SPORTS MEDICINE PEER REVIEWED

Concussion
in sport

port-related concussion (SRC) is a common athletic injury,
with an estimated incidence of 18 concussions per
1000 athlete-hours in contact and collision sports."” In
the United States, between 1.6 and 3.8 million sport-related
traumatic brain injuries occur each year, most of which
are concussions.* Published estimates of the incidence of

concussion, which represent hospital data, likely underestimate
the true burden because a large proportion of individuals do
not seek any medical attention.®

In recent years, SRC has received a high level of attention in
the mainstream media and sports medicine literature, which is
in large part due to discussion about the long-term brain health
of former athletes and its association with contact, combat and
collision sports.® While the potential relationship between sports
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Sport-related concussion is a common sporting
injury induced by biomechanical forces. It results
in transient impairment of neurological function
that typically resolves spontaneously but can

be prolonged in some individuals. Differentiating exposure and long-term brain health is debated, it is clear that
concussion from structural head injuries and other  SRC can cause significant morbidity in the first few weeks
serious pathologies is essential. Evidence-based to months following injury.® Medical practitioners may be
strategies can guide decision-making when the primary point of contact immediately after injury. More
assessing and managing an athlete with possible commonly, however, athletes will seek medical care for ongoing
sport-related concussion. symptoms or for a medical clearance to return to sport in the

week(s) following injury.

Evidence-based strategies can guide decision making. This
article summarises current assessment and treatment strategies
and provides an overview of some of the modifying factors
that contribute to the incidence and severity of SRC. Useful
resources are available to guide assessment and management
of SRC; some of these are listed in the Box. Pharmaceutical
management of head injury is not covered in this article.

What is sport-related concussion?
The definition of SRC was updated by the 2017 Concussion in
Sport Group (CISG) in the fifth Consensus Statement on
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SPORT-RELATED CONCUSSION:
USEFUL RESOURCES

Concussion in Sport Group (CISG)

Sport Concussion Assessment Tool 5
(SCAT5)
https://bjsm.bmj.com/content/
bjsports/early/2017/04/26/bjsports-
2017-097506SCAT5.full.pdf

Child Sport Concussion Assessment Tool 5
(Child SCAT5) - athletes aged 5 to 12 years
https://bjsm.bmj.com/content/
bjsports/early/2017/04/28/bjsports-
2017-097492childscat5.full.pdf
Concussion Recoghnition Tool 5 (CRT5)

(for non-medical personnel)
https://bjsm.bmj.com/content/51/
11/872

Concussion in Sport Australia*
https://www.concussioninsport.gov.au

For athletes
https://www.concussioninsport.gov.au/
athlete

For parents and teachers
https://www.concussioninsport.gov.au/
parents_and_teachers

For coaches and support staff
www.concussioninsport.gov.au/
coaches_and_support_staff

For medical practitioners
https://www.concussioninsport.gov.au/
medical_practitioners

* Includes the Concussion in Sport Australia Position
Statement, which incorporates a chart for on-field
management (for medical practitioners) and off-field
management (for emergency departments and
medical clinics), and CISG tools.

Initial assessment

The diagnosis of SRC has evolved substan-
tially over the past few decades; however,
its immediate and accurate recognition
ina clinical setting remains a challenge.”*
To date, there is no defined magnitude of
impact that can identify when a concussion
has occurred, nor any currently validated
biomarker for making a diagnosis.*'
Rather, SRC is diagnosed clinically based
on the observed mechanism of injury, signs
and self-reported symptoms."! Overt signs,
such asloss of consciousness, ataxia, tonic
posturing or post-traumatic seizures, are
uncommon but immediately diagnostic
ofa concussion or more substantive brain
injuryand should result in instant removal

TABLE. KEY ELEMENTS OF INITIAL ASSESSMENT TOOLS#82°

On-field assessment (immediate)

* Systemic evaluation: airway, breathing, circulation;
level of consciousness (Glasgow Coma Scale or
AVPU scale (alert, verbal, pain, unresponsiveness)

