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2022 International Conference on Concussion 
and Sport 

The Morahan Center had two accepted abstracts for 
publication/presentation at the 2022 International Conference in 

held this past October in Amsterdam! 

Abstract # 1 :The effectiveness of the Morahan CAARP™ algorithm of care on 
patient outcomes showed improvement in recovery timelines from initial 

evaluation to discharge (11.5 days).
Abstract # 2 : The safe approach for treadmill testing utilizing the Morahan 

Pediatric Concussion Exercise Tolerance Test (MPCETT) showing 0 adverse events. 



Sports Related Concussion
NATA
The 2014 National Athletic Trainers' Association (NATA) position 

statement on the management of sport-related concussion 
(SRC) defines concussion as a brain injury resulting from 
biomechanical forces producing a complex pathophysiological 
process that typically results in the rapid onset of short-lived 
impairment of neurologic function that resolves 
spontaneously.

Berlin 
► 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.
► SRC may result in neuropathological changes, but the acute 
clinical signs and symptoms largely reflect a functional disturbance 
rather than a structural injury. 
► SRC results in a range of clinical signs and symptoms that may or 
may not involve loss of consciousness. 



BERLIN VS AMSTERDAM
5TH INTERNATIONAL CONCUSSION CONFERENCE IN 

SPORT (Berlin) CONSENSUS STATEMENT vs 6th

INTERNATIONAL CONCUSSION CONFERENCE ( 
Amsterdam)

Newest changes BERLIN
• Complete cognitive rest not validated after 48 hours
• Symptom threshold through activity/cognition in acute phase
• Focus on categories for recovery (ocular-

motor/cognitive/exercise threshold/cervical)
• Defining PCS in children (>4 weeks with symptoms)

Newest changes AMSTERDAM
High emphasis on evaluation
• Scat 6 ( Coming Soon) – Higher Memory Thresholds ( 7-10 words)
• Modified Bess 
• Dual Tasking/Tandem Gait
• Measurable scales: Physical activity readiness questionnaire, 

Readiness to RTP, Symptom measurables (Scores correlating to 
PCS trending)

• Behavioral/ Cognitive readiness



Measuring Functional 
Disturbance

The three most common and most 
frequently used measures are functional 
Magnetic Resonance Imaging (fMRI), 
magnetoencephalography (MEG) and 
electroencephalography (EEG). Of 
these methods, EEG is the most versatile 
and cost-efficient solution



LEDDY LEADS THE CHARGE
(University of Buffalo)

The scoop on CBF
• Cerebral blood flow increases during exercise
• Following concussion we typically see a loss of CBF control
• With deconditioning we also see a natural loss of control with CBF causing 

fatigue, slowed cognition, symptoms, inability to exercise to max capacity and 
abnormal elevations in CBF; negative effect on autoregulation.

How do we improve CBF?
• Exercise can improve CBF by calculating 80%-90% of symptom threshold or by 

increasing THR 5-10 bpm every 1-2 weeks. 
• SLOWER EXERCISE TOLERENCE=SLOWER RECOVERY
New methods
Activate autonomic NS early on and try to help restore CBF through early activity such as low 
level movements to maintain conditioning (light walking, jogging, biking). Avoid weight training 
till final stages of RTP.  

Berlin states, “ closely monitored active rehabilitation programs involving controlled 
sub-symptom threshold, submaximal exercise have been shown to be safe and may be 
of benefit in facilitating recovery.” 

SO HOW MUCH IS TOO MUCH?





What’s in your tool kit; Inducing vs Reducing Symptomatology 



Concussion Management 
Common Tools

Subjective vs. Objective?

• VOMS
• Buffalo Concussion Treadmill Test ( BCTT)
• King- Devick
• Scat 5 (6?)
• Neurocognitive Testing (ImPACT/ C3Logix)

What do all these have in common? 



Cardiovascular Pillar - UPDATE
• Deconditioning the body 

post brain injury can slow 
recovery. 

• Prolonged brain rest beyond 
48 hours is controversial. 

KEEP MOVING!!!!! 

New Research:. 
• BFR and Body Cooling for 

persistent PCS (initial stages 
of research)

• Interval Training







Progress or Regress? 

Progression Points
• Daily Check ins/ 

Symptom Inventories
• Communication with 

Concussion Center on 
Improvements /Lapses

• Active interventions
 Basic Aerobic
 Hand/Head/Eye
 VOR retraining

Basic VOR progressions can be considered using appropriate 
metronome pace and based on symptomatology. 



