"When Can I Play Again?":
Measures to Improve Return
to Sport Decision Making



Disclosures

I have no financial disclosures to make regarding this
presentation.

I am an employee of the University of Illinois Department of
Intercollegiate Athletics.

Content in this talk is collected and given on my own professional
and personal views around this topic.



WHY THIS TALK?



OBJECTIVES

1) Appraise current literature regarding varying degrees of return to sport
(RTS) criteria and testing procedures.

2) ldentify inconsistencies in clinical practice patterns of RTS testing
compared to current evidence.

3) Describe various methods of quadriceps testing and its importance to
recovery post ACLR.

4) Identify limitations of hop testing and LSI calculation for RTS testing.

5) Describe how psychological testing (ACL-RSI, TSK-11) can adjunct rehab
progression and RTS decision making.

6) Briefly describe use of UE RTS testing methods and directions for
iImprovement.



Ultimate Goal in RTP???



What is Return to Play?



StARRT Framework



Let’s Start at the Scope...

250,000 — 300,000/yr

ACL Reconstruction (ACLR) [90%]

Those younger, returning to Level I sports, female

Griffin et al 2006, Linko et al 2005, Filbay et al 2014, Frobell et al 2013, Paterno et al 2014, Hurd et al 2008



Cost of ACLR

$7.6—17.7
2 act, weriscus, post v BEHO N /Y T |

Mather et al 2013, Grooms et al 2015



Risk of Injury and RTS

Montalvo et al 2019

Ardern et al 2011, 2014

44-55%



What about 2" ACL Injury?

15x GREATER Risk

16X

4x

6x more likely to injure CONTRALATERL knee!



More Info on 2" Injury

Wiggins 2016 - Risk Secondary Injury after ACLR

UNINJURED

Kyristis 2016 - Likelihood of ACL graft rupture (meeting 6 criteria)
26 re-rupture (16%)

19 hams, 7BTB

Paterno 2014 - Incidence of Second ACL 2 yrs post ACLR
* 5X
* 30% 20% contra; 10% ipsilat
2X



But if we meet RTP testing = ALL OK?
Losciale 2019 - Meeting RTP crlterlaacvacznury

qwre



Just Abandon RTS Testing?

Excluded (2) Articles
- Sousa et al & Wellsandt et al

** These studies looking at different questions,
methodological/clinical variation and bias

Conclusions: Athletes who pass RTP

1) Lower risk ANY knee re-injury

2) Lower risk any 2" ACL injury

3) Lower risk of ACL graft rupture

4) Contralateral injury risk = unknown (insufficient data)




WHAT DO I DO NOW???




So what DO Clinicians use for RTP?

42%

41%

14%
20%

10%

Burgi et al 2019



Rehab Practice Patterns

Barber-Westin et al 2011

Greenberg et al 2018



Survey of PTs

Greenberg et al 2018



Greenberg et al 2018



Greenberg et al 2018



What SHOULD we be using for RTP Testing?

Hartigan et al 2010

Barber-Westin, Noyes 2011

less than 10% deficit quadriceps and hamstring
15% deficit in lower limb symmetry

Less than 3 mm
Greater than 60%



What SHOULD we be using for RTP Testing?
Davies et al 2017



RTS Testing Criteria

Burgi et al 2019

General Criteria Pool
> Basic Measures
» Impairments:

> Activities:
> Performance:
» Patient Report:






Let's Go Back

Grindem et al 2016
RTS Level 1

Quadriceps Strength Symmetry



Grindem et al 2016

BUT you said.....

Nobody will pass the RTP for Quad Strength!!!

REHAB, REHAB, REHAB



RTS Components

** Pre-entry Components >> Basic Measurements
(continue to monitor)



Basic Measurements

no Effusion to 1+

KT Arth, Lachman



RTS Components

** Pre-entry Components >> Basic Measurements (continue to monitor)

1)Thigh Strength/Force Development

2) Neuromuscular Control

3) Hop Testing

4) Lower Extremity Functional Testing (LEFT)

5) Sport Specific

6) Patient Reported Outcomes/Kinesiophobia/Confidence




Do we NEED Quad Strength measures?

