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Return to Play/Throwing Testing:  
Neurocognitive Testing:                                            

The Missing Rehab Component 
Kevin E. Wilk, PT, DPT,FAPTA 

1

Return to Play/Throwing Testing
Presentation Goals:

üWhy is it important
ü What is it !
ü Neurocognitive Testing
ü Examples at the UE 
ü What Am I Doing
ü Future – RTP Testing 
ü RTP a must - changing

Are They Ready to Play Safely & Effectively
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üWhat are the Best Tests?
üWhat tests are We Doing?
üRecommendations?
üWhy Test? 
üIsn’t Time Based Return Good 

Enough
üClinical Exam - Function

ACL Return to Play Criteria
Testing Protocols
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üWhat are the Best Tests?
üWhat tests are We Doing?
ü Research data?
üRecommendations?

ACL Return to Play Criteria
Testing Protocols
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Want to Reduce Re-Injury Rates
4 Things You 

Can Do ! 
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Reduce Re-Injury 
Rate by 84%

Strict Objective Criteria 
to Return to Sports

#1
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Grindem, Snyder-Mackler, Engebretsen,      
et al: BJSM ‘16

• Can we reduce re-injury rates in ACLR pts
• Delaware-Oslo ACL Cohort Study 
• 106 patients ACLR – 2yr FU
ü30% pts returning Level I sustained re-injury, 8% 

returning to a lower level  (4x higher reinj rate)
üEvery month delayed returned to sports until 

9mos – rate of re-injury was reduced 51%
üMore symmetrical quadriceps strength prior to 

return to sports sign. Reduced re-injury rate

#2

#3

#4
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2023

16

17 18

Cognitive Motor Reaction Tests (30 sec)

19

2020

RTP Articles:
Knee : 1988

Shoulder: 718

21



Wilk - Return to Play Testing & Criteria 2024

3

IJSPT 2023

Table 2a. Reference values for the number of hits and reaction time for the Reactive CKCUEST+ test comparing                 
baseball and softball players of all levels.        

Test 1: Reactive CKCUEST+ # of hits Reaction Time 

Baseball (n=106) R: 16.1; L: 15.6 R: 0.434; L: 0.447 

Softball (n=37) R: 15.5; L: 14.8 R: 0.478; L: 0.511 

R:right L:left 

Table 2b. Reference values for the number of hits and reaction time for the Reactive CKCUEST+ test comparing                 
the differences between high school and collegiate baseball and softball players.            

Test 1: Reactive CKCUEST+ # of hits Reaction Time 

High School Baseball (n=66) R: 15.9; L: 15.6 R: 0.435; L: 0.445 

High School Softball (n=7) R: 15.8; L: 15.1 R: 0.462; L: 0.495 

College Baseball (n=40) R: 17.5; L: 16.5 R: 0.394; L: 0.425 

College Softball (n=30) R: 15.7; L: 14.8 R: 0.466; L: 0.505 

R:right L:left 

Figure 2. Reactive Triangle CKCUEST+ test with the target lights (Blazepods). Pods are positioned 36 inches apart                
in length with the two on the same side being 12 inches apart. This test is completed twice bilaterally. Number of                      
taps, reaction time, and number of errors are recorded.          

Table 3a. Reference values for the number of hits, reaction time, and errors for the Reactive Triangle CKCUEST+                 
test comparing baseball and softball players of all levels.          

