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Abstract'

Background!!

Patellofemoral!pain!(PFP)!is!a!common!musculoskeletal!complaint!with!inadequate!

longYterm!outcomes.!We!aimed!to!review!current!evidence!relating!to!tailored!

interventions,!address!knowledge!gaps!concerning!how!tailoring!should!best!be!

delivered!and!establish!whether!such!interventions!are!feasible.!!This!thesis!

investigated!whether!the!interaction!of!hip!and!foot!biomechanics!better!explains!PFP!

presentation!and!management,!and!could!be!used!to!inform!feasibility!studies!of!

delivering!tailored!interventions!for!individuals!with!this!recalcitrant!condition.!

Methods!

Two!systematic!reviews!with!metaYanalysis!identified!predictors!of!conservative!

management!outcomes!and!the!effects!and!mechanisms!of!proximal!rehabilitation!

interventions.!!A!reliability!study!tested!a!battery!of!clinical!measures,!designed!to!

identify!biomechanical!deficits!common!in!individuals!with!PFP.!!An!observational!

study!of!individuals!with!PFP!investigated!possible!biomechanical!mechanisms!of!effect!

for!inYshoe!foot!orthoses.!!A!caseYcontrol!study!design!explored!the!electromyographic!

activity!of!the!gluteal!region!during!common!rehabilitation!exercises.!!A!randomised!

intervention!trial!implemented!a!tailored!intervention!to!determine!feasibility.!!

Results!

Outcome!predictors!for!conservative!management!are!currently!at!a!derivation!stage!

of!development.!!A!clinical!battery!of!14!measures!showed!good!intraY!and!interYrater!

reliability!for!the!assessment!of!lower!limb!biomechanics.!!Proximal!rehabilitation,!

combined!with!quadriceps,!achieves!favourable!outcomes!in!the!short!and!medium!

term.!!Gluteal!muscle!electromyographic!activity!is!comparable!between!symptomatic!

and!asymptomatic!individuals,!with!specific!exercises!achieving!desired!activation!

patterns.!!Tailored!intervention!using!biomechanical!characteristics,!within!a!

randomised!trial,!is!feasible!for!recruitment!and!retention.!!!!

Conclusion!

Interventions!directed!proximal!and!distal!to!the!patellofemoral!joint!are!effective!in!

the!management!of!PFP.!!Indicators!of!treatment!success!are!at!a!derivation!stage,!



with	findings	from	this	thesis	providing	a	comprehensive	clinical	test	battery	for	lower	

limb	biomechanical	assessment.		Feasibility	of	a	biomechanically	determined	tailored	

intervention	has	been	established.			
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Chapter	1:	introduction		

Overview		

Patellofemoral	pain	(PFP)	remains	one	of	the	most	common	conditions	within	sports	

medicine,	orthopaedic	and	general	practice	settings.		Long-term	treatment	outcomes	

are	poor	and	emerging	evidence	indicates	PFP	may	be	on	a	continuum	with	

patellofemoral	osteoarthritis.		Consensus	of	world	leading	clinicians	and	academics	

highlights	the	potential	benefit	of	delivering	tailored	interventions,	specific	to	an	

individual’s	needs,	to	improve	patient	outcome	(Chapter	8).		To	achieve	patient	

specific	intervention,	a	greater	understanding	of	effective	treatments	and	the	effect	

mechanisms	for	targeted	interventions	was	required	(Chapters	4,	6	&	7).		Equally,	

indicators	of	outcome	prediction	in	combination	with	reliable	clinical	assessment	tools,	

chosen	in	order	to	identify	deficits	pertinent	to	the	diagnosis	that	capture	the	change	

resulting	from	a	given	intervention,	are	required	(Chapter	3	&	5).			

This	thesis	incorporated	the	synthesis	of	current	literature	to	identify	clinical	measures	

that	have	been	reported	to	predict	conservative	management	outcomes.		It	built	new	

knowledge	to	complement	these	findings	through	the	investigation	of	reliability	for	

clinically	applied	biomechanical	measures,	which	are	used	in	the	assessment	of	

individuals	with	PFP	and	were	incorporated	within	the	subsequent	trial	design.	

Concurrently,	further	literature	synthesis	of	hip	rehabilitation	exercise	and	laboratory	

based	biomechanical	assessments	of	hip	and	foot	interventions	were	undertaken	to	

investigate	possible	effect	mechanisms.		The	results	gleaned	from	these	studies	

underpinned	the	specificity	of	the	proximal	rehabilitation	exercise	prescription	and	the	

biomechanical	determinants	for	tailored	intervention	delivery	within	the	completed	

feasibility	trial.			

Patellofemoral	Pain	

Epidemiology	

Patellofemoral	pain	(PFP)	is	reported	to	be	one	of	the	most	common	presentations	

within	both	recreationally	active	and	sporting	populations	(7,	103,	193).		Symptoms	of	

PFP	are	characterised	by	pain	around	or	behind	the	patella,	which	are	aggravated	by	at	

least	one	activity	that	loads	the	patellofemoral	joint	(PFJ)	during	weight	bearing	on	a	
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flexed	knee	(e.g.	squatting,	ascending	and	descending	stairs,	prolonged	sitting	and	

running)	(53).		Individuals	with	PFP	may	also	describe	or	experience	crepitus	or	

grinding	emanating	form	the	PFJ,	tenderness	on	palpation	of	the	patella	facets,	a	small	

effusion	or	pain	with	prolonged	sitting	(48,	53).	In	individuals	with	PFP	the	exact	source	

of	pain	is	unclear	with	several	models	having	been	described	in	the	literature	(63,	177).		

In	a	single	study	of	2002	running	injuries,	16.5%	(331	patients)	were	diagnosed	with	

PFP	(193).		A	2014	consensus	statement	of	leading	researchers	and	clinicians	in	the	

field	of	PFP	further	highlighted	its	high	prevalence,	particularly	among	females	(227).		

Additionally,	in	2016,	a	subsequent	consensus	statement	highlighted	PFP	to	be	a	

common	cause	of	knee	pain	in	adolescent	populations	(53).		The	incidence	of	PFP	has	

been	reported	to	vary	significantly	in	specific	populations,	with	between	3.75%	of	

established	runners	over	a	2	year	period	and	16.7%	of	novice	runners	during	a	10	week	

“start	to	run”	programme	developing	PFP	(151,	195).		3%	of	naval	recruits	followed	up	

over	a	2.5	year	period	and	43%	of	military	recruits	following	6	week	basic	military	

training	(32,	196)	during	basic	training,	and	9.66%	of	high	school	female	athletes	

during	the	competitive	basketball	season	(141)	developed	symptoms.		The	variability	in	

incidence	and	high	prevalence,	evident	within	specific	populations,	is	indicative	of	a	

complex	multifactorial	condition,	influenced	by	a	large	number	of	variables	that	can	

result	in	its	development,	and	persistence.				

Pathology	&	Pain	Mechanisms		

Dye	(2005)	proposed	a	tissue	homeostasis	model	for	the	development	of	PFP	and	

described	how	the	consequence	of	relative	supraphysiological	over-	or	under-load,	on	

innervated	musculoskeletal	tissues	in	the	region	of	the	patellofemoral	articulation,	

may	result	in	symptoms	(63).		He	described	how	a	resultant	single	loading	event	of	

sufficient	magnitude	or	a	number	of	repeated	lower	magnitude	events	may	result	in	

the	loss	of	tissue	homeostasis,	at	least	temporarily,	and	subsequent	nociceptive	firing	

(63).		Prior	to	and	following	this	homeostasis	model,	scientists	and	clinicians	proposed	

a	number	of	potential,	tissue	derived	characteristics,	which	may	be	present	in	those	

with	PFP	symptoms	(78,	92,	177,	178,	207).		These	included	alterations	in	the	

neovascularity	and	thickness	of	the	lateral	retinacula,	water	content	of	the	

subchondral	bone	and	cartilage	composition.		The	alterations	in	the	state	of	the	tissues	

local	to	the	patellofemoral	articulation,	described	by	multiple	authors	exploring	a	
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biomedical	source	of	patients	PFP,	are	partly	consequential	to	altered	loads	or	forces	

through	or	about	the	patellofemoral	joint	(63,	78,	177,	178).		Whilst	the	biomedical	

model	in	isolation	possess	inherent	limitations	within	the	complex	paradigm	of	human	

pain	perception	(80),	agreement	that	the	dominant	mechanism	of	acute	pain	is	

nociceptive	activity	indicates	exploration	for	possible	drivers	of	this	nociceptive	activity	

is	still	warranted.		However,	given	the	large	number	of	individuals	with	recurrent	or	

chronic	PFP	symptoms	the	dominant	pain	mechanism	is	often	unclear.			In	some,	the	

amplification	of	signaling	within	the	central	nervous	system	that	elicits	an	increased	

response	to	a	given	stimuli	(central	sensitization)	may	be	the	predominant	pain	

pathway.		In	both	adolescents	(171)	and	female	adults	(156,	169),	local	and	

widespread	hyperalgesia	has	been	reported,	demonstrating	altered	pain	perception	in	

individuals	with	persistent	PFP	symptoms.		The	influence	of	psychological	distress,	fear	

avoidance	beliefs,	self	efficacy	in	controlling	pain	and	an	individual’s	coping	strategies	

on	persistent	pain,	indicates	the	importance	of	recognising	contributory	psychosocial	

factors	during	the	examination	and	rehabilitation	of	individuals	with	PFP	(161).			

PFP-PFOA	Continuum?	

While	no	prospective	studies	have	currently	followed	individuals	with	PFP	through	to	

the	development	of	patellofemoral	osteoarthritis	(PFOA),	an	emerging	body	of	

evidence	has	suggested	PFP	may	prelude	to	the	development	of	PFOA	(90,	197,	232).			

Figure	1	-	Patterns	of	radiographic	osteoathritis	(OA)	within	the	tibiofemoral	joint	(TFJ)	and	
patellofemoral	joint	(PFJ),	reported	as	a	proportion	of	a	total	cohort	(n	=	224)	(90)		
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Impairments!similar!to!those!identified!within!PFP!populations,!including!patellar!

malalignment,!quadriceps!dysfunction!and!hip!abductor!dysfunction!have!been!

observed!in!individuals!with!PFOA!(51).!!Furthermore,!in!individuals!over!40!years!of!

age!with!persistent!PFP!symptoms,!radiographic!evidence!of!PFOA!has!been!reported!

to!be!present!in!69%!of!people,!and!was!shown!to!be!more!prevalent!than!tibiofemoral!

osteoarthritis!(45%)!(90).!!Although!not!conclusive,!the!finding!of!these!studies!

provides!further!stimulus!for!effective!management!of!PFP!in!the!early!stages!of!the!

pathological!process!in!order!to!reduce!the!significant!impact!that!may!result!from!its!

chronicity.!!

Influence$of$Load$and$Loading$

Exposure!of!a!specific!body!tissue!to!repetitive!or!single!dose!overY!or!underYload!is!the!

consequence!of!both!an!individual’s!biomechanics!onto!which!that!load!is!imposed!and!

their!loading!behaviours.!!About!the!patellofemoral!joint,!early!research!and!treatment!

approaches!focused!specifically!on!the!loading!interaction!that!resulted!between!the!

local!control!system!and!the!underlying!bony!architecture,!demonstrated!by!the!focus!

of!interventions!directed!at!the!patellofemoral!joint!itself;!for!example!strengthening!

the!vastus!medialis!oblique,!patella!mobilisation,!patella!taping!and!soft!tissue!

mobilisation!(129,!202,!220).!!This!localised!approach!in!isolation,!however,!fails!to!

integrate!lower!limb!segmental!interactions!that!may!be!influential!on!the!resultant!

joint!loading!(164),!and!neglects!the!importance!of!managing!the!individuals!

movement!patterns,!loading!behaviours!or!training!errors.!!Above!and!below!the!

patellofemoral!joint,!the!interaction!of!hip,!foot!and!trunk!biomechanics!in!particular!

have!been!explored!extensively!in!more!recent!years!to!determine!their!influence!on!

PFJ!loading!and!the!subsequent!development!and!maintenance!of!PFP!(10,!18,!32,!33,!

83,!119,!120,!141,!146,!147,!151,!170,!195,!231).!!Theoretical!paradigms!have!

presented!plausible!biomechanical!influences!of!hip!and!foot!kinematics!on!altered!PFJ!

loading!through!their!influence!on!the!quadriceps!angle,!representing!the!impetus!for!

research!into!this!interaction!(164).!!Specifically,!when!the!patella!is!seated!within!the!

trochlea!groove!after!20Y30degrees!of!knee!flexion,!a!10˚!increase!in!quadriceps!angle!

was!reported!to!elevate!lateral!patella!facet!load!by!45%!as!it!is!forced!onto!the!lateral!

femoral!condyle!(164).!!The!role!of!the!foot!in!elevated!PFJ!loading!is!less!clear,!

however,!the!sequential!influence!of!altered!foot!mechanics!leading!to!further!



! 29!

increases!in!femoral!internal!rotation!has!been!presented!by!one!author!(200).!!The!

magnitude!and!repetitive!frequency!of!load!at!the!PFJ!is!very!likely!to!influence!the!

homeostasis!of!the!joint!and!can!consequently!be!the!cause!of!symptom!development.!!

Subsequent!research!to!identify!the!drivers!of!this!altered!loading!and!the!

effectiveness!of!their!modification!within!management!plans!is!therefore!required.!!!!

Risk$and$Associated$Factors$Contributing$to$the$Development$and$Persistence$

of$PFP$$

Identification!of!prospective!risk!factors!for!the!development!of!PFP!offers!insight!into!

biomechanical!characteristics!that!have!been!unaffected!by!the!consequences!of!pain.!!

In!comparison,!retrospective!caseYcontrol!or!cross!sectional!studies!are!able!to!identify!

factors!associated!with!symptoms,!but!are!unable!to!differentiate!between!findings!

that!are!causative!of!the!symptoms!or!an!effect.!!Together,!these!studies!offer!the!

greatest!insight!into!appropriate!treatment!targets,!both!from!a!symptom!modification!

and!preventative!of!recurrence!perspective.!!!!

Local!to!the!PFJ,!deficits,!treatment!and!mechanisms!of!treatment!effects,!have!been!

investigated!extensively,!and!represent!the!historical!foundation!of!evidence!based!

conservative!management!for!those!with!PFP!(12,!38,!81,!117,!163,!165,!209,!217,!

220).!!A!large!number!of!reported!deficits,!local!to!the!knee,!have!been!identified!in!

the!literature,!a!comprehensive!review!and!synthesis!of!which!was!completed!in!2013!

by!Lankhorst!et'al.!(117).!These!included!altered!timings!of!the!vasti!muscles,!

positioning!of!the!patella,!decreased!peak!knee!extension!torque!and!quadriceps!

endurance!(117).!!A!similar!synthesis!of!associated!factors!was!completed!by!the!same!

group,!with!consistency!in!decreased!knee!extension!strength!being!observed!both!

prior!to!and!as!a!result!of!PFP!symptoms!(117).!!

Individuals!with!PFP!symptoms!demonstrate!significant!deficits!proximal!to!the!PFJ!

that!have!been!identified!as!potential!targets!of!specific!interventions.!!Prospective!

studies!have!identified!increased!hip!internal!rotation!(32)!and!adduction!(151)!angles!

to!be!associated!with!the!development!of!PFP,!but!contrasting!findings!relating!to!the!

individuals!hip!strength!as!a!causative!factor!exist!(88,!168,!170).!!In!individuals!with!

PFP!symptoms,!the!deficits!include,!delayed!gluteal!activation!timing!during!functional!

tasks!(11),!increased!peak!hip!adduction,!internal!rotation!and!contralateral!pelvic!drop!
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during	running	(146)	and	decreased	hip	abduction,	extension	and	external	rotation	

strength	(170).		Whilst	some	commonality	exists	with	respect	to	hip	kinematics,	

consistent	findings	of	reduced	hip	strength	in	those	with	symptoms	comparative	to	

controls,	would	indicate	that	this	measure	of	weakness	is	likely	resulting	from	the	PFP	

symptoms.		Whilst	it	is	therefore	important	to	optimize	these	deficits,	it	might	not	

provide	the	solution	for	preventing	recurrence.					

Distal	to	the	PFJ,	the	influence	of	proposed	coupling	between	movement	of	the	rear	

foot	and	tibia	has	been	purported	to	influence	PFJ	mechanics	(200),	which	in	some	

individuals	may	be	sufficient	to	drive	symptom	development.		Measures	of	dynamic	

mid	and	forefoot	function	-	specifically	a	more	laterally	directed	pressure	distribution	

at	initial	foot	contact,	shorter	time	to	maximal	pressure	on	the	4th	metatarsal,	and	

slower	maximal	velocity	of	the	change	in	lateromedial	direction	of	the	centre	of	

pressure	during	forefoot	contact	(196),	and	quasi	static	function,	specifically	navicular	

drop	(147)	-	have	been	identified	prospectively	as	risk	factors	for	PFP	development.		

However,	dynamic	assessment	of	the	rear	foot	in	one	prospective	study	of	female	

runners	reported	that	rear	foot	eversion	was	not	significantly	different	in	those	who	

subsequently	developed	PFP	symptoms	(151).		Individuals	with	PFP	symptoms	are	

reported	to	have	a	more	pronated	foot	posture,	both	statically	(118)	and	dynamically	

(18,	152)	when	compared	to	those	without	pain.			

Proximal,	distal	and	local	to	the	PFJ,	biomechanical	deficits	are	evident	as	a	result	of	

the	presence	of	PFP	symptoms.		In	some	instances	these	deficits	exist	prior	to	the	

development	of	symptoms,	potentially	representative,	in	some,	of	the	primary	driver	

of	symptoms	through	resultant	altered	loading	and	loss	of	tissue	homeostasis	about	

the	PFJ.		To	optimize	treatment,	these	deficits	need	to	be	identified,	their	contribution	

to	symptoms	quantified	and	an	appropriately	tailored	intervention	programme	

prescribed.			

Treatment	Effectiveness	and	Rationale	for	Tailored	Intervention		

Despite	the	high	prevalence	and	positive	short	term	treatment	outcomes	of	

conservative	management	for	PFP,	80%	of	individuals	who	complete	a	rehabilitation	

programme	still	report	pain	and	74%	report	a	reduction	in	physical	activity	at	5	year	

follow	up	(189).		Few	guidelines	to	help	guide	clinical	decision-making	and	inform	
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evidence	based	treatment	delivery	have	been	published,	potentially	impacting	the	

efficacy	of	prescribed	interventions.			

A	mixed	method	study,	that	combined	systematic	review	findings	with	qualitative	

interviews	from	an	expert	panel,	aimed	to	fill	this	knowledge	gap	(12).	A	clear	finding	

of	the	study,	following	the	analysis	of	expert	opinion,	was	the	need	to	tailor	

interventions	to	each	individual	with	PFP.		Furthermore,	following	the	PFP	retreat	in	

Manchester	2016,	recommendations	for	the	delivery	of	evidence	based	physical	

interventions	and	suggestions	for	future	directions	to	optimise	interventions	for	this	

condition	where	described,	having	continued	to	recognise	the	inadequacy	of	these	

long-term	outcomes	(54).	These	recommendations	are	presented	in	Text	Box	1.		Whilst	

the	recommendations	offer	some	clarity	about	interventions	with	proven	

effectiveness,	uncertainty	regarding	the	benefit	of	tailored	intervention	approaches	

and	the	mechanisms	that	underpin	treatment	effects	remains.		Consequently,	the	

consensus	group	identified,	amongst	others,	individualised	(clinically	reasoned)	

approaches	and	treatment	effect	mechanisms	as	being	the	appropriate	future	

direction	of	PFP	research	(54).	

To	date	emerging	evidence,	from	within	running	populations	diagnosed	with	PFP,	have	

demonstrated	the	effectiveness	of	interventions	tailored	to	the	individuals	identified	

1.	Exercise-therapy	is	recommended	to	reduce	pain	in	the	short,	medium	and	long	

term,	and	improve	function	in	the	medium	and	long	term,	

2.	Combining	hip	and	knee	exercises	is	recommended	to	reduce	pain	and	improve	

function	in	the	short,	medium	and	long	term,	and	this	combination	should	be	used	in	

preference	to	knee	exercises	alone,		

3.	Combined	interventions	are	recommended	to	reduce	pain	in	adults	with	

patellofemoral	pain	in	the	short	and	medium	term,		

4.	Foot	orthoses	are	recommended	to	reduce	pain	in	the	short	term,		

5.	Patellofemoral,	knee	and	lumbar	mobilisations	are	not	recommended,		

6.	Electrophysical	agents	are	not	recommended	(54).	

Text	Box	1	–	Recommendations	for	the	delivery	of	evidence	based	physical	interventions	and	suggestions	
for	future	directions	to	optimize	interventions	for	PFP.	
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deficits.			In	comparison	to	the	body	of	rehabilitative	exercise	studies,	effective	running	

retraining	interventions	have	pre-selected	patients	with	specific	biomechanical	

characteristics	prior	to	enrolling	them	in	the	study	(153,	224).		Specifically,	individuals	

with	peak	hip	adduction	values	greater	than	a	pre-defined	threshold	where	included	

(153,	224).		The	effect	of	these	studies	on	individuals	pain	levels	post	treatment	has	

been	dramatic,	especially	when	comparison	is	made	with	the	magnitude	of	change	

observed	following	a	multi	model	physiotherapy	programme	(50,	153,	224).		This	

approach	demonstrates	a	plausible,	significant,	benefit	of	tailored	treatment	delivery,	

pre-selecting	individuals	with	a	deficit	that	a	specific	intervention	aims	to	target,	and	

positively	effect.			

A	method	for	tailored	intervention	delivery,	which	is	evident	in	PFP	running	

interventional	studies,	is	largely	inductive	in	nature,	born	from	an	understanding	of	the	

effect	mechanisms	for	a	specific	intervention.		Identification	of	a	specific	deficit	is	

made	pre-treatment	having	been	identified	previously	as	a	characteristic	that	an	

intervention	with	proven	effectiveness	has	the	capacity	of	modifying.		This	mechanistic	

approach	poses	significant	benefits	in	the	specificity	with	which	an	intervention	is	

delivered,	however	accurate	and	reliable	clinical	measures	capable	of	detecting	the	

identified	deficits	are	required	to	ensure	ease	of	clinical	application	to	a	patient	

population.	Utilisation	of	both	laboratory	and	concurrent	clinical	measures	in	the	

identification	of	treatment	effect	mechanisms	is	therefore	imperative.				

An	alternative	method	of	tailored	intervention	is	through	the	identification	of	patient	

characteristics	using	a	deductive	approach.		Following	the	delivery	of	treatment	

approaches	with	proven	effectiveness,	characteristics	of	individuals	who	have	had	a	

successful	outcome	are	pooled	and	statistical	analysis	used	to	identify	which	group	of	

these	characteristics	best	predicts	the	outcome.		Synthesis	of	studies	that	have	

adopted	this	approach	for	the	conservative	management	of	PFP	highlights	the	

limitations	in	its	current	clinical	utility.		Whilst	a	large	number	of	predictors	are	evident	

within	the	literature,	the	studies	included	within	our	review	had	not	investigated	hip	

focused	interventions	specifically	(an	intervention	with	established	effectiveness	

within	this	patient	population),	and	current	evidence	for	outcome	prediction	following	

multimodel	physiotherapy,	exercise,	orthoses	and	taping	interventions	was	limited	to	

the	derivation	stage	(Chapter	3)	(113).		This	early	stage	of	predictors	development	
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prohibits	robust	guidance	for	clinicians	to	deliver	evidence-informed,	tailored	

interventions	to	this	heterogeneous	patient	population,	requiring	implementation	in	

clinical	trials	to	validate	their	inclusion	for	guiding	a	tailored	treatment	intervention	

approach	(113).			

Local	Treatment	Interventions	

In	1987,	conservative	physiotherapy	management	strategies	which	sought	to	address	

many	of	these	local	deficits,	through	taping	and	mobilisation	of	the	PFJ,	stretching	and	

vasti	retraining,	were	proposed	by	McConnell	(129).		This	approach	was	shown	to	

reduce	pain	and	improve	function	within	case	series	studies,	however,	these	unblinded	

trials	were	unable	to	determine	the	potential	effect	of	placebo	(40,	66).		A	subsequent,	

double	blind,	placebo	controlled	trial	showed	six,	weekly	interventions	of	quadriceps	

retraining,	PFJ	mobilisation,	taping	and	daily	home	exercises,	was	efficacious	for	

alleviation	of	PFP	symptoms	(50)	adding	validity	to	a	multimodal	physiotherapy	

approach.			

A	greater	level	of	understanding	for	the	mechanism	of	effect	on	individual’s	pain	or	

function	is	required	to	improve	intervention	specificity.		As	further	example	of	local	

interventions	having	pioneered	an	evidence-based	approach	to	PFP	management,	

interventions	included	within	a	multimodal	physiotherapy	approach	have	been	

investigated	from	this	mechanisms	perspective.		Several	authors	have	investigated	the	

potential	mechanisms	of	effect	following	local	exercise	therapy,	with	changes	in	timing	

of	the	vasti	muscles	(49,	228)	and	increased	muscle	strength	(85,	229)	having	been	

reported.	Evidence	relating	to	taping	interventions	for	patellofemoral	pain,	

synthesized	within	a	recent	systematic	review,	identified	moderate	evidence	for	

tailored	and	untailored	taping	immediately	reducing	pain	and	promoted	an	earlier	

onset	of	the	vastus	medialis	oblique	(VMO)	relative	to	vastus	lateralis	(VL)	(8).	

Furthermore,	limited	evidence	indicated	tailored	taping	combined	with	exercise	

improved	pain	in	the	short	term	and	promotes	increased	internal	knee	extension	

moments	(8).		Two	weeks	of	patella	mobilisation	compared	to	no	intervention,	did	not	

improve	outcomes	(46)	and	stretching	in	isolation,	outside	of	multimodel	

physiotherapy	intervention,	has	not	been	investigated.	Consequently,	best	practice	

guidelines	suggest	the	use	of	patella	mobilisation	only	in	the	presence	of	hypomobility,	

and	methods	to	promote	flexibility	used	on	tight	structures	alone,	especially	those	
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laterally	(12).		The	effects	and	mechanisms	of	local	interventions	have	demonstrated	

its	effectiveness,	but	as	described,	these	are	largely	limited	to	the	short	term.		

Consideration	of	interactions	proximal	and	distal	to	the	PFJ	may	provide	insight	to	

address	the	limitations	of	these	benefits	in	the	longer	term.		As	such,	exploration	of	

interventions	and	their	effect	mechanisms	above	and	below	the	PFJ	represents	space	

and	scope	for	advancement	in	the	conservative	management	of	PFP.			

Proximal	Treatment	Interventions		

A	recent	Cochrane	review	investigated	the	role	of	exercise	therapy	in	the	management	

of	patellofmoral	pain	(206)	concluding	that	exercise	therapy	for	PFP	may	result	in	

clinically	important	reductions	of	pain	and	improved	function.		They	were	unable,	

however,	to	identify	the	best	form	of	exercise,	but	indicated	that	hip	plus	knee	

exercise	may	be	more	effective	than	knee	exercises	alone	(206).		The	rigor	of	study	

inclusion	within	the	Cochrane	review	impacts	on	the	ease	of	clinical	applicability	of	the	

findings,	and	offers	no	insight	into	the	possible	mechanism	of	treatment	effects.			We	

explored	the	current	literature	(Chapter	4)	relating	to	rehabilitative	exercise	proximal	

to	the	PFJ	specifically,	to	establish	effectiveness	at	modifying	patients	symptoms,	

improving	function	and	changing	the	biomechanical	deficits	observed	in	individual’s	

with	symptoms.	Additionally,	within	the	review,	we	undertook	further	exploration	of	

study	methodology	to	maximise	the	clinical	utility	of	the	data	synthesis,	however,	

identified	an	absence	of	comprehensive	exercise	prescription	reporting	which	impeded	

the	direct	clinical	applicability	of	the	specific	rehabilitative	protocols	described	(112).	It	

was	concluded	that	proximal	rehabilitation,	when	combined	with	quadriceps	

rehabilitation,	resulted	in	significant	improvements	in	pain	and	function	in	the	short	

term,	with	continued	benefit	observed	in	the	medium	and	long	term	(up	to	1	year	

follow	up)	(112).		The	mechanism	of	effect	for	these	interventions	was	less	clear.		Hip	

strength	gains	and	reduced	knee	valgum	variability	was	evident	only	in	rehabilitation	

groups	when	compared	to	no	intervention	controls,	and	no	significant	alterations	in	

kinematics	or	strength	gains	were	observed	in	proximal	or	proximal	combined	with	

quadriceps	groups	when	compared	to	a	quadriceps	group.		Furthermore,	no	studies	

explored	the	activation	timings	of	the	proximal	musculature,	despite	some	studies	

delivering	a	neuromuscular	rehabilitation	programme	(112)	and	this	deficit	having	

been	identified	previously	(13).		To	the	best	of	our	knowledge,	the	ability	of	
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rehabilitative	exercise	programmes	to	affect	activation	timings	at	the	hip	has	not	been	

investigated	within	PFP	populations	(11).		The	lack	of	mechanistic	certainty	

surrounding	rehabilitative	exercise	prescription	limits	the	accuracy	with	which	specific	

exercise	interventions	can	be	prescribed	to	specific	individuals	with	specific	deficits.		

The	evidence	gap	identified	by	the	review	stimulated	the	exploration	of	gluteal	

activation	patterning	during	targeted	rehabilitative	exercise	in	individuals	with	and	

without	PFP	symptoms	(Chapter	8).		

Distal	Treatment	Intervention	

Distal	to	the	PFJ,	the	coupling	interaction	of	foot,	shank,	thigh	and	consequently	the	

patellofemoral	articulation,	has	gained	increasing	attention	within	the	current	

evidence	base	(16,	17,	152,	185).		Within	painfree	individuals,	strong	to	moderate	

mean	temporal	coupling	between	peak	

rearfoot	eversion,	shank	and	hip	internal	

rotation	has	been	observed	(185).		This	

coupling	indicates	a	sequential	relationship	

between	segments	of	the	lower	limb	and	

offers	plausible	validation	for	modifying	foot	

mechanics	to	affect	the	knee	and	hip.		

Comparisons	made	between	individuals	with	

and	without	PFP	have	identified	significant	

differences	in	hip	kinematics,	but	no	

differences	in	rear-	or	forefoot	variables	in	

isolation	(152).		The	rationale	of	intervening	at	the	foot	may	not,	however,	be	the	

desire	of	improving	foot	function	or	‘normalising’	its	mechanics	in	those	with	PFP,	but	

on	the	sequential	effects	of	a	distal	intervention	at	the	knee	and	hip.			With	the	

coupling	interaction	of	greater	peak	rearfoot	eversion,	increased	tibial	internal	

rotation,	and	greater	hip	adduction	still	reported	to	be	evident	in	those	with	PFP	(16),	

the	ability	of	interventions	directed	at	the	foot	to	affect	the	hip	and	subsequently	the	

PFJ	remains	plausible.			In	part,	this	biomechanical	exploration	has	sought	to	provide	

mechanistic	explanation	for	the	positive	short-term	effects	of	foot	orthoses	

prescription,	which	has	been	shown	to	reduce	symptoms	and	facilitate	rehabilitation	in	

individuals	with	PFP	(12,	22,	25,	43).		Given	that	mechanisms	of	distal	interventions	

Figure	2	-	A	diagrammatic	presentation	of	
the	coupling	between	rearfoot	motion	and	
shank	motion	(Right	foot)	(200)	
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effect	has	not	been	clearly	identified,	a	recent	systematic	review	synthesising	evidence	

for	the	efficacy	of	orthoses	prescription,	highlighted	the	need	for	further	research	to	

establish	the	mechanism	behind	their	efficacy	and	to	best	identify	individuals	with	PFP	

who	are	likely	to	respond	favourably	(25).		In	Chapter	7	we	tested	the	immediate	

effects	of	a	prefabricated	foot	orthoses	intervention	on	neuromuscular	and	kinematic	

variables	of	the	lower	limb,	exploring	both	correlations	between	clinical	examination	

and	biomechanical	change,	and	potential	effect	mechanisms	through	changes	up	the	

kinetic	chain	(114).	The	aims	and	objectives	of	this	PhD	thesis	are	outlined	in	Chapter	

2,	and	arise	from	the	research	spaces	identified	in	this	introduction.		
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Chapter	2	

Aims	&	Hypothesis	

The	primary	aim	of	the	thesis	was	to	explore	the	interaction	of	hip	and	foot	

biomechanics	in	the	presentation	and	management	of	patellofemoral	pain	(PFP).			

In	order	to	address	this	overarching	aim,	it	was	determined	that	a	combination	of	

evidence	synthesis	in	the	form	of	systematic	review	and	reliability	testing	of	a	battery	

of	clinical	tests	would	be	useful	to	inform	clinicians	about	treatment	success	predictors	

and	test	reliability.	Concurrently,	combined	laboratory	investigations	and	evidence	

synthesis	was	deemed	ideal	to	explore	the	effects	and	mechanisms	of	hip	down	and	

foot-up	contributions	to	presentation	and	management	of	PFP.	It	was	envisaged	that	

these	parallel	investigations	would	directly	yield	useful	information	suitable	for	

dissemination.	Importantly,	the	final	aim	of	testing	a	tailored	intervention	would	be	

directly	informed	by	each	of	these	strands	of	work.		

Subsidiary	aims	were	to;	

1. identify	clinically	applicable	measures	that	predict	intervention	success	of	

rehabilitation	based	on	current	evidence.	

o 	The	null	hypothesis	was	that	predictors	of	rehabilitation	success	could	

not	be	identified	from	synthesis	of	current	evidence.	

2. establish	reliability	of	a	battery	of	clinical	hip	and	foot	biomechanics	measures	

to	guide	tailored	interventions	for	people	with	PFP.		

o The	null	hypothesis	was	that	a	coherent,	reliable	test	battery	of	clinical	

hip	and	foot	biomechanics	measures	could	not	be	established	

3. systematically	identify,	from	within	the	literature,	specific	proximal	

rehabilitation	exercises	of	proven	efficacy	and	evaluate	their	mechanisms	of	

effect.		

o The	null	hypothesis	was	that	specific	proximal	rehabilitative	exercises	

would	be	ineffective	at	modifying	pain	and	function	in	individuals	with	

PFP,	and	a	clear	mechanism	for	their	effect	would	not	be	identified	

4. examine	electromyographic	activation	of	the	hip	musculature	during	commonly	

prescribed	rehabilitative	exercise	in	individuals	with	and	without	PFP	
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o The	null	hypothesis	was	that	individuals	with	PFP	activate	the	hip	

musculature	using	the	same	electromyographic	characteristics	as	those	

who	do	not	have	symptoms,	and	that	exercises	do	not	vary	in	muscle	

recruitment	patterns.	

5. investigate	possible	biomechanical	mechanisms	of	effect	for	inshoe	orthoses	

interventions	within	symptomatic	individuals	to	guide	tailored	intervention.			

o The	null	hypothesis	was	that	neither	kinematic	nor	electromyographic	

variables	would	change	following	the	delivery	of	a	prefabricated	

orthoses	intervention	in	individuals	with	PFP.	

6. explore	the	feasibility	of	delivering	an	individually	tailored	intervention	-	

determined	by	biomechanical	deficits	that	have	been	identified	using	

laboratory	and	clinical.					

o The	null	hypothesis	was	that	delivering	tailored	and	untailored	

interventions	would	not	be	feasible	within	a	clinical	trial.		

Impact	

The	potential	impact	of	addressing	these	aims	was	envisaged	to	be	improved	clarity	

and	accuracy	of	prescribed	interventions	for	individuals	with	PFP.		The	synthesis	of	

available	evidence	examining	clinical	and	biomechanical	indicators	for	conservative	

management	success,	combined	with	the	development	of	a	reliable	hip	and	foot	

clinical	test	battery,	sought	to	provide	clinicians	with	explicit	and	easily	applied	tools	to	

direct	tailored	interventions	for	individuals	with	PFP.	Further	clinical	impact	was	

anticipated	following	the	synthesis	of	proximal	rehabilitation	literature	and	the	

exploration	of	effect	mechanisms	for	both	proximal	exercise	and	distal	orthoses	

interventions.		Outputs	from	the	investigations	and	synthesis	of	evidence	proposed	

within	this	thesis	combined	in	the	delivery	of	a	feasibility	trial,	was	expected	to	impact	

the	development	of	a	large,	multi-centre	trial	that	could	establish	treatment	

effectiveness	for	tailored	intervention.			

We	further	planned	to	enhance	impact	by	publication	of	translational	resources,	

presentations	at	high	profile	conferences,	online	course	delivery,	traditional	teaching	

and	social	media	activity.	
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Chapter	3	

Outcome	predictors	for	conservative	patellofemoral	pain	management:	a	systematic	

review	and	meta-analysis	

	

	

Review	of	the	available	evidence	investigating	outcome	prediction	is	presented	in	this	

chapter,	having	been	conducted	to	give	an	indication	of	the	current	understanding	for	

the	targeted	delivery	of	conservative	PFP	management.		The	review	was	accepted	for	

publication	in	Sports	Medicine	(Impact	factor	5.579)	(Appendix	2),	following	two	

comprehensive	rounds	of	peer	review	that	challenged	the	robustness	of	the	reviews	

findings	and	ensured	an	accurate	representation	of	the	level	of	available	evidence	was	

presented.		Initial	interpretation	of	the	evidence	had	presented	the	findings	strongly	in	

favour	of	a	definitive	answer	to	treatment	stratification.		The	reviewer’s	comments	

helped	to	develop	a	greater	understanding	of	the	methodologies	and	robustness	of	

the	presented	findings.		This	facilitated	learning	of	methods	for	outcome	predictor	

development	and	a	greater	understanding	of	the	limitations	evident	in	the	current	

literature.		These	findings	are	presented	within	this	chapter	and	initiated	the	onward	

development	of	a	reliable	battery	of	clinical	measures	(Chapter	5).		To	maximize	the	

translation	and	impact	of	the	reviews	findings	to	a	wider	audience	of	clinicians,	a	

translational	piece	of	writing	was	produced	and	published	within	SportEx	journal	

(Appendix	3).				
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Introduction$

!

Development!and!persistence!of!PFP!is!widely!considered!to!be!multiYfactorial!(165)!

with!both!extrinsic!and!intrinsic!factors!thought!to!contribute.!!Proposed!extrinsic!

factors!include!excessive!training!load,!altered!training!surface!and/or!inappropriate!

footwear.!!Proposed!intrinsic!factors!can!be!divided!into!local!(around!the!knee),!

proximal!(thigh,!hip,!trunk!or!pelvis),!and!distal!(foot!and!lower!leg)!characteristics!

(120,!154).!!!

Larger!quadriceps!angle,!sulcus!sign,!patella!tilt!angle;!and!lower!peak!torque!knee!

extension,!hip!abduction!and!external!rotation!strength!have!proven!association!with!

PFP!(119).!!However,!these!studies!have!methodological!weaknesses!and!the!crossY

sectional!design!inhibits!determination!of!causality.!!Prospectively,!limited!quadriceps!

and!gastrocnemius!flexibility,!knee!extension!weakness!and!increased!knee!valgus!

moment!at!initial!contact!when!landing,!have!been!identified!as!predictors!of!PFP!

development!(154).!Most!of!these!studies!utilized!military!populations!with!resultant!

limited!generalizability!to!most!clinical!populations.!Put!together,!the!findings!from!

these!reviews!highlight!both!the!multiYfactorial!nature!of!PFP!and!diversity!of!

presenting!characteristics!that!could!be!addressed!by!treatment!(119,!154).!!!

Proximal!(59,!76,!106,!142),!distal!(44)!and!local!(8,!127)!interventions!have!all!

demonstrated!favourable!PFP!treatment!outcomes.!Multimodal!physiotherapy!

including!a!combination!of!patella!taping,!vasti!retraining,!gluteal!strengthening,!

patella!mobilisation!and!stretches!remains!the!treatment!option!with!the!strongest!

reported!evidence!base!(46).!!Considering!the!multifactorial!nature!of!PFP,!greater!

intervention!efficacy!could!be!achieved!through!better!selection!of!treatment!for!a!

given!patient,!therefore!improving!clinical!outcomes!and!future!research.!

Furthermore,!identification!of!outcome!predictors!that!guide!tailored!intervention!

packages!may!reduce!recurrence,!known!to!be!high!(149,!229).!

It!is!important!to!consider!overall!prognosis!differently!from!outcome!prediction.!For!

example,!a!retrospective!analysis!of!two!high!quality!randomised!control!trials!(RCTs)!

described!the!characteristics!of!the!55%!of!individuals!with!PFP!who!had!unfavourable!

overall!outcome!from!multiYmodal!packages!of!care!at!3!months!and!40%!at!12!

months!(45).!This!prognostic!analysis!would!not!guide!clinicians’!specific!intervention!
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choice	as	a	function	of	positive	outcome.	Evaluating	outcome	predictors	to	identify	

sub-groups	likely	to	respond	to	specific	interventions	has	therefore	received	increased	

attention	in	the	literature	in	recent	years	(19,	23,	100,	104,	115,	123,	144,	155,	162,	

181,	191,	215,	226,	230).		Consequently,	the	aim	of	this	review	was	to	identify	

potential	outcome	predictors	for	conservative	interventions	in	the	management	of	PFP	

in	order	to	guide	clinicians	when	considering	likelihood	of	intervention	success	and	

steer	the	direction	of	future	research	in	this	area.		

Methods	

Inclusion	and	Exclusion	Criteria	

Eligibility	criteria	were	modified	from	a	published	review	of	musculoskeletal	clinical	

prediction	rules	(187).		These	included	peer-reviewed	journal	publication,	the	primary	

study	aim	being	development	or	evaluation	of	outcome	predictors,	application	to	

treatment	selection	for	patients	with	PFP,	and	clear	evidence	that	the	measurement	

tool	was	appropriate	to	the	evaluated	outcome	predictor	(e.g.	use	of	the	Kujala	pain	

questionnaire	as	an	outcome	measure	for	individuals	with	patellofemoral	pain	(108)).	

Unpublished	work	was	not	sought.		Only	papers	published	in	English	were	considered.			
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Figure	3-	Flow	diagram	summarising	study	selection	for	inclusion	(PFP	=	Patellofemoral	pain)	

Search	Strategy	

AMED,	CINAHL,	Embase,	MEDLINE	and	Web	of	Science	databases	were	searched	from	

inception	up	to	April	2013.		The	key	word	predict*.ti	ab.	was	used	in	combination	with	

keywords	relating	to	PFP	to	capture	papers	relating	to	the	development	of	clinical	

prediction	rules.		The	search	criteria	were	modified	from	a	previous	PFP	systematic	

review	that	evaluated	the	scope	and	quality	of	systematic	reviews	on	non-

pharmacological	conservative	treatment	for	PFP	(26).		The	search	strategy	and	results	

are	reported	in	Table	1.		Citing	and	cited	references	were	surveyed	in	Google	scholar	

and	at	source	respectively.			

Table	1	-	Search	strategy	and	results	from	each	included	database	

Keywords	 AMED	 CINAHL	 EMBASE		 MEDLINE	
	

WoS	

ARTHRALGIA/	OR	pain	 25135	 216230	 710407	 441977	
	

334687	

KNEE	JOINT/	OR	KNEE/	OR	PATELLA/	 4166	 9449	 42923	 49222	
	

93798	

!
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Records(excluded(
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" Not!relevant!to!research!
question,!!

" Did!not!include!PFP!patients!

FullBtext(articles(assessed(for(

eligibility(

(n(=(18()(

FullBtext(articles(excluded(

((n(=((3()(

" Unable!to!extract!predictors!
of!specific!interventions!

" Study!did!not!set!out!to!
identify!predictors!of!success!!
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1!AND!2! 929! 6526! 7409! 7494!

!

16216!

((((patell*!OR!femoropatell*!OR!femoroY

patell*!OR!retropatell*)!AND!(pain!OR!

syndrome!OR!dysfunction)))).ti,ab!

549! 1199! 4801! 3904!

!

1004!

((((lateral!compression!OR!lateral!facet!

OR!lateral!pressure!OR!odd!facet)!AND!

(pain!OR!syndrome!OR!

dysfunction)))).ti,ab!

3! 344! 27! 20! 28!

((((chondromalac*!OR!chondropath*)!

AND!(knee*!OR!patell*!OR!

femoropatell*!OR!femoroYpatell*!OR!

retropatell*)))).ti,ab!

32! 70! 997! 822!

!

309!

((anterior!AND!knee!AND!pain)).ti,ab! 241! 535! 2500! 2038!

!

296!

3!OR!4!OR!5!OR!6! 1201! 7819! 12322! 10647!

!

16952!

predict*.ti,ab! 9532! 93290! 1029853! 846964!

!

384763!

8!AND!9! 63! 387! 631! 484! 323!

ti!=!Title,!ab!=!abstract!!

Review'Process'

All!titles!and!abstracts!found!were!downloaded!into!Endnote!X4!(Thomson!Reuters,!

Philadelphia,!PA),!search!returns!collated!and!duplicates!removed.!!Potential!papers!

were!assessed!by!two!independent!reviewers!(SL!and!CB)!using!an!inclusion!criteria!

checklist.!If!sufficient!information!could!not!be!obtained!from!the!title!and!abstract,!

the!full!text!was!obtained!for!further!evaluation.!!Any!disagreements!were!resolved!by!

consensus,!and!a!third!reviewer!(DM)!was!available!if!needed,!but!was!not!required.!!!!!

Quality'Assessment'of'Reviews'

Methodological!quality!was!assessed!with!a!scale!(Table!2)!used!previously!for!a!PFP!

systematic!review!(24),!and!applied!by!two!reviewers!independently!(SL!and!CB)!with!

discrepancies!resolved!by!discussion,!and!a!third!reviewer!(DM)!available!if!required.!!