RED FLAGS

* Neck pain or tenderness
* Double vision

¢ Recognition and recording of observable signs

(e.g. lying motionless, motor incoordination,
seizures, tonic posturing, fall with no protective

action, blank or vacant look)
Evaluation for red flags (see Box at right):

— if any red flags, immediate removal from the

* Weakness or tingling/
burning in arms or legs

¢ Severe or increasing
headache

¢ Seizure or convulsion

¢ Loss of consciousness

field, further urgent medical attention needed

— if cleared of red flags, focused neurological

examination of mental status should be

considered (e.g. memory assessment using

Maddocks questions in adults)

Off-field assessment
¢ Detailed history

* Deteriorating conscious
state

¢ Vomiting

* Increasingly restless,
agitated or combative

¢ Symptom evaluation, using the 22-item Post-Concussion Symptom Scale (adult) or
21-item Health and Behaviour Inventory (child)
* Cognitive screening, using the Standardised Assessment of Concussion (adult or

child version)

* Neurological screen, including cervical spine assessment and balance examination

(modified Balance Error Scoring System)

of the athlete from the field of play.5*?
Covert signs, such as a blank or vacant
stare or quickly-resolving motor incoor-
dination, are often harder to identify,
particularly in amateur sport settings.
Signs of SRC may be brief and resolved
completely by the time the player is
assessed by a medical team on-field.®
Furthermore, players may experience
symptoms only, and fail to report them
to the attending practitioner. Symptoms
may present immediately or evolve over
time, usually within the first 24 hours."
The most commonly reported symptom
of concussion is headache; other symp-
toms may include dizziness, fatigue,
memory loss, concentration difficulties,
insomnia, neck pain, irritability, visual
disturbances and feeling ‘in a fog’>"”
The CISG has developed tools for the
diagnostic evaluation of individuals who
are suspected of having sustained an SRC,
which were updated in 2017 and are freely
available online (Box). These include the
fifth edition of the standardised Sport
Concussion Assessment Tool (SCATS5)
and a separate tool for athletes aged 5 to
12 years, the Child SCAT5, which accounts
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for developmental differences in this age
group.’*’® Key elements of assessment
tools, recommended to be interpreted by
medical professionals, are summarised in
the Table."*** The SCAT5 has good clinical
application over the first three to five days
after SRC.*?' An important component
of the initial screening and subsequent
medical examination process is to ensure
the absence of any life-threatening trauma,
such as intracranial injuries, spinal cord
lesions, cervical spine fractures or other
red flags, which necessitates emergency
hospital management. Red flags that are
suggestive of these conditions are listed
in the Table above.

It should be noted that both the
SCATS5 and Child SCATS5 are designed
as early screening tools and do not replace
a comprehensive clinical examination.'®
A final diagnosis of a concussion may
be based on the observed signs on the
tield, athlete-reported symptomatology,
definable differences in SCAT5 perfor-
mance or the medical practitioner’s
clinical examination, if the neurological
disturbance cannot be explained by any
other or more serious pathology.?
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Recoghnise...
that a concussion
may have occurred
¢ Screen with
CRT5* or with
the on-field
component
of SCAT5 or
Child SCAT5

Remove...

the athlete from

the field of play if

concussion is

suspected: ‘If in

doubt, sit them out’

¢ Screen with the
off-field component
of SCAT5 or

Refer...

the athlete for further

assessment as appropriate

¢ Arrange immediate referral
to emergency department
if red flags, concern for
intracranial pathology or
spinal injury

¢ Arrange in-clinic follow up if

BRAIN ILLUSTRATION © DESIGNPRAX/SHUTTERSTOCK

Child SCAT5

no suspicion of intracranial
pathology or spinal injury

Figure 1. Initial steps in assessment for an athlete after a potential concussive event.

Abbreviations: CRT5 = Concussion Recognition Tool, SCAT5 = Sport Concussion Assessment Tool, fifth edition.

* CRT5 is intended for use by non-medical personnel.