Test 2: Reactive Triangle CKCUEST+ # of hits Reaction Time Errors 

Baseball (n=106) R: 21.9; L: 22.3 R: .584; L: .558 R: 0.14; L: 0.04 

Softball (n=37) R: 21.6; L: 21.3 R: .597; L: .616 R: 0.04; L: 0.04 

R:right L:left 

• Four Blazepods positioned in a rectangle 36" in 
length and 12" in width with two on each side 

• Blazepods conWgured in a randomized pattern so that 
any of the four can illuminate with only one at a sin-
gle point in time 

• Lights are set to transition on a hit and with zero-
time delay between each 

• Both blue and red are set as the target colors which 
represents the color in which the single pod will illu-
minate 

Neurocognitive and Reactive Return to Play Testing Protocol in Overhead Athletes Following Upper Extrem…

International Journal of Sports Physical Therapy
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Return to Play Testing  & Criteria
• Overhead Athletes:
üSatisfactory Clinical Exam
üAppropriate ROM
üSatisfactory Muscle Strength (HHD)
üSpecific Testing:

üProne Plyoball Ball Drop (30sec)
ü90/90 Plyoball Wall Throws (30 sec)
üBaseball Throws into Rebounder
ü90/90 Plyoball Wall Throws w/ 

Neurocognitive 
üSingle Leg Step Down (30 sec)

23

Return to Play Testing  & Criteria
• Collision Athletes:
üClinical Exam
üSatisfactory ROM (Functional)
üMuscle Testing (HHD)
üSpecific Testing:

üSingle Arm Chest Press
üSingle Arm Rowing
üUE Step Over Box (20 sec)
üTarget Lights (4) Plank
üTarget Lights (Red-Blue) Plank
üProne Ball Drop Test (30 sec)
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Return to Play Testing  & Criteria
• Collision Athletes:
üClinical Exam
üSatisfactory ROM (Functional)
üMuscle Testing (HHD)
üSpecific Testing:

üSingle Arm Chest Press
üSingle Arm Rowing
üUE Step Over Box (20 sec)
üTarget Lights (4) Plank
üTarget Lights (Red-Blue) Plank
üProne Ball Drop Test (30 sec)

• Overhead Athletes:
üSatisfactory Clinical Exam
üAppropriate ROM
üSatisfactory Muscle Strength (HHD)
üSpecific Testing:

üProne Plyoball Ball Drop (30sec)
ü90/90 Plyoball Wall Throws (30 sec)
üBaseball Throws into Rebounder
ü90/90 Plyoball Wall Throws w/ 

Neurocognitive 
üSingle Leg Step Down (30 sec)
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Functional Testing for the UE in Athletes

Overhead Athletes Collision Athletes

26 28
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Shoulder Injuries & Proprioception
Deficits Occur Following Injury

• Following Glenohumeral Joint Injury
• GH Joint Dislocations
üProprioception Deficits Occur

    Lephart et al: JSES ‘94
     Zuckerman JSES ‘03

üOccurs alterations in CNS – feedback 
loop may be altered in some cases
      Warren et al: CORR ‘96
           Lephart et JSES ‘94
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Shitara et al: Med Sci Sports Ex ‘22
• Neuroplascity Caused by Shoulder 

Injury
• MRI Brain Scan – during shoulder 

PROM & Voluntary Muscle 
Contraction

• Subjects: RSI n=13,   Healthy n=12
üDifference in Brain Activity b/t grps
üAbnormal motor control & activation 

in RSI group

33

PROM

34

Vol Mus 
Contraction

35

36 37
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Rehabilitation in 2024 Has 
Significantly Changed !
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Functional Testing Overhead Athlete
Specific Tests

üRange of Motion
üManual Muscle Testing (HHD)
üSpecial Tests
üFunctional Tests

üBall Drop Testing
üBall Wall Dribble Testing
üThrows
üSingle Leg Squats

ü Reactive Neurocognitive 
Testing:
üTarget Light Testing
ü Series of 4 Tests
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Neurocognitive Testing
Four Throwers’ Series

üHigh Plank Triangle Reactive Blazepod
üHigh Plank  4 Blazepods ( Red- Blue)
üStanding 90/90 throws with contralateral 

target taps
üStanding 4 Blazepods (Red – Blue)
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What is NeuroCognitive 
Rehabilitation/Training?
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üTo be able to perform:
üContributes to several areas of sports performance:

üSkill & fine motor skills
üVisual Processing, Sequencing, Memory 
üDual tasking
üFocus on task – concentration
üCoordination  - Ability to recognize & react 
üCognitive Reactive Motor Response

What is NeuroCognitive 
Rehabilitation/Training?