The!quality!assessment!scale!consisted!of!19!items!divided!into!four!components;!

participants,!interventions,!outcome!measures!and!data!presentations.!!With!RCTs!

considered!an!appropriate!method!for!differentiation!between!outcome!predictors!

and!prognostic!factors,!the!scale!is!scored!out!of!40!with!the!total!possible!score!given!

as!a!percentage.!!Scores!≥70%!were!considered!to!be!‘high!quality’!and!scores!<70%!

considered!to!be!‘low!quality’.!
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Table	2	-	Quality	assessment	score	allocations	for	each	included	study,	including	subsequent	inter-rater	reliability	for	each	item,	component	and	overall	score

Study	 1.1	
	IC		
(/2)	

1.2		
EC		
(/2)	

1.3	
Ad.no	
(/4)	

1.4	
Hom	
(/2)		

1	
Pop	
(/10)	

2.1		
S/D	
(/4)	

2.2	
C/PIA	
(/4)	

2.3		
C/A	
(/2)	

2		
Int		
(/10)	

3.1		
RO		
(/4)	

3.2	
BOA	
(/4)	

3.3	
F/uA	
(/2)	

3		
OM	
(/10)	

4.1	
RD	
(/2)	

4.2	
Dropo
uts	
(/2)	

4.3	
ITT	
(/2)	

4.4		
SP		
(/4)	

4		
DP/A	
(/10)	

Total	
score	
(/40)	

TPS	
(%)	

Witvrouw	et	al.	(230)	 2	 1	 2	 0	 5	 4	 0	 2	 6	 4	 2	 1	 7	 0	 2	 0	 4	 6	 24	 60	

Barton	et	al.	(19)	 2	 2	 2	 0	 6	 4	 0	 2	 6	 4	 0	 1	 5	 0	 1	 0	 4	 5	 22	 55	

Barton	et	al.	(23)		 2	 2	 0	 0	 4	 4	 0	 2	 6	 4	 0	 1	 5	 0	 2	 0	 4	 6	 21	 53	

Crowell	et	al.	(56)	 1	 2	 1	 0	 4	 4	 0	 2	 6	 4	 0	 0	 4	 0	 2	 0	 4	 6	 20	 50	

Iverson	et	al.	(99)	 2	 2	 0	 0	 4	 4	 0	 2	 6	 4	 0	 0	 4	 0	 2	 0	 4	 6	 20	 50	

Pattyn	et	al.	(155)	 2	 1	 1	 0	 4	 4	 0	 1	 5	 3	 2	 0	 5	 0	 2	 0	 4	 6	 20	 50	

Sutlive	et	al.	(191)	 2	 2	 0	 0	 4	 4	 0	 2	 6	 3	 0	 0	 3	 0	 2	 0	 4	 6	 19	 48	

Lesher	et	al.	(123)	 2	 2	 0	 0	 4	 4	 0	 2	 6	 3	 0	 0	 3	 0	 2	 0	 4	 6	 19	 48	

Lan	et	al.	(115)	 2	 2	 2	 0	 6	 4	 0	 0	 4	 4	 0	 0	 4	 0	 2	 0	 2	 4	 18	 45	

Vicenzino	et	al.	(215)	 2	 2	 0	 0	 4	 4	 0	 0	 4	 4	 0	 1	 5	 0	 1	 0	 4	 5	 18	 45	

Natri	et	al.	(144)	 2	 1	 0	 0	 3	 2	 0	 1	 3	 4	 0	 2	 6	 0	 2	 0	 4	 6	 18	 45	

Kannus	et	el	(104)	 2	 1	 0	 0	 3	 2	 0	 1	 3	 4	 0	 2	 6	 0	 2	 0	 4	 6	 18	 45	

Selfe	et	al.	(181)	 1	 2	 2	 0	 5	 2	 0	 2	 4	 4	 0	 1	 5	 0	 1	 0	 1	 2	 16	 40	

Piva	et	al.	(162)	 2	 2	 0	 0	 4	 4	 0	 0	 4	 3	 0	 0	 3	 0	 2	 0	 3	 5	 16	 40	

Wittstein	et	al.	(226)	 1	 1	 2	 0	 4	 2	 0	 0	 2	 3	 0	 0	 3	 0	 2	 0	 4	 6	 15	 38	

IC=inclusion	criteria;	EC=exclusion	criteria;	Ad.	no.=adequate	number;	Hom=homogeneity;	Pop=population;	S/D=standardized	and	described;	C/PlA=control	and	placebo	adequate;	C/A=co-
intervention	avoided;	Int=interventions;	RO=relevant	outcome;	BOA=blinded	outcome	assessment;	F/uA=follow-up	adequate;	OM=outcome	measures;	RD=randomization	described;	ITT=intention	
to	treat;	SP=statistical	procedures;	DP/A=data	presentation	and	analysis;TPS	=	total	possible	score;		



	 45	

Data	Extraction	and	Analysis		

Study	design	characteristics	were	extracted	and	tabulated	to	enable	methodological	

comparison	(Table	3).		Treatment	‘success’	was	defined	within	eight	studies	(19,	23,	

99,	115,	123,	191,	215)	and	not	defined	in	a	further	six	(104,	144,	155,	162,	181,	230).		

In	studies	where	‘success’	was	defined,	continuous	and	dichotomous	baseline	outcome	

predictor	data	for	both	‘successful’	and	‘unsuccessful’	sub-groups	was	extracted	to	

allow	univariate	statistical	analysis	of	effect	size	(ES)	(standardised	mean	difference)	

and	risk	ratio	calculations	respectively	using	Review	Manager	(RevMan	v5.1,	2011,	The	

Cochrane	Collaboration,	Copenhagen).		ES	and	the	associated	95%	confidence	intervals	

were	presented	as	forest	plots	to	facilitate	visual	comparison.		Where	two	or	more	

outcome	predictors	and	success	determinants	were	consistent	between	studies,	data	

was	pooled.		Pooled	results	were	reported	as	significant	when	the	test	for	overall	

effect	(Z	score)	was	p	<	0.05,	and	as	a	trend	when	p	=	<	0.1.		Determinants	of	success	

were	considered	consistent	if	a	justified,	clinically	meaningful,	measure	was	used	in	

the	2	or	more	studies	pooled	(e.g.	‘Marked	improvement’	on	a	5	point	Likert	scale).		If	

adequate	data	was	not	available	to	complete	calculations	from	published	reports,	

attempts	were	made	to	contact	corresponding	authors.		Where	treatment	success	was	

not	defined,	baseline	measures	of	potential	outcome	predictors	reported	to	

significantly	predict	change	of	the	primary	outcome	through	multi-variate	statistical	

analysis,	were	extracted.	The	primary	outcome	used	for	each	study	is	presented	in	

Table	3.				

	

Interpretation	of	calculated	individual	or	pooled	ES	were	categorised	based	on	those	

used	by	Hume	et	al.	(97)	as	small	(≤	0.59),	medium	(0.60	to	1.19),	or	large	(≥	1.20).	The	

level	of	statistical	heterogeneity,	defined	as	p	<0.05,	for	pooled	data	was	established	

using	the	Chi2	and	I2	statistics.	Definitions	for	‘levels	of	evidence’	were	guided	by	

recommendations	made	by	van	Tulder	et	al	(211).	

	

‘Strong	evidence’	=	pooled	results	derived	from	three	or	more	studies,	including	a	

minimum	of	two	High	Quality	(HQ)	studies,	which	are	statistically	homogenous	(p	>	
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0.05)	–	may	be	associated	with	a	statistically	significant	or	non-significant	pooled	

result.	

‘Moderate	 evidence’	 =	 statistically	 significant	 pooled	 results	 derived	 from	 multiple	

studies,	 including	 at	 least	 one	 HQ	 study,	 which	 are	 statistically	 heterogeneous	 (p	 <	

0.05);	or	from	multiple	Low	Quality	(LQ)	studies	which	are	statistically	homogenous	(p	

>	0.05).		

‘Limited	 evidence’	 =	 results	 from	 multiple	 LQ	 studies	 which	 are	 statistically	

heterogeneous	(p	<	0.05);	or	from	one	HQ	study.	

‘Very	limited	evidence’	=	results	from	one	LQ	study.	

‘Conflicting	evidence’	=	pooled	results	 insignificant	and	derived	from	multiple	studies	

regardless	of	quality	which	are	statistically	heterogeneous	(p	<	0.05,	i.e.	inconsistent).	
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Table	3	-	Study	design	characteristics	for	each	included	study	

Study	 Sample	
size	

Treatment	 No	of	
variables	
tested	

Statistical	analysis	
used	for	prediction	

Outcome	
measures	

Success	
defined	
Y/N	

Determinant	
of	success	

Length	of	
follow	up	

Significant	predictors	of	
intervention	success		

Kannus	et	
al.	(104)	

49	 Rest	
NSAIDs	
Quadriceps	strength	
For	6/52	

22	 Forward	stepping	
regression	analysis	

VAS	
Lysholm	
Tegner	

N	 N/A	 6	weeks	&	6	
months	

Younger	age	at	both	6	
weeks	and	6	months	

Natri	et	al.	
(144)	

49	 Rest	
NSAIDs	
Quadriceps	strength	
For	6/52	

19	 Forward	stepping	
regression	analysis	

VAS	
Lysholm	
Tegner	

N	 N/A	 7	years	 Negative	patellar	
apprehension	test	

Witvrouw	
et	al.	(230)	

30	 Seated	leg	press	
2/1	knee	bends	
Stationary	bike	
Rowing	machine	
Step	up	and	down	
Progressive	jumping	
For	5/52	

13	 Multiple	stepwise	
regression	analysis	

Kujala	 N	 N/A	 5	weeks	&	3	
months	

Faster	reflex	response	
time	vastus	medialis	
oblique	
Shorter	duration	of	
symptoms	

Selfe	et	al.	
(181)	

77	
(60	at	
3/12)	

Stretching	
Vastus	medialis	
training	
Patella	taping/	
biofeedback	
7	sessions	

1	 Analysis	of	
covariance	

Critical	angle	
knee	flexion	
Angular	velocity	
knee	flexion	
Treadmill	test	
Modified	
Functional	
Index	
Questionnaire	

N	 N/A	 3	months	 Not	self	reporting	‘cold	
legs’	

Sutlive	et	
al.	(191)	

45	 21/7	of	pre-fabricated	
orthoses	use	
Limitation	of	physical	
activity	

14	 Sensitivity,	
specificity	and	
likelihood	ratios	
(>2.0)	

VAS	
	GRCQ	

Y	 ≥50%	
improvement	
VAS	

20-23	days	 Forefoot	alignment	(2˚	
or	more	valgus)	
Passive	great	toe	
extension	(78˚	or	less)	
Navicular	drop	(3mm	or	
less)	

Lesher	et	
al.	(123)	

50	 Patella	taping	
Immediate	effect	

19	 Sensitivity,	
specificity	and	
likelihood	ratios	

NPRS	
GRCQ	

Y	 ≥50%	
improvement	
mean	NPRS	or	

0	days	 Tibial	angulation	(>5˚	
varum)	
Ankle	dorsiflexion	knee	
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≥+4	GRC	 flexed	(≤15˚)	
Positive	patellar	tilt		
Relaxed	calcaneal	
stance	(>4˚	varus)	

Iverson	et	
al.	(99)	

49	 Lumbopelvic	
manipulation	

43	 Sensitivity,	
specificity	and	
likelihood	ratios	

NPRS	
GRCQ	

Y	 ≥50%	
improvement	
NPRS	or	≥+4	
GRC	

0	days	 Difference	in	hip	IR	
(>14˚)	
Ankle	dorsiflexion	knee	
flexed	(>16˚)	
Navicular	drop	(>3mm)	
No	stiffness	sitting	
>20mins	
Squatting	most	painful	
activity	

Wittstein	et	
al.	(226)	

30	 Quadriceps,	hip	
abduction,	hip	
external	rotation	and	
core	strengthening	
Quadriceps,	
hamstring	and	
Iliotibial	band	
stretching	
For	8	weeks	

4	 Sensitivity,	
specificity	and	
likelihood	ratios	

Patient	seeking	
of	further	
treatment	

Y	 Complete	
resolution	of	
symptoms	at	
follow-up	

2	months	 No	evidence	of	
chondromalacia	Patella	
tibial	tubercle	deviation	
<14.6mm	

Piva	et	al.	
(162)	

51	 Quadriceps	
strengthening	
Quadriceps,	
hamstring	and	calf	
stretches	
Taping	
For	8	weeks	

14	 Multiple	forward	
regression	analysis	

Activity	of	daily	
living	scale	of	
the	knee	
outcome	survey	
NPRS	

N	 N/A	 8	weeks	 Positive	change	in	fear	
avoidance	beliefs	

Vicenzino	
et	al.	(215)	

42	 Prefabricated	foot	
orthoses	
?6/12	weeks	

16	 Sensitivity,	
specificity	and	
likelihood	ratios	

5	point	Likert	
scale	

Y	 ‘Marked	
improvement’	
on	Likert	scale	

12	weeks	 Age		(>25yrs)	
Height	(<165cm)	
Worst	pain	(<53.25mm)	
Mid-foot	width	diff	
(>10.96mm)	

Lan	et	al.	
(115)	

100	 Patella	taping	 9	 Multivariate	logistic	
regression	analysis		

VAS	 Y	 ‘Marked	
improvement’	
on	Likert	scale	

0	days	 Lower	body	mass	index	
Smaller	mean	lateral	
patellofemoral	angle	
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Larger	mean	quadriceps	
angle	

Barton	et	
al.	(19)	

60	 Prefabricated	foot	
orthoses	
For	12	weeks	

15	 Sensitivity,	
specificity	and	
likelihood	ratios	

5	point	Likert	
scale	

Y	 ‘Marked	
improvement’	
on	Likert	scale	

12	weeks	 Footwear	motion	
control	properties	(<5	
(less	supportive))	
Usual	pain	(<22mm)	
Ankle	dorsiflexion	knee	
bent	(<41.3˚)	
Immediately	reduced	
pain	during	single	leg	
squat	with	orthoses		

Barton	et	
al.	(23)	

26	 Prefabricated	foot	
orthoses	
For	12	weeks	

12	 Discriminant	
analysis	

5	point	Likert	
scale	

Y	 ‘Marked	
improvement’	
on	Likert	scale	

12	weeks	 Greater	peak	rearfoot	
eversion	relative	to	the	
laboratory	

Pattyn	et	al.	
(155)	

36	 Tailored	
strengthening,	
stretching	and	
mobilisation	
For	7	weeks	

26	 Linear	regression	
model	

Kujala	 N	 N/A	 7	weeks	 Cross	sectional	area	
total	quadriceps	at	mid	
thigh	level	
Eccentric	average	peak	
torque	quadriceps	at	
60/s	
Frequency	of	pain	

Crowell	et	
al.	(56)	

44	 Lumbopelvic	
manipulation	
	

5	 Sensitivity,	
specificity	and	
likelihood	ratios	

NPRS	 Y	 ≥50%	
improvement	
NPRS	or	≥+4	
GRC	

0	days	 Nil	

NSAIDs	=	Non-steroidal	anti-inflammatory	drugs,	GRCQ	=	Global	rating	of	change	questionnaire,	NPRS	=	Numeric	pain	rating	scale,	VAS	=	Visual	analogue	scale,	Y	=	Yes,	N	=	No,	N/A	
=	Not	assessed,	GRC	=	Global	rating	of	change,	IR	=	Internal	rotation	
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Results	

Review	Selection	and	Identification	

The	initial	search	yielded	1888	citations.		Following	application	of	the	

inclusion/exclusion	criteria	to	citation	title,	abstract	and	full	text	left	15	cohort	studies	

(Figure	1).		No	RCT’s	were	found.		Two	studies	included	data	from	the	same	PFP	

population	(104,	144),	however	reported	findings	from	different	follow	up	durations	

and	were	both	therefore	included	in	the	review.		Two	further	studies,	one	that	

presented	short	and	long	term	predictors	of	outcome	without	differentiating	

predictors	for	specific	interventions	(47),	and	the	other	that	reported	post-hoc	

baseline	foot	mobility	measures	(133)	could	not	be	used	within	this	review.			

Additional	data	 	

Additional	data	required	for	effect	size	calculation	was	provided	by	authors	for	one	

paper:	Vicenzino	et	al.	(215).		

Quality	Assessment	

Results	from	the	quality	assessment	scale	are	shown	in	Table	2.		Scores	ranged	from	15	

to	24	out	of	a	possible	40.		Of	the	15	included	studies,	all	were	scored	as	low	quality	

(LQ).					

Summary	of	findings	

Pain		

Very	limited	evidence	identified	higher	baseline	functional	index	questionnaire	scores	

(mean	0.82,	95%	CI	0.18	to	1.46)	predicted	improved	outcome	following	12	week	

orthoses	intervention	in	one	LQ	study	(215).	Pooled	results	from	two	LQ	studies	[19,	

20]	showed	a	trend	towards	less	usual	(mean	-0.45,	95%	CI	-0.93	to	0.03;	P	=	0.07)	and	

worst	pain	(mean	-0.45,	95%	CI	-0.93	to	0.03;	P	=	0.07)	being	associated	with	foot	

orthoses	success	(Figure	4).		

Multiple	stepwise	regression	identified	shorter	symptom	duration	predicted	positive	

changes	in	Kujala	scores	associated	with	successful	exercise	intervention	in	one	LQ	

study	at	5	week	and	3	month	follow-up	(p	=	0.045	&	p	=	0.019	respectively)	[27].	Lower	

frequency	of	pain	at	baseline,	when	identified	with	concurrent	greater	quadriceps	
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cross	sectional	area	and	reduced	eccentric	quadriceps	torque	(see	3.4.3),	was	

predictive	of	successful	outcome	after	a	quadriceps	exercise	programme	combined	

with	patella	mobilisation	and	lower	limb	stretches	tailored	to	the	individuals	

mobility/flexibility	restrictions	(p	=	0.012)	in	one	LQ	study	(155).	

Very	limited	evidence	indicated	greater	usual	pain	(mean	0.43,	95%	CI	0.01	to	0.85)	

significantly	predicted	taping	intervention	success	in	one	LQ	study	(115).		
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Figure	4–	Baseline	pain	characteristics	for	‘successful’	and	‘unsuccessful’	groups	following	lumbopelvic	manipulation,	foot	orthoses	and	taping	interventions.		AKP	Sc	=	Anterior	
Knee	Pain	Score,	FIQ	Sc	=	Functional	index	questionnaire	score,	SDatBase	=	Step	down	at	baseline,	SLRsitbase	=	Single	leg	rises	from	sitting	at	baseline,	U.P	=	Usual	pain,	W.P	=	
Worst	pain,	SD	=	Standard	deviation,	IV	=	Inverse	variance,	CI	=	Confidence	interval.	
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Demographics	

Limited	evidence	showed	patient	height	(mean	-0.17,	95%	CI	-0.60	to	0.27,	P	=	0.45)	

and	weight	(mean	-0.09,	95%	CI	-0.52	to	0.34,	P	=	0.68)	did	not	predict	foot	orthoses	

intervention	success	(19,	215).		Pooled	results	from	three	LQ	studies	(19,	191)	showed	

a	trend	for	older	age	to	predict	successful	outcomes	from	foot	orthoses	intervention	

(mean	0.29,	95%	CI	-0.06	to	0.65;	P	=	0.1)	(Figure	5).	

Younger	age	predicted	positive	changes	in	pain	(decreased	VAS	score),	Tegner	and	

Lysholm	scores	at	6	weeks	and	Tegner	and	Lysholm	scores	at	6	months	follow-up	after	

exercise	intervention	(104).	

Knee		

No	local	knee	characteristics	were	shown	to	predict	foot	orthoses	intervention	success	

(Figure	6).		

Faster	vastus	medialis	oblique	(VMO)	reflex	response	time	(p	=	0.041	&	p	=	0.026	

respectively)	predicted	positive	changes	in	Kujala	scores	following	exercise	

intervention	(230).		Multiple	stepwise	regression	(forward	stepping)	identified	

negative	patella	apprehension	at	baseline	to	predict	positive	changes	in	Tegner	and	

Lysholm	scores	at	7	year	follow-up	in	one	LQ	exercise	intervention	study	(144).		An	

absence	of	chrondomalacia	patella	and	tibial	tubercle	deviation	<	14.6mm	on	magnetic	

resonance	imaging	(MRI)	predicted	resolution	of	symptoms	at	5	weeks	following	

exercise	intervention	in	one	LQ	study	[27].		A	further	LQ	exercise	intervention	study	

identified	a	lack	of	self	reported	‘cold	legs’	(p	=	0.019)	predicted	delayed	onset	of	pain	

during	a	treadmill	test	(181).		Single	variables	added	to	a	linear	regression	model	

identified	greater	cross	sectional	area	(CSA)	of	the	total	quadriceps	at	mid-thigh	level	

(p	=	0.01)	and	reduced	eccentric	average	quadriceps	peak	torque	at	60˚/sec	(p	=	0.015)	

at	baseline	as	predictors	of	successful	outcome,	when	identified	with	concurrent	lower	

frequency	of	pain	(see	3.4.1),	after	a	tailored	exercise	and	mobilisation	program	in	one	

LQ	study	(155).	

Limited	evidence	indicated	an	increased	Q-angle	was	a	significant	predictor	of	a	

successful	outcome	following	patellar	taping	intervention	(Two	LQ	[41,	22]	studies,	

mean	0.38,	95%	CI	0.05	to	0.72,	p	=	0.03)	(Figure	4).		Very	limited	evidence	identified	



	 54	

reduced	lateral	patello-femoral	angle	(LPA)	(mean	-0.47,	95%	CI	-0.89	to	-0.05)	

predicted	patellar	taping	success	(115).			

Most	pain	squatting	(mean	2.27,	95%	CI	1.57	to	3.28),	greater	patella	glide	(mean	1.59,	

95%	CI	1.18	to	2.26),	less	stiffness	(mean	0.43,	95%	CI	0.3	to	0.61)	and	fewer	episodes	

of	giving	way	(mean	0.65,	95%	CI	0.49	to	0.86)	and	clicking	(mean	0.64,	95%	CI	0.47	to	

0.88)	were	shown	to	be	significant	predictors	of	lumbopelvic	manipulation	success	

(100).	However,	these	findings	were	not	replicated	in	a	follow	up	study	using	the	

methodological	design	(56).	

Hip	and	Pelvis		

No	significant	predictors	at	the	hip	or	pelvis	for	foot	orthoses,	exercise,	patellar	taping	

or	lumbopelvic	manipulation	were	identified	(Figure	7).			

Foot	and	Ankle		

Limited	evidence	showed	great	toe	extension	(mean	-0.16,	95%	CI	-0.59	to	0.27,	P	=	

0.46)	and	ankle	dorsiflexion	range	with	the	knee	bent	(mean	-0.25,	95%	CI	-0.68	to	

0.18)	did	not	significantly	predict	orthoses	success	(19,	191).			Very	limited	evidence	

reported	greater	forefoot	valgus	(mean	0.67,	95%	CI	0.05	to	1.28)	predicted	successful	

outcomes	following	20-23	days	of	wearing	prescribed	prefabricated	foot	orthoses	in	

one	LQ	study	(191).	Greater	rearfoot	eversion	magnitude	peak	predicted	orthoses	

intervention	success	(mean	-0.93,	95%	CI	-1.84	to	-0.01)	in	one	LQ	study	(23)	(Figure	8).		
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Figure	5	-	Baseline	demographic	characteristics	for	‘successful’	and	‘unsuccessful’	groups	following	lumbopelvic	manipulation,	foot	orthoses,	exercise	and	taping	interventions.		
BMI	=	body	mass	index,	SD	=	Standard	deviation,	IV	=	Inverse	variance,	CI	=	Confidence	interval.
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Figure	6	-	Baseline	knee	characteristics	for	‘successful’	and	‘unsuccessful’	groups	following	lumbopelvic	manipulation,	foot	orthoses	and	taping	interventions.		LPA	=	Lateral	
patellofemoral	angle,	LPD	=	Lateral	patellar	displacement,	TibTor	=	Tibial	torsion,	TibValgum	=	Tibial	Valgum,	SD	=	Standard	deviation,	IV	=	Inverse	variance,	CI	=	Confidence	
interval	
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Figure	7	-	Baseline	hip	characteristics	for	‘successful’	and	‘unsuccessful’	groups	following	lumbopelvic	manipulation,	foot	orthoses	and	taping	interventions.		Craig’s	=	Craig’s	test,	
Hip	IR	=	Hip	internal	rotation	range,	Hip	IR	Diff	=	Hip	internal	rotation	range	difference,	Pel.	Crest	=	Pelvic	crest	height,	LL	Diff	=	Leg	length	difference,	SD	=	Standard	deviation,	IV	=	
Inverse	variance,	CI	=	Confidence	interval	
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Figure	8	-	Baseline	foot	and	ankle	characteristics	for	‘successful’	and	‘unsuccessful’	groups	following	
lumbopelvic	manipulation,	foot	orthoses	and	taping	interventions.		A.df/KE	=	Ankle	DF	with	knee	
extended,	A.df/KF	=	Ankle	DF	with	knee	flexed,	CalcSt	=	Relaxed	calcaneal	stance,	FFalign	=	Forefoot	
alignment,	GtToeEx	=	Great	toe	extension,	NavDrop	=	Navicular	drop,	RF	STJN	=	Rearfoot	in	subtalar	
joint	neutral	position,	MFW	WB	=	Mid-foot	width	(Weight	bearing),	MFW	NWB	=	Midfoot	width	(non-
weight	bearing),	MFW	Dif	=	Mid-foot	width	difference	(MFW	WB	–	MFW	NWB),	AchHght	=	Arch	height,	
AH	Rat	=	Arch	height	ration,	STJN	NWB	=	Sub	talar	joint	neutral	non	weight	bearing,	RF.TIB.EV.MP	=	
Rearfoot	relative	to	tibia	eversion	magnitude	peak,	RF.TIB.EV.TP	=	Rearfoot	relative	to	tibia	eversion	
timing	to	peak,	RF.TIB.EV.ROM	=	Rearfoot	relative	to	tibia	eversion	range	of	motion,	FF.RF.DF.MP	=	
Forefoot	relative	to	rearfoot	motion	dorsiflexion	magnitude	peak,	FF.RF.DF.TP	=	Forefoot	relative	to	
rearfoot	motion	dorsiflexion	timing	to	peak,	FF.RF.DF.ROM	=	Forefoot	relative	to	rearfoot	motion	
dorsiflexion	range	of	motion,	FF.RF.AB.MP	=	Forefoot	relative	to	rearfoot	motion	abduction	magnitude	
peak,	FF.RF.AB.TP	=	Forefoot	relative	to	rearfoot	motion	abduction	timing	peak,	FF.RF.AB.ROM	=	
Forefoot	relative	to	rearfoot	motion	abduction	range	of	motion,	RF.LAB.EV.MP	=	Rearfoot	relative	to	
laboratory	eversion	magnitude	peak,	RF.LAB.EV.TP	=	Rearfoot	relative	to	laboratory	eversion	timing	
peak,	RF.LAB.EV.ROM	=	Rearfoot	relative	to	laboratory	eversion	range	of	motion,	SD	=	Standard	
deviation,	IV	=	Inverse	variance,	CI	=	Confidence	interval.	
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Discussion	

The	intent	of	this	review	was	to	identify	outcome	predictors	for	specific	conservative	

interventions	in	the	management	of	PFP	in	order	to	guide	clinicians	when	considering	

the	likelihood	of	intervention	success.	With	an	absence	of	randomised	controlled	trials	

prospectively	validating	outcome	predictors,	significant	findings	should	only	be	

considered	as	preliminary	indicators	of	successful	outcome	prediction.	Additionally,	

the	potential	for	this	review	to	categorically	differentiate	between	predictors	of	

success	following	specific	interventions	and	indicators	of	the	probable	course	of	PFP	

symptoms	(prognostic	factors)	is	limited	by	an	absence	of	control	groups.		

We	identified	evaluation	of	205	conservative	management	outcome	predictors	within	

15	LQ	cohort	studies.	Of	this	comprehensive	range,	19	(9%	of	total)	were	found	to	be	

significant.	Of	the	15	included	studies	none	have	reached	the	validation	stage	of	

prediction	development	important	for	ensuring	predictors	accurately	identify	

individuals	who	will	benefit	from	specific	interventions	(187).		We	found	all	studies	

used	single	arm	design,	without	the	inclusion	of	a	control	group,	and	did	not	recruit	

adequate	participants	relative	to	the	number	of	variables	investigated	(157).		Although	

this	single	arm	design	can	be	a	useful	tool	in	the	derivation	stage	of	outcome	

prediction,	it	is	not	powerful	enough	to	provide	definitive	information	on	factors	that	

can	modify	treatment	effects.		As	such	the	outcome	predictors	identified	in	these	

studies	have	a	high	risk	of	being	non	specific	predictors	of	outcome	-	that	is,	predictive	

of	outcome	regardless	of	management	care	plan	rather	than	response	to	specific	

interventions	-	or	prognostic	factors	(187).		Variability	in	outcome	measures	and	

follow-up	duration	was	evident	across	the	included	studies,	further	limiting	evidence	

synthesis	and	therefore	the	strength	of	conclusions	drawn.			

Potential	Predictors	

Pain	

Higher	functional	index	questionnaire	scores	(215)	and	a	trend	towards	less	‘usual’	and	

less	‘worst’	pain	[19,	20]	predicting	orthoses	intervention	success	suggest	that	lower	

symptom	severity	may	be	predictive	of	a	favourable	outcome.		Similar	findings	were	

also	evident	following	exercise	intervention,	with	shorter	symptom	duration	[27]	and	
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lower	frequency	of	pain	(155)	predicting	better	outcomes.	When	compared	to	a	

multicentre	PFP	prognostic	study	showing	symptom	duration	over	2	months	and	

Anterior	Knee	Pain	Scale	score	less	than	70/100	(more	severe	symptoms)	predicted	

poor	outcomes	(45),	the	findings	from	this	review	further	implicate	pain	variables	as	

prognostic	factors	irrespective	of	orthoses	or	exercise	intervention.	Of	interest,	higher	

pain	severity	at	baseline	and	longer	pain	duration	have	also	shown	association	with	

poor	prognosis	in	other	musculoskeletal	pain	conditions	(126).		Irrespective	of	being	

predictive	or	prognostic	these	findings	highlight	the	clinical	importance	of	

implementing	an	effective	intervention	programme	early	in	the	pain	experience	in	

order	to	increase	the	likelihood	of	intervention	success	and	reduce	the	risk	of	

chronicity.						

In	contrast,	greater	usual	pain	was	identified	within	one	LQ	study	to	be	predictive	of	

patellar	taping	success	(mean	0.43,	95%	CI	0.01	to	0.85)	[41].		The	most	significant	

limitation	of	these	findings	is	that	only	immediate	effects	were	assessed.		With	

literature	pertaining	to	the	mechanisms	and	effect	of	taping	beyond	the	short	term	

being	limited	(8),	the	strength	of	clinical	inference	for	this	predictor	is	somewhat	

limited.		Further	research	exploring	longer-term	taping	efficacy	and	the	ability	of	

greater	usual	pain	to	predict	its	outcome	is	needed.			

Demographics	

Consistent	with	prognosis	following	physiotherapy	intervention	including	foot	orthoses	

application	(47),	limited	evidence	showed	patient	height	and	weight	was	not	predictive	

of	a	successful	outcome	following	foot	orthoses	intervention	(19,	215).		In	contrast	

with	prognostic	data,	a	trend	towards	older	age	was	identified	as	a	predictor	of	foot	

orthoses	success	(19,	191),	and	younger	age	significantly	predictive	of	exercise	

intervention	success	(104).		There	are	many	plausible	explanations	for	both	of	these	

results,	primarily	speculative	in	nature.		Firstly,	movement	patterns	may	be	more	

entrenched	in	older	individuals	requiring	an	external	adjunct	to	facilitate	changes	that	

can	lead	to	symptom	reduction.		Secondly,	younger	individuals	with	pain	may	have	a	

greater	capacity	for	muscular	adaptation	–	both	neuromuscular	adaptation	and	

strength	development	-	following	exercise	intervention.		Validation	of	demographic	

characteristics	predicting	orthoses	and	exercise	intervention	warrants	further	

investigation,	however,	consideration	of	patient	age	in	the	clinical	setting	may	be	an	
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important	characteristic	for	determining	foot	orthoses	or	exercise	intervention	

success.							

Knee	

To	our	knowledge	no	prognostic	studies	have	investigated	clinical	measures	of	the	

knee	as	predictors	of	outcome.		The	findings	from	this	review	identify	derivation	level	

indicators	of	outcome	prediction	that	require	validation	using	case-control	study	

design.		Some	of	the	potential	predictors	require	expensive	equipment	(MRI)	or	cannot	

be	easily	obtained	within	the	clinic	environment	(VMO	reflex	response	time)	limiting	

applicability	to	all	clinical	settings.		Identification	of	additional	predictors	of	both	

exercise	and	patellar	taping	intervention	success	that	can	be	easily	applied	within	the	

clinical	setting	requires	further	work	to	ensure	maximal	clinical	utility.			

A	lack	of	sound	clinical	evidence	for	the	role	of	lumbopelvic	manipulation	in	the	

management	of	PFP,	when	compared	with	foot	orthoses,	exercise	and	patellar	taping,	

questions	the	suitability	of	this	modality	undergoing	an	outcome	prediction	derivation	

study.		Furthermore,	a	subsequent	single	arm	cohort	study	reported	none	of	the	

initially	identified	predictors	for	lumbopelvic	manipulation	success	were	predictive	

when	the	same	methods	were	repeated	(56).		Further	good	quality	case	control	

studies,	exploring	the	effectiveness	of	this	intervention	within	PFP	populations	should	

be	sought	prior	to	attempting	to	identify	sub	groups	of	individuals	who	may	benefit.		

Hip	and	Pelvis	

The	absence	of	significant	indicators	of	prognosis	or	successful	outcome	prediction	at	

the	hip	and	pelvis	highlights	an	area	within	the	current	literature	where	further	

research	is	clearly	needed.		The	role	of	the	hip	and	pelvis	in	PFP	development	(150)	

and	maintenance	of	symptoms	(119)	has	received	significant	attention	within	recent	

literature.		Interventions	focused	at	this	area	have	also	shown	favourable	outcomes	

(159).		Therefore,	identification	of	predictors	that	can	inform	clinical	reasoning	

concerning	hip	and	pelvis	treatment	has	potential	to	significantly	increase	treatment	

efficacy.	

Foot	and	Ankle	

The	presence	of	excessive	foot	pronation	has	traditionally	formed	the	basis	of	foot	

orthoses	prescription.		Despite	multiple	measures	of	foot	posture	reported	in	this	
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review,!greater!forefoot!valgus!(forefoot*to*rearfoot!angle!measured!in!subtalar!joint!

neutral)!(191)!and!peak!rearfoot!eversion!relative!to!laboratory!(23)!were!the!only!

identified!significant!predictors!of!foot!orthoses!intervention!success.!!Although!unable!

to!extract!specific!interventions!on!which!the!predictor!was!evaluated,!Collins!et!al.!

(47)!reported!weight!bearing!arch!height!did!not!significantly!predict!prognosis.!!

Conversely,!a!change!in!mid*foot!width!has!been!identified!in!two!studies!to!predict!

foot!orthoses!success![19!47].!!Vicenzino!et!al.![19]!reported!a!mid*foot!width!

differnece!from!non*weight!bearing!to!weight*bearing!>10.96mm!significantly!

predicted!success!when!a!significance!level!of!p<0.20!was!used!and!in!subsequent!

regression!analysis.!!Similarly,!Mills!et!al.!(133)!reported!difference!in!mid*foot!width!

>11.25mm!correctly!predicted!orthoses!success!in!7!of!10!individuals!using!a!

classification!tree!model.!!Variability!in!clinical!measures!prevents!direct!comparison!

between!prognostic!and!predictor!studies,!however!considering!dynamic!rearfoot!

eversion!has!been!identified!as!a!potential!predictor!of!foot!orthoses!success![32],!

there!is!clear!merit!for!further!exploration!of!dynamic!foot!posture!measures!in!

predicting!orthoses!intervention!outcomes.!

Future(Directions(

More!robust!study!design,!including!prospective!design!to!identify!possible!predictors,!

and!the!use!of!control!groups!to!permit!stronger!conclusions!to!be!made!about!the!

predictive!capacity!of!the!variables!measured!and!allow!differentiation!from!

prognostic!factors.!!Future!studies!should!aim!to!address!this!evidence!gap.!

Consistency!between!studies!and!researchers!for!determinants!of!treatment!‘success’!

warrants!development!of!consensus!in!future!research.!!It!is!acknowledged!that!

variability!in!the!measure!of!success!between!studies!can!influence!the!significance!of!

the!findings!presented!in!this!review.!!!!!

Further!prediction!studies!for!an!evidence!based!multimodal!physiotherapy!

intervention!(50)!should!be!conducted!given!this!approach!is!the!gold!standard!of!

therapy!management!for!PFP!(46).!!Although!this!may!seem!contradictory!to!

attempting!to!deliver!a!more!tailored!intervention!from!the!appropriate!use!of!

outcome!predictors,!a!multi*model!approach!still!yields!poor!long*term!outcomes.!!

Studies!predicting!individuals!that!do!improve!may!help!to!identify!sub!groups!that!

require!a!novel!intervention!approach.!
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Some	of	the	predictors	identified	within	this	review	required	the	use	of	expensive	(MRI	

scanning),	sometimes	inaccessible	(VMO	reflex	response	&	rearfoot	eversion	

magnitude	peak),	equipment	to	administer	within	the	clinic.		To	ensure	maximal	

clinical	utility	of	the	outcome	predictors	investigated,	future	studies	should	aim	to	

assess	potential	predictors	that	are	easy	to	administer,	take	minimal	time,	are	

repeatable,	and	provide	useful	information	that	is	relevant	to	the	intervention.	

Lastly,	for	outcome	predictors	to	be	accurately	integrated	into	a	clinically	reasoned	

and	tailored	intervention	approach,	studies	to	progress	the	evidence	base	from	

derivation	stage	of	design	to	validation	level	are	clearly	warranted.		

Conclusion	

This	systematic	review	provides	a	contemporary	summary	of	derivation	level	studies	

identifying	indicators	of	prediction	for	conservative	PFP	management.		Without	quality	

randomised	clinical	trials	to	categorically	prove	any	of	these	identified	predictors,	this	

review	is	unable	to	differentiate	between	predictors	of	success	and	prognostic	factors.	

The	identified	indicators	of	prediction	should	be	considered	non-specific	prognostic	

factors	and	need	to	undergo	further	investigation	before	being	applied	clinically	with	

confidence.		The	findings	from	this	review	do	however	highlight	important	potential	

predictors,	which	can	be	cautiously	applied	within	clinical	reasoning	paradigms,	and	

give	important	direction	for	future	research.		With	appropriate	caution,	clinicians	

should	consider	patellar	taping	for	those	with	greater	usual	pain,	foot	orthoses	for	

older	and	exercise	for	younger	individuals,	and	foot	orthoses	intervention	for	patients	

with	greater	forefoot	valgus	and	rearfoot	eversion	magnitude	peak.		Randomised	

controlled	trials	to	validate	indicators	of	prediction	are	clearly	warranted	to	provide	

clinicians	with	robust	evidence	to	deliver	a	tailored	intervention	to	this	heterogeneous	

patient	population.	
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Chapter	4	

Proximal	muscle	rehabilitation	is	effective	for	patellofemoral	pain:	a	

systematic	review	with	meta-analysis	

	

	

Synthesis	of	evidence,	using	systematic	review	methodology,	exploring	the	effects	and	

mechanisms	of	proximal	muscle	rehabilitation	is	presented	in	this	chapter.		The	

rationale	for	conducting	the	review	was	twofold.		One	was	to	rigorously	test	the	

effectiveness	of	interventions	proximal	to	the	PFJ	in	the	management	of	PFP	prior	to	

their	incorporation	into	a	feasibility	trial	design.		The	other	was	to	determine	the	

current	limitations	of	available	evidence	helping	to	guide	a	subsequent	observational	

study,	which	would	explore	the	effect	mechanisms	of	specific	exercise	interventions.			

The	findings	of	this	review	were	accepted	for	publication	within	the	British	Journal	of	

Sports	Medicine	(Impact	factor	6.724)(Appendix	4)	following	peer	review.		

Additionally,	the	results	have	been	disseminated	at	two	conferences,	the	Danish	Sports	

Medicine	Kongress,	Copenhagen,	2015	and	the	International	Patellofemoral	Pain	

Retreat,	Manchester,	2016,	with	the	findings	being	integrated	into	the	Consensus	

Statement	on	PFP	management	published	following	this	event	(54).		A	translational	

publication	within	SportsEx	was	completed	to	maximise	the	breadth	of	its	exposure	

(Appendix	5).			
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Introduction	

Patellofemoral	 Pain	has	been	 linked	 to	 reduced	 contact	 area	and	 increased	 stress	 in	

the	 lateral	 PFJ	 (69,	 87)	 as	 a	 result	 of	 patellar	mal-tracking;	 including	 greater	 lateral	

patellar	translation,(62,	184,	225)	tilt	(62)	and	spin(225).		The	cause	of	mal-tracking	in	

PFP	is	thought	to	be	multifactorial	with	local,(82)	distal	(17)	and	proximal	(152)	factors	

proposed	to	contribute,	with	good	evidence	that	long	axis	femoral	rotation	in	relation	

to	the	patella	is	a	key	contributor	to	maltracking	and	a	valid	rehabilitation	target.(163)		

Consistent	with	the	multifactorial	nature	of	PFP,	management	of	PFP	has	traditionally	

focused	on	a	variety	of	interventions,	including	rest,	analgesia,	general	quadriceps	and	

vastus	 medialis	 oblique	 (VMO)	 rehabilitation	 exercises,	 proximal	 rehabilitation	

exercises,	 patellar	 taping,	 foot	 orthoses	 and	 gait	 retraining.(227)	 Each	 of	 these	

interventions	has	a	varying	level	of	efficacy,	with	multimodal	 interventions	appearing	

to	 be	 the	 most	 effective.(28,	 46)	 Growing	 evidence	 for	 impaired	 proximal	 muscle	

strength	(118,	167,	170)	and	function,(14)	combined	with	links	between	hip	mechanics	

and	increased	risk	of	PFP,(32,	151)	has	resulted	in	promotion	of	rehabilitation	aimed	at	

addressing	 impairments	 in	 proximal	 musculature.(163)	 Our	 recent	 mixed	 methods	

study	 of	 international	 experts’	 clinical	 reasoning	when	managing	 PFP	 supported	 this	

recommendation,	but	a	lack	of	supporting	level-one	evidence	was	also	identified.(28)	

The	 effectiveness	 of	 proximal	 rehabilitation	 protocols	 have	 been	 evaluated	 in	 high	

quality	 recent	 research,(58,	 65,	 74,	 106)	 and	 commonly	 consist	 of	 open	 and	 closed	

kinetic	chain	exercises	which	reflect	clinical	practice.(9)		

A	recent	low	quality	systematic	review	concerning	proximal	rehabilitation	for	PFP	(160)	

concluded	 that	 hip	 interventions	 were	 effective	 in	 improving	 pain	 and	 function	 in	

individuals	with	PFP.		However,	the	search	for	available	evidence	was	limited	to	a	two	

year	 period	 (January	 2011	 to	 January	 2013),	 with	 no	 attempt	 at	 data	 pooling	 nor	

mechanistic	 exploration,	 and	 there	 is	 therefore	 a	 need	 for	 a	 more	 detailed	 and	

inclusive	review	in	order	to	optimally	guide	practice.					

Our	systematic	review	and	meta-analysis	aims	to	(i)	evaluate	of	the	effects	of	proximal	

muscle	 rehabilitation	 for	 patients	 with	 PFP,	 (ii)	 compare	 the	 effects	 of	 various	

rehabilitation	 protocols,	 and	 (iii)	 evaluate	 potential	mechanism	of	 action	 in	 order	 to	
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optimally	 guide	 clinical	 practice	 in	 rehabilitating	 patients.	 Further,	 we	 aimed	 to	

promote	 clarity	 in	 rehabilitation	 programme	 design	 and	 reporting,	 with	 particular	

respect	to	the	term	‘strengthening’.		

Methods	

The	PRISMA	statement	was	consulted	prior	to	the	start	of	this	review	and	the	checklist	

completed.(137)			

Inclusion	and	Exclusion	Criteria	

Randomised	 clinical	 trials	 (RCTs)	 and	 cohort	 studies	 evaluating	 proximal	 muscle	

rehabilitation	 programmes	 were	 considered	 for	 inclusion.	 A	 proximal	 muscle	

rehabilitation	 protocol	 was	 defined	 as	 progressive	 exercise	 directed	 at	 the	 hip	 or	

lumbopelvic	musculature	or	both.	Studies	of	multimodal	 interventions	were	 included	

where	the	effects	of	adding	proximal	rehabilitation	could	be	clearly	determined.	Case	

reports	 and	 non-English	 studies	 were	 excluded.	 The	 inclusion	 criteria	 required	

participants	 to	 be	 described	 as	 having	 PFP,	 anterior	 knee	 pain	 or	 chondromalacia	

patella	 in	 the	 absence	 of	 other	 knee	 pathologies,	 including	 patellar	 tendinopathy,	

Osgood-Schlatters’	 disease	 and	 Sinding-Larsen-Johanssons’	 syndrome.	 Studies	

evaluating	 all	 age	 ranges	were	 considered	 for	 inclusion,	 as	 well	 as	 studies	 involving	

both	single	sex	and	mixed	sex	sample	groups.		

Search	strategy	

Web	of	Knowledge,	CINAHL,	EMBASE	and	Medline	(via	OVID)	databases	were	searched	

from	 inception	 to	 December	 2014,	 using	 the	 search	 strategy	 outlined	 in	 Table	 4.	

Reference	 lists	 of	 included	 publications	 were	 screened	 and	 citation	 tracking	 was	

completed	in	Google	Scholar.	
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Table	4	-	Systematic	search	strategy	

Review	process	

Titles	 and	 abstracts	 identified	 using	 the	 search	 strategy	 were	 downloaded	 into	

EndNote	X7.1	(Thomson	Reuters,	California,	USA).	Duplicates	were	deleted	before	all	

abstracts	were	 screened	 for	 inclusion	 by	 two	 independent	 reviewers	 (SL	 and	OS).	 A	

third	 reviewer	 (CB)	was	 available	 to	 settle	 any	 disputes	 if	 necessary.	 Full	 texts	were	

obtained	where	necessary.	

Quality	Assessment	

Study	 methodological	 quality	 was	 assessed	 with	 the	 PEDro	 scale	 (213)	 and	 a	 PFP	

inclusion/exclusion	 criteria	 checklist	 (27)	 by	 two	 independent	 reviewers	 (OS	 and	 SL).	

Discrepancies	 were	 resolved	 by	 consensus,	 with	 a	 third	 reviewer	 (CB)	 available	 if	

needed.	Based	on	the	PEDro	scores,(213)	and	guidance	by	Moher	et	al.,(136)	studies	

scoring	 >6	 were	 considered	 high	 quality	 (HQ)	 and	 ≤6	 low	 quality	 (LQ).	 The	 PFP	

diagnosis	checklist	(27)	is	a	seven	item	scale	that	identifies	key	inclusion	and	exclusion	

criteria	for	the	diagnosis	of	PFP.	Higher	scores	indicate	a	greater	number	of	key	criteria	

having	been	reported.	

