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o 65% athletes return to pre-injury 

level sport
(Adern et al 2014)

o 55% return to competitive level
(Adern et al 2014)

o 20-30% experience secondary 

ACL within 2yrs
(Grindem et al 2016, Risberg et al 2016  & Wiggens et al 

2016)

Current state of play

(www-image 1, 01/10/2022)
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Change of Direction

(COD)

characterized as the

“skills and abilities needed to change movement 

direction, velocity, or modes” 
(Brophy et al 2015)



Current state of play
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Video 1

www-image 2, 05/10/2022



Acceleration 

in

Deceleration Turn Acceleration 

out

Key Components of COD
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(Grahanm-Smith et al 2018 

& McBurnie et al 2022)

Image 3a Image 3b Image 3c Image 3d
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Horizontal 

breaking force 

applied

Horizontal 

breaking force 

applied

Foot in line 

with thigh

Reduces  

GRF 

through 

turning 

leg

Muscle Pre-

activation

(McBurnie et al 2022)

(www-Image 4, 19/10/2022)

Antepenultimate foot 

contact

Antepenultimate foot 

contact
Antepenultimate foot 

toe off

Penultimate foot 

contact
Penultimate contact Final foot contact
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(McBurnie et al 2022)

(www-Image 4, 19/10/2022)

What about if I don’t decelerate



9

Jacinta Carroll PG Masters Sports Physiotherapy

Lack of 

deceleration

Large 

amounts of 

breaking 

forces 

required with 

foot not 

aligned to 

the thigh

Lack of muscle 

pre-activation

Video 2(McBurnie et al 2022, King et al 2019)

(www-Image 4, 19/10/2022)

Penultimate foot 

contact

Final foot contactPenultimate foot 

contact



Passing RTS criteria 
&

re-rupture risk
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Passing RTS criteria =

↓ graft re-rupture by 60%

↑ Contralateral rupture risk 

by 235%

Passing RTS criteria =

↓ Graft re-rupture odds by 78%

No conclusion on contralateral 

risk



RTS criteria
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Practitioners knowledge of the health of the athletes 

body part

The stress the injured tissue needs to be able to 

withstand

Context of sports participation

Health of the athletes knee

COD mechanics

Amount of COD required
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Field based assessments

Lab based assessments

- Shuttle runs, carioca, 505 test & T-

tests

- Easy to administer

- Time based

- Do not reflect relevant sporting 

demands

- Unable to effectively assess knee 

function

- 3D motion capture or Tri-axial force 

plates

- Have the ability to identify residual

deficits in knee function & altered

movement strategies

- Often not practically viable to 

monitor progress during rehab

(Marques et al 2020) 
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Can we measure 
them effectively?

What are the 
components of 
eccentric 
deceleration 
that contribute 
to effective 
COD ability
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Deceleration

Musculoskeletal
Neural

Technique

Strength Flexibility Power

Eccentric 

strength

Reactive

strength

Rate of force 

development 

Motor Neuron 

Recruitment

Dynamic 

balance
GTO’s

Muscle

Spindles

Correcting 

sequencing of 

body segments

Lowering 

COM

Efficient 

joint 

angles

Coordinated 

movements

Lower 

body 

position

Upper 

body 

position

Proprioceptors

(Adapted from Kovacs et al 2008)
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Musculoskeletal

Deceleration

Strength
Flexibility Power

Eccentric 

strength

Reactive 

strength
Rate of force 

development 

(Adapted from Kovacs et al 2008)
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(Adapted from Kovacs et al 2008)(www-Image 5, 20/10/2022) (www-Image 6, 20/10/2022)
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Eccentric deceleration 

Impulse asymmetry

Q1 Q2 Q3 Q4

<6 months <4.8 4.9-

10.3

10.4-13.2 >13.3

6-9months <5.6 5.7-

9.5

9.6-12.9 >13.0

>9 months <3.5 3.6-

8.6

8.7 –

12.2

>12.4

Healthy Controls <2.6 2.7-

4.8

4.9-8.4 >8.5

Eccentric deceleration RFD 

asymmetry

< 6months <8.7 8.8-

12.7

12.8-28.1 >28.2

6-9 months <6 6.1-

13.2

13.3-21.4 >21.5

> 9 months <5.9 6.012

.8

12.9-21.0 >21.1

Healthy Controls <3.0 3.1-

7.2

7.3-11.8 >11.9

- 370M professional soccer players

- CMJ protocol

- Residual deficits in eccentric loading 

capacity of involved limb > 9months

- Greatest asymmetry in eccentric 

deceleration RFD*

- “Our data suggest the presence of residual 

deficits in the eccentric loading capacity of 

the involved ACL limb”
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- Previous “severe” lower limb injury in previous 

