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OBJECTIVES

At the end of this session, you will be able to:

1. Demonstrate a foundational understanding of injury 
prevention and risk reduction models.

2. Recognize the important role of the athletic trainer and 
athletic therapist in primary, secondary, and tertiary 
concussion prevention practice development and 
implementation.

3. Construct appropriate, site-specific concussion 
prevention measures based upon the current research 
evidence available.

Scan here
for references:

Use slide #s 
to navigate
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What comes to mind 
when you hear 

“injury prevention”?
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PREVENTION & AT

DOMAIN 1

Risk Reduction, 
Wellness, and 

Health Literacy
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Prevention
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Prevention & Risk Reduction
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PUBLIC HEALTH LEVELS OF PREVENTION 2
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PUBLIC HEALTH LEVELS OF PREVENTION

Primary

Approaches to reduce 
the occurrence of an 
injury or illness 

2
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PUBLIC HEALTH LEVELS OF PREVENTION

Secondary

Approaches to reduce the 
acute impact of an injury or 
illness after it occurs

2
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PUBLIC HEALTH LEVELS OF PREVENTION

Tertiary

Approaches to reduce the 
longer-term effects of an injury 
or illness 

2
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PUBLIC HEALTH LEVELS OF PREVENTION

Tertiary

Secondary

Primary

Approaches to reduce 
the occurrence of an 
injury or illness 

Approaches to reduce the 
acute impact of an injury or 
illness after it occurs

Approaches to reduce the 
longer-term effects of an injury 
or illness 

2
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How are injury 
prevention interventions 

established?

7



Translating Research into 
Injury Prevention Practice 

(TRIPP) Framework for 
Sports Injury Prevention

STEP 1
Injury Surveillance

STEP 2
Establish etiology and mechanisms of injury

STEP 3
Develop preventative measures

STEP 4
Evaluation of prevention approaches in ideal conditions

STEP 5
Field study on real-world implementation

STEP 6
Implementation of the prevention intervention in a real-world context 

and evaluation of its effectiveness (Stage 1)

3
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   Intrapersonal Society & PolicyInterpersonal Community

4

5
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ROLE OF THE AT

   Intrapersonal Society & PolicyInterpersonal Community
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ROLE OF THE AT
STUDY IN MOTION

Navigating Concussion Care in Secondary Schools: 
Resources and Barriers in Policies and Procedures Development 
and Implementation

Did you play a role in the development of your current secondary school’s written 
concussion policies and procedures?

70.6% YES (n = 397/562)

Please indicate your level of involvement in the development of your secondary 
school’s concussion policy.

49.4% PRIMARY DEVELOPER (n = 196/397)

21.4% ASSISTED WITH DEVELOPMENT (n = 85/397)

24.4% UPDATED EXSISTING POLICY (n = 97/397) 10
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ROLE OF THE AT

Intentional 
Practices

Evidence-Informed
Policies & Procedures

Maximize Favorable 
Patient and Clinician-Oriented 

Injury Outcomes

Minimize Litigation

STANDARD 93

Develop and implement specific policies and 
procedures for individuals who have sustained 
concussion or other brain injuries. 
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PRIMARY PREVENTION OF CONCUSSION

Secondary

Primary
Approaches to reduce the occurrence of 

an injury or illness 

“The best way to treat a concussion is to stop it  
  from occurring in the first place.” 

- Someone, somewhere, at some point

• Equipment
• Policy & Rule Changes
• Training Interventions

Primary Prevention Goal: 
Reduce the frequency and magnitude of 
head impacts as much as possible 
during training and competitions
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QUICK REMINDERS

Absence of evidence is 
not always evidence of 
absence
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Association is not 
causation



PRIMARY PREVENTION OF CONCUSSION

2023 

2017 

Scan here
for references: 15



HEADGEAR

2017 - Systematic review and meta-analysis of 14 
prospective studies concluded concussion 
prevention effects for interventional protective 
equipment is limited (RR=0.82, 95% CI 0.56 to 
1.20).

2023 - Systematic review and meta-analysis of 
39 studies found that helmets and headgear do 
not prevent concussion and risk mitigation 
varies among sports. 

8
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HELMETS – US FOOTBALL

Mixed evidence supporting reduced 
concussion risk via helmet design

Some evidence associating poor fit
with worse concussion symptoms
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HELMETS - FOOTBALL

Helmet lab performance vs on-field performance

17
1 bubble = 1 helmet model
Bubble size = # of plays



HELMETS

Bicycling
Mixed evidence supporting reduced concussion risk

Snow Sports
Mixed evidence supporting reduced concussion risk

Hockey
Some evidence associating poor fit with concussion risk
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HEADGEAR

“Soccer headgear did not reduce the incidence or severity of SRC in high school soccer players...”