Recognize, React, Move Efficiently, & Skillfully

55
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Neuroplasticity in Sports Medicine
Following Knee Injury - ACL

• Changes in Brain Function:
• Brain is rewired – reorganized
üRewired to function in some way  

that differs from how it       
previously functioned

üPositive changes – adaptations
üNegative changes - 
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Criteria to Return to Throwing
Clinical Exam

üPhysician Clinical Exam
üSatisfactory exam 
üSpecial tests
üShoulder Joint

ü  SLAP tests
ü  Rotator Cuff tests
ü  Laxity exam

üElbow Joint
ü  UCL testing
ü  Ulnar nerve testing
ü  …
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Criteria Return to Throwing
Shoulder Motion PROM

• Full Non-Painful ROM
• Shoulder TROM within 5° 

bilateral
• Horizontal adduction 40° >
• GIRD < 15°
• Elbow full non-painful ROM
• Wrist full non-painful ROM

   Wilk et al: CORR ‘12
   Wilk et al: AJSM ‘15
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The Thrower’s Shoulder
Range of Motion:  ER/IR
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Visual inspection Humeral Stabilization 

Scapular Stabilization 

61

J Sports Health ‘09 

62
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Wilk, Macrina, Porterfield et al: 2015
Pitchers Shoulder ROM (‘05-’15)

D              ND
• ER at 90° abduction:         131.1            125.1
• IR at 90° abduction              53.3             63.2
• Total Rotational ROM:      184.3           187.4
• Horizontal  adduction:         42.9             45.2
• ER Horz Adduction:            32.5             28.1
                  N= 1226
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N=369
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Thrower’s Shoulder ROM
PROM Assessment

Shoulder Flexion
Shoulder Horz Abd

68
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Criteria to RTP Thrower’s
Range of Motion Goals

üTROM within 5°
üHorizontal adduction 40°>
üGIRD < 20°
üElbow full ROM
üWrist full ROM
üNon-painful ROM

69

J Sports Health 2021
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Return to Throwing Criteria
Biodex -Isokinetics

• ER / IR ratios
ü72 - 76%

• ER / ABD ratios
ü68 - 73%

• Torque / BW ratios
üER  18 - 23%
üIR  26 - 32%

• Bilateral comparison
üER 95-100%; IR 115%
   Wilk et al: AJSM ’93
   Wilk et al: AJSM ‘95
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Return to Throwing Criteria
Muscular Strength - HHD

• ER / IR ratios
ü 66-72%

• ER / ABD ratios
ü68 - 73%

• Torque / BW ratios
üER  18 - 23%
üIR  26 - 32%

• Bilateral comparison
üER 95-100%; IR 115%
   

74
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75 78
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Scapular Strength Ratios
Wilk, Reinold, Hooks…Unpublished data ‘07

Pitchers Non-throwers
                                  D          ND                         D            ND 
  
  Elev / Depress      400%          480%                       520%          540%

 Retract / Protract     88%           71%                          78%            71%             
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Return to Throw Criteria
Ball Drop Test

üDynamic stabilization tests
ü Prone ball drops

ü 30 sec test
ü prone on plinth – No Holding On!
ü number of releases/catches
ü 3 trials – mean of 3 trials
ü compare Dom to Non Dom
ü score: %
ü Goal: 90%>
ü Expectation: 110%>
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Return to Throw Criteria
Functional Testing

ü Three years of Testing: (9/22)
ü Healthy Professional: 193
ü Healthy College: 82
ü Healthy High School: 141
ü Healthy Totals: 416

ü Patients: UCLr & Brace: 129

82



Wilk - Return to Play Testing & Criteria 2024

10

Return to Throw Criteria
Ball Drop Test (NT Side)
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Return to Play Criteria
Ball Drop Test (T Side)

