cannot usually be
properly blinded, which may lessen the
reliability of the results. In addition to
other quality criteria, we have to keep in
mind that generalisability may be a
problem as some RCTs include patients
that are not representative of the general population of patients with regard
to age and coexisting diseases. This is
typically seen in RCTs on coronary heart
disease and heart failure.
The fact that most trials are of short
duration means that some benefits,
such as increases in physical fitness,
are reached within weeks or months.
However, specific RCTs are usually too
short to provide conclusive evidence on
the effects of exercise therapy on the
true progression of disease. RCTs on the
effects of exercise on lipid risk factors,
blood pressure levels, and glucose
homoeostasis,6 as well as sporadic long
term follow ups of disease progression,4 5 support the conclusion that

exercise therapy may have a beneficial
effect on the long term progression of
specific diseases.1 However, there is a
need for RCTs with long term follow
ups, including documentation, of such
outcomes as survival rate, rate of hospital admission, and healthcare costs.

CLINICAL PRESCRIPTION OF
EXERCISE
Doctors prescribing exercise therapy have
to know the basics of exercise physiology
and training principles. Also, tailoring of a
programme depends on the disease and
its stage, the baseline fitness level of the
patient, and the goals of the programme
set together with the patient.
The available RCTs include a large
variety of effective training programmes.
Most patients seem to benefit from low
to moderate intensity aerobic exercise.
Detailed conclusions on the doseresponse of exercise therapy in the
treatment of specific diseases cannot be
drawn from the available RCTs. We have
to remember that the beneficial results of
exercise therapies for patients with
chronic disease shown by RCTs are based
on carefully planned and followed exercise interventions in patients whose
clinical status has first been examined
to take into account possible risks.
Unlike the prevention of disease in young
healthy people, the therapeutic range of
physical activity for patients with chronic
disease may be limited. In exercise
therapy, long term adherence is a general
problem. Exercise consultations face to
face or by telephone can be used to
maintain high physical activity levels.9
Also, whereas we look for evidence of the
benefits of exercise therapy from RCTs
specifically investigating the effects of
exercise, in clinical work we have to bear
in mind that correction of other modifiable risk factors such as diet10 and

Gene therapy
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Gene therapy in sport
R J Trent, I E Alexander
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The potential benefits of gene therapy for sports injuries are
counterbalanced by the potential for gene doping

H

uman gene therapy involves the
insertion of DNA (or RNA) into
somatic cells to produce a therapeutic effect. Gene therapy was first
envisaged as an approach to treating
genetic disorders. In this scenario,
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missing or mutant genes could be
replaced or repaired. Today, gene therapy has broader applications, with trials
covering many clinical problems including genetic diseases, cancer, infections
such as HIV, and degenerative diseases.
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smoking3 are also important, as is the
optimal medication.
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The transfer of genetic material into
cells can be undertaken in many ways,
most commonly using a viral vector. For
this, viruses are genetically engineered
to remove infectious potential while
retaining the capacity to carry a therapeutic gene(s) into selected target cells.
The inserted sequences can encode a
missing or mutant product as might
occur in the case of cancer, or alternatively could be used to inhibit a foreign
protein as would be found in HIV
infection. Viral vectors have been
derived from a number of different
viruses. Some, such as the adenovirus,
are associated with relatively mild
human infections, whereas others are
associated with more serious disease, for
example HIV. Certain viral properties
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Table 1 Human gene therapy studies with potential application to sport
Model

Status

Muscular dystrophy

Using animals with muscular dystrophy caused by mutations in the dystrophin
gene, it is possible with gene therapy to inject into muscle a functional
4
dystrophin gene. The effects observed include a reduction in contraction
induced injury, and an increase in muscle bulk.
The National Aeronautics and Space Administration (NASA) in the United
States has shown that space travel can produce skeletal muscle atrophy.
Experimental studies are now underway to determine the preventive effects of
IGF1 in a retroviral vector given regularly by intramuscular injection.5
Phase I studies show little toxicity when inflammatory molecules such as
interleukin 1 are inhibited by intra-articular injection of gene therapy
6
products.