> >

*
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WOMEN’S LACROSSE HEADGEAR
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WOMEN’S LACROSSE HEADGEAR

Frequency of 
Head Impacts

Magnitude of 
Head Impacts

Rate of 
Concussion

From a National Study: 
“Concussion rates among players 

wearing headgear were 59% lower 
than those not wearing headgear”

-Herman et al, BJSM, 2022 20



Camogie and 
Hurling

HURLING & CAMOGIE

• Helmets with faceguards are 
mandatory in camogie & hurling

• Helmets are required to meet the 
National Standards Authority of 
Ireland's (NSAI) IS:355 standard

• Reduced head/face traumatic 
injuries but does not prevent 
concussion
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MOUTHGUARDS

8

Mouthguards do not prevent 
concussion

Mouthguards were 
associated with a 
28% lower rate of 
concussion in ice 
hockey

22



JUGULAR VEIN COMPRESSION DEVICES

$199

8

• JVC Devices were not associated with reducing head impact 
frequencies, magnitudes, nor concussions

• Some studies suggest that there is an association with slight 
changes in brain imaging, the implications are not clear at 
this time
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JUGULAR VEIN COMPRESSION DEVICES

24

Potential effect of the collar in ameliorating 
the changes against repetitive head impacts



EXTERNAL ADD-ON DEVICES

$70-130

“The Guardian Cap failed to significantly improve the 
helmets' ability to mitigate impact forces at most 
locations”

“These data suggest no difference in head kinematics data 
when [Guardian Caps] are worn…[Guardian Caps] are not 
effective in reducing the magnitude of head impacts 
experienced by NCAA Division I American football players”

“[Guardian Cap] use during practice in high school 
American football players was not associated with a 
decreased risk of sustaining SRC…”
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“Recognize that helmet and after-market companies that 
produce helmet add-on products may overstate 
injury-prevention benefits, leading to risk-taking behavior.”

Research Articles Media Reports

“The Guardian Cap failed to significantly improve the 
helmets' ability to mitigate impact forces at most 
locations”

“These data suggest no difference in head kinematics data 
when [Guardian Caps] are worn…[Guardian Caps] are not 
effective in reducing the magnitude of head impacts 
experienced by NCAA Division I American football players” 25
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NOT ALL DEVICES ARE EQUAL

Scan here
for references:
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NOT ALL DEVICES ARE EQUAL

Worn at NCAA Level Worn at NFL Level
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CONTEXT MATTERS
NFL Level

Neuromuscular 
Training

Access to Trained 
& Licensed HCP

No/minimal 
contact practices

Promote Safety in 
NFL



HEADGEAR & ADD-ON DEVICES

Recommendation 11: 

“Recognize that helmet and after-market companies 
that produce helmet add-on products may overstate 
injury-prevention benefits, leading to risk-taking 
behavior.”
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Soccer

•May engage in 
riskier aerials to 
head ball

•No research 
supports riskier 
behavior

•Research on risk 
taking behavior is 
limited 

Skiing & 
Snowboarding

•Use increasing
•Females and 

younger athletes
•No evidence of risk 

compensation 

Cycling

•Most research 
suggests helmet 
use is associated 
with safer behavior

Rugby

•May engage in 
riskier tackles

•Findings 
inconsistent

Ice Hockey

•Full face protection 
may increase risk 
taking behavior

•Willing to stand in 
front of puck

•Concern for field of 
vision

Equestrian

•No or very limited 
risk compensation

Finch et al, 2001
Barnes et al, 2017

Critelli et al, 2021
Kramer et al, 2021

Chapman et al, 2020
Haigh et al, 2015

Esmaeilikia et al, 2019
Adams et al, 2001

Lynne et al, 2013
Scott et al, 2007

Lynne et al, 2013
McGuine et al, 2020

  RISK COMPENSATION RESEARCH
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Disallowing 
bodychecking in 

child and 
adolescent 

hockey

Limiting contact 
practice

Banning heading 
in youth

Neuromuscular 
training warmup 

programs

Rules limiting 
collisions 

between base 
runners and 

catchers at home 
plate

Reducing Concussion 
Risk

58
%

64
%

TB
D

32-60
%

69
%

BEYOND DEVICES – RULE CHANGES!

