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- recognize sport related concussion, be familiar with therapeutic and return-to-

 activity concepts & be sensitive to peculiarities of female athletes 

 

- understand & use the potential of sport and physical activity to prevent and treat 

 neurological diseases (in women) 

Learning Objectives 
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… see patients 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, Paderborn University 

… 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 
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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‘ 

clinical neurology 

& neurosciences 

sports medicine  

& sports physiology 
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Part 1: Sport Associated Concussion in Women 

Confidential—do not copy or distribute 

  

 definition and classification 

 

  on pitch, in the gym 

 

   diagnosis: biomarkers, devices etc. 

 

    rehabilitation and ‚return-to‘ 
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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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the game of football is quite unsuitable for 

females and ought not to be encouraged  

Is it a man‘s world? 

English FA, 1921, in: Skillen et al., 2022 
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Is it a man‘s world? 

female players are ~ 50% more likely to suffer  

 from a concussion in soccer 
Kontos et al., 2023 

80 % of sport concussion research in males 

40 % of consensus / position papers without females 
D‘Lauro et al., 2022 

?! sex vs. gender !? 

concussion risk in females is not higher in every kind of sport (wrestling) 
Van Pelt et al., 2021 
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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 

Sports associated brain damage  

is not a clinical entity 

‘subconcussive blows’ 

‘repetitive head impact’ 
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spectrum of mild traumatic brain injury 

concussion mild tbi 

‘chronic 
traumatic 

encephalopathy’ 

'persistent 
post concussion 

symptoms’ 

Mayer et al., 2017 

Sports associated brain damage  

is not a clinical entity 

mtbi with  

substance deficit 

‘subconcussive blows’ 

‘repetitive head impact’ 
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Definition of sport related concussion 
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 (e. g., psychological 
 factors or co-existing medical conditions) Patricios et al., 2023 
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Research in sport related concussion 

- is it a man‘s world? 

Schneider et al., 2023 
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What happens during concussion? diffuse axonal injury 

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

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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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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women report more symptoms than men   
 (Blyth et al., 2021) 

Mechanisms leading to Concussion are different in women 

football: head/ball contact rather than head/body (or head) contact  
 (Blyth et al., 2021; Dave et al., 2022) 

Ling et al., 2020 Ling et al., 2020 
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different reporting behavior 
 (Van Pelt et al., 2021) 

access to medical support 
 (Bretzinet al., 2021) 

training of heading technique 
 (Parsanejad et al., 2021) 

Mechanisms leading to Concussion are different in women 

eyes closed during headers? 
 (Clark et al., 2017) 
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concussion risk depending on cycle? (Blyth et al., 2021; Musko & Demetriades, 2023)) 

The Female cycle – not a man’s world! 

La Fountaine et al., 2019 

concussion during follicular phase 

 lower symptom endorsement 
  Roby et al., 2023 

(not sports associated) concussion  

 during luteal phase 

 worse symptoms 
  Wunderle et al., 2014 
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The Female brain – not a man’s world? 

female corpus callosum more vulnerable? (Solomito et al., 2019, Gong et al., 2011) 

females: 

- less fibers & cross sectional areas 

 (parasaggital & midsaggital) 

- more utilization of both hemispheres 

- less functional connectivity  

 (e.g. posterior cingulate) 
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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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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 

Patricios et al., 2023 

 80-90%: favorable prognosis with complete 
remission of symptoms after 2 week 

…if diagnosed and managed correctly! 
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Patricios et al., 2023 

‚Return-to‘-activity 

Return to daily 
activities / school 

Return to 
sport 

Return to 
play 

Return to 
performance 
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Treatment / Rehabilitation 
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Different Outcome in females ? 

more neck pain (King et al., 2024)  
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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  

© Augsburger Allgemeiner Zeitung © DAZN 
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INDIVIDUALIZED SYMPTOMATIC TREATMENT 

fatigue 
anxiety / 

mood 
headaches/ 

migraine ocular vestibular sleep cognition 

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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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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? Postconcussion Syndrome 

pre-existing: 

- prior tbi 

- psychiatric disease 

- headache syndrome 

- genetic predisposition 

- female …. 

mechanism of injury: 

- quick onset of symptoms 

- outside of sport 

after injury: 

- adjustment disorders, secondary gain 

- bad compliance 

Dwyer and Katz, 2018 

risk factors 

better: Persistent Postconcussion Symptoms 
concussionfoundation.org 

Elena Myers Taylor 
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pre-existing: 

- prior tbi 

- psychiatric disease 

- headache syndrome 

- genetic predisposition 

- female …. 

mechanism of injury: 

- quick onset of symptoms 

- outside of sport 

after injury: 

- adjustment disorders, secondary gain 

- bad compliance 

Lubbers et al., 2024 

risk factors 

Persistent Postconcussion Symptoms 
concussionfoundation.org 

Elena Myers Taylor 
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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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Exercise is Medicine 
or 

Sports is Pharmacy for Patients with Neurological Diseases 

Confidential—do not copy or distribute 
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stroke 
preventative effects 

by sports/PA on mortality  
larger than by medications 

Naci et al., 2013 

Exercise is Medicine ? 
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Exercise is Medicine ? 

