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The CANCER of the knee



What is this about??



Objectives

 Appreciate the evolution of the treatment and 
management of ACL injuries

 Recognize the percentage of patients who return to pre-
injury level of activity

 Identify the factors that influence Return to Sport (RTS)

 Understand the psychological response to ACL-R 

 Understand the limitations of RTS research

 Apply what we know, and DO NOT know, to develop a 
comprehensive RTS program



First……



Where did we start?



Where are we now??



Who is Returning to Sport?

 48 studies with 5,770 participants w/ mean f/u of 41.5 months

 82% had returned to some kind of sports participation

 63% had returned to pre-injury level of sport

 44% had returned to competitive sport

Ardern et al. BJSM 2011



Who is Returning to Sport?

 69 articles reporting on 7,556 participants

 81% returned to any sport

 65% returned to pre-injury  level of sport

 55% returned to competitive level of sport

Contextual Factors

Younger age

Male gender

Playing elite sport

+ Psych. response

Ardern et al. BJSM 2014



Who is Returning to Sport?

Study No. of patients Study Design Sport % RTS Comments

Harris et al. 
(2013)

58 Case-control (III) NBA 86% (50) 12% (7) Returned 
to lower level

Daruwalla et al. 
(2014)

184 Case Series (IV) D-1 FB (ACC, 
SEC, PAC-12)

82% (151) Starters, 
Scholarship 
players, higher 
on depth chart 

Erickson et al. 
(2014)

36 Cohort (III) NHL 97% (35) 1 player returned 
to lower level

Zaffagnini et al. 
(2014)

21 Case Series (IV) Professional 
Soccer

95% (20) at 1-
year

62% (13) at same 
level at 4-years

Howard et al. 
(2016)

78 Descriptive (IV) D-1 Women’s 
Soccer (SEC)

85% (66) Years of eligibility
and scholarship 
status



Who is Returning to Sport?

Ellman et al., JAAOS 2015



Who is Returning to Sport?

 59 studies involving 5,365 patients

 73% had good objective results and satisfactory subjective 
results

 57% returned to same level of sport activity

Systematic review and Meta-analysis that included Level IV studies Level IV

Andriolo et al. 2015



Who is Returning to Sport?

 23 Studies overall involving 1,090 patients

 16 studies involving 543 patients: 84% returned to any level of activity

 15 studies involving 790 patients: 52% returned to pre-injury sport level

 4 studies involving 186 patients: 51% returned to high-level/competitive sport

 Level of Evidence: IV
Grassi et al. 2015



Who is Returning to Sport?

 Cohort study; Level of evidence, 2

Rate of Return to same sport at same level was:

 74% in High School and College athletes (62/84 and 43/58, 
respectively)

 62% of recreational athletes (73/117)
Shelbourne et al., 2014



Factors Affecting Return to Sport

More research being published identifying contextual and 

underlying factors that affect whether or not a person 
returns to the same, pre-injury level of sport or competition 



Factors Involved in RTS Decision

 Time

 Functional Testing/Strength
 Hop testing

 Isokinetic testing

 Other functional/balance tests

 Patient-reported knee function
 IKDC Form

 Lysholm Knee Score

 KOOS Score

 Psychological Readiness
 TSK-11

 ACL-RSI



AAOS CPGs for RTS



Return to Sport

Weak Evidence for association 

with return to sport

Czuppon et al., BJSM 2014



Return to Sport

Conflicting evidence for 

association with return to sport

Czuppon et al., BJSM 2014



What are we missing?

Surgical techniques have improved

Rehabilitation efforts have 

improved

Patient-reported knee function 

scores are weakly correlated with 

RTS status

Functional knee performance not 

always correlated with RTS status

……….



What are we missing?



Soap Box….

 Do our current RTS testing protocols assess true, multi-
directional athletic performance/maneuvers?

 I know Quad and Hamstring strength is important 
(isokinetic testing), but don’t they only control knee 
motion in one plane of motion????

 When planting and cutting is a known mechanism for 
NC-ACL injury, why are we so big on hop testing to 
determine RTS?

 When our focus on preventative interventions does not 
match our criteria for return to sport….there’s a problem



Why are these things important?

Incidence of  ACL injury following ACL-R 15 times greater than that 
of controls (Paterno et al., 2012)

 Females 4X more likely to suffer ACL graft rupture, 6X more likely to 
suffer contralateral ACL injury

29.5% of 78 patients who underwent ACL-R (Paterno et al., 2014) 
 Risk of second ACL injury 6 times greater in ACL-R group

 Twice as likely to suffer contralateral ACL injury

For patients under 20 s/p ACL-R, odds of suffering ipsilateral and 
contralateral ACL injury increased 6-, and 3-fold, respectively 
(Webster et al., 2014)



Why are these things important?

Patients <25 that returned to high-risk sports:

 Pooled rate of secondary injury was 23%

 Ipsilateral: 10%

 Contralateral: 12%

 30-40x greater risk of secondary ACL injury

Wiggins et al., 2016







What should we use????



