
Skulpan Asavasopon, PT, PhD, OCS, FAAOMPT 
Assistant Professor, Loma Linda University School of Allied Health Professions, Department of 
Physical Therapy 
Adjunct Assistant Professor of Research, USC Division of Biokinesiology and Physical Therapy 

Overview of Cognitive-Affective Factors in 
Musculoskeletal Practice

CSM 2017 SAN ANTONIO, TEXAS

Skulpan Asavasopon, PT, PhD, OCS, FAAOMPT

Skulpan Asavasopon, PT, PhD, OCS, FAAOMPT

Central Mechanism

Peripheral Mechanism

Biomechanical	Perspec0ve

Cogni0ve-Affec0ve		Perspec0ve

CSM 2017 Cognitive Overview Handout.key - February 20, 2017



Operant	Condi0oning
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Pain /pān/ -  
An unpleasant sensory  and 
emotional [cognitive/affective] 
experience associated with actual or 
potential tissue damage, or described 
in terms of such damage. 

International Association for the Study of Pain
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Affec%ve/Emo%onal	Pain Nocicep%ve	Pain
“Medial	Pain	System” “Lateral	Pain	System”

Affec%ve-Cogni%ve	
Evalua%ve

Sensory	Discrimina%ve

Treede et al., 2008, Pain
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Costa,	et.	al.,	2007,	Spine	
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-	pain	processing,		cogni-ve	
control,	and	affect

-	motor	func-on	(SMA/
preSMA)

-	affect,	decision	
making,	social	
cogni-on,	
episodic	memory
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aMCC,	SMA,	and	preSMA	
overlap	with	motor	control	
and	pain	processing	
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Methods
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Methods
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Motor	Processing	
(SMA/Pre-SMA)

Pain	Processing	
(Cogni0ve/Affec0ve	Processing,	MCC)

CSM 2017 Cognitive Overview Handout.key - February 20, 2017



Skulpan Asavasopon, PT, PhD, OCS, FAAOMPT

High	Threat	Value	(Appraisal)

Fear	Avoidance/Fear	of	
Movement

Catastrophizing/
Magnifica0on

Rumina0on	
(A;en0on)

Helplessness	
(Self-Efficacy)

Cogni0on	and	Pain	
Amplifica0on

Cogni0ve	Pain	A;enua0on	
Methods

Neurocogni0ve	Pain	
Processing

Cogni0on	and	Pain	
Amplifica0on

Cogni0ve	Pain	A;enua0on	
Methods
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High	Threat	Value		
(Appraisal)

Fear	Avoidance/Fear	
of	Movement Catastrophizing

Rumina0on	
(A;en0on)

Helplessness	
(Self-Efficacy)

The	interpretation	of	an	event	as	threatening	has	been	shown	to	increase	
stimulus	salience	and	to	amplify	the	perception	of	pain	and	nonpainful	
stimuli

Wiech,	et.	al.,	2010,	J	Neurosci	

Smith,	et.	al.,	1998,	Pain	

Sawamoto,	et.	al.,	2000,	J	Neurosci	

Severeijns,	et.	al.,	2002,	Pain	

de	Gier,	et.	al.,	2003,	Pain	

Arntz	and	Claassens,	2004,	Pain	

Moseley	and	Arntz,	2007,	Pain	

Vlaeyen,	et.	al.,	2009,	Behave	Res	Ther

Skulpan Asavasopon, PT, PhD, OCS, FAAOMPT

Wiech,	et.	al.,	2010,	J	Neurosci	

Increased functional connectivity between L Ant 
Insula and MCC

Skulpan Asavasopon, PT, PhD, OCS, FAAOMPT
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Wiech,	et.	al.,	2010,	J	Neurosci	

Increased functional connectivity between L Ant 
Insula and MCC

MCCL Ant Insula
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Assignment of Threat Value
(Interoception)

Correlates with Pain Rating
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High Threat Value 
(Appraisal)

Fear Avoidance/Fear of Movement

Catastrophizing/Magnification

Rumination
(Attention)

Helplessness vs.       Self-Efficacy

Skulpan Asavasopon, PT, PhD, OCS, FAAOMPT

High	Threat	Value	
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Fear	Avoidance/Fear	
of	Movement

Catastrophizing/
Magnifica0on
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Helplessness	
(Self-Efficacy)

Cogni0on	and	Pain	
Amplifica0on

Cogni0ve	Pain	A;enua0on	
Methods

Neurocogni0ve	Pain	
Processing

PAIN	CATASTROPHIZING,	FEAR-AVOIDANCE,	KINESIOPHOBIA,	AND	LOW	
SELF	EFFICACY	have	been	shown	to	be	predictive	of	chronic	low	back	
pain-related	disability

Grotle,	et.	al.,	2010,	Pain	

Picavet,	et.	al.,	2002,	Am	J	Epidemiol	

Woby,	et.,	al.,	2004,	Pain	

Mannion,	et.,	al.,	2001,	Spine	

Wertli,	et.,	al.,	2014,	Spine	(Sys	Rev)	

Rainville,	et.,	al.,	2011,	Spine	J	(Rev)	

Gheldof,	et.,	al.,	2005,	Pain	

Skulpan Asavasopon, PT, PhD, OCS, FAAOMPT
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Cogni0on	and	Pain	
Amplifica0on

Cogni0ve	Pain	A;enua0on	
Methods

Neurocogni0ve	Pain	
Processing

High	Threat	Value		
(Appraisal)

Fear	Avoidance/Fear	
of	Movement

Catastrophizing/
Magnifica0on

Rumina0on/Vigilance	
(A;en0on)

Helplessness	
(Self-Efficacy)

PAIN	CATASTROPHIZING,	FEAR	OF	MOVEMENT,	PAIN	VIGILANCE,	AND	LOW	
SELF	EFFICACY	have	been	shown	to	be	predictive	of	chronic	whiplash	
associated	disorder	pain	an	disability

