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The Musculoskeletal Injury Problem

High school athletes: the risk of LE injury resulting in time-
loss from sport increased by 34% for every previous SRC 
(Lynall, 2017)

Collegiate athletes:

● Basketball, soccer, and lacrosse athletes had 3.4x increased 
injury risk compared to non-concussed athletes within 90 
days of SRC (Gilbert 2016)

● Athletes were significantly more likely to sustain a LE injury at 
180 days (2.02 times) and 365 days (1.97 times) post-SRC 
compared to pre-concussive injury rates (Lynall et al 2015)

● Elevated LE MSK injury risk in male football athletes post-SRC 
have been demonstrated to extend beyond 365 days from 
initial concussive event (Krill 2018)

Professional athletes: National Football League athletes 
who reported one, two, or three or more concussions had 
up to 63%, 126%, and 165% greater odds of sustaining a LE 
musculoskeletal injury (Pietrosimone 2015)



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

Lynall et al, 2017





So, why are athletes getting hurt?
“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)

"It has been demonstrated through numerous studies that following a concussive event, 
the majority of athletes are able to return to baseline values relating to symptom 
reporting, NP performance, and balance/sway within a relatively short time period. 
However, subtle cognitive and physical deficiencies may still persist, only to be revealed 
during a dynamic sporting environment that tasks performers with completing highly 
complex maneuvers.” (Avedesian 2020)



What is “motor control”?
● Definition: "How the nervous system interacts with the rest of the 

body and the environment to produce purposeful, coordinated 
movements." (Low 2018)

● Processing of sensory information                    coordinating motor 
output

● Key aspects:
○ Motor learning
○ Motor planning





Motor Control Research 
in Athletes Post-SRC
Athletes who went on to sustain 
a LE injury within 1 year after 
SRC demonstrated:

● Greater gait speed differential at 21 
days post RTS clearance (Howell 
2018)

● Slower speed and greater double-
limb support time (Oldham 2020)



Relationship between cognitive function and LE injury



So, now what?







Traditional Assessment Tools
● Symptom reporting
● NP testing
● Balance assessment
● Vestibular/oculomotor screening
● Cervical spine assessment
● Aerobic capacity



Case Study 

16 y/o female soccer player 

Concussion sustained 3 weeks ago 
after hitting head with opponent going 
for header

Started PT 2 weeks  



Step 1: Symptom limited activities
● Walking, being with friends and family

Step 2A: Light aerobic exercise
● Stationary bike or fast walking x 20 min
● Dual task walking
● Tandem gait

○ Reverse numbers



Step 2B: Moderate aerobic exercise (light 
resistance training)

● 20-30 minutes of light jogging
● Single leg balance

○ Ankle strength
○ Proprioception

● Squats
○ Valgus, anterior translation of the knee,

trunk control



Step 3: Individual sports-specific 
exercise

● Jogging
○ Progressively increase speed
○ Directional Changes

● Single leg hops exercises
○ Cross jumps

■ Control, strength
● Ball Drills

○ Inside/Outside
○ Top tapping the ball
○ Dribbling straight line
○ Dribbling around cones

***NEED MEDICAL CLEARANCE BEFORE STEP 3***



○ Step 1: symptom limited activities
■ Walking, being with friends and family

○ Step 2A: Light aerobic exercise
■ Dual task walking

● Examples: explaining plays

Step 4: Non-contact Practice
● Warm up/stretch with Team
● Line Drills and Ladder Drills

○ Speed, Coordination, Change of 
Direction

● Ball Drills
○ Chipping
○ Short passes
○ Volleys
○ Shooting



Step 5: Full contact practice
● 1:1→ 2:2→3:3
● Controlled headers

○ Monitor
○ Check-in
○ Reaction to contact with other 

players
○ Body control

Step 6: Return to Sport
● Check in and monitor

Beyond Step 6: Weekly Check-Ins
● Check on strength, proprioception, control
● Adjust HEP
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New(er) Assessment/Progression Suggestions



Complex Gait
● "Walking on uneven surfaces or in crowded 

environments requiring obstacle avoidance 
and navigation"

● Dual task comparison 
○ Greater motor and cognitive demands

● Limited research findings
● Motor performance recovery is not 

associated with cognitive function
● Impaired dynamic stability and obstacle 

avoidance may suggest deficits in:
○ Executive functioning
○ Spatial awareness
○ Rapid information processing
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New(er) Assessment/Progression Suggestions



Sports-specific biomechanics
● Alterations in hip, leg, and knee stiffness with unilateral landing tasks (DuBose 2017)
● Greater knee valgus and internal rotation on cutting limb (Quatman 2009)
● Consider using objective movement analysis in RTP progression

○ Tuck jump
○ Jump-landings
○ Jump-cutting
○ Single leg squat
○ Y-balance
○ Motion capture/force platforms (in an ideal world!)

● Add in external stimuli (visual, auditory, tactile) and COMPARE PERFORMANCE
● Incorporate into RTP protocols and monitor once athlete has fully RTS in an effort to reduce 

risk of LE injury
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New(er) Assessment/Progression Suggestions



C-Spine Strengthening

Smaller mean neck 
circumference, smaller mean 
neck to head circumference 

ratio, and weaker mean 
overall neck strength were 

significantly associated with 
concussion risk

(Collins et al 2014)



Specific to soccer…
Biomechanics of head and neck movement = head acceleration with 
heading the ball
● Evidence suggests that brain injury is associated with head 

acceleration

Symmetrical strength in neck flexors and extensors may reduce head 
acceleration of experienced collegiate players at low ball velocity
● Has not been studied in a younger population

A low flexion/extension ratio of <0.60 has been associated with a higher 
injury risk with a F/E closer to 1 being recommended for a number of 
contact sport athletes
(Gillies 2022)





REMINDER!
Research in its infancy, there is 

so much room for growth!
Get creative with your athletes!



Thank you!

Sarah Reinking, PT, DPT
Board-certified sports physical therapist
Children's Hospital Colorado PT Concussion Team Lead
Sarah.reinking@childrenscolorado.org

Virginia Winn, MSc, LAT, ATC
Athletic Trainer
Children’s Hospital Colorado- Outreach Associate Clinical Manager 
Virginia.Winn@Childrenscolorado.org
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Let’s Move: Practical Time 
● Complex gait assessment: obstacle course 
● SCAT6 dual task 
● Single leg Exercises

○ Squats 2 sets of 5 reps 
○ Balance without ball 
○ Balance with ball (color or number)

● Advanced cervical exercises
○ Plank rollout on balls 
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