Study	Analysis	

Sample	sizes,	participant	demographics,	 interventions,	variables	evaluated	and	follow	

up	times	were	extracted	from	each	study.		Further	analysis	of	intervention	programme	

design	was	 completed	 to	 determine	 the	 type	 of	 ‘rehabilitation’	 that	was	 prescribed	

Patellofemoral	Pain	OR	Anterior	Knee	Pain	OR	Patellofemoral	Syndrome	OR	
retropatellar	pain	OR	peripatellar	pain	OR	patellofemoral	joint	pain	OR	parapatellar	

pain	OR	PFP	OR	chondromalacia	patellae	
	

AND	
	

Proximal	OR	gluteal	
	

AND	
	

Strength*	
	

AND	
	

Training	OR	program	OR	exercise	OR	rehab*	
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(Table	6)	allowing	for	direct	comparison	between	reported	training	methodology	and	

accepted	 principles	 of	 ‘neuromuscular	 activation’	 (exercise	 performed	 at	 <	 30%	 1	

repetition	 maximum,	 for	 >	 20	 repetitions),	 ‘strength’	 (exercise	 performed	 ≥	 70%	 1	

repetition	 maximum),	 ‘strength-endurance’	 (exercise	 performed	 at	 30-70%	 1	

repetition	maximum)	and	‘power’	(exercise	performed	at	either	85-100%	1	repetition	

maximum	 or	 0-60%	 1	 repetition	 maximum	 at	 an	 explosive	 velocity).(1)	 This	 was	 in	

response	to	concerns	raised	at	the	recent	PFP	research	retreat	in	Vancouver	(227)	that	

the	 word	 strengthening	 or	 strength	 training	 is	 used	 synonymously	 for	 all	 types	 of	

rehabilitation	 exercise	 consequently	 limiting	 identification	 of	 exercise	 prescription	

specificity.	 It	 was	 considered	 that	 evaluating	 methods	 of	 exercise	 prescription	 (e.g.	

focus	 on	 strength,	 endurance,	 etc.)	 and	 summarising	 the	 range	 of	 specific	 exercise	

descriptors	 (%	 repetition	maximum,	 repetitions,	 time-under-tension)	 could	maximise	

the	clinical	utility	of	this	review	and	facilitate	translation	to	clinical	practice.		

Means	and	standard	deviations	for	all	baseline	and	follow-up	data	were	extracted	and	

entered	into	Cochrane	Review	Manager	(version	5.2)	to	allow	calculation	of	standard	

mean	 differences	 (SMDs).	 Meta-analysis	 was	 completed	 where	 studies	 evaluated	

similar	 interventions	 using	 comparable	 outcome	 measures	 (e.g.	 VAS	 and	 NPRS).		

Where	multiple	measures	were	used,	a	consistent	measure	between	studies	was	used	

for	pooling	 (e.g.	 stair	ascent).	 	Pooling	of	data	across	 time	points	was	performed	 for	

studies	that	evaluated	outcomes	in	the	‘short	term’	(<	3	months),	‘medium	term’	(3	to	

12	 months)	 and	 ‘longer	 term’	 (≥	 12	 months).	 	 All	 outcome	 measure	 scores	 were	

converted	 so	 that	 favourable	 outcomes	 (reduced	pain,	 improved	 function,	 improved	

strength,	 etc.)	 were	 entered	 as	 positive	 values	 into	 Cochrane	 Review	 Manager	

Software,	 to	 facilitate	 consistent	 visual	 representation	 of	 SMDs	 and	 pooled	 findings	

along	 with	 95%	 confidence	 intervals.	 For	 studies	 without	 comparative	 groups,	 the	

results	 were	 extracted	 and	 reported	 in	 the	 results	 section,	 but	 no	 meta-analysis	

performed.	 	 Following	 methodology	 proposed	 by	 Hume	 et	 al.,(96)	 individual	 and	

pooled	SMDs	were	categorised	as	small	(≤0.59),	medium	(0.60–1.19)	or	large	(≥1.20).	

These	criteria	were	chosen	to	increase	stringency	compared	to	traditional	criteria.(41)	

Statistical	heterogeneity	of	pooled	data	was	established	using	 the	X2	and	 I2	 statistics	
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(with! heterogeneity! being! defined! as! p<0.05).! Levels! of! evidence! were! guided! by!

recommendations!proposed!by!van!Tulder!et!al:!(212)!

Strong'evidence!=!based!on!results!derived!from!multiple!studies,!including!a!minimum!

of!two!HQ!studies,!which!are!statistically!homogenous!(I2!<!50%).!

Moderate'evidence!=!based!on!results!derived!from!multiple!studies,!including!at!least!

one! HQ! study!which! are! statistically! heterogeneous! (I2! >! 50%),! or! from!multiple! LQ!

studies!which!are!statistically!homogenous!(I2!<!50%).!

Limited' evidence! =! based! on! results! derived! from! multiple! LQ! studies! which! are!

statistically!heterogeneous!(I2!>!50%),!or!from!one!HQ!study.!

Very'limited'evidence!=!based!on!results!derived!from!one!LQ!study.!

Conflicting' evidence! =! based! on! insignificant! pooled! results! derived! from! multiple!

studies!regardless!of!quality,!which!are!statistically!heterogeneous!(I2!>!50%).!

Results!

The!results!of!the!database!search!are!shown!in!Figure!1.!!Fourteen!studies!were!

identified!for!the!final!review.!Eleven!of!these!studies!were!randomised!or!

comparative!control!trials!(4,'6,'58,'70,'74,'77,'98,'105,'106,'143,'172)!and!three!were!

cohort!studies.(65,'71,'204)!!Study!details!including!sample!sizes!and!participant!

demographics!are!shown!in!‘Appendix!6’.!!Intervention!and!control/comparison!group!

protocols,!outcome!measures!and!follow!up!duration!findings!are!presented!in!

‘Appendix!6’.'
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Figure	9	-	Flow	chart	of	included	studies	

Quality	Assessment	

Results	from	the	PFP	diagnostic	checklist	and	the	PEDro	scale	are	shown	in	Table	5	and	

Table	6	respectively.	All	twelve	studies	scored	five	or	greater	out	of	seven	on	the	PFP	

diagnostic	 checklist	 demonstrating	 a	 good	 level	 of	 consistency	 between	 studies	 for	

diagnostic	 inclusion/exclusion	 criteria.	 Scores	 ranged	 between	 three	 and	 ten	 for	 the	

PEDro	scale.	Of	the	fourteen	studies,	seven	were	classed	as	HQ,(6,	70,	74,	77,	98,	105,	

143)	and	seven	were	classed	as	LQ.(4,	58,	65,	71,	106,	172,	204)		
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(n(=(35()(

FullCtext(articles(excluded(

((n(=((21()(

" Did!not!include!PFP!
population!

" Unable!to!extract!outcome!of!
hip!strengthening!
independent!of!quadriceps!
strengthening!

!
(

Studies(included(in(
qualitative(synthesis(

(n(=(14()(

Studies(included(in(
quantitative(synthesis((metaC

analysis)(
(n(=((12()(

Studies(excluded(

((n(=((2()(

" Cohort(studies,(not(
including(a(control(group(
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Table	5	-	PFP	diagnosis	checklist	

Author	 Inclusion	Items	 Exclusion	Items	 Total	
Score	

Clear	
definition	of	
location	

Insidious	onset	
unrelated	to	
trauma	

Symptoms	
consistent	with	
diagnosis	

Previous	
knee	
surgery	

Internal	
derangement	

Ligamentous	
instability	

Other	sources	of	
anterior	knee	pain	

Tyler	et	al.	(204)	 1	 1	 1	 1	 1	 1	 1	 7	

Razeghi	et	al.	(172)	 1	 1	 1	 1	 1	 1	 1	 7	

Nakagawa	et	al.	(143)	 1	 1	 1	 1	 1	 1	 1	 7	

Earl	&	Hoch	(65)	 1	 1	 1	 1	 1	 1	 1	 7	

Dolak	et	al.	(58)	 1	 1	 1	 1	 1	 1	 1	 7	

Ferber	et	al.	(70)	 1	 1	 1	 1	 1	 1	 1	 7	

Baldon	et	al.	(6)	 1	 1	 1	 1	 1	 1	 1	 7	

Ismail	et	al.	(98)	 1	 1	 1	 1	 1	 1	 0	 6	

Khayambashi	et	al.	(106)	 1	 0	 1	 1	 1	 1	 1	 6	

Khayambashi	et	al.	(105)	 1	 0	 1	 1	 1	 1	 1	 6	

Fukuda	et	al.	(74)	 1	 0	 1	 1	 1	 1	 1	 6	

Fukuda	et	al.	(77)	 1	 0	 1	 1	 1	 1	 1	 6	

Ferber	et	al.	(71)	 1	 1	 1	 1	 0	 0	 1	 5	

Avraham	et	al.	(4)	 1	 0	 1	 0	 0	 0	 0	 2	
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Table	6	-	PEDro	scale	of	included	studies	

	

Author	 I	 II	 III	 IV	 V	 VI	 VII	 VIII	 IX	 X	 XI	 Total	
score	

Baldon	et	al.	(6)	 1	 1	 1	 1	 1	 0	 1	 1	 1	 1	 1	 10	

Nakagawa	et	al.	(143)	 0	 1	 1	 1	 1	 0	 1	 1	 1	 1	 1	 9	

Ismail	et	al.	(98)	 1	 1	 1	 1	 0	 0	 0	 1	 1	 1	 1	 8	

Fukuda	et	al.	(74)	 1	 1	 1	 1	 0	 0	 1	 1	 1	 1	 1	 8	

Fukuda	et	al.	(77)	 1	 1	 1	 1	 0	 0	 1	 1	 1	 1	 1	 8	

Ferber	et	al.	(70)	 1	 1	 1	 0	 0	 0	 1	 0	 1	 1	 1	 7	

Khayambashi	et	al.	(105)	 1	 1	 0	 1	 0	 0	 0	 1	 1	 1	 1	 7	

Razeghi	et	al.	(172)	 1	 1	 1	 0	 0	 0	 0	 1	 1	 1	 1	 6	

Dolak	et	al.	(58)	 0	 1	 1	 1	 0	 0	 0	 0	 1	 1	 1	 6	

Ferber	et	al.	(71)	 1	 0	 0	 1	 0	 0	 0	 1	 1	 1	 1	 5	

Khayambashi	et	al.	(106)	 0	 0	 0	 1	 0	 0	 0	 1	 1	 1	 1	 5	

Avraham	et	al.	(4)	 0	 1	 0	 0	 0	 0	 1	 0	 1	 1	 0	 4	

Tyler	et	al.	(204)	 1	 0	 0	 0	 0	 0	 0	 1	 1	 0	 1	 3	

Earl	&	Hoch	(65)	 1	 0	 0	 0	 0	 0	 0	 1	 1	 0	 1	 3	

I	=	Eligibility	criteria	specified,	II	=	Random	allocation,	III	=	Concealed	allocation,	IV	=	Similar	at	baseline,	V	=	Subject	blinding,	VI	=	Therapist	blinding,	VII	=	Assessor	blinding,	VIII	=	Outcome	
measures	obtained	from	>85%,	IX	=	Treatment	received	as	allocated,	X	=	Between-group	statistical	comparison,	XI	=	Point	measures	&	measures	of	variability	
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Exercise	Prescription	and	Mechano-biological	Analysis	

Results	of	exercise	prescription	and	mechano-biological	analysis	are	shown	in	Tables	7	

and	8	respectively.		Three	of	the	fourteen	included	studies(6,	74,	77)	were	considered	

to	have	evaluated	the	same	exercise	approach	as	stated	in	their	title	and	methodology.		

Commonly	(10	of	14	studies),	studies	reported	evaluation	of	a	strength	protocol,	

despite	exercise	programmes	being	considered	to	be	of	an	intensity	to	evoke	strength-

endurance	(58,	70,	71,	98,	172,	204)	or	neuromuscular	(65,	105,	106,	143)	activation	

changes.		In	one	study	the	description	of	exercise	prescribed	was	unclear	and	could	not	

be	interpreted.(4)	Analysis	of	mechano-biological	descriptors	of	exercise	prescription	

from	within	the	fourteen	included	studies	highlighted	the	absence	of	all	‘classical	

descriptors’	(for	example	load	magnitude	(e.g.	%	of	maximum)	and	rest	period	

between	sets	(sec/mins))	in	all	but	one	study	(98)	(Table	8).		The	seven	new	descriptors	

proposed	by	Toigo	and	Boutellier	(201)	were	absent,	in	their	entirety,	in	the	

methodology	of	all	included	studies.		Inclusion	of	the	thirteen	descriptors	in	future	

studies	is	reported	to	be	imperative	for	the	delivery	of	effective	and	tailored	exercise	

prescription.	(201)				
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Author	
Stated	
Exercise	Aim	
(Title)	

Method	
Exercise	Aim	
(within	text)	

Reviewers’	
interpretation	of	
actual	exercise	aim	

Fit	of	stated	
exercise	aim	(in	
text)	and	actual	
exercise		

Outcome	measure	suitability	for	reviewer	defined	exercise	aim	and	comment	

Nakagawa	et	al.	(143)	 Str	 Str	 NM	 0	 1	 No	patient	capacity	specific	loading;	no	additional	load;	Assessed	
muscle	EMG	and	isokinetic	strength	

Ismail	et	al.	(98)	 Str	 Str	 StrEnd	 1	 2	 Proximal	rehabilitation	performed	at	60%	of	10RM;	No	patient	
specific	training	intensity	for	CKC	exercises	reported	

Fukuda	et	al.	(74)	 Str	 Str	 Str	 2	 1	 Programme	used	70%	of	‘estimated	1RM’	that	could	be	
performed	pain	free	

Fukuda	et	al.	(77)	 Str	 Str	 Str	 2	 1	 Programme	used	70%	of	‘estimated	1RM’	that	could	be	
performed	pain	free	

Razeghi	et	al.	(172)	 Str	 Str	 StrEnd	 1	 2	 McQueen	method	of	load	progression	used	

Dolak	et	al.	(58)	 Str	 Str	 StrEnd	 1	 2	 Load	progression	as	%	of	body	weight,	not	of	muscle	capacity	

Ferber	et	al.	(71)	 Str	 Str	 StrEnd	 1	 1	 Progression	offered	if	exercise	performed	‘too	easily’,	definition	of	
‘too	easily’	not	reported	

Ferber	et	al.	(70)	 Str	 NM	 StrEnd	 1	 1	 Clinician	led	load	prescription,	ensuring	last	3	of	10	repetitions	
were	‘challenging’	

Khayambashi	et	al.	(106)	 Str	 Str	 NM	 0	 2	 Resistance	progression	was	generic,	3x20-25	repetitions	were	
performed	for	each	exercise	

Baldon	et	al.	(6)	 NM/Str	 NM/Str	 NM/Str	 2	 2	 NM	programme	20	repetitions	plus	isometric	holds;	Str	performed	
at	75%	1RM	3x12	repetitions	

Khayambashi	et	al.	(105)	 Str	 Str	 NM	 0	 1	 Generic	progression	of	resistance,	3x20-25	repetitions	were	
performed	for	each	exercise	

Avraham	et	al.	(4)	 Str	 Str	 Unclear	 Unclear	 Unclear	 Programme	not	clearly	defined,	repetitions	dependent	on	patient	
‘capability’;	No	additional	load	described	

Tyler	et	al.	(204)	 Not	stated	 Str	 StrEnd/NM/P	 0	 1	 Programme	described	as	‘progressive	resistive	exercise’	but	exact	
number	of	repetitions	and	load	not	described	

Earl	&	Hoch	(65)	 Str	 NM	 NM	 1	 1	 Assessed	kinematic	change,	but	also	assessed	strength	
Str	=	Strength	(≥70%	1RM),	StrEnd	=	Strength	Endurance	(30-70%	1RM),	NM	=	Neuromuscular	(>20	repetitions,	<30%	1RM),	P	=	Power	(85-100%	1RM	or	0-60%	1RM	at	explosive	velocity)	0	
=	No,	1	=	In	part,	2	=	Yes,	RM	=	Repetition	maximum,	CKC	=	Closed	kinetic	chain	

Table	7	-	Analysis	of	programme	design	and	aims	
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Table	8	-	Analysis	of	specific	descriptors	of	exercise	prescription	

Author	

Classical	set	of	descriptors	 New	set	of	descriptors	
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Nakagawa	et	al.	(143)	 X	 Y	 Y	 X	 Y	 Y	 X	 X	 X	 X	 Y	 X	 Y	

Ismail	et	al.	(98)	 Y	 Y	 Y	 Y	 Y	 Y	 Y	 X	 X	 X	 Y	 X	 X	

Fukuda	et	al.	(74)	 Y	 Y	 Y	 X	 Y	 Y	 X	 X	 X	 X	 Y	 X	 X	

Fukuda	et	al.	(77)	 Y	 Y	 Y	 X	 Y	 Y	 X	 X	 X	 X	 Y	 X	 X	

Razeghi	et	al.	(172)	 X	 Y	 X	 X	 X	 Y	 X	 X	 X	 X	 X	 X	 X	

Dolak	et	al.	(58)	 Y	 Y	 Y	 X	 Y	 Y	 X	 X	 X	 X	 X	 X	 X	

Ferber	et	al.	(71)	 X	 Y	 Y	 X	 Y	 Y	 Y	 X	 X	 X	 X	 X	 X	

Ferber	et	al.	(70)	 X	 Y	 Y	 X	 Y	 Y	 X	 X	 X	 X	 X	 X	 Y	

Khayambashi	et	al.	(106)	 X	 Y	 Y	 X	 Y	 Y	 X	 X	 X	 X	 Y	 X	 X	

Baldon	et	al.	(6)	 Y	 Y	 Y	 X	 Y	 Y	 X	 X	 X	 X	 X	 X	 X	

Khayambashi	et	al.	(105)	 X	 Y	 Y	 X	 Y	 Y	 X	 X	 X	 X	 Y	 X	 X	

Avraham	et	al.	(4)	 X	 X	 X	 Y	 Y	 Y	 X	 Y	 X	 X	 Y	 X	 X	

Tyler	et	al.	(204)	 X	 X	 X	 X	 Y	 Y	 X	 X	 X	 X	 X	 X	 X	

Earl	&	Hoch	(65)	 X	 Y	 Y	 X	 Y	 Y	 X	 X	 X	 X	 X	 X	 Y	

Y	=	Incorporated	in	study,	X	=	Not	incorporated	in	study	
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Effects'of'Proximal'Rehabilitation!

Proximal'rehabilitation4'compared'with'4'Control'!

Pain!and!Function!

One!LQ!study!(106)!compared!proximal!rehabilitation!in!PFP!patients!to!a!control!

group!receiving!only!Omega=3!and!calcium!supplementation!in!the!short!term!(Figure!

10).!Very!limited!evidence!(1!LQ!study!(106))!of!a!large!effect!indicated!proximal!

rehabilitation,!using!exclusively!open!kinetic!chain!(OKC)!exercises!with!progressively!

higher!resistant!elastic!band,!reduces!pain!(VAS)!(SMD,!95%!CI!2.80,!1.71!to!3.88),!and!

improves!function!(Western!Ontario!and!McMaster!osteoarthritis!index!(WOMAC))!

(SMD,!95%!CI!2.88,!1.78!to!3.98)!in!the!short!term.!&

!

Figure!10!=!proximal!rehabilitation!compared!with!control!group!for!pain!and!function!(WOMAC!=!
Western!Ontario!and!McMaster!osteoarthritis!index,!‘short!term’!=!<!3!months,!SD!=!Standard!deviation,!
IV!=!Inverse!variance,!CI!=!Confidence!interval,!Std.!=!Standard!mean!difference)!

Proximal'rehabilitation'4'compared'with'4'Quadriceps'rehabilitation''

Pain&

Three!HQ!(6,!70,!105)!and!one!LQ!study!(58)!compared!proximal!rehabilitation!to!

quadriceps!rehabilitation!in!the!short!and!medium!term!(see!‘Appendix!6’!for!further!

programme!details)!(Figure!11).!!Moderate!evidence!(3!HQ!(6,!70,!105)!and!1!LQ!(58)!

study)!of!a!small!effect!indicated!greater!pain!reduction!following!a!proximal!

rehabilitation!programme!compared!with!a!quadriceps!rehabilitation!protocol!in!the!

short!term!(I2!=!81%,!P!=!0.001;!SMD,!95%!CI!0.36,!0.13!to!0.59).!!In!the!medium!term,!

there!was!strong!evidence!(2!HQ!studies!(6,!105))!of!a!medium!effect!indicating!greater!

pain!reduction!following!a!proximal!rehabilitation!programme!compared!with!a!

quadriceps!rehabilitation!protocol!(I2!=!45%,!P!=!0.18;!SMD,!95%!CI!1.07,!0.55!to!1.59).!!!

Function&
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Moderate	evidence	(3	HQ	(6,	70,	105)	and	1	LQ	(58)	study)	indicated	no	difference	in	

functional	patient	reported	outcome	measures	(LEFS,	AKPS	and	WOMAC)	within	a	

pooled	group	of	statistically	heterogeneous	studies	comparing	proximal	and	

quadriceps	rehabilitation	protocols	in	the	short	term	(I2	=	69%,	P	=	0.02;	SMD,	95%	CI	

0.18,	-0.05	to	0.42).		In	the	medium	term,	strong	evidence	(2	HQ	studies	(6,	105))	of	

medium	effect	indicated	proximal	rehabilitation	improves	functional	patient-reported	

outcome	measures	(LEFS	and	WOMAC)	when	compared	with	quadriceps	rehabilitation	

protocols	(I2	=	0%,	P	=	0.54;	SMD,	95%	CI	0.87,	0.36	to	1.37).		Limited	evidence	(1	HQ	

study	(6))	of	a	medium	effect	indicated	improved	objective	function,	as	measured	by	

single	leg	hop	performance,	following	proximal	compared	to	quadriceps	rehabilitation	

in	the	short	term.		

Figure	11	-	proximal	rehabilitation	compared	with	quadriceps	rehabilitation	for	pain	and	function	(LEFS	=	
Lower	Extremity	Functional	Score,	AKPS	=	Anterior	Knee	Pain	Score,	‘short	term’	=	<	3	months,	SD	=	
Standard	deviation,	IV	=	Inverse	variance,	CI	=	Confidence	interval)	
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Proximal	combined	with	quadriceps	rehabilitation	-	compared	with	-	Quadriceps	

rehabilitation		

Four	HQ	(74,	77,	98,	143)	and	three	LQ	(4,	58,	172)	studies	compared	proximal	

combined	with	quadriceps	rehabilitation	to	quadriceps	rehabilitation	alone	(see	

‘Appendix	6’	for	further	programme	details),	covering	short,(4,	58,	71,	74,	98,	143,	

172)	medium	(58,	74)	and	longer	(74)	follow	up	(Figures	12	&	13).		

Pain	

Strong	evidence	(3	HQ	(77,	98,	143)	and	2	LQ	studies	(58,	172))	of	a	small	effect	

indicated	greater	pain	reduction	favouring	proximal	combined	with	quadriceps	

rehabilitation	using	both	OKC	and	CKC	exercises	compared	to	a	quadriceps	

rehabilitation	alone	in	the	short	term	(I2	=	14%,	P	=	0.33;	SMD,	CI	95%	0.55,	0.22	to	

0.88).			In	the	medium	term,	there	was	moderate	evidence	(1	HQ	(74)	and	1	LQ	study	

(58))	of	a	large	effect	indicating	greater	pain	reduction	following	proximal	combined	

with	quadriceps	rehabilitation	using	OKC	and	CKC	compared	to	quadriceps	

rehabilitation	alone	in	the	medium	term	(I2	=	92%,	P	=	0.0003;	SMD,	CI	95%	1.36,	0.83	

to	1.90).	Within	the	same	HQ	study,	at	6	months,	there	was	limited	evidence	(1	HQ	

study	(74))	of	a	large	effect	indicating	greater	reduction	in	pain	following	proximal	

combined	with	quadriceps	rehabilitation	compared	to	quadriceps	rehabilitation	alone	

(SMD,	CI	95%	2.58,	1.81	to	3.35).		

In	the	longer	term,	there	was	limited	evidence	(1	HQ	study	(74))	of	a	large	effect	

indicating	greater	pain	reduction	following	proximal	combined	with	quadriceps	

rehabilitation	compared	to	quadriceps	rehabilitation	alone	(SMD,	CI	95%	2.99,	2.16	to	

3.83).				
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Figure	12	-	proximal	and	quadriceps	rehabilitation	compared	with	quadriceps	rehabilitation	for	pain	
(‘short	term’	=	<	3	months,	‘medium	term’	=	3	to	12	months,	‘longer	term’	=	≥	12	months,	SD	=	Standard	
deviation,	IV	=	Inverse	variance,	CI	=	Confidence	interval,	Std.	=	Standard	mean	difference)	

Function	

Strong	evidence	(2	HQ	(77,	98)	and	1	LQ	(58)	study)	of	a	small	effect	indicated	greater	

functional	patient	reported	improvement	(how	measured)	following	proximal	

combined	with	quadriceps	rehabilitation	compared	to	quadriceps	rehabilitation	alone	

in	the	short	term	(I2	=	18%,	P	=	0.30;	SMD,	CI	95%	0.42,	0.03	to	0.81).	Limited	evidence	

(1	HQ	study	(77))	indicated	no	difference	in	functional	performance,	measured	with	

the	single	leg	hop	test	scores	(SMD,	CI	95%	0.32,	-0.30	to	0.93)	in	the	short	term.		

In	the	medium	term,	moderate	evidence	(1	HQ	(74)	and	1	LQ	(58)	study)	of	a	large	

effect	indicated	increased	patient	reported	function,	measured	by	Lower	Extremity	

Functional	Scale	(LEFS)	(I2	=	96%,	P	<	0.00001;	SMD,	CI	95%	1.32,	0.75	to	1.89).		Limited	

evidence	(1	HQ	study	(74))	of	a	large	effect	indicated	increased	patient	reported	

function	measured	by	Anterior	Knee	Pain	Score	(AKPS)	(SMD,	CI	95%	1.86,	1.18	to	

2.54).	Limited	evidence	(1	HQ	study	(74))	of	large	effect	indicates	increased	

performance-based	function,	measured	by	single	leg	hop	scores	(SMD,	CI	95%	1.54,	

0.89	to	2.18).	Within	the	same	study,	at	6	months,	limited	evidence	(1	HQ	study	(74))	

of	a	large	effect	indicated	increased	patient	reported	function,	as	measured	by	LEFS,	

(SMD,	CI	95%	2.49,	1.73	to	3.25),	AKPS	(SMD,	CI	95%	1.86,	1.18	to	2.54)	and	

performance	based	function,	measured	as	single	leg	hop	scores	(SMD,	CI	95%	1.85,	

1.17	to	2.52).		



	

	

80	

In	the	longer	term,	limited	evidence	(1	HQ	study	(74))	of	a	large	effect	indicated	

greater	patient	reported	functional	improvement	as	measured	by	LEFS	(SMD,	CI	95%	

2.65,	1.86	to	3.43),	AKPS	(SMD,	CI	95%	1.76,	1.09	to	2.42)	and	performance-based	

function,	measured	with	the	single	leg	hop	(SMD,	CI	95%	2.06,	1.36	to	2.77)	at	12	

months	with	proximal	and	quadriceps	rehabilitation	compared	to	quadriceps	

rehabilitation	alone.		

	

Figure	13	-	proximal	and	quadriceps	rehabilitation	compared	with	quadriceps	rehabilitation	for	function	
(LEFS	=	Lower	Extremity	Functional	Score,	AKPS	=	Anterior	Knee	Pain	Score,	‘short	term’	=	<	3	months,	
‘medium	term’	=	3	to	12	months,	‘longer	term’	=	≥	12	months,	SD	=	Standard	deviation,	IV	=	Inverse	
variance,	CI	=	Confidence	interval,	Std.	=	Standard	mean	difference)	

Mechanisms	of	Proximal	Rehabilitation	

Eight,	(6,	58,	65,	71,	98,	106,	172,	204)	of	the	elven	studies	explored	variables	with	

potential	to	explain	proximal	rehabilitation	effects	in	the	short	term.	No	studies	

investigated	mechanisms	of	effect	at	medium	or	longer	term	follow	up.			

Proximal	rehabilitation	-	compared	with	–	Control	 	

Limited	evidence	(2	LQ	study	(71,	106))	of	a	large	effect	indicated	proximal	

rehabilitation	using	OKC	band	exercises	increased	isometric	hip	abduction	strength	(I2	=	

81%,	P	<	0.00001;	SMD,	95%	CI	1.69,	1.03	to	2.36)	(Figure	14).		Very	limited	evidence	(1	

LQ	study	(106))	of	a	large	effect	indicated	increased	isometric	hip	external	rotation	

strength	in	the	OKC	rehabilitation	group	in	both	the	left	(SMD,	95%	CI	2.45,	1.43	to	
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3.46)	and	right	(SMD,	95%	CI	2.73,	1.66	to	3.80)	hip.	Very	limited	evidence	(1	LQ	study	

(71))	of	a	large	effect	indicated	OKC	proximal	rehabilitation	reduced	the	degree	of	

knee	valgum	variability	during	consecutive	footfalls	whilst	running	(SMD,	95%	CI	2.68,	

1.54	to	3.82),	but	did	not	change	peak	knee	genu	valgum	angles	whilst	running	(SMD,	

CI	95%	0.83,	-0.01	to	1.67).			

	

Figure	14	-	proximal	rehabilitation	compared	with	control	group	for	strength	and	biomechanics	in	the	
short	term	(<	3	months)	(LHER	=	left	proximal	external	rotation,	RHER	=	right	proximal	external	rotation,	
SD	=	Standard	deviation,	IV	=	Inverse	variance,	CI	=	Confidence	interval,	Std.	=	Standard	mean	
difference)	

Proximal	rehabilitation	-	compared	with	-	Quadriceps	rehabilitation		

Moderate	evidence	(1	HQ	and	1	LQ	study	(58,	70))	indicated	no	difference	in	maximal	

isometric	strength	for	hip	abduction	(I2	=	60%,	P	=	0.11;	SMD,	95%	CI	0.18,	-0.08	to	

0.44),	external	rotation	(I2	=	0%,	P	=	0.44;	SMD,	95%	CI	0.11,	-0.15	to	0.37)	or	knee	

extension	(I2	=	0%,	P	=	0.33;	SMD,	95%	CI	0.09,	-0.17	to	0.35)	following	a	proximal	

(OKC)	rehabilitation	programme,	when	compared	to	a	quadriceps	(OKC/CKC)	

rehabilitation	programme	(Figure	15).	Limited	evidence	(1	HQ	study	(70))	indicated	no	

difference	in	hip	extension	(SMD,	95%	CI	0.09,	-0.19	to	0.37)	or	internal	rotation	(SMD,	

95%	CI	0.02,	-0.26	to	0.30)	strength	when	comparing	an	OKC	proximal	with	a	CKC	

quadriceps	rehabilitation	programme.	

Limited	evidence	(1	HQ	study	(6))	indicated	proximal	rehabilitation	using	CKC	

exercises,	when	compared	to	a	CKC	quadriceps	rehabilitation	protocol,	increased	the	

degree	of	pelvis	anteversion	(SMD,	95%	CI	1.21,	0.43	to	1.98),	hip	flexion	(SMD,	95%	CI	
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1.16,	0.39	to	1.92),	trunk	contralateral	inclination	(SMD,	95%	CI	0.90,	0.16	to	1.65),	

pelvis	elevation	(SMD,	95%	CI	0.94,	0.19	to	1.68),	hip	abduction	(SMD,	95%	CI	2.20,	

1.28	to	3.11),	and	knee	adduction	(SMD,	95%	CI	0.81,	0.07	to	1.55)	during	a	single	leg	

squatting	task.		Additionally,	anterior	(SMD,	95%	CI	2.03,	1.14	to	2.92),	lateral	(SMD,	

95%	CI	2.50,	1.53	to	3.46)	and	posterior	(SMD,	95%	CI	1.54,	0.73	to	2.36)	trunk	

endurance	(seconds),	and	proximal	abductor	(SMD,	95%	CI	1.24,	0.47	to	2.02)	and	

knee	extensor	(SMD,	95%	CI	0.97,	0.22	to	1.72)	torque	(Nm/Kg)	increased	in	the	

proximal	rehabilitation	group	when	compared	to	quadriceps	rehabilitation.(6)			

	

Figure	15	-	proximal	rehabilitation	compared	with	quadriceps	rehabilitation	for	isometric	strength	in	the	
short	term	(<	3	months)	(SD	=	Standard	deviation,	IV	=	Inverse	variance,	CI	=	Confidence	interval,	Std.	=	
Standard	mean	difference)	

Proximal	combined	with	quadriceps	rehabilitation-	compared	with	-	Quadriceps	

rehabilitation	alone		

Limited	evidence	(1	HQ	study	(98))	indicated	no	difference	in	isokinetic,	concentric	and	

eccentric	hip	abduction	and	external	rotation	strength	following	a	proximal	(OKC)	

combined	with	quadriceps	(CKC)	rehabilitation	programme	when	compared	to	a	

quadriceps	rehabilitation	(CKC)	programme	alone	(Figure	16).	Very	limited	evidence	(1	

LQ	study	(58))		indicated	no	difference	in	isometric	hip	abduction	(SMD,	CI	95%	0.54,	-

0.16	to	1.23)	or	external	rotation	(SMD,	CI	95%	0.63,	-0.07	to	1.33)	strength	following	a	

proximal	combined	with	quadriceps	rehabilitation	programme	compared	to	
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quadriceps	rehabilitation	alone.		Moderate	evidence	(2	LQ	studies	(58,	172))	indicated	

no	difference	in	isometric	knee	extension	strength	(I2	=	0%,	P	=	0.37;	SMD,	CI	95%	0.07,	

-0.42	to	0.56)	following	comparison	of	proximal	and	quadriceps	rehabilitation	with	

quadriceps	rehabilitation	alone.		

	

Figure	16	-	proximal	and	quadriceps	rehabilitation	compared	with	quadriceps	rehabilitation	for	strength	
in	the	short	term	(<	3	months)	(Abd	=	abduction,	ER	=	external	rotation,	Ecc	=	eccentric,	Ext	=	extension,	
SD	=	Standard	deviation,	IV	=	Inverse	variance,	CI	=	Confidence	interval,	Std.	=	Standard	mean	difference	

Proximal	rehabilitation	alone	

One	LQ	study	(204)	divided	their	cohort	into	‘successful’	(≥1.5cm	reduction	in	VAS)	and	

‘unsuccessful’	groups,	reporting	an	improvement	in	isometric	proximal	abduction	and	

adduction	strength	was	unrelated	to	success.		Very	limited	evidence	(1	LQ	study	(65))	

indicated	an	improvement	in	lateral	core	endurance	(P	=	0.001),	hip	abduction	(P	=	

0.008)	and	external	rotation	(P	=	0.03)	isometric	strength,	and	knee	abduction	internal	

moments	(P	=	0.05)	after	an	8	week	OKC	and	CKC	neuromuscular	activation	

intervention	directed	at	the	proximal	musculature.			A	trend	in	increased	anterior	(P	=	

0.06)	and	posterior	(P	=	0.1)	core	endurance,	and	hip	abduction	moment	(P	=	0.06)	was	

reported	in	the	same	study.(65)	However,	no	change	in	rear	foot	eversion,	knee	
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abduction,	hip	adduction	and	internal	rotation	angles,	rear	foot	inversion	or	hip	

external	rotation	moments	were	reported	during	a	running	task.(65)			

Discussion	

This	systematic	review	and	meta-analysis	evaluated	the	effects	of	proximal	muscle	

rehabilitation	on	pain	and	function	in	individuals	with	PFP	and	the	potential	

mechanisms	for	effectiveness.		Fourteen	studies	of	varying	quality	were	identified,	

including	eleven	RCTs.(4,	6,	58,	70,	74,	77,	98,	105,	106,	143,	172)	In	the	short	term,	

strong	evidence	indicates	proximal	combined	with	quadriceps	rehabilitation	is	

significantly	better	at	reducing	pain	than	quadriceps	rehabilitation	alone,(4,	58,	71,	74,	

98,	143,	172)	moderate	evidence	indicates	proximal	rehabilitation	is	better	at	

improving	pain	compared	to	quadriceps	rehabilitation	alone,(6,	58,	70,	105)	and	very	

limited	evidence	indicates	proximal	rehabilitation	reduces	pain	compared	to	a	no	

intervention	control.(106)	In	the	medium	term,	strong	and	moderate	evidence	

indicates	proximal	and	proximal	combined	with	quadriceps	rehabilitation	respectively	

is	more	effective	at	reducing	pain	then	quadriceps	rehabilitation	alone.(6,	74,	105)	In	

the	longer	term,	limited	evidence	indicates	proximal	combined	with	quadriceps	

rehabilitation	is	more	effective	at	reducing	pain	than	quadriceps	rehabilitation	

alone.(74)	Greater	improvements	in	function	were	also	reported	for	proximal,	and	

proximal	combined	with	quadriceps	rehabilitation	compared	with	quadriceps	

rehabilitation	alone	in	the	short	(strong	evidence),	medium	(strong	to	moderate	

evidence)	and	longer	(limited	evidence)	term.(58,	74,	77,	98)	Put	together,	these	

findings	support	the	implementation	of	proximal	muscle	rehabilitation	programmes	

for	the	management	of	PFP	in	clinical	practice.		

Effects	of	Proximal	Rehabilitation	

Pain	

Strong	evidence	suggests	that	a	combined	proximal	and	quadriceps	rehabilitation	

protocol	using	both	OKC	and	CKC	exercises	results	in	superior	short	term	outcomes	of	

pain	reduction	when	compared	to	CKC	quadriceps	rehabilitation	alone.		This	pooled	

result	is	however,	driven	by	one	LQ	study	(172)	that	reported	significant	improvement	
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in	pain.		In	contrast	three	(58,	77,	143)	of	the	five	pooled	studies,	reported	no	greater	

short-term	pain	reduction	when	compared	to	a	quadriceps	rehabilitation	programme.		

An	important	consideration	when	interpreting	these	findings	is	that	the	CKC	

quadriceps	exercises	adopted	within	the	three	equivocal	studies	24	38	40	would	also	

facilitate	activation	of	proximal	musculature	and	as	such	could	also	be	considered	a	

combined	proximal	and	quadriceps	intervention.	A	similar	story	emerges	when	

comparing	proximal	and	quadriceps	rehabilitation.	Specifically,	within	a	pooled	group	

of	heterogeneous	studies	that	evaluated	proximal	compared	with	quadriceps	

rehabilitation,	a	large	multi-centre	trial	that	compared	an	OKC	proximal	to	a	CKC	

quadriceps	protocol	demonstrated	no	significant	differences	in	pain	reduction	

between	groups,	but	reported	significant	pain	reduction	within	both	groups	in	the	

short	term	(70).	Adding	proximal	rehabilitation	to	quadriceps	appears	to	offer	the	

most	favourable	short-term	outcome,	however,	it	is	clear	that	further	research	to	

identify	the	most	effective	rehabilitation	programme	design	is	required	to	maximise	

effectiveness.		

In	the	medium	term,	pooled	results	indicate	proximal	rehabilitation	more	effectively	

reduced	pain	when	compared	to	quadriceps	rehabilitation	alone.		Amongst	the	pooled	

studies,	exercise	programme	design	differed	significantly,	with	one	utilising	exclusively	

neuromuscular	OKC	(105)	and	the	other	neuromuscular	and	strength	CKC	(6)	exercises.	

Of	these	protocols	the	neuromuscular	OKC	protocol	resulted	in	the	greatest	positive	

symptom	change,	but	further	research	directly	comparing	these	different	protocols	is	

needed.		Proximal	combined	with	quadriceps	rehabilitation	was	more	effective	than	

quadriceps	rehabilitation	in	reducing	pain	in	the	medium	and	longer	term,	with	

treatment	effects	of	large	magnitude.		The	single	study	reporting	significant	pain	

reduction	in	the	long	term,	used	a	combination	of	both	OKC	and	CKC	at	an	intensity	

assessed	to	be	sufficient	to	evoke	strength	changes	(i.e.	>	70%	1RM).	(74)		These	

exercise	parameters	may	be	relevant	to	the	successful	outcome	given	that	OKC	

exercises	are	commonly	used	clinically	to	allow	for	specific	isolation	of	proximal	

musculature	(182)	whilst	attempting	to	reduce	loading	of	the	PFJ.		These	preliminary	

findings	require	further	research	to	determine	the	most	efficacious	protocol	to	reduce	

pain	both	in	the	medium	and	long	term.	
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Function	

Fewer	studies	evaluated	the	effects	of	proximal	muscle	rehabilitation	on	functional	

outcomes,	which	limits	the	conclusions	that	can	be	drawn.	Greater	improvements	in	

self-reported	measures	(WOMAC,	LEFS,	AKPS)	and	performance-based	measures	

(Single	Leg	hop	test)	of	function	were	observed	in	the	short	term	following	proximal	

rehabilitation	compared	to	a	no	intervention	control;	and	following	proximal	combined	

with	quadriceps	rehabilitation	compared	to	quadriceps	rehabilitation.		Moderate	

evidence	indicated	no	difference	in	function	when	comparing	proximal	with	

quadriceps	rehabilitation,	which	differs	from	findings	related	to	pain.		It	is	possible	that	

interventions	that	address	the	deficits	in	gluteal	strength	(117,	170)	and	activation	(14)	

and	quadriceps	strength	(118)	that	are	evident	in	individuals	with	PFP,	could	be	

sufficient	to	result	in	the	short-term	improvement	of	function	but	not	in	the	medium	

and	longer	term.		Importantly,	greater	functional	improvements	are	provided	by	

proximal	compared	to	quadriceps	rehabilitation	(strong	evidence),	and	a	combined	

proximal	and	quadriceps	rehabilitation	compared	to	quadriceps	rehabilitation	alone	

(limited	to	moderate	evidence)	in	the	medium	and	longer	term.	It	is	possible	that	

superior	pain	outcomes	with	proximal	compared	to	quadriceps	rehabilitation	in	the	

short	term	results	from	the	quadriceps	loading	causing	irritation	to	the	PFJ,	although	

further	research	documenting	pain	levels	during	exercise	is	needed	to	clarify	this.	

These	findings	suggest	that	incorporating	proximal	rehabilitation	into	the	management	

of	PFP	is	beneficial	to	functional	outcomes.	However,	considering	the	currently	limited	

to	moderate	supporting	evidence,	further	high	quality	studies	are	needed	to	confirm	

these	positive	results.	

Mechanisms	of	proximal	rehabilitation	

This	review	evaluated	potential	short-term	mechanisms	of	treatment	effect,	with	

studies	reporting	improvement	in	isometric,(58,	71,	106)	and	isokinetic	strength,(143)	

eccentric	torque,(6)	trunk	muscle	endurance,(6)	single	leg	squat	kinematics,(6)	

reduced	knee	joint	motion	variability	(71)	and	reduced	peak	knee	abduction	internal	

moments.(65)	Changes	in	strength	were	measured	in	ten	of	the	fourteen	included	

studies.		Limited	evidence	of	large	effect	indicated	greater	improvement	in	isometric	

hip	abduction	strength	in	the	short	term	following	a	neuromuscular	or	strength-
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endurance	resistance	band	intervention	when	compared	to	no	intervention,	offering	a	

potential	mechanism	for	changes	in	pain	and	function.(71,	106)		However,	given	the	

absence	of	significant	difference	in	maximal	isometric	hip	abduction,	extension,	

external	and	internal	rotation,	and	knee	extension	strength	when	comparing	OKC	

proximal	rehabilitation	to	CKC	quadriceps	rehabilitation,(70)	it	is	also	plausible	that	the	

positive	effects	of	a	rehabilitation	intervention	are	not	exclusively	derived	through	

changes	in	strength,	but	through	a	combination	of	more	global	lower	limb	strength	

changes,	a	change	in	lower	limb	biomechanics,	possible	central	or	systemic	

mechanisms,	(203)	or	most	likely	a	combination	of	these	factors.	

Three	studies	exploring	kinematic	and/or	kinetic	change	resulting	from	proximal	

rehabilitation,	reported	small	but	significant	changes	about	the	hip	and	knee(6,	65,	71)	

that	offer	potential	mechanisms	for	treatment	effects.		Increased	hip	adduction	and	

internal	rotation	has	been	identified	previously	as	a	risk	factor	for	and	is	associated	

with	PFP	symptoms.(151,	163)		Consequently	interventions	that	demonstrate	capacity	

to	modify	these	parameters	warrant	further	investigation.	Although	some	evidence	

reports	clinical	measures	are	able	to	identify	individuals	with	movement	deficits	and	

detect	biomechanical	change	of	small	magnitude,(219)	it	is	important	to	ensure	clinical	

tools	are	sufficiently	sensitive	to	direct	intervention	choice	and	determine	treatment	

effects.									

Further	exploration	of	the	mechanisms	for	treatment	effects	following	a	rehabilitation	

intervention	on	muscle	structure,	neural	innervation,	systemic	systems	and	

biomechanics,	is	needed	to	guide	a	tailored	exercise	approach	to	address	patient	

specific	deficits	and	predict	outcomes	in	individuals	with	PFP.		

Clinical	implications	

Interventions	that	aim	to	improve	strength,	strength-endurance	and	neuromuscular	

activity	of	proximal	musculature	are	effective	in	the	management	of	PFP,	and	should	

be	incorporated	in	clinical	practice.		From	within	the	largest	high	quality	study	that	

explored	the	effect	of	proximal	compared	with	quadriceps	rehabilitation,	OKC	proximal	

rehabilitation	in	isolation	was	not	more	effective	at	reducing	pain	than	a	CKC	

quadriceps	rehabilitation	programme	(70)	in	the	short	term.	These	findings	suggest	

CKC	quadriceps	rehabilitation	is	as	effective	at	increasing	proximal	strength	as	an	
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isolated	OKC	proximal	rehabilitation	programme	and	have	potentially	important	

clinical	implications	for	exercise	intervention	design.		They	suggest	clinicians	could	

choose	different	treatment	approaches	and	achieve	the	same	or	similar	strength	gains.			

Subsequently,	this	would	allow	clinicians	to	be	guided	by	patient	response,	preference	

or	available	equipment,	without	negatively	impacting	on	patient	care.	

