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Objectives
§ Identify the critical components of a concussion evaluation

§Outline the prescription for cognitive and physical rest during 
concussion recovery

§Describe a return to play protocol 

Concussions are common
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Concussion numbers increasing

Marin JR et al. Trends in visits for traumatic brain injury to emergency 
departments in the United States. JAMA. 2014 May 14;311(18):1917-9.

Concussion definition
§Type of  mild traumatic brain injury
§Blow to head, neck, body à force to head
§Rapid onset of  neurologic impairment
• In some cases signs and symptoms can evolve over minutes to 

hours
§Symptoms usually resolve in weeks, spontaneously, but in some 

cases can be prolonged.
§May or may not include loss of  consciousness.
§Acute functional injury, not structural
• CT and MRI studies are normal

§Cannot be explained by drug, alcohol, medication use, or 
other injuries or comorbidities

McCrory et al BJSM 2017 

Case #1

§16 y/o high school soccer goalie

§Presents to you in clinic Tuesday AM with a wrist injury

§Happened when she hit collided with teammate at the end 
of practice yesterday.  When you probe further, she said 
she doesn’t think she hit her head but admits feeling dizzy 
and “foggy” after the collision. She took a nap after 
practice as she felt unusually tired and didn’t have any 
homework so just watched TV.

§This AM she has no headache: “I feel fine.”  She has never 
had a concussion.  She has not been to school yet.

§They have a big game this Friday and another even bigger 
game next Monday.

What do you do next?

1. Allow her to return to school for the rest of the day after 
your visit, since she is feeling fine now

2. Keep her out of school for the rest of the week and 
advise a dark room with no electronic devices or books

3. Give her a symptom scale 
4. Do not clear her for the game on Friday, but if she has 

no symptoms she can play next Monday
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What do you do next?

1. Allow her to return to school for the rest of the day after 
your visit, since she is feeling fine now

2. Keep her out of school for the rest of the week and 
advise a dark room with no electronic devices or books

3. Give her a symptom scale 
4. Do not clear her for the game on Friday, but if she has 

no symptoms she can play next Monday

A minimal 3-pronged evaluation is recommended

1. Symptom scale
a. Self-reported assessment
b. For kids < 12, parent does one as well

2. Physical evaluation
a. Neurologic exam 

1. Include eye eval, balance test
b. Neck exam

3. Mental status
a. Standardized Assessment of Concussion 

(SAC)

Broglio SP et al. NATA Position Statement on Concussion. J of  Athletic Training, 
2014.

Symptom norms

Valovich McLeod TC et al. Representative baseline values on the sport concussion assessment tool 2
(SCAT2) in adolescent athletes vary by gender, grade and concussion history. AJSM 2012.

9th grade 10th grade 11th grade
Symptom score 17 +/- 5 16 +/- 5 17 +/- 6

Physical

Cognitive

Emotional

Sleep

Concussion Symptoms
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Concussion Symptoms

• Headache
• Fuzzy or blurry vision
• Nausea or vomiting

(early on)
• Dizziness
• Sensitivity to noise or light
• Balance problems
• Feeling tired, having no energy

Sleep

Physical

• Sleeping more than 
usual

• Trouble falling 
asleep

• Sleep less than usual

Concussion Symptoms

Cognitive

Emotional

• Difficulty thinking clearly/Foggy
• Dazed or feeling “out of  it”
• Feeling slowed down
• Difficulty concentrating
• Difficulty remembering new information

• Irritability
• Nervousness or anxiety
• Sadness
• More emotional

• SCAT5
• Orientation
• Concentration 

(numbers backwards)
• Short and long term 

memory
• Balance Error Scoring 

System (BESS)

BESS scoring

§Each error = 1 point 

§Score = the sum of the error points for all six trials

§Errors

• Eyes opening

• Hands coming off the hips

• Hip flexion or abduction of greater than 30 deg

• Changing foot placement from the stance

• Remaining out of the test position for > 5 seconds

§Max score 10 errors per trial

§Also if cannot maintain for minimum 5 seconds then 
score = 10
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BESS norms: ages 10-17

Khanna NK, Baumgartner K, LaBella CR. Balance Error Scoring System Performance in Children and 
Adolescents With No History of  Concussion. Sports Health. 2015 Jul;7(4):341-5.