84

Return to Throw Criteria
Ball Drop Test (T Side)

85

Reliability of UE Ball Drop Tests

IJSPT 2023
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Return to Throw Criteria
One Hand Ball Throws Against Wall

üBall Wall Throws
ü Baseball Style Throws

ü 2 Ib plyoball
ü baseball style throws
ü 30 sec duration
ü bilateral comparison
ü Successful Criteria:
ü no pain
ü proper mechanics
ü no change with fatigue
ü bilateral difference: depends level
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Return to Play Criteria
Appropriate Rehab Progression

üThrowing Activities:
ü painfree 1 hand 

throwing
ü 20 ft away
ü 1 Ib plyoball
ü 15 sec of throwing

90
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Return to Throw Criteria
Single Leg Squat

üSingle leg squat test
ü Floor or 8 in step – 30 sec

ü count reps on each leg w/I 30 s
ü bilateral comparison
ü assess depth
ü assess valgus/varus
ü assess lateral trunk movt.
ü assess trunk flexion
ü looking for symmetrical motion 

with no pain &/or dysfunction
ü 80-85% symmetry 
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Return to Play Criteria
Single Leg Squat

üSingle leg squat test
ü Floor

ü 30 sec test on each leg
ü assess technique & numbers
ü assess valgus/varus
ü assess lateral trunk movt.
ü assess trunk flexion
ü looking for symmetrical motion 

with no pain &/or dysfunction
ü ability to maintain balance & 

form for all reps
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Closed Kinetic Chain Upper Extremity 
Stability Test  - Davies
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Closed Kinetic Chain Upper Extremity Stability 
Test – Cognitive Motor – Color Specific

98
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101 102
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Core & Posterior Chain Stabilization 
with UE Neurocognitive Training

104
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Neurocognitive Testing of the Upper 
Extremity in Overhead Athletes

üCollege Baseball     40
üCollege Softball      16
üHigh School Bball   74
üHigh School Sball     7
üTotals                      137
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Test 1: Reactive CKCUEST 

Results by sport:

Results by level :

# of hits Reaction Time 

Baseball (n=83) R: 17.1; L: 16.4 R: .400; L: .419

Softball (n=23) R: 16.0; L: 15.2 R: .443; L: .483

# of hits Reaction Time 

High School Baseball 
(n=43)

R: 16.6; L: 16.3 R: .406; L: .412

High School Softball 
(n=7)

R: 15.8; L: 15.1 R: .462; L: .495

College Baseball (n=40) R: 17.5; L: 16.5 R: .394; L: .425

College Softball (n=16) R: 16.2; L: 15.2 R: .425; L: .473
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Test 2: Reactive Triangle CKCUEST 
Results by sport

Results by level 

# of hits Reaction Time Errors

Baseball (n=83) R: 23.8; L: 23.8 R: .575; L: .530 R: .08; L: .09

Softball (n=23) R: 21.1; L: 21.2 R: .633; L: .635 R: 0; L: .04

# of hits Reaction Time Errors 

High School 
Baseball (n=43)

R: 24.1; L: 24.1 R: .607; L: .513 R: .12; L: .07

High School 
Softball (n=7)

R: 21; L: 21.1 R: .589; L: .588 R: 0; L: .07

College Baseball 
(n=40)

R: 23.6; L: 23.5 R: .543; L: .548 R: .04; L: .11

College Softball 
(n=16)

R: 21.3; L: 21.3 R: .677; L: .682 R: 0; L: 0
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Test 3: Reactive Right vs. Left CKCUEST 

Results by sport

Results by level 

# of hits Reaction Time Errors

Baseball (n=83) 18.1 .711 .25

Softball (n=23) 14.8 .935 .12

# of hits Reaction Time Errors 

High School 
Baseball (n=43)

17.9 .727 .35

High School 
Softball (n=7)

13.9 1.031 .21

College Baseball 
(n=40)

18.2 .695 .15

College Softball 
(n=16)