HERE HERE

HERE HERE






Isokinetics — Gold Standard

Wilk et al 1994
(>85%)

(+) Correlation

(+) Correlation



Isokinetics and Hop Tests



Isokinetics and RTP

Undheim et al 2015

Exactly WHY we are discussing! Helpful but HOW?



I Can Just Use MMT!

Ellenbecker 1996
- 11-28% range difference!!!
ON SMALL MUSCLES!




What about Squat Testing?

At 3 months, individuals relied more heavily on a
between-limb compensation, shifting weight to the other

limb while also shifting the demand to the hip extensors
within the surgical limb.

By 5 months post ACLR, decreased knee extensor
moments in the surgical limb were primarily driven by an
intralimb shift to the hip extensors.




Isokinetic Dynamometers:
These things are expensive!

https://m.biodex.com/clinic-
search

Lesnak et al 2019



Hand-Held Dynamometry

Stark et al 2011



HHD and 1 RM - Analogs

OVERESTIMATE

**Caution with HHD position

Hansen et al 2015
https://physiopraxis.co/testing-knee-extension-torque/



Quad Strength Symmetry & Pt Reported Outcomes

Logerstedt et al 2013

Di Stasi et al 2013

Lepley, Palmieri-Smith 2015
Grindem et al 2016

Piussi et al 2020



SL Squat and Patient Outcomes

Culvenor et al 2015

>22 SL sit to stand from chair = better
outcomes on KOOS

**0Only noted functional predictor




Other Considerations

Isokinetic/Isometric Testing
RFD

Peak Torque ~3,000 articles
H:Q ratio, Angle specific torque

2.5 to 3 N/m X kg BW (Risterg et al 2018, Kuenze et al 2015, Harbo et al 2012

Kline et al 2015



RTS Components

** Pre-entry Components >> Basic Measurements (continue to monitor)

1) Thigh Strength/Force Development

2)Neuromuscular Control

3) Hop Testing

4) Lower Extremity Functional Testing (LEFT)

5) Sport Specific

6) Patient Reported Outcomes/Kinesiophobia/Confidence




Neuromuscular Control

Push for examining Dynamic Knee Valgus

CAPACITY 15t



ACL Injury Mechanism

Koga et al 2010
- ACL Injury around 40ms after
Initial contact (IC) with ground

Myer et al 2011

- Females with increased Knee Abduction Moment (KAM) and
decreased knee flexion ROM = increased risk ACL injury




ACL Injury Prevention Programs

Carraffa et al 1996



Fitzgerald et al 2000

Non-Operative ACL



Neuroplasticity

Cortico-cerebellar Pathway

(correct sensory errors)
1 deg proprio loss = potential injury

Depressed Cortical Motor Excitement

SHIFT
Proprio >> Visual




Cognitive Loading



Prevention/Neuromuscular Training

Benjaminse et al 2015

Paterno et al 2004, Johnson et al 2018
Nagai et al 2018



NM Control Assessment: Recommended and
Alternative

Paterno et al 2004 and Davies et al 2017



Tuck Jump Assessment

Arundale et al 2020
Original and Modified 0,1,2 scoring; Interrater Reliability



Tuck Jump Assessment



Landing Error Scoring System (LESS)

Padua et al 2009 & Smith et al 2012

Padua

Smith

Score = <5
"High Risk”




Drop Vertical Jump (DV])



Y Balance

less than 4cm

prior to jumping

greater than 4 cm were 2.5 times more
likely to sustain a lower extremity injury (P<.05
less than 94.0%
6.5 times more likely to have a
lower extremity injury (P<.05)



Overview: NM Control

It is all information you put together to
make a Clinical Decision



RTS Components

** Pre-entry Components >> Basic Measurements (continue to monitor)

1) Thigh Strength/Force Development
2) Neuromuscular Control

3)Hop Testing

4) Lower Extremity Functional Testing (LEFT)

5) Sport Specific

6) Patient Reported Outcomes/Kinesiophobia/Confidence




Original Development

Noyes et al 1991

- 4 Hop Tests developed for function
after ACL injury and ACLR

Recently, Hop tests have been used increasingly as a sole
predictor of function




Hop Tests: Predictors of Function ACLR

Logerstedt et al 2012
N = 120 patients performing 4 sagittal plane hop tests

85 performed hop tests 6 mo post, 68 normal self report knee
function @ 1 year (6 m timed, Cross over hop)

Gustavsson et al 2006
 High discriminative ability
* 1/10 passed at 6 mo ACLR




Not Just Sagittal Plane

Dingenen et al 2019
 Concentration around multiple planes of hop testing

« More information on stability and control with various force
vectors




However....

