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… see patients / athletes with concussion and neurological disorders in my sports neurology clinic

… use various technologies to assess patients with concussion

… receive scientific funding by the Federal Institute of Sports Sciences (Germany), District of

 Paderborn & Paderborn County, Westfalian Foundation, University of Paderborn

… am a member of the medical committee of the German Football association (DFB) and 

counsel the Union of European Football Associations (UEFA)

I have no actual or potential conflict of interest

in relation to this presentation, but…

Disclosures



4

- understand and apply current concepts of (sport associated) concussion

- be familiar with the diagnosis and management of (sport associated) 

   concussion (incl. therapy and ‘return-to’ concepts)

Learning Objectives
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- Concussion is a treatable injury, incremental subsymptomatic activities should 
 be applied soon after a brief resting period, even when symptoms are still 

present

- Early specialized care improves the time and quality of recovery (as opposed to 
watchful waiting)

- Persisting post concussion symptoms may be associated with risk factors 
(outside of the initial trauma) that need to be addressed

MOC REFLECTIVE STATEMENT
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Sports Neurology / Neuroscience

sports and exercise associated (overuse) syndromes
CNS: dystonias, dysautonomia, PNS: trauma

‚cerebral performance‘ in sports (and training)
ANS control, cognitive-motor training, neuroathletic training 

sports and exercise to prevent & treat neurological diseases
‚exercise is medicine‘
‚sports is pharmacy‘

pr
otection of the brainclinical neurology

& neurosciences

sports medicine 

& sports physiology



 definition and classification

   on pitch, in the gym 

    diagnosis: biomarkers, devices etc…

     rehabilitation, ‘return-to/ & long term health

(Sports Associated) Concussion

Confidential—do not copy or distribute
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loss of speech, hearing and sight 

that can result from 

"commotion of the brain"

The Hippocratic Corpus

wikipedia.org
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…really?

There is no good animal model for concussion...
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spectrum of mild traumatic brain injury

concussion mild tbi

mtbi with 

substance deficit

‘chronic
traumatic

encephalopathy’

'persistent
post concussion

symptoms’

modified from Mayer et al., 2017

Sport associated brain damage 

is not a clinical entity

‘subconcussive blows’

‘repetitive head impact’

‘subclinical tbi’

concussion =/≠ commotio =/≠ mild TBI

The Far Side® and the Larson® signature are registered trademarks of FarWorks, Inc. Copyright © 2000, 2007 FarWorks
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concussion mild tbi

‘chronic
traumatic

encephalopathy’

'persistent
postconcussion

symptoms’

Mayer et al., 2017

Sport associated brain damage 

is not a clinical entity

mtbi with 

substance deficit2

3

spectrum of mild traumatic brain injury

‘subconcussive blows’

‘repetitive head impact’

‘subclinical tbi’1

The Far Side® and the Larson® signature are registered trademarks of FarWorks, Inc. Copyright © 2000, 2007 FarWorks
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Definition of Sport Related Concussion
- Concussion in Sport Group -

sport related concussion is a traumatic brain injury caused by a direct blow to the head, 
neck or body resulting in an impulsive force being transmitted to the brain that occurs in 

sports and exercise-related activities

- initiation of a neurotransmitter and metabolic cascade with possible axonal injury, blood flow change and
 inflammation affecting the brain

- Symptoms and signs may present immediately or evolve over minutes or hours, and commonly resolve within 
days, but may be prolonged

- no abnormality on standard structural neuroimaging (but in research protocols)

- range of clinical signs and symptoms, loss of consciousness may or may not involved) 

- clinical signs and symptoms cannot be explained by drug, alcohol, or medication use, other injuries (such as 
cervical injuries, peripheral vestibular dysfunction, etc) or other comorbidities (eg, psychological 
factors or coexisting medical conditions)

Patricios et al., 2023
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Concussion→ energy crises of the neuron

restitution of membrane potential: ATP utilization! 

 → demand for Glu (bloodflow is decreased!)

 → energy crisis at cellular level!

Cantu & Cantu, 2000

sequestration of excessive calcium in mitochondria

 → decreased oxidative capacity (days/weeks)

Giza & Hovda, 2014
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What happens during concussion? diffuse axonal injury

Brandt, Dichgans, Diener, 2007
Noble & Hesdorffer, 2013

Smith & Stewart, 2020

Jordan et al., 2013
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Clinical Signs / Symptoms

Harmon et al., 2019

cognition

anxiety /
mood

headache /
migraine

ocular

vestibular

fatigue

modifiers:

- sleep

- c-spine
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Initial Assessment (on pitch, in the gym)

• ABCD (basic life support)

• protection of c-spine

• Glasgow Coma Scale

• neurological assessment

• …

? continue to play

? substitution & outpatient care

? substitution & inpatient care

! screening ⌿ diagnosing !
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 → history

→ ‘physical’ exam

    → additional exams / workup

How to Diagnose a Concussion

soccerplayer…
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Patricios et al., 2023
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Patricios et al., 2023
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Patricios et al., 2023

+
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Patricios et al., 2023

+
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Rose et al., 2021

Quality Improvement / Measurement
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The Quest for Biomarkers

Sharp, Nature Rev Neurol, 2014, Slobounov et al., 2012, Dunkley et al., 2015, Zetterberg, Nature Rev Neurol, 2016

→ concussion is a clinical diagnosis

→ workup may be needed to assess for higher 

degree tbi or other pathology
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Koerte et al., 2021

- group vs. individual level

- diagnostic sensitivity 

 & specificity not clear

Guenette et al., 2017

Neuroimaging

→ not (yet) ready for clinical use to dx concussion !