Return to Play – What’s your RTP POC
• Stage 1 

– no symptoms (age dependent), 
100% academia (48 hours full 
school and cognitive tasks within 
the asymptomatic week) ACTIVE 
RECOVERY (progress RTL/ Social)

• Stage 2 (Recovery Zone)
– TM test < 70% HR, basic balance, 

oculomotor, sport movements 
• Stage 3 (Aerobic Zone)

– 80% HRR, sport movements, cone 
drills, cognitive duel tasking 

• Stage 4 (Anaerobic Zone)
– 90% + HRR, max effort, all sport 

specific tasks/High Intensity. 
• Stage 5 

– Return to supervised sports 
• Stage 6 

– Return to competition 
Consider Antidepressant therapy, multiple 
concussion history. VOMS?
***Vitals are a MUST!

1 Graduated return-to-sport (RTS) strategy 
Stage Aim Activity Goal of each step 1 
Symptom-limited activity Daily activities that 
do not provoke symptoms Gradual 
reintroduction of work/school activities 
2 Light aerobic exercise Walking or stationary 
cycling at slow to medium pace. No resistance 
training Increase heart rate 
3 Sport-specific exercise Running or skating 
drills. No head impact activities Add 
movement 
4 Non-contact training drills Harder training 
drills, eg, passing drills. May start progressive 
resistance training Exercise, coordination and 
increased thinking 
5 Full contact practice Following medical 
clearance, participate in normal training 
activities Restore confidence and assess 
functional skills by coaching staff 
6 Return to sport Normal game play



WHAT WE KNOW!
• Exercise is Medicine (Active Recovery works!)
• Rest is not best!
• Recovery plans must be prescriptive!
• The brain is 50% vision (Assess visual motor and visual 

tracking disturbances)
• Symptom severity can be a prognostic indicator for 

recovery.
• Early diagnosis, intervention and treatment drive improved 

patient outcomes
• Multiple concussion histories can delay recovery timelines
• Mental health effects and behavioral cognitive factors can 

present later with delayed onset of recovery and can impact 
length of recovery. 



OCULAR MOTOR AND VESTIBULAR 
PILLAR 

• Remember: The Vision system 
drives function

• The brain is 50% vision
– Primary complaints: 

• Head aches all day 
• Blurred vision
• Double vision 
• Photophobia 
• Eye fatigue 
• Dizziness / Vertigo 

– #1 Trouble with Screens/ 
School/ Reading

– Progress academics 
prescriptively

– Headaches/Dizziness are two 
key symptoms most 
frequently reported upon 
initial injury that we are 
finding in studies (A high 
volume correlate with ocular 
motor dysfunction) 



WHAT IS YOUR RECIPE FOR EFFECTIVE 
DIAGNOSIS?

2021 American Journal of Sports Medicine Study
“Predictive Accuracy of Sports Concussion Assessment 

Tool Individually and in Combination”
• 419 Student athletes (Collegiate)
Modalities
• VOMS/ SCAT 3/ BESS

Conclusion 
• BESS lacked clinical significance determining concussion
• VOMS combined with SCAT produced 9% improvement in 

test sensitivity 
It is estimated by this study that an additional 304,000 

athletes could be diagnosed annually with this 
combination of testing



Identify the driver that presents recovery delays and 
progress EARLY!

Clinical Journal of Sports Medicine 2017: “ Vision and 
Vestibular System Dysfunction Predicts Prolonged 
Concussion Recovery in Children.”

• 432 subjects  (378 presented with visual/vestibular 
dysfunction) 

OVER 87%!

Presentation consistently identified 
• Balance with accommodation
• Symptom Provocation with VOR / Smooth pursuit

Conclusion – Above findings were associated with prolonged 
concussion recovery 

How do we evolve? 



VOMSVESTIBULAR OCULAR MOTOR 
SCREENING
• Assessment to help 

determine neurological 
dysfunction

• Symptom score of 0-10
• Baseline scoring in the 

office completed just prior 
to administration of the 
VOMS and after each 
module is completed. 

• Any change pre to post 
after completing the 
modules may indicate signs 
of concussion. 

• 30 Reps VOR= 5 mins. 
reading

**Endorsed and validated by UPMC 
***Validated for non-healthy controls and healthy 
controls



Assessments at the Forefront:  King 
Devick Test

50% of the brain’s pathways are tied to vision
• Sideline assessment or tool to assess suspicion of 

concussion. Recommended within the first 24 hours 
of impact.

• Measurement on the speed of rapid number naming.
– Timed test for reading single digit numbers on a 

card from left to right.
• Evaluate eye movement, attention, and language to 

assess the baseline brain function, allowing the 
ability to predict worse outcomes in concussion.

• Baseline obtained; repeat testing done on sideline 
after injury to determine if a deficit exists at time of 
injury. 

• Method of baseline for younger subjects
• Demo testing



Return to Learn before Return 
to Play  

• Academic restrictions
• Graded activities 

– Ie. VOR > 30 reps = 5 minutes 
of reading. 