Initial steps in assessment are summa-
rised in Figure 1.

The CISG has developed a separate tool,
the Concussion Recognition Tool 5
(CRT5), for use by non-medically trained
individuals such as parents, coaches,
players, officials, sports administrators
and teachers.”® The CRT5 is designed to
assist in recognising suspected concussion
in children, adolescents and adults and
to provide information about initial
management, including removal from
the field of play.? In the absence of
life-threatening trauma or red flags, any
athlete who is suspected of having a con-
cussion should not be left unsupervised
and should be referred to a medical
professional for further assessment.?’

If SRCis suspected by on-field health-
care staff or match officials and
if there are no medical staff on-site to
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determine otherwise, the athlete cannot
return to play that day.* In community
level sport, where medical personnel and
sideline injury surveillance (including
video footage of the incident) are not
available, it is not possible to adequately
evaluate an athlete to determine if they
have not suffered SRC and are then able
to return to the field of play. In this
instance, it is best to remove the athlete
from the field of play (following the steps
outlined above) and seek medical
attention.

At the professional and some semi-
professional levels of sport, there are Head
Injury Assessment (HIA) protocols set
up. If an athlete is returned to play fol-
lowing an HIA, further monitoring over
a24- to 48-hour period is recommended
and mandated in nearly every sport
worldwide that has an HIA protocol.*
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These protocols usually involve reviewing
video footage of the incident, if available,
which can provide information pertain-
ing to the mechanism of injury and acute
signs (e.g. loss of consciousness, motor
incoordination, seizures) and a series
of medical assessments over the next 24
to 48 hours to confirm or eliminate a
suspected concussion.?

The Concussion in Sport Australia
Position Statement, which was updated in
2019, is a useful resource with information
developed for medical practitioners as well
as for other personnel.?® The Statement
includes practical guidance for on-field and
off-field assessment and management of
athletes with suspected concussion and is
available online (https://www.sportaus.gov.
au/__data/assets/pdf_file/0005/683501/
February_2019_-_Concussion_Position_
Statement_AC.pdf).

Post-acute assessment

The primary goals of post-acute assess-
ment of an athlete following a concussion
are to guide management, educate the
athlete about their recovery and to reduce
the extent and duration of morbidity.”
Although estimating an individual’s
prognosis is not easy, the number and
severity of initial symptoms are the best
predictors of length of recovery after
SRC.2*? A low level of symptoms (<7 on
the Post-Concussion Symptom Scale) on
the first day after injury is considered a
favourable prognostic indicator.”?® A
history of SRC is a risk factor for future
SRC.” In some athletes, multiple SRCs
are associated with increased physical,
cognitive and emotional symptoms.”
Also, heterogeneity in concussion pres-
entations dictates a multifaceted clinical
assessment rather than a single measure
of symptomatology, neurological or
physical function.’

Standard neuroimaging studies (CT,
MRI) should only be used to exclude more
severe traumatic brain or neck injury.
Pre-existing, coexisting and resulting
comorbidities (headaches, mood disorders,
cervical spine pain, vestibulo-ocular
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disorders and autonomic dysfunction)
should be considered.*

Management

Current CISG guidelines recommend a
brief period (24 to 48 hours) of cognitive
and physical ‘relative’ rest during the acute
phase after injury - that is, only engaging
in activities that do not exacerbate symp-
toms or bring on new symptoms.” Any
additional rest is considered counter-
productive and impedes recovery.”
Athletes should be advised to refrain
from alcohol, sedatives and recreational
drugs, which could exacerbate or mask
symptoms after SRC.”