Proximal	rehabilitation	combined	with	quadriceps	rehabilitation	using	both	OKC	and	

CKC	exercises	produced	better	pain	and	functional	outcomes	in	the	short,(6)	medium	

and	longer	term	(74)	compared	to	quadriceps	rehabilitation	alone.	Therefore,	

therapists	treating	PFP	should	aim	to	prescribe	exercise	interventions	targeting	both	

the	quadriceps	and	proximal	musculature	in	individuals	with	PFP	using	a	combination	

of	OKC	and	CKC	exercises.	

Rehabilitation	exercises	from	studies	included	in	this	review	were	completed	between	

3	and	7	times	per	week,	with	the	intensity	of	the	programmes	varying	significantly.		

Exercise	frequency	did	not	appear	to	be	dependent	on	the	type	and	intensity	of	the	

rehabilitation	protocols	prescribed.		Given	established	guidelines	(1)	that	indicate	

neuromuscular	training	has	greater	effect	if	performed	frequently	(daily)	and	strength	

training	less	frequently	(2-3xper	week)	to	allow	for	physiological	adaptation,	the	

specificity	of	exercise	frequency	in	the	management	of	PFP	is	lacking	within	the	current	

evidence	base	and	requires	further	research.				

Given	the	primary	goal	of	PFP	treatment	is	often	pain	reduction,	utilising	exercise	

parameters	that	do	not	aggravate	symptoms	is	important.		Consequently,	utilising	OKC	

exercises	in	the	short	term	or	CKC	exercises	within	finite	pain	limits	throughout	the	

rehabilitation	process	is	advocated	within	the	current	evidence.(6,	58,	74)		It	is	unclear	

at	present	whether	these	parameters	are	essential	for	a	successful	outcome,	with	

further	research	required	to	determine	the	most	effective	protocol	design.	

Furthermore,	identification	of	individuals	who	are	more	likely	to	respond	to	a	specific	

proximal	intervention	approach	is	an	important	consideration	given	the	dearth	of	

evidence	exploring	indicators	for	proximal	intervention	success.(113)			

Limitations	

There	are	limitations	that	need	to	be	considered	when	interpreting	the	results	of	this	

review.		Variability	in	study	design,	type	of	protocol	(OKC	or	CKC)	and	differing	
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outcome	measures	limited	further	data	pooling.		Where	pooling	was	possible,	

heterogeneity	of	rehabilitative	exercise	prescription	remained	evident	in	both	exercise	

frequency	and	intensity.		Nonetheless,	given	the	paucity	of	available	evidence	we	felt	

that	data	pooling	was	valuable	to	strengthening	the	findings	of	the	review.		Non-

English	language	publications	were	not	sought	in	this	review.		Whilst	it	is	arguable	that	

high-quality	RCT’s	would	aim	to	be	published	in	higher	impact	journals	written	in	the	

English	language,	identification	of	further	trial	data	may	have	influenced	the	outcomes	

of	analysis.		Assessment	of	methodological	quality	was	completed	using	the	PEDro	

scale.		It	was	identified	that	only	36%	of	the	included	eleven	studies	blinded	the	

assessor	to	the	intervention	delivered	and	only	one	study	attempted	to	blind	the	

participants	to	their	group	allocation.		Given	growing	evidence	for	proximal	

intervention	efficacy,	future	studies	should	aim	to	blind	the	participants	and	

researchers	to	the	allocated	group.			Finally,	it	has	been	identified	that	mechano-

bioloigical	determinants	of	exercise	prescription	are	poorly	reported	or	defined	within	

the	included	rehabilitation	studies.		To	ensure	clinical	utility	and	consistency	of	

exercise	parameter	reporting	within	future	studies,	these	determinants	must	be	

detailed.			

Conclusion	

The	best	available	evidence	indicates	that	proximal	rehabilitation,	with	or	without	

simultaneous	quadriceps	rehabilitation	is	beneficial	to	pain	and	function	in	individuals	

with	PFP	in	the	short	and	medium	term.		Whilst	fewer	studies	have	evaluated	long-

term	effects,	the	limited	evidence	available	indicates	proximal	and	quadriceps	

rehabilitation	combined	has	greater	positive	benefit	on	pain	and	function	than	

quadriceps	rehabilitation	alone.	A	combination	of	both	OKC	and	CKC	exercise	are	most	

likely	to	result	in	favourable	outcomes.		Given	variability	in	rehabilitation	protocols	

within	the	current	literature,	further	studies	designed	to	identify	the	most	effective	

protocol	considering	exercise	type,	load	and	dose	are	required.	To	improve	clinical	

applicability,	these	studies	must	detail	specific	exercise	descriptors.	Regardless,	

proximal	rehabilitation	should	be	incorporated	into	clinical	reasoning	paradigms	for	

the	management	of	PFP.							
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Chapter	5		

Clinical	Assessment	of	Proximal	and	Distal	Lower	Limb	Biomechanics	-	

inter-	and	intra-tester	repeatability	–	a	two	part	study	to	improve	

methods	

	

This	chapter	aimed	to	develop	a	reliable	clinical	test	battery	that	evaluated	the	

biomechanics	proximal	and	distal	to	the	knee.		Having	identified	muscle	function	

proximal	to	the	knee	as	an	important	component	in	the	management	(Chapter	4)	and	

presence	of	PFP	symptoms,	(14)	in	combination	with	the	interaction	of	foot	function	

and	hip/knee	biomechanics	(111),	being	able	to	identify	biomechanical	deficits	above	

and	below	the	knee	was	considered	to	be	of	significant	clinical	importance.		In	

addition,	conclusions	made	from	evaluation	of	the	outcome	predictor	literature	

(Chapter	3),	indicated	a	battery	of	clinical	tests	comprehensively	evaluating	the	entire	

kinetic	chain	might	better	capture	the	important	deficits	that	could	guide	clinicians	and	

predict	outcome	for	some	interventions.		The	study	completed	in	this	chapter	sought	

to	fill	this	knowledge	gap	with	a	reliable	battery	of	clinical	measures.		Assessment	

throughout	the	kinetic	chain	in	combination	with	attempts	to	optimize	the	methods	of	

testing	was	considered	to	be	the	novel	aspects	of	the	study.		Clinical	tests	with	

established	reliability	could	then	be	used	in	subsequent	studies	completed	as	part	of	

this	thesis	(Chapter	8	in	particular,	with	component	parts	included	in	both	Chapters	

6&7).			
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Introduction	

Within	the	clinical	setting,	assessment	of	a	patient’s	proximal	and	distal	biomechanics	

using	a	number	of	different	tests	is	common.	In	particular,	Patellofemoral	Pain	(PFP)	

populations	have	been	shown	to	demonstrate	deficits	throughout	the	kinetic	chain,	

which	have	been	linked	through	theoretical	paradigms	(200).		Accurate	and	reliable	

clinical	measures	that	focus	on	the	identification	of	these	deficits	proximal	and	distal	

to	the	patellofemoral	joint	form	an	integral	part	in	the	delivery	of	a	patient	centred	

treatment	intervention.	Consequently	it	is	paramount	that	reliable	clinical	tests	are	

established	to	identify	biomechanical	deficits	and	accurately	quantify	change.	

Prospective	and	retrospective	studies	have	identified	deficits	proximal	and	distal	to	the	

knee	that	may	result	in	patellofemoral	pain	symptom	development	and	persistence	(2,	

14,	31,	32,	61,	131,	147,	151,	152,	170,	176).	Proximal	to	the	patellofemoral	joint	(PFJ),	

cross	sectional	studies	have	identified	a	number	of	muscle	deficits	that	include	a	

reduction	of	hip	abduction	and	extension	isometric	strength,(170)	reduced	hip	

eccentric	external	rotation	strength,(170)	delayed	gluteal	muscle	activation,(14)	

reduced	passive	hip	range	of	motion(176)	and	increased	peak	hip	adduction	and	

internal	rotation(152)	angles	during	functional	tasks.	It	is	hypothesised	that	any	one	or	

a	combination	of	these	deficits	could	result	in	elevated	or	altered	PFJ	loading(163)	and	

subsequently	be	contributing	to	patient	symptoms.		Distal	to	the	PFJ,	prospective	

studies	have	identified	limited	to	very	limited	evidence	for	altered	forefoot,	midfoot	

and	rearfoot	loading	variables,	rearfoot	kinematic	variables(61)	and	a	pronated	foot	

posture,(147)	as	risk	factors	for	PFP	development.		Similar	observations	have	been	

reported	retrospectively,	with	between-group	comparisons	indicating	individuals	with	

PFP	have	a	more	pronated	foot	posture	than	asymptomatic	controls.(10)	The	

interaction	between	foot	function	and	PFP	is	theorised	to	manifest	up	the	kinetic	chain	

through	increased	pronation,	rearfoot	eversion	and	resultant	internal	tibial	and	

compensatory	femoral	rotation.	(164,	200)	The	net	effect	of	this	movement	pattern	

thought	to	be	elevated	loading	of	the	PFJ.			

Isokinetic	dynamometry	is	considered	the	gold	standard	method	for	strength	

assessment,	however,	due	to	significant	limitations	including	high	cost,	complexity	of	
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assessment,!unit!size!and!lack!of!portability,!its!is!not!commonly!used!in!the!clinical!

environment.(188)!Alternatively,!hand!held!dynamometry!or!manual!muscle!testing,!

which!have!reported!moderate!to!good!levels!of!repeatability!and!validity!when!

testing!the!lower!limb!compared!to!isokinetic!dynamometry,!have!been!

advocated.(188)!Hip!and!knee!strength!has!been!evaluated!within!PFP!populations!

using!a!hand!held!dynamometer!method,(58,!70,!71)!but!assessment!of!foot!and!ankle!

strength!is!less!prevalent.(188)!The!role!of!hip,!knee,!foot!and!ankle!strength!to!predict!

successful!exercise!intervention!is!not!currently!available,(113)!but!may!be!integral!to!

the!delivery!of!patient!specific,!tailored!interventions.(227)!Establishing!the!

repeatability!of!strength!measures!throughout!the!lower!limb!may!be!critical!to!the!

accurate!assessment!and!appropriate!delivery!of!patient!specific!rehabilitation!

programmes.!!

Reduced!passive!range!of!hip!extension!has!been!identified!within!a!PFP!population!

without!limitation!in!internal!or!external!rotation.!(176)!Use!of!a!digital!goniometer!to!

obtain!these!measures!has!been!reported!to!demonstrate!good!intra=tester!reliability,!

(175)!where!as!inter=tester!reliability!has!been!shown!to!be!low,!(210)!suggesting!a!

standardised!method!has!not!been!clearly!established!neither!within!nor!across!

professions.!Studies!investigating!the!relationship!between!hip!range!and!hip!muscle!

strength!demonstrates!the!position!of!testing!relative!to!the!available!range!influences!

the!ability!to!produce!force!(39).!!Standardisation!of!hip!position!is!therefore!important!

to!accurately!evaluate!hip!muscle!strength.!!Consideration!of!proximal!contributions!to!

altered!lower!limb!biomechanics,!assessment!should!not!be!isolated!to!local!structures!

only.!!Two!joint!muscles!acting!over!the!hip!and!knee!may!of!significant!importance,!

particularly!given!existing!evidence!that!indicates!reduced!hamstring!length!on!clinical!

examination!significantly!increases!PFJ!stress!(221).!!A!battery!of!tests!to!establish!

patient’s!hip!range!of!motion,!associated!muscle!flexibility!and!hip!strength!appears!

essential,!as!tests!in!isolation!could!not!accurately!represent!important!variables!in!

assessment,!and!the!development!of!a!tailored!intervention,!of!individuals!with!PFP.!!

Given!the!complexity!of!foot!motion!across!all!planes,!dynamic!assessment!within!the!

clinical!environment!is!challenging,!with!specialist!equipment!often!required!to!

maximise!objectivity.!!Inevitably,!static!measures!of!foot!posture!are!more!common!
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clinically,	with	research	demonstrating	a	fair	to	moderate	association	of	the	Foot	

Posture	Index	(FPI)	with	dynamic	function	in	individuals	with	and	without	PFP.	(17)	

Other	measures	of	the	foot	and	ankle,	used	to	infer	dynamic	foot	function,	have	been	

shown	to	be	unreliable.(101)	In	order	for	valid	clinical	assessment	tools	to	be	

established	to	guide	effective	distal	intervention,	in	the	first	instance,	tests	with	

proven	reliability	need	to	be	identified.		

Within	the	clinical	assessment,	dynamic	function	is	commonly	evaluated	using	

functional	tasks	such	as	a	single	leg	squat,	offering	the	clinician	a	more	global	

perspective	of	the	patients	lower	limb	function.		Two	dimensional	visual	interpretation	

of	functional	tasks	has	been	explored	to	determine	physiotherapists	repeatability	at	

identifying	altered	lower	limb	kinematics(219)	and	the	potential	relationship	these	

have	with	gluteal	muscle	function.(55)	Reliability	of	functional	test	measures	among	an	

injury	free,	young	athletic	population	was	reported	to	be	moderate	to	substantial	by	

26	physiotherapists,	with	greater	inter-rater	reliability	evident	between	those	with	

more	experience.(219)	Assessment	of	a	single	leg	squatting	task	demonstrated	good	to	

substantial	levels	of	agreement	when	rating	performances	as	‘good’,	‘fair’	or	‘poor’,	

with	significantly	earlier	onset	of	the	anterior	and	posterior	fibres	of	gluteus	medius	in	

‘good’	compared	to	‘poor’	performers.(55)	The	methods	described	for	visual	kinematic	

assessment	are	easily	applied	within	the	clinical	environment	and	demonstrate	the	

ability	to	identify	deficits	that	are	commonly	associated	with	PFP.(2,	55,	219)	

Subsequently,	functional	tests	warrant	inclusion	into	the	biomechanical	assessment	of	

the	lower	limb.		Interpretations	of	findings	are	considered	in	combination	with	other	

static	or	quasi-static	biomechanical	measures	above	and	below	the	knee,	to	identify	

specific	deficits	and	inform	patient	centred,	deficit	specific,	intervention	delivery.			

	

Consequently,	the	study	aimed	to;	(i)	identify	a	reliable	battery	of	clinical	measures,	

proximal	and	distal	to	the	knee,	for	the	assessment	of	lower	limb	biomechanics,	and	

(ii)	where	reliability	is	assessed	to	be	low,	explore	methods	for	improving	

measurement	accuracy.		A	reliable	test	battery	will	facilitate	delivery	of	deficit	specific	

physiotherapy	interventions,	accurate	assessment	of	change	resulting	from	treatment	

and	will	inform	clinically	relevant	research	outputs.				
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Method	

Participants	

A	convenience	sample	of	eight,	18-40	year	old	males	(n=4)	and	females	(n=4)	who	do	

not	have	knee	pain	were	recruited.		Participants	were	screened	by	the	lead	author	to	

ensure	they	met	the	inclusion	criteria,	which	included;	(1)	no	history	of	lower	

extremity	injury	or	knee	pain	in	the	last	12	months,	(2)	free	of	lower	back	pain	or	other	

neuro-musculoskeletal	deficits	potentially	affecting	lower	limb	function.			

Recruitment	of	participants	was	achieved	through	advertisement	on	university	notice	

boards,	colleagues	and	peers	who	meet	the	inclusion	criteria.			

All	testing	was	performed	at	the	Centre	of	Sports	and	Exercise	Medicine,	Queen	Mary	

University	London.		Ethical	approval	was	obtained	from	the	Queen	Mary	University	

Ethics	of	Research	Committee	(Reference	No.	QMREC2014_24_22),	with	all	

participant’s	providing	written	consent	prior	to	participation.	
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Procedure		

Development	of	a	clinical	assessment	test	battery	was	completed	over	6	phases	that	

are	outlined	in	Figure	17.	

Phase	1	–	Derivation	of	clinical	tests	suitable	for	inclusion	

To	identify	the	common	deficits	associated	with	patellofemoral	pain,	a	literature	

search	was	conducted	in	August	2015,	using	the	following	search	engines:	PubMed,	

Web	of	Science	and	The	Cochrane	Central	Register,	and	key	words:	(patell*	OR	

femoropatell*	OR	femoro-patell*	OR	retropatell*)	AND	(pain	OR	syndrome	OR	

dysfunction)	AND	(risk	factor	OR	association	OR	relative	risk	OR	factors	OR	deficit	OR	

characteristics).		An	evidence-informed	list	of	tests	that	were	deemed	to	assess,	using	

clinically	applied	tools,	either	strength,	range	of	motion,	dynamic	lower	limb	function	

or	characteristics	of	posture	or	function	proximal	and	distal	to	the	knee	where	

included.			Additionally,	a	pragmatic	list	of	tests	that	aimed	to	assess	the	same	

variables	(using	a	clinically	reasoned	perspective	of	the	authors	who	have	a	combined	

40	years	of	clinical	experience)	created	a	battery	of	29	clinical	tests	deemed	to	be	

relevant	(Table	9).	
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Table!9!–!Derivation!of!clinical!tests!suitable!for!inclusion,!identified!from!the!literature!pertaining!to!
common!deficits!associated!with!PFP,!validated!clinical!measures,!and!pragamtically!determined!
relevant!assessment!tools!to!be!tested!within!this!reliabiltiy!study!

!

Clinical'Measures''

Strength'Measures'

Hip&

Abductors&

With!the!participant!lying!on!their!side,!a!webbing!belt!(Mulligan!

Manual!Therapy!Belt,!5cm!width)!with!a!hand!held!

Commonly	assessed	proximal	
and	distal	deficits	in	PFP	

Reported	
proximal	&	
distal	deficits	in	
PFP	–	compared	
with	controls		

Validated	clinical	
measures,	
potentially	able	to	
detect	deficit	

Pragmatically	
determined	relevant	
assessment	tools	

Static/Quasi	
Static	
Measures	

Foot/Ankle	 Greater	
pronated	foot	
posture;		

Foot	Posture	
Index		

Forefoot	position	–	
knee	straight,	knee	
bent	and	calcaneal	
bisection	
Calcaneal	Angle	
Tibial	Angle	

Kinetic	
Measures	

Foot/Ankle	 Decreased	
pronation	
velocity	

Unable	to	assess	clinically	
Ground	
Reaction	
Force	

Lower	lateral	
max	force	

Peak	
Moments	

Lower	knee	
flexion-
extension	

Kinematic	
Measures	

Lower	
Extremity	
angles	

Larger	hip	
adduction;		

Single	leg	squat	 	

Excursion	 Greater	hip	
internal	rotation		

Single	leg	squat	 	

Muscle	
Function	

Flexibility	 Decreased	
hamstring,	
Gastrocnemius,	
Soleus	length	

Hamstring	
extensibility;	
Gastrocnemius	
extensibility;	
Soleus	
extensibility.	

Hip	flexor	
extensibility	

Strength	 Decreased	hip	
abduction	
strength;	Lower	
knee	extension	
and	hip	external	
rotation	torque	

HHD	–	Hip	
abduction	and	
external	rotation,	
knee	extension	

HHD	–	Hip	
Extension,	and	
Internal	Rotation;	
Knee	flexion;	Ankle	
Inversion	and	
Eversion	

Endurance	 Decreased	knee	
flex	and	
extension	

N/A	 	

Joint	
Mobility	

Foot/Ankle	 	 1st	MTPJ	ROM;	
Arch	Height	
mobility;	
Navicular	Drop	

Arch	Width	mobility,	
Navicular	drift	

Hip	 Larger	external	
rotation	angle;	
Smaller	internal	
rotation	

Internal	and	
External	Rotation	
range	test;	
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dynamometer	(HHD)	(Lafayette,	Manual	Muscle	Tester,	Model	01163,	IN	47904,	USA)	

was	placed	on	the	distal	1/3	of	the	lateral	thigh.		The	participant	was	instructed	to	

push	with	maximum	effort	directly	upwards	as	hard	as	possible	for	a	count	of	5sec.	

This	was	repeated	3	times,	with	a	30sec	rest	between	bouts	of	effort.	

Extensors	

With	the	participant	lying	on	their	front,	a	belt	with	a	HHD	

was	placed	on	the	posterior,	distal	1/3	of	the	femur,	with	

the	knee	flexed	to	90˚.		The	participant	was	instructed	to	

push	with	maximum	effort	directly	upwards	as	hard	as	

possible	for	a	count	of	5sec	with	the	knee	bent.	This	was	

repeated	3	times,	with	a	30sec	rest	between	bouts	of	effort.	

Internal	Rotation/External	Rotation	

The	participant	was	sitting	on	the	end	of	the	couch	with	the	

entire	thigh	supported	and	the	knees	bent	to	90˚.	The	HHD	

was	placed	on	the	inside	of	the	ankle	of	the	tested	leg	for	

external	rotation	strength	testing,	and	outside	of	the	ankle	

of	the	tested	leg	for	internal	rotation	supported	by	a	belt.		

The	participant	was	instructed	to	push	with	maximum	

effort	into	the	dynamometer	as	hard	as	possible	for	a	count	

of	5	sec.		This	was	repeated	3	times,	with	a	30	sec	rest	between	bouts	of	effort.		

Knee	

Extensors	

The	participant	sat	on	the	end	of	the	couch,	with	the	entire	

thigh	supported,	and	the	knee	bent	to	90˚.		A	support	web	

belt	was	tightened	across	the	lap	of	the	participant.		The	

HHD	was	placed	over	the	distal	1/3	of	the	tibia,	with	the	belt	

tied	to	the	couch	(maintain	the	knee	in	90˚	flexion).		The	

participant	was	instructed	to	push	the	knee	straight	with	

maximum	effort	into	the	HHD	for	a	count	of	5	sec.		This	was	repeated	3	times,	with	a	

30	sec	rest	between	bouts	of	effort.	
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Flexors	

The	participant	lay	prone	on	the	couch.		The	dynamometer	was	positioned	on	the	

middle	1/3	of	the	posterior	tibia,	supported	by	a	web	belt.		The	participant	was	

instructed	to	bend	the	knee	pushing	with	maximum	effort	into	the	dynamometer	for	a	

count	of	5	sec.		This	was	repeated	3	times,	with	a	30	sec	rest	between	bouts	of	effort.	

Ankle	

Invertors	

The	participant	was	positioned	in	side	lying,	with	the	limb	to	be	tested	uppermost,	and	

extended.		The	contralateral	limb	was	

flexed	at	the	hip	and	knee	to	aid	stability.		

The	distal	1/3	of	the	tibia	was	stabilised	by	

the	tester	on	a	folded	towel,	and	the	HHD	

placed	on	the	couch	at	the	level	of	the	1st	

MTPJ.		The	participant	was	instructed	to	

push	with	maximum	effort	downward	into	

the	HHD,	whilst	the	tester	applied	pressure	

to	the	distal	tibia.			

Evertors	

The	participant	was	positioned	in	side	lying,	

with	the	limb	to	be	tested	lowermost	and	

extended.		The	contralateral	limb	was	flexed	

at	the	hip	and	knee	and	rested	on	the	couch	

anterior	to	the	tested	limb.		The	distal	1/3	of	

the	tibia	was	stabilised	by	the	tester	on	a	

folded	towel,	and	the	HHD	placed	on	the	

couch	at	the	level	of	5th	MTPJ.	The	

participant	was	instructed	to	push	with	maximum	effort	downward	into	the	HHD,	

whilst	the	tester	applied	pressure	to	the	distal	tibia.			



	

	

101	

Structural	Measures	

Hip	

External	Rotation	

Lying	prone	with	the	leg	to	be	examined	bent	to	90˚	at	the	

knee	and	the	pelvis	stabilised	with	a	webbing	strap	

tightened	at	the	level	of	the	posterior	superior	iliac	spine,	

the	digital	inclinometer	was	placed	on	the	lateral	tibia	whilst	

the	ankle	is	allowed	to	rotate	towards	the	opposite	leg	with	

external	pressure	applied	to	maintain	the	knee	at	90˚,	whilst	

allowing	gravity	to	take	the	leg	into	rotation.		The	maximal	

angle	of	rotation	was	then	recorded.	

Internal	Rotation	

Lying	prone	with	the	leg	to	be	examined	bent	to	90˚	at	the	knee	and	the	pelvis	

stabilised	with	a	webbing	strap	tightened	at	the	level	of	the	posterior	superior	iliac	

spine,	the	digital	inclinometer	was	placed	on	the	medial	tibia	whilst	the	ankle	is	

allowed	to	rotate	outwards	with	external	pressure	applied	to	maintain	the	knee	at	90˚,	

whilst	allowing	gravity	to	take	the	leg	into	rotation.		The	maximal	angle	of	rotation	was	

then	recorded.	

Hamstring	extensibility	

Lying	supine,	the	participant’s	hip	to	be	examined	was	bent	

up	to	just	beyond	90˚.		The	digital	inclinometer	was	‘zeroed’	

to	the	couch.		The	examiner	holds	the	distal	tibia	and	lifts	

the	leg	upwards	until	first	resistance	is	felt	whilst	

simultaneously	extending	the	hip.		The	inclinometer	was	

initially	placed	on	the	anterior	aspect	of	the	thigh.		When	a	

value	of	90˚	was	visible,	the	manoeuvre	was	stopped.		The	

inclinometer	was	placed	on	the	anterior	aspect	of	the	tibia	whilst	the	tension	is	

maintained	and	the	angle	recorded.	
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Hip	Flexor	extensibility	

Sitting	on	the	edge	of	a	couch,	the	leg	not	being	

assessed	was	held	close	to	their	chest	by	the	

participant.	They	were	controlled	into	lying	on	

their	back	and	the	examined	leg	remained	

relaxed.		The	inclinometer	was	‘zeroed’	to	the	

horizontal	of	the	couch,	and	the	angle	measured	

when	the	inclinometer	was	rested	on	the	most	distal	point	of	the	anterior	thigh	

(inclinometer	touching	the	superior	pole	of	the	patella).		

Foot	

Forefoot	angle	

The	participant	lay	prone,	with	the	foot	to	be	tested	

off	the	end	of	the	couch.		The	examiner	applied	

pressure	through	the	3rd	MT	until	the	ankle	was	at	a	

neutral	DF/PF	angle.		The	participant	was	then	asked	to	

‘hold	the	ankle	in	this	position’.		A	photograph	was	

taken	from	above	the	ankle,	ensuring	that	the	end	of	

the	couch	and	the	forefoot	was	visible.		The	angle	was	measured	subsequently	using	

Protractor	360˚	iPad	software	application.	

Forefoot	angle	–	knee	bent	90˚	

The	participant	lay	prone,	with	the	knee	bent	to	~90˚	flexion.		The	examiner	applied	

pressure	to	the	3rd	MT	until	the	ankle	was	at	a	neutral	DF/PF	angle.	The	participant	

was	then	asked	to	‘hold	the	ankle	in	this	position’.		The	digital	inclinometer	was	

‘zeroed’	to	the	horizontal	of	the	couch,	and	subsequently	rested	on	the	forefoot	(head	

of	5th	to	1st	MTs).	The	angle	was	then	recorded	as	the	forefoot	angle.	

	

Forefoot	angle	–	Root,	Weed	and	Orien	

The	participant	lay	prone,	and	a	line	to	bisect	the	calcaneum	drawn	on	the	posterior	

heel.		The	knee	was	bent	to	~90˚	flexion.		The	examiner	applied	pressure	through	the	
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lateral	3	toes	to	‘lock’	the	mid	tarsal	joint.	The	inclinometer	was	‘zeroed’	along	the	line	

of	the	calcaneal	bisection	and	subsequently	placed	on	the	forefoot,	with	the	angle	

between	the	two	recorded	as	the	forefoot	angle.		

Reducible	or	non-reducible	inverted	forefoot	

The	participant	lay	prone,	with	the	foot	to	be	tested	off	the	end	of	the	couch.		The	

examiner	applied	pressure	through	the	3rd	MT	until	the	ankle	was	at	a	neutral	DF/PF	

angle.	Whilst	maintaining	the	foot	in	this	position,	the	examiner	pulled	the	dorsal	

surface	of	the	1st	MTPJ	in	a	caudad	direction.		The	foot	was	scored	as	reducible	if	the	

1st	MTPJ	could	be	pulled	in	line	with	or	below	the	5th	MTPJ.		

Big	Toe	range	of	motion	

The	participant	lay	supine,	the	examiner	

extended	the	big	toe	to	the	point	of	

maximal	resistance.		The	inclinometer	was	

‘zeroed’	along	the	length	of	the	1st	MT.		

The	angle	was	measured	between	the	MT	

and	the	proximal	phalanx.		

	

Weight	Bearing	Measures	

Arch	Width	Difference	

In	standing,	the	total	foot	length	was	measured	and	a	mark	made	on	the	foot	at	50%	

of	this	distance.	The	participant	then	sat	on	the	end	of	the	couch	with	their	feet	

hanging	from	the	end	and	their	knees	bent	to	90	degrees.		With	the	foot	in	a	relaxed	

position,	a	measure	of	the	foot	width	at	the	50%	of	foot	length	mark	was	taken.	The	

participant	then	stood	up	and	a	further	measure	at	the	same	point	on	the	foot	was	

taken.		The	difference	between	the	two	measures	was	taken	as	the	arch	width	

difference.			

Navicular	drop	

The	participant	marched	on	the	spot	and	came	to	a	stop	in	a	relaxed	stance.		The	

navicular	tuberosity	was	palpated	and	marked.		The	examiner	guided	the	participant	
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into	a	'neutral'	foot	position	through	palpation	of	the	medial	and	lateral	talar	head	

anteriorly.	When	both	bony	prominences	were	palpated	equally,	the	foot	was	

considered	to	be	in	a	neutral	position.		A	measure	from	the	mark	to	the	floor	was	

taken.		The	participant	then	relaxed	the	foot,	and	a	further	measure	from	the	mark	to	

the	floor	was	taken.		The	difference	between	the	two	measures	was	calculated	as	the	

navicular	drop	(mm).	

Navicular	drift	

The	participant	marched	on	the	spot	and	came	to	a	stop	in	a	relaxed	stance,	stood	on	a	

piece	of	paper.		The	same	mark	used	to	determine	navicular	drop	was	utilised	(point	

on	the	navicular	tuberosity).		The	examiner	guided	the	participant	into	a	'neutral'	foot	

position	through	palpation	of	the	medial	and	lateral	talar	head	anteriorly.	When	both	

bony	prominences	were	palpated	equally,	the	foot	was	considered	to	be	in	a	neutral	

position.		A	mark	vertically	downwards	was	made	on	the	paper,	the	participant	then	

relaxed	the	foot.		A	Further	mark	was	made	on	the	paper	vertically	downwards	from	

the	navicular	tibersoity.		The	distance	between	the	two	marks	on	the	paper	was	

calculated	as	the	navicular	drift	(mm).		

Tibial	angle	

The	inclinometer	method	for	tibial	angle	has	been	described	previously	(91).	Briefly,	

the	participant	marched	on	the	spot	and	came	to	a	stop	in	a	relaxed	stance.		The	

examiner	measured	the	vertical	angle	between	the	landmarks	of	the	neck	of	the	talus	

and	the	tibial	tuberosity.	

Foot	Posture	Index	

Static	foot	posture	was	assessed	using	the	six-item	foot	posture	index	(FPI)	score.		

Participants	were	instructed	to	march	on	the	spot	and	then	stand	in	a	comfortable	

position	as	the	examiner	assessed	both	feet.		A	score	from	-12	to	+12	will	be	obtained	

with	scores	between	0	to	5	normal,	6	to	9	pronated,	10+	highly	pronated,	-1	to	-4	

supinated	and	-5	to	-12	highly	supinated.	

Relaxed	calcaneal	(heel)	position	
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The	participant	marched	on	the	spot	and	came	to	a	stop	in	a	relaxed	stance.		The	

examiner	measured	the	angle	of	the	calcaneal	bisection	relative	to	the	floor	using	the	

digital	inclinometer.	

Ankle	dorsiflexion	range	(knee	straight	and	knee	bent)	

The	participant	stood	with	the	foot	of	the	leg	to	be	tested	straight	on	a	line	of	tape	on	

the	floor.	The	digital	inclinometer	was	‘zeroed’	to	the	anterior	tibia	whilst	the	

participant	was	in	an	upright	standing	position.	They	lunged	forwards	to	the	point	of	

first	stretch	into	the	back	of	the	leg,	whilst	the	knee	is	kept	straight.		The	inclinometer	

was	maintained	on	the	anterior	tibia	and	a	single	measure	taken	at	this	point	of	the	

lunge.	The	same	test	was	performed	again,	but	with	the	knee	bent,	and	a	second	

measure	taken.			

Single	Leg	Squat	

All	participants	were	provided	with	standard	instructions	on	how	to	complete	the	

Single	Leg	Squat	(SLSq)	task.		Participants	were	instructed	to	fold	their	arms	across	

their	chest	and	squat	down	as	far	as	possible	5	times	consecutively	in	a	slow	controlled	

manner,	maintaining	their	balance	at	a	rate	of	1	squat	per	2	seconds.		During	the	SLSq	

task	participants	were	videoed	from	the	front.		The	camera	was	placed	3m	away,	on	a	

tripod,	at	the	participant’s	waist	height	above	the	ground.		

	

Phase	2	–	Establishing	intra-tester	reliability	

An	initial	group	of	4	asymptomatic	individuals	(8	limbs)	were	recruited	for	phase	two.	

All	participants	were	assessed	using	the	29	clinical	tests	(Described	in	detail	in	

appendix	7)	by	two	examiners,	including	a	physiotherapist	(SL)	and	a	podiatrist	(TP)	

during	Session	1.		One	week	later	(Session	2)	the	same	tests	were	repeated	by	both	

examiners.	On	both	visits	the	order	and	method	of	testing	was	standardised	to	the	

testing	protocol	(appendix	8).		Participants	were	randomly	allocated	to	either	a	‘SL	

then	TP’	or	‘TP	then	SL’	test	order	during	each	session.	

Intra-class	correlation	coefficients	(ICC’s)	and	Typical	Error	for	the	two	clinicians,	across	

the	8	limbs,	were	calculated	after	Phase	2	testing	was	completed	to	determine	levels	
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of	intra-tester	agreement	between	sessions.		Tests	with	strong	correlation	(ICC(3,1)	≥	

0.7)	were	immediately	included	in	the	battery	of	tests	to	be	tested	in	Phase	4.		Tests	

with	moderate	correlation	(0.4	>	ICC(3,1)	<	0.7)	were	included	in	Phase	3	testing.		If	a	

low	correlation	(ICC(3,1)	<	0.4)	was	observed	by	both	examiners,	it	was	determined	by	

consensus	between	TP	and	SL	whether	identifiable	and	feasible	modifications	could	be	

made	to	improve	reliability	of	the	test.	If	this	could	not	be	achieved,	the	test	was	

excluded	from	further	testing.	This	approach	was	utilised	to	ensure	that	tests	

considered	to	be	clinically	relevant	were	explored	comprehensively	to	achieve	good	

reliability	if	possible.		

	

Phase	3	–	Maximising	intra-tester	reliability	of	tests	with	moderate	strength	of	

repeatability	

For	tests	with	moderate	or	poor	intra-tester	reliability	a	consensus	meeting	was	held	

between	the	two	authors,	and	an	additional	practicing	clinician	(DM).		At	this	meeting,	

the	possible	limitations	of	the	moderately	correlated	tests	were	discussed,	and	

methods	to	improve	repeatability	were	identified	(Table	11).		

The	same	reliability	testing	procedure	and	analysis	from	phase	2	was	completed,	

including	the	requirement	of	good	reliability	(ICC(3,1)≥0.7)	to	be	included	in	the	next	

phase	of	testing.		Tests	that	did	not	meet	this	level	of	correlation	were	excluded	from	

any	further	testing.			

	

Phase	4	–	Establishing	inter-tester	reliability	

All	clinical	tests	were	assessed	for	inter-tester	reliability	following	Phase	2	testing.		

ICC’s	and	Typical	Error	for	the	two	clinicians,	across	8	limbs,	was	calculated.	Tests	

demonstrating	strong	inter-tester	correlation	(ICC(3,1)≥0.7),	in	addition	to	strong	intra-

tester	reliability	by	both	clinicians,	were	included	into	the	final	battery	of	clinical	tests.		

Those	tests	that	showed	moderate	levels	of	inter-tester	correlation	(0.4>	ICC(3,1)<0.7)	

and	strong	intra-tester	reliability	by	both	clinicians,	were	included	in	Phase	5	testing.	A	

low	correlation	(ICC(3,1)<0.4)	observed	by	both	examiners	and	moderate	or	low	intra-
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tester!reliability,!in!addition!to!consensus!between!TP!and!SL!being!reached!to!exclude!

the!test,!the!test!was!not!examined!further.!!!!

!!

Phase'5'–'Re4evaluation'of'inter4tester'reliability'of'tests'with'moderate'strength'of'

repeatability'

Tests!with!established!moderate!inter=tester!reliability!following!phase!4!testing!were!

re=evaluated!following!the!implementation!of!method!changes!proposed!to!maximise!

intra=tester!reliability!in!phase!3.!Tests!that!recorded!strong!correlation!(ICC(3,1)≥0.7),!in!

addition!to!tests!with!strong!intra=tester!reliability,!were!included!in!the!final!battery!

of!clinical!tests!for!the!proximal!and!distal!assessment!of!lower!limb!biomechanics.!

!

Statistical!Analysis!

All!data!were!collated!in!Microsoft!Excel!(2013,!Microsoft,!USA)!for!each!examiner!and!

for!each!session!of!testing.!ICC’s!(183)!where!used!to!determine!between!day!intra=!

and!inter=rater!reliability.!!To!give!an!indication!of!measurement!variability,!allowing!

clinicians!to!interpret!change!values/scores!that!exceed!the!variability!of!the!

measurement!(minimal!detectable!change),!typical!error!values!were!calculated!as;!!

Typical!Error!=!SDdiff/√2!!

For!intra=rater!reliability!values,!the!typical!error!represents!a!combination!of!

variability!contributed!to!by!the!subjects!and!the!rater.!!For!inter=rater!reliability!

values,!the!typical!error!represents!the!noise!contributed!to!the!measurement!by!the!

raters!only.!!!!!

ICC(3,1)!were!calculated!for!all!tests!using!the!spreadsheet!built!by!Sportsscience.org!

(sportsci.org/2015/ValidRely.htm).!!

A!priori!levels!of!correlation!strength!were!set,!with!≥0.7!considered!strong,!<0.7!to!

>0.4!moderate!and!≤0.4!weak!or!poor,!to!inform!the!inclusion!of!specific!tests!in!

subsequent!testing!or!the!final!battery!of!clinical!measures.!!These!values!allow!for!

some!variability!resulting!from!a!one=week!period!separating!test!sessions!and!the!
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clinically	pragmatic	approach	to	testing	(testing	completed	at	different	times	of	day,	

comparable	to	clinical	practice).			

For	the	final	test	battery,	Typical	Error	values	were	multiplied	and	divided	by	1.68,	to	

give	the	upper	and	lower	95%	confidence	intervals	(93,	94),	to	allow	for	clinicians	to	

interpret	measures	within	degrees	of	variability.			

Results	

Phase	1	

A	total	of	263	potentially	relevant	articles	were	identified.		From	titles	and	abstracts,	

26	studies	were	considered	relevant	and	were	subsequently	reviewed.	Proximal	and	

distal	biomechanical	deficits	associated	with	PFP	where	identified	from	the	included	

studies	and	matched	with	clinical	measures	most	likely	to	identify	the	specific	deficit.		

A	combination	of	evidence	(14)	and	clinical	experience	(15)	informed	tests,	formed	a	

total	test	battery	of	29	that	was	tested	and	analysed	for	reliability	(Table	10).		

Table	10	–	Phase	2	intra-rater	relaibility	and	typical	error	scores	for	the	29	clinical	tests;	Blue	=	Moderate	
Correlation;	Red	=	Poor	Correlation	

	
Examiner	

SL	 TP	

Test	 Unit	 ICC	
Typical	
ERROR	 ICC	

Typical	
ERROR	

STRENGTH	

Hip	extension	St	 KG	 0.79	 2.72	 0.94	 1.76	

Knee	flexion	St	 KG	 0.55	 3.32	 0.32	 4.26	

Hip	abduction	St	 KG	 0.89	 1.84	 0.57	 5.21	

Ankle	eversion	St	 KG	 0.96	 0.70	 0.38	 1.84	

Ankle	inversion	St	 KG	 0.58	 2.72	 0.53	 2.31	

Knee	extension	St	 KG	 0.87	 1.68	 0.88	 1.92	

Hip	internal	rot.	St	 KG	 0.96	 1.24	 0.39	 4.09	

Hip	external	rot.	St	 KG	 0.95	 1.74	 0.98	 0.90	

RANGE	OF	MOTION	

Hip	internal	rot.	ROM	 Degree	 0.95	 3.38	 0.84	 4.26	

Hip	external	rot.	ROM	 Degree	 0.32	 5.93	 0.80	 4.84	
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1st	MTPJ	range	 Degree	 0.49	 3.46	 0.86	 3.51	

Hamstring	flexibility	 Degree	 0.84	 5.59	 0.15	 13.78	

Hip	flexor	flexibility	 Degree	 0.09	 3.87	 0.50	 2.58	

Gastrocnemius	flexibility	 Degree	 0.68	 2.97	 0.57	 2.79	

Soleus	flexibility	 Degree	 0.85	 2.53	 0.64	 3.36	

FOOT/ANKLE	

FPI	 	 0.86	 1.64	 0.87	 1.41	

Arch	width	50%	 mm	 0.95	 1.64	 0.64	 3.43	

Arch	width	50%	(Difference	
Calculated)	 mm	 0.82	 1.46	 0.77	 1.83	

Navicular	Drop	(Calculated	=	
neutral-relaxed)	 mm	 0.88	 1.91	 0.80	 3.30	

Navicular	Drift	(Calculated	Total	
Range)	 mm	 0.83	 2.39	 0.89	 2.07	

Tibial	angle	Relaxed	 Degree	 0.25	 1.44	 0.00	 1.44	

Calcaneal	angle	Relaxed	 Degree	 0.54	 2.45	 0.02	 2.23	

Tibial	angle	Neutral	 Degree	 0.01	 1.54	 0.39	 1.41	

Calcaneal	angle	Neutral	 Degree	 0.44	 1.63	 0.70	 1.60	

Forefoot	angle	knee	straight	 Degree	 0.21	 4.56	 0.14	 4.71	

Forefoot	angle	knee	bent	@90˚	 Degree	 0.19	 3.89	 0.50	 5.01	

Forefoot	angle	nee	bent	-	calc.	
bisect	 Degree	 0.41	 3.77	 0.57	 4.70	

FUNCTION	

SLSQ	 	 0.14	 0.59	 0.2	 0.83	

Phase	2	–	Intra-rater	reliability	

Eleven	and	fourteen	of	the	29-test	battery	scored	good	intra-rater	reliability	by	TP	and	

SL	respectively	(See	Table	10	and	Figures	18	&	19).		Eight	tests	scored	moderate	intra-

rater	reliability	by	TP	and	seven	tests	scored	moderate	intra-rater	reliability	by	SL.	Nine	

and	seven	tests	scored	poor	reliability	by	TP	and	SL	respectively.	All	tests	that	scored	

moderate	and	poor	reliability	were	carried	forward	to	the	consensus	meeting	and	re-

testing	of	Phase	3.		Those	scoring	good	reliability	were	automatically	carried	forward	

to	Phase	4.	
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Figure	18		-	Phase	2	intra-rater	relaibility	and	typical	error	scores	for	examiner	SL	

	

Figure	19	–	Phase	2	intra-rater	relaibility	and	typical	error	scores	for	examiner	TP	
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Phase	3(a)	–	Consensus	results	and	methods	for	improving	Intra-rater	

reliability	

Tests	with	moderate	or	poor	reliability	with	identifiable	limitations	and	practicable	

solutions	for	optimisation	were	discussed.		Table	x	presents	the	proposed	methods	to	

improve	reliability	that	were	implemented	in	Phase	3(b)	testing.	
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Table	11	-	Proposed	method	modifications	for	Phase	3(b)	testing	

Test	
Proposed	Modification	

for	Optimisation	
Method	

All	Strength	

Measures	

Training/Familiarisation	 Between	Phase	2	and	3,	a	minimum	of	30	tests	of	each	movement	was	completed.		This	would	serve	to	

represent	a	potential	‘minimum’	training/familiarisation	requirement	for	reliable	measures	to	be	obtained.	

Hip	Internal	and	

External	Rotation	

Range	

iPhone	inclinometer	&	

neoprene	strap	

iPhone	strapped	to	the	middle	shank	and	the	knee	flexed	to	90˚.		Care	taken	to	prevent	lifting	of	the	

contralateral	pelvis	during	external	rotation	and	the	ipsilateral	pelvis	during	internal	rotation.	

Hamstring	

Flexibility	

iPhone	inclinometer,		

neoprene	strap	&	

straight	leg	raise	

iPhone	strapped	to	the	middle	shank,	‘zeroed’	in	a	rested	knee	extended	position,	and	a	passive	straight	leg	

raise	manoeuvre	performed.	The	measure	was	recorded	at	the	end	of	range,	just	prior	to	observed	knee	

flexion	or	posterior	pelvic	tilt.	

Hip	Flexor	

Muscle	Length	

Zero	inclinometer	on	

participants	thigh	whilst	

in	sitting	

iPhone	attached	to	distal	portion	of	the	thigh	with	neoprene	strap.	Device	‘zeroed’	when	participant	in	

sitting	with	the	backs	of	the	knees	to	the	edge	of	the	bed.	The	participant	moved	to	the	Modified	Thomas	

position	and	the	angle	taken	when	in	relaxed	position.		

Gastrocnemius	

and	Soleus	

muscle	length	

Use	of	iPhone	

inclinometer	and	

neoprene	strap	

iPhone	strapped	to	the	middle	shank,	‘zeroed’	in	a	neutral	standing	position,	and	the	participant	instructed	

to	lunge	forward	with	the	contralateral	limb	until	stretch	felt	in	the	calf	of	the	tested	limb.	Measures	

recorded	with	the	knee	straight	and	knee	bent	whilst	heel	of	test	leg	maintained	on	the	floor.		

1
st
	MTPJ	

Extension	

Use	of	iPhone	

inclinometer,	

training/familiarisation	

Between	Phase	2	and	3,	a	minimum	of	30	tests	of	each	movement	was	completed.	iPhone	inclinometer	

‘zeroed’	along	the	length	of	the	1
st
	metatarsal,	and	the	angle	between	the	metatarsal	and	proximal	phalanx	

recorded	whilst	the	examiner	passively	and	maximally	extended	the	1
st
	toe.	