Muscular atrophy

Rheumatoid arthritis

are particularly useful for gene therapy,
such as the capacity to permanently
integrate introduced genetic sequences
into the host cell genome.
Apart from viruses, there are numerous physicochemical methods for introducing DNA (or RNA) into somatic cells.
The most relevant in the context of sport
involves direct injection of DNA that has
been formulated with a chemical carrier
for more efficient uptake by cells. None
of the physicochemical approaches has
been successful in human trials, as the
levels of gene transfer achieved are
insufficient for therapeutic benefit.
The results in gene therapy have
generally been disappointing despite
over 1000 clinical trials since 1990.1
Only two diseases have been successfully treated by gene therapy. Both are
forms of severe combined immunodeficiency, SCID-X1 and ADA-deficiency.2 3
Unfortunately, success has come at a
cost, with three of 18 infants with SCIDX1 treated developing leukaemia. This
has now been shown to have been
caused by insertional mutagenesis,
which had previously been considered
a remote theoretical risk associated with
the integrating gene transfer technology
used.
At present, there are three limitations
to gene therapy: (a) gene transfer
technologies are not efficient enough
for most applications; (b) therapeutically useful integrating gene transfer
technologies carry unresolved risks; (c)
there remains an inadequate understanding of the biology of therapeutically relevant target cell populations.

GENE THERAPY AND SPORTING
INJURIES
There are a number of models illustrating how gene therapy may at some

future time be used to treat sporting
injuries (table 1).

GENE DOPING IN SPORT
Sports men and women and sporting
administrators faced with the prospect
of drug cheating and blood doping now
need to consider gene doping.7 Although
therapeutic benefit from gene therapy is
difficult to achieve, gene doping is
paradoxically more feasible because a
very large output from the introduced
gene may not be required, and the
desired effect need only be short term.
Regular injections at the time of sporting events may suffice. Gene doping is
further simplified as it would not be
necessary to have the transferred gene
regulated so that its output corresponds
to specific cellular requirements as
might be the case for treating disease.
Genes of relevance to doping such as
growth hormone, insulin-like growth
factor I, and erythropoietin have been
cloned, and so are readily available.
They could be used as an alternative
way to produce a range of performance
enhancing agents. The risks of taking
these substances in the form of traditional chemicals are known, and so
decisions about risk versus benefit are
straightforward. The same cannot be
said for gene doping, as there continue
to be many unknowns in this form of
cellular intervention. Effects cannot be
predicted, and so the sportsperson taking this route for cheating does not have
control of the product. Random integration of vector sequences, for example,
could produce complications such as
acute leukaemia or other forms of
cancer. Finally, unlike taking a drug,
gene transfer is not easy to reverse, and
so any untoward effects may be long
term. There is also a small risk of
inadvertent gene transfer to germ cells

with the potential for harm to be passed
on to an athlete’s children.
Today, the risks for gene doping are
much greater than the taking of traditional
chemical
products.
Those
involved in sport should be sufficiently
informed of the risks, as well as likely
future benefits of gene therapy. As the
technology improves, many of the complications may be avoided, and so
ongoing assessment of the potential for
gene doping will be necessary. Detecting
gene doping cheats will be possible
using the standard assays as well as
through the identification of gene vectors or their products. The bypassing of
various metabolic pathways through the
insertion of genes may lead to changes
in gene expression profiles, and this
may open up another approach to
detecting gene doping.
Br J Sports Med 2006;40:4–5.
doi: 10.1136/bjsm.2005.021709
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Sport related concussion should always be treated seriously and
systematically