→ but important to assess for higher degree tbi!
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Asken et al., 2018

S100B

GFAP

UCH-L1
Rogan et al., 2022

Serological Biomarkers
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Asken et al., 2018

S100B

GFAP

UCH-L1
Rogan et al., 2022

Serological Biomarkers
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Guidelines

1.) concussion diagnosed / suspected:

 → no return to play/practice 

  on the same day

2.) after initial rest

 → stepwise return to play / practice

The Far Side® and the Larson® signature are registered trademarks of FarWorks, Inc. Copyright © 2000, 2007 FarWorks

Patricios et al., 2023
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Second Impact Syndrom

Rowan Stringer, 17, R.I.P
Rugby

cbc.ca

Jake Snakenberg, 14, R.I.P
American Football

kunc.org

44 cases

1 : 205.000 athlete seasons

male, <20 years

Tator et al., 2019
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Patricios et al., 2023

‚Return-to‘-strategy

Return to daily 
activities / school

Return to 
sport

Return to 
play

Return to 
performance
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Treatment / Rehabilitation
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Reid et al., 2022

individual multimodal (cervical, vestibular, oculomotor) intervention, 

if symptoms persist > 2 weeks

→significant reduction of symptoms

→finalization of RTS in 8 weeks 3x more likely

Symptomscores

Treatment / Rehabilitation
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Therapeutic principles of Concussion

1.) brief (!) protection from stimuli, reduction of screen time

2.) interventions to enhance the regeneration of the cerebral metabolism
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RESTORATION OF CEREBRAL ENERGY METABOLISM

Exercise is Therapy!
- aerobic / cardio exercise

- monitoring: hr, RPE, symptom scores

- no significant worsening of symptoms

- careful with resistance training (initially)

- consider cognitive motor training

Tool Box for Athletes:

• Sleep Education for athletes

• Screen for sleep problems

• Encourage power naps

• Bank sleep

(Restoration of Healthy) Sleep is Therapy!

You have to take your leg 
training more seriously!
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Therapeutic principles of Concussion

1.) brief (!) protection from stimuli, reduction of screen time

2.) interventions to enhance the regeneration of the cerebral metabolism

3.) interventions to improve symptoms 
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Individualized Symptomatic Treatment

fatigue
anxiety /

mood

headaches/
migraineocular vestibular sleepcognition

Assessment of affected clinical domains

need for further diagnostic work-up?

Individualize return-to protocol according to affected clinical domain

symptom specific counselling

domain / symptom specific pharmacological and/or non-pharmacological therapy
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mechanism of injury:

- quick onset of symptoms

- outside of sport

after injury:

- adjustment disorders, secondary gain

- bad compliance

pre-existing:

- prior tbi

- psychiatric disease

- headache syndrome

- genetic predisposition

- female ….

Dwyer and Katz, 2018

managing risk factors = prevention of PPCS

Persistent Postconcussion Symptoms
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concussion mild tbi

‘chronic
traumatic

encephalopathy’

'persistent
postconcussion

symptoms’

Mayer et al., 2017

Sport associated brain damage 

is not a clinical entity

mtbi with 

substance deficit2

3

spectrum of mild traumatic brain injury

‘subconcussive blows’

‘repetitive head impact’

‘subclinical tbi’1

The Far Side® and the Larson® signature are registered trademarks of FarWorks, Inc. Copyright © 2000, 2007 FarWorks
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Persistent Postconcussion Symptoms

Burke and Silverberg, 2024
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can only be diagnosed via autopsy:

Chronic Traumatic Encephalopathy

perivascular accumulation of neuronal phosphorylated tau (p-tau) 

variably alongside astrocytic aggregates at the depths of the cortical sulci 

McKee et al., 2023
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14 potentially modifiable 

risk factors 

account for ~45% 

of worldwide dementias

Long Term Health of Athletes after Concussion
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MGB Sport Concussion - Multidisciplinary Clinics



Mass General Brigham 

Sports Neurology & Neurosciences

concussion care and beyond

Claus Reinsberger, M.D., Ph.D.
Chief, Division of Sports Neurology and Neurosciences, Mass General Brigham
Co-Director, Mass General Brigham Sport Concussion Program
Professor of Sports Medicine, Paderborn University, Germany

Email: creinsberger@mgb.org
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