Forefoot	position	

with	knee	bent	to	

90˚	

Use	of	iPhone		 iPhone	placed	on	the	participant’s	foot	along	the	line	formed	between	the	head	of	the	1
st
	and	5

th
	

metatarsals	whilst	the	participant	held	the	ankle	in	90˚	of	ankle	dorsiflexion.		An	angle	relative	to	the	

horizontal	was	recorded.			

Tibial	and	 Use	of	bisector	device	 Distal	1/3
rd
	of	the	tibia	and	calcaneum	marked	up	with	bisector	whilst	the	participant	lay	prone	in	a	figure	4	
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Calcaneal	Angle	 for	surface	marking	 position	to	ensure	foot	was	perpendicular	to	the	floor.		The	angle	between	the	vertical	and	the	tibial	&	

calcaneum	bisection	whilst	in	standing	in	both	a	‘neutral’	and	relaxed	stance	were	documented	as	the	tibial	

and	calcaneal	angles	in	both	positions.	

Single	Leg	Squat	

(SLSq)	

Use	of	comprehensive	

performance	descriptor	

-	Whatman	et	al.	(218)	

Each	participant	was	scored	out	of	21,	with	higher	scores	representing	sub-optimal	movement	patterns	at	

the	trunk,	pelvis,	knee,	foot,	oscillation	and	overall	performance.		A	lower	score	was	representative	of	

optimal	movement	patterns	during	the	functional	task	
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Phase	3(b)	–	Intra-rater	reliability	following	method	modifications		

Table	12	and	figures	20	&	21	presents	the	results	of	testing	following	the	proposed	

method	modifications.			Nine	and	eight	tests	achieved	good	reliability	by	SL	and	TP	

respectively	following	the	modifications.		Seven	tests	that	achieved	consistent	good	

levels	of	reliability	by	both	examiners	were	subsequently	put	forward	for	inclusion	in	

the	final	test	battery.			

Table	12	–	Intra-class	correlation	coefficients	(ICC(3,1))	and	Typical	Error	following	the	proposed	method	
modifications.	Blue	=	Moderate	Correlation;	Red	=	Poor	Correlation	

	
Examiner	

SL	 TP	

Test	 Unit	 ICC	 Typical	
ERROR	 ICC	 Typical	

ERROR	
STRENGTH	

Knee	flexion	St	 KG	 		 	 0.50	 3.33	

Hip	abduction	St	 KG	 	 	 0.69	 4.00	

Ankle	eversion	St	 KG	 	 	 0.68	 2.39	

Ankle	inversion	St	 KG	 0.85	 2.18	 0.77	 1.62	

RANGE	OF	MOTION	
Hip	internal	rot.	ROM	 Degree	 0.96	 1.89	 0.77	 4.26	

Hip	external	rot.	ROM	 Degree	 0.88	 3.96	 0.72	 4.73	

1st	MTPJ	range	 Degree	 0.75	 5.22	 	 	

Hamstring	flexibility	 Degree	 0.86	 4.91	 0.46	 4.15	

Hip	flexor	flexibility	 Degree	 0.31	 2.83	 0.50	 3.35	

Gastrocnemius	flexibility	 Degree	 0.78	 4.08	 0.95	 1.59	

Soleus	flexibility	 Degree	 0.95	 2.78	 0.99	 1.18	

FOOT/ANKLE	
Navicular	Drop	(Calculated	=	
neutral-relaxed)	 mm	 	 	 0.80	 1.53	

Tibial	angle	Relaxed	 Degree	 0.36	 1.69	 0.51	 1.35	

Calcaneal	angle	Relaxed	 Degree	 0.36	 2.07	 0.87	 1.25	

Tibial	angle	Neutral	 Degree	 0.08	 1.84	 0.02	 2.14	

Calcaneal	angle	Neutral	 Degree	 0.33	 1.77	 0.52	 1.45	

Forefoot	angle	knee	straight	 Degree	 	 	 	 	

Forefoot	angle	knee	bent	@90˚	 Degree	 0.89	 2.80	 0.51	 4.91	

FUNCTION	

SLSQ	 	 0.97	 1.05	 0.83	 1.24	
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Figure	20	–	Phase	3	testing	of	intra	rater	reliability	for	examiner	SL	

	

Figure	21	-	Phase	3	testing	of	intra	rater	reliability	for	examiner	TP	
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Phase	4	–	Inter-rater	reliability	(ICC(3,1),	Typical	Error)			

All	inter-rater	reliability	scores	are	presented	in	Table	13	and	Figure	22.		Sixteen	of	the	

29	test	battery	was	observed	to	have	good	inter-rater	reliability.		Five	tests	achieved	

moderate	inter-rater	reliability	and	seven	tests	poor	inter-rater	reliability.			

	

Table	13	–	Phase	4	and	Phase	5	testing	of	Inter	rater	relaibility.	Intra-class	correlation	coefficients	
(ICC(3,1))	and	Typical	Error	are	presented.	Blue	=	Moderate	Correlation;	Red	=	Poor	Correlation			

	
INTER-RATER	

Phase	4	 Phase	5	

TEST	 Unit	 ICC	
Typical	
ERROR	 ICC	

Typical	
ERROR	

STRENGTH	

Hip	extension	St	 KG	 0.86	 2.46	 	 	

Knee	flexion	St	 KG	 0.21	 3.82	 0.91	 4.26	

Hip	abduction	St	 KG	 0.68	 3.91	 0.94	 5.21	

Ankle	eversion	St	 KG	 0.76	 1.84	 	 	

Ankle	inversion	St	 KG	 0.56	 2.53	 0.91	 2.31	

Knee	extension	St	 KG	 0.87	 1.81	 	 	

Hip	internal	rot.	St	 KG	 0.78	 3.14	 	 	

Hip	external	rot.	St	 KG	 0.97	 0.90	 	 	

RANGE	OF	MOTION	

Hip	internal	rot.	ROM	 Degree	 0.86	 4.26	 	 	

Hip	external	rot.	ROM	 Degree	 0.81	 4.73	 	 	

1st	MTPJ	range	 Degree	 0.76	 3.51	 	 	

Hamstring	flexibility	 Degree	 0.44	 6.94	 0.83	 6.7	

Hip	flexor	flexibility	 Degree	 0.08	 3.39	 	 	

Gastrocnemius	flexibility	 Degree	 0.84	 4.08	 	 	

Soleus	flexibility	 Degree	 0.95	 2.78	 	 	

FOOT/ANKLE	

FPI	 Scale	 0.87	 1.41	 	 	

Arch	width	50%	 mm	 0.70	 3.43	 	 	

Arch	width	50%	(Difference	
Calculated)	 mm	 0.79	 1.83	 	 	
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Navicular	Drop	(Calculated	=	
neutral-relaxed)	 mm	 0.83	 3.30	 	 	

Navicular	Drift	(Calculated	Total	
Range)	 mm	 0.86	 2.07	 	 	

Tibial	angle	Relaxed	 Degree	 0.19	 1.57	 	 	

Calcaneal	angle	Relaxed	 Degree	 0.48	 2.27	 0.36	 2.07	

Tibial	angle	Neutral	 Degree	 0.05	 1.70	 	 	

Calcaneal	angle	Neutral	 Degree	 0.38	 1.70	 	 	

Forefoot	angle	knee	straight	 Degree	 0.21	 4.56	 	 	

Forefoot	angle	knee	bent	@90˚	 Degree	 0.72	 2.80	 	 	

Forefoot	angle	nee	bent	-	calc.	
bisect	 Degree	 0.41	 3.77	 	 	

FUNCTION	

SLSQ	 Scale	 0.3	 1.5	 0.87	 1.03	
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Figure	22	–	Phase	4	inter-rater	reliability	scores	

Phase	5	–	Re-evaluation	of	inter-tester	reliability	(ICC(3,1),	Typical	Error)	

Table	13	and	Figure	23	presents	the	inter-rater	reliability	and	typical	error	scores	

following	the	proposed	method	modifications.		Good	inter-rater	reliability	was	

observed	in	4	of	the	5	tests	re-evaluated.			

	



	

	

119	

	

Figure	23	–	Phase	5	inter	rater	reliability	

Proposed	Test	Battery	

The	clinical	tests	demonstrating	a	combination	of	good	intra-tester	reliability	by	both	

examiners	and	good	inter-tester	reliability	are	presented	in	Table	14,	and	represent	

the	proposed	final	test	battery.	The	methods	for	their	application,	including	

appropriate	method	modifications,	are	described	in	detail	in	Appendix	6.		
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Table	14	–	Mean	(Intra-	and	Inter-Rater)	ICC’s	and	Typical	Errors	for	the	Proposed	Clinical	Test	Battery	

Discussion	

This	study	identified	fourteen	clinical	measures	with	good	intra-	and	inter-rater	

reliability	that	may	guide	clinical	practice	when	treating	individuals	with	PFP.		These	

measures	included	assessments	of	muscle	strength	and	flexibility,	joint	range	of	

motion,	specific	characteristics	of	foot	posture	and	mobility,	and	global	assessment	of	

functional	movement	performance.		Following	the	assessment	of	individuals	using	the	

described	clinical	test	battery,	the	resultant	values	should	be	considered	in	

combination	with	the	tests	typical	error.		Evaluation	of	change	resulting	from	a	given	

intervention	should	exceed	the	typical	error	to	accurately	represent	a	real	change.		

Similarly,	interpretation	of	the	specific	test,	comparative	to	a	normative	cohort	or	

value,	needs	to	exceed	the	typical	error	to	be	classified	as	a	true	difference	between	

Test	 Unit	 ICC	 Typical	Error	(95%	CI)	

STRENGTH	

Hip	extension	 KG	 0.863	 2.31	(1.38,	3.89)	

Hip	external	rotation	 KG	 0.843	 2.04	(1.21,	3.42)	

Knee	extension	 KG	 0.873	 1.80	(1.07,	3.03)	

Ankle	inversion	 KG	 0.967	 1.20	(0.72,	2.02)	

ROM	

Hip	internal	rotation	 Degrees	 0.863	 3.47	(2.07,	5.83)	

Hip	external	rotation	 Degrees	 0.803	 4.47	(2.66,	7.52)	

1st	MTPJ	Extension	 Degrees	 0.790	 4.08	(2.43,	6.85)	

Gastrocnemius	flexibility	 Degrees	 0.857	 2.84	(1.69,	4.76)	

Soleus	flexibility	 Degrees	 0.970	 1.98	(1.18,	3.33)	

FOOT	

FPI	 Scale	 0.867	 1.49	(0.88,	2.50)	

Arch	width	difference	 Mm	 0.793	 1.71	(1.02,	2.87)	

Navicular	drop	 Mm	 0.837	 2.84	(1.69,	4.77)	

Navicular	drift	 Mm	 0.860	 2.18	(1.30,	3.66)	

GLOBAL	

SLSq	 Scale	 0.890	 1.11	(0.66,	1.86)	
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groups.		Application	of	these	guidelines	ensures	interpretation	accurately	informs	a	

clinicians	reasoning	process.	

Strength	

Four	measures	of	peak	strength	demonstrated	good	reliability	including	hip	extension,	

external	rotation,	knee	extension	and	ankle	inversion.		The	muscle	groups	tested	act	as	

antagonists	to	adverse	movement	patterns	commonly	associated	with	PFP,	namely	

increased	hip	adduction,	internal	rotation	and	rear	foot	eversion	(10,	147,	151).	The	

clinical	insight	afforded	by	good	reliability	in	these	specific	measures,	when	managing	

individuals	with	PFP,	is	subsequently	high.		Whilst	existing	evidence	is	inconclusive	

that,	in	particular,	changes	in	hip	strength	results	in	significant	kinematic	change,	

strength	gains	have	been	reported	in	individuals	who	have	improved	symptoms	

following	a	proximal	rehabilitation	intervention	(112).	The	ability	of	the	clinician	to	

reliably	measure	strength	change	can	therefore	serve	to	inform	the	intervention	

prescription	and	enhance	rehabilitation	specificity.		

Hip	abduction	and	internal	rotation,	knee	flexion	and	ankle	eversion	showed	moderate	

reliability	despite	attempts	to	improve	reliability	through	repeated	practice.		It	is	

plausible	that	greater	levels	of	reliability	were	not	achieved	due	to	the	test	position	

not	adequately	controlling	for	variability	in	individuals	force	production	strategies.		

Whilst	hip	abduction	was	tested	in	a	position	that	encouraged	isolated	coronal	plane	

motion,	small	degrees	of	variability	in	the	sagittal	plane	may	account	for	the	variability	

in	abduction	strength	observed.		Hip	internal	rotation	and	knee	flexion	where	

impacted	by	difficulty	controlling	trunk	position	and	hip	rotation	respectively.		Whilst	

attempts	to	standardise	for	mid-range	ankle	position	about	the	sagittal	plane,	small	

variances	in	plantar-	or	dorsi-flexion	are	likely	to	significantly	bias	the	relative	

contribution	of	the	ankle	evertors	to	eversion	force.		More	robust	standardisation	of	

joint	position	during	testing	would	be	desirable,	however	may	significantly	impact	on	

the	pragmatic	nature	of	this	test	battery.				

The	use	of	handheld	dynamometry	in	the	assessment	of	muscle	strength	has	been	

reported	to	demonstrate	moderate-to-good	reliability	and	validity	when	compared	to	

a	gold	standard	Isokinetic	dynamometer	assessment	(188).	With	limitations	of	
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Isokinetic!assessment,!including!high!cost!and!impracticality!for!regular!use,!the!hand!

held!dynamometer!offers!a!useful!clinical!tool.!!One!of!the!most!significant!challenges!

to!obtaining!reliable!dynamometry!strength!measures!within!the!lower!limb!is!

relatively!low!tester!strength!compared!to!the!forces!being!measured.(29)!The!findings!

of!this!study,!in!combination!with!existing!evidence,(179)!indicates!the!use!of!a!web!

strap!adequately!supports!the!HHD.!!This!helps!to!reduce!the!risk!of!the!examiner!

being!overpowered!by!the!participant!being!tested,!identified!previously!to!be!a!

source!of!measurement!error!(176).!!Care!must!be!taken!to!ensure!the!test!position!is!

accurately!repeated,!potentially!significantly!influencing!the!length!tension!

relationship!of!the!tested!muscle.!!Whilst!beyond!the!scope!of!this!study,!consideration!

for!the!possible!change!in!the!straps!extensibility!over!time!may!require!frequent!

renewal,!further!work!to!determine!the!effects!of!repeated!bouts!of!testing!is!

required.!!With!appropriate!consideration!for!these!possible!implications!for!reliability,!

the!web!strap!represents!a!cheap!and!easily!applied!adjunct!to!obtaining!reliable!lower!

limb!strength!measures!in!the!clinical!environment.!!!

ROM&&

Gastrocnemius!and!soleus!muscle!flexibility!testing!was!observed!to!demonstrate!good!

intra!and!inter!tester!reliability,!but!only!moderateFtoFpoor!reliability!for!the!

assessment!of!hamstring!and!hip!flexor!flexibility!was!achieved.!!Strong!evidence!of!

association!between!talocalcaneal!angle!and!the!length!of!the!triceps!surae!has!been!

reported!previously!(192).!!To!our!knowledge!the!same!relationship!has!not!been!

reported!between!hip!flexion/extension!and!hamstring/hip!flexor!muscle!length,!

offering!a!plausible!explanation!for!the!poorer!reliability!observed!in!these!tests.!!!An!

important!consideration!when!interpreting!the!results!of!flexibility!tests,!is!that!the!

angle!recorded!about!a!joint!may!not!correlate!with!the!associated!muscle!group!being!

tested,!especially!if!the!muscle!passes!over!two!joints.!!Consequently,!assessment!of!

flexibility!has!a!number!of!confounding!variables!that!can!contribute!to!poorer!

reliability!both!within!and!between!testers!(79)!.!!The!assessing!clinician!should!

therefore!be!considerate!of!the!influence!of!the!test!stretching!structures!other!than!

the!muscle!being!tested!(e.g.!deep!and!superficial!fascia),!pain!from!associated!nerves!
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and	the	influence	of	differing	body/pelvic	positions	between	testing	sessions	(57),	as	

these	can	influence	the	reliability	of	the	test.			

Foot	

Four	measures	of	static	and	quasi-static	foot	posture	(FPI,	Arch	width	difference,	

Navicular	Drop	and	Drift)	where	shown	to	demonstrate	good	reliability	and	were	

subsequently	included	in	the	test	battery.		FPI	as	a	descriptor	of	foot	posture	has	

consistently	been	reported	to	demonstrate	good	levels	of	reliability,	however,	its	

ability	to	predict	dynamic	function	remains	inconclusive	within	the	current	literature	

(34,	35,	116).			Specific	biomechanical	variables	linked	with	the	development	and	

presence	of	PFP	symptoms	have	been	reported	to	affect	static	positions	or	postures.	

(84,	117,	164,	223)			The	way	in	which	an	individual	is	statically	positioned	is	likely	

influence	their	movement	strategy	and	symptoms.		Static	measures,	in	contrast	to	

tools	to	assess	dynamic	function,	are	often	more	easily	applied	within	the	clinical	

setting,	seldom	require	expensive	equipment,	can	be	interpreted	immediately	and	are	

quick.		It	is	plausible	that	this	rationale	created	a	space	for	quasi-static	measures,	such	

as	arch	width	difference,	navicular	drop	and	drift.		These	measures	have	been	reported	

to	help	guide	orthoses	interventions	(134)	and	associated	with	PFP	development	(147).		

Easily	applied	and	reliable	measures	to	capture	static	and	quasi-static	postures,	within	

a	clinical	assessment	battery,	allows	for	accurate	assessment	of	change	following	a	

prescribed	intervention.		The	feedback	loop	created	through	accurate	static	measures	

and	symptom	modification,	aids	the	clinical	reasoning	process,	impacts	treatment	

choice	and	improves	patient	outcomes.				

Global		

The	single	leg	squat	demonstrated	good	intra-	and	inter-rater	reliability	when	scored	

using	the	criteria	proposed	by	Whatman	et	al.	(218)	however,	only	poor	reliability	

could	be	achieved	when	assessing	the	manoeuvre	using	the	scale	of	‘good’,	‘fair’	or	

‘poor’	proposed	by	Crossley	et	al.(55)	These	findings	were	in	contrast	to	the	good	to	

substantial	reliability	scores	reported	previously	for	this	method	of	assessment	(55).	

Crossley	et	al.	provided	example	videos	for	each	of	the	3	rating	categories	prior	to	the	

start	of	the	assessment,	the	absence	of	which	in	our	study	may	account	for	the	



	

	

124	

differences	in	scores	seen.	The	four	point	score	for	each	of	seven	movement	traits	

described	by	Whatman	et	al.	appeared	to	provide	sufficient	guidance	independent	of	

additional	resources	(218).		The	scoring	system	allowed	for	an	overall	assessment	of	

the	movement	quality	and	oscillation,	in	combination	with	a	segmental	breakdown	of	

the	trunk,	pelvis,	knee	and	foot	(218).	This	method	would	appear	to	offer	a	more	

reliable	assessment	of	SLSq	movement	quality,	however,	added	levels	of	complexity	

might	compromise	willingness	to	adopt	in	clinical	practice.			

Limitations	and	future	directions	

All	tests	were	completed	on	asymptomatic	individuals	in	this	study,	limiting	the	

external	validity	of	these	findings	when	applying	to	a	symptomatic	PFP	cohort.	Further	

limitations	of	this	study,	which	has	explored	a	large	number	of	clinical	measures	to	

capture	measures	throughout	the	kinetic	chain,	include	a	low	sample	size,	no	attempt	

to	evaluate	the	relationship	of	the	tested	measures	with	the	participants	function,	

possible	treatment	outcomes,	injury	risk	or	pathology.		Whilst	these	measures	would	

further	help	guide	clinical	reasoning	in	the	management	of	individuals	with	PFP,	they	

were	not	the	primary	aims	of	this	study.		Subsequent	work	needs	to	be	completed	on	a	

group	of	individuals	with	PFP,	to	ensure	that	good	reliability	of	the	suggested	test	

battery	is	maintained	and	thus	can	accurately	guide	deficit	targeted	PFP	management.			

Conclusion	

A	battery	of	fourteen	clinical	measures,	performed	by	a	physiotherapist	and	podiatrist,	

has	shown	good	intra-	and	inter-rater	reliability	and	includes	-	hip	extension,	external	

rotation,	knee	extension,	ankle	inversion	strength;	hip	internal	and	external	rotation,	

1st	MTPJ	extension	range	of	motion,	gastrocnemius	and	soleus	flexibility;	FPI,	arch	

width	difference,	navicular	drop	and	drift,	and	the	single	leg	squat	test.		This	test	

battery	provides	clinicians,	across	professions,	with	static,	quasi-static	and	dynamic	

biomechanical	assessment	tools	proximal	and	distal	to	the	knee,	that	serve	to	inform	

patient	specific	and	deficit	targeted	interventions.			
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Chapter	6	

The	immediate	effects	of	foot	orthoses	on	hip	and	knee	kinematics	and	

muscle	activity	during	a	functional	step-up	task	in	individuals	with	

patellofemoral	pain	

	

Chapter	6	presents	the	rationale,	development	of	methodology,	subsequent	analysis	

and	interpretation	of	results	for	an	observational	study.		This	developmental	study	

built	on	previously	published	work	in	an	asymptomatic	population	(111)	and	thus	

aimed	to	explore	possible	mechanisms	of	effect	following	the	addition	of	an	in-shoe	

foot	orthoses	in	individuals	with	patellofemoral	pain.		The	primary	objective	of	these	

pump-prime	studies	was	to	develop	skills	in	the	capture	and	interpretation	of	

kinematic	and	electromyographic	data	relating	to	specific,	functional,	human	

movement	tasks.	The	secondary	objective	was	facilitating	the	exploration	of	

mechanistic	effects	that	would	inform	sub-group	identification	within	a	feasibility	trial	

(Chapter	8).		

The	challenges	associated	with	the	management	of	time	series	data	in	relation	to	

human	movement	were	discussed	at	length	during	the	completion	of	this	study	and	a	

possible	solution	is	presented	within	the	analysis.	Integration	of	clinically	relevant	and	

applicable	measures	maintains	the	clinical	focus	of	this	academic	exploration	and	

further	informs	on	their	inclusion	within	subsequent	studies.			

Outcomes	of	this	body	of	work	include	a	peer-reviewed	publication	within	Clinical	

Biomechanics	(Impact	Factor	1.636)(Appendix	10)	and	a	translational	publication	

within	Physio	Firsts,	InTouch	journal	for	practicing	clinicians	(Appendix	11).	
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Introduction	

Anti-pronating	foot	orthoses	(APFOS)	are	commonly	prescribed	to	individuals	with	PFP,	

and	have	been	reported	to	effectively	reduce	pain	and	improve	function	(44,	68,	134).		

However	the	mechanism	for	their	effectiveness	is	poorly	understood	(25).		Tiberio	

(199)	proposed	that	excessive	sub-talar	joint	pronation	may	lead	to	greater	tibial	and	

hip	internal	rotation,	and	consequently		increased	lateral	tracking	and	loading	of	the	

patellofemoral	joint	(PFJ).	This	proposed	kinematic	coupling	between	lower	limb	

segments	has	been	supported	by	reports	that	greater	peak	rearfoot	eversion	is	

associated	with	greater	tibial	internal	rotation	during	walking	in	individuals	with	PFP	

(15).	It	is	proposed	the	APFOS	may	prevent	these	aberrant	movement	patterns	and	

hence	reduce	pain	associated	with	PFP	(199).			

Step	negotiation	was	chosen	to	explore	lower	limb	biomechanics	in	PFP	populations	

due	to	higher	loading	forces	reported	within	the	PFJ	during	this	activity	(3)	and	

patients	commonly	reporting	symptoms	with	stairs	(109).	Contrary	to	previous	findings	

that	reported	changes	in	symptomology	(68),	foot	and	knee	(67)	and	hip	(110)	

kinematics	resulting	from	foot	orthoses,	Mills	et	al.	(2012)	reported	no	significant	

changes	to	hip	or	knee	kinematics	in	individuals	with	PFP	during	running	with	the	

addition	of	APFOS	(135).		The	lack	of	consistent	findings	between	studies	potentially	

highlights	the	multifactorial	nature	of	the	condition,	differences	in	biomechanical	

response	to	orthoses	during	differing	tasks,	or	possibly	a	delay	in	the	influence	of	

APFOS	on	kinematic	variables	in	individuals	with	PFP.		

Another	proposed	mechanism	for	foot	orthoses	effectiveness	is	altered	neuromotor	

control.		Nigg	et	al.	(1999)	proposed	that	an	orthoses	that	supports	a	preferred	

movement	path	could	minimise	muscle	activity	and	reduce	fatigue	by	providing	input	

through	the	sole	(148).		Individuals	with	PFP	have	been	reported	to	frequently	possess	

altered	neuromotor	control	with	delayed	onsets	of	Vastus	Medialis	Oblique	(VMO)	(37,	

118)	and	Gluteus	medius	(GMed)	(13)	muscle.	Despite	these	identified	deficits	and	

theoretical	rationale	for	foot	orthoses	to	address	them,	a	paucity	of	research	exploring	

the	effects	of	orthoses	on	neuromotor	variables	exists	(132).		Recent	studies	exploring	

proximal	neuromotor	effects	of	APFOS	have	reported	no	immediate	changes	in	gluteal	
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and	quadriceps	muscle	onsets	or	amplitudes	during	running	in	individuals	with	PFP	

(135)	or	during	a	functional	step	up	task	in	asymptomatic	individuals	(111).		However,	

with	EMG	changes	described	as	being	highly	variable	within	a	heterogenous	

population	(140)	and	PFP	widely	regarded	as	having	a	multifactorial	aetiology	(166),	

further	work	exploring	the	association	of	specific	EMG	changes	with	clinically	

applicable	measures	is	clearly	warranted.		

The	primary	aim	of	this	study	was	to	explore	the	immediate	effects	of	prefabricated	

foot	orthoses	on	(i)	hip	and	knee	kinematics;	and	(ii)	electromyography	(EMG)	

variables	of	VMO,	Vastus	Lateralis	(VL)	and	GMed.	The	secondary	aim	of	this	study	was	

to	identify	clinical	measures	that	may	be	associated	with	these	changes.			

Methods	

Symptomatic	participants	had	biomechanical	data	collected	at	the	knee	and	hip	during	

a	functional	step	up	task.		Clinical	measures	were	obtained	prior	to	testing	and	

subsequently	analysed	to	determine	any	correlation	with	changes	observed	due	to	

orthoses	application.	

Participants	

Twenty	individuals	(9	M	11	F;	Table	16)	were	recruited	to	participate	in	the	study	

through	referral	from	private	sports	medicine	clinics	in	greater	London.		A	sports	

physician	or	registered	physiotherapist	with	over	5	years	clinical	experience	assessed	

all	potential	participants	for	inclusion	based	on;	(1)	Age	18-40	years;	(2)	Insidious	onset	

of	anterior	knee	or	retropatellar	pain	of	greater	than	six	weeks’	duration;	(3)	Provoked	

by	at	least	two	of	prolonged	sitting	or	kneeling,	squatting,	running,	hopping,	or	stair	

walking;	(4)	tenderness	on	palpation	of	the	patella,	or	pain	with	step	down	or	double	

leg	squat;	(5)	worst	pain	over	the	previous	week	of	at	least	30	mm	on	a	100	mm	visual	

analogue	scale.		Exclusion	criteria	were;	(1)	concomitant	injury	or	pain	from	the	hip,	

lumbar	spine,	or	other	knee	structures;	(2)	previous	knee	surgery;	(3)	patellofemoral	

instability;	(4)	knee	joint	effusion;	(5)	any	foot	condition	that	precluded	use	of	foot	

orthoses;	(5)	physiotherapy	or	foot	orthoses	treatment	within	the	previous	year;	(6)	

use	of	anti-inflammatory	drugs	(44).		Ethical	approval	was	obtained	from	Queen	Mary	
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University!Ethics!of!Research!Committee!and!each!participant!provided!written!

informed!consent.!!!

Table!15!F!Patient!demographics!and!clinical!measures!

Values are mean (SD) unless otherwise stated 

!

Clinical&Measures&

A!battery!of!clinical!measures,!lasting!15F20!minutes!per!participant,!was!taken!prior!to!

commencement!of!the!laboratory!testing.!!!

Kujala(Patellofemoral(Score(

The!Kujala!Patellofemoral!Score!(KPS)!is!a!13Fitem!questionnaire!categorising!

symptoms!and!current!knee!function,!such!as!the!ability!to!negotiate!stairs,!walk,!run,!

jump!and!sit!for!prolonged!periods.!!Each!item!is!weighted!and!a!total!score!between!

0F100!calculated,!with!higher!scores!representing!greater!levels!of!function!(109).!!!

Foot(Posture(Index((

Methods!for!measuring!foot!posture!index!(FPI)!have!been!reported!previously!(111).!!

Briefly,!the!lead!author!with!established!excellent!intraFtester!reliability!(ICC!=!0.94)!

assessed!static!foot!posture!(SL).!!Participants!were!instructed!to!march!on!the!spot!

and!then!stand!in!a!comfortable!position!as!the!examiner!assessed!the!foot!of!the!

Measure! N!=!20!
Age! 28.5years!(4.2)!

Height! 171.9cm!(7)!

Weight! 64.8kg!(9.7)!

Kujala!Patellofemoral!Score!(Median!(IQR))! 80!(10.75)!

Orebro!Score!(Median!(IQR))! 63!(20.75)!

Foot!Posture!Index! 5.4!(3.2)!

Knee!Straight!Ankle!Dorsiflexion! 39.4˚!(5.8)!

Knee!Bent!Ankle!Dorsiflexion! 45˚!(6.6)!

Hip!Abduction!Strength! 26.2kg!(6.2)!

Knee!Extension!Strength! 30.8kg!(7.4)!
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symptomatic!leg.!!If!symptoms!were!bilateral,!the!most!symptomatic!limb!was!

assessed.!!A!score!from!F12!to!+12!was!obtained!with!scores!between!0!to!5!normal,!6!

to!9!pronated,!10+!highly!pronated,!F1!to!F4!supinated!and!F5!to!F12!highly!supinated.!!!

Ankle(Dorsiflexion(Range(

Weight!bearing,!knee!straight!(KSAD)!and!knee!bent!(KBAD)!ankle!dorsiflexion!range!

was!measured!using!digital!inclinometer!methods!previously!described!(111).!!The!long!

axis!of!the!foot!was!aligned!with!a!taped!line!on!the!floor!perpendicular!to!a!wall.!!

Participants!lunged!as!far!forward!as!possible!whilst!keeping!the!heel!on!the!ground.!!

The!largest!KSAD!and!KBAD!angle!of!three!measures!was!recorded!from!the!

inclinometer!(Baseline®!Digital!Inclinometer!12F1057)!placed!on!the!anterior!tibia!with!

the!knee!fully!straight!and!maximally!bent!respectively.!!

Others(

Orebro!musculoskeletal!pain!questionnaires!were!administered!to!evaluate!the!risk!of!

longFterm!disability!(124),!and!hip!abduction!and!knee!extension!maximum!voluntary!

isometric!strength!measured!using!a!hand!held!dynamometer!method!described!

previously!(30).!!!

Electromyographic&recordings&

Muscle!activity!of!VMO,!VL!and!GMed!of!the!participant’s!affected!leg!was!recorded!by!

wireless!surface!electromyography!(sEMG)!(Telemyo!2400T!G2,!Noraxon,!USA).!!Where!

subjects!reported!bilateral!symptoms,!their!most!symptomatic!leg!was!used.!!The!

subject’s!skin!was!prepared!and!pairs!of!Ag/AgCl!surface!electrodes!with!an!intraF

electrode!distance!of!20mm!(Tyco!Healthcare,!Germany)!were!placed!over!the!muscles!

of!interest!according!to!standard!SENIAM!guidelines!(73).!!The!GMed!electrode!was!

placed!halfway!along!the!line!between!iliac!crest!and!greater!trochanter,!orientated!

vertically.!!The!VMO!electrode!was!placed!at!80%!of!the!distance!down!the!line!

between!the!anterior!superior!iliac!spine!(ASIS)!and!the!medial!knee!joint!line!just!

anterior!to!the!medial!ligament,!orientated!~55˚!to!the!vertical.!!The!VL!electrode!was!

placed!2/3!of!the!distance!down!the!line!from!the!ASIS!to!the!lateral!patellar!border,!

orientated!~15˚!to!the!vertical.!Surface!EMG!signals!were!sampled!at!1500Hz,!preF
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amplified!and!bandFpass!filtered!between!10!and!500!Hz,!prior!to!export!to!Matlab!

(version!2009a,!Mathworks,!Natwick,!MA,!USA)!for!postFprocessing.!!!

Kinematics&

During!the!5Fminute!rest!following!collection!of!clinical!measures,!participants!were!

fitted!with!the!motion!capture!equipment!(Figure!24).!!A!modified!HelenFHayes!marker!

protocol!was!used!(102)!to!place!active!infraFred!markers!bilaterally!over!the!ASIS!and!

PSIS!on!the!pelvis,!lateral!femoral!condyle,!lateral!malleolus,!and!on!the!outside!of!the!

shoe!in!locations!to!best!represent!the!lateral!calcaneus!and!fifth!metatarsal!head.!!

Marker!mounting!wands!were!placed!over!the!lateral!femur,!and!at!the!level!of!the!

tibial!tuberosity.!Movement!data!was!captured!using!four!CodaMotion!Cx1!sensor!

units!(Charnwood!Dynamics,!Rotheley,!Leicestershire,!UK)!sampling!at!200Hz.!!!

Step0Up&Task&&

Methods!for!collecting!data!during!the!step!up!task!have!been!reported!previously!

(111).!!Briefly,!participants!stepped!up!onto!a!Kistler!force!plate!(Type!9281CA,!Kistler!

Corporation,!Switzerland)!mounted!on!a!wooden!step!(combined!height!22cm),!in!

response!to!a!verbal!command.!!The!symptomatic!leg!was!always!the!lead!leg.!!

Participants!were!randomised!into!either!APFOSFno!APFOS!or!no!APFOSFAPFOS!test!

groups!by!a!coin!toss.!!Data!was!collected!during!five!separate!repetitions!for!each!test!

condition,!with!a!30!second!sitting!break!between!the!two!test!conditions.!!All!

participants!were!provided!with!standardised!neutral!footwear!(Asics!Nimbus,!Asics,!

Cheshire,!UK)!during!all!test!conditions.!The!APFOS!devices!were!unmodified!

prefabricated!6˚!varus!posted!orthoses!(Vasyli!easy!fit,!Vasyli,!Essex,!UK)!(Figure!25)!

designed!to!reduce!rearfoot!pronation.!!The!device!was!placed!directly!under!the!heel!

of!the!participant,!on!top!of!the!shoes!inner!sole,!when!required.!!
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!

F

!

Figure!25!F!Prefabricated!foot!orthoses!(Vasyli!Easy!Fit,!VAsyli!International,!UK)!prescribed!to!each!

participant!

!

Data&Analysis&&

Custom!built!Matlab!software!programmes!(Matlab!version!R2013a,!MathWorks,!USA)!

were!built!for!all!data!process!and!analysis.!!The!raw!EMG!was!rectified!and!smoothed!

using!a!0.02!s!running!median!method.!A!time!window!0.5!s!prior!to!and!0.5!s!post!

initial!contact!(determined!from!the!first!positive!change!in!the!force!record!exceeding!

a!>10!N!threshold)!was!setup,!within!which!kinematic!and!EMG!data!was!further!

analysed.!!!

Figure!24!F!Demonstrating!the!CODA!motion!and!electromyography!(EMG)!setup!during!completion!of!
the!step!up!task 
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Peak	EMG	amplitude	values	were	extracted	within	this	time	window	for	each	subject	

and	averaged	across	the	five	trials	for	each	test	condition.			

Muscle	onsets	of	GMed,	VMO	and	VL	were	identified	using	a	novel	algorithm.			No	

previously	identified	method	of	onset	determination	has	been	reported	as	optimal	

(205),	and	attempts	to	implement	on	our	data	were	unsuccessful.		A	rise	of	EMG	

activity	above	a	predetermined	threshold	that	was	maintained	for	a	period	of	>30ms	

was	described	as	muscle	onset.		The	threshold	was	calculated	from	the	minimum	of	

the	means	of	all	trials	plus	10%	of	the	range	(maxima	of	means	of	all	trials	minus	

minima	of	means	of	all	trials).		The	algorithm-determined	muscle	onset	was	imposed	

onto	the	EMG	record	to	allow	for	visual	confirmation.		Negative	values	represent	

muscle	onset	prior	to	foot	contact,	and	a	positive	value	was	subsequent	to	foot	

contact.			

Kinematic	data	across	the	three	planes	and	two	joints	(hip	and	knee)	were	averaged	

across	the	five	trials	for	each	subject,	and	were	extracted	at	four	time	points	(-100	ms,	

0	ms,	+100	ms	and	+200	ms)	either	side	of	initial	contact	for	further	analysis	between	

conditions.		

Statistical	Analysis	

Statistical	analysis	was	performed	using	SPSS	(version	18.0,	SPSS	inc,	Chicago,	Il).		

Between-conditions	comparisons	were	made	at	the	four	extracted	time	points	using	

paired	t-tests	for	GMed,	VMO	and	VL	onset	times	and	peak	amplitudes,	and	for	peak	

hip	adduction,	hip	internal	rotation	angles,	knee	adduction	and	knee	internal	rotation	

angles.		Effect	size	was	calculated	for	significant	post	hoc	findings	as	a	ratio	of	mean	

difference	divided	by	the	between-subject	standard	deviation.	It	has	been	suggested	

that	effect	size	of	0.20	or	less	represents	small	change;	0.60	represents	moderate	

change;	and	1.20	represents	large	change	(94).		Bonferroni	adjustment	was	not	made	

for	pair-wise	comparisons	to	ensure	potentially	clinically	meaningful	findings	were	not	

missed	due	to	stringent	statistical	correction	(158).		Subsequent	Spearman’s	rank	

correlation	analysis	was	calculated	between	FPI	and	the	change	in	the	biomechanical	

variables,	and	within	the	change	in	kinematic	and	EMG	variables	induced	by	the	

APFOS.		The	alpha	level	was	set	at	0.05.		
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Results	

Hip	and	Knee	Kinematics	

A	significant	reduction	in	hip	(femur	relative	to	pelvis)	adduction	(0.82˚,	P	=	0.01,	SMD	

0.86)	was	observed	200	ms	after	initial	contact	with	the	APFOS	in	situ	(Table	16,	Figure	

26).		A	trend	towards	reduced	hip	internal	rotation	at	initial	contact	(-1.4˚,	P	=	0.07)	

was	observed	with	the	APFOS.		A	small	but	significant	reduction	in	knee	(tibia	relative	

to	femur)	internal	rotation	(0.46˚,	P	=	0.03,	SMD	0.53)	was	observed	100	ms	after	

initial	contact	with	the	APFOS	in	situ.		No	significant	changes	were	observed	in	the	

sagittal	plane	at	the	hip	or	knee.		
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Table	16	-	Pairwise	comparison	between	orthoses	and	no	orthoses	conditions	for	maximum	coronal	and	transverse	plane	hip	and	knee	angles	at	time	points	before	and	after	initial	
contact	

Time	 Hip	Angle	(˚)	 Knee	Angle	(˚)	

Coronal	Plane	 Transverse	Plane	 Coronal	Plane	 Transverse	Plane	

MD	 CI	 P	value	 MD	 CI	 P	value	 MD	 CI	 P	value	 MD	 CI	 P	value	

-100ms	 0.29	 -0.6	to	1.1	 0.49	 -1.2	 -2.7	to	0.3	 0.1	 -1.57	 -4.0	to	0.9	 0.2	 -0.32	 -1.5	to	0.9	 0.6	

IC	 -0.51	 -1.6	to	0.5	 0.32	 -1.4	 -2.9	to	0.1	 0.07	 -1.48	 -3.5	to	0.5	 0.14	 0.16	 -1.0	to	1.3	 0.78	

+100ms	 0.28	 -0.4	to	1.0	 0.41	 -1.3	 -3.6	to	1.0	 0.26	 -1.49	 -3.7	to	0.8	 0.18	 0.46	 0.06	to	0.9	 0.03*	

+200ms	 0.82	 0.4	to	1.3	 0.001*	 -0.8	 -3.0	to	1.4	 0.45	 -1.46	 -3.4	to	0.5	 0.14	 -0.22	 -0.7	to	0.3	 0.4	

Key;	MD	=	Mean	difference,	CI	=	Confidence	interval	-100ms	=	100ms	before	initial	contact	with	the	force	plate;	IC	=	initial	contact	with	force	plate;	+100ms	=	100ms	after	initial	

contact	with	force	plate;	+200ms	=	200ms	after	initial	contact	with	the	force	plate	
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Figure	26	-	Graph	showing	the	kinematic	mean	and	SEM	500ms	either	side	of	initial	contact	(0)	for	

APFOS	(Open	symbols,	SEM	grey)	and	no	APFOS	(Closed	symbols,	SEM	black)	and	paired	mean	

difference	(Grey	symbols).	Coronal	plane;	+ve	=	adduction,	-ve	=	abduction.	Transverse	plane;	+ve	=	

internal	rotation,	-ve	=	external	rotation	
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Electromyography	findings	

No	significant	changes	in	VMO	(P	=	0.26),	VL	(P	=	0.61)	or	GMed	(P	=	0.69)	muscle	

onset	times	measured	relative	to	initial	contact	were	observed	(Table	17).		A	significant	

reduction	in	GMed	peak	amplitude	was	observed	with	the	APFOS	(0.9	mV,	P	=	0.043,	

SMD	0.49).		No	significant	changes	in	VMO	and	VL	peak	amplitudes	were	observed.				

Table	17	-	Pairwise	comparison	between	orthoses	and	no	orthoses	conditions	for	muscle		

onset	times	(ms)	and	muscle	amplitudes	(mV)	

Muscle	

Muscle	Onset	 Muscle	Amplitude	

MD	 CI	 p	value	 MD	 CI	 p	value	

VMO	 -8.95	 -25.2	to	7.3	 0.26	 0.2	 -2.0	to	2.0	 0.87	

VL	 2.8	 -8.5	to	14.1	 0.61	 -0.3	 -1.0	to	0.7	 0.55	

GMed	 3.05	 -12.9	to	19.0	 0.69	 0.9	 0.03	to	2.0	 0.04*	

Key;	MD	=	Mean	difference,	CI	=	Confidence	interval,	VMO	=	vastus	medialis	oblique,		

VL	=	vastus	lateralis,	GMed	=	gluteus	medius	

	

Clinical	Measures	

The	mean	and	standard	deviations	of	all	clinical	measures	are	presented	in	Table	15.		

Eight	participants	were	assessed	to	have	a	normal	(0	to	5)	FPI	score,	10	had	a	pronated	

(6	to	9)	FPI	score,	one	had	a	severely	pronated	(10	to	12)	and	one	had	a	supinated	(-1	

to	-5)	FPI	score.			

Relationship	of	Clinical	Measures	to	biomechanical	changes	induced	by	APFOS	

application	

A	more	pronated	foot	posture,	determined	using	the	FPI,	correlated	with	greater	

change	to	earlier	VMO	onset	with	the	addition	of	orthoses	(r	=	-0.51,	P	=	0.02).		Higher	

Kujala	scores,	indicating	greater	function	and	less	pain,	were	associated	with	a	greater	

change	to	earlier	GMed	onset	with	the	addition	of	orthoses	(r	=	0.52,	P	=	0.02).	Ankle	

dorsiflexion	range,	hip	abduction	and	knee	extension	strength,	and	Orebro	score	did	

not	correlate	with	any	of	the	biomechanical	variables.	
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Discussion	

This	study	is	the	first	to	evaluate	the	effects	of	anti-pronating	foot	orthoses	(APFOS)	on	

hip	and	knee	kinematics,	and	electromyography	during	a	functional	step	up	task	in	

individuals	with	PFP.		Results	indicate	a	reduction	in	knee	internal	rotation	(100	ms,	

0.46˚)	and	hip	adduction	(200	ms,	0.82˚)	with	an	APFOS	after	initial	contact.	

Additionally,	a	reduction	in	GMed	amplitude	in	the	APFOS	condition	(0.9	mV,	P	=	

0.043)	was	observed.	Although	small	in	magnitude,	these	biomechanical	changes	may	

offer	potential	mechanisms	to	underpin	reported	APFOS	effectiveness	in	individuals	

with	PFP	(44,	68,	134).	

Findings	from	the	present	study	are	in	contrast	with	previous	research	that	reported	

no	immediate	change	in	lower	limb	kinematics	or	EMG	activity	with	varying	density	

orthoses	in	individuals	with	PFP	(135),	the	explanation	likely	being	the	differing	tasks	

evaluated.		In	the	current	study	individuals	performed	a	step	up	task	rather	than	a	

running	task	(135).		Biomechanical	changes	are	particularly	pertinent	during	this	task	

given	reported	neuromuscular	(13)	and	kinematic	(118)	deficits	identified	within	PFP	

populations.		Additionally,	stair	stepping	is	commonly	cited	as	a	clinically	relevant	pain	

provoking	activity	(109).			

The	sequential	pattern	of	knee	transverse	plane	followed	by	hip	coronal	plane	

modification	observed	in	this	study	in	part	validates	the	theoretical	mechanism	of	

orthoses	effect	described	previously	(199).		This	theoretical	paradigm	proposes	that	a	

reduction	in	rear	foot	pronation	duration	results	in	less	internal	tibial	rotation	and	

consequently	less	compensatory	femoral	internal	rotation	(199).		Although	no	

significant	changes	were	observed	in	hip	transverse	plane	kinematics,	the	significant	

reduction	in	knee	internal	rotation	and	hip	adduction	evident	with	the	APFOS	(Figure	

3)	potentially	demonstrates	changes	evoked	through	distal	kinematic	change.	

Collection	of	rearfoot	motion	capture	in	future	studies	could	further	validate	this	

kinetic	chain	mechanism.		