S

port related concussion has
received considerable attention in
both the lay media and medical
literature in recent years. As a result,
clinicians, coaches, parents, and athletes
at all levels of competition are becoming
educated about the necessity to treat
concussions seriously. In time, this will
help to create a safer playing environment for athletes at all levels of competition. Despite an array of complexities
associated with studying sport related
concussion, new scientific research and
clinically based literature have provided
sports medicine professions with a
wealth of updated information on the
treatment of sport related concussion.
For example, there is now sufficient
literature supporting the notion that
once you experience a concussion, you
are more likely to sustain future concussions1 2; and a strong likelihood
exists that the symptoms following
these repeat concussions may be more
serious and resolve at a slower rate.1 3
Several recent research papers and consensus statements indicate the necessity
to use a systematic approach to evaluating the severity and duration of all
possible signs and symptoms after a
concussion, and to be cautious of not
returning players to competition too
quickly.4–16 Loss of consciousness and
amnesia are two important parameters
associated with cerebral concussion, but
headaches, dizziness/balance deficits,
concentration deficits, and feeling ‘‘slowed down’’ are more common.1 2 6 9 14 17–
20
Extensive research has also been
conducted on neuropsychological testing17 19–34 and postural stability testing,20 35–37 both of which are considered
to be key markers for tracking recovery
after cerebral concussion. Recent concussion publications on topics such as
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physician referral and home care,13 38
youth athletes,39 40 and protective equipment41 have also provided clinicians
with a better understanding of how
better to manage sport related concussion.
To provide certified athletic trainers
(ATCs), doctors, and other medical
professionals with a comprehensive list
of recommendations for managing concussions, the National Athletic Trainers’
Association (NATA) formed a committee charged with developing a research
based position statement derived from
these most recent studies. The recommendations are intended for the treatment of concussed athletes at the youth,
high school, collegiate, and elite levels.
The writing committee consisted of a
team doctor, a neurosurgeon, a neurologist, a neuropsychologist, and four
ATCs.
The following summary includes
recommendations that can be found in
the full article published in the Journal of
Athletic Training 2004;39:278–95. The full
text and complete reference list for this
peer reviewed position statement is also
available at http://www.pubmedcentral.
nih.gov
and
http://www.nata.org/
publicinformation/position.htm.
The summary statement is organised
into the following sections: Defining
and recognising the concussion;
Evaluating and making the return to
play decision; Concussion assessment
tools; When to refer to a physician;
When to disqualify an athlete; Special
considerations for young athletes; Home
care; Equipment issues.

DEFINING AND RECOGNISING
THE CONCUSSION
(1) The ATC should develop a high
sensitivity for the various mechanisms

LEADER

and presentations of traumatic brain
injury, including mild, moderate, and
severe cerebral concussion, as well as
the more severe but less common head
injuries that can cause damage to the
brain stem and other vital centres of the
brain.
(2) The colloquial term ‘‘ding’’ should
not be used to describe a sport related
concussion. This stunned confusional
state is a concussion most often
reflected by the athlete’s initial confusion, which may disappear within minutes, leaving no outward observable
signs and symptoms. Use of the term
‘‘ding’’ generally carries a connotation
that diminishes the seriousness of the
injury. If an athlete shows concussionlike signs and reports symptoms after a
contact to the head, the athlete has, at
the very least, sustained a mild concussion and should be treated for a
concussion.
(3) To detect deteriorating signs and
symptoms that may indicate a more
serious head injury, the ATC should be
able to recognise both the obvious signs
(fluctuating levels of consciousness,
balance problems, memory and concentration difficulties, etc) and common
self reported symptoms (headache, ringing in the ears, nausea, etc).
(4) The ATC should play an active role
in educating athletes, coaches, and
parents about the signs and symptoms
associated with concussion, as well as
the potential risks of playing while still
symptomatic.
(5) The ATC should document all
pertinent information surrounding the
concussive injury, including, but not
limited to, (a) mechanism of injury,
(b) initial signs and symptoms, (c) state
of consciousness, (d) findings on serial
testing of symptoms, neuropsychological function, and postural stability (noting any deficits compared with
baseline), (e) instructions given to the
athlete and/or parent, (f) recommendations provided by the physician, (g) date
and time of the athlete’s return to
participation, and (h) relevant information on the player’s history of prior
concussion and associated recovery pattern(s).