Thompson,	et.	al.,	2010,	Physiotherapy	

Andersen,	et.	al.,	2016,	Eur	J	Pain	

Nederland,	et.	al.,	2004,	Arch	Phys	Med	Rehabil	

Buitenhuis,	et.,	al.,	2008,	Spine	

Bostick,	et.,	al.,	2013,	Injury	

Nieto,	et.,	al.,	2013,	Rehabilitation	Psychology	

Skulpan Asavasopon, PT, PhD, OCS, FAAOMPT

Cogni0on	and	Pain	
Amplifica0on

Cogni0ve	Pain	A;enua0on	
Methods
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Processing

High	Threat	Value		
(Appraisal)

Fear	Avoidance/Fear	
of	Movement

Catastrophizing/
Magnifica0on

Rumina0on	
(A;en0on)

Helplessness	
(Self-Efficacy)

PAIN	CATASTROPHIZING,	FEAR	AVOIDANCE,	and	HELPLESSNESS/LOW	SELF-
EFFICACY	have	been	shown	to	be	predictive	of	disability	and	chronic	
anterior	knee	pain,	knee	OA,	and	PFPS

Domenech,	et.	al.,	2014,	Knee	Surg	Sports	Traumatol	Arthrosc	

Domenech,	et.	al.,	2013,	Knee	Surg	Sports	Traumatol	Arthrosc	

Somers,	et.	al.,	2009,	J	Symptom	Manage	

Peat,	et.	al.,	2009,	J	Pain	

Piva,	et.	al.,	2009,	J	Rehabil	Med	

Pells,	et.,	al.,	2008,	Pain	

Marks,	R.,	2007,	Can	J	Aging	

Creamer,	et.	al.,	1999	

Skulpan Asavasopon, PT, PhD, OCS, FAAOMPT
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Amplifica0on

Cogni0ve	Pain	A;enua0on	
Methods

Neurocogni0ve	Pain	
Processing

High	Threat	Value		
(Appraisal)

Fear	Avoidance/Fear	
of	Movement

Catastrophizing/
Magnifica0on

Rumina0on/Vigilance	
(A;en0on)

Helplessness	
(Self-Efficacy)

FEAR	OF	RE-INJURY	and	LACK	OF	CONFIDENCE/LOWER	SELF-EFFICACY	have	
been	shown	to	be	associated	with	lack	of	return	to	sport	in	post	operative	
ACL	reconstruction	patients

Lentz,	et.	al.,	2015,	Am	J	Sports	Med	

Ardern,	et.	al.,	2014,	Br	J	Sports	Med	

Flanigan,	et.	al.,	2013,	Arthroscopy	

Ardern,	et.	al.,	2013,	Am	J	Sports	Med	

Everhart,	et.	al.,	2015,		
Knee	Surg	Sports	Traumatol	Arthrosc	

Skulpan Asavasopon, PT, PhD, OCS, FAAOMPT
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Aaron	T.	Beck
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Methods
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Processing
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Rumina0on	(a;en0on)

High	Threat	Value		
(Appraisal)

Fear	Avoidance/Fear	of	
Movement

Helplessness

Catastrophizing/
Magnification

Cogni0on	and	Pain	
Amplifica0on

Cogni0ve	Pain	A;enua0on	
Methods

Neurocogni0ve	Pain	
Processing

High	Threat	Value	
(Appraisal)

Fear	Avoidance/Fear	
of	Movement

Catastrophizing/
Magnifica0on

Rumina0on/Vigilance	
(A;en0on)

Helplessness	
(Self-Efficacy)

Cogni0ve	Decision

Affec0ve/Motor	Response

3	Components	of		Pain	
Catastrophizing

Skulpan Asavasopon, PT, PhD, OCS, FAAOMPT

Rumina0on	(a;en0on)Magnifica0on

Cogni0on	and	Pain	
Amplifica0on

Cogni0ve	Pain	A;enua0on	
Methods

Neurocogni0ve	Pain	
Processing

High	Threat	Value	
(Appraisal)

Fear	Avoidance/Fear	
of	Movement

Catastrophizing/
Magnifica0on

Rumina0on	
(A;en0on)

Helplessness	
(Self-Efficacy)

3	Components	of	Pain	
Catastrophizing

Quartana,	et.	al.,	2009,	Expert	Rev	Neurother	

Helplessness

Skulpan Asavasopon, PT, PhD, OCS, FAAOMPT
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Amplifica0on

Cogni0ve	Pain	A;enua0on	
Methods

Neurocogni0ve	Pain	
Processing

High	Threat	Value	
(Appraisal)

Fear	Avoidance/Fear	
of	Movement

Catastrophizing/
Magnifica0on

Rumina0on	
(A;en0on)

Helplessness	
(Self-Efficacy)

Skulpan Asavasopon, PT, PhD, OCS, FAAOMPT

Operant	Condi0oning

Cogni0on	and	Pain	
Amplifica0on

Cogni0ve	Pain	A;enua0on	
Methods

Neurocogni0ve	Pain	
Processing

Cogni0ve	Restructuring	
(Reappraisal/

Reconceptualiza0on)

Graded	Ac0vity/Exposure	
(Distrac0on/A;en0on	Diversion)

Skulpan Asavasopon, PT, PhD, OCS, FAAOMPT

Graded	Ac0vity/Exposure	
(Distrac0on/A;en0on	Diversion)

Operant	Condi0oning

Cogni0on	and	Pain	
Amplifica0on

Cogni0ve	Pain	A;enua0on	
Methods

Neurocogni0ve	Pain	
Processing

Cogni0ve	Restructuring	
(Reappraisal/Reconceptualiza0on)

Mon0cone,	et.	al.,	2015,	The	Cochrane	Library		

1. CBT significantly better than  no treatment for pain, disability, and quality of life

2. No differences between CBT and medication, education, physiotherapy, manual 
therapy, and exercise for pain/disability.

