
Badger Athletic Performance bap.ortho.wisc.edu

Evidence Based Post O perative Upper 
Extrem ity Testing for Inform ing RTS

Bailey Lanser, PT, DPT, SCS, LAT  

Jen Sanfilippo, M S, LAT



Badger Athletic Performance bap.ortho.wisc.edu

No Conflict

• The views expressed in these slides and the today’s 
discussion are mine

• M y views may not be the same as the views of my company’s 
clients or my colleagues

• Participants must use discretion when using the information 
contained in this presentation

Presenter O bjectives
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• Summarize the current literature surrounding upper extremity return to sport testing 
in athletes across a variety of populations.

• Develop return to sport testing battery for the upper extremity guided by patient 
population and equipment accessibility.

• Explain the interpretation of data obtained with return to sport testing and apply it to 
ongoing care plans and clinical progressions for athletes with upper extremity 
injuries. 

O bjectives
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Literature Review
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•Arm position during sport
• Above shoulder height
• Below shoulder height 
• Reverse chain 

•W ith or without throwing 

•Contact/collision or no 
collision 

Considerations for Shoulder Injury

Image from: Consensus Statement Created by The Swiss Sports Physio Organization 
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Risk Factors

• Non-modifiable
• Previous injury
• Position 
• Level of play  

• Modifiable
• Spikes in workload 
• Muscle imbalances 
• Decreased range of motion
• Psychosocial factors  
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PRO ’s Passive range of 
motion

Strength Function Plyometrics Core/Lower 
Extremity

Shoulder Instability 
Return to Sport 
Q uestionnaire 

Flexion PRO M  LSI Isometric HHD 
testing

Various medicine 
ball throws 

Force plate 
plyometric push up 
testing

Bunkie 

TSK-11 IR/ER TRO M  LSI Isokinetic testing Cable machine 
press/pull

O ne arm hop test SL step down 

W estern O ntario 
Shoulder Instability 
Index

ER at 0 Posterior chain or 
cuff endurance 

Force plate push up W all throws at 
90/90 

FM S LE screening 
options 

Kerlan-Jobe 
O rthopedic Clinical 
Shoulder and Elbow 
Score 

Horizontal 
adduction at 0 

Upper extremity Y-
balance testing

Flexed arm 
hang/modified pull 
up variations 

Q uick DASH UE closed kinetic 
chain stability test 

Athletic shoulder 
testing 
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• SIRSI: 
• Targets shoulder instability kinesiophobia, sports 

• 12 ?s

• TSK-11: 
• Targets more generalized kinesiophobia

• 11 ?s

• W estern O ntario Shoulder Instability Index
• Targets collision athletes 

• 21 ?s 

• Kerlan-Jobe O rthopaedicClinical Shoulder and Elbow 
Score 

• Targets shoulder and elbow, general 

• 19 ?s 

• Q uick DASH: 
• Targets full upper limb 

• 11 ?s 

Patient Reported O utcom e M easures  

PRO M ’s

Physical 
Health

M ental 
Health

Social 
Health

Daily 
Function
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Range of M otion  

(Wilk 2016)
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• Peak torque testing 
• Isometric HHD 

• Isokinetic 

• Endurance work
• Posterior chain endurance test 

• 2% of BW  

• External rotation at 0/90deg
• 5% BW  

• Cable push/pull test 
• 30% of BW  

• Closed chain testing 
• ASH

• UE CKCST 

• UE Y-Balance 

• Push up on force plate 

Strength
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• Force plate plyometric push up 
• O ne arm hop test 

• Norms in wrestlers and linemen 
• W all throws at 90/90 

Plyom etrics 
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• BUNKIE
• FM S lower screening 
options 

• Forward step down 
testing 

• DL 
countermovement 
jump

Core/lower extremity testing? 
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Are we adequately capturing “Function”?

• Patient reported 
outcome measures 

• RO M  
• Strength
• “Sports Function” 
• Impact/plyometric 
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Designing A Protocol 
Considerations for sport, injury type, and resources
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Literature Available 
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• Athletics / General Population
• Sport 

• Variety
• Task

• Sprint / Endurance
• Position
• Age

Differences Across Populations
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Return to play/competition/peak

• M onitoring with testing over time
pre-injury/
baseline

out of sling

limited functional

return to sport
after season



Badger Athletic Performance bap.ortho.wisc.edu

• O ur goals = surgical 
goals

• Testing time frame 
based off protocol

UW  Health Surgical Protocol 
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UW  Tim eline for Testing 