EVALUATING AND MAKING THE
RETURN TO PLAY DECISION
(6) ATCs and team physicians working
together should agree on a philosophy
for managing sport related concussion
before the start of the athletic season.
Currently three approaches are commonly used: (a) grading the concussion
at the time of the injury; (b) deferring
final grading until all symptoms have
resolved; or (c) not using a grading
scale but rather focusing attention on
the athlete’s recovery by symptoms,
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neurocognitive testing, and postural
stability testing. After deciding on an
approach, the ATC-physician team
should be consistent in its use regardless
of the athlete, sport, or circumstances
surrounding the injury.
(7) For athletes playing sports with a
high risk of concussion, baseline cognitive and postural stability testing should
be considered. In addition to the concussion injury assessment, the evaluation should also include an assessment
of the cervical spine and cranial nerves
to identify any cervical spine or vascular
intracerebral injuries.
(8) The ATC should record the time of
the initial injury and document serial
assessments of the injured athlete, noting the presence or absence of signs and
symptoms of injury. The ATC should
monitor vital signs and level of consciousness every five minutes after a
concussion until the athlete’s condition
improves. The athlete should also be
monitored over the next few days after
the injury for the presence of delayed
signs and symptoms and to assess
recovery.
(9) Concussion severity should be
determined by paying close attention
to the severity and persistence of all
signs and symptoms, including the
presence of amnesia (retrograde and
anterograde) and loss of consciousness,
as well as headache, concentration
problems, dizziness, blurred vision, etc.
It is recommended that ATCs and
physicians consistently use a symptom
checklist similar to the one provided in
appendix A.
(10) In addition to a thorough clinical
evaluation, formal cognitive and postural stability testing is recommended to
assist in objectively determining injury
severity and readiness to return to play.
No one test should be used solely to
determine recovery or return to play, as
concussion presents in many different
ways.
(11) Once symptom-free or asymptomatic, the athlete should be reassessed
to establish that cognition and postural
stability have returned to normal for
that player, preferably by comparison
with pre-injury baseline test results. The
return to play decision should be made
after an incremental increase in activity
with an initial cardiovascular challenge,
followed by sport specific activities that
do not place the athlete at risk of
concussion. The athlete can be released
to full participation as long as no
recurrent signs or symptoms are present.

CONCUSSION ASSESSMENT
TOOLS
(12) Baseline testing on concussion
assessment measures is recommended

7

to establish the individual athlete’s
‘‘normal’’ pre-injury performance and
to provide the most reliable benchmark
against which to measure recovery.
Baseline testing also controls for extraneous variables (attention deficit disorder,
learning
disabilities,
age,
education, etc) and for the effects of
previous concussion, while also evaluating the possible cumulative effects of
recurrent concussions.
(13) The use of objective concussion
assessment tools will help ATCs in more
accurately identifying deficits caused by
injury and recovery from injury and
protect players from the potential risks
associated with prematurely returning
to competition and sustaining a repeat
concussion. The concussion assessment
battery should include a combination of
tests for cognition, postural stability,
and self reported symptoms known to
be affected by concussion.
(14) A combination of brief screening
tools appropriate for use on the sideline—for example, standardised assessment of concussion (SAC), balance error
scoring system (BESS), symptom checklist—and more extensive measures—for
example, neuropsychological testing,
computerised balance testing—to evaluate more precisely recovery later after
injury is recommended.
(15) Before instituting a concussion
neuropsychological testing battery, the
ATC should understand the test’s user
requirements, copyright restrictions,
and standardised instructions for
administration and scoring. All evaluators should be appropriately trained in
the standardised instructions for test
administration and scoring before
embarking on testing or adopting an
instrument for clinical use. Ideally, the
sports medicine team should include a
neuropsychologist, but in reality, many
ATCs may not have access to a neuropsychologist for interpretation and consultation, nor the financial resources to
support a neuropsychological testing
program. In this case, it is recommended
that the ATC use screening instruments
(SAC, BESS, symptom checklist) that
have been developed specifically for use
by sports medicine clinicians without
extensive training in psychometric or
standardised testing and that do not
require a special license to administer or
interpret.
(16) ATCs should adopt for clinical
use only, those neuropsychological and
postural stability measures with population specific normative data, test-retest
reliability, clinical validity, and sufficient sensitivity and specificity established in the peer reviewed literature.
These standards provide the basis for
how well the test can distinguish
between those with and without