In most adults who experience SRC,
complete resolution of symptoms typically
occurs within seven to 10 days.’” In children
and adolescents, symptom resolution
may be slower and can take up to a month.*
About 10 to 30% of individuals will have
ongoing symptoms, beyond expected time-
frames, which can cause frustration for
the athlete and provide a challenge for the
clinician.'** For athletes who present to
their GP with ongoing symptoms, a multi-
domain assessment based on symptom
reports and consideration of the patient’s
past medical history is needed - this could
include a full neurological examination,
balance and coordination check, visual and
vestibulo-ocular assessment, mental health
and cognitive assessment and musculo-
skeletal examination of the head and
cervical spine.®'6

Current consensus recommends a
multifaceted clinical approach to the assess-
ment and management of concussion.'®
Practitioners who may assist should ideally
have experience in the management of SRC
and may include neurologists, psychiatrists,
physiotherapists, psychologists, optome-
trists, speech therapists, exercise physiolo-
gists and occupational therapists as
required, based on individual needs. A
multidisciplinary team approach using
targeted, symptom-specific interventions
is recommended for athletes presenting
with persistent symptoms.'****® There
is increasing evidence to support the use
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Light aerobic activity
(until symptom-free)

Basic sport-specific drills which are
non-contact — no head impact (24 hours)

More complex sport-specific drills which
are non-contact — no head impact —
may add resistance training (24 hours)

v

Medical review before return to full
contact training

y

Return to full contact training
(24 hours)

Y

Return to sport

Diagnosis of concussion

i orein ——
! T
I
—

—

—

—

Significant and sustained
deterioration in concussion symptoms

Recurrence of concussion
symptoms

Recurrence of concussion
symptoms

If not medically cleared, any further
activity to be determined by medical
practitioner

Recurrence of concussion symptoms
COMPLETE FORMAL MEDICAL
REVIEW

Recurrence of concussion symptoms
COMPLETE FORMAL MEDICAL
REVIEW

Figure 2. Return to sport protocol for adults over 18 years of age.?®

Reproduced with permission from: Elkington L, Manzanero S, Hughes D. Concussion in Sport Australia Position Statement
(updated February 2019). An initiative of the Australian Institute of Sport, Australian Medical Association, Australasian
College of Sport and Exercise Physicians and Sports Medicine Australia. Available online at: https://www.sportaus.gov.
au/__data/assets/pdf_file/0005/683501/February_2019_-_Concussion_Position_Statement_AC.pdf.

of subsymptom threshold aerobic exercise
for autonomic dysfunction, targeted
physiotherapy for cervical spine or vestib-
ular dysfunction, and a collaborative,
cognitive behavioural therapy approach
for ongoing mood and behavioural disor-
ders.163>3639-44 Academic and lifestyle
adjustments involving sleep, nutrition and
hydration may also facilitate recovery.*+**
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Pharmacological treatment is rare in
SRC but may be used selectively in indi-
viduals with persistent symptoms.?

Return to learn

As part of the recovery process, children,
adolescents and young adults are fre-
quently required to return to academic
studies. Although limited research exists,
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Graduated return
to learning
activities

Light aerobic
activity (until
symptom-free)

Basic sport-specific drills which are
non-contact — no head impact
(24 hours)

More complex sport-specific drills which
are non-contact — no head impact —
may add resistance training (24 hours)

v
v

Medical review before return to full

—>

Diagnosis of concussion

No return to sport

[ redemmm
I
y !

If there is any significant and sustained

=3 deterioration in concussion symptoms,

further rest from specific trigger activity

I ——

Recurrence of concussion
symptoms

—

I

Recurrence of concussion
symptoms

Children should not return to contact/collision activities before 14 days
from complete resolution of all concussion symptoms

If not medically cleared, any

. -3 further activity to be determined by
MR R medical practitioner
. Recurrence of concussion symptoms
Return to full contact training > COMPLETE FORMAL MEDICAL
(24 hours) REVIEW
Recurrence of concussion symptoms
Return to sport —_ COMPLETE FORMAL MEDICAL

REVIEW

Figure 3. Return to sport protocol for children 18 years of age and under.2®

Reproduced with permission from: Elkington L, Manzanero S, Hughes D. Concussion in Sport Australia Position Statement