3. CBT moderately better than other interventions for improving fear of movement. 

Skulpan Asavasopon, PT, PhD, OCS, FAAOMPT
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Cogni0on	and	Pain	
Amplifica0on

Cogni0ve	Pain	A;enua0on	
Methods

Neurocogni0ve	Pain	
Processing

Henschke,	et.	al.,	2010,	The	Cochrane	Library		

For pain relief, there was moderate quality evidence that: 

1. operant therapy was more effective than waiting list controls in the short-term,

2. there was little or no difference between operant therapy, cognitive therapy; or a 
combination of behavioural therapies in the short or
intermediate-term, and

3. behavioural treatment was more effective than usual care (which usually 
consists of physical therapy, back school and/or medical
treatments) in the short-term.

Graded	Ac0vity/Exposure	
(Distrac0on/A;en0on	Diversion)

Operant	Condi0oningCogni0ve	Restructuring	
(Reappraisal/Reconceptualiza0on)

Skulpan Asavasopon, PT, PhD, OCS, FAAOMPT

Cogni0on	and	Pain	
Amplifica0on

Cogni0ve	Pain	A;enua0on	
Methods

Neurocogni0ve	Pain	
Processing

Graded	Ac0vity/Exposure	
(Distrac0on/A;en0on	Diversion)

Operant	Condi0oningCogni0ve	Restructuring	
(Reappraisal/Reconceptualiza0on)

WHAT	IS	COGNITIVE	BEHAVIORAL	THERAPY?

Cogni0ve	Behavior	Therapy	(CBT)	is	a	0me-sensi0ve,	
structured,	present-oriented	psychotherapy	directed	
toward	solving	current	problems	and	teaching	clients	skills	
to	modify	dysfunc-onal	thinking	and	behavior.

Skulpan Asavasopon, PT, PhD, OCS, FAAOMPT

Cogni0on	and	Pain	
Amplifica0on

Cogni0ve	Pain	A;enua0on	
Methods

Neurocogni0ve	Pain	
Processing

Graded	Ac0vity/Exposure	
(Distrac0on/A;en0on	Diversion)

Operant	Condi0oningCogni0ve	Restructuring	
(Reappraisal/Reconceptualiza0on)

Skulpan Asavasopon, PT, PhD, OCS, FAAOMPT
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Cogni0on	and	Pain	
Amplifica0on

Cogni0ve	Pain	A;enua0on	
Methods

Neurocogni0ve	Pain	
Processing

Graded	Ac0vity/Exposure	
(Distrac0on/A;en0on	Diversion)

Operant	Condi0oningCogni0ve	Restructuring	
(Reappraisal/Reconceptualiza0on)

Skulpan Asavasopon, PT, PhD, OCS, FAAOMPT

Cogni0on	
(A;en0on)

Emo0on	
(Perceived	Threat)

Behavior	
(coping	style/ac0on)

Cogni0ve	Behavioral	Framework

Aaron T. Beck

I believe… 
my disc is herniated

I	feel…	
afraid	to	bend	down	
to	pick	up	objects	
from	the	floor

What	I	do…		
I	avoid	bending	at	all	
costs

Cogni0on	and	Pain	
Amplifica0on

Cogni0ve	Pain	A;enua0on	
Methods

Neurocogni0ve	Pain	
Processing

Cogni0ve	Restructuring	
(Reappraisal/Reconceptualiza0on)

Skulpan Asavasopon, PT, PhD, OCS, FAAOMPT

Fear	Avoidance/Fear	
of	Movement

Fear	Avoidance/Fear	
of	Movement

Cogni0on	
(A;en0on)

Emo0on	
(Perceived	Threat)

Behavior	
(coping	style/ac0on)

Cogni0ve	Behavioral	Framework

Aaron T. Beck

I	believe…		
my	muscles	are	0ght.

I	feel…	
comfortable	with	
the	thought	of	
stretching	my	back	
muscles

What	I	do…		
I	will	start	bending	to	
stretch	my	back	
muscles

Cogni0on	and	Pain	
Amplifica0on

Cogni0ve	Pain	A;enua0on	
Methods

Neurocogni0ve	Pain	
Processing

Cogni0ve	Restructuring	
(Reappraisal/Reconceptualiza0on)

Skulpan Asavasopon, PT, PhD, OCS, FAAOMPT

Fear	Avoidance/Fear	
of	Movement

Fear	Avoidance/Fear	
of	Movement
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Cogni0on	and	Pain	
Amplifica0on

Cogni0ve	Pain	A;enua0on	
Methods

Neurocogni0ve	Pain	
Processing

Graded	Ac0vity/Exposure	
(Distrac0on/A;en0on	Diversion)

Operant	Condi0oningCogni0ve	Restructuring	
(Reappraisal/Reconceptualiza0on)

Summary:	

1. 	Operant	condi0oning	is	more	effec0ve	than	back	school	for	reducing	long	term	disability	in	
pa0ents	with	chronic	low	back	pain.	

2.		Operant	condi0oning	may	be	more	effec0ve	than	biomedically-based	physical	therapy	in	
reducing	fear-avoidance.	

3.		Operant	condi0oning	is	more	effec0ve	than	placebo	in	reducing	short-term	pain	in	sub-acute	
low	back	pain.

Bunzli,	et.	al.,	2011,	Physiother	Res	Int	

Skulpan Asavasopon, PT, PhD, OCS, FAAOMPT

WHAT	IS	OPERANT	CONDITIONING?