BESS norms: adults

Iverson GL, Kaarto ML, Koehle MS. Normative data for the balance error scoring 
system: implications for brain injury evaluations. Brain Inj. 2008 Feb;22(2):147-52. 

Utility of  postural assessment in concussion

§Acute evaluation

• Rule out cerebellar injury

• Compare to baseline to determine if  concussed on sideline

• 40% of  concussed athletes report balance problems during first week of  
injury 

‒ Kontos AP et al. A revised factor structure for the Post-Concussion Symptom Scale: baseline and 
postconcussion factors. Am J Sports Med. 2012;40(10):2375–2384.

§Subacute evaluation

• BESS normalized 3-5 days post injury in athletes 

‒ Riemann BL and Guskiewicz KM. Effects of  mild head injury on postural stability as 
measured through clinical balance testing. J Athl Train. 2000 Jan;35(1):19-25.

Vestibular Ocular Motor Screening (VOMS)
Note symptom provocation for HA, dizzy, nausea, foggy

§Smooth Pursuit
• Follow moving target at distance of 3 ft

§Near Point of Convergence (NPC)
• Abnormal > 6 cm (14 font target to tip of nose)

• Repeat up to 3 trials (note increase in distance – fatigue)

§Saccades – Horizontal and Vertical
• Follow target as quickly as possible
• Quickly gaze 30° between 2 points to the left and right, or up and 

down, keeping head still

§ Vestibulo-Ocular Reflex (VOR)
• Ability to stabilize vision as head moves (20° amplitude, 180 

beats/min); 10 revolutions
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Neck exam
§Neck range of motion

• Flexion: chin to chest
• Extension: look directly at ceiling
• Rotation: chin almost in line w/shoulder
• Lateral bending: 45°

Smooth pursuit

Saccades - horizontal
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Case #1

§Her symptom score is 6
• Didn’t sleep well, fatigued, sad

§However, she is a junior and “school is stressing me out”
• “I just had my bell rung, it wasn’t a concussion”
• “My teammate had a lot more symptoms than I do and 

hers was mild and she played the next day”

§Evaluation:
• Stiff neck, modified BESS 12, some eye tracking 

difficulty with smooth pursuit, dizzy with \horizontal 
saccades, near point convergence 10 cm

Now what do you tell her?

1. While you agree that getting a “ding” or getting their “bell 
rung” does not mean a concussion, you are going to play 
it safe and diagnose her with a concussion since she 
reported symptoms

2. You have to first check to see if there are updated laws 
in your state governing return to play guidelines for youth 
sports

3. Her concussion is labeled a moderate concussion since 
she still has symptoms almost 24 hours later

4. Once she has no symptoms, and can attend school 
without symptoms, she can be cleared for full sports 
participation

Now what do you tell her?

1. While you agree that getting a “ding” or getting their “bell 
rung” does not mean a concussion, you are going to play 
it safe and diagnose her with a concussion since she 
reported symptoms

2. You have to first check to see if there are updated 
laws in your state governing return to play 
guidelines for youth sports

3. Her concussion is labeled a moderate concussion since 
she still has symptoms almost 24 hours later

4. Once she has no symptoms, and can attend school 
without symptoms, she can be cleared for full sports 
participation

Fifth International Conference on
Concussion in Sport, Berlin 2016

• Concussions are not classified as mild or severe, and 
are not graded (Prague 2004)
‒ Concussion severity is determined retrospectively
‒ No longer correlated with LOC or amnesia

• Majority (80-90%) of concussions resolve in a short 
period (7-10 day) but recovery time frame may be longer 
in children and adolescents (Zurich 2008)
‒ Expected duration of SRC sx < 4 wks in kids

Consensus statement on concussion in sport: the 4th International Conference on Concussion in Sport 
held in Zurich, November 2012. Br J Sports Med. 2013 Apr;47(5):250-8.
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Window of  Vulnerability