16 weeks

24 weeks or 
RTS

Shoulder 
instability RTS 
questionnaire 

Isokinetic 60 and 
180 d/s,  isometric 
endurance test 

Unilateral 
press/pull test 

Drop landing 
onto force plate

Flexion, 90/90 
IR/ER

Shoulder 
instability RTS 
questionnaire 

Isokinetic 60 and 
180 d/s, isometric 
endurance test 

Unilateral 
press/pull test 

Plyometric push 
up from force 

plate
Flexion, 90/90 

IR/ER

8 weeks 
Shoulder 

instability RTS 
questionnaire 

Isokinetic 60 d/s, 
isometric 
endurance

Normal push up on 
force plate, 

Unilateral press/pull 
test 

NoneFlexion, 90/90 
IR/ER

Time 
Frame

PROM Strength Function PlyometricROMPRO M Strength Function PlyometricRO M

Pre-Surgery None Uninvolved 
isometric None NoneFlexion, 90/90 

IR/ER
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M odifying w/Resource Availability 

Testing G oal High Tech Low Tech 

Strength
• Isokinetic testing
• Isometric fatigue testing

• Isometric testing w/HHD
• Posterior shoulder endurance 
test 

Function 
• Push/pull testing on Proteus 
• Push up on force plate

• Cable column push/pull 
fatigue test 

• UE CKC stability test 
• UE Y-balance test

Plyometric
• Plyopush up progression on 
force plate

• 1 arm, upper extremity hop test



Badger Athletic Performance bap.ortho.wisc.edu

Reproducibility and Consistency

1)Standardize testing 
2)Be consistent

(Holt 2016, Cools 2014, Lentini 2022, Coinceicao 2018)
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• Crossover between sports for baseline norms
• Team means    

Ceiling Effect 

Sport IR–ER RO M Flexion RO M

190o ± 26o 163o ± 41o

184o ± 30o 189o ± 20o

189o ± 20o 191o ± 12o
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• Posterior shoulder endurance testing 
• Quantifying shoulder “fatigue” 

M odifications to the testing series
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Interpreting The Data  
A quick case 
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• Time frame 
• Having realistic expectations 

• Surgical history
• Goal function level

• W hat is actually required for what 
they will return to

• Testing procedures 

W hat To Consider W hen Interpreting Results 

1 mo

2 mo

3 mo 4 mo

5 mo 6 mo
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Case Example 1
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Case Example 2 
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Patient’s pushing power symmetry has reached 100% compared to the opposite side, 
while pulling power symmetry is nearing 85%.  Pull to push ratio is currently 1.25.  
Focus on posterior chain strengthening may be warranted to improve pull symmetry.

Patient’s external rotation PT/BW is currently 13%, and internal rotation PT/BW is 
currently 18%.  Limb symmetry for internal rotation has reached 87% while external 
rotation limb symmetry lags behind at 82%. Progressive external rotation 
strengthening may be warranted to reach symmetry and PT/BW normative values.

Patient presents with resolving internal and external rotation strength deficits, but 
continues to score slightly below normative values for both IR and ER when 
normalized for body weight.  Patient has resolved power deficits with concentric phase 
of push up testing, but offloads when landing, indicating further impact work may be 
beneficial. Patient also has a lower SIRSI score than average at this time point and 
that may warrant further follow up.

Patient offloads injured arm by 15% during force absorption phase of the push up.  Peak power during the 
concentric phase shows 95% symmetry. 

Patient uninvolved shoulder range of motion is 9 deg greater than the involved shoulder.   This meets goal 
values for symmetry at this time.   

Patient SIRSI score is 45%.  This is slightly below goal values at this time point.

Meets 
Expectations 

Area of 
Continued 
Emphasis

Area of continued 
emphasis 

Area of 
continued 
emphasis 

Meets 
expectations
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Plan of Care M odifications

• W ork on any underlying deficits to promote confidence
• Consider a referral to sports psychology if kinesiophobiapersists  

SIRSI 
Q uestionnaire

• Slow tempo, heavy loads 
• 8-12 rep max, 60sec/set Strength

• M edium tempo, mix of loads
• High reps and sets
• Push to fatigue point with each exercise

Fatigue 

• Consider adding more closed chain work to the program
• Proprioceptive work in closed chain may also be warranted 
• Use of feedback for symmetry with closed chain tasks 

Push up 

• Add more impact into your sessions
• M ix of O KC and CKC plyometric progressionsPlyometric
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Establishing Norm ative Values
Healthy and injured cohorts 
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• W hat is success? 
• ADLs
• Return to sport 
• Reinjury risk reduction  

• Goals for specific time points 
through recovery

• Goals for specific sport/function
• W hat’s “normal” for your 
population? 