Baker et al, 2020
Eliason et al, 
2022

Hislop et al, 2017
Eliason et al, 
2022

Lalji et al, 2015
Eliason et al, 
2022

Swartz et al, 
2015
Eliason et al, 
2022

Emery et al, 2011
Eliason et al, 
2022
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https://www.tandfonline.com/doi/pdf/10.1080/00913847.2020.1718565#:~:text=Conclusions-,The%20MLBLs%20rule%20limiting%20home%20plate%20collisions%20significantly%20reduced%20the,and%20should%20not%20be%20repealed.
https://bjsm.bmj.com/content/57/12/749
https://bjsm.bmj.com/content/57/12/749
https://bjsm.bmj.com/content/51/15/1140
https://bjsm.bmj.com/content/57/12/749
https://bjsm.bmj.com/content/57/12/749
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7815172/#:~:text=Concussion%20before%20and%20after%20the%202015%20ban&text=With%20regards%20to%20concussion%2C%207.6,following%20the%20ban%20on%20headers.
https://bjsm.bmj.com/content/57/12/749
https://bjsm.bmj.com/content/57/12/749
http://dx.doi.org/10.4085/1062-6050-51.1.06
http://dx.doi.org/10.4085/1062-6050-51.1.06
https://bjsm.bmj.com/content/57/12/749
https://bjsm.bmj.com/content/57/12/749
https://www.cmaj.ca/content/183/11/1249
https://bjsm.bmj.com/content/57/12/749
https://bjsm.bmj.com/content/57/12/749


TRAINING INTERVENTIONS

CLINICAL IMPLICATIONS: The Heads Up Football training program 
reduced concussion rates by 33% across 1 season. This supports the 
Heads Up Football training program as an effective intervention for 
decreasing concussion rates in high school football. 

14 HU Intervention Schools
(n = 1818)

10 Control Schools
(n = 696)

4.1 concussions per 100 players 6.0 concussions per 100 players

31



PRIMARY PREVENTION OF CONCUSSION

Secondary

Primary
Approaches to reduce the occurrence of 

an injury or illness 

In Summary
• No external device can prevent a 

concussion

• Some sport-specific equipment (e.g., 
headgear in women’s lacrosse)

• Training protocols & rule changes (e.g., 
neuromuscular training in rugby, and 
reducing contact practices in football, 
etc.) may reduce concussion risk

34



SECONDARY PREVENTION OF CONCUSSION

Secondary
Approaches to reduce the 

acute impact of an injury or 
illness after it occurs

Primary

• Laws & Policies
• Education Interventions

Secondary Prevention Goal: 
Identify, remove from participation, 
evaluate, and initiate care as quickly as 
possible following concussion 
occurrence

Scan here
for references: 35



CONCUSSION STATE LAWS

PRIMARY TENETS:

1. Education for sport stakeholders (e.g., parents, athletes, coaches)

2. Immediate removal from play if a concussion is suspected

3. Medical clearance required for return-to-play

Zackery Lystedt Law - May 2009 36





CONCUSSION STATE LAWS

Concussion State Laws

=
↑ Awareness 
↑ Identification 
↑ Diagnosis    

State Laws 
Introduced

37



Concussion rates in the current study were 
generally higher than previous estimates from 

similar studies of different time periods.

Recurrent concussions across all sports 
decreased over the study period.

38



Concussion rates in the current study were 
generally higher than previous estimates from 

similar studies of different time periods.

Recurrent concussions across all sports 
decreased over the study period.

But 
why?

38



ATHETIC TRAINER ACCESS

38

 REDUCE: PREVENTION OF CONCUSSION (Pg. 699)



CONCUSSION EDUCATION

51

Scan here
for references: 39



HEALTHY LITERACY

The degree to which 
individuals have the capacity 
to obtain, process, and 
understand basic health 
information and services 
needed to make appropriate 
health decisions.

41



What are the potential 
negative byproducts of 

athletes having low health 
literacy related to 

concussion?

42



What are the potential 
negative byproducts of 

athletes having low health 
literacy related to 

concussion?

LACK OF QUICK 
INJURY IDENTIFICATION 

& 
DELAYED CARE INITIATION

42



GLOBAL

40

Previous Concussion Education: 45.2%
Average Knowledge Score: 33.4 ± 6.1
Diagnosed Concussion History: 19.1%

Previous Concussion Education: 26.4%
Average Knowledge Score: 35.1 ± 5.6
Diagnosed Concussion History: 2.3%

Previous Concussion Education: 75.8%
Average Knowledge Score: 32.1 ± 3.5
Diagnosed Concussion History: 29.6%

Previous Concussion Education: 90.6%
Average Knowledge Score: 40.9 ± 4.5
Diagnosed Concussion History: 31.8%



POST-INJURY 
CONSIDERATIONS

43

English as an Additional 
Language (EAL) speakers 

experienced symptom 
resolution approximately 

7.5 days sooner (Md = 4.50) 
than Native English language 

speakers (Md = 12.00).



