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Females are 6x more 
likely to tear their 

ACL than males

There are ~200,000 
ACL injuries annually

Copyright Notice: This presentation is protected by U.S. and International copyright laws.  Reproduction 
and distribution of the presentation without written permission of the presenters is prohibited.
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Game 
Plan

An Uphill Battle

Comprehensive RTS Testing: Leave No Stone Unturned 

What Should we Look For?

RTS Testing: Setting the Bar Too Low

Astronomical Expectations and Gross Misunderstandings

ACL Reconstruction: Not as Good as we Like to Believe
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ACL Reconstructions: 
Not as Good as We Like to Believe
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What Does this Look Like?
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Back to sport Back to performance

No subsequent tears Minimize long-term sequalae
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Lynch et al., 2015

NYSATA Virtual Conference
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Body, Function & Structure
Absence of knee effusion

Absence of knee giving way
Symmetrical quad & hamstring strength

Activity & Participation Restriction
PRO’s with clearly defined thresholds for 

success

Participation
Return to sport

NYSATA Virtual Conference
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Likelihood of 
Return to Sport

81% return to any sport 

65% return to preinjury   
level of sport

55% returned to competitive 
level after surgery

van Melick et al.,  2016
Arden et al., 2016

9

Northwest District: Mini-CSM2019 PPTA Annual Conference

RTS Likelihood

Men 1.4x more likely to return to 
preinjury sport level than women

BPTB 1.2x more likely than HS

Almost all professional athletes RTS

Arden et al.,  2016 

NYSATA Virtual Conference
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Likelihood of 
Returning to Sport

Only 38% remained 
at the same level   

>2 years after ACL-R

Arden et al., 2016
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Return to Sport Rates
Why So Abysmal?
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RTS Rates –
Why so 
Abysmal?

Lack of PT specialization 

Patient expectations

Fear/anxiety

Finances

Motivation

Insurance

End of season/career

At peace not returning
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What percentage of patients 
will go on to re-tear their 

ipsilateral or contralateral ACL?
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Re-Tear Rates

~1/3 of all patients will 
go on to re-tear 

Wiggins et al., 2016
Kaeding et al., 2015
Maletis et al., 2013

Borchers et al., 2009
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29.5% sustained 2nd ACL injury 

70% contralateral tear; 
30% ipsilateral

Females more likely to tear 
contralateral ACL than graft

Mean time to RTP: 215 days 
(7 months)

Repeat injuries occur within 20 
games or practice sessions of RTP

NYSATA Virtual Conference
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Astronomical Expectations 
and Gross Misunderstandings
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What’s at Stake?

Sport Participation
Health Care Costs

Scholarships
College and Professional Careers

NYSATA Virtual Conference
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Annual health care costs 
exceeding $625 million

Wiggens et al., 2016
Petushek e al., 2018

One ACL injury costs ~$38,000
including long-term costs

Financial Ramifications
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Let’s Ask Google

Most sources point to 6-12 months

Few sources referencing anything but time as a criteria
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Is this a realistic expectation?
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The System is 
Deeply Flawed

Are we setting realistic 
expectations for recovery?

How are we determining 
someone’s readiness for 

returning to sport?
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Return to Sport Testing:
Setting the Bar Too Low
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Rehab 
Protocols: 

Phase I
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Rehab 
Protocols: 

Phase I
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Rehab 
Protocols: 

Phase II
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Rehab 
Protocols: 
Phase III
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Rehab 
Protocols: 
Phase IV
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End-Stage Rehab:
What Happened 
to my Protocol?
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What is Considered 
Normative Practice?
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Selection 
Criteria

33
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Return to Sport Criteria & Associated ICF Classification

NYSATA Virtual Conference
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What Are We 
Looking At?

Thigh circumference: 1%

Ligamentous stability: 6%

Effusion: 10%

Contextual factors: 12%

Hop tests: 14%

Range of motion: 14%

Performance-based criteria: 20%

Strength tests: 41%
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What Are We 
Looking At?

Thigh circumference: 1%

Ligamentous stability: 6%

Effusion: 10%

Contextual factors: 12%

Hop tests: 14%

Range of motion: 14%

Performance-based criteria: 20%

Strength tests: 41%

Time: 85%

Time as sole criterion: 
42%

<6 months: 14%
6-9 months: 72%

9-12 months: 10%
>12 months: 3%
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Soak This 
Up, Please
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This is 
Astonishing & 

Absolutely 
Unacceptable
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Back to 
Normal 
Symmetry at 
9 Months?