The	significant	reduction	in	GMed	peak	amplitude	observed	is	in	contrast	to	a	reported	

increase	(89)	and	no	change	(135)	in	peak	amplitude	resulting	from	orthoses	

prescription	previously	described	in	a	different	task.		Hertel	et	al.	(89)	had	
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asymptomatic	individuals	performing	a	maximal	single	leg	squat	activity	in	different	

orthoses	conditions,	and	Mills	et	al.	(135)	determined	peak	amplitude	values	in	a	

symptomatic	population	during	running.		Both	of	these	activities	are	in	contrast	with	

the	repeated	step	up	task	that	our	symptomatic	participants	performed	which	may	

explain	the	differences	observed.	The	reduction	in	GMed	amplitude	during	the	lesser	

demanding	activity	of	stepping	may	be	suggestive	of	this	muscle	having	to	be	less	

active	to	achieve	the	same	or	improved	lower	limb	alignment	as	a	result	of	APFOS	

insertion	(148).		Further	studies	investigating	the	neuromotor	changes	about	the	hip	

resulting	from	distal	interventions	are	required	to	support	this	hypothesis.			

The	secondary	aim	of	this	study	was	to	explore	the	correlation	of	easily	applied	clinical	

measures	with	observed	biomechanical	changes.		Correlation	between	FPI	and	earlier	

VMO	onset	(r	=	-0.51,	P	=	0.02),	and	higher	Kujala	scores	with	degree	of	earlier	GMed	

onset	change	(r	=	0.52,	P	=	0.02)	were	observed	with	APFOS	application.		Although	it	is	

important	to	acknowledge	that	correlation	does	not	imply	causation	(36),	the	findings	

of	this	study	suggest	specific	clinical	measures	may	serve	as	secondary	indicators	of	

biomechanical	change	resulting	from	APFOS	prescription.			Currently	there	is	an	

absence	of	validated	clinical	predictors	for	the	successful	application	of	foot	orthoses	

in	the	management	of	PFP,	however,	less	pain	has	been	reported	to	be	a	predictive	

indicator	for	orthoses	intervention	success	(20,	214).		This	previously	reported	

predictive	relationship	is	interesting	in	the	context	of	our	finding	as	the	greater	change	

to	earlier	GMed	muscle	onset	times	was	seen	in	those	with	less	severe	symptomology	

potentially	representing	an	underpinning	mechanism	for	orthoses	treatment	success.	

This	suggestion	is	strengthened	in	the	context	of	moderate-to-strong	level	1	evidence	

that	GMed	onset	is	commonly	delayed	in	individuals	with	PFP	(13).				

A	more	pronated	foot	posture,	as	measured	using	the	FPI,	correlated	with	change	to	

earlier	onset	in	VMO	in	the	APFOS	condition	(r	=	-0.51,	P	=	0.02).		Previously,	a	more	

pronated	foot	type	was	found	to	be	associated	with	reduced	pain	during	a	single	leg	

squat	and	number	of	pain	free	rises	from	sitting	following	the	application	of	a	similar	

APFOS	(22),	although	this	association	was	not	evident	after	a	12	week	APFOS	

intervention	(20).	The	current	findings	identify	a	potential	neuromotor	mechanism	by	
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which	previously	reported	immediate	pain	reduction	with	APFOS	may	be	achieved	

(22).		

Interestingly,	ankle	dorsiflexion	range	demonstrated	no	correlation	with	change	in	hip	

adduction	angle	in	this	pain	population,	compared	to	previous	association	identified	in	

an	asymptomatic	group	(111).	An	absence	of	causation	may	be	secondary	to	the	

multifactorial	presentation	of	PFP,	with	limitation	in	ankle	range	only	one	component.				

Clinical	Implications	

Although	statistically	significant,	kinematic	changes	resulting	from	APFOS	in	this	study	

were	small,	and	may	be	exceeded	by	the	measurement	error	of	3D	motion	capture	

reported	previously	(130).	Specifically,	a	0.46˚	reduction,	representing	a	small	effect,	in	

knee	internal	rotation	and	a	0.82˚	reduction,	representing	a	moderate	effect,	in	hip	

adduction	with	an	APFOS	were	observed.	Despite	the	small	magnitude	of	these	

biomechanical	changes,	given	the	potential	for	cumulative	effects	of	high	

number/volume	weight	bearing	repetitions	that	are	completed	with	an	APFOS	in	situ,	

they	have	the	potential	to	be	clinically	meaningful	(145).		Additionally,	the	total	range	

of	hip	adduction	and	internal	rotation	were	consistently	bigger	in	the	pain	population,	

demonstrating	a	greater	degree	of	excursion	from	movement	patterns	observed	

within	our	previous	study	of	an	asymptomatic	population	(111).	It	is	possibly	that	this	

greater	range	is	less	amenable	to	distal	intervention	alone,	offering	a	potential	

explanation	for	the	lesser	degree	of	change	observed	between	the	two	groups.		

Neuromotor	changes	that	are	occurring	at	the	hip	within	symptomatic	individuals	

demonstrates	a	treatment	adjunct	that	may	enable	clinicians	to	optimise	muscle	

activity	that	directly	and	indirectly	affect	the	PFJ.	Importantly	biomechanical	changes	

resulting	from	APFOS	may	optimise	treatment	outcomes	with	interventions	such	as	

exercise	in	some	individuals	with	PFP.		Within	this	study,	the	novel	assessment	of	

clinical	measure	association	with	mechanistic	changes	has	direct	applicability	to	the	

clinical	environment.		In	particular	more	pronated	foot	posture	using	the	FPI	and	

higher	Kujala	scores	associated	with	VMO	and	GMed	onsets	respectively,	demonstrate	

tools	that	can	help	guide	clinicians	in	delivering	a	tailored	intervention	approach	for	

the	management	of	PFP.		Given	the	widely	accepted	multifactorial	nature	of	PFP	(166),	
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having!measures!to!create!more!homogenous!groups!to!guide!intervention!approach!is!

likely!to!have!a!direct!impact!on!outcome!success.!!Further!research!exploring!the!

longer-term!effects!of!a!tailored!approach!is!clearly!warranted.!!!!!!!!

Limitations.

Bonferroni!adjustments!were!not!made!to!reduce!the!risk!of!type!2!error!through!

stringent!statistical!correction,!however,!it!is!important!to!acknowledge!that!this!does!

increase!the!risk!of!type!1!error!(158).!!The!small!magnitude!of!kinematic!change!

observed!to!be!significant!may!be!sufficient!to!optimise!treatment!outcomes!or!result!

in!cumulative!larger!biomechanical!changes!given!the!high!volume!of!repetitive!activity!

performed!using!an!APFOS.!!Further!studies,!with!longer!follow!up!are!required!to!

explore!this!potential!effect.!!!!!!

A!study!design!that!utilised!within-subject!and!session!comparisons!was!used!to!

minimise!the!risk!of!measurement!error.!!Review!of!three!dimensional!gait!analysis!

reliability!studies!has!reported!errors!that!commonly!range!between!2˚and!5˚!in!the!

majority!of!gait!variables!(130).!!The!extent!with!which!this!degree!of!variability!is!

evident!during!stepping!tasks,!however,!has!not!been!evaluated.!!

Unmodified!prefabricated!APFOS!were!used!in!this!study!as!there!are!no!clear!

guidelines!for!customisation!in!PFP.!Additionally,!no!time!for!familiarisation!to!the!

device!was!incorporated!into!the!study!design.!!This!is!not!necessarily!reflective!of!

clinical!practice!where!APFOS!are!frequently!moulded!and/or!customised!to!the!

individual,!and!a!graded!period!of!wearing!the!device!encouraged.!Further!studies!

tailoring!the!APFOS!to!the!individual,!and!greater!time!allowed!for!the!participant!to!

become!accustomed!to!the!device,!might!demonstrate!greater!biomechanical!changes!

than!those!found!in!the!current!study.!!!

Within!this!study,!muscle!onsets,!peak!amplitudes,!and!differences!in!joint!angles!at!

defined!time!points!either!side!of!initial!contact!were!calculated.!!Whilst!this!analysis!

aimed!to!capture!important!variability!in!the!cohorts!biomechanics!following!the!

addition!of!an!orthoses,!other!approaches!of!analysis!could!have!been!adopted,!

possible!looking!at!muscle!patterns!about!the!hip!and!knee!(e.g.!ratios)!or!the!degree!

of!association!between!muscle!activation!and!kinematic!variables.!!Exploration!of!the!
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interaction!between!electromyographic!variables!and!movement!patterns!

characteristics!is!clearly!warranted!within!subsequent!studies!involving!PFP!

populations.!!!

The!rate!of!stair!stepping,!potentially!affecting!both!movement!and!muscle!activation!

patterns,!was!not!standardised!within!this!study!to!maximise!the!direct!correlation!

with!real!life!daily!function,!but!it!may!be!worth!considering!standardisation!in!future!

work.!!However,!with!only!within-subject!comparisons!being!made!the!likely!effect!of!

variable!step!rate!is!small.!!!!!

Future!research!that!explores!the!direction!of!compensatory!change!resulting!from!

orthoses!interventions!could!offer!further!insight!into!the!individuals!response!to!distal!

interventions!assisting!in!the!delivery!of!a!target!treatment!approach.!!It!is!important!

to!acknowledge,!that!given!the!dearth!of!current!literature!linking!EMG!and!kinematic!

variables!to!the!effects!of!APFOS!interventions,!this!study!offers!potential!mechanisms!

underlying!observed!clinical!efficacy!within!PFP!populations.!!

Conclusion(

Anti-pronating!foot!orthoses!used!during!a!step!up!task!reduced!hip!adduction!and!

knee!internal!rotation!after!initial!contact!and!peak!GMed!amplitude!in!individuals!

with!PFP.!!The!small!magnitude!of!these!biomechanical!changes!during!high!repetition!

activities!may!have!significant!clinical!implications!and!explain!potential!mechanisms!

for!treatment!success!of!APFOS!in!PFP!populations.!!This!is!exploratory!research!of!

several!biomechanical!variables,!only!a!few!of!which!that!showed!significant!change,!

which!therefore!needs!to!be!followed!up!by!clinically!relevant!hypothesis!driven!

research.!!
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Chapter	7	

Muscle	activation	patterns	during	rehabilitation	exercises	in	individuals	

with	patellofemoral	pain	compared	to	controls	–	an	analysis	using	multi	

channel	electromyography	

	

Chapter	7	presents	a	further	observational	study	that	aimed	to	build	on	the	knowledge	

gap	identified	within	Chapter	4.		Specifically,	the	lack	of	understanding	of	effect	

mechanisms	for	proximal	rehabilitation	exercise	was	investigated	particularly	during	

the	completion	of	a	neuromuscular	activation	protocol.		The	primary	objective	of	this	

study	was	to	develop	skills	in	the	capture	and	interpretation	of	multichannel	

electromyographic	data	relating	to	specific	rehabilitative	exercise.	The	secondary	

objective	sought	to	identify	characteristics	of	activation	that	were	similar	in	those	with	

a	diagnosis	of	PFP	and	those	without.		It	was	the	expectation	that	the	findings	of	this	

study	would	both	inform	the	clinical	delivery	of	specific	proximal	rehabilitative	exercise	

and	a	subsequent	feasibility	trial	that	would	be	implementing	a	proximal	rehabilitative	

exercise	prescription	into	its	intervention	(Chapter	8).		The	significant	challenges	

associated	with	analysis	of	multi-channel	EMG	are	tackled	within	this	chapter,	with	the	

benefit	of	learning	differing	analysis	methods	and	discovering	the	insight	that	these	

different	approaches	offer	in	EMG	interpretation.		

Subsequent	work	is	planned	following	on	from	this	study,	to	explore	the	effects	of	

delivering	exercises	with	established	activation	characteristics	to	a	symptomatic	cohort	

over	a	two-week	intervention	period.		Examining	the	specific	effects	of	the	

intervention	but	also	exploring	the	sub-groups	who	are	most	likely	to	respond	

positively	to	this	treatment	modality.			
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Introduction		

The	interaction	of	hip	function	and	PFP	symptoms	has	been	explored	both	

prospectively	and	retrospectively	within	the	current	literature.		Altered	hip	kinematics,	

hip	muscle	strength	and	their	activation	patterns	have	been	identified	as	a	risk	factor	

for,	and	in	the	presence	of,	PFP	symptoms	(14,	151,	170).		Determining	the	ability	of	

rehabilitative	interventions,	directed	at	the	hip,	to	affect	these	deficits	is	therefore	

warranted.			

Electromyography	allows	for	the	assessment	of	muscle	activation	during	both	

isometric	and	dynamic	actions.		Whilst	it	has	been	described	that	muscle	force	cannot	

be	inferred	by	electrical	activity	alone	(95),	the	pattern	of	activation	may	be	of	

relevance	in	individuals	with	PFP	(14).		Current	level	1	evidence	indicates	gluteus	

medius	activation	is	delayed	and	of	shorter	duration	during	stair	ascent	and	when	

running,	with	gluteus	maximus	activity	increased	during	stair	ascent	in	individuals	

suffering	from	PFP	(14).		These	findings	are	indicative	of	neuromuscular	change	

occurring	about	the	hip	in	the	presence	of	PFP	symptoms	and	demonstrate	specific	

deficits	that	could	be	targeted	with	appropriately	tailored	intervention.			Whilst	

treatment	directed	at	the	hip	has	been	shown	to	be	effective	(112),		a	failure	of	

conservative	management	to	address	or	correct	these	neuromuscular	activation	

patterns	may	be	contributing	to	the	poor	long	term	outcomes	observed	in	this	patient	

population	(189).		

Specific	adaptations	to	imposed	demand	(SAID)	principles	of	exercise	intervention	

have	commonly	been	associated	with	rehabilitation	and	performance	of	patients	and	

athletes	(5).		An	emerging	body	of	evidence	has	furthered	this	foundation	

understanding,	with	identification	of	additional	exercise	descriptors	that	are	important	

to	the	specificity	of	exercise	prescription	and	consequently	the	outcome	following	its	

delivery	(201).			Exercise	type	and	Time	Under	Tension	(TUT)	of	the	working	muscle	are	

within	these	descriptors,	suggesting	control	of	these	variables	are	likely	to	influence	

delivered	stimuli	and	consequently	the	magnitude	of	neurophysiological	muscle	

adaptation	(201).		To	date,	no	studies	have	investigated	the	immediate	or	long-term	

effects	of	manipulating	these	specific	exercise	variables	in	individuals	with	PFP.	
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Electromyographic!exploration!of!hip!rehabilitation!exercises!has!been!completed!on!

asymptomatic!populations!which!indicates!that!different!exercises!result!in!differing!

recruitment!patterns!within!the!hip!musculature,!but!changes!in!TUT!were!not!tested!

(182).!!Further!work!to!investigate!manipulation!of!these!exercise!variables,!

particularly!within!a!symptomatic!population!is!clear!warranted.!!!!

Interventions!directed!at!the!hip!musculature!in!combination!with!quadriceps!

rehabilitation,!have!been!shown!to!be!effective!in!the!management!of!PFP!at!short,!

medium!and!longer!term!follow!up!(112).!However,!the!mechanism!of!this!effect!has!

not!been!established,!with!improvement!in!symptoms!being!evident!without!changes!

in!strength!or!kinematics!(112).!Previous!studies!have!explored!the!activation!patterns!

of!common!rehabilitative!exercises,!reporting!on!the!relative!amplitude!of!gluteal!

muscle!and!tensor!fascia!lata!(TFL)!activation(182).!!Given!the!propensity!of!TFL!to!act!

as!a!flexor!and!internal!rotator!at!the!hip!and!thus!inducing!movement!patterns!shown!

to!be!detrimental!in!lower!limb!pathologies!such!as!PFP,!the!optimal!rehabilitative!

stimulus!has!been!purported!to!be!exercise!that!maximally!activates!the!gluteal!

musculature!whilst!minimally!activating!TFL!(186).!!Whilst!the!results!of!this!study!are!

beneficial!in!understanding!the!effect!of!specific!exercise!on!EMG!activation!patterns,!

the!most!significant!limitation!is!its!application!on!only!asymptomatic!individuals!(182).!!

With!Level!1!evidence!indicating!activation!pattern!differences!between!symptomatic!

and!asymptomatic!individuals!(14),!the!validity!of!applying!findings!from!asymptomatic!

to!symptomatic!populations!is!limited.!!!!!!

Therefore,!the!overarching!aim!of!this!study!was!to!provide!guidance!about!which!

‘gluteal’!exercises,!and!variations!of!their!application,!evoke!neuromuscular!activation!

patterns!in!individuals!with!PFP!that!closely!resemble!those!of!asymptomatic!

individuals.!!The!primary!objective!was!to!compare!hip!muscle!activation!

characteristics,!during!common!physiotherapy!rehabilitation!exercises,!in!PFP!

populations!and!asymptomatic!controls.!The!secondary!objective!was!to!establish!the!

specific!characteristics!of!prescribed!exercise!that!are!required!to!achieve!similar!hip!

muscle!activation!patterns!between!groups,!including!the!manipulation!of!‘time!under!

tension’!variables!and!exercise!type!(open!or!closed!kinetic!chain).!A!greater!

understanding!of!the!mechanism!for!exercise!prescription!effects,!allows!for!the!
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delivery	of	patient	and	presentation	specific	care,	with	the	treating	clinician	using	the	

most	effective	intervention	to	treat	the	identified	deficit	in	a	specific	patient.		

Methods	

Ethical	approval	was	obtained	from	Queen	Mary	University	Ethics	of	Research	

Committee	and	each	participant	provided	written	informed	consent	prior	to	

commencing	the	study.		Given	the	location	of	the	area	being	tested,	the	most	

significant	ethical	consideration	was	relating	to	the	application	of	EMG	electrodes.		

Ensuring	the	laboratory	was	appropriately	partitioned	and	privacy	was	maintained	was	

strictly	enforced,	and	the	help	of	a	female	MSc	student	on	the	project	allowed	for	each	

participant	to	make	a	choice	about	who	applied	and	removed	the	electrodes.		So	as	to	

minimise	the	impact	on	marker	placement	reliability,	key	anatomical	landmarks	were	

marked	on	each	individual	prior	to	electrode	placement,	and	the	procedure	for	their	

application	was	devised	to	reduce	variability.		This	included	application	of	the	most	

anterior	(Anterior	Superior	Iliac	Spine)	and	posterior	(Posterior	Superior	Iliac	Spine)	

electrodes	first,	and	working	inwards	from	each	direction,	to	the	mid-point,	with	the	

remaining	6	lines	of	electrodes.					

Figure	27	-	Inclusion/Exclusion	criteria 

(1)	age	18–40	years;	(2)	insidious	onset	of	anterior	knee	or	retropatellar	pain	of	

greater	than	six	weeks'	duration;	(3)	provoked	by	at	least	two	of	prolonged	

sitting	or	kneeling,	squat-	ting,	running,	hopping,	or	stair	walking;	(4)	

tenderness	on	palpation	of	the	patella,	or	pain	with	step	down	or	double	leg	

squat;	and	(5)	worst	pain	over	the	previous	week	of	at	least	30	mm	on	a	100	

mm	visual	analogue	scale.	Exclusion	criteria	were;	(1)	concomitant	injury	or	

pain	from	the	hip,	lumbar	spine,	or	other	knee	structures;	(2)	previous	knee	

surgery;	(3)	patellofemoral	instability;	(4)	knee	joint	effusion;		
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Participants	

Twenty	participants,	10	(5M/5F)	with	symptoms	of	patellofemoral	pain	and	10	(6M/4F)	

pain-free	controls,	matched	for	age,	height	and	weight	were	recruited	for	the	study	

from	within	central	London	sports	medicine	clinics.		Participant	characteristics	are	

detailed	in	Table	19.	A	sports	physician	or	physiotherapist	with	over	5	years	clinical	

experience	assessed	all	potential	participants	for	inclusion	based	on	modified	

inclusion/exclusion	criteria	from	previous	RCT’s	(43,	50)	(Figure	27);	Asymptomatic	

control	participants	were	included	if	they	had	no	history	of	lower	extremity	injury	or	

knee	pain	in	the	last	12	months,	and	to	be	free	of	lower	back	pain	or	other	neuro-

musculoskeletal	deficits	potentially	affecting	their	ability	to	perform	rehabilitation	

exercise.	

Procedure	

Kujala	Patellofemoral	Score	

Participants	in	the	symptomatic	group	completed	the	Kujala	patellofemoral	score	(KPS)	

prior	to	testing,	independent	of	input	from	the	research	team.		The	KPS	is	a	13-item	

questionnaire	categorising	symptoms	and	current	knee	function,	such	as	the	ability	to	

negotiate	stairs,	walk,	run,	jump	and	sit	for	prolonged	periods.	Each	item	is	weighted	

and	a	total	score	between	0	and	100	calculated,	with	higher	scores	representing	

greater	levels	of	function	(109).		Validity	of	the	measure	to	differentiate	levels	of	

function	and	reported	pain	symptoms	between	symptomatic	(PFP	and	patella	

subluxation)	and	asymptomatic	populations	was	completed	using	the	Kujala	scale	in	

combination	with	MRI	findings	of	lateral	patella	tilt	and	lateral	patella	displacement	

(109).			

Electromyography		

Electromyography	recordings	were	made	with	unipolar	electrodes,	sampled	at	2048Hz,	

High	Pass	filtered	at	10Hz,	using	a	Refa8	Signal	Acquisition	Device	(TMS	International,	

Netherlands).	Prior	to	electrode	placements,	the	skin	was	prepared	by	shaving	and	

cleaning	with	alcohol	wipes.			

Surface	markings	were	made	of	the	greater	trochanter,	anterior	superior	iliac	spine	

(ASIS),	posterior	superior	iliac	spine	(PSIS)	and	the	iliac	crest.		A	small	syringe	was	used	
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to!add!aqueous!gel!to!each!individual!electrode!prior!to!placement.!!An!8x8!array!of!64!

unipolar!electrodes,!divided!into!strips!of!4!and!placed!vertically!starting!from!the!ASIS!

and!PSIS,!was!attached!to!the!skin!(See!Figure!28).!The!64!electrodes,!labelled!from!A!

to!H!&!1-8,!were!plugged!into!the!corresponding!socket!of!the!Refa8!device.!!A!ground!

electrode!was!placed!on!the!patella.!!

(

Muscle(strength(testing(

Hip!abduction,!flexion!and!extension!maximal!voluntary!isometric!contraction!(MVIC)!

strength!was!tested!using!a!handheld!dynamometer!(HHD)!(Lafayette,!Manual!Muscle!

Tester,!Model!01163,!IN!47904,!USA)!(Figure!29).!!Participants!were!encouraged!to!

push!maximally!for!5s!into!the!HHD!for!3!repetitions,!with!~15s!rest!between!

repetitions.!The!best!of!3!scores!was!recorded!as!their!MVIC!for!all!tests.!!All!tests!were!

‘make’!tests,!and!not!‘break’!tests,!as!these!have!been!shown!to!be!more!reliable!when!

using!the!HHD!(190).!!The!addition!of!web!strapping!to!stabilise!the!device!was!

incorporated!into!the!hip!extension!and!abduction!tests!to!minimise!the!risk!of!the!

examiner!being!overpowered,!shown!previously!to!negatively!influence!reliability!(125,!

198).!!MVIC’s!were!recorded!on!both!limbs,!with!EMG!activity!being!recorded!

simultaneously!on!the!affected!or!dominant!limb!from!the!symptomatic!and!

asymptomatic!groups!respectively.!!!

Hip!abduction!was!assessed!with!the!participant!in!side!lying,!with!the!leg!to!be!

GT!ASIS!

PSIS!
a! b!

Figure!28!-!Demonstrates!the!8x8!electrode!placement!array!(a)!shown!from!an!anterior!and!(b)!a!

posterior!view,!with!the!relevant!surface!markings!identified!(ASIS!=!Anterior!Superior!Iliac!Spine,!GT!=!

Greater!Trochanter,!PSIS!=!Posterior!Superior!Iliac!Spine!



	

	

148	

assessed	uppermost.		The	lowermost	leg	was	flexed	at	the	hip	and	knee	to	

approximately	90˚.		The	test	leg	was	placed	in	a	neutral	hip	position,	a	webbing	strap	

was	used	to	support	the	device,	and	the	HHD	was	positioned	over	the	distal	1/3	of	the	

lateral	thigh	(just	proximal	to	the	lateral	femoral	condyle).		Hip	flexion	was	assessed	

with	the	participant	in	supine.		The	test	leg	was	flexed	to	90˚	at	the	hip,	and	the	

examiner	matched	the	contraction	force	whilst	the	participant	maximally	flexed	at	the	

hip.		Hip	extension	was	assessed	in	prone,	with	the	webbing	strap	placed	over	the	

distal	1/3	of	the	thigh.		The	HHD	was	placed	beneath	the	strapping,	the	participant	

bent	the	test	knee	to	90˚	and	was	encouraged	to	push	upwards	at	the	hip	into	the	

strapping.			

All	strength	measures	were	recorded	in	kilograms	and	divided	by	the	individual’s	

weight,	to	calculate	a	normalised	strength	measure,	prior	to	further	analysis.		

Normalisation	of	force	measures	was	completed	to	reduce	the	variability	of	strength	

resulting	from	differing	body	mass	between	the	two	groups.			

	

Exercise	Prescription	

All	participants	completed	11	prescribed	exercises,	6	Open	Kinetic	Chain	(OKC)	and	5	

Closed	Kinetic	Chain	(CKC),	at	2	different	speeds	(1s	eccentric,	1s	concentric	OR	4s	

eccentric,	4s	concentric)	in	a	random	order.		Five	repetitions	of	each	exercise	was	

completed	with	an	equal	work:rest	ratio	being	maintained	to	allow	for	adequate	

recovery	between	exercises.	Participants	were	asked	to	work	through	range,	to	an	

effort	level	of	6-7/10	(10	=	maximal	effort,	0	=	no	effort	at	all)	or	3/10	pain	(10	=	worse	

pain	imaginable	and	0	=	no	pain).		All	exercises	were	selected	based	on	a	pragmatic	

clinical	approach	(exercises	being	used	commonly	within	the	clinical	environment,	that	

Figure	29	-	Demonstrating	the	MVIC	test	positions	for	(a)	hip	abduction,	(b)	hip	flexion,	(c)	hip	

extension. 

a	 b	 c	
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aimed	to	preferentially	activate	the	gluteal	muscles)	combined	with	exercises	that	had	

been	compared	to	each	other	previously	using	EMG	measures	to	quantify	differences	

(182).		

Briefly,	the	open	kinetic	chain	exercises	included;	side	bridge	clam	(SBC)	–	in	side	lying	

with	the	tested	leg	uppermost,	the	lower	most	leg	bent	to	90˚	knee	flexion	and	neutral	

hip	extension.	The	participant	supported	a	side	plank	position	on	their	elbow,	with	

heels	together	the	top	knee	was	lifted	away	from	the	bottom	leg	at	the	two	speeds	

described;	4point	fire	hydrant	(4PFH)	–	in	4	point	kneeling	and	neutral	lumbar	spine	

position,	the	tested	leg	was	externally	rotated	and	then	extended	at	the	hip;	side	

bridge	hip	abduction	(SBHAb)	-	in	side	lying	with	the	tested	leg	uppermost,	the	lower	

most	leg	bent	to	90˚	knee	flexion	and	neutral	hip	extension.	The	participant	supported	

a	side	plank	position	on	their	elbow,	the	uppermost	leg	fully	extended	at	the	knee,	the	

leg	was	abducted	as	far	as	possible	and	then	lowered	to	the	start	position;	side	bridge	

hip	abduction	extension	(SBHAE)	–	from	the	same	start	position	as	side	plank	hip	

abduction,	the	uppermost	leg	was	abducted	and	extended	simultaneously	as	far	as	

possible	and	then	returned	to	the	start	position;	standing	fire	hydrant	(SFH)–	weight	

evenly	distributed	through	both	limbs,	the	participant	adopted	a	¼	squat	position	with	

forward	trunk	lean	to	approximately	45˚.		Weight	was	transferred	to	the	non-test	limb,	

the	test	limb	was	flexed	to	90˚	at	the	knee,	and	then	externally	rotated	and	extended	

maximally	at	the	hip,	before	returning	to	the	start	position;	front	plank	single	leg	hip	

extension	(FPHE)	–	prone,	the	participant	adopted	a	plank	on	their	elbows,	with	hip	

netural	and	knees	in	full	extension.	The	test	leg	was	extended	maximally	from	the	hip	

whilst	maintaining	full	extension	at	the	knee.		

The	closed	kinetic	chain	exercises	included;	double	leg	squat	(DLSQ)	–	feet	shoulder	

width	apart	and	weight	evenly	distributed	between	the	two	legs.		Participants	

descended	into	a	full	depth	squat	whilst	keeping	the	heels	on	the	ground	and	weight	

evenly	distributed	between	the	heels	and	the	toes,	before	returning	to	the	upright	

start	position;	single	leg	squat	(SLSQ)	–	balancing	on	the	tested	leg,	participants	

descended	into	a	squat	position	maintaining	weight	evenly	between	the	toes	and	

heels,	before	returning	to	the	start	position;	backward	lunge	forward	lean	(BLFL)–	
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standing	evenly	on	both	legs,	weight	was	transferred	onto	the	test	limb	as	the	non-test	

leg	was	stepped	backwards.		Forward	lean	of	the	trunk	was	encouraged	as	90%	of	

body	weight	was	maintained	through	the	test	leg	and	the	knee	flexed	to	achieve	a	

lunge	position;	backward	lunge	side	lean	(BLSL)	–	from	the	same	start	position,	side	

lean	of	the	trunk	was	encouraged	as	90%	of	body	weight	was	maintained	through	the	

test	leg	and	the	knee	flexed	to	achieve	a	lunge	position;	backward	lunge	forward	lean	

with	rotation	(BLROT)	–	again	the	same	start	position	was	adopted,	from	which	

participants	were	encouraged	to	forward	lean	and	rotate	towards	the	tested	leg	as	

90%	of	body	weight	was	maintained	through	the	test	leg	and	the	knee	flexed	to	

achieve	a	lunge	position.		For	all	CKC	exercises,	the	depth	of	knee	flexion	achieved	

during	the	1s	repetitions	was	encouraged	to	be	as	similar	as	possible	during	the	4s	

repetitions.	

Data	Analysis	

Using	purpose	built	Matlab	programmes	(Matlab	version	R2015a,	MathWorks,	USA)	a	

defined	process	of	EMG	analysis	was	completed	(Figure	30).	Raw	EMG	data	were	

rectified	and	smoothed	using	a	0.02	s	moving	average	window.		All	trials	were	

normalised	to	recordings	made	during	MVIC	hip	abduction.		Visual	inspection	of	EMG	

signal	for	each	exercise,	for	each	participant,	was	completed	and	the	region	of	the	

trace	that	captured	the	middle	three	of	5	repetitions	was	selected.		From	within	this	

selected	window	further	analysis	was	completed.			
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Figure	30	-	A	flow	diagram	for	the	analysis	of	EMG	signal	from	output	file	post	collection	to	output	

values	for	statistical	analysis	

Mean	peak	amplitudes	were	defined	as	the	calculated	mean	of	all	values	>80%	of	the	

range,	averaged	across	the	three	trials.		Muscle	onset	and	offset	were	calculated	using	

a	modified	version	of	a	previously	described	method	(114)	to	allow	for	subsequent	

expression	of	the	EMG	signal	derivative	(expressed	as	the	gradient	of	a	line	(y2-y1/x2-

x1)	adjoining	the	muscle	onset	to	the	mean	peak	(Figure	31))	and	integral	(volume	of	

activity,	between	the	calculated	onset	and	offset).		A	rise	of	EMG	activity	above	a	

predetermined	threshold	that	was	maintained	for	a	period	of	>30ms	was	described	as	

muscle	onset.	The	threshold	was	calculated	from	the	minimum	value	of	all	3	

repetitions	for	exercise	plus	10%	of	the	range	(maxima	of	means	of	all	trials	minus	

minima	of	means	of	all	trials).	A	drop	of	EMG	below	the	same	threshold	for	a	period	

>30ms	was	calculated	as	the	muscle	offset.			
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Figure	31	-	Diagrammatic	representation	of	the	64-channel	post-processing	output.		Enlarged	images	of	Channels	19,	20	&	21,	showing	identified	muscle	onset	(Red	*),	Offset	
(Green	*)	&	Derivative	(Black	Line)	
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From	the	64	EMG	channel	array,	anatomical	boundaries	for	the	specific	muscle	groups	

of	the	hip	were	defined	(Figure	32).		The	electrodes	from	within	these	boundaries	were	

grouped	for	further	analysis.		Electrodes	1:16	21:24	were	pooled	to	give	representation	

for	the	neuromuscular	activity	of	the	TFL,	17:20	25:44	the	gluteus	medius,	49:52	57:60	

the	upper	fibres	of	gluteus	maximus,	and	45:48	53:56	61:64	the	lower	fibres	of	gluteus	

maximus.	The	mean	value	of	EMG	peak,	derivative	and	integral,	across	

symptomatic/asymptomatic	group	for	each	muscle	was	calculated	for	each	exercise.	

	

Figure	32	-	Image	depicting	the	64-channel	array	superimposed	onto	the	anatomy	of	the	lateral	hip.		

Channels	1:16	21:24	=	TFL;	17:20	25:44	=	GMed;	49:52	57:60=	UGmax;	45:48	53:56	61:64	=	LGmax	

Statistical	Analysis	

To	address	the	primary	study	objective	of	comparing	hip	muscle	activation	

characteristics,	during	common	physiotherapy	rehabilitation	exercises,	in	PFP	

populations	and	asymptomatic	controls,	independent	two-way	mixed	ANOVA’s	were	

used	to	compare	mean	peaks,	derivatives	and	integrals	for	each	exercise,	between	

groups.	The	dependent	variables	included	EMG	mean	peak,	integral	and	derivative	

values,	and	independent	variables	were	group	and	exercise	type.	The	alpha	level	was	

0.05	for	all	tests	of	significance.			

The	secondary	objective,	which	was	to	establish	the	specific	characteristics	of	

prescribed	exercise	that	are	required	to	achieve	similar	hip	muscle	activation	patterns	
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between	groups,	including	the	manipulation	of	‘time	under	tension’	variables	and	

exercise	type	(open	or	closed	kinetic	chain)	was	tested	using	three	separate	methods	

to	evaluate	activation	pattern,	similar	to	those	described	previously	(182).			

Subsequent	one	way	repeated	measure	ANOVA’s,	within	the	two	groups,	were	

performed	to	compare	mean	peak,	integral	and	derivative	EMG	signals	between	the	

four	muscles	for	each	exercise.		This	analysis	was	used	to	determine	the	interaction	or	

pattern	of	the	four	muscles	in	the	completion	of	the	rehabilitation	exercise,	allowing	

for	comparison	of	activation	pattern	between	the	symptomatic	and	asymptomatic	

groups.		Where	significant	differences	were	observed,	simple	contrast	tests	were	

performed	to	analyse	the	paired	comparisons,	using	TFL	as	the	reference	for	

comparison.			

To	allow	for	direct	comparison	with	previously	published	work	in	asymptomatic	

populations,	the	gluteal-to-TFL	activation	(GTA)	index	was	calculated.	The	GTA	index	

used	mean	peak	amplitudes	to	calculate	a	relative	activation	ratio	of	the	gluteal	

muscles	to	the	TFL:	[(GMED/TFL)	×	GMED]	+	[(UP-GMAX/TFL)	×	UP-GMAX]	+	[(LOW-

GMAX/TFL)	x	LOW-GMAX]/3.		A	higher	value	indicates	the	specific	exercise	was	one	in	

which	high	EMG	amplitudes	of	each	gluteal	muscle	was	recorded,	and	that	the	

amplitude	of	each	gluteal	muscle	was	higher	compared	to	the	amplitude	of	TFL.		Given	

the	influence	of	both	ratio	and	magnitude	on	the	GTA	index,	subsequent	analysis	of	

the	TFL:Gluteal	ratio	in	isolation	was	calculated.		For	each	exercise,	the	mean	peak	

amplitude	of	TFL	was	divided	by	the	mean	peak	amplitude	of	all	gluteal	muscles.		

Results	

Table	18	reports	the	demographic	characteristics	of	the	both	the	symptomatic	and	

asymptomatic	groups.		No	significant	difference	in	age,	height,	weight,	normalised	hip	

abduction	or	normalised	hip	flexion	was	observed	between	the	groups.		Normalised	

hip	extension	strength	was	significantly	lower	in	the	symptomatic	group.		
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Table	18	-	Demographics	of	the	symptomatic	and	asymptomatic	groups	

Demographic	 Symptomatic	(n=10)	 Asymptomatic	(n=10)	 P	

Sex	 5M/5F	 6M/4F	 	

Age	 26.5±5.15	 24.6±3.73	 0.34	

Height	 169.96±6.76	 170.55±8.83	 0.58	

Weight	(kg)	 66.75±12.47	 67.6±11.58	 0.58	

Normalised	Abduction	(MVIC/kg)	 0.3814±0.11	 0.4217±0.07	 0.34	

Normalised	Extension	(MVIC/kg)	 0.2854±0.09	 0.3800±0.06	 		0.01*	

Normalised	Flexion	(MVIC/kg)	 0.3222±0.06	 0.3725±0.06	 0.08	

Kujala	 76.7±15.33	 	 	

	

Comparison	of	EMG	variables	between	groups		

Mean	Peak	Amplitudes	(Table	19)			

A	significance	difference	in	mean	peak	EMG	amplitude	between	symptomatic	and	

asymptomatic	groups	was	observed	during	the	SBHAE	(4s)(f	=	3.223,	p	=	0.03)	and	

DLSQ	(4s)(f	=	3.966,	p	=	0.013)	exercises.			

Integrals	(Table	20)	

There	was	no	significance	difference	in	EMG	integrals	between	symptomatic	and	

asymptomatic	groups	for	each	exercise.			

Derivatives	(Table	21)	

A	significant	difference	in	EMG	derivative	was	observed	between	symptomatic	and	

asymptomatic	groups	during	the	SFH	(1s)(f	=	3.312,	p	=	0.043)	exercise.		
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Table	19	-	Normalised	mean	peak	EMG	amplitude	of	each	muscle	for	each	exercise	

Normalised	Mean	Peak	Electromyographic	Amplitude	of	Each	Muscle	for	Each	Exercise^	
	 Between	Group	Comparison	

Within	Group	Comparison	 	
Asymptomatic	 Symptomatic	 f	 p	

Exercise	 Rep(s)	 TFL	 GMED	 UGMAX	 LGMAX	 TFL	 GMED	 UGMAX	 LGMAX	 	
Side	Bridge	
Clam	

1	 47.9±26.7	 55.8±20.9	
(p	=	0.240)	

58.1±25.7	
(p	=0.108)	

58.6±27.1	
(p	=0.075)	

34.8	±33.0	 48.7±29.1		
(p	=	0.006)†	

62.5±33.7		
(p	=	0.001)†	

58.8±31.8		
(p	=	0.008)†	

2.779	 0.05	

4	 52.2±40.6	 60±57.5	
(p	=	0.366)	

65.9±63.3	
(p	=	0.185)	

67.1±63.8	
(p	=	0.145)	

30.5±19.9	 43.6±25.8	
(p	=	0.035)†	

63.3±33.5	
(p	=	0.002)†	

62±36.8	
(p	=	0.012)†	

1.860	 0.147	

Side	Bridge	
Hip	
Abduction	
Extension	

1	 80.3±32.7	 86.5±48.3	
(p	=	0.509)	

84.1±57.2	
(p	=	0.754)	

88.3±55.5	
(p	=	0.491)	

64.9±24.7	 74.5±27.8	
(p	=	0.172)	

92.1±33.8	
(p	=	0.003)†	

90.3±33.8	
(p	=	0.013)†	

2.343	 0.083	

4	 69.7±16.8	 63.5±5.7	
(p	=	0.265)	

60.7±10.5	
(p	=	0.197)	

62.7±11.1	
(p	=	0.276)	

62.7±26.6	 65.1±25.2	
(p	=	0.694)	

73.3±31.2	
(p	=	0.136)	

72.1±26.9	
(p	=	0.103)	

3.223	 0.03*	

Side	Bridge	
Abduction	

1	 80.5±15.8	 73.7±9.9	
(p	=	0.160)	

68±14.1	
(p	=	0.079)	

72.7±17.3	
(p	=	0.281)	

80.4±26.4	 83.1±38	
(p	=	0.8)	

83.5±28.2	
(p	=	0.637)	

88±23.1	
(p	=	0.318)	

1.342	 0.271	

4	 80.1±19.3	 67.5±10.2	
(p	=	0.064)	

68.1±18.9	
(p	=	0.174)	

71.1±19.4	
(p	=	0.225)	

72.3±24.3	 71.5±22.9	
(p	=	0.852)	

78.7±31.3	
(p	=	0.289)	

79.6±19.4	
(p	=	0.212)	

2.402	 0.103	

Front	Plank	
Extension	

1	 80.7±28.6	 70.3±12.4	
(p	=	0.203)	

76.4±19.1	
(p	=	0.55)	

83.5±23	
(p	=	0.754)	

73.8±28.5	 72.4±23.7	
(p	=	0.781)	

85.8±30.3	
(p	=	0.130)	

85.4±18.4	
(p	=	0.065)	

1.235	 0.305	

4	 49.9±27.9	 60.6±17.8	
(p	=	0.118)	

67.8±24.1	
(p	=	0.076)	

77.4±28	
(p	=	0.009)†	

40.9±18.2	 54±20.3	
(p	=	0.021)†	

64.4±24.1	
(p	=	0.003)†	

73.3±27.2	
(p	<	0.001)†	

0.199	 0.833	

Standing	Fire	
Hydrant	

1	 54.4±26.7	 63.8±15.9	
(p	=	0.277)	

72.9±21.4	
(p	=	0.081)	

76.9±24.6	
(p	=	0.042)†	

48.8±23.4	 62.2±20.7	
(p	=	0.053)	

82.6±21.4	
(p	=	0.003)†	

85.5±22.7	
(p	<	0.001)†	

1.248	 0.302	

4	 38.8±17	 53.6±17.1	
(p	=	0.005)†	

65.9±24.4	
(p	=	0.002)†	

62.8±23.7	
(p	=	0.002)†	

36±16.2	 51.8±19.2	
(p	=	0.006)†	

69.4±25.1	
(p	=	0.001)†	

65.4±14.3	
(p	<	0.001)†	

0.362	 0.750	

4	Point	Fire	
Hydrant	

1	 61.1±31.8	 61.2±16.8	
(p	=	0.993)	

75±31.3	
(p	=	0.304)	

77.9±27.2	
(p	=	0.099)	

48.8±25.1	 67±27.1	
(p	=	0.002)†	

83.1±27.8	
(p	=	0.001)†	

83±23.7	
(p	<	0.001)†	

1.670	 0.184	

4	 47.2±37.1	 61.3±41.6	
(p	=	0.003)†	

63.4±31.8	
(p	=	0.042)†	

83.1±50.9	
(p	=	0.001)†	

39.8±20.7	 61.5±42.6	
(p	=	0.028)†	

76.4±40	
(p	=0.003)†	

72.9±27.7	
(p	=	0.001)†	

1.808	 0.163	

Double	Leg	
Squat	

1	 82.7±77.6	 93.2±116.7	
(p	=	0.499)	

101.5±134.6	
(p	=	0.396)	

106.7±132.4	
(p	=	0.237)	

43.4±15.8	 57.4±16.6	
(p	=	0.004)†	

70.7±24.9	
(p	=	0.003)†	

68.4±18.6	
(p	=	0.002)†	

0.124	 0.946	

4	 40.6±27.3	 31.5±16.1	
(p	=	0.163)	

31.3±20.5	
(p	=	0.111)	

39.3±26	
(p	=	0.795)	

33.8±21.5	 44.4±34.1	
(p	=	0.083)	

45.6±31.1	
(p	=	0.026)†	

48.2±33.3	
(p	=	0.042)†	

3.966	 0.013*	
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Backward	
Lunge	
Forward	
Lean		

1	 55.9±27.9	 55.9±18.9	
(p	=	0.998)	

54.8±17.2	
(p	=	0.854)	

65±30	
(p	=	0.221)	

43±21.6	
	

59.8±28.3	
(p	=	0.022)†	

63.7±23.7	
(p	=	0.002)†	

72.1±26.7	
(p	=	0.001)†	

2.904	 0.057	

4	 41.4±22.6	 45.1±15.3	
(p	=	0.525)	

42.6±17.6	
(p	=	0.799)	

49.7±24.3	
(p	=	0.102)	

30.1±14.6	 39.5±16.3	
(p	=	0.034)†	

48.5±16.3	
(p	=	0.005)†	

47±19.4	
(p	=	0.007)†	

2.508	 0.084	

Backward	
Lunge	
Rotation		

1	 52.8±21.6	 54.1±13.5	
(p	=	0.857)	

57.5±23.6	
(p	=	0.569)	

59.3±20.4	
(p	=	0.302)	

37.9±14	 48±14.1	
(p	=	0.026)†	

61.1±16.2	
(p	=	0.007)†	

64.8±24.5	
(p	=	0.003)†	

2.280	 0.103	

4	 42.5±27.9	 45±22.8	
(p	=	0.66)	

44.3±20	
(p	=	0.783)	

52.4±35.2	
(p	=	0.089)	

35.8±18.7	 47.3±22.9	
(p	=	0.027)†	

51.8±20	
(p	=	0.013)†	

54.7±22.4	
(p	=	0.005)†	

1.206	 0.316	

Backward	
Lunge	Side	
Lean		

1	 64.1±57.1	 81.9±79.5	
(p	=	0.064)	

79.9±90	
(p	=	0.263)	

87.3±90.3	
(p	=	0.079)	

48.3±23.4	 64.2±37	
(p	=	0.073)	

74.7±30	
(p	=0.006)†	

82±44.1	
(p	=	0.011†	

0.530	 0.664	

4	 45.4±19.1	 46.9±12.2	
(p	=	0.753)	

50.9±27.2	
(p	=	0.577)	

53.9±22.1	
(p	=	0.152)	

44.5±23.7	 59.1±37	
(p	=	0.062)	

67.2±32.4	
(p	=	0.015)†	

74.2±39	
(p	=	0.004)†	

1.708	 0.176	

Single	Leg	
Squat	

1	 65.1±35.6	 72.9±35	
(p	=	0.168)	

71.3±23.2	
(p	=	0.427)	

93.9±43.8	
(p	=	0.009)†	

51±24.3	 69.6±38.5	
(p	=	0.018)†	

81.2±30.9	
(p	=	0.005)†	

82.2±25.8	
(p	=0.005)†	

1.983	 0.137	

4	 51.4±41.3	 49.4±18.8	
(p	=	0.806)	

48.8±35.4	
(p	=	0.591)	

61.1±37.4	
(p	=	0.077)	

43.8±25	 52.9±34.1	
(p	=	0.106)	

55.8±27.6	
(p	=	0.017)†	

66.2±35.4	
(p	=	0.007)†	

1.386	 0.260	

KEY:	^Values	are	mean	peak	amplitudes	±	SD	expressed	as	percent	maximum	voluntary	isometric	contraction.	†Significantly	greater	than	tensor	fascia	lata	(P<.05).		
*Significant	difference	between	symptomatic	and	asymptomatic	groups	–	across	all	muscle	regions	
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Comparison	of	EMG	variables	within	group	–	Symptomatic	

Mean	Peak	Amplitudes	(Table	19)	

The	one	way	repeated	measures	ANOVA’s	were	significant	for	SBC	(1s	&	4s)(p<0.001	&	

p<0.001),	SBHAE	(1s)(p	=	0.003),	FPE	(4s)(p	<0.001),	SFH	(1s	&	4s)(p	<0.001	&	p	

<0.001),	4PFH	(1s	&	4s)(p	<0.001	&	p	=	0.003	respectively),	DLSQ	(1s	&	4s)(p	=	0.001	&	

p	=	0.048),	BLFL	(1s	&	4s)(p<0.001	&	p	=	0.003),	BLROT	(1s	&	4s)(p	=	0.002	&	p	=	0.003),	

BLSL	(1s	&	4s)(p	=	0.008	&	p	=	0.004)	and	SLSQ	(1s	&	4s)(p	=	0.006	&	p	=	0.006).			

