
c11.indd 09:15:50:PM  01/21/2015 Page 93Trim Size: 216 mm X 279 mm

93

The IOC Manual of Emergency Sports Medicine, First Edition. Edited by David McDonagh and David Zideman.

2015 International Olympic Committee. Published 2015 by John Wiley & Sons, Ltd.

11  Concussion 
– Onfield 
and Sideline 
Evaluation

Paul McCrory1 and Michael Turner2

1The Florey Institute of Neuroscience, Melbourne Brain Centre – Austin Campus, University of 
Melbourne, Parkville, Australia
2British Horseracing Authority, London, United Kingdom

Introduction
In sports medicine, clinicians must be able to recognize and manage a spectrum of 

brain injury. Fortunately, serious brain injury is rare in team sport and the majority 

of head injuries seen are mild. Nevertheless, all individuals involved in athletic care 

need to have a thorough understanding of the early management of the head-injured 

athlete, the risks of deterioration, and the potential sequelae of such injuries that may 

impact on the athlete’s ability to return to sport or even in later life.

Epidemiology
The crude incidence for all traumatic brain injuries is estimated at approximately 300 

per 100,000 population per year with the majority (80–90%) of those suffering a mild 

TBI. The US Center for Disease Control estimates that 1.6–3.8 million sports-related 

concussions are hospitalized each year in the United States. Other studies suggest that 

the number of unreported concussions may be 10-fold higher.

Definition of Concussion
The “Concussion in Sport Group” (CISG) definition has now become the accepted 

clinical operational definition of this condition. This definition states that:

“Concussion is a brain injury and is defined as a complex pathophysiological process 

affecting the brain, induced by biomechanical forces. Several common features that 

incorporate clinical, pathologic and biomechanical injury constructs that may be uti-

lized in defining the nature of a concussive head injury include:

1. Concussion may be caused either by a direct blow to the head, face, neck or elsewhere on 
the body with an “impulsive” force transmitted to the head.



94

c11.indd 09:15:50:PM  01/21/2015 Page 94Trim Size: 216 mm X 279 mm

2. Concussion typically results in the rapid onset of short-lived impairment of neurological 
function that resolves spontaneously. However, in some cases, symptoms and signs may 
evolve over a number of minutes to hours.

3. Concussion may result in neuro-pathological changes, but the acute clinical symptoms 
largely reflect a functional disturbance rather than a structural injury and, as such, no 
abnormality is seen on standard structural neuro-imaging studies.

4. Concussion results in a graded set of clinical symptoms that may or may not involve loss 
of consciousness. Resolution of the clinical and cognitive symptoms typically follows a 
sequential course. However, it is important to note that in some cases symptoms may be 
prolonged.”

Symptoms and Signs of Acute Concussion
The diagnosis of acute concussion usually involves the assessment of a range of 

domains including clinical symptoms, physical signs, cognitive impairment, neurobe-

havioral features, and sleep disturbance. These are outlined on the SCAT3 and (Con-

cussion Recognition Tool (CRT) forms (Figures 11.1 and 11.2).

The suspected diagnosis of concussion can include one or more of the following clini-

cal domains:
1. Symptoms – somatic (e.g., headache), cognitive (e.g., feeling like in a fog), and/or 

emotional symptoms (e.g., lability)
2. Physical signs (e.g., loss of consciousness (LOC), amnesia)
3. Behavioral changes (e.g., irritability)
4. Cognitive impairment (e.g., slowed reaction times)
5. Sleep disturbance (e.g., insomnia)

If any one or more of these components are present, a concussion should be suspected 

and the appropriate management strategy instituted.

The common symptoms of concussion have been examined in prospective studies 

and include headache, dizziness, blurred vision, and nausea. These symptoms are not 

specific to concussion and in some cases may present in a delayed manner, which 

highlights a key issue that acute concussion is an evolving injury.

Fieldside Recognition of Concussion
Frequently, in episodes of mild concussion (“bell ringers”), the athlete will be dazed 

or stunned for a period of seconds only and continue playing. Alert medical and train-

ing staff should closely observe the actions of a player who has received a knock on 

the head for any signs of impaired performance. Visual clues to the presence of con-

cussion are outlined on the CRT (Figure 11.2) and include loss of responsiveness or 

lying motionless on ground, slow to get up, unsteady on feet or falling over, grabbing 

or clutching head, dazed or blank look, and unaware of surrounding plays or events.