Recent studies over last 2 years bring discussion
on OVERESTIMATION of function with hop
Limb Symmetry Index (LSI)




Hop Tests: Confounding Factors

Davies et al 2017

Fatigued vs non-fatigued



RTS Components

4) Lower Extremity Functional Testing
(LEFT)



Lower Extremity Functional Test (LEFT)

6-fold increase



RTS Components

** Pre-entry Components >> Basic Measurements (continue to monitor)

1) Thigh Strength/Force Development

2) Neuromuscular Control

3) Hop Testing

4) Lower Extremity Functional Testing (LEFT)

5) Sport Specific

6) Patient Reported Outcomes/Kinesiophobia/Confidence




What about...Return to Run

Criteria for return to run begin

Plyo progression and foot contacts
SL quad strength to blunt force




Let’s Think Where Our Athlete is at



Sport Specific

Bizzini et al 2012, Kokmeyer et al 2012, Waters et al 2012



ASPETAR — Taberner et al



RTS Components

6) Patient Reported
Outcomes/Kinesiophobia/Confidence



Subjective Outcome Measures

Knee Function:

Kinesiophobia:
(Paterno 2018)

>17 = 4x decreased function
>19 = 13x more likely 2" injury

Sport Confidence:

62/75 — full, 60 — short) 42 no RTP

https://www.orthotoolkit.com/ Meierbachtol JOSPT 2018, Webster OJSM 2018



Putting it all together

O

DON'T FORGET!

Prevention/Risk Reduction
Programs

50% to 67% Female
noncontact!




Connect the Dots

Buckthorpe and Roi 2018



Aversion to Knee
Extension Loading!

Henning et al 1985 = increase shear OKC



Escamilla et al 2012

You can do Knee Extensions!!!

Ability starting with SLR + STIM!



Quad Deficiency and NMES

**If you are worried can lock for isometric @ 60 deg to start
(Optimal Quadriceps L-T curve)



New Trends around ACL and ACLR



New Trends Cont'd



My Jump?2: SL Vertical Hop








http://news.meyerpt.com/physical-therapists/viperform-knee-module/

UE RTS Testing

Byram et al

Subjective

https://johnsnyderdpt.com/for-clinicians/functional-testing/



Take Home Message



1) Respect Biology

>9 Mo over 18

>12 Mo under 18

**Strength, NM, Sensory and Mechanoreceptor adaptation




2) Quad strength, Quad Strength,
QUAD STRENGTH!



3) Incorporate serial monitoring

**These allow you to track progress vs end stage testing

Diekfuss JA, Grooms DR, Foss KB, et al. 2019



4) Use Functional Testing

- Pro Agility (5-10-5)
- T test
- 3 cone drill



5) Incorporate Sport Specific
drills/prep/test

JOSPT

CONTINUE WITH RISK REDUCTION PROGRAMS!



6) Subjective Outcome Measures

IKDC, KOS, Cincinnati Knee Score
TSK-11

ACL-RSI



Wrap Up and Take Home

1) Respect Biology (at least >9 mo over 18, >12 if under)
2) Quad strength, Quad Strength, QUAD STRENGTH!

3) Incorporate serial monitoring of
- Quad Strength, Neuromuscular control, Hop Testing

4) Use functional tests WITH monitoring of previous testing
5) Incorporation of Sport specific drills/prep/test
6) Adjunct objective testing with Subjective Outcome Measures!




OBJECTIVES

1) Appraise current literature regarding varying degrees of return to sport
(RTS) criteria and testing procedures.

2) ldentify inconsistencies in clinical practice patterns of RTS testing
compared to current evidence.

3) Describe various methods of quadriceps testing and its importance to
recovery post ACLR.

4) Identify limitations of hop testing and LSI calculation for RTS testing.

5) Describe how psychological testing (ACL-RSI, TSK-11) can adjunct rehab
progression and RTS decision making.

6) Briefly describe use of UE RTS testing methods and directions for
iImprovement.



THANK YOU!

QUESTIONS?

Email: wsanks@gmail.com
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