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Optimization of the Return-to-Sport Paradigm After Anterior
Cruciate Ligament Reconstruction: A Critical Step Back to Move

Forward
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Clinical course and recommendations for patients
after anterior cruciate ligament injury and
subsequent reconstruction: a narrative review

EDUCATION AND MENTAL PREPARATION
ACHIEVE FULL KNEE EXTENSION
PRE-OP STRENGTH DEFICIT QUAD <20%
NORMAL GAIT PATTERN

NO-MINIMAL SWELLING
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Optimization of the Return-to-Sport Paradigm After Anterior
Cruciate Ligament Reconstruction: A Critical Step Back to Move

Forward
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Criterion-based
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Subsequent reconstruction: 3 naratv review

PHASE 1
EARLY POST-OPERATIVE

GOALS
1. MINIMAL EFFUSION
2. ACHIEVE FULL KNEE EXTENSION
3. QUADRICEPS CONTROL
4. "NORMAL'GAIT PATTERN
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Knee Stability and Movement
Coordination Impairments:
Knee Ligament Sprain
Revision 2017

Clinical Practice Guidelines Linked to the
International Classification of Functioning,
Disability and Health From the Orthopuedic Section
o the American Physical Therapy Association

2017 RECOMMENDATION
CLINICIANS SHOULD USE CRYOTHERAPY IMMEDIATELY

AFTER ACL RECONSTRUCTION TO
REDUCE POSTOPERATIVE KNEE PAIN.
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Revisior

Knee Ligiment Sprain
017

2017 RECOMMENDATION

NEUROMUSCULAR ELECTRICAL STIMULATION
SHOULD BE USED FOR 6 TO 8 WEEKS
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Knee Stability and Movement

Component 3: Determination of Irritability Stage
Diagnosis of tissue irrtabilty is important for guiding the clinical decisions regarding treatment frequency, intensity, duration, and type, with the goal of
matching the optimal dosage of treatment to the status of the tissue being treated. There are cases where the alignment of irritability and the duration
of symptoms does not match, requiring clinicians to make judgments when applying time-based research results on a patient-by-patient basis.
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Evidence-based dlinical practice update: practice ® EroRT open reviews
guidelines for anterior cruciate ligament
gkl oraretr v e,
obllan st o 3 e

subsequent reconstruction: a narrative review

PHASE 2 EARLY POST-OPERATIVE

CRITERIA

CLOSED WOUND BY WEEK 1

NO PAIN WITH PHASE 1 EXERCISES

MINIMAL SWELLING

NORMAL MOBILITY PFJ

FULL PASSIVE KNEE EXTENSION

120-130 KNEE FLEXION

VOLUNTARY CONTROL OF THE QUADRICEPS;

ACTIVE DYNAMIC GAIT PATTERN WITHOUT

CRUTCHES;

- SATISFACTORY QUALITATIVE PERFORMANCE OF
PHASE 1 EXERCISES.
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Koninklijk Nederlands
Genootschap voor Fysiotherapie

als de patiént na 6-8 weken nog steeds een afwij-

kend looppatroon heeft (niet kunnen extenderen
van de knie in de late zwaaifase en het midden van
€), waarbij er een aanhoude!
tractie is van de m. quadriceps en de hamstrings:
KNGF Evidence Statement train het looppatroon voordat wordt overgegazn

naar fase 2.
na

Evidence based clincal practce update: pracice
guidelines for antrior crucate ligament
rehabiltatc aic review

and multidiscipinary consensus
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These underline the importance of a shift from time-based
A oal-based el s

to g witl
goals and criteria to manage the rehabilitation process. These

- Closed wousd
- Noknospain withphae | exercises (VAS)*

- Minima syoovis o effsion

- Nomal mobility(efi-right) of the ptllfemoral fint

- Ko exension of t eat0° and  120-130°feian 44
- Voluntary contol of the quadrceps” 414

- Actve dyamic gait paten without crtches

- Comrect qualtatveperformance of phase 1 xercises.
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F SYSTEMATIC REVIEW

£ RETURN OF NORMAL GAIT AS AN OUTCOME
MEASUREMENT IN ACL RECONSTRUCTED

2 PATIENTS. A SYSTEMATIC REVIEW

—

A. Gokeler, PT, MS¢!
A Goke

/[ . Benjaminc, PT M
G van Eck, MD, PhD*
K. E. Webster, PhD"
L. Schot, M
E. Otten, PRD*

Patients after ACLR have altered gait patterns that can persist for up to five years after sur-
gery. It is imperative that rehabilitation techniques are examined in order to minimize changes in knee

[biomechanics during gait, as they have the potential to impact on the development of osteoarthritis.