cerebral dysfunction in order to reduce
the possibility of making false positive
and false negative errors, which could
lead to clinical decision-making errors.
(17) As is the case with all clinical
instruments, results from assessment
measures to evaluate concussion should
be integrated with all aspects of the
injury evaluation—for example, physical examination, neurological evaluation, neuroimaging, player’s history,
etc—for the most effective approach to
injury management and return to play
decision making. Decisions about an
athlete’s return to play should never be
based solely on the use of any one test.

WHEN TO REFER TO A PHYSICIAN
(18) The ATC or team physician should
monitor an athlete with a concussion at
five minute intervals from the time of
the injury until the athlete’s condition
completely clears or the athlete is
referred for further care. Coaches should
be informed that in situations when a
concussion is suspected but an ATC or
physician is not available, their primary
role is to ensure that the athlete is
immediately seen by an ATC or physician.
(19) An athlete with a concussion
should be referred to a physician on the
day of injury if he or she lost consciousness, experienced amnesia lasting
longer than 15 minutes, or meets any
of the criteria outlined in appendix B.
(20) A team approach for the assessment of concussion should be used to
include a variety of medical specialties.
In addition to family practice or general
medicine physician referrals, the ATC
should secure other specialist referral
sources within the community. For
example, neurologists are trained to
assist in the management of patients
experiencing persistent signs and symptoms, including sleep disturbances.
Similarly, a neuropsychologist should
be identified as part of the sports
medicine team for assisting athletes
who require more extensive neuropsychological testing and for interpreting the results of neuropsychological
tests.
(21) A team approach should be used
in making return to play decisions after
concussion. This approach should
involve input from the ATC, physician,
athlete, and any referral sources. The
assessment of all information including
the physical examination, imaging
studies, objective tests, and exertional
efforts should be considered before
making a return to play decision.

WHEN TO DISQUALIFY AN
ATHLETE
(22) Athletes who are symptomatic at
rest and after exertion for at least
20 minutes should be disqualified from
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returning to participation on the day of
the injury. Exertional exercises should
include sideline jogging followed by
sprinting, sit ups, push ups, and any
sport specific, non-contact activities (or
positions or stances) the athlete might
need to perform on returning to participation. Athletes who return on the
same day because symptoms resolved
quickly (,20 minutes) should be monitored closely after they return to play.
They should be repeatedly re-evaluated
on the sideline, after the practice or
game, and again at 24 and 48 hours
after the injury to identify any delayed
onset of symptoms.
(23) Athletes who experience loss of
consciousness or amnesia should be
disqualified from participating on the
day of the injury.
(24) The decision to disqualify from
further participation on the day of a
concussion should be based on a comprehensive
physical
examination,
assessment of self reported post-concussion signs and symptoms, functional
impairments, and the athlete’s history
of concussions. If assessment tools such
as the SAC, BESS, neuropsychological
test battery, and symptom checklist are
not used, a seven day symptom-free
waiting period before returning to participation is recommended. Some circumstances, however, will warrant even
more conservative treatment (see
recommendation 25).
(25) ATCs should be more conservative with athletes who have a history of
concussion. Athletes with a history of
concussion are at increased risk of
sustaining subsequent injuries, as well
as slow recovery of self reported postconcussion signs and symptoms, cognitive dysfunction, and postural instability
after subsequent injuries. In athletes
with a history of three or more concussions who are experiencing slow recovery,
temporary
or
permanent
disqualification from contact sports
may be indicated.