• The period between the concussion and recovery is a 
“window of  vulnerability”

• Return-to-play during this time could cause more severe 
or even catastrophic brain injury

Giza and Hovda, JAT 2001

• It is unsafe to return 
to competition until 
brain activity has 
returned to normal

• In rats, that time 
period averages ~10 
days

• Even athletes who said they had ‘recovered’ 
within minutes of  a concussion still showed 
abnormalities on cognitive tests 36 hours later

• Evidence that no youth athlete “recovers” 
on the same day of  injury

AJSM 2004
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Collins et. al., Neurosurgery 2006

Fourth International Conference on
Concussion in Sport, Zurich 2012

McCrory et al, JAT 2013

§No return to sport or activity should occur before the youth athlete 
has returned to school successfully

§Limit exertion with ADL that may exacerbate symptoms 
(cognitive rest); modify school attendance and activities

Return to Learn
BEFORE

Return to Play
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Return to Learn 
Progression

No school. Light 
reading, limited 
TV, drawing, 
cooking OK as 
long as sx don’t 
worsen

15 min 
cognitive 
activity at a 
time

Return to full 
day of  school.

http://www.chop.edu/service/concussion-care-for-kids/returning-to-school.html

30 min 
schoolwork at a 
time until can 
do 1-2 hours

Return to ½ 
day of  school.

Return to learn after a concussion
§Return to learn ASAP

§Ok to return to learn with symptoms

§Avoid disruptions to the student’s life with return to school

§Physician should suggest academic adjustments if needed

Halstead ME et al. Pediatrics. 2013 Nov;132(5):948-57.

California State Laws

§AB 25 –Concussion Law 2012
§ 3 parts (education, remove from play, written medical note to 

return)
§AB 1451—Coaches Concussion Training Law 2013

§ Mandatory education every 2 years
§AB 2127 – Concussion Safety Law 2015

§ Limit FB full-contact practices
§ Mandatory RTP protocol of  no less than 7 days from the diagnosed date 

of  concussion
§ RTP under the supervision of  LHCP

§AB 2007 – Concussion Mgmt in Youth Sports Act 2016
§ Requires youth sports participants to undergo the same safety 

protocols as high school athletes 

Case #1
§Now she admits that she does have a HA and other sx

• You quickly repeat her symptom scale and now it is 16

§She asks if you think she can be cleared to play in a big 
rivalry school soccer game in 10 days

• “will it help to make sure a brain scan is negative? 
Should I do any other tests?”

• “will I get better faster if I just go home stay in my dark 
room for the rest of the week?”

§She also wonders if her history of migraines and nausea is 
going to “count against her”; she is worried that if she gets 
a migraine, it will be confused as concussion symptoms
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Now what do you tell her?

1. You agree a CT scan would be good to make sure she is 
safe to return to soccer 

2. You send her to the lab to get the new blood test to make 
sure she did have a concussion

3. You tell her that strict rest for that long may slow her 
recovery

4. You reassure her that having a history of migraine is not 
a risk factor for having persistent symptoms 

Now what do you tell her?

1. You agree a CT scan would be good to make sure she is 
safe to return to soccer 

2. You send her to the lab to get the new blood test to make 
sure she did have a concussion

3. You tell her that strict rest for that long may slow her 
recovery

4. You reassure her that having a history of migraine is not 
a risk factor for having persistent symptoms 

Diagnostic 
Imaging

Neuroimaging (CT, MRI)
§Most patients do not require imaging

§Use when suspicion of intracerebral
structural lesion exists:

• prolonged loss of consciousness

• focal neurologic deficit

• worsening symptoms

• deterioration in conscious state

“New FDA-approved
blood test

for concussions”

What about strict rest after an acute concussion?