CONCUSSION EDUCATION

44

CLINICAL BOTTOM LINE: Concussion education is effective at increasing 
concussion knowledge and concussion-reporting intention; however, it 
remains inconclusive if education is enough to change reporting behavior.



CONCUSSION EDUCATION

44

Recommendation #1: Design interventions based on assessments utilizing a 
multilevel theory such as the Integrated Behavioral Model (IBM) for clear organization.

Recommendation #2: Include a measure of concussion prevalence pre and post 
intervention to determine education efficacy.

Recommendation #3: Design interactive interventions to further enhance concussion 
knowledge within the intended population.

Recommendation #4: Include educational material tailored to the specific population 
in which it is being disseminated.



IMMEDIATE REMOVAL FROM PLAY

Patients who continued play or delayed 
reporting their concussion had significantly 
longer recovery times and higher symptom 

scores compared to those who immediately 
reported or were removed from play.

Those who immediately reported recovered in 
5.4 days (95% CI: 10.14, − 0.75) fewer than 

delayed reporters.

46



IMMEDIATE REMOVAL FROM PLAY

QUICKER RECOVERY TIME, LESS TIME MISSED FROM SPORT, 
AND LESS LIKELY TO HAVE PROTRACTED RECOVERY!

Scan here
for references: 47



SECONDARY PREVENTION OF CONCUSSION

Secondary
Approaches to reduce the 

acute impact of an injury or 
illness after it occurs

Primary

Scan here
for references:

In Summary
• Concussion health literacy among 

athletes and healthcare providers can 
lead to quicker injury identification 
and reduce delays in initiating care

48



PUBLIC HEALTH LEVELS OF PREVENTION

Tertiary
Approaches to reduce the longer-term 

effects of an injury or illness 

• Early Symptom-Limited Activity
• Treatment Prescription

Tertiary Prevention Goal: 
Implement approaches that minimize 
the potential for persistent symptoms 
after concussion (PSaC) and long-term 
issues to preserve health-related quality 
of life

Scan here
for references: 49



The Original Concussion Recovery Strategy

50



EARLY ACTIVITY

Promotes active recovery, 
increased physical and social 
engagement, normalizing 
routines

Early cognitive and physical 
activity may reduce 
symptoms and recovery time 

While symptoms may be 
provoked initially with 
exercise, they are transient 
and do not worsen outcomes

Early activity and graded 
exercise interventions can 
decrease odds of and reverse 
persisting symptoms

51
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BUFFALO CONCUSSION TREADMILL TEST
Equipment: Symptom visual analog scale (VAS), 
heart rate monitor, RPE scale, treadmill
Procedure: To be completed following 24-48 
hours of complete rest:

The purpose of the BCTT is to 
establish sub-symptom heart 

rate max to use for exercise 
prescription

Pre-test symptom VAS assessment

Start with speed between 3.3-3.6 mph at 0% incline

Increase incline by 1% every minute while maintaining speed 
(Assess RPE and ask whether there are any symptom VAS changes)

Test is terminated when RPE ≥17 or ≥3 point increase in symptom 
VAS score

Sub-symptom HR max = HR at BCTT termination 

53



BUFFALO CONCUSSION TREADMILL TEST

53



BUFFALO CONCUSSION TREADMILL TEST

• The prescribed target heart rate is 90% of the sub-symptom HR max 
established by the BCTT
– Stationary bike, treadmill, elliptical, light jog in a safe environment

• Instruct patients to stop the exercise session if their symptom VAS 
score increase by ≥3 from their pre-exercise symptoms or after 20 
minutes

• The patient will have successfully completed Stage 2 of the 
Return-to-Sport Strategy when they are able to complete 20-minutes 
of consecutive aerobic exercise at or below the prescribed target 
heart rate without symptom exacerbation

• Establish a new target heart rate using the BCTT every 7 days for as 
long as the patient remains symptomatic

SCAN HERE

53



TARGETED TREATMENT

Concussions are 
heterogenous and 
multi-faceted…therefore, 
treatments may consider a 
clinical profile-based 
approach

Cognitive-Fatigue

Post-Traumatic 
MigraineAnxiety/Mood

Ocular Vestibular

Scan here
for references: 54



CONCUSSION CLINICAL PROFILES

55



MODIFIERS

Targeting 
Treatment

55



CONCUSSION REHABILITATION

A multi-sport, multi-age, and multi-country study

PRIMARY OBJECTIVE: Evaluate the efficacy and 
feasibility of an acute multidimensional 
rehabilitation program on short and intermediate 
outcomes following concussion