Norm ative For W hat?
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• What is success? 
• Return to sport 

• Goals for specific time points through recovery
• 8, 16, 24 weeks post op

• Goals for specific sport/function
• Team dependent

• What’s “normal” for your population? 
• D1 collegiate athletes

O ur Goals 
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Goal Values

R
an
g
e 
O
f 
M
o
ti
o
n • Symmetry:

• Flexion: 5o

• IR: 15o

• ER: 10o

• Total ER-IR range: 
10o

•Raw Values: 
•Cross body add 
>40 deg on D

S
tr
en
g
th • Symmetry

• IR/ER:
•D: 110%
•ND: 90%

•PT/ body weight: 
• M ales:
•ER:13% IR:22%

•Females:
•ER:9% IR:15%

P
ly
o
m
et
ric
s • Symmetry:

•Plyometric push 
ups:
•Peak power 90%
•Peak braking 
force 90% 

•1 arm hop test:
•90% reps 

•90/90 ball on wall: 
• 112% 

F
un
ct
io
na
l 

• Symmetry:
• Push/pull
•90%

•M ed ball throws
•D: 110%

•ND: 90%

ER = External Rotation; IR = Internal Rotation; D= Dominant; ND = Non‐Dominant 
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Case Example 2 

Considerations: 

1)How does this change 
your rehab moving 
forward? 

2)Is this athlete ready to be 
completely cleared for 
full activity?  

3)Is this athlete ready to 
begin throwing?
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PAIN RO M  STRENG TH PLYO M ETRICS*
0/10 shoulder or elbow 
pain 

Flexion >160 deg Posterior shoulder 
endurance test 25 reps 

Double hand chest pass

Horizontal adduction 
>40deg 

ER/IR isometrically within 
10% of nondominant side 

Double hand overhead 
throw 

ER 90/90 > non throwing 
side ER 90/90 

Double hand forward 
chops 

IR 90/90 >40 deg Double hand dominant 
side chops 

Total arc of motion 
>160deg

Single arm 90/90 ½ 
kneeling
Single arm standing throw 
into plyoback

Return To Throw Considerations

*Performed with no pain and appropriate mechanics 

(Sgroi, 2022)
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• O bjective shoulder testing should encompass elements of patient reported 
outcome measures, RO M , strength, plyometrics, and lower extremity function 

• Testing results should be compared utilizing limb symmetry, strength/BW , and 
comparison to healthy normative values when available 

• Testing should be performed with consistent methodology and at consistent time 
points to ensure best accuracy of interpretations

Take Hom e Points 



Badger Athletic Performance bap.ortho.wisc.edu

• Sgroi, Terrance, et al. "Paper 11: Utility of O bjective Testing for Initiation of a Throwing Program Following Shoulder and Elbow Surgery in Competitive Baseball Players."O rthopaedicJournal of 
Sports M edicine10.7_suppl5 (2022): 2325967121S00575.

• Holt, K. L., et al. "Hand-held dynamometry strength measures for internal and external rotation demonstrate superior reliability, lower minimal detectable change and higher correlation to isokinetic 
dynamometry than externally-fixed dynamometry of the shoulder."Physical Therapy in Sport21 (2016): 75-81.

• Cools, Ann M ., et al. "M easuring shoulder external and internal rotation strength and range of motion: comprehensive intra-raterand inter-rater reliability study of several testing protocols."Journal 
of shoulder and elbow surgery23.10 (2014): 1454-1461.

• Lentini, Zach, and M adison M adi Franek. "O bjective Strength Assessment for the Everyday Clinician, Part.“

• Coinceicao, A., et al. "Assessment of isometric strength of the shoulder rotators in swimmers using a handheld dynamometer: a reliability study."Acta of bioengineering and biomechanics20.4 (2018): 
113-119.

• O tley, Thomas, et al. "Return to Sport After Shoulder Stabilization Procedures: A Criteria-Based Testing Continuum to G uide Rehabilitation and Inform Return-to-Play Decision 
M aking."Arthroscopy, sports medicine, and rehabilitation4.1 (2022): e237-e246.

• Evans, Neil A., et al. "Reproducibility and discriminant validity of the Posterior Shoulder Endurance Test in healthy and painful populations."Physical Therapy in Sport47 (2021): 66-71.