• 156 male patients 9 months after ACL surgery
• 62 healthy participants
• 3D motion capture
• Double limb drop jump
• Single limb drop jump Single-leg hop for distance
• Planned and planned change of direction

King et al., 2019
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Double 
Legged 
Ground 

Reaction 
Force

NYSATA Virtual Conference

40



6/24/20

21

Northwest District: Mini-CSM2019 PPTA Annual Conference

Vertical 
Ground 

Reaction 
Force

During 90o

Cutting

NYSATA Virtual Conference
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Single Limb Jump Height Between 
Norm (left) and ACL (right)

NYSATA Virtual Conference
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“The days of rehabilitation and RTS 
progressions solely governed by time (eg, at 

3 months the athlete starts running, at 5 
months the athlete starts training and at 6 

months the athlete starts unrestricted sport) 
should be long behind us.

However, tempering aggressive 
rehabilitation and RTS progression to 

account for biology—healing of the ACL 
graft and recovery of neuromuscular 

function—is important because of the link 
between time since surgery and knee 

reinjury risk.”

Ciara Burgi, PT, DPT, SCS, FAAOMPT
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Hop Tests

44



6/24/20

23

Northwest District: Mini-CSM2019 PPTA Annual Conference

Is the Magic 
Number Really 
90%?

Evidence-based guidelines 
advocate for a test battery to 

evaluate quality and quantity of 
movement with a limb symmetry 

index (LSI) of at least 90%.

Burgi et al., 2019
Dingenen et al., 2017

Van Melick et al., 2016
Grindem et al., 2018
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Symmetry Not 
the Same as 
Quality

25% reduction in knee motion during takeoff
40% reduction in peak knee moment during takeoff
38% reduction in peak knee power during takeoff

18% reduction in knee motion during landing
43% reduction in peak power absorption

Orishimo et al., 2010

Everyone had a LSI of >93%.
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Wren et al., 2018

NYSATA Virtual Conference
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Wren et al., 2018

Both symmetric and 
asymmetric patients 

offloaded the operative 
knee.

Symmetric patients 
achieved symmetry, in 

part, by hopping a 
shorter distance on the 

contralateral side. 

NYSATA Virtual Conference
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What about Testing Battery?

Van Melick et al., 2015
Grindem et al., 2016
Kyritsis et al., 2016
Gokeler et al., 2017

Ebert et al., 2018

Strength

Hop tests

Time

???

NYSATA Virtual Conference
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RTS Testing: 
What Should we Look For?
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Why settle when 
the stakes and 

failure rates are 
so high?
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Return to Play Criteria: 
A Systematic Review of 90 Studies

An extensive test 
battery should be 
used to determine 
the return-to-play 
moment, but there 
are no tests or test 
batteries that have 

been tested for 
construct or 

predictive validity 
for return to play.

It is not clear which 
cut-off point of the 
LSI should be used 

for strength and 
hop tests.

Perform an 
extensive test 

battery for 
quantity and 

quality of 
movement. 

An LSI of >90% 
could be used as a 
cut-off point. For 
pivoting/contact 
sports, an LSI of 

100% is 
recommended.

Van Melicke et al., 2016

NYSATA Virtual Conference
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A Scoping 
Review on 
Return to Sport

“The multifactorial nature of RTS 
suggests that a group of tests measuring 
athlete-centred constructs, rather than a 

single test in isolation, can provide an 
important basis for practitioners and 

athletes when planning RTS. Clearly, one 
test will not provide enough information 

and, for this reason, should not be the 
sole deciding factor in an RTS risk 

assessment.”

Burgi et al., 2019
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A Scoping 
Review on 
Return to Sport

Five Recommendations

1. Use a group of tests
2. Choose open tasks over closed tasks
3. Include tests with reactive decision-

making elements
4. Assess psychological readiness to

return to sport
5. Monitor internal and external

workload

Burgi et al., 2019
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A Progressive Return to Sport

Returning to sport is not 
the flip of a switch
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Goal Performance Outcome

Success

Return to Sport Consensus

Ardern et al., 2016

NYSATA Virtual Conference
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Return to 
Sport 
Consensus

Return to 
Participation

Return to Sport

Return to 
Performance

Ardern et al., 2016
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STARRT
Framework

Shrier 2015
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How Long does it Take?

Ligamentization
Repopulation of proliferation cells

Re-vascularization
Re-innervation

Does this healing occur within common RTS timelines?