In	12	of	the	18	exercises	(SBC	1s&4s,	FPE	4s,	SFH	4s,	4PFH	1s&4s,	DLS	1s,	BLFL	1s&4s,	

BLROT	1s&4s,	SLSQ	1s)	that	demonstrated	significant	ANOVA,	simple	contrast	tests	

revealed	significantly	greater	mean	peak	EMG	amplitudes	in	GMed,	UGMax	and	

LGMax	muscles	compared	to	TFL.		Six	of	18	exercises	(SBHAE	1s,	SFH	1s,	DLS	4s,	BLSL	

1s&4s,	SLSQ	4s)	demonstrated	a	significantly	greater	mean	peak	EMG	amplitude	in	

both	the	UGMax	and	LGMax	compared	to	TFL,	with	no	significant	difference	observed	

between	GMed	and	TFL.		

Integral	(Table	20)	

One	way	repeated	measures	ANOVA’s	were	significant	for	SBC	(1s)(p	=	0.016),	SBHAE	

(4s)(p	=	0.009),	FPE	(4s)(p	=0.001),	SFH	(1s	&	4s)(p	=	0.03	&	p	=	0.024),	4PFH	(4s)(p	=	

0.021),	BLFL	(4s)(p	=	0.002),	BLROT	(4s)(p	=	0.017).		

In	2	of	the	8	exercises	(FPE	4s,	4PFH	4s)	that	demonstrated	significant	ANOVA,	simple	

contrast	tests	revealed	significantly	greater	EMG	integrals	in	GMed,	UGMax	and	

LGMax	muscles	compared	to	TFL.		Three	of	8	exercises	(SFH	4s,	BLFL	4s,	BLROT	4s)	

demonstrated	significantly	greater	integrals	in	the	GMed	and	UGMax	compared	to	TFL,	

1	of	8	(SBHAE	4s)	significantly	greater	GMed	integral	compared	with	TFL,	1	of	8	(SBC	

1s)	significantly	greater	UGMax	integral	compared	to	TFL	and	1	of	8	(SFH	1s)	

significantly	greater	LGMax	integral	compared	to	TFL.						

Derivative	(Table	21)	

One	way	repeated	measures	ANOVA’s	were	significant	for	SBC	(1s	&	4s)(p	=	0.004	&	

0.019),	SFH	(1s	&	4s)(p	=	0.002	&	p	=	0.001)	and	4PFH	(4s)(p	=	0.031).	

In	4	of	5	exercises	(SBC	1s&4s,	SFH	1s&4s)	that	demonstrated	significant	ANOVA,	
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simple	contrast	tests	revealed	a	significantly	greater	rate	of	rise	in	GMed,	UGMax	and	

LGMax	muscles	compared	to	TFL.	One	of	5	exercises	(4PFH	4s)	demonstrated	

significantly	greater	rate	of	rise	in	GMed	and	UGMax	compared	to	TFL.			

	

Comparison	of	EMG	variables	within	group	–	Asymptomatic	

Mean	Peak	Amplitudes	(Table	19)	

The	one	way	repeated	measures	ANOVA’s	were	significant	for	FPE	(4s)(p	=	0.002),	SFH	

(1s	&	4s)(p	=	0.016	&	p	<0.001),	4PFH	(4s)(p	=	0.001)	and	SLSQ	(1s)(p	=	0.007).			

In	2	of	the	5	exercises	(SFH	4s,	4PFH	4s)	that	demonstrated	significant	ANOVA,	simple	

contrast	tests	revealed	significantly	greater	mean	peak	EMG	amplitudes	in	GMed,	

UGMax	and	LGMax	muscles	compared	to	TFL.		Three	of	5	exercises	(FPE	4s,	SFH	1s,	

SLSQ	1s)	demonstrated	significantly	greater	mean	peak	EMG	amplitude	in	the	LGMax	

compared	to	TFL,	with	no	significant	difference	observed	between	GMed	or	UGMax	

and	TFL.		

Integral	(Table	20)	

One	way	repeated	measures	ANOVA’s	were	significant	for	FPE	(1s&4s)(p	=	0.016	&	p	

<0.001),	SFH	(4s)(p	<0.001),	4PFH	(4s)(p	<0.001),	DLS	(1s)(p	=	0.002),	BLFL	(4s)(p	=	

0.004),	BLROT	(4s)(p	=	0.017).		

In	2	of	the	8	exercises	(FPE	4s,	4PFH	4s)	that	demonstrated	significant	ANOVA,	simple	

contrast	tests	revealed	significantly	greater	EMG	integrals	in	GMed,	UGMax	and	

LGMax	muscles	compared	to	TFL.		Three	of	8	exercises	(SFH	4s,	BLFL	4s,	BLROT	4s)	

demonstrated	significantly	greater	integrals	in	the	GMed	and	UGMax	compared	to	TFL,	

1	of	8	(SBHAE	4s)	significantly	greater	GMed	integral	compared	with	TFL,	1	of	8	(SBC	

1s)	significantly	greater	UGMax	integral	compared	to	TFL	and	1	of	8	(SFH	1s)	

significantly	greater	LGMax	integral	compared	to	TFL.						

Derivative	(Table	21)	

One	way	repeated	measures	ANOVA’s	were	significant	for	SBAb	(1s	&	4s)(p	=	0.044	&	

0.001),	FPE	(1s)(p	=	0.001),	SFH	(1s)(p	=	0.022)	and	4PFH	(1s&4s)(p	=	0.008	&	p	=	

0.002).	
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In	4	of	6	exercises	(SBAb	4s,	FPE	1s,	SFH	1s	&	4PFH	4s)	that	demonstrated	significant	

ANOVA,	simple	contrast	tests	revealed	a	significantly	greater	rate	of	rise	in	GMed,	

UGMax	and	LGMax	muscles	compared	to	TFL.	Two	of	6	exercises	(SPA	1s,	4PFH	1s)	

demonstrated	significantly	greater	rate	of	rise	in	UGMax	and	LGMax	compared	to	TFL.			
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Table	20	-	Normalised	EMG	integral	values	of	each	muscle	for	each	exercise	

	 Normalised	Electromyographic	Integrals	of	Each	Muscle	for	Each	Exercise^	
	 Between	Group	Comparison	

Within	Group	Comparison	 	
Asymptomatic	 Symptomatic	 f	 p	

Exercise	 Rep	
Dur	(s)	 TFL	 GMED	 UGMAX	 LGMAX	 TFL	 GMED	 UGMAX	 LGMAX	 	

Side	Bridge	
Clam	

1	 43335.7±2
1673.36	

53565.7±25
367.54		
(p	=	0.041)†	

53890.5±2157
6.68		
(p	=	0.026)†	

48334.3±2506
3.66		
(p	=	0.297)	

36051±291
32.81	
	

53994±4466
2.44	
(p	=	0.061)	

63394±4750
6.44	
(p	=	0.014)†	

52632±37082.
79	
(p	=	0.056)	

1.505	 0.224	

4	 120458±5
9508.75	

144734±701
21.17	
(p	=	0.026)†	

142602±5126
6.09	
(p	=	0.107)	

141943±6637
0.87	
(p	=	0.180)	

108072±89
302.33	

152729±116
362.53	
(p	=	0.097)	

152656±802
70.67	
(p	=	0.226)	

146274±7770
7.42	
(p	=	0.158)	

0.266	 0.850	

Side	Bridge	
Hip	
Abduction	
Extension	

1	 134587±3
6462.70	

138106±484
82.845	
(p	=	0.714)	

128743±6070
7.94	
(p	=	0.723)	

126445±5842
7.90	
(p	=	0.574)	

120004±83
824.88	

168986±992
85.07	
(p	=	0.088)	

159599±967
91.21	
(p	=	0.383)	

144286±7685
9.08	
(p	=	0.470)	

0.949	 0.424	

4	 264804±8
9742.54	

271858±683
95.37	
(p	=	0.631)	

236909±8618
1.61	
(p	=	0.217)	

241328±1066
35.31	
(p	=	0.302)	

208914±12
1430.66	

278096±124
791.42	
(p	=	0.022)†	

200269±111
706.97	
(p	=	0.666)	

211242±1010
94.36	
(p	=	0.931)	

1.566	 0.215	

Side	Bridge	
Abduction	

1	 220638±8
5932.64	

229139±749
02.76	
(p	=	0.760)	

232947±7724
8.86	
(p	=	0.476)	

215446±1217
14.38	
(p	=	0.845)	

211810±11
4629.64	

249062±143
317.97	
(p	=	0.244)	

159459±123
378.62	
(p	=	0.248)	

175751±1222
93.07	
(p	=	0.181)	

1.817	 0.155	

4	 306488±9
6115.43	

296269±702
98.43	
(p	=	0.499)	

266662±7476
8.15	
(p	=	0.128)	

289347±1183
08.34	
(p	=	0.516)	

284627±10
5175.46	

296776±110
938.17	
(p	=	0.693)	

213116±113
608.73	
(p	=	0.102)	

214331±1092
74.95	
(p	=	0.147)	

1.242	 0.304	

Front	Plank	
Extension	

1	 236246±9
3028.56	

199257±746
97.42	
(p	=	0.090)	

174570±6453
3.63	
(p	=	0.051)	

174939±6904
5.67	
(p	=	0.031)†	

247975±97
940.59	

274497±111
723.15	
(p	=	0.246)	

193308±108
483.42	
(p	=	0.193)	

185042±7679
0.58	
(p	=	0.118)	

1.191	 0.322	

4	 155142±5
2205.59	

220155±804
01.32	
(p	=	0.006)†	

232771±1041
13.05	
(p	=	0.012)†	

272844±1366
76.67	
(p	=	0.008)†	

148200±57
753.22	

230689±839
04.43	
(p	=	0.006)†	

233779±855
20.66	
(p	=	0.005)†	

237510±7677
4.03	
(p	=	0.001)†	

0.866	 0.465	

Standing	Fire	
Hydrant	

1	 133941±6
0492.07	

156471±575
92.05	
(p	=	0.181)	

164360±7751
1.42	
(p	=	0.224)	

194350±1101
23.84	
(p	=	0.034)†	

109696±70
082.60	

152125±761
43.08	
(p	=	0.019)†	

126153±676
37.51	
(p	=	0.114)	

169739±1030
34.54	
(p	=	0.008)†	

0.525	 0.625	
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4	 111467±4
1610.07	

164503±529
37.38	
(p	<	0.001)†	

180061±6902
5.34	
(p	=	0.002)†	

175445±5505
0.27	
(p	<	0.001)†	

123498±84
017.61	

180853±107
254.32	
(p	=	0.016)†	

174707±888
52.16	
(p	=	0.038)†	

160873±8378
1.81	
(p	=	0.072)	

0.876	 0.460	

4	Point	Fire	
Hydrant	

1	 108335±5
1355.46	

109659±481
22.03	
(p	=	0.856)	

102447±5124
2.63	
(p	=	0.702)	

122916±6423
1.34	
(p	=	0.489)	

122848±85
160.66	

159489±871
08.54	
(p	=	0.098)	

148606±737
65.61	
(p	=	0.472)	

143530±7717
0.10	
(p	=	(0.488)	

0.792	 0.504	

4	 101567±3
6533.70	

151800±529
23.65	
(p	<	0.001)†	

172759±6526
2.36	
(p	=	0.002)†	

191628±8179
3.76	
(p	=	0.002)†	

117141±60
611.24	
	

172858±956
00.14	
(p	=	0.034)†	

181830±736
09.17	
(p	=	0.027)†	

177355±7797
1.20	
(p	=	0.005)†	

0.719	 0.522	

Double	Leg	
Squat	

1	 109118±5
1162.66	

146401±684
67.95	
(p	=	0.003)†	

172207±8345
8.48	
(p	=	0.001)†	

163336±9101
1.02	
(p	=	0.011)†	

111108±79
584.51	

169174±130
281.85	
(p	=	0.048)†	

178030±933
47.59	
(p	=	0.048)†	

154737±7580
7.67	
(p	=	0.075)	

0.419	 0.681	

4	 104980±5
4335.03	

104466±634
61.98	
(p	=	0.954)	

121718±8980
5.31	
(p	=	0.397)	

123137±9763
7.11	
(p	=	0.379)	

94001±514
40.38	

116595±674
98.90	
(p	=	0.053)	

108815±686
79.23	
(p	=	0.368)	

107201±5568
9.37	
(p	=	0.166)	

0.873	 0.461	

Backward	
Lunge	
Forward	
Lean	

1	 91374±46
594.56	

97736±5765
7.24	
(p	=	0.484)	

95116±46697.
05	
(p	=	0.761)	

96811±51425.
38	
(p	=	0.606)	

87775±413
31.72	

121960±760
75.53	
(p	=	0.034)†	

111717±673
36.66	
(p	=	0.084)	

99373±42452.
65	
(p	=	0.203)	

1.373	 0.261	

4	 137087±6
4493.45	

180635±578
91.41	
(p	<	0.001)†	

201199±6626
2.37	
(p	=	0.002)†	

190672±1054
38.41	
(p	=	0.027)†	

140322±84
013.65	

214069±117
679.38	
(p	=	0.013)†	

225841±857
76.09	
(p	=	0.003)†	

180492±9195
4.90	
(p	=	0.060)	

1.199	 0.318	

Backward	
Lunge	
Rotation	

1	 102448±4
2499.31	

137999±496
74.97	
(p	=	0.054)	

126311±6410
2.93	
(p	=	0.261)	

145175±8476
9.16	
(p	=	0.066)	

105029±67
258.87	

139235±701
79.31	
(p	=	0.049)†	

124829±782
91.95	
(p	=	0.379)	

112480±7468
8.24	
(p	=	0.746)	

0.836	 0.462	

4	 119015±5
5889.51	

153023±673
01.56	
(p	=	0.001)†	

170171±8040
2.17	
(p	=	0.010)†	

172323±1052
17.16	
(p	=	0.033)†	

124252±67
189.95	

179187±903
23.02	
(p	=	0.004)†	

187536±581
84.34	
(p	=	0.004)†	

147127±5810
1.85	
(p	=	0.299)	

1.700	 0.178	

Backward	
Lunge	Side	
Lean	

1	 113005±3
7162.02	

122566±463
41.87	
(p	=	0.377)	

128183±3868
1.97	
(p	=	0.278)	

140235±7845
9.27	
(p	=	0.201)	

115479±62
064.72	

138260±689
37.48	
(p	=	0.118)	

122768±783
23.51	
(p	=	0.686)	

115764±6301
2.65	
(p	=	0.986)	

1.067	 0.360	

4	 154635±3
7048.20	

179221±447
37.62	
(p	=	0.022)†	

175446±8116
6.33	
(p	=	0.345)	

204756±1057
55.40	
(p	=	0.100)	

155764±89
997.58	

208244±123
944.86	
(p	=	0.039)†	

185995±101
573.26	
(p	=	0.157)	

182796±8970
5.41	
(p	=	0.260)	

1.169	 0.324	

Single	Leg	 1	 111120±4 159787±618 185908±7999 213799±1039 129909±69 179865±997 188155±936 168967±6284 1.927	 0.153	
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Squat	 4515.80	 88.64	
(p	=	0.013)†	

4.86	
(p	=	0.017)†	

59.32	
(p	=	0.005)†	

626.76	 69.11	
(p	=	0.031)†	

76.81	
(p	=	0.084)	

8.88	
(p	=	0.024)†	

4	 174840±5
9087.62	

226630±817
35.98	
(p	=	0.001)†	

211490±5275
9.46	
(p	=	0.046)†	

254448±1209
76.81	
(p	=	0.035)†	

150679±88
867.79	

206626±124
274.08	
(p	=	0.038)†	

191761±105
367.13	
(p	=	0.111)	

146877±6816
6.90	
(p	=	0.899)	

3.100	 0.055	

KEY:	^Values	are	mean	peak	amplitudes	±	SD	expressed	as	percent	maximum	voluntary	isometric	contraction.	†Significantly	greater	than	tensor	fascia	lata	(P<.05).		
*Significant	difference	between	symptomatic	and	asymptomatic	groups	–	across	all	muscle	regions	
	

	

Table	21	-	Normalised	EMG	derivative	values	of	each	muscle	for	each	exercise	

Normalised	Electromyographic	Derivatives	of	Each	Muscle	for	Each	Exercise^	
	 Between	Group	Comparison	

Within	Group	Comparison	 	
Asymptomatic	 Symptomatic	 f	 p	

Exercise	 Rep	
Dur	(s)	 TFL	 GMED	 UGMAX	 LGMAX	 TFL	 GMED	 UGMAX	 LGMAX	 	

Side	Bridge	
Clam	

1	 0.029±0.014	 0.043±0.013	
(p	=	0.008)†	

0.042±0.024	
(p	=	0.026)†	

0.050±0.045	
(p	=	0.084)	

0.024±0.030	 0.042±0.045	
(p	=	0.016)†	

0.048±0.035	
(p	=	0.001)†	

0.037±0.034	
(p	=	0.025)†	

1.342	 0.270	

4	 0.008±0.006	 0.010±0.007	
(p	=	0.088)	

0.010±0.009	
(p	=	0.097)	

0.011±0.010	
(p	=	0.097)	

0.005±0.004	 0.008±0.006	
(p	=	0.021)†	

0.012±0.009	
(p	=	0.012)†	

0.009±0.008	
(p	=	0.033)†	

1.571	 0.207	

Side	Bridge	
Hip	Abduction	
Extension	

1	 0.039±0.022	 0.045±0.023	
(p	=	0.381)	

0.035±0.010	
(p	=	0.519)	

0.035±0.011	
(p	=	0.537)	

0.032±0.016	 0.032±0.015	
(p	=	0.914)	

0.028±0.016	
(p	=	0.478)	

0.027±0.012	
(p	=	0.346)	

0.261	 0.853	

4	 0.011±0.004	 0.010±0.003	
(p	=	0.166)	

0.010±0.006	
(p	=	0.496)	

0.010±0.006	
(p	=	0.511)	

0.011±0.005	 0.011±0.004	
(p	=	0.889)	

0.011±0.005	
(p	=	0.885)	

0.010±0.005	
(p	=	0.668)	

0.205	 0.893	

Side	Bridge	
Abduction	

1	 0.049±0.018	 0.045±0.021	
(p	=	0.461)	

0.036±0.014	
(p	=	0.005)†	

0.037±0.019	
(p	=	0.018)†	

0.042±0.019	 0.045±0.021	
(p	=	0.608)	

0.038±0.018	
(p	=	0.382)	

0.035±0.013	
(p	=	0.247)	

0.537	 0.659	

4	 0.020±0.011	 0.016±0.008	
(p	=	0.012)†	

0.015±0.009	
(p	=	0.003)†	

0.015±0.009	
(p	=	0.002)†	

0.014±0.009	 0.011±0.004	
(p	=	0.214)	

0.010±0.004	
(p	=	0.124)	

0.010±0.005	
(p	=	0.132)	

0.048	 0.986	

Front	Plank	
Extension	

1	 0.022±0.009	 0.033±0.015	
(p	=	0.047)†	

0.041±0.025	
(p	=	0.043)†	

0.048±0.025	
(p	=	0.012)†	

0.017±0.009	 0.021±0.011	
(p	=	0.255)	

0.026±0.018	
(p	=	0.165)	

0.030±0.024	
(p	=	0.125)	

1.130	 0.346	

4	 0.008±0.006	 0.008±0.003	 0.010±0.005	 0.011±0.006	 0.009±0.009	 0.008±0.003	 0.009±0.005	 0.009±0.005	 0.383	 0.766	
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(p	=	0.785)	 (p	=	0.383)	 (p	=	0.276)	 (p	=	0.596)	 (p	=	0.904)	 (p	=	0.984)	
Standing	Fire	
Hydrant	

1	 0.021±0.012	 0.031±0.012	
(p	=	0.015)†	

0.035±0.019	
(p	=	0.019)†	

0.035±0.018	
(p	=	0.049)†	

0.017±0.010	 0.035±0.017	
(p	=	0.003)†	

0.051±0.027	
(p	=	0.005)†	

0.028±0.012	
(p	=	0.033)†	

3.312	 0.043*	

4	 0.011±0.010	 0.010±0.005	
(p	=	0.924)	

0.013±0.009	
(p	=	0.585)	

0.014±0.008	
(p	=	0.503)	

0.005±0.003	 0.010±0.007	
(p	=	0.042)†	

0.015±0.009	
(p	=	0.008)†	

0.009±0.004	
(p	=	0.003)†	

2.030	 0.123	

4	Point	Fire	
Hydrant	

1	 0.027±0.019	 0.033±0.018	
(p	=	0.067)	

0.038±0.016	
(p	=	0.022)†	

0.043±0.029	
(p	=	0.029)†	

0.023±0.024	 0.030±0.017	
(p	=	0.271)	

0.038±0.029	
(p	=	0.231)	

0.031±0.024	
(p	=	0.468)	

0.683	 0.566	

4	 0.010±0.012	 0.013±0.014	
(p	=	0.039)†	

0.015±0.018	
(p	=	0.040)†	

0.019±0.020	
(p	=	0.008)†	

0.007±0.004	 0.011±0.007	
(p	=	0.031)†	

0.017±0.014	
(p	=	0.030)†	

0.013±0.011	
(p	=	0.073)	

1.482	 0.240	

Double	Leg	
Squat	

1	 0.024±0.016	 0.016±0.015	
(p	=	0.011)†	

0.015±0.009	
(p	=	0.138)	

0.018±0.018	
(p	=	0.021)†	

0.014±0.006	 0.015±0.005	
(p	=	0.342)	

0.011±0.006	
(p	=	0.229)	

0.011±0.007	
(p	=	0.104)	

1.410	 0.252	

4	 0.006±0.006	 0.003±0.003	
(p	=	0.058)	

0.003±0.002	
(p	=	0.122)	

0.005±0.004	
(p	=	0.608)	

0.007±0.009	 0.004±0.003	
(p	=	0.198)	

0.003±0.002	
(p	=	0.132)	

0.003±0.003	
(p	=	0.107)	

1.205	 0.319	

Backward	
Lunge	
Forward	Lean	

1	 0.021±0.019	 0.022±0.021	
(p	=	0.877)	

0.021±0.013	
(p	=	0.905)	

0.026±0.016	
(p	=	0.089)	

0.019±0.015	 0.016±0.007	
(p	=	0.407)	

0.013±0.005	
(p	=	0.275)	

0.015±0.006	
(p	=	0.284)	

1.076	 0.370	

4	 0.010±0.013	 0.008±0.011	
(p	=	0.274)	

0.006±0.003	
(p	=	0.376)	

0.010±0.014	
(p	=	0.077)	

0.024±0.061	 0.010±0.015	
(p	=	0.402)	

0.007±0.005	
(p	=	0.386)	

0.011±0.021	
(p	=	0.349)	

0.628	 0.601	

Backward	
Lunge	
Rotation	

1	 0.025±0.015	 0.020±0.008	
(p	=	0.296)	

0.023±0.015	
(p	=	0.806)	

0.024±0.019	
(p	=	0.828)	

0.015±0.008	 0.014±0.007	
(p	=	0.619)	

0.016±0.007	
(p	=	0.893)	

0.016±0.009	
(p	=	0.881)	

0.128	 0.943	

4	 0.009±0.010	 0.010±0.009	
(p	=	0.801)	

0.008±0.005	
(p	=	0.505)	

0.011±0.011	
(p	=	0.134)	

0.006±0.002	 0.008±0.004	
(p	=	0.063)	

0.006±0.003	
(p	=	0.775)	

0.008±0.007	
(p	=	0.263)	

0.227	 0.877	

Backward	
Lunge	Side	
Lean	

1	 0.020±0.009	 0.020±0.014	
(p	=	0.843)	

0.017±0.010	
(p	=	0.479)	

0.020±0.015	
(p	=	0.898)	

0.017±0.013	 0.015±0.011	
(p	=	0.737)	

0.013±0.007	
(p	=	0.518)	

0.014±0.011	
(p	=	0.494)	

0.239	 0.869	

4	 0.009±0.004	 0.011±0.008	
(p	=	0.522)	

0.009±0.004	
(p	=	0.882)	

0.009±0.005	
(p	=	0.983)	

0.016±0.024	 0.018±0.035	
(p	=	0.720)	

0.015±0.025	
(p	=	0.739)	

0.013±0.018	
(p	=	0.422)	

0.257	 0.856	

Single	Leg	
Squat	

1	 0.025±0.022	 0.017±0.007	
(p	=	0.278)	

0.019±0.012	
(p	=	0.445)	

0.019±0.012	
(p	=	0.380)	

0.015±0.008	 0.017±0.010	
(p	=	0.360)	

0.015±0.006	
(p	=	0.942)	

0.019±0.010	
(p	=	0.079)	

1.190	 0.322	

4	 0.008±0.007	 0.008±0.008	
(p	=	0.964)	

0.007±0.006	
(p	=	0.460)	

0.007±0.006	
(p	=	0.819)	

0.011±0.011	 0.016±0.024	
(p	=	0.522)	

0.014±0.021	
(p	=	0.440)	

0.013±0.020	
(p	=	0.522)	

0.689	 0.508	

KEY:	^Values	are	mean	peak	amplitudes	±	SD	expressed	as	percent	maximum	voluntary	isometric	contraction.	†Significantly	greater	than	tensor	fascia	lata	(P<.05).		
*Significant	difference	between	symptomatic	and	asymptomatic	groups	–	across	all	muscle	regions.	Rep	Dur	=	Repetition	duration	(seconds)	
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Table	22	-	GTA	Index	and	Ratio	for	both	the	symptomatic	and	asymptomatic	groups	for	each	exercise.		Higher	GTA	Index	indicates	greater	gluteal	amplitude	
relative	to	TFL;	A	lower	GTA	ratio	indicates	greater	gluteal	amplitude	relative	to	TFL	

GTA	Index	 GTA	Ratio	
Symptomatic	 Asymptomatic	 Symptomatic	 Asymptomatic	

SBC	4s		 147.3556	 DLS	1s		 136.207	 SBC	1s		 0.6022	 SFH	4s	 0.6689	
4PFH	4s		 142.1037	 BLSL	1s	 118.4059	 SFH	4s	 0.6119	 4PFH	4s		 0.6728	
SFH	1s		 139.877	 4PFH	4s		 116.4253	 4PFH	4s		 0.6188	 FP	4s		 0.7506	
4PFH	1s	 135.0914	 SFH	1s		 110.9815	 4PFH	1s	 0.6454	 SFH	1s		 0.8026	
SLSQ	1s		 132.5418	 FP	4s		 110.1555	 SFH	1s		 0.6761	 SBC	1s		 0.8155	
BLSL	1s	 131.159	 SLSQ	1s		 109.1173	 BLFL	1s		 0.679	 SLSQ	1s		 0.8197	
SFH	4s	 124.624	 SFH	4s	 105.8257	 FP	4s		 0.6812	 BLSL	1s	 0.8321	

SBHAE	1s		 123.2217	 4PFH	1s	 103.8166	 DLS	1s		 0.6985	 SBC	4s		 0.8684	
SBC	1s		 118.5398	 SBHAE	1s		 101.1206	 SLSQ	1s		 0.6994	 4PFH	1s	 0.8959	
BLSL	4s		 114.9816	 SBC	4s		 87.957	 BLROT	4s		 0.7133	 BLROT	4s		 0.8962	
FP	4s		 110.0672	 FP	1s		 78.3409	 BLFL	4s		 0.7171	 BLFL	4s		 0.8979	
DLS	1s		 109.3733	 SBC	1s		 77.1993	 SBC	4s		 0.7188	 SLSQ	4s		 0.8991	
BLFL	1s		 108.8676	 BLROT	1s		 71.1946	 BLROT	1s		 0.7219	 BLSL	4s		 0.9196	
BLROT	1s		 103.2291	 BLFL	1s		 69.0777	 BLSL	1s	 0.7341	 BLFL	1s		 0.9565	
SPA	1s		 98.197	 BLSL	4s		 68.8352	 BLSL	4s		 0.7371	 BLROT	1s		 0.9647	
FP1s		 95.2437	 SPA	1s		 66.5958	 SLSQ	4s		 0.7766	 SBHAE	1s		 0.9942	

SBHAE	4s		 85.5069	 SPA	4s		 64.024	 DLS	4s		 0.8078	 DLS	1s		 1.0061	
SPA	4s		 85.345	 SLSQ	4s		 61.2848	 SBHAE	1s		 0.8124	 FP	1s		 1.0739	
SLSQ	4s		 84.6025	 BLROT	4s		 60.7137	 SBHAE	4s		 0.9235	 SBHAE	4s		 1.1192	
BLROT	4s		 81.8427	 SBHAE	4s		 59.2131	 FP	1s		 0.9283	 SPA	1s		 1.1295	
BLFL	4	s		 77.0508	 BLFL	4	s		 58.5316	 SPA	4s		 0.9672	 SPA	4s		 1.1974	
DLS	4s		 68.6907	 DLS	4s		 34.3121	 SPA	1s		 0.9841	 DLS	4s		 1.2899	

KEY:		s	=	second;	SBC	=	Side	Bridge	Clam,	4PFH	=	4	Point	Fire	Hydrant,	SFH	=	Standing	Fire	Hydrant,	SLSQ	=	Single	Leg	Squat,	BLSL	=	Backward	Lunge	Side	Lean,	
SBHAE	=	Side	Bridge	Hip	Abduction	Extension,	FP	=	Front	Plank,	DLS	=	Double	Leg	Squat,	BLFL	=	Backward	Lunge	Forward	Lean,	BLROT	=	Backward	Lunge	

Rotation,	SBHAb	=	Side	Bridge	Hip	Abduction.			
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GTA	Index	and	Ratio	(Table	22)		

The	GTA	index	ranged	from	147-69	in	the	symptomatic	group	and	136-34	in	the	

asymptomatic	group.		A	GTA	index	of	over	100,	was	observed	in	fourteen	exercises	in	

the	symptomatic	group	(SBC	4s,	4PFH	4s,	SFH	1s,	4PFH	1s,	SLSQ	1s,	BLSL	1s,	SFH	4s,	

SBHAE	1s,	SBC	1s,	BLSL	4s,	FP	4s,	DLS	1s,	BLFL	1s,	BLROT	1s)	and	in	9	exercises	in	the	

asymptomatic	group	(DLS	1s,	BLSL	1s,	4PFH	4s,	SFH	1s,	FP	4s,	SLS	1s,	SFH	4s,	4PFH	1s,	

SBHAE	1s).			

The	GTA	ratio	ranged	from	0.6-0.98	in	the	symptomatic	group	and	0.67-1.29	in	the	

asymptomatic	group.		The	lower	ratio	indicating	relatively	lower	TFL	mean	peak	

amplitude	to	the	mean	peak	amplitude	of	the	gluteal	muscles,	conversely,	a	higher	

ratio	indicates	a	relatively	higher	TFL	mean	peak	amplitude	compared	to	the	mean	

peak	amplitude	of	the	gluteal	muscles.							

Discussion	

The	overarching	aim	of	this	study	was	to	provide	guidance	to	rehabilitation	therapist	

about	which	‘gluteal’	exercises,	and	variations	of	their	application,	evoke	

neuromuscular	activation	patterns	closely	resembling	those	of	asymptomatic	

individuals.		Nineteen	of	the	22	exercises	showed	no	significant	difference	in	the	EMG	

activity	of	the	TFL	and	gluteal	muscles	between	the	two	groups.		In	only	three	

exercises,	was	a	significant	difference	in	EMG	mean	peak,	integral	or	derivative	

observed	between	individuals	with	and	without	PFP.		Specifically,	SBHAE	1s	and	DLS	4s	

demonstrated	significant	differences	in	mean	peak	amplitudes	whilst	SFH	1s	

demonstrated	significant	difference	in	the	rate	of	rise	to	mean	peak,	between	the	two	

groups.		

The	subsequent	objective	of	the	study	was	to	investigate	the	specific	characteristics	of	

prescribed	exercise	that	are	required	to	achieve	similar	hip	muscle	activation	patterns	

between	groups,	including	the	manipulation	of	‘time	under	tension’	variables	and	

exercise	type	(open	or	closed	kinetic	chain).		This	was	achieved	through	exploration	of	

EMG	mean	peak,	integral	and	derivative	values	for	each	muscle	during	the	different	

exercises.		Evaluation	of	three	differing	activation	parameters	was	used	to	allow	for	
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multi!dimensional!interpretation!of!the!relative!recruitment!patterns!and!interactions!

between!the!muscles!of!the!hip!considered!to!be!influential!in!the!pathogenesis!of!PFP!

(14).!!!Additionally,!the!gluteal!activation!index!and!ratio!were!calculated!to!maximise!

the!clinical!applicability!of!the!findings,!and!allow!for!the!integration!of!the!results!into!

clinically!reasoned!paradigms!of!proximal!rehabilitative!exercise!for!individuals!with!

PFP.!!!

A!possible!limitation!of!this!study!design!is!the!large!number!of!EMG!electrodes!used!

to!capture!electrical!activity!about!the!hip!during!the!assessment!of!each!exercise.!!

Whilst!this!approach!was!adopted!to!capture!the!electrical!activity!in!all!superficial!

muscles!throughout!the!hip!region!during!rehabilitative!exercise,!it!does!significantly!

increase!the!likelihood!of!cross!talk!between!electrodes.!Cross!talk!represents!the!

detection!of!an!action!potential!within!a!defined!region!or!muscle,!which!spreads!or!is!

detected,!away!from!the!particular!region!or!muscle!being!examined.!!Given!the!

widespread!distribution!of!action!potentials!across!muscles,!it!is!our!expectation!that!

the!influence!of!cross!talk!signal!that!has!been!captured!will!equal!out!between!

regions!analysed!(Ref).!!Analysis!using!indices!and!ratios!was!also!adopted!to!further!

mitigate!the!influence!of!cross!talk!in!the!interpretation!of!the!findings.!

Mean$Peak$Amplitude$

The!mean!of!the!maximal!EMG!amplitude!did!not!differ!between!the!symptomatic!and!

asymptomatic!groups!in!20!of!the!22!exercises.!!However,!within!group!differences!of!

greater!gluteal!muscle!mean!peak!amplitudes!compared!to!TFL!were!observed!during!

18!exercises!in!the!symptomatic!group!and!during!4!exercises!in!the!asymptomatic!

group.!!FP!1s,!SFH!1s!&!4s,!and!4PFH!4s!displayed!a!consistent!pattern!of!greater!

gluteal!activation!mean!peak!amplitudes!within!the!two!groups.!!These!findings!would!

indicate!that,!although!signal!amplitude!across!the!EMG!array!was!comparable!

between!groups,!differing!muscle!recruitment!strategies!to!perform!the!same!exercise!

was!evident!in!the!majority!of!exercises!within!the!two!groups.!!In!particular!the!

symptomatic!group!displayed!greater!mean!peak!activation!amplitudes!of!the!gluteal!

muscles!relative!to!TFL!in!14!more!exercises!than!the!asymptomatic!group.!!A!plausible!

hypothesis!for!the!observed!differences!may!be!a!result!of!the!size!principle!of!motor!

recruitment,!whereby!activation!of!larger!motor!units!occurs!as!relative!demand!or!
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fatigue	increases	(201).			Baseline	measures	that	demonstrated	significant	weakness	in	

the	hip	extensors	of	the	symptomatic	group	compared	with	the	asymptomatic	group	

may	be	indicative	of	the	resultant	depolarisation	of	larger	motor	units	needing	to	be	

activated	for	the	same	exercise	to	be	performed	in	the	symptomatic	group.		From	a	

rehabilitative	perspective	large	motor	unit	recruitment	may	not	be	entirely	favourable,	

as	this	may	indicate	the	predominant	activation	of	easily	fatigued	Type	II	muscle	fibres	

but	at	a	lower	load	threshold.		Further	signal	decomposition	to	explore	the	relative	

contribution	of	different	fibre	type	recruitment	could	further	guide	the	specificity	of	

the	exercise	prescription.			Conversely,	the	rehabilitative	benefit	of	an	exercise	that	

induces	larger	motor	unit	activation	is	that	“complete”	motor	unit	recruitment	would	

result	in	an	increase	in	protein	synthesis	whether	through	relative	fatigue	or	high	load	

exercise	conditions	(201).		Muscle	hypertrophy,	often	a	desired	output	following	

rehabilitative	exercise,	requires	the	relative	volume	of	protein	synthesis	to	exceed	

degradation.		It	is	therefore	beneficial	to	provide	rehabilitation	stimuli	that	evoke	an	

upregulation	of	protein	synthesis,	especially	within	a	symptomatic	population	with	

identifiable	muscle	weakness.			

Integral	

None	of	the	22	exercises	differed	in	magnitude	of	integral	between	the	two	groups,	

indicating	the	estimation	of	total	volume	of	work	was	consistent	in	those	with	and	

without	pain.		Control	of	exercise	rate	using	a	metronome	may	be	one	important	

factor	in	consistent	volumes	of	work	as	this	helps	to	standardise	the	muscles	time	

under	tension	(TUT).		Emerging	evidence	indicates	TUT	is	an	important	determinant	in	

the	resultant	muscle	adaptation	following	specific	loading	demand,	and	has	been	

encouraged	to	be	part	of	the	minimum	reporting	standards	following	a	given	exercise	

intervention	(201).		The	exact	TUT,	and	consequently	volume	of	neural	signal,	required	

to	evoke	specific	muscular	change	has	not	been	quantified.		An	absence	of	significant	

difference	between	the	symptomatic	and	asymptomatic	groups	would	indicate	a	

consistent	volume	of	neural	activation	could	be	delivered	irrespective	of	the	presence	

of	pain	or	pathology.		Further	investigation	to	explore	how	differing	volumes	of	neural	

stimuli	affect	muscle	function	would	be	of	significant	clinical	benefit,	as	an	optimal	

loading	dose	to	evoke	specific	adaptations	could	be	qualified.		
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Within	group	analysis	of	activation	pattern	demonstrated	5	exercises	that	had	

significantly	greater	gluteal	activation	integrals	compared	to	TFL	in	both	symptomatic	

and	asymptomatic	individuals.		Specifically,	FP	4s,	SFH	4s,	4PFH	4s,	BLFL	4s	and	BLROT	

4s,	showed	significantly	larger	EMG	integrals	in	the	gluteal	muscles	compared	to	TFL.		

These	patterns	of	activation	indicate	this	group	of	exercises	preferentially	stimulate	

the	gluteal	region	relative	to	TFL,	and	following	a	longer	TUT	the	difference	between	

regions	becomes	significant.		To	our	knowledge	no	previous	study	has	explored	the	

influence	of	TUT	on	hip	muscle	EMG	during	rehabilitative	exercise.		The	results	of	this	

study	identify	a	group	of	exercises	with	similarly	significant	integral	activation	patterns	

between	groups,	an	important	measure	for	quantifying	the	volume	of	neural	

stimulation	for	a	specific	muscle.			

Derivative	

The	EMG	activation	derivative	was	calculated	to	explore	the	comparative	rate	of	rise	

to	mean	peak	amplitude	between	the	two	groups.		Examination	of	the	EMG	signal	

using	only	mean	peak	measures	was	thought	to	under	represent	the	pattern	of	

activation	that	may	have	been	used	to	perform	the	specific	exercise.		Within	the	

activation	time	window,	comparative	maxima	values	may	have	been	observed,	but	the	

profile	of	the	activation	differed	significantly.		Consequently,	the	derivative	was	used	in	

an	attempt	to	add	a	further	dimension	to	the	interpretation	of	activation	pattern,	

allowing	for	an	expression	of	activation	shape.		One	exercise	(SFH	1s)	was	observed	to	

be	significantly	different	in	its	derivative	activation	between	the	symptomatic	and	

asymptomatic	populations.		However,	a	similar	significantly	greater	rate	of	rise	in	the	

gluteal	muscles	compared	to	TFL	was	observed	within	both	groups.		These	findings	

would	indicate	that	the	overall	shape	of	activation	did	differ	across	the	entire	hip	

region,	but	within	each	group,	the	relative	activation	of	the	gluteal	muscles	to	TFL	was	

comparably	dissimilar.		4PFH	4s	was	the	only	exercise	that	was	both	non-significantly	

different	between	groups	but	was	observed	to	have	a	significantly	greater	rate	of	rise	

in	all	three	gluteal	muscles	compared	to	TFL	within	both	groups.			

Index,	Ratio	and	Clinically	Reasoned	Exercise	Prescription		
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Using	methods	described	previously	(182)	the	gluteal-TFL	activation	(GTA)	index	was	

calculated	to	allow	for	easily	comparable	findings	between	studies,	but	also	to	provide	

a	clinically	utilisable	scale	for	exercise	selection	based	on	the	activation	profile	of	the	

exercise.		A	potential	limitation	of	the	scale	however	was	its	bias	towards	the	

amplitude	of	the	signal	over	a	the	ratio	of	activation,	such	that	an	exercise	with	high	

mean	peak	amplitude	would	score	higher	on	the	scale	than	an	exercise	with	low	

amplitude	but	a	high	activation	ratio	in	favour	of	the	gluteal	muscles	relative	to	TFL.		

Consequently,	we	proposed	the	combination	of	both	the	GTA	index	and	the	GTA	ratio.		

The	ratio	is	an	expression	of	activation	pattern	between	the	gluteal	muscles	and	TFL,	

which	is	irrespective	of	the	size	of	the	activation	mean	peak.		The	combined	measures	

allows	for	the	application	of	a	clinically	reasoned	approach	in	the	selection	of	

rehabilitative	exercise.		Should	a	preference	be	towards	both	a	high	mean	peak	

amplitude	in	combination	with	a	favourable	ratio	of	activation	of	the	gluteal	muscles	

relative	to	TFL,	the	clinician	would	select	an	exercise	with	a	high	GTA	index	e.g.	SBC	4s,	

4PFH	4s,	SFH	1s.		If	however,	mean	peak	amplitude	is	considered	less	significant,	for	

example	when	strength	deficits	cannot	be	identified	but	deficits	in	activation	timing	of	

the	gluteals	relative	to	TFL	can,	exercises	with	a	low	GTA	ratio	would	be	selected	e.g.	

SBC	1s,	SFH	4s,	4PFH	4s.			

Conclusion	

Rehabilitation	exercises	directed	at	muscles	of	the	hip	in	individuals	with	PFP	

symptoms,	demonstrate	activation	patterns	that	are	mostly	consistent	with	those	

observed	in	an	asymptomatic	group.			A	significant	difference	was	observed	between	

the	two	groups	in	only	four	exercises,	which	were	both	open	and	closed	kinetic	chain	

and	of	differing	TUT.		A	common	pattern	of		(i)	EMG	mean	peak	activation	was	

observed	during	the	FP	1s,	SFH	1s	&	4s,	and	4PFH	4s	exercises,	(ii)	EMG	integral	was	

observed	during	FP	4s,	SFH	4s,	4PFH	4s,	BLFL	4s	and	BLROT	4s	exercises	and	(iii)	EMG	

derivative	was	observed	during	the	4PFH	4s	exercise.		During	these	exercises	the	

gluteal	region	was	observed	to	be	significantly	different	than	the	TFL	muscle,	a	pattern	

considered	to	be	beneficial	in	the	rehabilitation	of	lower	limb	pathologies	such	as	PFP.		
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The	GTA	index	indicates	that	in	those	with	PFP,	SBC	4s,	4PFH	4s	&	SFH	1s	exercises	

achieve	the	highest	combined	activation	magnitude	and	lowest	Gluteal:TFL	ratio.		The	

GTA	ratio	indicates	SBC	4s,	4PFH	4s	&	SFH	1s	exercises	preferentially	activate	the	

gluteal	muscles	relative	to	TFL.		The	combination	of	these	findings	allows	for	a	clinically	

reasoned	application	of	proximal	rehabilitation	exercise	in	those	with	PFP	symptoms.			
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Chapter	8	

Biomechanically	tailored	interventions	for	patellofemoral	pain	–	a	

randomised	interventional	feasibility	study	

Chapter	8	presents	the	rationale,	design	and	results	of	a	feasibility	study	that	

incorporated	all	the	preceding	components	of	this	thesis.		The	two	groups	into	which	

participants	were	randomly	assigned	received	interventions	of	proven	effectiveness,	

derived	from	Chapter	4,	and	received	targeted	interventions	based	upon	the	

proposed	mechanisms	of	effect	for	in	shoe	orthoses	identified	in	Chapter	6.		All	

participants	were	tested	pre	and	post	intervention	using	the	reliable	clinical	test	

battery	reported	in	Chapter	5.		The	outcomes	of	this	study	were	intended	to	inform	a	

subsequent	effectiveness	trial	that	will	deliver	patient	centered,	tailored	

interventions,	in	addition	to	proposing	possible	mechanisms	for	specific	

interventions	success.		Importantly,	this	study	compared	a	novel	intervention	

approach	against	the	current	gold	standard	of	conservative	management	for	PFP.		