Concussion Injury Severity and Recovery
The classification of severity of concussive injury is a contentious area. The CISG 

recommended that no specific anecdotal scale be used and that all concussive injury 

management measure individual recovery to determine return to play (RTP) rather 

than an anecdotal grading systems and arbitrary exclusion periods.
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Figure 11.1 SCAT3 assessment tool

(Source: Concussion in Sport Group © 2013 – SCAT3. British Journal of Sports Medicine 

2013; 47(5): 259.)
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Figure 11.1 (contd.) 
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Figure 11.1 (contd.)
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Figure 11.1 (contd.)
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Figure 11.2 Concussion Recognition Tool (CRT)

(Source: Concussion in Sport Group © 2013 – Concussion Recognition Tool. British Journal of Sports Medicine 2013; 47(5): 267.)
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Concussion Management
The practical management of concussion can be divided into three broad areas where 

the issues and treatment priorities differ considerably. These areas are immediate/

onfield, early, and late management.

Immediate or Onfield Management

The key objectives when assessing any athlete who has sustained an acute head or 

brain injury are the following:

1. Institute an appropriate triage on the FoP
2. Conduct a proper secondary survey in conjunction with a sideline assessment of 

the injured athlete
3. Manage the injury appropriately, minimizing the risk of any “secondary” injury, 

such as might be seen with coexistent hypoxia or hypotension
4. Safely remove the athlete from the Field of Play to an appropriate medical facility 

for further investigation and assessment
5. Determine subsequently when it is safe for the athlete to RTP

The major priorities at this early stage are the basic principles of first aid, for example, 

ensure a patent airway with adequate oxygenation, ventilation, and circulation. Once 

these basic aspects of first aid care have been achieved and the patient is stabilized, then 

consideration of removal of the patient from the FoP to an appropriate facility is neces-

sary. It is essential that all EDs who have an onfield injury management role in their 

sport have formal training and certification both in first aid and trauma management.

At this time, careful assessment for the presence of a cervical spine or other injury 

is critical. If an alert patient complains of neck pain, has evidence of neck tender-

ness or deformity, or has neurological signs suggestive of a spinal injury, then cervical 

immobilization and transportation with suitable spinal immobilization equipment is 

required. If the patient is unconscious, then a cervical injury should be assumed until 

proven otherwise.

Concussive convulsions in collision sport are an uncommon but dramatic association 

of minor head injury. Clinicians need to follow the first aid principles above and wait 

for the convulsion to spontaneously resolve (see Chapter 11). Following the convul-

sion, the athlete should be managed as for a standard concussion.

Once this first aid process has been completed and the patient is stabilized, a full 

medical and neurological assessment examination should follow. Onsite doctors are 

in an ideal position to initiate the critical early steps in medical care to ensure optimal 

recovery from a head injury.

When examining a head-injured athlete, a structured and focused neurological exami-

nation is important. Because the major management priorities at this stage are to 

exclude a catastrophic intracranial injury, this part of the examination should focus on 

key clinical findings such as 

1. the level of consciousness (measured using the Glasgow Coma Scale);
2. pupil response and conjugate eye movement;
3. motor function; and
4. thorough examination of the skull and scalp for evidence of trauma.

The importance of this initial neurologic examination is that it serves as a reference to 

which other repeated neurologic examinations may be compared.
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Vital signs must be recorded following an injury. Hypotension is rarely due to brain 

injury, except as a terminal event, and alternate sources for the decrease in blood pres-

sure should be aggressively sought and treated. This includes major scalp lacerations 

especially in young children or a cervical spinal cord injury. Restlessness is a frequent 

accompaniment of brain injury and can be an early indicator of increased intracranial 

pressure, intracranial bleeding, or hypoxia, all of which can aggravate any underlying 

brain injury. If the patient is unconscious but restless, attention should be given to 

the possibility of increasing cerebral hypoxia, a distended bladder, or painful injuries 

elsewhere. When time permits, a more thorough physical examination should be per-

formed to exclude coexistent injuries elsewhere in the body.

Early Management

This refers to the situation where an athlete has been brought to the athlete medical 

room for assessment. Assessment of injury severity is best performed in a quiet medi-

cal room rather than in the middle of a football field in front of 100,000 screaming 

fans. This assessment should be performed by a medical practitioner. If no doctor is 

available for this assessment, then the athlete needs to be referred to hospital where 

this can be performed.

When assessing the acutely concussed athlete, various aspects of the history and exam-

ination are important. The SCAT3 tool (see Figure 11.1) outlines a complete struc-

tured medical assessment of the injured athlete.

When examining a concussed athlete, a full neurological examination is important. 