Type	of	learning	in	which	behaviors	are	emi;ed	to	earn	rewards	or	avoid	punishment	
with	the	following	principles:	

1. Goal-oriented	

2. Time-con0ngent	ac0vity	management	(e.g.	quota-based	graded	exercise/ac0vity)	

3. Posi0ve	reinforcement	+	educa0on

Cogni0on	and	Pain	
Amplifica0on

Cogni0ve	Pain	A;enua0on	
Methods

Neurocogni0ve	Pain	
Processing

Graded	Ac0vity/Exposure	
(Distrac0on/A;en0on	Diversion)

Operant	Condi0oningCogni0ve	Restructuring	
(Reappraisal/Reconceptualiza0on)

Bunzli,	et.	al.,	2011,	Physiother	Res	Int

Skulpan Asavasopon, PT, PhD, OCS, FAAOMPT

Operant Conditioning

Reinforcement
Increases Behavior

Punishment
Decreases Behavior

Positive (progress)
Add rewarding stimulus 

following correct behavior 

Negative
Removing and aversive 

stimulus

Positive (pain)
Add noxious stimulus 

following behavior 

Negative
Remove positive stimulus 

following behavior 

B.F. Skinner

Exercise and 
Movement

(Outcome)

Avoidance of 
Exercise/Movement

(Outcome)

Skulpan Asavasopon, PT, PhD, OCS, FAAOMPT
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Cogni0on	and	Pain	
Amplifica0on

Cogni0ve	Pain	A;enua0on	
Methods

Neurocogni0ve	Pain	
Processing

Graded	Ac0vity/Exposure	
(Distrac0on/A;en0on	

Operant	Condi0oningCogni0ve	Restructuring	
(Reappraisal/

GRADED	ACTIVITY	FOR	LOW	BACK	PAIN	has	been	shown	to	be	an	
effective	intervention	

Lindstrom,	et.	al.,	1992,	Phys	Ther	

Hlobil,	et.	al.,	2005,	J	Occup	Rehabil	

Hlobil,	et.	al.,	2007,	Eur	Spina	J	

Magalhaes,	et.	al.,	2015,	BMC	Manual	Therapy	

Rasmussen-Barr,	et.	al.,	2009,	Spine	(efficacy	too)	

Staal,	et.	al.,	2008,	Arthri0s	&	Rheuma0sm	

George,	et.	al.,	2010,	JOSPT	

Skulpan Asavasopon, PT, PhD, OCS, FAAOMPT

Cogni0on	and	Pain	
Amplifica0on

Cogni0ve	Pain	A;enua0on	
Methods

Neurocogni0ve	Pain	
Processing

Graded	Ac0vity/Exposure	
(Distrac0on/A;en0on	

Operant	Condi0oningCogni0ve	Restructuring	
(Reappraisal/

Macedo,	et.	al.,	2012,	Phys	Ther		

Skulpan Asavasopon, PT, PhD, OCS, FAAOMPT

Macedo,	et.	al.,	2012,	Phys	Ther		

Skulpan Asavasopon, MPT, PhD, OCS, FAAOMPT

Cogni0on	and	Pain	
Amplifica0on

Cogni0ve	Pain	A;enua0on	
Methods

Neurocogni0ve	Pain	
Processing

Graded	Ac0vity/Exposure	
(Distrac0on/A;en0on	

Operant	Condi0oningCogni0ve	Restructuring	
(Reappraisal/
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Cogni0on	and	Pain	
Amplifica0on

Cogni0ve	Pain	A;enua0on	
Methods

Neurocogni0ve	Pain	
Processing

Graded	Ac0vity/Exposure	
(Distrac0on/A;en0on	

Operant	Condi0oningCogni0ve	Restructuring	
(Reappraisal/

GRADED	ACTIVITY	FOR	HIP	AND	KNEE	OSTEOARTHRITIS	has	been	shown	
to	be	an	EFFECTIVE	intervention	

Mazzuca,	SA,	2007,	Nat	Clin	Pract	Rheum	
		

Pisters,	et	.al.,	2010,	J	Physiother	

Veenhof,	et.	al.,	2006,	Arthri0s	&	Rheuma0sm	

Veenhof,	et.	al.,	2007,	Int	J	Behav	Med	

Skulpan Asavasopon, PT, PhD, OCS, FAAOMPT

Cogni0on	and	Pain	
Amplifica0on

Cogni0ve	Pain	A;enua0on	
Methods

Neurocogni0ve	Pain	
Processing

Graded	Ac0vity/Exposure	
(Distrac0on/A;en0on	

Operant	Condi0oningCogni0ve	Restructuring	
(Reappraisal/

Skulpan Asavasopon, PT, PhD, OCS, FAAOMPT

Skulpan Asavasopon, PT, PhD, OCS, FAAOMPT
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Cogni0ve	mechanisms	associated	with	exercise:	

1. Graded	ac0vity	(desensi0za0on	mechanism)	with	quota	(e.g.	1	
hour/day)	

2. Distrac0on/a;en0on	diversion	mechanism	
3. Posi0ve	reinforcement/reward	mechanism

Graded	Ac0vity/Exposure	
(Distrac0on/A;en0on	Diversion)

Operant	Condi0oningCogni0ve	Restructuring	
(Reappraisal/Reconceptualiza0on)

Level	1 Level	“X”

Skulpan Asavasopon, PT, PhD, OCS, FAAOMPT

Cognition and Pain 
Amplification

Cognitive Pain 
Attenuation Methods

Neurocognitive Pain 
Processing

Cognition and Pain 
Amplification

Cognitive Pain 
Attenuation Methods

Operant	Condi0oning

High	Threat	Value	(Appraisal)

Fear	Avoidance/Fear	of	
Movement

Catastrophizing/
Magnifica0on

Rumina0on	
(A;en0on)

Helplessness	
(Self-Efficacy)

Cogni0ve	Restructuring	
(Reappraisal/

Reconceptualiza0on)

Graded	Ac0vity/Exposure	
(Distrac0on/A;en0on	Diversion)

Skulpan Asavasopon, PT, PhD, OCS, FAAOMPT

Cognitive Pain 
Attenuation Methods

Operant	Condi0oning

Cogni0ve	Restructuring	
(Reappraisal/

Reconceptualiza0on)

Graded	Ac0vity/Exposure	
(Distrac0on/A;en0on	Diversion)

Chiropractic
Acupuncture
Physicians
Physical Therapy?