SPECIAL CONSIDERATIONS FOR
YOUNG ATHLETES
(26) ATCs working with younger (paediatric) athletes should be aware that
recovery may take longer than in older
athletes. In addition, these younger
athletes are maturing at a relatively fast
rate and will probably require more
frequent updates of baseline measures
compared with older athletes.
(27) Many young athletes experience
sport related concussion. ATCs should
play an active role in helping to educate
young athletes, their parents, and coaches about the dangers of repeated
concussions. Continued research into
the epidemiology of sport related
concussion in young athletes and
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prospective investigations to determine
the acute and long term effects of
recurrent concussion in younger athletes are warranted.
(28) Because damage to the maturing
brain of a young athlete can be catastrophic (almost all reported cases of
second-impact syndrome are in young
athletes), younger athletes (under the
age of 18 years) should be managed
more conservatively, using stricter
return to play guidelines than those
used to manage concussion in the more
mature athlete.

HOME CARE
(29) An athlete with a concussion
should be instructed to avoid taking
drugs except acetaminophen after the
injury. Acetaminophen and other drugs
should only be given at the recommendation of a physician. In addition, the
athlete should be instructed to avoid
ingesting alcohol, illicit drugs, or other
substances that might interfere with
cognitive function and neurological
recovery.
(30) Any athlete with a concussion
should be instructed to rest, but complete bed rest is not recommended. The
athlete should resume normal activities
of daily living as tolerated, while avoiding activities that potentially increase
symptoms. Once he or she is asymptomatic, the athlete may resume a graded
programme of physical and mental
exertion, without contact or risk of
concussion, up to the point at which
post-concussion signs and symptoms
recur. If symptoms appear, the exertion
level should be scaled back to allow
maximal activity without triggering
symptoms.
(31) An athlete with a concussion
should be instructed to eat a well
balanced diet that is nutritious in both
quality and quantity.
(32) An athlete should be awakened
during the night to check on deteriorating signs and symptoms only if he or she
experienced loss of consciousness, had
prolonged periods of amnesia, or was
still experiencing significant symptoms
at bedtime. The purpose of the wake ups
is to check for deteriorating signs and
symptoms, such as decreased levels of
consciousness or increasing headache,
which could indicate a more serious
head injury or a late onset complication
such as an intracranial bleed.
(33) Oral and written instructions for
home care should be given to the athlete
and to a responsible adult—for example,
parents or roommate—who will observe
and supervise the athlete during the
acute phase of the concussion while at
home or in the dormitory. The ATC and
physician should agree on a standard
concussion home instruction form
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similar to the one presented in appendix
C, and it should be used consistently for
all concussions.

EQUIPMENT ISSUES
(34) The ATC should enforce the standard use of helmets for protecting
against catastrophic head injuries and
reducing the severity of cerebral concussions. In sports that require helmet
protection (football, lacrosse, ice hockey,
baseball/softball, etc), the ATC should
ensure that all equipment meets either
the National Operating Committee on
Standards for Athletic Equipment
(NOCSAE) or American Society for
Testing and Materials (ASTM) standards.
(35) The ATC should enforce the
standard use of mouthguards for protection against dental injuries, even
though the scientific evidence supporting their use for reducing concussive
injury is not yet convincing.
(36) At this time, the ATC should
neither endorse nor discourage the use
of soccer headgear for protecting against
concussion or the consequences of
cumulative, subconcussive impacts to
the head. Currently, no scientific evidence supports the use of headgear in
soccer for reducing concussive injury to
the head.
Br J Sports Med 2006;40:6–10.
doi: 10.1136/bjsm.2005.021683
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Appendix A
Graded symptom checklist (GSC)
Symptom