Because the major management priorities at this stage are to establish an accurate 

diagnosis and exclude a catastrophic intracranial injury, this part of the examination 

should be particularly thorough.

In recent times, the application of simple cognitive tests has created considerable 

interest as a means to objectively assess concussed athletes. The standard approach 

of asking the orientation items (e.g., day, date, year, time, date of birth, etc.) has been 

shown to be unreliable following concussive injury. This aspect of memory remains 

relatively intact in the face of concussive injury and should not be used. More useful, 

as demonstrated in prospective studies, are questions of recent memory. These are 

incorporated in the SCAT3 tool (Figure 11.1).

Although a trainer or nonmedical person may utilize the CRT to suspect the diagnosis 

of concussion, all concussed athletes should be referred for an urgent medical assess-

ment. Most high-level amateur and professional teams will, in fact, have their own 

medical staff who make the diagnosis, however, where teams lack this facility, then 

concussed athletes need to be referred to hospital for a medical assessment.

Having determined the presence of a concussive injury, the patient needs to be serially 

monitored until full recovery ensues. If the concussed player is discharged home after 

an initial assessment, then they should be in the care of a responsible adult. It is the 

author’s policy to give the patient and the attendant a head injury advice card upon 

discharge. This is incorporated in the SCAT3 tool (Figure 11.1).

Who should be referred to hospital?  The treating clinician at a sporting event also 

must decide who should be referred to hospital or directly to a neurosurgical center. 

There are a number of urgent indications that are listed in Table 11.1. While it is 

acknowledged that a number of these indications are based on anecdotal rather than 

evidence-based information, these are widely accepted. The overall approach should 

be “when in doubt, refer.” Where no physician is present and the initial management 

is in the hands of an athletic trainer, physical therapist, or paramedic, then an urgent 

medical referral should be considered mandatory in all cases of head injury.
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Penetrating skull trauma Loss of consciousness >5 min

Deterioration in conscious state following injury Persistent vomiting or increasing headache postinjury

Focal neurological signs Any convulsive movements

More than one episode of concussive injury in a session Where there is assessment difficulty (e.g., an intoxicated patient)

Children with head injuries High-risk patients (e.g., hemophilia, anticoagulant use)

Inadequate postinjury supervision High-risk injury mechanism (e.g., high-velocity impact)

Indications for urgent hospital referral and/or neuroimaging

The indications for urgent neuroimaging in the initial evaluation of the head-injured 

patient are the same as those outlined in Table 11.1. The primary goal of imaging is to 

establish whether there is an intracranial hemorrhage. A depressed level of conscious-

ness and, in particular, a GCS ≤8, are the strongest predictors of intracranial hemor-

rhage. Other signs that suggest surgical pathology include focal motor weakness and 

an asymmetrical pupil examination.

An important and more difficult question is who needs a head computed tomography 

(CT) scan when his/her level of consciousness is normal (i.e., GCS is 15)? Guidelines 

such as the Canadian Head CT Rules and the New Orleans Criteria suggest that factors 

such as age >60 years, headache, vomiting, intoxication, retrograde amnesia, confusion, 

LOC, seizures, visible trauma above the clavicles, and injury mechanism indicate a need 

for a head CT. However, a normal head CT scan does not always exclude a traumatic 

brain injury (TBI) or the need for neurosurgical consultation. About 20% of patients 

admitted to hospital after even mild TBI may develop posttraumatic abnormalities on 

subsequent imaging even after the initial head CT scan was normal.

Late Management and Return to Play

This refers to the situation where a player has sustained a concussive injury previ-

ously and is now presenting for advice or clearance prior to resuming sport. The main 

management priorities at this stage are the assessment of recovery and the application 

of the appropriate return to sport guidelines. Any clearance to return to sport is the 

province of a medical practitioner, ideally with experience of these sporting injuries, 

and should not be undertaken by nonmedical personnel.

RTP decisions remains difficult. Expert consensus guidelines recommend that play-

ers should not be returned to competition until they have recovered completely from 

their concussive injury. Currently, however there is no single gold standard measure 

of brain disturbance and recovery following concussion. Instead, clinicians must rely 

on a number of indirect measures to inform clinical judgment. In practical terms, this 

involves a multifaceted clinical approach, which includes assessment of symptoms, 

modifying factors, physical signs (such as balance), and neurocognitive function. Fur-

thermore, individual International Federations may have specific recommendations 

for return to competition and/or the FoP and these need to be considered as part of 

the RTP paradigm.