Physical Therapy 
(Biomechanical Approach)

Cogni0ve		
Mechanism

Biomechanical		
Mechanism

Skulpan Asavasopon, PT, PhD, OCS, FAAOMPT
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Cogni0ve		
Mechanism

Skulpan Asavasopon, PT, PhD, OCS, FAAOMPT

BIOmedical BIOmechanical 

BIO-psychosocial

Biomechanical		
Mechanism

Cogni0ve		
Mechanism

Biomechanical		
Mechanism

Skulpan Asavasopon, PT, PhD, OCS, FAAOMPT

Cogni0ve-Biomechanical	Integra0on

Up next…

CSM 2017 Cognitive Overview Handout.key - February 20, 2017
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Skulpan Asavasopon, PT, PhD
Loma Linda University

Christopher M. Powers, PT, PhD, FAPTA
University of Southern California

A Cognitive-Biomechanical Perspective 
for the Management of Common Chronic 

Musculoskeletal Conditions 1. Recognize common cognitive-affective attributes 
of patients with chronic musculoskeletal pain.

2. Understand how cognitive-behavioral methods 
(i.e. reappraisal) and operant conditioning (i.e. 
graded activity) can be integrated within a 
biomechanical approach to treating patients.

Session Objectives

3. Gain a new perspective and insight regarding 
the mechanisms underlying the cognitive 
modulation of pain.

4. Understand the cognitive impact of having a 
“story” that incorporates a physical therapy 
diagnosis, objective measurements, an 
organized exercise protocol with integrated 
expectations and reward mechanisms, and 
goals with accountability.

Session Objectives Session Schedule
11:00-11:10: Introduction & session overview 

11:10-11:25: Overview of the biomechancial
approach to musculoskeletal practice (Powers)

11:25-12:05: Overview of cognitive perspectives in 
musculoskeletal practice (Asavasopon)

12:05-12:45: Addressing cognitive-behavioral 
factors within a biomechanical framework (Both)

12:45-1:00: Questions & Answers

A bit of background…

Musculoskeletal Biomechanics 
Research Laboratory
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Biomechanics Underlying 
Lower Extremity Injury

Overarching research theme:

Identification and understanding of 
injury mechanisms will lead to the 
development of more effective and 

efficient clinical interventions

What I have learned 
over the past 20 years?

• Many if not most lower extremity 
injuries are the result of poor 
movement mechanics.

• Treatment and prevention of lower 
extremity injuries should include a 
biomechanical or movement 
perspective.

“…Transforming Society by 
Optimizing Movement to Improve 

the Human Experience”

APTA Vision Statement
Adopted by the APTA House of Delegates  

2013

Identity

• The physical therapy profession will define 
and promote the “movement system” as 
the foundation for optimizing movement to 
improve the health of society... 

• The “movement system” is the core of 
physical therapist practice, education, and 
research…

Excerpts from the APTA Vision Statement, 2013

So….What is the 
Biomechanical Approach???

• Identify “abnormal” 
movement patterns that may 

be contributory to the 
patient’s complaint(s)
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Why Evaluate Movement Clinically?

• Most patients seek out a physical 
therapist care because of pain
-Typically activity or movement related

• Abnormal movement patterns can 
cause lower extremity injury & pain
-Joint stress (bone & cartilage)
-Soft tissue strain (ligament & tendon) 
-Muscle overuse

Movement Performance Institute

Patellofemoral Pain with Running Ready to Return to Sport?

Where does Movement Analysis Fit in the 
Patient/Client Management Model?

• Subjective
– What is the patient’s chief complaint & history?

• What is the tissue source of pain?
– Tissue provocation testing

• Movement Examination 
– Are there movement impairments consistent with 

the patients complaints?
• Hypothesis Driven Physical exam 

– What is causing the abnormal movement 
(decreased strength, joint motion, etc.)?

Clinical Example: 

Runner with Lateral Hip Pain
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1. Cross-over sign (Initial contact)
2. Dynamic knee valgus (Deceleration)
3. Dynamic knee varus (Deceleration)
4. Excessive hip adduction/pelvic drop (Deceleration)
5. Excessive hip internal rotation (Deceleration)
6. Excessive pelvic drop (Deceleration)
7. Excessive foot pronation (Deceleration)
8. Limited hip and/or knee flexion (Deceleration) 
9. Knee forward of toe (Deceleration)
10. Vertical or extended trunk (Deceleration)
11. Lateral trunk flexion (Deceleration)
12. Limited hip extension (Toe off)
13. Excessive vertical displacement of COM (Toe off)

Common Impairments 
During Running

1. Cross-over sign (Initial contact)
2. Dynamic knee valgus (Deceleration)
3. Dynamic knee varus (Deceleration)
4. Excessive hip adduction/pelvic drop (Deceleration)
5. Excessive hip internal rotation (Deceleration)
6. Excessive pelvic drop (Deceleration)
7. Excessive foot pronation (Deceleration)
8. Limited hip and/or knee flexion (Deceleration) 
9. Knee forward of toe (Deceleration)
10. Vertical or extended trunk (Deceleration)
11. Lateral trunk flexion (Deceleration)
12. Limited hip extension (Toe off)
13. Excessive vertical displacement of COM (Toe off)

Common Impairments 
During Running

Anterior View: Deceleration Key Clinical Exam Findings:

1. Hip Abductor weakness 
(32% deficit)

2. Contralateral hip flexor tightness 
(+30 Thomas test)

A Technology Driven 
Approach!

Patients Expect Healthcare Providers to 
Use Technology to make a Diagnosis!
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Two Basic Uses of Technology

• Diagnostics

• Treatment

Quantifying Movement Impairments

Quantifying Physical Impairments

Treatment Focus: 

Correct Physical Impairments

Permanent Change in 
Movement Behavior

Changing Movement Behavior
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Visual Feedback Training Visual Feedback Training

A Highly Structured 
Intervention!