15.7 .840 .03
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Test 4: Reactive 90/90 Wall Throws 
Results by sport

Results by level 

# of hits Reaction Time Errors

Baseball (n=83) R: 22.0; L: 22.6 R: .482; L: .550 R: .54; L: .41

Softball (n=23) R: 21.4; L: 19.5 R: .564; L: .628 R: .77; L: 1.15 

# of hits Reaction Time Errors 

High School 
Baseball (n=43)

R: 25.3; L: 24.8 R: .503; L: .491 R: .64; L: .25

High School 
Softball (n=7)

R: 21.8; L: 20.8 R: .607; L: .617 R: .17; L: .42

College Baseball 
(n=40)

R: 20.4; L: 21.5 R: .472; L: .579 R: .50; L: .49

College Softball 
(n=16)

R: 21; L: 18.3 R: .521; L: .640 R: 1.38; L: 1.9

110
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Neuroplasticity Following ACL Injury
• Rehab Implications:
üDual tasking
üBlindfolded
üEyes closed
üStroboscope glasses
üVisual elements
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•Δ in cross sectional area / tibial translation only modestly 
correlate with functional deficits

•Sensorimotor deficits appear bilaterally

•Deficits persist despite absence of pain, stiffness, 
   or effusion in knee

ü Reduced corticospinal excitability and 
sensorimotor function persist despite normalized 
H-reflex

Evidence of CNS Plasticity after Musculoskeletal Injury

H-reflex:  measure of stimulus from muscle to spinal cord and back to muscle

115
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Functional Testing Overhead Athlete
Specific Tests

üRange of Motion
üManual Muscle Testing (HHD)
üSpecial Tests
üFunctional Tests

üBall Drop Testing
üBall Wall Dribble Testing
üThrows
üSingle Leg Squats

ü Reactive Neurocognitive 
Testing:
üTarget Light Testing
ü Series of 4 Tests

121

Return to Play Criteria
Collision Athlete

188

• Clinical Examination
• ROM

» Passive ROM
» Active ROM

• Muscular Strength 
• Special Tests
• RTP Testing
• Rehab Progression
• Time from Surgery

Return to Play Criteria
Collision Athlete

189

RTP Shoulder Stabilization
Clinical Examination

• Range of Motion
» Necessary for sport/position
» Safe & painful

• Palpation
• Special tests

» Stability testing
» Labral tests (SLAP)
» Biceps tests

190
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Return to Play Criteria
Collision Athlete

üUnilateral Chest press
üInvolved v Uninvolved 
ü1 RM
ü50% BW – number of 

repetitions  
ü85-90% of uninvolved
ü Assess technique 
Pain Free, Technique, Weight

191

Return to Play Criteria
Collision Athlete

üCKCUEST (Davies)
üUE Stability Test
üTape 36” apart
ü15 sec test
üRecord # of touches
ü85-90%*
Goldbeck et al: J Spts Rehab  ’00
Roush et al: NAJSPT ‘07
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Return to Play Criteria
Collision Athlete

üUnilateral Prone Ball 
Drop Test

üInvolved vs Uninvolved 
ü2 Ib plyoball
ü30 sec test
üNumber of catches
ü90%> of UI side
üEndurance test*
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Return to Play Criteria
Collision Athlete

194

Return to Play Criteria
Collision Athlete

üUpper Quarter Y Balance Test
           Westerick  et al: IJSPT  ’12
                 Gorman et al: JSCR ’12
  - Quantity: 85-90%,  Quality Assessment: control

195

Return to Play Criteria
Collision Athlete

196
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Neurocognitive Testing & Training
Conclusions & Key Points:

ü Injuries may result in neuromuscular 
deficits – neuroplascity

ü Enhanced motor control can 
improve performance & reduce 
injuries

ü More to rehab than strengthening
ü Neuromuscular control -  Effort
ü Better Athletes

Are They Ready to Play Safely & Effectively

197

Thank You !!!
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