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ACL reconstruction Gradual periodized return to sport

Preoperative 
rehabilitation

Criterion-based  
postoperative rehabilitation

Follow-up

        
          Shared decision-makingReturn to sport testing

ACL injury

1. Education and mental preparation 
2. Achieve full knee extension  
3. Pre-op strength deficit quad < 20% 
4. normal gait pattern  
5. no-minimal swelling 

ACL reconstruction Gradual periodized return to sport

Preoperative 
rehabilitation

Criterion-based  
postoperative rehabilitation

Follow-up

        
          Shared decision-makingReturn to sport testing

ACL injury



Goals  
1. Minimal effusion  
2. Achieve full knee extension  
3. Quadriceps control  
4. "normal"gait pattern 

Phase 1  
Early post-operative 

2017 Recommendation  

B  

Clinicians should use cryotherapy immediately  
after ACL reconstruction to  
reduce postoperative knee pain.  

2017 Recommendation  

A  

Neuromuscular electrical stimulation 
should be used for 6 to 8 weeks  



criteria 
1. Closed wound by week 1  
2. No pain with phase 1 exercises 
3. Minimal swelling 
4. Normal mobility PFJ 
5. Full passive knee extension  
6. 120-130 knee flexion 
7. voluntary control of the quadriceps;  
8. active dynamic gait pattern without 

crutches; 
9. satisfactory qualitative performance of 

phase 1 exercises.  

Phase 2 Early post-operative 

jumping

RTP

Gait

Squat





Asymmetry 1 month

6 months

Evidence Update  

II  
systematic review by Gokeler et al37  

The evidence from this review indicates that 
neuromuscular training incorporating  
motor learning principles should be added  
to strength training to optimize patient 
outcomes.  



TRAIN/Motor learning
Should reflect 
elements  patient 
needs in ADL, 
work and/or 
sports 

RETENTION
Schedule patient 
for follow-up 
exam to 
dertermine if 
effects are 
sustained

PLAN
1. Start with 
clinical 
exam incl. 
movement 
analysis 
2. Develop 
plan 
together 
with patient

RE-CHECK
Repeat  Clinical 
exam +. assess 
movement again. 
Adjust training as 
needed. Continu 
as outlined in 
plan until goals 
are met. 

Rehabilitation

Context 

PT

Athlete
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Optimizing Performance Through Intrinsic 

Motivation and Attention for Learning

attentional focus

"Arm shoulder height 

Flex elbow  

wrist towards nose” 

 

“Try to hit Bulls Eye” 

internal 
focus 

external 
focus 

external 
focus 

Attentional focus 

Internal 
focus 



automatic 

efficiency  

Force 
speed 

Neuromuscular 
control 



Internal 
focus 

External 
focus 

results knee flexion  
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Peak flexion

results knee flexion angle  

*

*

*





6 months 
Dominant Leg Non-Dominant Leg

Peak Torque Quadriceps 60 °/sec (Nm) Injured Leg 0.816 0.254
Non-Injured Leg <0.001* <0.001*



criteria 
1. satisfactory qualitative performance of 

phase 2 exercises 
2. no feeling of giving way in previous phases 

or a negative pivot-shift  
3. LSI > 80% for quadriceps and hamstring 

strength 
4. LSI > 80% for a hop test battery 
5. IKDC Subjective Knee Form > 70  

Phase 3  
return to sports 

RT 
Activity 

RT 
Sports 

RT 
Performance 

- Leistung 
- Spieleinsatz 
- Karriere 2 J. kürzer 



Sensomotorik 

änderungen  
nach Verletzung 

Tuck jump

Tuck jump

ACLR ?



nur 13 patienten: LSI > 90% alle 3 Hop Tests !!

Mean 87.1 ± 16.3 
Success rate 50%

bilaterale defizite VKB 
urbach 2000, Hiemstra 2007, Konishi 2001, Negahban 2014, Dingenen 2016  

falsch + hohe  
limb symmetry index (LSI)



triple Leg hop distance 
(cm)
Difference involved limb compared to normative data 125.7 ± 71.4 43.5 ± 49.2

p value <0.001* 0.006*

Difference uninvolved limb compared to normative data 104.1 ± 65.6 30.8 ± 49.8



On Field Rehabilitation



R
TS

work load 



Paradgim 
change

Strength LSI > 
80%

Running > km/h 
10 min 

Hop Tests
LSI > 90 % ?
Strength LSI > 90% ?
PROM
Psych. factors 

MAT, T-test, ISRT

Reactive tasks in 
sports environment 
Multi-segmental & 
-directional tests
Sensor technology on 
field 

ON FIELD 
(GPS, YO-YO) Swelling < 1 

No instability 
Pain < 3 

RTA

Interval kicking 
program 

RTS 

4-phase on-field 
program Bizzini 2012

RTP

RTS to RTP 
On Field analysisSHARED decision 

making 
Task environment 

interaction Unrestricted play 

Road to recovery .. Or ? 
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