Motor Learning
Coordination Control Skill

Muscle Performance
Activation Strength Movement training

Exercise Mode
Static Dynamic Ballistic
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Christopher M. Powers, PT, PhD, FAPTA
University of Southern California

Knee Pain with Running: 
A Biomechanical Approach

History & Background
• 31 year old recreational runner

– 15 year running history

• Knee pain for 4 months
– Insidious onset while training for marathon
– Pain only with running

• Diagnosis of medial meniscus tear
– Confirmed through MRI

• Referred to physical therapy, but told that surgery 
likely will be necessary.

History & Background

• Stopped running after Ortho consult
– Fearful of further injury

• Expressed doubt that physical therapy would be 
helpful, but also expressed that he did not want 
surgery. 

• Very anxious regarding condition and inability to 
run
– Uses running for stress management

Physical Examination to 
Establish Tissue Source of Pain

• Clinical presentation not consistent with a 
mensicus tear
– Full knee range of motion

– No swelling

– Meniscal tests negative

– Symptom reproduced with palpation to patellar 
tendon 

Movement Evaluation:

Are there movement 
impairments consistent with 

the Patellar Teninopathy?

Deceleration Phase
Initial Contact Peak Knee flexion

Movement Impairments: Limited hip flexion; Upright trunk
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Movement Impairments: Excessive dorsiflexion (Knee forward of toe)

Late Stance

Key Clinical Exam Findings:

1. Hip extensor weakness (25% deficit)

2.  Calf weakness (50% deficit)
(12/25 single limb heel raises)

Working Hypothesis

• Running mechanics consistent with 
quadriceps overuse
– Limited hip flexion during deceleration

– Upright trunk during deceleration

– Knee forward of toes in late stance

Scientific Rationale for 
Hypothesis:
“The Story”

Upright Trunk Posture biases the knee 
extensors during deceleration
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Teng & Powers, Med Sci Sports Exerc, 2014
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7.2o

High Flexion vs. Low Flexion

Teng & Powers, Med Sci Sports Exerc, 2014

Toe offMid‐stanceHeel strike

Low‐
Flexion

High‐
Flexion

p < 0.001

High vs. Low Trunk Flexion

Teng & Powers, Med Sci Sports Exerc, 2014

Hip extensor strength is associated with 
trunk flexion angle during running
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Hip extensor strength is associated 
with knee extensor work

0.00

0.20

0.40

0.60

0.80

1.00

1.20

1.40

0.0 1.0 2.0 3.0 4.0 5.0 6.0

K
n
ee

 E
xt
en

so
r 
W
o
rk
 (
J/
kg
)

Hip Extensor Strength (Nm/kg)

Female Male
r = ‐0.39
p = 0.01

Teng & Powers, J Athl Train, 2016

Excessive Dorsiflexion Contributes 
to Quadriceps Overuse

Biscarini et al., 2011 

• Tibia > Trunk   
“Knee bias”

• Trunk > Tibia    
“Hip bias”
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Overarching Treatment Goal:
“Story to Patient” 

Reduce Loading on the Patellar 
Tendon During Running 
(ie. reduce reliance on 

quadriceps)

Treatment Plan
• Improve hip extensor muscle 

performance

• Improve calf muscle performance

• Running re-training 
– Incorporate forward trunk lean
– Improve hip flexion
– Improve “triple extension” in late 

stance

Outcome Expectations
Pre Post

Hip Focused Return to 
Running Program

Level 1 (3 weeks)
Gluteal activation  

Level 2 (4 weeks)

Gluteal strengthening 

Level 3 (2 weeks)
Movement re‐education (running simulation)

Level 4
Return to running (utilizing hip strategy) 

Scientific Rationale for 
“Activation Phase”
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The Big Challenge

• The Hip is a Redundant 
Muscular System: It is 
easy to Compensate!

• Gluteus Maximus is a 
postural muscle with 
poor representational 
area in the primary 
motor cortex 

ABDuctor External 
Rotator

ADDuctor

ADDuctor

Extensors

GMAX

Hamstrings

Adductor 
Magnus

Muscular Compensations Associated 
With Gluteus Maximus  Weakness

How do you Strengthen 
Gluteus Maximus if you 

Cannot Access (activate) it?

Fisher et al, Neuro Report, 2016

Increase Corticomotor Excitability
Associated with Glut Max Activation Exercises

Hip Activation Exercises (Level 1)  Trunk Activation Exercises (Level 1) 
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Hip Strengthening Exercises 
(Level 2: Double Limb)

Squat with Trunk Activation 

Squat with Trunk Activation 
Crab Walks with Trunk Activation

Forward Lunge (hip bias) Hip Strengthening Exercises 
(Level 2: Single Limb)
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Level 3: Functional Strengthening & 
Movement Retraining for Running

Level 3: Functional Strengthening & 
Movement Retraining for Running

Level 3: Functional Strengthening & 
Movement Retraining for Running

Uphill Walking to Facilitate Hip 
Flexion & Forward Trunk Lean  

Flat 5% incline
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Return to Running Visual Feedback  Summary

• Identified the problem

• Identified a potential mechanism 
underlying the problem
– Objective data

• Established a treatment strategy
– Structured, progressive, outcome oriented

• Established measureable outcomes



Looking at a Biomechanical Approach 
from a Cognitive-Affective Perspective: 

A Case of Knee Pain with Running
(Case from Christopher M. Powers, PT, PhD, FAPTA) 

Skulpan Asavasopon, PT, PhD, OCS, FAAOMPT 
Assistant Professor, Loma Linda University School of Allied Health Professions, 
Department of Physical Therapy 
Adjunct Assistant Professor of Research, USC Division of Biokinesiology and Physical 
Therapy 

Understand	the	
Pa,ent’s	Story1 Reconceptualize	the	

Pa,ent’s	Story2 Reinforce	the		
New	Story3

Skulpan Asavasopon, PT, PhD, OCS, FAAOMPT

ID Cognitive/Affective Variables Minimize Pain Threat Value Prevent Lapse/Relapse

TOWARD       COGNITIVE-BEHAVIORAL      CHANGE

PAIN

High Threat Value 

Fear Avoidance/Fear of Movement

Catastrophizing/Magnification

Rumination

Helplessness vs.       Self-Efficacy

Cogni,on	
(AJen,on)

Emo,on	
(Perceived	
Threat)

Behavior	
(coping	style/

ac,on)

Cognitive Behavioral 
Framework

Graded	Ac,vity/Exposure	Operant	Condi,oning

Reinforce	the		
New	Story3Reconceptualize	the	

Pa,ent’s	Story2

History & Background

Skulpan Asavasopon, PT, PhD, OCS, FAAOMPT

• 31 year old recreational runner 
– 15 year running history 

• Knee pain for 4 months 
– Insidious onset while training for marathon 
– Pain only with running 

• Diagnosis of medial meniscus tear 
– Confirmed through MRI 

• Referred to physical therapy, but told that 
surgery likely will be necessary.

