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Quad

“I’m going 
to make 
you an 

offer you 
can’t 

refuse…”

AKA:
I’m going to 
make some 
suggestions 

you may 
want to 

consider…





1. Understand central & peripheral mechanisms 
of Arthrogenic Muscle Inhibition (AMI) 
following knee injury and/or surgery



1. Understand central & peripheral mechanisms of Arthrogenic
Muscle Inhibition (AMI) following knee injury and/or surgery

2. Apply interventional strategies to help facilitate early recovery 
of quadriceps activation



Specific Knee Diagnoses

Physical Therapy Interventions

Miscellaneous
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Specific Knee Diagnoses

Physical Therapy Interventions

Miscellaneous

• Did I exit the womb with a beard?

• Am I privy to the catheter fortune?











Stevens JE, Binder-Macleod S, Snyder-Mackler L. Characterization of the human 
quadriceps muscle in active elders. Arch Phys Med Rehabil 2001;82:973-8.
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NORMAL QAF











AMI





https://en.wikipedia.org/wiki/Motor_pool_(neuroscience)#/media/Fil
e:Anatomical_diagram_of_the_motor_unit.jpg

A(n incredibly rapid) refresher…





Inflammation/Pain

Maybe –
magnitude unknown



Effusion Force output



Joint laxity

Abnormal afferent: 
9-18 months



Damage to Articular 
Receptors

https://radiopaedia.org/articles/osteoarthrit
is-of-the-knee?lang=us

…maybe…















Disruption of the 
Extensor Mechanism



Afferent disruption

Brainstem inhibition

Spinal Reflex 
Inhibition

Reduced alpha 
motoneuron
excitability

Fear

+/- Extensor 
Mechanism







Knee 
Extensors

“Test, don’t 
guess”



***Basics***

Knee 
Extensors



Knee 
Extensors



Rate of Force 
Development

Maximum Strength

Morphology

Corticomotor Function

Potentially…

(post-injury and pre-op)
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Corticomotor Function
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of   
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of Torque 

Development

Scheurer SA. PhD Thesis: “The Relationship between Corticomotor Excitability and 
Quadriceps Neuromuscular Function in ACL Reconstructed Patients,” May 2018 .
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Tayfur B, et al. Neuromuscular Function of the Knee Joint Following Knee Injuries: Does It Ever Get Back 
to Normal? A Systematic Review with Meta-Analyses. Sports Medicine (2021) 51:321–338.
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Moderate

Low

Very Low



Focal knee joint cooling 

• 20-30 min 

Ice massage

• 20 min, 5x/wk, x 6 wks



Prior to 
“active” 

intervention

Focal knee joint cooling 

Ice massage



Focal knee joint cooling 

Ice massage

Not 
necessarily 
to reduce 

pain



High Frequency 

• 120-150 Hz 

• .1-.15 second pulse width
• < 10 min

Low Frequency 

• 4 Hz

• 1 sec pulse width
• 20-40 min, 2-3x/day

TENS



TENS
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External focus  >>>  Internal Focus



Haggerty AL, et al. Neuroplastic Multimodal ACL Rehabilitation: INTEGRATING MOTOR 
LEARNING, VIRTUAL REALITY, AND NEUROCOGNITION INTO CLINICAL PRACTICE. Aspetar
Sports Medicine Journal. 2021. August:66-70.



NMES



Duty 
Cycle

1:5 →
1:3

Phase 
Duration

High

250-300 
(µS)  

Pulse 
Rate

35-50 
pps

Amplitude

Strong, yet 
tolerable

Progressive 
increase 

with each 
contraction

Electrode 
Size

Large

A Comparison of Neuromuscular Electrical Stimulation Parameters for Postoperative 
Quadriceps Strength in Patients After Knee Surgery: A Systematic Review

Conley CEW, et al. Sports Health. 2021
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Rate of Force 
Development

Peak Torque

Morphology

Corticomotor Function

Manage 
effusion

NMES

Biofeedback

Focal knee 
joint cooling

TENS

External Focus

Cross-
education

Measure?