• Cognitive Duel tasking 
– DURING ALL  ( PCS Rehab ) 

tasks. 
• Cognitive Therapy 

– If symptoms do not resolve  
within > 2 months PT 

– Or if stimulation/concentration 
is primary limiting factor.

RTL Before RTP- how do we 
gradually re-introduce?

****Parent and child/athlete 
accountability- Must have for 
effectiveness. 



Progressive Academia
• Gradual re-introduction of tasking 

through stimulation ( smart board, 
mac book, phone use)

• No removal from school
• Reintroduce cognitive tasking 

immediately after 48 hours ( 
Important for cognition, processing 
and social reintegration)

• Morahan CAARP™
Lower Symptom score- 50-75% 
cognitive load
Moderate- High symptom score- 20%-
45% cognitive load
Asymptomatic post-concussion-
minimum two full academic days off 
restriction prior to RTP stage 2. 
• Advanced 504

– Rare with patient compliance

Must be 
prescriptive/individualized! 



• Effective and early identification 
• Provocation of symptoms 
• Minimum VOMS/ SCAT combination for more effective 

measurables.
• Consider King-Devick on the sideline

• Identify ocular motor dysfunction and symptom 
presentation early on for more effective prognosis 

IS VOMS PART OF YOUR 
UNIVERSE? 

SIDELINE ROLE



Ocular Motor Pillar - UPDATE
• Vestibular Ocular 

Tasks 
• Convergence 

exercises 
• Eye strengthening



OBJECTIVE VISION ADVANCES



EYE SYNC TECHNOLOGY VALIDATED

https://www.youtube.com/watch?v=vYwXUIdBiPY



Advances and Considerations in 
Brain Injury Management

Research Focuses

• Measurable Sub-concussive Blows and Neurological 
Impairment

• Brain activity pre and post concussion
• Blood Biomarker Trends
• Objective and validated visual assessments 
• Re-training Autonomic dysfunction and VO impairment with 

more variability
• Enhanced Diagnostic capabilities 

How do we differentiate between symptom resolution and 
neurological impairment? 



How to identify practical technology ?

Journal of Concussion 2021: “Technology and 
Concussion a Scoping Review.”

• 29 publications
• Common themes
 Visual/Motor
 Neurocognitive
 Balance/Dual tasking

Conclusions
• Need more accurate validated technology
• Technology was helpful in identifying symptoms/ deficits some with higher 

specificity than others but none diagnostic.
• Neurocognitive testing had questionable sensitivity/ specificity
• App log for symptoms effective only with clinical monitoring
• IPAD visualization testing offered little evidence on  differentiation for 

concussion

CONCUSSSION TECH 
PRACTICALITY



Subconcussive Blows
Challenges
• Chronic impairment effects
• Difficulty quantifying the relevance of the change
• Longitudinal studies and funding
• Limited population studies
• Technology restrictions (functional MRI)
• “The functional outcomes, duration, and consequences of imaging 

changes related to subconcussive head impacts are not well 
understood.”

How do we advance
• Study varying populations
• Quantifying impairments in practical medicine and learning 

how to treat those impairments or identify early on before 
they become progressive. 



2019 Brain
“Brain Vital Signs detect concussion-related 

neuropsychological impairments in ice hockey”
• 47 Junior Ice Hockey players; 43 completed baseline EEG
• Some with previous concussion and some without
• Ages 16-18

Conclusion 
• Neuropsychological impairments persisted after observable

clinical signs and symptoms subsided 
• Shown impairment in EEG studies consistent with brain 

vitals and amplitudes after symptom resolution
• Currently nothing to objectively measure subconcussive

impairment. 

Subconcussive blows



In Conclusion
Advancing Brain Injury Medicine 
• Functional disturbances may exist in athletes that have 

suffered SRC. 
• Considerations of neuropsychological impairment can exist 

beyond symptom resolve. 
• Quantifying the cumulative effects of functional damage 

over time from sub- concussive blows is still not well 
understood however advances in technology protocols are 
being studied. 

• Advanced imaging still has limitations in studying changes in 
patients post concussion due to financial and participant 

• Quicker diagnosis and intervention with a multidisciplinary 
concussion team will lead to stronger prognosis and 
improved patient outcomes. 

• Earlier intervention of exercise based methods that are 
innovative as well as daily symptom check ins can improve 
patient outcomes and recovery. 



In Conclusion
Advancing Brain Injury Medicine in Practice
• Quicker diagnosis and intervention with a multidisciplinary 

concussion team will lead to stronger prognosis and 
improved patient outcomes. 

• Earlier intervention of exercise based methods that are 
innovative as well as daily symptom check ins can improve 
patient outcomes and recovery. 

• Choose the right tools that are practical and effective 
for your evaluation and management!

• Track and progress and keep communication lines 
open with the concussion center/ provider for more 
aggressive outcomes. 



Thank you! 

973-322-7913