It was unanimously agreed at the CISG meeting that no RTP on the day of concussive 

injury should occur. There is data demonstrating that at the collegiate and high school 

levels, athletes allowed to RTP on the same day may demonstrate neuropsychologi-

cal deficits postinjury that may not be evident on the sidelines and are more likely to 

have delayed onset of symptoms. The principal concern of premature RTP of a con-

cussed athlete is that due to the impaired cognitive function (e.g., slowed information 
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processing and reduced attention), the athlete will sustain further injury (both concus-

sive and other) when returning to a dangerous playing environment.

The guiding policy should be that until completely symptom free, concussed athletes should not 
resume any training or competition. Once the acute concussive symptoms resolve at rest 

and exercise, a graduated plan of return to low-level aerobic training, followed by non-

contact drills and finally contact play will allow close monitoring of the development 

of any adverse symptoms. Persisting or newly developing symptoms necessitate further 

follow-up and detailed medical evaluation. An outline of a graduated RTP strategy is 

presented on the final page of the SCAT3 tool (Figure 11.1).

Most sports-related concussive injuries are uncomplicated and recover fully over 1–3 

weeks. However, it is worth noting that detailed neuropsychological testing shows 

that 20% or more athletes will still have unrecognized cognitive deficits 10 days after 

concussion. For this reason, reliance on nonscientific nostrums (“miss a week”) or 

symptoms alone to guide RTP is not recommended as best practice care. This fact 

highlights the important role of neuropsychological testing to inform clinical decision 

making and as one of the cornerstones of management. In postconcussive athletes 

with persistent symptoms or cognitive deficits (>14 days), consideration of referral 

to a multidisciplinary concussion program may be worthwhile. At the end of the day, 

good clinical judgment should prevail over written guidelines.

One of the key problems to consider in this setting are mental health issues (such 

as depression, anxiety, and suicide) that have been reported as consequence of TBI 

including sports concussion. All players with ongoing symptoms or a prolonged clini-

cal course should be screened for depression using standard clinical tools, for example, 

Hospital Anxiety and Depression Scale, Beck Depression Inventory, and so on.

Concussion in Child and Adolescent Athletes
The CISG evaluation and management recommendations can be applied to children and 

adolescents down to the age of 13 years. Below that age, children report concussion symp-

toms differently from adults and require age-appropriate symptom checklists as a compo-

nent of assessment. An additional consideration in assessing the child or adolescent athlete 

with a concussion is that the clinical evaluation by the healthcare professional may need to 

include both patient and parent input, and possibly teacher input when appropriate. A child 

SCAT3 has been developed to assess concussion for individuals aged 5–12 years.

Because of the different physiological response and longer recovery after concussion 

and specific risks (e.g., diffuse cerebral swelling) related to head impact during child-

hood and adolescence, a more conservative RTP approach is recommended. It is 

appropriate to extend the amount of time of asymptomatic rest and/or the length of 

the graded exertion in children and adolescents. It is never appropriate for a child or 

adolescent athlete with concussion to RTP on the same day as the injury, regardless of 

the level of athletic performance.

Prevention of Concussion
There are relatively few methods by which concussive brain injury may be minimized 

in sport. The brain is not an organ that can be conditioned to withstand injury. Thus, 

extrinsic mechanisms of injury prevention must be sought.

Helmets have been proposed as a means of protecting the head and theoretically 

reducing the risk of brain injury. In sports where high-speed collisions, missile inju-

ries (e.g., baseball) or falls onto hard surfaces (e.g., gridiron, ice hockey), there is 

published evidence for the effectiveness of sport-specific helmets to be of benefit in 

reducing head injuries, particularly skull fractures. For other sports such as soccer and 

rugby, no sport-specific helmets have been shown to be of proven benefit in reduc-

ing rates of head injury. Some believe that the use of protective equipment may alter 
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playing behavior deleteriously so that the athlete actually increases his or her risk of 

brain injury.

Although the use of correctly fitting mouth guards can reduce the rate of dental orofa-

cial and mandibular injuries, the evidence that they reduce cerebral injuries is largely 

theoretical, and clinical evidence for a beneficial effect in reducing concussion rates 

has not yet been demonstrated scientifically.

Consideration of rule changes (i.e., no head checking in ice hockey) and rule enforce-

ment to reduce the head injury rate may be appropriate where a clearcut mechanism 

is implicated in a particular sport. For most sports, however, head injuries are an acci-

dental byproduct of normal play and hence rule changes or rule enforcement has little 

effect on head injury rates. Nevertheless, the promotion of fair play and respect for 

opponents are ethical values that should be encouraged in all sports and by sporting 

associations. Education of players, coaches, parents, and other staff play an important 

part in ensuring these values are implemented on the Field of Play.