Cogni,ve	Appraisal?	

Understand	the	
Pa,ent’s	Story1



Skulpan Asavasopon, PT, PhD, OCS, FAAOMPT

• Stopped running after Ortho consult 
– Fearful of further injury 

• Expressed doubt that physical therapy would be 
helpful, but also expressed that he did not want 
surgery.  

• Very anxious regarding condition and inability to run 
– Uses running for stress management

History & Background

Cogni,ve	Appraisal?	

Reinforce	the		
New	Story3Reconceptualize	the	

Pa,ent’s	Story2Understand	the	
Pa,ent’s	Story1

Cogni,on	
(AJen,on)

Emo,on	
(Perceived	Threat)

Behavior	
(coping	style/ac,on)

Cognitive Behavioral 
Framework

I believe…  
-“I have a meniscus tear (MRI) so PT 
can’t fix it”

I	feel…	
-Fearful…”PT	is	a	waste	of	,me	and	
may	further	damage	my	knee.”	

What	I	do…		
-Passive	coping…”I	need	
medica,on	or	surgery…
can’t	get	mind	off	knee	
damage.	I’m	going	to	avoid	
exercise”	

High	Threat	Value		
(Appraisal)

Rumina,on	
(AJen,on)

Skulpan Asavasopon, PT, PhD, OCS, FAAOMPT

Reinforce	the		
New	Story3Reconceptualize	the	

Pa,ent’s	Story2Understand	the	
Pa,ent’s	Story1

Helplessness	
(Self-Efficacy)

Fear	Avoidance/Fear	of	
Movement

Cogni,on	
(AJen,on)

Emo,on	
(Perceived	Threat)

Behavior	
(coping	style/ac,on)

Cognitive Behavioral 
Framework

I believe… 
-“I need surgery; this is very 
serious!”

I	feel…	
-“Fearful/nervous	of	causing	more	
damage	and	stressed	about	not	
being	able	to	run,	especially	since	
problem	came	suddenly	out	of	
nowhere.”

What	I	do…		
-“I	avoid	any	exercise	and	
pu[ng	any	pressure	on		
my	knee.”

Fear	Avoidance/Fear	of	
Movement

High	Threat	Value		
(Appraisal)

Helplessness	
(Self-Efficacy)

Skulpan Asavasopon, PT, PhD, OCS, FAAOMPT

Reinforce	the		
New	Story3Reconceptualize	the	

Pa,ent’s	Story2Understand	the	
Pa,ent’s	Story1

Fear	Avoidance/Fear	of	
Movement



Understand	the	
Pa,ent’s	Story1 Reconceptualize	the	

Pa,ent’s	Story2 Reinforce	the		
New	Story3

Skulpan Asavasopon, PT, PhD, OCS, FAAOMPT

 
Provide 

“The Biomechanical Story:”

Reduce Loading on the Patellar Tendon During Running
(e.g. reduce reliance on quadriceps)

Reinforce	the		
New	Story3

Physical Examination

Understand	the	
Pa,ent’s	Story1

• Clinical presentation not consistent with a 
mensicus tear 
– Full knee range of motion 
– No swelling 
– Meniscal tests negative 
– Symptom reproduced with palpation to patellar 

tendon

Skulpan Asavasopon, PT, PhD, OCS, FAAOMPT

Reconceptualize	the	
Pa,ent’s	Story2

Cogni,ve	Restructuring	
(Reappraisal/Reconceptualiza,on)

Skulpan Asavasopon, PT, PhD, OCS, FAAOMPT

Upright Trunk Posture biases the knee 
extensors during deceleration

Cogni,ve	Restructuring	
(Reappraisal/Reconceptualiza,on)

Reinforce	the		
New	Story3Understand	the	

Pa,ent’s	Story1 Reconceptualize	the	
Pa,ent’s	Story2



Skulpan Asavasopon, PT, PhD, OCS, FAAOMPT

Tibia vs. Trunk Angulation 
Biscarini et al., 2011 

Excessive dorsiflexion 
biases the knee extensors 
during acceleration

Cogni,ve	Restructuring	
(Reappraisal/Reconceptualiza,on)

Reinforce	the		
New	Story3Understand	the	

Pa,ent’s	Story1 Reconceptualize	the	
Pa,ent’s	Story2

Skulpan Asavasopon, PT, PhD, OCS, FAAOMPT

Key Strength Exam Findings: 
 

1. Hip extensor weakness (25% deficit) 
  

2.  Calf weakness (50% deficit) 

Cogni,ve	Restructuring	
(Reappraisal/Reconceptualiza,on)

Reinforce	the		
New	Story3Understand	the	

Pa,ent’s	Story1 Reconceptualize	the	
Pa,ent’s	Story2

Skulpan Asavasopon, PT, PhD, OCS, FAAOMPT

Outcome Expectations
Pre Post

Cogni,ve	Restructuring	
(Reappraisal/Reconceptualiza,on)

Reinforce	the		
New	Story3Understand	the	

Pa,ent’s	Story1 Reconceptualize	the	
Pa,ent’s	Story2



I believe…  
-“Maybe it’s not my meniscus after 
all; maybe not as serious as I 
thought!”