NYSATA Virtual Conference

59

Northwest District: Mini-CSM2019 PPTA Annual Conference

Graft Maturation

Same in humans as in animals

Occurs in humans over longer 
duration than observed in animals 

(longer remodeling phase)

Remodeling occurs around 12-24 
months

Hewett et al., 2018
Scheffler et al., 2008
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Graft Maturation

Revascularization

Assessed with MRI and 
transmission electron microscopy 

(TEM)

Closely resembled native ACL 
at 2 year follow up

Hewett et al., 2018
Scheffler et al., 2008
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Mechanoreceptors 
and Sensory 
Afferents

Hewett et al., 2018

Native sensory 
function lost 
with ACL tear
Not fully restored 

with ACLR

Compensation 
with extra-

articular 
sensation

Improvements up to 
24 months

Limited evidence 
that 

proprioceptive 
function can be 
fully restored to 
baseline levels

Limited evidence 
if current testing 

suggestive of 
adversely 

affected function
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Time is not in our favor 
Are there more considerations?
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Criterion & Time-Based Rehab:
They Go Hand-in-Hand
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What Do Athletes Need to 
Successfully Return to Sport?

65
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What Do Athletes 
Need to Successfully 

Return to Sport?

Foundational Movement

Jumping Mechanics

Strength

Power

Agility & Cutting

Psychological Readiness

NYSATA Virtual Conference
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What Do Athletes Need to 
Successfully Return to Sport?

How will I ensure the athlete is safe to test?Foundational Movement: 
“Ticket to Entry”

Are there standardized assessments?Jumping Mechanics

How good is my MMT anyway?Strength

Symmetrical?  Power

This is key, but how do I measure?Agility & Cutting

The body is ready, but is the brain?Psychological Readiness

NYSATA Virtual Conference
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How Will We Measure This?

Knee & ankle ROM, FMS, YBT, SLS“Ticket to Entry”

TJA, LESSJumping Mechanics

Isokinetic testingStrength

Hop testingPower

Trazer LAS, Flanker, Reactive Agility TestAgility & Cutting

ACL RSI, IKDCPsychological Readiness

NYSATA Virtual Conference

68



6/24/20

35

Northwest District: Mini-CSM2019 PPTA Annual Conference

Ticket to 
Entry

NYSATA Virtual Conference
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ROM

Open & Closed Chain

Hip Knee Ankle

NYSATA Virtual Conference
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Closed Chain Dorsiflexion

Abnormal
<35 degree TSA

<9-10cm toes to wall
Fong et al., 2011

Restricted dorsiflexion range of motion 
(ROM) is associated with greater knee 

valgus displacement during landing and 
squatting tasks.

NYSATA Virtual Conference
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Functional Movement: YBT

Cut Scores
4/6/6 cm 

or
M2P

NYSATA Virtual Conference
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Functional 
Movement 

Screen
Underlying assumptions

Concept
Target population

NYSATA Virtual Conference
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Functional Movement: FMS

Cut Scores
≥ 14 overall

No side to side discrepancies
No 1’s or 0’s

Kiesel et al., 2007
Chorba et al., 2010

NYSATA Virtual Conference
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Functional Movement: Single Leg Squat

Cut Scores

Valgus ≤5 degrees

NYSATA Virtual Conference
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Functional Movement: Single Leg Squat

Hall et al., 2015

NYSATA Virtual Conference
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Knee and ankle ROM, FMS, YBTTicket to Entry

TJA, LESSJumping Mechanics

Isokinetic testingStrength

Hop testingPower

Trazer LAS, Flanker, Reactive AgilityAgility & Cutting

ACL RSI, IKDCPsychological Readiness

NYSATA Virtual Conference
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10 seconds
10 errors (binary scoring)

Maximum effort
Reliability (inter/intra)

Functional Movement:
Tuck Jump Assessment

Dudley et al., 2013

78



6/24/20

40

Northwest District: Mini-CSM2019 PPTA Annual ConferenceNYSATA Virtual Conference

79

Northwest District: Mini-CSM2019 PPTA Annual Conference

Functional Movement: Tuck Jump Assessment

Cut Score
≤3 errors

NYSATA Virtual Conference
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Functional Movement: 
Landing Error Scoring System

Drop height: 30cm

Horizontal distance: 
50% body height

Jump for maximum vertical 
height after landing

Focus on initial landing and 
max knee flexion

Quantify the number of 
movement errors

Padua et al., 2010

NYSATA Virtual Conference
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Original 17 
item LESS
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Pre-Season LESS Scores Predict ACL Tears

Padua et al., 2010

NYSATA Virtual Conference
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Functional Movement:
Landing Error Scoring System

Cut Score
≤5 overall

Sensitivity:  86%
Specificity: 64%

Padua et al., 2015

NYSATA Virtual Conference
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Knee and ankle ROM, FMS, YBTTicket to Entry

