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We don’t exactly know why MSK injury increases after concussion. 
Theories –
● Attention deficit
● Movement deficit
● Deconditioning
● Neuromechanical muscular 

control

WHY DOES THIS HAPPEN? 



Specific to high school athletes…
Previous hx of concussion = 34% increase in odds of sustaining a time-loss LE 
injury
• Football (boys) and soccer (girls) had the highest risk
• Injuries sustained included:

• Sprains (50%)
• Strains (17%)
• Contusions (12%)
• Fractures (5%)

• Ankle (40%), knee (25%), and thigh (14%)
• Girls had 1.5x the proportion of season-ending injuries
• Up to a 1.34x elevated risk of LEMSK exists within the year after a 

concussion and is consistent across a variety of sports.*

Lynall et al, 2017. *Oldham et al, 2020.



Concussion specific consideration: 
Alterations in landing mechanics
“When paired with a cognitive task, deficits in locomotor abilities may persist weeks beyond 
symptom resolution and baseline scores.” (Avedesian 2020)

“Individuals with prior concussive history displayed greater knee valgus and knee internal 
rotation during a jump-cut maneuver, along with changes in LE stiffness during a jump landing 
task.” (Avedesian 2020)

❖ Research demonstrates that jump-landings and jump-cutting should be analyzed and 
trained with external stimuli (dual-task training) most similar to the sport-specific 
environment. (Avedesian 2020, Dubose 2017)

❖ Alterations in hip and knee stiffness with landing demonstrate decreased motor planning 
and neuromuscular control leading to increased LE injury risk. (Dubose 2017)



Chmielewski et al, 2021

In summary:

Therefore, injury 
prevention principles 
may be important to 

include in the 
rehabilitation of these 

athletes!



Prevention Programs
Primary goal: To influence the neuromuscular system via a multicomponent 
exercise program to prevent injury

Secondary goal: Enhance athletic performance through improved strength, 
power, and coordination 

Effectiveness: Overall 50% reduction in ACL injury in all athletes, 67% 
reduction for non-contact injuries in females (Webster, Hewett 2018)

Use: Only 13%−20% of female high school teams use NMT prevention 
programs nationally; only 4% in rural areas (Petushek 2019)
❖ Demonstrates need to educate athletes, coaches, parents, and 

administrators!



Six Principles of Prevention
1. Age
2. Biomechanics
3. Compliance
4. Dosage
5. Feedback
6. Exercise Variety

Nessler 2017



Types of Exercise: Plyometrics
Goal: focus on proper technique and mechanics while improving power 
generation and force attenuation 



Types of Exercise: Neuromuscular Training
Goals:
• Improve the ability to generate optimal muscle firing 

patterns
• Increase dynamic joint stability
• Safely perform movement patterns and skills necessary 

during sport



Types of Exercise: Strength Training
Muscle groups to include:
• Hamstrings
• Quadriceps
• Hip
• Core
• Calf



Concussion specific consideration: 
Dual- task training
“Deterioration in gait performance during dual-task testing is present among 
people with concussion.” (Kleiner et al., 2018)

“Dual-task neuromuscular control deficits may continue to exist after patient 
report of resolution of concussion symptoms or perform normally on other clinical 
concussion tests.” (Howell et al., 2018, 2022)

❖ Impaired perception-action coupling?



Outline of Program

1. Warm up
2. Combination of plyometrics, neuromuscular 

control, and strengthening exercises
3. Sports specific agility, running, cutting

Individual vs. team-based considerations



FIFA 11+
• Injury prevention program specifically designed to prevent soccer injuries

• Significantly prevents non-contact injuries in soccer in males and 
females

• Decreased rate of injury in male elite basketball players (Longo 2012)
• 20 minutes to complete, 3 components

• Part 1: running exercises at a slow speed combined with active 
stretching and controlled partner drills – 8 minutes

• Part 2: strength, plyometrics, and balance exercises with 3 levels of 
increasing difficulty – 10 minutes

• Part 3: running exercises at moderate/high speed combined with 
planting/cutting– 2 minutes

• Designed to be done at least 2x/week as a warm up 
• No specific equipment needed
• 11+ Kids (<14 years old)



FIFA 11+
Performance Benefits
• Improved neuromuscular control (Impellizzeri 2013)
• Improved functional balance (Steffen 2013)
• Enhanced knee hamstring/quadriceps strength ratios 

and superior static and dynamic balance and agility 
(Daneshjoo 2012, 2013)

• Improved jumping and agility skills (Brito 2010, Reis 
2013)

Implementation
• Coach is key, must motivate players to learn and 

perform exercises regularly (compliance is key factor 
in efficacy) 

• RCT evaluation different delivery methods: Preseason 
coaching workshop > unsupervised delivery 

Taken from The 11+ Manual



Barriers to Implementation

1. Motivation
2. Time requirements
3. Facilitator skill requirements
4. Compliance
5. Cost

Bogardus 2019 



Small Group Discussion 
Please break into small groups with people who share your 

same profession (ie AT, PT, MD)!



ATHLETIC TRAINERS
➔ How do you determine your athlete 

post-concussion is ready to return to 
sport? 

➔ What specific observations do you 
include while guiding an athlete 
through the return-to-play process?

➔ List some strategies for educating 
pre-teen/teens about injury 
prevention post-concussion. 



PHYSICAL THERAPISTS
➔How do you determine your athlete 

post-concussion is ready to return to 
sport?

➔ Do you include anything in your 
concussion evaluation that might 
identify an increased risk of lower 
extremity injury upon returning to 
sport? If so, what? If no, why not?

➔ Do you include injury prevention 
principles when rehabbing your 
athletes post-concussion?



PHYSICIANS
➔How do you determine your athlete 

post-concussion is ready to return to 
sport?

➔ Do you screen in clinic to see if an 
athlete is at an increased risk of lower 
extremity injury upon returning to 
sport? 

➔ Discuss strategies used to educate 
pre-teen/teens and their families 
about injury risk and prevention post-
concussion. 



1 2 3
How do you determine 
your athlete post-
concussion is ready to 
return to sport? 

What specific 
observations do you 
include while guiding 
an athlete through the 
return-to-play 
process?

List some strategies 
for educating pre-
teen/teens about 
injury prevention 
post-concussion. 

How do you determine 
your athlete post-
concussion is ready to 
return to sport?

Do you include anything 
in your concussion 
evaluation that might 
identify an increased risk 
of lower extremity injury 
upon returning to sport? 
If so, what?

Do you include injury 
prevention principles 
when rehabbing your 
athletes post-concussion?

How do you determine 
your athlete post-
concussion is ready to 
return to sport?

Do you screen in clinic to 
see if an athlete is at an 
increased risk of lower 
extremity injury upon 
returning to sport? 

Discuss strategies used to 
educate pre-teen/teens 
and their families about 
injury risk and 
prevention post-
concussion. 

AT PT MD

Small Group Discussion Questions



Large Group Discussion 



FIFA 11+ - Part 1



FIFA 11+ - Part 2



FIFA 11+ - Part 3



FIFA 11+ Kids
• Adds falling techniques
• Makes partner-based exercises more play-oriented
• Reduces soccer related lower extremity injures by over half
• Shown to improves motor control, balance, and agility in children



The PEP Program
“Prevent injury and Enhance Performance”

Components
• Warm up
• Stretching
• Strengthening
• Plyometrics
• Sports-specific agility

15-20 minutes to complete
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