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 None



 Discuss traumatic brain 
injury

 Define and discuss 
concussion

 Learn about the immediate 
action plan during game

 Learn about on field 
assessment of concussion

 Discuss various tools one 
can use for sideline 
assessment





 Between 1.6 million-3.8 million traumatic brain 
injuries are seen in sports each year in the United 
States.

 Athletes under the age 15 most susceptible to TBI
 AAONS: Sports and recreational activities 

contribute to about 21% of all traumatic brain 
injuries among American children and adolescents. 

 Within every age group, males have higher rate of 
injury than females.

https://ksi.uconn.edu/emergency-conditions/traumatic-brain-injury/



5th International Conference on Concussion in Berlin, 
October 2016:
 SRC is a traumatic brain injury induced by biomechanical forces. 

Several common features that may be utilized in clinically 
defining the nature of a concussive head injury include:
◦ SRC 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.
◦ SRC typically results in the rapid onset of short-lived impairment of 

neurological function that resolves spontaneously. However, in some cases, 
signs and symptoms evolve over a number of minutes to hours.

◦ SRC may result in neuropathological changes, but the acute clinical signs and 
symptoms largely reflect a functional disturbance rather than a structural 
injury and, as such, no abnormality is seen on standard structural 
neuroimaging studies.

◦ SRC results in a range of clinical signs and symptoms that may or may not 
involve loss of consciousness. Resolution of the clinical and cognitive 
features typically follows a sequential course. However, in some cases 
symptoms may be prolonged.

McCrory P, Meeuwisse W, Dvorak J , et al . Consensus statement on concussion in sport-the 5(th) international conference on 
concussion in sport held in Berlin. Br J Sports Med 2016.



 Disruptive stretching of neuronal cell membranes 
and axons resulting in a complex cascade of events
◦ Changes in intracellular ion concentrations
◦ Indiscriminate release of neurotransmitters
◦ Mitochondrial dysfunction
◦ Increased glucose utilization
◦ Depletion of energy stores

 Disruption of the Autonomic Nervous System
◦ Decreased cerebral blood flow at rest (Maugans et al, 2011; Meier et al 2015) 

◦ Higher HR at rest [sympathetic] (Clausen et al  2015)

◦ Lower HR during exercise [parasympathetic] (Hinds et al 2016)



 Estimated 1.0–1.8 million SRCs per year in the 0–
18 years age range, subset of about 400,000 
SRCs in high school athletes.

 Injury surveillance systems only monitor 
organized college and high school sports

 Use ‘athlete exposures’, and exclude amount of 
time being played

 Estimated 50% of high school SRCs from non-
organized sport

 2-15% of athletes participating in organized 
sports will suffer a concussion during one season

AMSSM position statement on concussion in sport. Br J Sports Med. 2019 Feb.



 Systematic Review (Prien A.) in April 2018 looking at 
Epidemiology

 The rate of concussion is generally measured in ‘Athlete 
Exposures’ (AE). 

Prien A, Grafe A, et al. Epidemiology of Head Injuries Focusing on Concussions in Team Contact Sports: A Systematic Review. 
Sports Med. 2018 Apr;48(4):953-969. doi: 10.1007/s40279-017-0854-4.

PRACTICE

1. Men’s rugby (0.37/1,000 AE)
2. Women’s ice hockey (0.31/1,000 

AE)
3. Men’s American Football 

(0.30/1,000 AE)
4. Women’s football (or soccer) 

(0.13/1,000 AE)
5. Men’s ice hockey (0.12/1,000 AE)
6. Men’s soccer (0.08/1,000 AE)

GAME

1. Men’s rugby (3.00/1,000 AE)
2. Men’s American Football (2.5/1,000 

AE)
3. Women’s ice hockey (2.27/1,000 

AE)
4. Men’s Ice hockey (1.63/1,000 AE)
5. Women’s soccer (1.48/1,000 AE)
6. Men’s soccer (1.07/1,000 AE)



 Prior Concussions
 Number, severity of symptoms
 Age
 Sex
 Sport, position, style of play
 Psychological disorders, learning disabilities



SIGNS SYMPTOMS
• Disorientation, confusion
• Retrograde/anterograde 

amnesia
• Loss of consciousness
• Automatism
• Unequal pupil size
• Combativeness 
• Slowness to answer 

questions 
• Loss of balance 
• Atypical 

behavior/personality 
changes 

• Vacant stare 
• Nystagmus

• Headache 
• Nausea 
• Balance issues/dizziness
• Tinnitus
• Diplopia 
• Blurred vision 
• Trouble sleeping 
• Trouble concentrating
• Memory issues 
• Irritability, sadness
• Sensitivity to light or noise









 Should be discussed and agreed on by all 
covering medical staff prior to game/event

 Spine boarding protocol should be rehearsed
 Open communication and coordination with 

EMS if available
 Any suspicion for C-spine injury should be 

acted on immediately





 Brief test batteries to assess attention and 
memory function 

 SCAT 5, Child SCAT [12 yo and younger]
◦ Published support for it’s efficacy. 
◦ More reliable than standard orientation questions.