16 meta analyses 

305 studies 

~ 340.000 patients 
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stroke 
preventative effects 

by sports/PA on mortality  
larger than by medications 

Naci et al., 2013 

multiple sclerosis 
relapses reduced by 27% 

through sports/physical activity 
Pelutti et al., 2014 

Exercise is Medicine ? 

Ploughman, 2017 



48 

Multiple Sclerosis and Sports & Exercise 

effects on…: 

etc... 

Briken et al., 2014 

Asano & Finlayson, 2014 

effect size: 0.57 

Pearson et al., 2015 
 2mWT ~ 19% improved 

 10mWT ~ 16.5% improved 
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is it safe ? 

Multiple Sclerosis and Sports & Exercise 

‚side effects‘: 1.2% (ctrl.) vs. 2.0 % (sports), RR 1.67 

  identical rates in healthy subjects 

  mostly musculo-sceletal 

no study has ever demonstrated worsening of  

disease (progression) by physical exercise / exercise 

relapse rate: 6.3% (Ctrl.) vs. 4.6 % (Sport), RR 0.73 

 27% exercise induced risk reduction Pelutti et al., 2014  
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stroke 
preventative effects 

by sports/PA on mortality  
larger than by medications 

Naci et al., 2013 

multiple sclerosis 
relapses reduced by 27% 

through sports/physical activity 
Pelutti et al., 2014 

parkinson‘s disease 
prevention by sports/PE: 

~34% (predominantly males) 
Yang et al., 2015, Fang et al., 2018   

Exercise is Medicine ? 
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Parkinson’s Disease and Sports & Exercise 



52 Yang et al., Brain, 2015 

Parkinson’s Disease and Sports & Exercise 
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increase of physical activity by  

20 MET-h / week 

 

 risk reduction by:  

-10% (total) 

- 35% (vigorous) 

... only in males ... 

Fang et al., JAMA Netw open, 2018 

Parkinson’s Disease and Sports & Exercise 
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Mak et al., 2019 

Parkinson’s Disease and Sports & Exercise 
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stroke 
preventative effects 

by sports/PA on mortality  
larger than by medications 

Naci et al., 2013 

multiple sclerosis 
relapses reduced by 27% 

through sports/physical activity 
Pelutti et al., 2014 

epilepsies 
well described effects in animals 

only few (but not neg.) clinical studies 
Van den Bongard et al., 2020 

parkinson‘s disease 
prevention by sports/PE: 

~34% (predominantly males) 
Yang et al., 2015, Fang et al., 2018   

Exercise is Medicine ? 



56 

Capovila et al., 2016 

Epilepsies and Sports & Exercise 
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stroke 
preventative effects 

by sports/PA on mortality  
larger than by medications 

Naci et al., 2013 

multiple sclerosis 
relapses reduced by 27% 

through sports/physical activity 
Pelutti et al., 2014 

epilepsies 
well described effects in animals 

only few (but not neg.) clinical studies 
Van den Bongard et al., 2020 

parkinson‘s disease 
prevention by sports/PE: 

~34% (predominantly males) 
Yang et al., 2015, Fang et al., 2018   

dementias 
risk reduction by sports/PE:  

up tp ~45% (Alzheimer’s) 
Williams et al., 2010, Erickson et al., 2012 

Exercise is Medicine ? 
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clinical symptoms of dementia 

co
gn

iti
ve

 fu
nc

tio
ns

 

cognitive reserve 

age 
... 

Ströhlein et al., 2019 
modified from Sperling et al.,  2011 

Dementias and Sports & Exercise 
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physical 
activity 

activities of daily life 
(household, family, pets, 

gardening…) 
sports 

motor 
demands 

speed flexibility coordination strength endurance 

cognition, social interaction, memory, decision making...? 

Which Exercise is (the best) Medicine ? 
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 influence of joy and pleasure? 

does variability make training 

more effective for the brain? 
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Mass General Brigham  

Sports Neurology & Neurosciences 

it’s not a man’s world! 

Claus Reinsberger, MD PhD 
Chief, Division of Sports Neurology and Neurosciences 
Mass General Brigham 
 

 
Email: creinsberger@bwh.harvard.edu 

mailto:jkenyon1@bwh.harvard.edu
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