Neck muscle conditioning may be of value in reducing impact forces transmitted to 

the brain. Biomechanical concepts dictate that the energy from an impacting object 

is dispersed over the greater mass of an athlete if the head is held rigidly. Although 

attractive from a theoretical standpoint, there is little scientific evidence to demon-

strate the effectiveness of such measures.

As the ability to treat or reduce the effects of concussive injury after the event is 

minimal, education of athletes, colleagues, and those working with them as well as 

the general public is a mainstay of progress in this field. Athletes and their healthcare 

providers must be educated regarding the detection of concussion, its clinical features, 

assessment techniques, and principles of safe RTP. Methods to improve education 

including various web-based resources (e.g., www.concussionsafety.com), educational 

videos, outreach programs, concussion working groups, and the support and endorse-

ment of enlightened sport groups must be pursued vigorously.

Other Specific Issues

Diffuse Cerebral Swelling and Second Impact Syndrome

Second impact syndrome is frequently mentioned in the concussion literature but, 

surprisingly, has little scientific evidence for its existence. It is a term used to describe 

the potential catastrophic consequences resulting from a second concussive blow to 

the head before an individual has fully recovered from the symptoms of a previous 

concussion. The second head injury is believed to result in the loss of cerebrovascular 

autoregulation, which in turn leads to brain swelling secondary to increased cerebral 

blood flow. There is a lack of evidence to support the claim that the second impact is 

a risk factor for diffuse cerebral swelling. However, there is evidence that acute (and 

delayed) brain swelling may occur following a single blow to the head, in association 

with a structural injury such as a subdural hematoma and also in disorders of calcium 

channels, suggesting a possible genetic basis for some of these cases. Such events are 

virtually only seen in children and adolescents. The diagnosis is usually made with an 

urgent CT brain scan or magnetic resonance imaging (MRI).

Clinical examination, for example, papilledema on fundoscopy, decerebrate posturing, 

may also provide a clue to the diagnosis. If cerebral swelling is suspected or noted on 

imaging studies, an urgent neurosurgical consultation is required. Mortality in this 

condition approaches 100%.
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Chronic Traumatic Encephalopathy

Tremendous media attention surrounding sport-related concussion has been directed 

toward the potential for long-term problems in athletes with high exposure to head contact 

(i.e., both concussive and subconcussive impacts) during a career in contact sport. This 

attention has been fueled by the publication of autopsy case studies of retired professional 

athletes and research reporting increased mortality rate due to neurodegenerative diseases 

in former professional athletes. There is also evidence from retrospective surveys supporting 

an association between long-term cognitive, psychiatric, and neurobehavioral problems and 

participation in sport. In this setting, there is limited neurophysiological and radiological 

evidence to suggest persistent disturbance of brain function in the absence of overt patho-

logical change that may occur following concussive injury. In recent years, chronic trau-

matic encephalopathy (CTE) has been redefined from the original condition resembling 

Alzheimer’s disease in professional boxers to a new condition observed in athletes, military 

personnel, and other nonsporting individuals that shares many features with known psy-

chiatric disorders and other forms of dementia. Although the clinical phenotype is not yet 

clarified, CTE is characterized by distinct neuropathological findings. The strongly pre-

sented causal assumptions in the literature relating to concussive and subconcussive brain 

impact exposure derived from the case studies are scientifically premature, especially given 

the absence of prospective, or longitudinal studies on the topic. In addition to the limita-

tions associated with verifying clinicopathological correlation, further research is required 

in order to better delineate this disease process.

Conclusion
Management of head injury in sport is a critical aspect of sports medicine care. As 

the ability to treat or reduce the effects of brain injury after the event is minimal, 

education of athletes, colleagues, and the general public is a mainstay of progress in 

this field. Athletes, referees, administrators, parents, coaches, and healthcare providers 

must be educated regarding the detection of concussion, its clinical features, assess-

ment techniques, and principles of safe RTP. Methods to improve education includ-

ing web-based resources, educational videos, and international outreach programs are 

important in delivering the message. In addition, concussion working groups, plus the 

support and endorsement of enlightened sport groups such as FIFA, IOC, IRB, and 

IIHF have enormous value and must be pursued vigorously. Fair play and respect for 

opponents are ethical values that should be encouraged in all sports and sporting asso-

ciations. Similarly, coaches, parents, and managers play an important part in ensuring 

that these values are implemented on the Field of Play.
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