Determining when to RTS

Is the knee like the brain???

Multifactorial??

Knee Scores + Psychological response + 

Good Rehab + Hop testing + Other 

functional tests???



Patient-reported Knee Scores

 IKDC-2000

 Developed in 1987

 One of the more widely used knee function scores

 US: Cincinnati or Noyes Knee Rating Scale

 Europe: Tegner Activity Level Scale and KOOS

 Lower Extremity Functional Score (LEFS)

PICK ONE OR TWO AND USE 

THEM!



RTS & Patient-reported knee scores

 Delaware-Oslo Cohort Study

 158 Level I/II athletes

 Tested 6 and 12 months post-op

 IKDC2000 Subjective Knee Score

 Isokinetic testing, 4 SL hop tests

 Single hop for distance, triple hop for distance, 6-m timed hop, cross-over hop for 
distance

 Criteria included LSI >90%



RTS & Patient-reported knee scores

At 6 months:

 52% (82) had “normal” knee scores

 47.6% (39) passed RTS criteria

 48% (76) had knee scores below “normal”

 91% (69) failed RTS criteria



RTS & Patient-reported knee scores

At 12 months:

 78% (110) had “normal” knee scores

 61.8% (68) passes RTS criteria

 22% (31) had knee scores below “normal”

 80.6% (25) failed RTS criteria

At 12 Months:
Low Sensitivity (37.3%), 
High Specificity (91.9%)



Still Important

 Document our efforts AND outcomes in rehab!

 Super short, easy forms to fill out

 Can certainly tell us who is likely not ready for RTS…..

 Not as good at determining who is truly ready……



Christino et al., JAAOS 2015



Psychological Factors

Everhart et al., 2015
Christino et al., 2015



Psychological Factors



Psychological Factors

1) Tampa Scale of Kinesiophobia

(TSK-11)

 Fear of re-injury  Activity 

avoidance

2) ACL-Return to Sports after Injury 
Scale (ACL-RSI)

 Self-efficacy/self-motivation



Functional Testing

Limb Symmetry Index (LSI)

 Single Hop for Distance

 Triple Hop for Distance

 Cross-over Triple Hop for Distance



Functional Testing

 19 male patients

 Mean time after ACL-R = 11 months

 All passed SL hop test with LSI >90%

 Fatigue Protocol  unilateral knee extension, 50% 1RM to 

exhaustion

68% (13/19) failed hop 
testing after 

exhaustion protocol



Additional Tests

 Y-Balance Test

 Vail Sport Test

 Landing Error Scoring System (LESS)



Screening Programs

Landing Error Scoring System (LESS)

 Valid and reliable (Padua et al., 2009)

 Intra- and inter-rater reliability good to excellent (Padua et al., 

2009, Onate et al., 2010)

 LESS scores higher in subjects s/p ACL-R (Bell et al., 2014)



Screening Programs

Landing Error Scoring System (LESS)…BUT…

Smith et al., 2012



Things to Consider

 Is an LSI of 90% sufficient????

 Fatigue protocol prior to functional testing??

 Jump-landing mechanics

 Landing Error Scoring System

 Motion Analysis?



Asymmetry at RTS

Ryan Mizner PT, PhD University of Montana

Growing body of evidence showing significant asymmetries in 

landing biomechanics at time of RTS following ACL-R (Paterno et 
al., 2011, Di Stasi et al., 2013, Delahunt et al., 2012, Webster et al., 
2014)

Asymmetries retrospectively predicted re-rupture or contra-
lateral ACL tear upon RTS (Paterno et al., 2010)

Asymmetries present even in those who have passed RTS testing 
(Di Stasi et al., 2013)



What Does Research Tell us We Should Use?

1) IKDC2000 and/or KOOS Patient-reported knee 

function

2) Lower Extremity Functional Scale

3) ACL-RSI and/or TSK-11

4) At the very least…..Single and Triple hop for 

distance, crossover triple hop w/ >90% LSI



What Do I Think We Should Use?

1) IKDC2000/KOOS Patient-reported knee function

2) Lower Extremity Functional Scale

3) ACL-RSI and/or TSK-11

4) >95% Limb Symmetry Index

5) Fatigue protocol prior to testing to RTS

6) Y-balance

7) LESS Screen

8) 3D Motion Analysis



Clinical Take-home Points

 Don’t use TIME as a RTS criteria

 Document Patient-reported knee function

 Evaluate fear of re-injury/psychological preparedness 
throughout rehabilitation

 Use objective, validated and reliable hop testing protocols

 Consider higher LSI (95%) and fatigue protocol for RTS testing

 Consider motion analysis in high-level athletes



Things to Consider….

Very limited evidence, and current 

evidence is of poor quality, to truly 

determine which treatment 

provides superior long-term 

outcomes



Resources

 Phil Plisky, PT, ATC, SCSC

 http://philplisky.com/

 https://www.move2perform.com/



Thank You!