88 patients (11-22 yoa) seen at pediatric ED randomized

• Strict rest x 5 days vs. “usual care” of 1-2 days rest, then 
stepwise return to activity

• Neurocognitive and balance outcomes same
• Strict rest group had more daily post concussive 

symptoms and slower symptoms resolution
• AVOID cocoon therapy

Thomas et al, Pediatrics 2015
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Symptom resolution after sport concussion

§Psych and other factors play a signif role in sx recovery
• risk factors for persistent sx > 1 month include hx or 

development of migraine HA or depression
§Severity of initial sx is strongest predictor of slower 
recovery

§Physiological time of recovery may be > clinical time for 
recovery

Field et al J Ped 2003, McCrory et al BJSM 2017

Who else is at risk for longer recovery?

§LOC > 1 minute
§Amnesia
§Convulsions
§History of multiple 
concussions
§Injuries close together 
in time
§Repeat injuries with 
less and less force

§Younger age
§Migraine headaches
§Depression
§Sleep disorders

Broglio SP et al. NATA Position Statement on Concussion. J of  Athletic Training, 2014.

Fourth International Conference on
Concussion in Sport, Zurich 2012

McCrory et al, JAT 2013

§RTP guidelines
• Evidence of  long-term 

outcome of  rest and the 
optimal amount and type of  
rest remains “sparse”
• Low level of  exercise for those 

slow to recover may be 
beneficial

What about the role of  early exercise?
• Concussion treatment guidelines advocate rest in the 

immediate post-injury period until symptoms resolve
‒Yet no clear evidence has determined that avoiding physical 

activity expedites recovery

• Prospective, multicenter cohort study (August 2013-June 
2015) of  3063 children and adolescents aged 5.00-17.99 
years with acute concussion

• Physical activity within 7 days of  acute injury 
compared with no physical activity was associated 
with reduced risk of  PPCS at 28 days

Grool et al., JAMA December 2016
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Fifth International Conference on
Concussion in Sport, Berlin 2016

• “There is currently insufficient evidence that prescribing 
complete rest achieves these objectives.” (those of 
mitigating symptoms and/or promoting recovery by 
minimizing brain energy demands post concussion)

• “After a brief period of rest …24-48 hours after injury, 
patients can be encouraged to become gradually and 
progressively more active while staying below their 
cognitive and physical symptom-exacerbation 
thresholds…”

• “The exact amount and duration of rest is not yet well 
defined in the literature and requires further study.”

Consensus statement on concussion in sport: the 4th International Conference on Concussion in Sport 
held in Zurich, November 2012. Br J Sports Med. 2013 Apr;47(5):250-8.

Return to Play Progression

Light aerobic 
activity

Sport 
specific 
activity

Game play

Non-
contact 
training

Full contact 
practice

Clinician clearance

Asymptomatic

Per AB 27 this RTP protocol must last at least 7 days.

After 24-48 hours

Return to play activity examples
Step Objective Activities

1 Recovery No activity

2 Light aerobic activity:
Increase heart rate

Walking, swimming, or stationary bike. < 
70% max heart rate. No weights.

3 Sport Specific:
Add movement

Skating drills in hockey, running drills in 
soccer. No head impact activities.

4 Non contact training:
Add coordination and cognitive 
load

More complex drills (passing). Can start 
weights.

5 Restore confidence and assess 
functional skills by coaching 
staff

Full-contact practice

6 Normal game play

Consensus statement on concussion in sport: the 4th International Conference on Concussion in Sport 
held in Zurich, November 2012. Br J Sports Med. 2013 Apr;47(5):250-8.

§Concussion Information Sheet
§Acute Concussion Notification Form
§Graded Concussion Symptom Checklist
§Physician Letter to School After Concussion Visit
§Concussion Return to Learn (RTL) Protocol
§Physician Recommended School Accommodations 
Following Concussion 

§Concussion Return to Play (RTP) Protocol

http://www.cifstate.org/sports-medicine/concussions/index
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CIF: Return to play handout Case #1
§You now get a panicked phone call from dad, who lives in 
another state
• He is worried about her playing goalie and returning to 

soccer. He played soccer and had multiple concussions 
as a youth and feels he has suffered from these.

• He is worried that she is genetically predisposed to 
getting more concussions

• How many concussions is too many?  What if she gets 
another one?  Is it 3 and done?