12months

- CMJ analysis

- Despite no difference in bilateral PERFORMANCE 

variables (jump height and peak power), significant 

interlimb differences were present

- Eccentric Deceleration RFD 20.52% between limb 

asymmetry.
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- CMJ

- Split participants into low and high 

deceleration ability groups

- Concentric and eccentric peak force 

were the variables with the largest 

difference between groups

- The high deceleration ability group 

showed a moderate effect size 

difference in eccentric-deceleration 

RFD .
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- Concentric mean force demonstrated the largest effect size differences between the high and low ability 

groups 

- DJ eccentric mean force had larger differences between the high versus low ability groups at 40cm 

compared to 20cm drop heights

- Players with > drop jump RSI demonstrated superior horizontal deceleration ability

Higher box heights → generate higher eccentric braking forces

(www-Image 7, 20/10/2022)
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Types of Assessment

CMJ

Drop jump

(www-Image 7, 20/10/2022)

(www-Image 8, 24/10/2022)
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CMJ - Metrics to look at

- Eccentric deceleration 

impulse >9months post 

ACLR 
(Read et al 2020)

- Eccentric deceleration RFD 
(Hart et al 2019, Read et al 2021, 

Harper et al 2020)

- Eccentric and Concentric 

peak force
(Harper et al 2020) (www-Image 9, 25/10/2022)
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Drop Jump - Metrics to look at

- Concentric mean force

- Eccentric mean force

- RSI

(Harper et al 2022)
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Drop Jump - Metrics to look at

- Concentric mean force

- Eccentric mean force

- RSI

(Harper et al 2022)



- Cross sectional studies

- Commercially available force 

plates only measure vertical GRF.

- Using vertical GRFs as a 

surrogate

- Uni-dimensional index to 

characterise a multi-dimensional 

task

Limitations
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(www-Image 10, 27/10/2022)



Take homes:
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- Our current RTS testing in the literature is yet to successfully reduce the risk of 
subsequent ACL injuries

- COD is a mechanism of non-contact ACL rupture yet is often no included in RTS 
criteria

- Vertical jump testing measures neuromuscular characteristics that are associated with 
deceleration ability.

- Deceleration is more important in the penultimate foot placement
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Questions?

Video 3
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doi:10.1136/bjsports-2019-101247

Image 3a-d: Change of direction phases, Adapted from “Multidirectional speed in team sports by science of multi-directional speed 2020. Retrieved from: 
https://sciofmultispeed.com/mds-team-sports/

Image 4: Change of direction phases, Adapted from “Multidirectional speed in team sports by science of multi-directional speed 2020. Retrieved from: 
https://sciofmultispeed.com/mds-team-sports/

Image 5: Counter movement jump adapted from Vald Support by Vald performance 2021. Retrieved from, https://support.vald.com/hc/en-
au/articles/4999781545881-ForceDecks-Test-Countermovement-Jump-Overview

Image 6: Single leg vertical jump. Adapted from, The biggest innovation in force plate technology since the launch of ForceDecks by Allied Magazine 2021. Retrieved 
from: https://alliedmagazine.com/the-biggest-innovation-in-force-plate-technology-since-the-launch-of-forcedecks/

Image 7: Drop Jump adapted from Vald Support by Vald performance 2021. Retrieved from: https://support.vald.com/hc/en-au/articles/4999765154713-ForceDecks-
Test-Drop-Jump-Overview

Image 8: Counter movement jump adapted from Vald Support by Vald performance 2021. Retrieved from, https://support.vald.com/hc/en-
au/articles/4999781545881-ForceDecks-Test-Countermovement-Jump-Overview
Image 9: Force trace adapted from “difference between countermovement jump and squat jump” by Drake Berberet 2019. Retrieved from: 
https://www.hawkindynamics.com/blog/countermovement-jump-or-squat-jump

Image 10: Person and question mark adapted from “How to be Stoic” by Massimo Pigliucci 2018. Retrieved from: https://howtobeastoic.wordpress.com/
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