• 28 sites
• 3 countries
• High school, college, and professional levels
• Sports with varying levels of contact 

The                      Study

Scan here
for references: 56



CONCUSSION REHABILITATION

The                      Study

Two
study 
arms

Multi-
Dimensional 
Rehabilitation

Enhanced 
Graded 

Exertion

56



CONCUSSION REHABILITATION

Phase 1: Symptom Control - Comfort (Minimum of 2 sessions)

Phase 2: Impairment Reduction - Comfort + 1-2 basic impairment activities

Phase 3: Activity Integration - Comfort if needed + Add new impairment activity

Phase 4: Recovery Acceleration - Comfort if needed + Add new and progress the complexity of 
impairment activities (divided attention tasks)

Phase 5: Sport Specific Applications - Comfort if needed + Add and progress the complexity of 
impairment activities (divided attention & sport specific tasks)

Multidimensional Rehabilitation (MDR)

56



CONCUSSION REHABILITATION

CLINICAL IMPLICATIONS: The multidimensional 
rehabilitation and enhanced graded exertion 
and the current return-to-sport strategy, when 
clinically monitored, resulted in few significant 
symptom exacerbations and few overall safety 
concerns.

57



FUTURE OF SRC MANAGEMENT?

20-40% of athletes report affective 
symptoms following concussion that 
significantly delay recovery

The probability of developing depression or 
anxiety is significantly amplified for those who 
have sustained a brain injury of any severity

Sleep disturbances are reported in 30-80% of 
individuals following a concussion

Sleep disturbances subsequent to concussion, 
may be linked to longer recovery and poorer 
post-concussion outcomes & contribute to 
symptoms of anxiety and depression

Concussion Outcomes

Mental Health State Sleep Disturbances 58





Continuum of 
Concussion 

Care

Wearables 
Used Applications Findings

Risk
- Inertial sensors 
(helmet, 
mouthguard IMUs)

- Monitor head 
impact frequency 
and magnitude
- Inform safer 
practice and rule 
changes

- Impact counts are not reliable 
predictors of concussion
- High variability across 
athletes and sessions

Acute 
Post-Concussio

n

- Physiological 
sensors (Oura, 
WHOOP, 
ActiGraph)
- Eye-tracking 
wearables
- EEG headbands

- Detect early 
physiological and 
neurobehavioral 
changes
- Identify subtle 
dysfunction in acute 
stages

- HRV decreases and sleep 
disturbances are common 
acutely
- Eye-tracking reveals 
oculomotor issues
- EEG shows abnormal brain 
activity

Recovery
- Oura Ring
- ActiGraph
- EEG headbands

- Track longitudinal 
recovery
- Support 
return-to-play 
decisions based on 
physiological 
normalization

- Wearables may offer 
ecologically valid data over 
time, more research needed
- Potential to support RTP 
readiness
- Limited integration with 
standard care

1. Le Flao et al (2022), Sports Medicine.
2. Cortes et al (2017), AJSM.
3. Bishop et al (2018), Clin Phys & Func Neuro.
4. Flores et al (2023), SMS. 
5. Donahue & Resch (2024). Sports Med Open.

6. Somadani et al (2022), Frontiers Neurotruama.
7. Conley et al (2019), Journal of Neurotrauma.
8. Diehl et al (2017), Res Hum Dev.
9. Powell et al (2021), Digital Medicine

Scan here
for references: 59



MONITORING CLINICAL STATE

60



PUBLIC HEALTH LEVELS OF PREVENTION

Tertiary• Early symptom-limited activity 
and multidimensional 
rehabilitation exercises targeting 
specific symptoms can promote 
active recovery

• This can increase physical and social 
engagement, normalize routines for 
athletes, and support clinical 
recovery

In Summary

Scan here to access Duquesne University’s exercise prescription ready-to-use 
protocol for athletes with concussion to adapt to your own clinical practice!



SOME PARTING THOUGHTS

- Some sport-specific equipment and training protocols 
may better reduce the risk of concussion.  

- State laws have been effective at increasing  the rate of 
concussion diagnosis in sport. 

- The selection of awareness and education strategies 
must be in a language and mode of delivery that is 
digestible by the target audience with information that 
matters to them.

- Early sub-symptom exercise is now a best practice 
recommendation and the prescription of additional 
treatments for specific injury subtypes is the future of 
concussion care. Scan here

for references:



THANK YOU!

Trish Kelshaw

patriciakelshaw@unh.edu
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