Cogni,on	
(AJen,on)

Emo,on	
(Perceived	Threat)

Behavior	
(coping	style/ac,on)

Cognitive Behavioral 
Framework

Lower	Threat	Value		
(Appraisal)

Less	
Helplessness	

(Increased	Self-
Efficacy)

Skulpan Asavasopon, PT, PhD, OCS, FAAOMPT

I	feel…	
-I’m	slightly	fearful	that	it	might	s,ll	
be	a	torn	meniscus	but	hopeful	that	
it	isn’t.”	(feels	empowered	to	
recover)

What	I	do…		
-Contemplates	PT	(diverts	
aJen,on	to	PT	vs.	inability	
to	run)	

Decreased	Rumina,on/(Distracted	
from	Running,	AJen,on	to	PT)

Reinforce	the		
New	Story3Understand	the	

Pa,ent’s	Story1 Reconceptualize	the	
Pa,ent’s	Story2

Cogni,on	
(AJen,on)

Emo,on	
(Perceived	Threat)

Behavior	
(coping	style/ac,on)

Cognitive Behavioral 
Framework

Lower	Threat	Value		
(Appraisal)

Less	
Helplessness	

(Increased	Self-
Efficacy)

Skulpan Asavasopon, PT, PhD, OCS, FAAOMPT

I believe… 
-“I have a biomechanical problem 
causing pain to my knee tendon”

I	feel…	
-“Relieved/happy	I	can	do	
PT	to	fix	this	problem.”

What	I	do…		
-Ask	ques,ons	about	the	
PT	program

Decreased	Rumina,on/(Distracted	
from	Running,	AJen,on	to	PT)

Reinforce	the		
New	Story3Understand	the	

Pa,ent’s	Story1 Reconceptualize	the	
Pa,ent’s	Story2

I believe…  
-“I’m weak and have poor 
running form.”

Cogni,on	
(AJen,on)

Emo,on	
(Perceived	Threat)

Behavior	
(coping	style/ac,on)

Cognitive Behavioral 
Framework

Lower	Threat	Value		
(Appraisal)

Less	
Helplessness	

(Increased	Self-
Efficacy)

Skulpan Asavasopon, PT, PhD, OCS, FAAOMPT

I	feel…	
-distaste/disgust		
“Embarrased/ashamed	but	
hopeful/relieved	I	can	fix	this.”	

What	I	do…		
-Mind	focused	on	
comple,ng	PT	program	

Decreased	Rumina,on/(Distracted	
from	Running,	AJen,on	to	PT)

Reinforce	the		
New	Story3Understand	the	

Pa,ent’s	Story1 Reconceptualize	the	
Pa,ent’s	Story2



Reinforce	the		
New	Story3Reconceptualize	the	

Pa,ent’s	Story2Understand	the	
Pa,ent’s	Story1

Education Checklist

Skulpan Asavasopon, PT, PhD, OCS, FAAOMPT

How serious is this condition/prognosis?  

How long will this take to get better? 

Will it resolve completely? 

Why/how did this happen? 

What do you have to offer? 

What do I need to do or not do for this condition? 

What are my options? 

What is the diagnosis?  

Treatment Plan
Reconceptualize	the	

Pa,ent’s	Story2Understand	the	
Pa,ent’s	Story1

Skulpan Asavasopon, PT, PhD, OCS, FAAOMPT

• Improve hip extensor muscle 
performance 

• Improve calf muscle performance 

• Running re-training  
– Incorporate forward trunk lean 
– Improve hip flexion 
– Improve “triple extension” in late 

stance 

Reinforce	the		
New	Story3

Skulpan Asavasopon, PT, PhD, OCS, FAAOMPT

Graded	Ac,vity/Exposure	
(Distrac,on/AJen,on)

Operant	Condi,oning

• Distraction away from 
running/attention 
toward hip program 

• Positive 
reinforcement/reward 
mechanism 

• Quota-based: 1 hr/day 
without worsening of 
pain 

• Attention on 
normalizing 
movement, not pain

Level 1 (3 weeks) 
Gluteal activation & flexibility 

Level	2	(4	weeks)	
Gluteal	strengthening	&	flexibility	

Level	4	
Return	to	running	(utilizing	hip	strategy)	

Level	3	(2	weeks)	
Movement	re-education	(running	simulation)

Reconceptualize	the	
Pa,ent’s	Story2Understand	the	

Pa,ent’s	Story1 Reinforce	the		
New	Story3



Skulpan Asavasopon, PT, PhD, OCS, FAAOMPT

Graded	Ac,vity/Exposure	
(Distrac,on/AJen,on)

Operant	Condi,oning

• Distraction away from 
running/attention 
toward hip program 

• Positive 
reinforcement/reward 
mechanism 

• Quota-based: 1 hr/day 
without worsening of 
pain 

• Attention on 
normalizing 
movement, not pain

Return	to	Running	Visual	Feedback	

Reconceptualize	the	
Pa,ent’s	Story2Understand	the	

Pa,ent’s	Story1 Reinforce	the		
New	Story3

Skulpan Asavasopon, PT, PhD, OCS, FAAOMPT

Understand		
Symptom	Behavior1 Normalize	Relevant	

				Biomechanical	Variables2 Implement	New	
Movement	Strategy	3

TOWARD       PHYSICAL-BEHAVIORAL      CHANGE

ID Biomechanical Nature Minimize/Optimize Tissue Stress(es) Prevent Lapse/Relapse

Understand	the	
Pa,ent’s	Story1 Reconceptualize	the	

Pa,ent’s	Story2 Reinforce	the		
New	Story3

TOWARD       COGNITIVE-BEHAVIORAL      CHANGE

ID Cognitive/Affective Variables Minimize Pain Threat Value Prevent Lapse/Relapse

Skulpan Asavasopon, PT, PhD, OCS, FAAOMPT

THANK	YOU
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