TJA, LESSJumping Mechanics

Isokinetic testingStrength

Hop testingPower

Trazer LAS, Flanker, Reactive AgilityAgility & Cutting

ACL RSI, IKDCPsychological Readiness

NYSATA Virtual Conference
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Strength: Isokinetic Testing

Peak Torque: 
Flexion and Extension
90 deg/sec and 240 deg/sec

Time to Peak Torque: 
Flexion & Extension

90 deg/sec and 240 deg/sec

NYSATA Virtual Conference
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Knee and ankle ROM, FMS, YBTTicket to Entry

TJA, LESSJumping Mechanics

Isokinetic testingStrength

Hop testingPower

Trazer LAS, Flanker, Reactive AgilityAgility & Cutting

ACL RSI, IKDCPsychological Readiness

NYSATA Virtual Conference
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Cut Score
≥97% Limb Symmetry
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Power: Hop and Stop Test

NYSATA Virtual Conference
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Knee and ankle ROM, FMS, YBTTicket to Entry

TJA, LESSJumping Mechanics

Isokinetic testingStrength

Hop testingPower

Trazer LAS, Flanker, Reactive AgilityAgility & Cutting

ACL RSI, IKDCPsychological Readiness

NYSATA Virtual Conference
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Lateral 
Agility 
Screen

NYSATA Virtual Conference
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Flanker 
Test

> > < > >
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Trazer
Interpretation

Acceleration
Deceleration

Speed
Reaction Time

94



6/24/20

48

Northwest District: Mini-CSM2019 PPTA Annual Conference

Reactive Agility Test
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Reactive Agility 
Test

See rubric in handouts

Combination of speed and 
mechanics

NYSATA Virtual Conference

96



6/24/20

49

Northwest District: Mini-CSM2019 PPTA Annual Conference

Knee and ankle ROM, FMS, YBTTicket to Entry

TJA, LESSJumping Mechanics

Isokinetic testingStrength

Hop testingPower

Trazer LAS, Flanker, Reactive AgilityAgility & Cutting

ACL RSI, IKDCPsychological Readiness

NYSATA Virtual Conference
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Psychologic Readiness

Fear of reinjury and decreased confidence 
related to athletic ability or performing 

sport-specific tasks

Younger patients with lower psychological 
readiness are at higher risk for a second ACL 

injury after return to sport

Meierbachtol et al., 2018
McPherson et al., 2019
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Psychologic Readiness

ACL Return to Sport after Injury (ACL-RSI)

Knee Self-Efficacy Scale    (K-SES)

Injury Psychological Readiness to Return 
to Sport Scale

Tampa Scale of Kinesiophobia (TSK-11)

NYSATA Virtual Conference
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Is There More to the Story?
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Biggest Predictors of Injury

Previous ACL Tear

Modifiable Risk Factors

Non-modifiable risk factors

NYSATA Virtual Conference
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Non-
Modifiable 
Risk Factors

NYSATA Virtual Conference
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An Uphill Battle
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Going Against the Grain
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What Can You Support?

Knee & ankle ROM, FMS, YBT, SLS“Ticket to Entry”

TJA, LESSJumping Mechanics

Isokinetic testingStrength

Hop testingPower

Trazer LAS, Flanker, Reactive AgilityAgility & Cutting

ACL RSI, IKDCPsychological Readiness

NYSATA Virtual Conference

Consider partnerships with 
Universities and clinics

Stopwatch for RAT. 
T-Test, Illinois Agility & Pro

Agility Test for Trazer.
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Specialized RTS 
Testing Facilities

Leniency Bias 
Halo Effect

Objective test battery
Clinicians familiar with RTS 

testing

NYSATA Virtual Conference
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We Can’t Do 
This Alone Athlete

Physical 
Therapist

Athletic 
Trainer

PhysicianSport 
Coach

S&C 
Coach

NYSATA Virtual Conference
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There is No 
Way Around It

NYSATA Virtual Conference
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Please take 
this with 

you…

TAKE A HARD LOOK 
AT THE EVIDENCE, 

NOT TRADITION OR 
EMOTION

WHAT WE ARE 
DOING ISN’T 

WORKING

OUR GOAL ISN’T TO 
RETURN SOMEONE 

TO THEIR PRE-INJURY 
STATUS

RETURN TO SPORT 
TESTING MUST BE 

ROBUST AND 
MULTIFACTORIAL

MAKE IT HAPPEN OR 
SHIP EM’ OUT

IT TAKES A TEAM
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Don’t be a 
stranger

Jeff Tompkins
tompkins023@gmail.com

Casey Unverzagt
unverzagtcasey@gmail.com

Evan Andreyo
evanandreyo@gmail.com
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