Time of
injury

2–3 h
after injury

5
24 h
after injury

48 h
after injury

72 h
after injury

Blurred vision
Dizziness
Drowsiness
Excess sleep
Easily distracted
Fatigue
Feel ‘‘in a fog’’
Feel ‘‘slowed down’’
Headache
Inappropriate emotions
Irritability
Loss of consciousness
Loss or orientation
Memory problems
Nausea
Nervousness
Personality change
Poor balance/coord.
Poor concentration
Ringing in ears
Sadness
Seeing stars
Sensitivity to light
Sensitivity to noise
Sleep disturbance
Vacant stare/glassy eyed
Vomiting

6

7
8
9
10

11
12
13
14

15

Note: the GSC should be used not only for the initial evaluation but for each subsequent follow up
assessment until all signs and symptoms have cleared at rest and during physical exertion. In lieu of
simply checking each symptom present, the ATC can ask the athlete to grade or score the severity of the
symptom on a scale of 0–6, where 0 = not present, 1 = mild, 3 = moderate, and 6 = most severe.

16

17

Appendix B
Physician referral checklist

18

Day of injury referral
1. Loss of consciousness on the field
2. Amnesia lasting longer than 15 minutes
3. Deterioration of neurological function*
4. Decreasing level of consciousness*
5. Decrease or irregularity in respirations*
6. Decrease or irregularity in pulse*
7. Increase in blood pressure
8. Unequal, dilated, or unreactive pupils*
9. Cranial nerve deficits
10. Any signs or symptoms of associated injuries, spine or skull fracture, or bleeding*
11. Mental status changes: lethargy, difficulty maintaining arousal, confusion, agitation*
12. Seizure activity*
13. Vomiting
14. Motor deficits subsequent to initial on-field assessment
15. Sensory deficits subsequent to initial on-field assessment
16. Balance deficits subsequent to initial on-field assessment
17. Cranial nerve deficits subsequent to initial on-field assessment
18. Post-concussion symptoms that worsen
19. Additional post-concussion symptoms as compared with those on the field
20. Athlete is still symptomatic at the end of the game (especially at high school level)
Delayed referral (after the day of injury)
1. Any of the findings in the day of injury referral category
2. Post-concussion symptoms worsen or do not improve over time
3. Increase in the number of post-concussion symptoms reported
4. Post-concussion symptoms begin to interfere with the athlete’s daily activities (sleep disturbances,
cognitive difficulties)

19

20

21

22
23

24

25

*Requires the athlete be transported immediately to the nearest emergency department.
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Appendix C
Concussion home instructions
________________________________________________________________________________________
I believe that __________________________ sustained a concussion on ________________________. To
make sure he/she recovers, please follow the following important recommendations:
1. Please remind________________________________ to report to the athletic training room tomorrow
at ____________________ for a follow-up evaluation.
2. Please review the items outlined on the enclosed Physician Referral Checklist. If any of these problems
develop prior to his/her visit, please call_____________________at ___________________ or contact
the local EMS. Otherwise, you can follow the instructions outlined below.
It is OK to:

There is NO need to:

l Use acetaminophen (Tylenol) for

l
l
l
l

l
l
l
l
l

headaches
Eat a light diet
Use ice pack on head & neck as
needed for comfort
Return to school
Go to sleep
Rest (no strenuous activity or sports)

Stay in bed
Check eyes with flashlight
Wake up every hour
Test reflexes

Do NOT:
l Drink alcohol
l Eat or drink, spicy

foods or drinks

Special recommendations:
_____________________________________________________________________________________
_____________________________________________________________________________________
Recommendations provided to: __________________________________________________________
Recommendations provided by: ________________Date: ________________ Time: ________________
Please feel free to contact me if you have any questions. I can be reached at: ___________________
Signature: ___________________________________ Date: ___________________________________
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