Maddocks DL, Dicker GD, Saling MM. The assessment of orientation following concussion in athletes. Clin J 
Sport Med 1995;5:32–5.



 Loss of consciousness
 Neck pain or tenderness
 Double vision
 Weakness or tingling/burning in extremities
 Seizure or convulsion
 Severe or increasing headache
 Deteriorating conscious state
 Nausea, vomiting
 Increasing restlessness, agitation, 

combativeness



 May be witnessed by coach, staff, teammates, 
parents, crowd
◦ Lying motionless on playing surface
◦ Abnormal balance and gait, motor 

incoordination
◦ Disorientation or confusion
◦ Blank or vacant look
◦ Obvious facial injury



 Does patient have neck pain?
 Any limitations with ROM?
 Are limb strength, reflexes and sensation 

normal?

 ALWAYS assume C-Spine injury if patient is 
not fully conscious.



 What venue are we at today?
 Which half is it now?
 Who scored last in this match?
 What team did you play last week/game?
 Did your team win the last game?





 Focal Neurologic Deficits
 Coordination
 Balance/Vestibular Exam

◦ mBESS
◦ Tandem Gait
◦ Romberg

SINGLE LEG 
STANCE

DOUBLE LEG 
STANCE

TANDEM 
STANCE



 Horizontal and Vertical Saccades
 Smooth pursuit
 Accommodation
 Convergence
 Vestibular-ocular reflex (VOR)

Ellis MJ, Leddy JJ, Willer B. Physiological, vestibulo-ocular and cervicogenic post-concussion disorders: an evidence-based classification system 
with directions for treatment. Brain Inj 2015.



VISUAL SACCADES CONVERGENCE

VESTIBULAR-OCULAR REFLEX







 Quick sideline assessment of rapid number naming which requires 
the athletes to quickly read a series of numbers on three test cards

 Requires eye movements, language function and attention in order 
to perform functions which have been shown to reflect suboptimal 
brain function in concussion

 A recent meta-analysis found King-Devick Test to be both sensitive 
(86%) and specific (90%) for the detection of concussion.

 K-D Balance: Step-by-step voice guidance for each stance, an 
objective balance score is automatically derived by detecting the 
individual’s movements using the device’s internal accelerometer
◦ Compared to patient’s baseline (no normative data)

Leong DF , Balcer LJ , Galetta SL , et al. The King-Devick test for sideline concussion screening in collegiate football. J Optom 2015.
Galetta KM, Lui M, et al. The King-Devick test of rapid naming for concussion detection: meta-analysis and systematic review of the literature. Concussion 2015.
Kingdevicktest.com



 Based on NATA 2017 
and Berlin 2016 
international 
guidelines

 Six test and decision 
options providing 
complete sideline 
assessment

 Approved for use by 
covering medical staff 
(physicians and ATs)

 Results immediately 
shared in real-time 
with other off-site staff



 Quick neurocognitive 
testing (5-10 min)

 Designed for ages 5+

 Tracked by medical 
staff, parents, athlete

 Baseline, post-injury, 
recovery testing



 FDA-cleared app for 
monitoring signs of 
imbalance or delayed 
reaction

 Indicated in concussion 
testing

 Uses smartphone’s 
motion sensors to 
assess stability

 Healthcare 
professional can assess 
patient’ fall risk, track 
recovery from injury

www.sway.com



 Helmet/Impact 
Monitors
◦ Not readily available
◦ High variability 

regarding measure of 
force and acceleration

◦ Serve as research tool, 
not for clinical 
diagnosis

 Biomarkers
◦ Low level of evidence 

for using markers for 
diagnosing SRC

◦ May have use in 
tracking neurologic 
recovery

◦ Used in Europe to rule 
out intracranial 
bleeds, structural 
damage

McCrea M, Meier T,  Huber D , et al. Role of advanced neuroimaging, fluid biomarkers and genetic testing in the assessment of sport-related concussion: a systematic 
review. Br J Sports Med 2017;51:919–29.



 Second Impact Syndrome
 Subdural hematoma
 Epidural hematoma
 Intracranial hemorrhage 
 Skull fracture 

Patient should be transferred asap to nearest ER by 
EMS.