Eccentrics
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20% decrease in quadriceps 

strength (P < 0.01) 



Triggers 
of disuse 
atrophy

Decreased 
protein 

synthesis

Protein 
degradation

Increased 
reactive oxygen 

species

Calcium 
overload





Triggers 
of disuse 
atrophy

Decreased 
protein 

synthesis

Protein 
degradation

Increased 
reactive oxygen 

species

Calcium 
overload

Nutrition Consult:

Remi Famodu, PhD, RDN, CSSD
Kaela Colvard, MS, RD, CSSD
Austin Voltin, MS, RD, CSSD



s/p ACLR

17/21 BTB



June 

2021





Front. Physiol., 
15 May 2019



Be aware of any 
potential 

contraindications

It seems to 
work well…

Progress to heavy 
loading



+++++ = high potential

+ = low potential









Train to 
“Momentary 

Muscle Failure”



2021











2017
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Rate of Force 
Development

Peak Torque

Morphology

Corticomotor function

Blood Flow 
Restriction

NMES

Dietician 
consult

Eccentrics

Appropriate 
loading 

prescriptionMeasure
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Maximum Strength

Morphology

Corticomotor Function





Max Strength (~1RM)

Strength-Speed (80-90% 1RM)

Peak Power

Speed-Strength

Max Speed

MVIC (>~110% 1RM)



MVIC: ~110% 1RM

~ 140% of 
MVIC



Maximum 
Strength

Intramuscular 
Coordination

Intermuscular 
Coordination

PCSA

Jordan M and McMillan S. A coaches' guide to strength development: PART I.
http://www.mcmillanspeed.com/2015/05/a-coaches-guide-to-strength-development.html. 
May 2015.

http://www.mcmillanspeed.com/2015/05/a-coaches-guide-to-strength-development.html
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4. Rate of Force 
Development

Maximum Strength

2. Morphology

Corticomotor function

BFR/NMES
Accommodating 

Resistance

Multi-phasic 
Training

LOAD

Measure

Rest

Work at all 
lengths





Rate of Force 
Development

Maximum Strength

Morphology

Corticomotor Function





ACL Rupture 
(<50 ms)

Hamstring strain 
(50-100 ms)





Control Group

Uninvolved

Involved















Owen Walker. 1/29/2016. “What is the Force-Velocity Curve?” 
https://www.scienceforsport.com/force-velocity-curve/

2-4x



Slow

Fast

Train:



4 wks of 
training:

RFD

Max 
Strength



intensity

rest requirement
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Rate of Force 
Development

Maximum Strength

2. Morphology

Corticomotor function

BFR/NMES Ballistics/ 
Plyometrics

Velocity-based 
Training

Sensorimotor 
Training

Measure

LOAD Rest



Corticomotor
Function

Rate of Force 
Development

Morphology

Maximum 
Strength

Food for thought:



March 2012 - Volume 26 - Issue 3 - p 873-882

https://journals.lww.com/nsca-jscr/toc/2012/03000




Implementing eccentric resistance training—part 1: a brief review of 
existing methods

https://www.scienceforsport.com/force-velocity-curve/

http://www.mcmillanspeed.com/2015/05/a-coaches-guide-to-strength-development.html. May 
2015

https://en.wikipedia.org/wiki/Motor_pool_(neuroscience)#/media/File:Anatomical_diagram_of_th
e_motor_unit.jpg

https://www.mdpi.com/484730
https://www.scienceforsport.com/force-velocity-curve/
http://www.mcmillanspeed.com/2015/05/a-coaches-guide-to-strength-development.html. May 2015
https://en.wikipedia.org/wiki/Motor_pool_(neuroscience)#/media/File:Anatomical_diagram_of_the_motor_unit.jpg