Now what do you tell dad?
§You reassure him that there is no association between 
participation in collision sports and long term 
neuropsychiatric problems

§You understand his concerns, and she should consider 
switching to another sport with less risk

§You recommend that he call in during your next appt with 
his daughter, so that the entire family can discuss his 
concerns

§You explain that the decision to return to sport is different 
for each individual, and it depends on multiple factors

Now what do you tell dad?
§You reassure him that there is no association between 
participation in collision sports and long term 
neuropsychiatric problems

§You understand his concerns, and she should consider 
switching to another sport with less risk

§You recommend that he call in during your next appt with 
his daughter, so that the entire family can discuss his 
concerns

§You explain that the decision to return to sport is 
different for each individual, and it depends on multiple 
factors
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Repeat head trauma: long term concerns

§Athletes, military personnel, survivors of 
intimate partner violence

§Chronic, progressive neurodegenerative 
syndrome

§Depression, cognitive impairment, 
aggression

§Diagnosed at autopsy: tau protein 
deposition in specific pattern

§Difficult to draw causality – no 
prospective data yet

§Concerning association between 
participation in collision sports and long 
term neuropsychiatric problems

Chronic Traumatic Encephalopathy

Gardner A et al. CTE in sport. BJSM. 
2013 Jun 26.

Randolph C. Is CTE a real disease? Curr Sport Med Review, 2014.
Mez J et al. Clinicopathological evaluation of  CTE in players of  American football. JAMA. 2017;318(4):360-
70.
Rabinovici G. Advances and gaps in understanding CTE. JAMA July 25, 2017.

How Many Concussions is Too Many?

§ Individualized to athlete
§ Concussion hx

• Number
• Less force.
• More frequent.
• Increased severity of sxs
• Increased duration of sxs
• Age: possibly more consequences if young at time of concussion

REASSURANCE

• Ask to have this conversation after the athlete has recovered 
from their most recent injury

• Will provoke anxiety if she knows that he is concerned

Lower concussion risk by decreasing exposure

http://www.ncaapublications.com/productdownloads/MD15.pdf. 

Incidence of  concussion

Sport Male Female Pooled incidence

Rugby 4.18 NR 4.18

Hockey NR NR 1.20

American football 0.53 NR 0.53

Lacrosse 0.29 0.17 0.24

Soccer 0.19 0.27 0.23
Wrestling 0.17 NR 0.17

Basketball 0.10 0.17 0.13

Softball NR 0.10 0.10

Field hockey NR 0.10 0.10

Cheerleading NR 0.07 0.07

Baseball 0.06 NR 0.06

Volleyball NR 0.03 0.03

Reported as events per 1000 athlete exposures (AEs)

Pfister T et al. The incidence of  concussion in youth sports: a systematic review and meta-analysis. Br J 
Sports Med. 2016 Mar;50(5):292-7.
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Highest risk positions by sport
§Water polo – goalie (Blumenfeld RS et al. The Epidemiology of Sports-

Related Head Injury and Concussion in Water Polo. Front Neurol. 2016 Jun 24;7:98)

§Baseball –catcher during fielding (vs batting or running 
(Green GA et al. Mild traumatic brain injury in major and Minor League Baseball 
players.  Am J Sports Med. 2015 May;43(5):1118-26)

§Football – 1. quarterback, 2. running back, 3. linebacker 
(Powell JW. Traumatic brain injury in high school athletes. JAMA. 1999 Sep 
8;282(10):958-63.)

§ Ice Hockey – forwards (Hutchison MG et al. A systematic video analysis of 
National Hockey League (NHL) concussions, part I: who, when, where and what? Br J 
Sports Med. 2015 Apr;49(8):547-51)

§Soccer – goalkeepers and defensive midfield players due to 
collision with other player (Helmich I. Game-specific characteristics of 
sport-related concussions. J Sports Med Phys Fitness. 2016 Sep 14.)

§Volleyball – “libero” position due to hits from the ball (Helmich
I. Game-specific characteristics of sport-related concussions. J Sports Med Phys 
Fitness. 2016 Sep 14.)

Thank You for your attention!