(updated February 2019). An initiative of the Australian Institute of Sport, Australian Medical Association, Australasian
College of Sport and Exercise Physicians and Sports Medicine Australia. Available online at: https://www.sportaus.gov.
au/__data/assets/pdf_file/0005/683501/February_2019_-_Concussion_Position_Statement_AC.pdf.

preliminary evidence suggests that
student athletes who sustain SRC have
similar 12-month academic outcomes to
students who sustain musculoskeletal
injuries.*® Although this is comfortingand
akey focus of early education, studies have
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shown that, in the short-term, adolescents
may require more time off school and often
return to school too early.***’ Greater symp-
tom burden in the initial presentation and
symptoms that indicate difficulties with
information processing may indicate
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potential difficulties returning to the
classroom - these include concentration
difficulty, memory issues, sensitivities to
light or sound, or symptom exacerbation
with mental activities.*®

Return to learn/work programs should
be considered gradual and progressed
without symptom exacerbation. If
required, a graded approach may be
indicated with appropriate academic/
employment accommodations made.
These may include symptom-limited
activity and study, special considerations
for assignments and examinations, and
gradual re-introduction to school/work
with a phased return. For children and
adolescents, successful progression
through the graduated return to learn
stages (starting with symptom-free learn-
ing, followed by school activities at home,
then part-time return progressing to full-
time return) must precede return to sport,
although concurrent commencement of
symptom-limited aerobic exercise is
recommended.”*® With standardised pro-
tocols in place, students have still been
shown to develop new learning difficulties
and therefore progressive monitoring
of return to academic study is recom-
mended.* If children and adolescents do
continue to show symptoms of concussion,
asubsequent complete medical examina-
tion may help guide management and
appropriate multidisciplinary referral.
Consideration should be given to all
potential causes of learning difficulties,
including neurological, psychological,
auditory and visual disturbances or
cognitive deficits, as early intervention
may potentially prevent lengthy time away
from academic study or sport.*s

Return to play

Return to play (RTP) is the process of
transitioning back to practice and compe-
tition after SRC.” After the recommended
period of relative rest, individuals are
encouraged to gradually return to function
in a manner that does not exacerbate
symptoms.”* It is important to educate
patients that symptoms may be present
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during the recovery period and that light
activities that do not exacerbate symptoms
can be continued. Once the individual is
tolerating regular daily activities (after the
initial 24 to 48 hours), they can start the
RTP framework and progress in a graded
manner, with at least 24 hours for every
stage. Athletes who experience an aggra-
vation of any concussion-related symp-
toms should return to the previous
asymptomatic level for another 24 hours
before attempting to progress again.'* Med-
ical clearance following a complete medical
examination must occur before partici-
pating in full contact practice. Currently,
there is no single measure of brain recovery
following a concussion.” Rather, medical
practitioners must rely on their clinical
judgment when returning an athlete to
sport, by ensuring that the athlete has
had a period of cognitive and physical
rest followed by a gradual return to
activity with monitoring for recurrence of
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symptoms. Return to sport protocols for
adults and children are outlined in the
Concussion in Sport Australia Position
Statement (Figures 2 and 3).%

If symptoms persist, the player should
cease activity and return for follow up with
their doctor for additional assessment and
referral to relevant multidisciplinary team
members.

Conclusion

SRC is a common athletic injury with
amultitude of clinical presentations. If SRC
is suspected, the athlete must be removed
from the field of play for further assessment.
In the acute setting, screening for red flags
and serious pathology is critical. The
SCATS5 and Child SCATS5 form part of the
initial screening process but do not replace
athorough clinical examination. Follow-up
medical assessment is required. A brief
period of cognitive and physical rest
(24 to 48 hours) and a graded, active return
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to function are recommended. Most indi-
viduals have an uncomplicated recovery
but some have ongoing symptoms respon-
sive to treatment. If symptoms persist
beyond expected timeframes, a multifac-
eted assessment of various domains can be
used to guide management and facilitate
appropriate referrals to members of the
multidisciplinary team. Return to learn
should precede return to play in children
and adolescents. Medical clearance is
required before returning to full contact
practice. MT
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