The Landing Error Scoring System (LESS) Is a Valid and Reliable Clinical Assessment Tool of
Jump-Landing Biomechanics : The JUMP-ACL sde
Darin A. Padua, Stephen W. Marshall, Michelle C. Boling, Charles A. Thigpen, William E. Garrett, Jr and Anthony I.

eutler
Am J Sports Med 2009 37: 1996 originally published online September 2, 2009
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‘Asymmetrical Lower Extremity Locins Latanc M
Loading Early After Anterior Cruciate :* 4. Fib, -
Ligament Reconstruction Is a J 5

Significant Predictor of Asymmetrical "
Loading at the Time of Return
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Asymmetrical Lower Extremity Luciana Labanca, MSc

Loading Early After Anterior Cruciate .52 2/ ™0,

Ligament Reconstruction Is a Jacopo Rocchi, MSc
Significant Predictor of Asymmetrical Fier Paclo Mer

Loading at the Time of Return [ty
to Sport Andrea Macaluso, MD, PhD

Lo

ASYMMETRY 1 MONTH

As

6 MONTHS

Knee Stability and Movement
Coordination Impairments:
Knee Ligament Sprain
evision 2017
Clinical Practice Guidelines Linked 10 the
International Classifiation of Functioning,
Disabilityand Health From the Orthopaedic Secion
ofthe American Phaical Therapylsociation

EVIDENCE UPDATE

ISYSTEMATIC REVIEW BY GOKELER ET ALY

THE EVIDENCE FROM THIS REVIEW INDICATES THAT
NEUROMUSCULAR TRAINING INCORPORATING

MOTOR LEARNING PRINCIPLES SHOULD BE ADDED

TO STRENGTH TRAINING TO OPTIMIZE PATIENT
OUTCOMES.




REHABILITATION

PLAN TRAIN/Motor learning
1. Start with Should reflect

clinical elements patient

exam incl. l‘fi.?fi',?a‘/‘f."

movement sports

analysis

2. Develop

plan
together
with patien

RE-CHECK

Repeat Clinical

RETENTION

Schedule patient exam +. asses:
for follow-up movement again.
examto Adjust fraining as
dertermine if needed. Confiny
effects are as outlined In
sustained plan unfil goals
are met.
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Nieuwe, praktisch relevante inzichten in
i ining Motorisch leren:
en overwegingen (deel 1)
Peter . Beek Sportgericht nr. | / 2011 ~ jaargang 65
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Optimizing performance through intrinsic motivation
and attention for learning: The OPTIMAL theory
of motor learning

Oepmimizineg PerFormance THroueH INTRINSIC
MoTivaTioN ano ATTENTION For LEARNING

Enhanced L\
expectancies
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MOTIVATION

FOCUS

Goal-action ON TASK GOAL
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Virtuous cycle
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ATTENTIONAL FOCUS
INTERNAL EXTERNAL
FOCUS FOCUS

"ARM SHOULDER HEIGHT
FLEX ELBOW

WRIST TOWARDS

[ ATTENTIONAL FOCUS
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Optimization of the Anterior Cruciate
Ligament Injury Prevention Paradigm:
Novel Feedback Techniques to Enhance
Motor Learning and Reduce Injury Risk
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Feedback Techniques to Target Functional Deficits Following
Anterior Cruciate Ligament Reconstruction: Implications
for Motor Control and Reduction of Second Injury Risk

Al Gokeler - Anne Benjaminse - Timothy E. Hewett -
Mark V. Paterno - Kevin R. Ford - Fgbert Otten -
regory D, Myer
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Physical Therapy in Sport

ELSEVIER Journs! nomspsge: www.slssvier.comipts

Original research
The effects of attentional focus on jump performance and knee joint ().
Kkinematics in patients after ACL reconstruction

Alli Gokeler **, Anne Benjaminse *", Wouter Welling *, Malou Alferink *,
Peter Eppinga . Bert Otten *

EXTERNAL INTERNAL
FOCUsS FOCUsS
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Physical Therapy in Sport

Originl research
The effects of attentional focus on jump performance and knee joint — (ff) e
kinematics in patients after ACL reconstruction

Alli Gokeler *, Anne Benjaminse *", Wouter Welling *, Malou Alferink *,
Peter Eppinga . Bert Otten *

* *

M Flexion IC M peak flexion

°
IF non-injured  EF non-injured  IF injured EF injured IF non-injured EF non-injured  IF injured  EF injured
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Knee Surg Sports Traumatol Arthrosc
DOI 10.1007/500167-013-2577-x

KNEE

Quadriceps function following ACL reconstruction
and rehabilitation: implications for optimisation
of current practices

Alli Gokeler - Marsha Bisschop - Anne Benjaminse -
Greg D. Myer - Peter Eppinga - Egbert Otten
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Effects of Early Progressive Eccentric
Exercise on Muscle Size and Function
After Anterior Cruciate Ligament
Reconstruction: A 1-Year Follow-up