• W ilk, Kevin E., et al. "Return to sport participation criteria following shoulder injury: A clinical commentary."International journal of sports physical therapy15.4 (2020): 624.

• Decleve, Ph, et al. "The “upper limb rotation test”: reliability and validity study of a new upper extremity physical performance test."Physical therapy in sport42 (2020): 118-123.

• Tarara, Daniel T., et al. "Clinician-friendly physical performance tests in athletes part 3: a systematic review of measurement properties and correlations to injury for tests in the upper 
extremity."British journal of sports medicine50.9 (2016): 545-551.

• Taylor, Jeffrey B., et al. "Upper-extremity physical-performance tests in college athletes."Journal of Sport Rehabilitation25.2 (2016): 146-154.

• Fanning, Edel, et al. "Biomechanical upper-extremity performance tests and isokinetic shoulder strength in collision and contact athletes."Journal of Sports Sciences39.16 (2021): 1873-1881.

• Ashworth, Ben, et al. "The Athletic Shoulder (ASH) test: reliability of a novel upper body isometric strength test in elite rugby players."BM J open sport & exercise medicine4.1 (2018): e000365.

• Decleve, Philippe, et al. "The self-assessment corner for shoulder strength: reliability, validity, and correlations with upper extremity physical performance tests."Journal of athletic training55.4 (2020): 
350-358.

References



Badger Athletic Performance bap.ortho.wisc.edu

• W ilson, Kevin W ., et al. "Return to sport testing at 6 months after arthroscopic shoulder stabilization reveals residual strength and functional deficits."Journal of shoulder and elbow surgery29.7 
(2020): S107-S114.

• Juré, Dimitri, et al. "The S-STARTS Test: Validation of a Composite Test for the Assessment of Readiness to Return to Sport After Shoulder Stabilization Surgery."Sports Health(2021): 
19417381211004107.

• O lds, M argie, et al. "Reliability of a shoulder arm return to sport test battery."Physical therapy in sport39 (2019): 16-22.

• Saccol, M ichele Forgiarini, et al. "Shoulder Strength and Upper Body Field Performance Tests in Young Female Handball and Volleyball Athletes: Are There Differences Between Sports?."Journal 
of Sport Rehabilitation1.aop (2021): 1-8.

• Pontillo, M arisa, Brian J. Sennett, and Eric Bellm. "USE O F AN UPPER EXTREM ITY FUNCTIO NAL TESTING  ALG O RITHM  TO  DETERM INE RETURN TO  PLAY READINESS IN 
CO LLEG IATE FO O TBALL PLAYERS: A CASE SERIES."International Journal of Sports Physical Therapy15.6 (2020): 1141.

• Cools, Ann M ., et al. "The challenge of the sporting shoulder: From injury prevention through sport-specific rehabilitation toward return to play."Annals of Physical and Rehabilitation M edicine64.4 
(2021): 101384.

• M eierbachtol, Adam, et al. "Psychological and functional readiness for sport following advanced group training in patients with anterior cruciate ligament reconstruction."Journal of O rthopaedic& 
Sports Physical Therapy48.11 (2018): 864-872.

• Hurley ET, Davey M S, M ojica ES, M ontgomery C, G aafarM , JazrawiLM , M ullettH, PauzenbergerL. Analysis of patients unable to return to play following arthroscopic Bankart repair. Surgeon. 
2021 Aug 5:S1479-666X(21)00124-4. doi: 10.1016/j.surge.2021.06.005. Epubahead of print. PM ID: 34366225.

• SeoD Kim E Fahs CA, et al.Reliability of the one-repetition maximum test based on muscle group and gender.J Sports Sci M ed.2012;11(2): 221-225

• Asano, Ricardo Yukio, et al. "American College Sports M edicine Strength Training and Responses in Beginners."Journal of Exercise Physiology O nline15.5 (2012).

• Szmanski, DI. J Strength Cond Res 24(11): 2933-2943, 2010.

References



Badger Athletic Performance bap.ortho.wisc.edu

Contact Information: 

• Jen Sanfilippo
• Email: JS1@athletics.wisc.edu
• Twitter: @UW BadgerAP

• Bailey Lanser
• Email: bll@athletics.wisc.edu
• Twitter: @LanserBailey

Thank you!

The authors would like to acknowledge the Sports M edicine 
staff at the University of W isconsin-M adison Division of 

Intercollegiate Athletics for their commitment to the welfare 
of the student-athletes and contributions to the Badger 

Athletic Performance program.