Training for the average
demands will likely result
in athletes being under-
repared for the most
lemanding passages of
play

running distance (m/min)

ee%eeee

Off-season Skills Match-play Intense
break passages of play

Reference: by Gabbefr et al. BISM 2016 Designed by @YLMSportScience

Ligament Reconstruction n Male Footbal Players
Wosor Wellng, MSc'2

oo Berjaminge, PT, PRO%S

Romain Sel, MD, PRt

Koon Lammink, PR

AN Gokeler,PT. PR

[Peak Torque Quadriceps 60 °/sec (Nm) _[Injured Leg 0816 0.254
Non-Injured Leg

<0.001% <0.001%




Evidence-based cinical practice update: pratice

EFORT open revews
guidelines for anterior rucateligament

ehabiitation based on a ystemaic eview Ciinical course and recommendatons for patients
and multidscpinary consensus afteranteror cuciat ligament injury and
e e o e el subsequent reconstruction: a narrative review
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PHASE 3
RETURN TO SPORTS

CRITERIA

SATISFACTORY QUALITATIVE PERFORMANCE OF
PHASE 2 EXERCISES

NO FEELING OF GIVING WAY IN PREVIOUS PHASES
OR A NEGATIVE PIVOT-SHIFT

LSl > 80% FOR QUADRICEPS AND HAMSTRING
STRENGTH

LSI>80% FOR A HOP TEST BATTERY

IKDC SUBJECTIVE KNEE FORM > 70
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2016 Consensus statement on return to sport
from the First World Congress in Sports Physical
Therapy, Bem
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Koce Surg Spors Traumatol Arthrose:
DOI 10.1007500167-016-4060-y

KNEE

Athletic performance and career longevity following anterior
cruciate ligament reconstruction in the National Basketball
Association

Benjamin S. Kester"? - Omar A. Behery' - Shobhit V. Minhas'? - Wellington K. Hsu
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Effect of Fatigue on the Landing Error Scoring System (LESS) in Patients after
ACL reconstruction|

Gokeler A, Eppinga P,? Dijkstra P.U.,? Welling W. ! Padua D.A.,* Otten E.!

Benjaminse A.1:5
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Effect of Fatigue on the Landing Error Scoring System (LESS) in Patients after
ACL reconstruction|

Gokeler A, Eppinga P, Dijkstra P.U.,? Welling W, ! Padua D.A.* Otten E.,*
Benjaminse A5

ACLR 2
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Knee Surg Sports Traumatol Arthrosc @ CrossMark
DOI 10.1007/500167-016-4246-3
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Darin Padua®

Development of a test battery to enhance safe return to sports
after anterior cruciate ligament reconstruction

Alli Gokeler' © - Wouter Welling'? - Stefano Zaffagnini’ - Romain Seil* -
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LSI side hop test

Wean 57,1+ 16.3
s E

Frequency

NUR 13 PATIENTEN: LS| >90% ALLE 3 HOP TESTS !! ¥ s
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URBACH 2000, HIEMSTRA 2007, K 1

FALSCH + HOHE
LIMB SYMMETRY INDEX (LSI)

¥ pmae




A critical analysis of limb symmetry indices of hop tests in athletes
after anterior cruciate ligament reconstruction: A case control study

A. Gokeler®*, W. Welling*", A. Benjaminse *, K. L ink?, R. Seil, S.
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s \ M A critical analysis of limb symmetry indices of hop tests in athletes
e after anterior cruciate ligament reconstruction: A case control stud;
&
A Gokeler**, W. Welling**, A. Benjaminse -, K. Lemmink?, R. Seil, S. Zaffagnini®
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Has the athlete trained enough to return to play
safely? The acute:chronic workload ratio permits
clinicians to quantify a player’s risk of subsequent
injury

Peter Blanch, " Tim J Gabbett**

Workload

v

Time after ACLR
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Gradual periodized retun to sport WORK LOAD
Has the athlete trained enough to return to play
% safely? The acute:chronic workload ratio permits
clinicians to quantify a player’s risk of subsequent
injury

Peter Blanch,? Tim J Gabbett**

60 70 80 90 100 110 120
Acute workload (% of normal average)
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The athlete monitoring cycle: a practica @ Erea Voot
guide to interpreting and applying E S
1r: g monitoring data H
Tim ) Gabbett, 2 George P Nassis” Erc Oetter* Johan Pretoris® £ Maladaptaton | Decreas Vorkload
Nick Johnston, Daniel Medina,” Gil Rodas,” Tom Myslinski® z
Dan Howells,* Adam Beard, " Allan Ryan'" H
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PARADGIM
CHANGE

RTA

Strength LSI >
80%

Running > km/h
10 min

Swelling < 1
No instability
Pain <3

£y

RTS

Hop Tests

LSI>90 % ?
Strength LS| > 90% 2
PROM

Psych. factors

MAT, T-test, ISRT

Interval kicking
program

RTP

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

ON FIELD
(GPS, YO-YO)

4-phase on-field
program Bizzini 2012

TS to RTP

T
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ROAD TO RECOVERY .. OR ?
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Return-to-Play in Sport: A Decision-based Model

David W. Creighton, S, * lan Shrier, MD, PhD,} Rebecca Shultz, PhD,*
Willem H. Meeuwisse, MD, PhD, and Gordon O. Matheson, MD, PhD*

Shared decision making
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