Through	the	development	of	interventions	superior	to	current	best	practice,	it	is	

hoped	that	improved	long-term	outcomes	for	individuals	with	PFP	can	be	achieved.			
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Introduction		

Despite	its	high	prevalence	and	positive	short	term	treatment	outcomes,	80%	of	

individuals	who	complete	a	rehabilitation	programme	for	PFP	still	report	pain,	and	

74%	report	a	reduction	in	physical	activity	at	5	year	follow	up	(189).		The	

insufficiencies	of	conservative	intervention	to	achieve	better	long-term	outcomes	

highlights	the	need	for	more	effective	management	plans	to	be	identified.		With	the	

aetiology	of	PFP	widely	accepted	to	be	multifactorial	(166),	these	poor	long-term	

outcomes	may	well	represent	a	failure	to	address	the	specific	deficits	of	an	individual	

with	PFP,	that	are	contributing	to	its	presence	and	persistence.		It	is	therefore	

plausible	that	tailoring	of	the	treatment	intervention	could	achieve	better	outcomes.		

Within	the	clinical	environment	a	process	of	clinical	reasoning	guides	this	patient	

specific,	tailored	approach,	however	this	process	is	not	easily	reproduced	or	

validated	without	compromising	high	quality	scientific	study	design.		Development	

and	examination	of	a	tailored	treatment	approach,	particularly	within	a	

heterogeneous	patient	population,	is	clearly	warranted	to	guide	clinicians	in	the	

delivery	of	evidence	based	medicine.			

The	biomechanics	of	individuals	with	PFP	has	been	explored	extensively.		Within	the	

current	literature,	proximal,	distal	and	local	deficits	have	been	identified	to	be	

associated	with	the	development	and	maintenance	of	PFP	symptoms.	Prospectively,	

Noehren	et	al.	(151)	reported	significantly	increased	hip	adduction	angles	in	runners	

who	developed	PFP	compared	to	controls	within	a	cohort	followed	over	a	two-year	

period.		These	findings	have	been	partially	confirmed	retrospectively,	with	greater	

hip	adduction	angles	reported	in	individuals	with	a	diagnosis	of	PFP	(18).		In	addition,	

moderate-to-strong	evidence	indicates	PFP	sufferers	demonstrate	delayed	gluteus	

medius	muscle	onset	times	and	reduced	activation	duration	during	functional	tasks	

(13)	offering	a	potential	link	between	hip	muscle	function	and	kinematics.		Distally,	

differing	measures	of	foot	function	have	demonstrated	a	less	consistent	pattern	of	

association	with	PFP	development.		An	increase	in	the	quasi-static	measure	of	

navicular	drop	has	been	identified	as	a	possible	risk	factor	(121),	but	dynamic	

measures	of	foot	function,	including	rearfoot	position	during	running,	have	not	been	
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shown	to	increase	the	risk	of	PFP	development	(151).		Pooled	results	from	two	

studies	that	reported	on	arch	height	index,	also	found	no	association	with	PFP	

development	(121).	However,	retrospectively,	a	more	pronated	foot	posture	in	

relaxed	stance	was	reported	in	individuals	with	PFP	compared	to	controls	(118),	but	

there	is	strong	evidence	of	no	association	between	PFP	and	increased	rearfoot	

eversion	during	running	(146).		The	variability	of	these	results	demonstrates	the	

heterogeneity	of	this	patient	population,	further	emphasising	the	importance	of	

effective	deficit	identification	and	appropriately	targeted	treatment	interventions.			

The	results	of	randomised	controlled	trials	advocate	a	proximal	focused	approach	to	

the	management	of	PFP	(75,	107),	with	proximal	strengthening	prior	to	specific	

quadriceps	exercise	being	reported	to	achieve	greater	short-term	outcomes	than	

quadriceps	exercise	alone	(60).		Furthermore,	a	recent	systematic	review	(160)	

concluded	that	consistent	moderate	to	high	quality	evidence	demonstrates	proximal	

strengthening	programmes	achieve	effective	pain	relief	and	improved	function	in	the	

short	term	compared	with	knee	programmes	that	achieved	only	varied	effects.	

Despite	these	reported	successful	outcomes,	a	lack	of	evidence	correlating	

improvement	in	strength,	kinematics,	and	pain,	demonstrates	an	absence	of	an	

established	effect	mechanism	for	proximal	interventions,	limiting	the	ability	for	the	

intervention	to	be	targeted	at	deficits	it	is	able	to	effect.			

Despite	the	link	between	foot	biomechanics	and	the	development	and	persistence	of	

PFP	being	inconclusive,	interventions	targeting	the	foot,	such	as	foot	orthoses,	have	

reported	successful	outcomes	(44,	134).		The	mechanism	behind	the	success	of	

orthoses	intervention	remains	largely	unknown.		It	has	been	reported	within	

painfree	(111)	and	PFP	populations	(114)	that	a	possible	mechanism	of	effect	may	

result	from	immediate	changes	in	coronal	and	transverse	plane	kinematics	at	the	hip	

and	knee	respectively.		A	dearth	of	literature	exploring	mechanism	for	longer-term	

effects	of	orthoses	intervention	currently	exists.		Given	poor	long-term	treatment	

outcomes	in	individuals	with	PFP,	successful	identification	of	characteristics	which	

are	positively	effected	by	orthoses	interventions	is	required.			

Consequently,	one	could	argue	that	effective	detection	of	biomechanical	deficits	

forms	a	critical	component	to	the	delivery	of	clinically	reasoned	interventions	in	the	
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management	of	PFP.		To	date,	scientific	studies	supporting	the	rationale	for	a	

tailored	intervention	have	not	yet	been	done,	despite	its	reported	commonality	

within	the	clinical	environment	(12).		It	is	important,	therefore,	to	adequately	

examine	the	feasibility	of	delivering	a	complex	multifactorial,	tailored	treatment	

intervention,	prior	to	the	implementation	of	larger	scale	clinical	trial.		The	aims	and	

objectives	of	this	feasibility	study	were	to	(i)	apply	a	quantified	approach	to	

assessment	that	mimicked	clinical	reasoning	to	guide	the	delivery	of	a	tailored	

intervention	for	individuals	with	PFP,	(ii)	test	the	methods	and	procedures	of	

delivering	a	patient	specific	tailored	intervention	to	be	used	on	a	larger	scale	trial,	

(iii)	determine	the	feasibility	of	patient	recruitment	and	retention	within	both	the	

private	and	public	sectors,	(iv)	explore	specific	effects	of	tailored	compared	to	

untailored	intervention	to	inform	design	of	a	larger	scale	trial,	(v)	explore	possible	

effect	mechanisms	of	either	tailored	or	untailored	interventions	on	clinical	

measures,		kinematics	and	electromyographic	variables	after	an	8	week	intervention.			

The	impact	of	this	study	will	be	the	determination	of	feasibility	for	a	laboratory	

based,	biomechanical	assessment,	which	will	inform	the	delivery	of	a	targeted	

treatment	intervention	for	individuals	with	PFP.		Additionally,	this	study	will	test	the	

methods	of	evaluating	both	effects	and	mechanisms	data	for	the	delivered	

intervention.		These	outcomes	will	inform	a	larger	clinical	trial,	designed	to	test	the	

effectiveness	of	a	patient	specific,	targeted	intervention.			

Method	

Testing	was	completed	at	the	Human	Performance	Laboratory	of	Queen	Mary	

University,	London.		Participants	were	recruited	from	two	sites	–	Barts	Health,	

National	Health	Service	(NHS),	Mile	End	Hospital	and	Pure	Sports	Medicine	(PSM),	

London	(Figure	33).		Ethical	approval	for	the	study	was	obtained	through	the	Health	

Research	Authority,	London-Westminster	Research	Ethics	Committee;	REC	reference	

number:	15/LO/1447SSA	reference	number:	15/LO/1694IRAS	project	ID:	145061	

(Appendix	8).		
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Participant	Screening	and	Enrolment	Pathway	

NHS	Pathway	

A	member	of	their	‘usual	care	team’	assessed	patients	referred	to	the	physiotherapy	

service	of	Barts	Health	NHS	Trust,	Mile	End	Hospital.		Following	this	consultation	

within	the	NHS,	patients	where	triaged	onto	the	department	waiting	list.		From	

within	this	list,	records	with	a	diagnosis	of	PFP	were	retrieved.		If	the	

inclusion/exclusion	criteria	were	met,	the	referred	patients	were	informed	of	the	

study	via	a	telephone	call	from	a	member	of	the	clinical	team	and	an	information	

sheet	sent	via	post	with	their	permission.		Verbal	consent	to	participate	in	the	study	

was	obtained	via	a	subsequent	phone	call	made	>24hrs	after	having	received	the	PIS,	

and	an	appointment	made	for	the	participant	to	attend	the	Human	Performance	

Laboratory,	QMUL.		Any	questions	regarding	the	study	were	answered	either	over	

the	phone,	or	at	the	point	of	face-to-face	contact	with	lead	researcher.	Informed	

written	consent	was	obtained	at	the	face-to-face	meeting	in	order	for	the	participant	

to	proceed	into	the	trial.			

Private	Practice	Pathway	

Following	GP	or	self	referral	to	a	Sports	Medicine	Consultant	and	a	diagnosis	of	PFP	

being	made,	individuals	who	met	the	inclusion/exclusion	criteria	where	informed	of	

the	study	and	given	a	patient	information	sheet.		The	participant	was	contacted	via	

email	or	telephone	to	arrange	an	appointment	to	attend	the	Human	Performance	

Laboratory	should	they	wish	to	participate	in	the	study.	Any	questions	regarding	the	

study	were	answered	either	over	the	phone,	via	email,	or	at	the	point	of	face-to-face	

contact	with	lead	researcher.	Informed	written	consent	was	obtained	at	the	face-to-

face	meeting	in	order	for	the	participant	to	proceed	into	the	trial.			
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Figure	33	-	CONSORT	flow	diagram	of	progress	through	phases	of	the	parallel	randomised	feasibility	
trial	

Inclusion	and	Exclusion	Criteria		

Eligibility	for	inclusion	into	the	study	required	participants	to	meet	the	

inclusion/exclusion	criteria	based	on	previous	interventional	RCT’s	(44,	64)	(Table	

23).			

Table	23	-	Inclusion/Exclusion	criteria	

Inclusion	 Exclusion	

Aged	18-40	years	

Insidious	onset	of	symptoms,	present	
for	>6/52	

Pain	aggravated	by	two	or	more	of	the	
following;	

Prolonged	sitting	or	kneeling	

Squatting	

Running	

Stair	ascent	or	descent	

Concomitant	injury/pain	from	the	hip,	
lumbar	spine	or	other	knee	structures	

Previous	knee	surgery	

Patellofemoral	instability	

Intra-articular	pathology	or	Joint	Effusion	

Any	foot	condition	that	precluded	the	
use	of	foot	orthoses	

Physiotherapy	or	foot	orthoses	use	in	the	
preceding	year	

	

Par$cipants	iden$fied	with	diagnosis	of	PFP	at	Mile	End	Hospital,	NHS	(n	=	18	)		

&	Pure	Sports	Medicine	(n	=	11	)	

Par$cipant	Enrolment	into	study	(n	=	10	)			

Randomisa$on	(n	=	10)	

8	week	‘tailored’	Treatment	schedule	(n	=	5)	

Received	allocated	interven$on	(n	=	5)	

8	week	‘untailored’	Treatment	schedule	(n	=	5)	

Received	allocated	interven$on(n	=	5)	

Lost	to	follow	up	(n	=	0)	

Excluded	(n	=	19)	

Did	not	wish	to	par$cipate	(n	=	3	PSM,	4	NHS)	

No	response	to	telephone	call	(n	=	12	NHS)	

Alloca&on	

Enrolment	

Screening	

Follow-Up	

Lost	to	follow	up	(n	=	0)	

Assessed	for	primary	outcome	(n	=	5)	

Assessed	for	secondary	outcomes	(n	=	5	

Assessment	

Assessed	for	primary	outcome	(n	=	5)	

Assessed	for	secondary	outcomes	(n	=	5)	
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Experimental$Protocol$

Upon!agreement!to!participate!in!the!study!and!consent!being!granted,!all!

participants!were!tested!using!a!clinical!test!battery!and!laboratory!based!

biomechanical!assessments.!!The!immediate!kinematic!and!electromyographic!

response!to!a!prefabricated!orthoses!(Figure!35)!was!used!to!determine!the!specific!

intervention!to!be!delivered!within!the!tailored!arm!(Table!24).!!

Schedule$of$Assessment$$

Table!24!–!Schedule!of!assessment!

Assessment!! Screening!! Initial!
Assessment!

On5study!
treatment!
phase!

End!of!
intervention!
8/52!

Follow!
Up!6/12!

History!and!
Physical!

X! ! ! ! !

Height!and!
Weight!!

! X! ! ! !

Pain!and!
Function!
Questionnaires!

! X! ! X! X!

Clinical!
Measures!

! X! ! X! !

Biomechanical!
Measures!

! X! ! X! !

Progress!
monitoring!and!
Physical!

! ! X! ! !

!

Outcome$Measures$

Primary$Endpoint$

The!primary!endpoint!was!3!months!from!the!start!of!patient!recruitment!into!the!

study.!!

Primary$Outcomes$

The!primary!outcome!measurements!were!to!assess!feasibility!after!3!months!

recruitment,!and!included;!(i)!at!least!70%!of!participants!identified!as!eligible!for!
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inclusion!into!the!trial!were!recruited,!(ii)!a!minimum!of!2!patients!per!week!from!

Barts!Health!NHS!Trust,!Mile!End!Hospital!or!Pure!Sports!Medicine!will!be!identified!

for!the!study,!(iii)!the!drop!out!rate!for!participants!who!enter!the!study!and!

complete!the!85week!intervention!programme!and!attending!follow5up!is!not!more!

than!5%.!!

Secondary$Outcomes$(Determinants$of$treatment$effectiveness)$

Pre(and(Post(8(week(treatment(intervention(

Pain(Severity((Appendix(9)(

Horizontal!100mm!visual!analogue!scales!(VAS),!anchored!by!‘no!pain’!(0mm)!and!

worst!pain!imaginable’!(100mm),!were!used!to!measure!usual!and!worst!pain!over!

the!previous!week.!!A!change!in!score!of!15mm!was!considered!a!clinically!

meaningful!change.!

Kujala(Patellofemoral(Score((Appendix(10)(

The!Kujala!Patellofemoral!Score!(KPS)!is!a!135item!questionnaire!categorically!related!

to!symptoms!and!varying!levels!of!current!knee!function,!such!as!ability!to!perform!

stairs,!walk,!run,!jump!and!sit!for!prolonged!periods!(109).!!Each!item!is!weighted!

and!a!total!score!between!05100!is!calculated,!with!higher!scores!representing!

greater!levels!of!function.!!The!minimally!clinically!important!difference!is!8!to!10!

points!according!to!a!database!containing!20!individuals!with!PFP!(52).!!

Orebro(Musculoskeletal(Pain(Questionnaire((Appendix(11)(

The!Orebro!Musculoskeletal!Pain!Questionnaires!(OMPQ)!is!a!screening!

questionnaire!that!uses!23!questions!to!predict!long5term!disability!and!failure!to!

return!to!work!due!to!personal!and!environmental!factors!(124).!!The!OMPQ!score!is!

used!as!a!predictor!of!risk!of!long!term!disability,!with!scores!≤!105!=!low!risk,!1055

130!=!moderate!risk,!and!≥!130!=!high!risk!(124).!!
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Secondary$Outcomes$(Determinants$of$treatment$mechanisms)$

Clinical(Measures(

A!battery!of!clinical!measures!(Table!25)!described!in!detail!in!Chapter!5,!which!have!

been!shown!to!demonstrate!good5to5excellent!intra5!and!inter5rater!reliability!were!

measured.!!

Table!25!5!The!clinical!test!battery!performed!on!all!participants!

!
Biomechanical(Measures(

Kinematics(

During!a!55minute!rest!following!collection!of!clinical!measures,!participants!were!

fitted!with!the!motion!capture!equipment.!!A!modified!Helen5Hayes!marker!protocol!

was!used!(102)!to!place!active!infra5red!markers!bilaterally!over!the!ASIS!and!PSIS!on!

the!pelvis,!lateral!femoral!condyle,!lateral!malleolus,!and!on!the!outside!of!the!shoe!

! Test!Position! Typical!Error!(95%!CI)!

STRENGTH!

Hip!extension!(kg)! Prone! 2.31!(1.38,!3.89)!

Hip!external!rotation!(kg)! Sitting! 2.04!(1.21,!3.42)!

Knee!extension!(kg)! Sitting! 1.80!(1.07,!3.03)!

Ankle!inversion!(kg)! Side!Lying! 1.20!(0.72,!2.02)!

ROM!

Hip!internal!rotation!(˚)! Prone! 3.47!(2.07,!5.83)!

Hip!external!rotation!(˚)! Prone! 4.47!(2.66,!7.52)!

1st!MTPJ!Extension!(˚)! Supine! 4.08!(2.43,!6.85)!

Gastrocnemius!flexibility!(˚)! Standing! 2.84!(1.69,!4.76)!

Soleus!flexibility!(˚)! Standing! 1.98!(1.18,!3.33)!

FOOT!

FPI! Standing! 1.49!(0.88,!2.50)!

Arch!width!difference!(mm)! Standing! 1.71!(1.02,!2.87)!

Navicular!drop!(mm)! Standing! 2.84!(1.69,!4.77)!

Navicular!drift!(mm)! Standing! 2.18!(1.30,!3.66)!

GLOBAL!

SLSq! Standing! 1.11!(0.66,!1.86)!
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in	locations	to	best	represent	the	lateral	calcaneus	and	fifth	metatarsal	head	(Figure	

33).		Marker	clusters	were	placed	on	the	lateral	thigh	and	shank.	Movement	data	

was	captured	using	four	CodaMotion	Cx1	sensor	units	(Charnwood	Dynamics,	

Rotheley,	Leicestershire,	UK)	sampling	at	200Hz.			

Electromyographic	recordings	

Muscle	activity	of	Vastus	Medialis	Oblique	(VMO),	Vastus	Lateralis	(VL),	Gluteus	

Medius	(GMed),	Gluteus	Maximus	(GMax),	Tensor	Fascia	Lata	(TFL)	and	Tibialis	

Posterior	(TP)	of	the	participant’s	affected	leg	was	recorded	using	Trigno	Wireless	

EMG	sensors	(Delsys	Inc,	MA,	USA).		Where	subjects	reported	bilateral	symptoms,	

their	dominant	leg	(determined	by	the	question	–	“which	leg	would	you	kick	a	ball	

with?”)	was	used.		The	subject’s	skin	was	prepared	using	alcohol	wipes	and	shaved	if	

excessive	hair	was	present.		Trigno	sensors	were	placed	over	the	muscles	of	interest,	

parallel	to	the	muscle	fibre	direction,	in	locations	described	by	SENIAM	guidelines	

(73).		The	VMO	electrode	placed	at	80%	of	the	distance	down	the	line	between	the	

anterior	superior	iliac	spine	(ASIS)	and	the	medial	knee	joint	line	just	anterior	to	the	

medial	ligament,	orientated	~55˚	to	the	vertical.		The	VL	electrode	placed	2/3	of	the	

distance	down	the	line	from	the	ASIS	to	the	lateral	patellar	border,	orientated	~15˚	

to	the	vertical.		The	GMed	electrode	placed	halfway	along	the	line	between	iliac	

crest	and	greater	trochanter,	orientated	vertically.	The	GMax	electrode	placed	50%	

on	the	line	between	the	greater	trochanter	and	the	sacral	vertebrae,	orientated	

vertically.		The	TFL	electrode	placed	on	the	line	between	the	anterior	superior	iliac	

spine	to	the	lateral	femoral	condyle	in	the	proximal	1/6.		Surface	EMG	signals	were	

sampled	at	2000Hz,	filtered	between	20	and	450	Hz,	prior	to	export	to	Matlab	

(version	2013b,	Mathworks,	Natwick,	MA,	USA)	for	post-processing.			
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StepOUp(Task((

A! step! up! task! was! performed! pre5! and! post5intervention! (week! 0! and! 8)! during!

which! the! kinematic! and! EMG! recordings! were! taken! (Figure! 33).! ! Participants!

stepped!up!onto!a!Kistler!force!plate!(Type!9281CA,!Kistler!Corporation,!Switzerland)!

mounted!on!a!wooden!step!(combined!height!22cm,!to!be!consistent!with!previous!

studies! exploring! step! up! biomechanics! in! individuals! with! PFP! (111,! 114)),! in!

response!to!a!verbal!command.!!The!symptomatic!leg!was!always!the!lead!leg,!with!

all!participants!performing!up!to!five!practice!trials!to!ensure!the!correct!sequence.!!

Data!was! collected!during! five! repetitions.! ! Participants!wore! standardised!neutral!

footwear!(Asics!Nimbus,!Asics,!Cheshire,!UK)!during!all!test!conditions.!!!!

Final(Outcomes/Endpoint(

Orebro!and!Kujala!scores!obtained!at!6!month!follow!up!

Randomisation(

Participants!were!randomly!assigned!to!either!a!tailored!or!untailored!intervention!

group!after!the!clinical!measures!were!taken.!!Within!the!tailored!treatment!arm,!

based!on!the!immediate!biomechanical!response!to!an!orthoses!(Figure!35)!during!a!

Figure!34!5!A!participant!completing!the!step!up!task!within!the!human!
performance!laboratory,!showing!the!motion5capture!setup!and!EMG!
electrodes!



!

! ! !183!

step!up!task,!participants!were!assigned!to!ONE!of!TWO!different!interventions!–!

either!hip!and!quadriceps!rehabilitation!OR!quadriceps!rehabilitation!and!orthoses.!!

Randomisation!was!performed!in!blocks!of!4.!Consecutively!numbered,!opaque!

envelopes!were!pre5prepared!and!randomly!assigned!by!a!computer5generated!table!

of!random!numbers.!!!

!
Rehabilitation$Protocols

A!schedule!of!intervention!or!treatment!for!each!visit!is!outlined!in!Table!26.!!!!

Table!26!5!Schedule!of!intervention!or!treatment!for!each!visit!

Treatment(visit(schedule(

Timeline!(wks)! 0! 1! 2! 3! 4! 5! 6! 7! 8!

Treatment!visit!number! 1! 2! 3! 4! 5! 6! 7! 8! !

Tailored(Group(

Hip!Quad!combined! !

Teaching!exercises! x! ! ! ! ! ! ! ! !

Checking!exercise!technique! ! x! x! x! x! ! x! ! !

Progression!of!exercises! ! ! x! x! x! ! x! ! !

Discharge!advice! ! ! ! ! ! ! ! ! x!

Quad!Orthoses!combined! !

Fitted!with!orthoses!prescription! x! ! ! ! ! ! ! ! !

Teaching!exercises! x! ! ! ! ! ! ! ! !

Checking!Exercises!technique! ! x! x! x! x! ! x! ! !

Checking!orthoses!fit/comfort! ! x! x! ! ! ! ! ! !

Progression!of!exercises! ! x! x! x! x! ! x! ! !

Discharge!advice! ! ! ! ! ! ! ! ! x!

Untailored(Group(

Fitted!with!orthoses!prescription! x! ! ! ! ! ! ! ! !

Teaching!exercises! x! ! ! ! ! ! ! ! !

Checking!Exercises!technique! ! x! x! x! x! ! x! ! !

Checking!orthoses!fit/comfort! ! x! x! ! ! ! ! ! !

Progression!of!exercises! ! x! x! x! x! ! x! ! !

Discharge!advice! ! ! ! ! ! ! ! ! x!

!
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Orthoses(

Participants!were!prescribed!an!anti5pronating!foot!orthoses!device!if!they!were!

eligible!for!the!orthoses!treatment!in!the!tailored!intervention!arm,!or!if!they!were!in!

the!untailored!intervention!arm!of!the!study.!!A!prefabricated!6˚!varus!posted!

orthoses!(Vasyli!easy!fit,!Vasyli,!Essex,!UK)!(Figure!34),!was!prescribed.!The!device!

was!worn!by!the!participant!throughout!the!8!week!trial!period.!!

!

Figure!35!5!The!prescribed!prefabricated!foot!orthoses!(Vasyli,!UK)!
Exercise(Prescription(

The!exercise!prescription!was!based!upon! rehabilitation!exercise!programmes! that!

have!been!described!in!the!literature!previously!(70,!182).!Those!randomised!to!the!

untailored!treatment!arm!received!both!the!hip!and!quadriceps!programmes.!!Those!

in!the!tailored!arm!received!either!the!hip!or!quadriceps!programme.!!!

Hip(Neuromuscular(and(Strength/Strength(Endurance(Protocol((

A! progressive,! 4! phase! hip! muscle! activation! and! strength/strength! endurance!

protocol!was!followed!(Table!27)(Appendix!16).!!Progression!through!the!phases!was!

determined! by! achievement! of! specific! goals! whilst! good! exercise! technique! was!

maintained.!!
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Table!27!,!The!4!phase,!hip!neuromuscular!and!strength/strength!endurance!protocol!

Phase!1!
Exercise!Name! Load!Magnitude! Sets! Reps! Rest!between!sets! Type! Frequency!(per!wk)! Sup(s)/!Unsup(us)!

Clam! ≤30%!max!effort! 3! 10,45sec! Rest=Work! ISO! 5!days!in!7! 1xper!week!=!s!
4xper!week!=!us!

4PFH! ≤30%!max!effort! 3! 10,45sec! Rest=Work! ISO! 5!days!in!7! 1xper!week!=!s!
4xper!week!=!us!

HABE! ≤30%!max!effort! 3! 10,45sec! Rest=Work! ISO! 5!days!in!7! 1xper!week!=!s!
4xper!week!=!us!

Progression!Criteria!–!When!able!to!maintain!good!position!for!all!three!exercises!for!3x45sec!holds!

SBC! ≤30%!max!effort! 3! 10,45sec! Rest=Work! ISO! 5!days!in!7! 1xper!week!=!s!
4xper!week!=!us!

SBHAE! ≤30%!max!effort! 3! 10,45sec! Rest=Work! ISO! 5!days!in!7! 1xper!week!=!s!
4xper!week!=!us!

Progression!Criteria!–!When!able!to!maintain!good!position!for!all!three!exercises!for!3x45sec!holds!
Phase!2!
SQ! 30,60%!max!effort! 3! 10,45sec! Rest=Work! ISO! 5!days!in!7! 1xper!week!=!s!

4xper!week!=!us!
SSQ! 30,60%!max!effort! 3! 10,45sec! Rest=Work! ISO! 5!days!in!7! 1xper!week!=!s!

4xper!week!=!us!
GWP! 30,60%!max!effort! 3! 10,45sec! Rest=Work! ISO! 5!days!in!7! 1xper!week!=!s!

4xper!week!=!us!
Progression!Criteria!–!When!able!to!maintain!good!position!for!all!three!exercises!for!3x45sec!holds!

SQ+TA! 30,60%!max!effort! 3! 10,45sec! Rest=Work! ISO! 5!days!in!7! 1xper!week!=!s!
4xper!week!=!us!

SFH! 30,60%!max!effort! 3! 10,45sec! Rest=Work! ISO! 5!days!in!7! 1xper!week!=!s!
4xper!week!=!us!

SLSQ! 30,60%!max!effort! 3! 10,45sec! Rest=Work! ISO! 5!days!in!7! 1xper!week!=!s!
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4xper!week!=!us!
CW! 30,60%!max!effort! 3! 10,30!

strides!
Rest=Work! 1s!CON/!

1s!ECC!
5!days!in!7! 1xper!week!=!s!

4xper!week!=!us!
Progression!Criteria!–!When!able!to!maintain!good!position!for!SQ+TA,!SFH!&!SLSQ!exercises!for!3x45sec!holds,!&!CW!3x30!strides!

Phase!3!
SQ+TA! 60,70%!max!effort! 3! 6,12! Rest=2xWork! 3s!CON/!

3s!ECC!
3!days!in!7! 1xper!2!weeks!=!s!

2,3xper!week!=!us!
LUNGE! 60,70%!max!effort! 3! 6,12! Rest=2xWork! 3s!CON/!

3s!ECC!
3!days!in!7! 1xper!2!weeks!=!s!

2,3xper!week!=!us!
RDL! 60,70%!max!effort! 3! 6,12! Rest=2xWork! 3s!CON/!

3s!ECC!
3!days!in!7! 1xper!2!weeks!=!s!

2,3xper!week!=!us!
SFH+SQ! 60,70%!max!effort! 3! 6,12! Rest=2xWork! 3s!CON/!

3s!ECC!
3!days!in!7! 1xper!2!weeks!=!s!

2,3xper!week!=!us!
Progression!Criteria!–!When!able!to!maintain!good!position!for!exercises!during!3x12!reps!at!70%!max!effort!

Phase!4!
RDL! 60,70%!max!effort! 3! 6,12! Rest=2xWork! 3s!CON/!

3s!ECC!
3!days!in!7! 1xper!2!weeks!=!s!

2,3xper!week!=!us!
LUNGE+FTL! 60,70%!max!effort! 3! 6,12! Rest=2xWork! 3s!CON/!

3s!ECC!
3!days!in!7! 1xper!2!weeks!=!s!

2,3xper!week!=!us!
SUSQ! 60,70%!max!effort! 3! 6,12! Rest=2xWork! 3s!CON/!

3s!ECC!
3!days!in!7! 1xper!2!weeks!=!s!

2,3xper!week!=!us!
SD+FTL! 60,70%!max!effort! 3! 6,12! Rest=2xWork! 3s!CON/!

3s!ECC!
3!days!in!7! 1xper!2!weeks!=!s!

2,3xper!week!=!us!
Key:!ISO!=!Isometric,!CON!=!Concentric,!ECC!=!Eccentric,!Sup!=!Supervised,!Unsup!=!Unsupervised,!4PFH!=!4!point!fire!hydrant,!HABE!=!Hip!abduction!
extension,!SBC!=!Side!bridge!clam,!SBHAE!=!Side!bridge!hip!abduction!and!extension,!SQ!=!Squat,!SSQ!=!Surfer!squat,!GWP!=!Gluteal!wall!press,!SQ+TA!=!
Squat!plus!trunk!activation,!SFH!=!Standing!fire!hydrant,!SLSQ!=!Single!leg!squat,!CW!=!Crab!walk,!RDL!=!Romanian!dead!lift,!FTL!=!Forward!trunk!lean,!
SUSQ!=!Sumo!squat!
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Quadriceps+Neuromuscular+and+Strength+Endurance+Protocol+

The!quadriceps!neuromuscular!and!strength/strength!endurance!programme!(Table!

28)(Appendix!16)!utilised!a!modified,!8!week,!protocol!from!a!high!quality,!

multicentre!randomised!control!trial,!and!is!described!below!(70).!!
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Table!28!*!The!8!weeks,!quadriceps!neuromuscular!and!strength/strength!endurance!protocol!

Week!1!
Exercise!Name! Load!Magnitude! Sets! Reps! Rest!between!sets! Type! Frequency!(per!wk)! Sup(s)/!Unsup(us)!
QS! 60*70%!max!effort/!3/10!pain!

maximum!
3! 10! Rest=Work! 3sec!CON/!!

3sec!ECC!
5!days!in!7! 1xper!week!=!s!

4xper!week!=!us!
KE! 60*70%!max!effort/!3/10!pain!

maximum!
3! 10! Rest=Work! 3sec!CON/!!

3sec!ECC!
5!days!in!7! 1xper!week!=!s!

4xper!week!=!us!
DLSQ!(1/4!range)! 60*70%!max!effort/!3/10!pain!

maximum!
3! 10! Rest=Work! 3sec!CON/!!

3sec!ECC!
5!days!in!7! 1xper!week!=!s!

4xper!week!=!us!
Week!2!
QS! 60*70%!max!effort/!3/10!pain!

maximum!
3! 10! Rest=Work! 3sec!CON/!!

3sec!ECC!
5!days!in!7! 1xper!week!=!s!

4xper!week!=!us!
KE! 60*70%!max!effort/!3/10!pain!

maximum!
3! 10! Rest=Work! 3sec!CON/!!

3sec!ECC!
5!days!in!7! 1xper!week!=!s!

4xper!week!=!us!
DLSQ!(1/2!range)! 60*70%!max!effort/!3/10!pain!

maximum!
3! 10! Rest=Work! 3sec!CON/!!

3sec!ECC!
5!days!in!7! 1xper!week!=!s!

4xper!week!=!us!
DLSQ!(1/4!range)! 60*70%!max!effort/!3/10!pain!

maximum!
3! 30sec! Rest=Work! ISO! 5!days!in!7! 1xper!week!=!s!

4xper!week!=!us!
Week!3!
KE! 60*70%!max!effort/!3/10!pain!

maximum!
3! 10! Rest=Work! 3sec!CON/!!

3sec!ECC!
5!days!in!7! 1xper!week!=!s!

4xper!week!=!us!
DLSQ!(1/2!range)! 60*70%!max!effort/!3/10!pain!

maximum!
3! 10! Rest=Work! 3sec!CON/!!

3sec!ECC!
5!days!in!7! 1xper!week!=!s!

4xper!week!=!us!
DLSQ!(1/4!range)! 60*70%!max!effort/!3/10!pain!

maximum!
3! 30sec! Rest=Work! ISO! 5!days!in!7! 1xper!week!=!s!

4xper!week!=!us!
SLSQ!(1/4!range)! 60*70%!max!effort/!3/10!pain!

maximum!
3! 10! Rest=Work! 3sec!CON/!!

3sec!ECC!
5!days!in!7! 1xper!week!=!s!

4xper!week!=!us!
Week!4!
LUNGE!(1/4! 60*70%!max!effort/!3/10!pain! 3! 10! Rest=Work! 3sec!CON/!! 5!days!in!7! 1xper!week!=!s!
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range)! maximum! 3sec!ECC! 4xper!week!=!us!
DLSQ!(1/2!range)! 60*70%!max!effort/!3/10!pain!

maximum!
3! 10! Rest=Work! 3sec!CON/!!

3sec!ECC!
5!days!in!7! 1xper!week!=!s!

4xper!week!=!us!
LSD!(4!inch)! 60*70%!max!effort/!3/10!pain!

maximum!
3! 10! Rest=Work! 3sec!CON/!!

3sec!ECC!
5!days!in!7! 1xper!week!=!s!

4xper!week!=!us!
FSD!(4!inch)! 60*70%!max!effort/!3/10!pain!

maximum!
3! 10! Rest=Work! 3sec!CON/!!

3sec!ECC!
5!days!in!7! 1xper!week!=!s!

4xper!week!=!us!
SLSQ!(1/4!range)! 60*70%!max!effort/!3/10!pain!

maximum!
3! 10! Rest=Work! 3sec!CON/!!

3sec!ECC!
5!days!in!7! 1xper!week!=!s!

4xper!week!=!us!
Weeks!5*6!
LUNGE!(Full!
range)!

60*70%!max!effort! 3! 6*12! Rest=2xWork! 3sec!CON/!!
3sec!ECC!

3!days!in!7! 1xper!2!weeks!=!s!
2*3xper!week!=!us!

DLSQ!(1/2!range)! 60*70%!max!effort! 3! 6*12! Rest=2xWork! 3sec!CON/!!
3sec!ECC!

3!days!in!7! 1xper!2!weeks!=!s!
2*3xper!week!=!us!

LSD!(6*10!inch)! 60*70%!max!effort! 3! 6*12! Rest=2xWork! 3sec!CON/!!
3sec!ECC!

3!days!in!7! 1xper!2!weeks!=!s!
2*3xper!week!=!us!

FSD!(6*10!inch)! 60*70%!max!effort! 3! 6*12! Rest=2xWork! 3sec!CON/!!
3sec!ECC!

3!days!in!7! 1xper!2!weeks!=!s!
2*3xper!week!=!us!

SLSQ!(1/2!range)! 60*70%!max!effort! 3! 6*12! Rest=2xWork! 3sec!CON/!!
3sec!ECC!

3!days!in!7! 1xper!2!weeks!=!s!
2*3xper!week!=!us!

Weeks!7*8!
LUNGE!(Full!
range)!

60*70%!max!effort! 3! 6*12! Rest=2xWork! 3sec!CON/!!
3sec!ECC!

3!days!in!7! 1xper!2!weeks!=!s!
2*3xper!week!=!us!

DLSQ!(1/2!range)! 60*70%!max!effort! 3! 6*12! Rest=2xWork! 3sec!CON/!!
3sec!ECC!

3!days!in!7! 1xper!2!weeks!=!s!
2*3xper!week!=!us!

LSD!(6*10!inch)! 60*70%!max!effort! 3! 6*12! Rest=2xWork! 3sec!CON/!!
3sec!ECC!

3!days!in!7! 1xper!2!weeks!=!s!
2*3xper!week!=!us!

FSD!(6*10!inch)! 60*70%!max!effort! 3! 6*12! Rest=2xWork! 3sec!CON/!!
3sec!ECC!

3!days!in!7! 1xper!2!weeks!=!s!
2*3xper!week!=!us!
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SLSQ!(1/2!range)! 60*70%!max!effort! 3! 6*12! Rest=2xWork! 3sec!CON/!!
3sec!ECC!

3!days!in!7! 1xper!2!weeks!=!s!
2*3xper!week!=!us!

Key:!ISO!=!Isometric,!CON!=!Concentric,!ECC!=!Eccentric,!Sup!=!Supervised,!Unsup!=!Unsupervised,!QS!=!Quadriceps!squeeze,!KE!=!Knee!Extension,!
DLSQ!=!Double!leg!squat,!SLSQ!=!Single!leg!squat,!LSD!=!Lateral!step!down,!FSD!=!Forward!step!down!
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Experimental,Analysis,

Kinematics*and*EMG*

Preparatory!Matlab!programmes!were!used!to!post5process!the!raw!kinematic!and!

EMG!data.!!Kinematic!data!was!up5sampled!from!200Hz!to!2000Hz,!allowing!for!

synchronized!analysis!with!EMG!and!force!data.!!A!rise!of!10N!in!the!force!data!was!

identified!both!visually!and!via!a!computer!algorithm,!to!determine!the!point!of!

initial!contact!(IC)!for!each!step!made!onto!the!force!plate.!!Kinematic!and!EMG!data!

were!extracted!from!within!a!0.5sec!window!either!side!of!IC!for!further!analysis.!!!

Immediate*Interpretation*for*Tailored*Treatment*Prescription*

For!those!randomised!into!the!tailored!treatment!arm,!the!immediate!change!

following!the!addition!of!an!orthoses!(figure!35)!in!coronal!plane!hip,!transverse!

plane!knee!and!gluteus!medius!EMG!activity,!was!used!to!define!the!treatment!

prescription!–!receiving!either!orthoses!and!quadriceps!rehabilitation!OR!proximal!

and!quadriceps!rehabilitation.!!Eligibility!for!entering!into!the!orthoses!group!was!

based!upon!previously!identified!biomechanical!mechanisms!for!orthoses!effects!

(114).!!Specifically,!if!a!reduction!in!peak!hip!adduction!at!0,!100!or!200ms!post!IC,!

reduced!knee!internal!rotation!at!0,!100!or!200ms!post!IC!and!reduced!GMed!peak!

amplitude!within!the!0.5sec!time!window!either!side!of!IC,!was!observed!the!

individual!would!receive!the!orthoses!and!quadriceps!exercise!intervention.!!If!these!

changes!were!not!observed!immediately!following!the!addition!of!the!prefabricated!

orthoses,!the!participant!received!proximal!and!quadriceps!intervention!only.!!!

Assessment*of*Biomechanical*Change*Resulting*from*8?Week*Intervention**

Kinematic!and!EMG!data!analysis!was!completed!at!0!and!8week!time!points.!!

Tailored!and!untailored!group!mean!and!SEM!values!for!kinematic!variables!were!

calculated!and!plotted!for!all!data!points!either!side!of!IC!to!allow!for!visual!

comparison.!!Statistical!analysis!was!performed!at!5200ms,!5100ms,!0,!100ms!and!

200ms!either!side!of!IC,!for!each!plane!of!hip!and!knee!motion!to!capture!the!

preparation!and!execution!phase!of!the!task.!!A!previously!described!algorithm!for!

obtaining!EMG!muscle!onset!was!applied!to!individual!EMG!for!each!step,!for!each!
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muscle	group	(114).		Initially,	an	amplitude	threshold	was	defined	as	the	mean	of	the	

minima	plus	20%	of	the	range	(from	within	the	0.5sec	window	either	side	of	initial	

contact).		Where	the	EMG	signal	exceeded	the	threshold	for	a	duration	>30ms,	

muscle	onset	was	determined.		Onset	locations	were	plotted	on	each	individual	EMG	

trace	within	the	analysis	time	window,	for	each	step,	to	allow	for	visual	confirmation	

of	onset	marking	accuracy.	Peak	EMG	was	obtained	for	each	step,	for	each	muscle.		

Comparisons	between	pre	and	post	intervention	values	were	calculated	for	each	

variable	with	mean	and	SEM	values	for	each	individual	per	muscle	group	extracted	

for	statistical	analysis.			

Statistical	Analysis		

Statistical	analysis	was	performed	on	all	individuals	who	entered	into	the	study,	

using	an	intention	to	treat	model,	where	data	collected	at	each	time	point	is	

available.		Social	Sciences	software	program	(SPSS,	INC.,	Chicago,	IL	(Version	22))	was	

used	for	all	statistical	procedures.		The	two	groups	were	tested	for	comparability	of	

baseline	demographics	(height,	weight,	age,	pain	severity	(usual	VAS)	and	symptom	

duration)	using	unpaired	t-tests.		For	pain	and	function	measures	only,	paired	t-tests	

were	performed	to	evaluate	change	pre	and	post	intervention	for	all	participants,	

from	both	groups.		For	all	dependent	variables,	change	values	(Week	8	minus	

Baseline	values)	were	calculated	and	separate	univariate	ANOVA’s	performed	to	

determine	the	difference	of	group	by	time,	with	baselines	scores	as	covariates.		A	

significance	level	of	P	≤	0.05	was	defined	a	priori.		The	guidelines	(42)	for	interpreting	

the	partial	eta	squared	are:	0.01	to	<0.06	=	small	effect,	0.06	to	<0.14	=	moderate	

effect	and	≥0.14	=	large	effect.	 	

Results	

	Feasibility	Outcomes	at	the	Primary	Endpoint	

Twenty-nine	individuals	with	PFP	where	identified	across	the	two	sites	(11	PSM,	18	

MEH)	over	the	3	month	recruitment	period.		73%	(n=8)	enrolled	in	the	study	from	

PSM,	exceeding	and	11%	(n=2)	enrolled	from	Mile	End	Hospital.		In	total,	

identification	of	potential	participants	exceeded	the	predetermined	criteria	of	2		
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potential	participants	per	week.		All	ten	participants	completed	the	8-week	

intervention,	without	any	dropouts,	5	receiving	tailored	and	5	receiving	an	

untailored	intervention.			

	Secondary	Outcomes	at	the	Primary	Endpoint	

Baseline	Group	comparisons	

No	significant	difference	in	age,	height,	weight,	symptom	duration	or	symptom	

severity	was	observed	at	baseline	between	tailored	and	untailored	groups	(Table	

27).		A	trend	was	observed	between	baseline	Kujala	and	Orebro	scores,	with	the	

tailored	group	displaying	lower	baseline	function	and	greater	risk	of	persistent	pain	

development	(124).			

Table	29	-	Baseline	demographics	(M	=	Male,	F	=	Female,	yrs	=	years,	cm	=	
centimetres,	kg	=	kilograms,	mo	=	months,	UP	=	Usual	pain	(average	pain	over	last	3	
months),	VAS	=	Visual	Analogue	Scale)	
	

Pre-	Post-Intervention	Comparisons		

Combined	values	of	both	groups	showed	worse	and	average	pain	significantly	

decreased	following	the	8	week	intervention	(P	=	0.002	&	P	=	0.009	respectively)	

(Figure	35).	Kujala	scores	at	8	weeks	showed	a	trend	towards	improvement	(P	=	

Demographic	 Tailored	 Untailored	 P	

Sex	 2M:3F	 1M:4F	 	

Age	(yrs)	 29±5.3	 30.6±1.8	 0.54	

Height	(cm)	 174.6±10.9	 167.6±3.9	 0.21	

Weight	(kg)	 71.8±10.0	 66.8±11.5	 0.48	

Symptom	Duration	(mo)	 14.2±12.9	 11.8±10.6	 0.76	

Symptom	Severity	(UP	-	VAS)	 4.8±1.6	 5.6±2.3	 0.54	

Kujala	 65.2±13.9	 79.2±4.9	 0.07	

Orebro	 85.8±14.2	 66.8±13.8	 0.06	
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0.056)	and	a	significant	increase	at	6	months	(P	=	0.01).		Orebro	scores	decreased	

significantly	both	at	8	weeks	and	6	months	post	intervention	(P	=	0.03	&	P	=	0.006	

respectively).			

Group	by	Time	Comparisons	

Symptom	Severity,	Kujala	and	Orebro		

Orebeo	scores	at	8	weeks	showed	a	significant	difference,	of	large	effect,	between	

groups	(f	=	5.511,	μ2	=	0.612,	P	=	0.037*).		Average	symptom	severity	and	6	month	

orebro	scores	showed	a	trend	towards	difference	between	groups	(f	=	4.440,	μ2	=	

0.559,	P	=	0.057	&	f	=	4.480,	μ2	=	0.561,	P	=	0.056	respectively).		No	other	measures	

of	symptom	severity	or	pain	were	different	between	groups	(Figure	35,	Table	28).			

Clinical	Measures		

No	clinical	measures	were	shown	to	be	significantly	different	between	groups	after	

the	8	week	intervention.		Navicular	drift	showed	a	trend,	of	large	effect,	between	

groups	(f	=	4.252,	μ2	=	0.549,	P	=	0.062)	(Figure	36,	Table	28).			

Table	30	-	Shows	the	symptom	severity,	function	and	clinical	measures	differences	
between	groups	after	the	8	week	intervention	

Dependent	Variable	 Difference	of	Group	x	Time	

F	 μ2	 P	

Pain	and	Function	

Worse	Pain	 1.131	 0.244	 0.375	

Average	Pain	 4.440	 0.559	 0.057	

Kujala	 0.939	 0.212	 0.435	

Orebro	 5.511	 0.612	 0.037*	

Kujala	(6months)	 0.841	 0.194	 0.471	

Orebro	(6months)	 4.480	 0.561	 0.056	

Strength	

HipExt	 1.167	 0.250	 0.365	

AnkleInv	 0.567	 0.139	 0.591	

KneeExt	 0.157	 0.043	 0.858	

HipER	 1.874	 0.349	 0.223	
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Range	of	Motion	

HipIR	 0.249	 0.066	 0.786	

HipER	 1.753	 0.334	 0.241	

GastrocLength	 1.501	 0.300	 0.287	

SoleusLength	 1.373	 0.282	 0.314	

1stMTPJ_Ext	 1.057	 0.232	 0.397	

Foot	

FPI	 0.001	 0.000	 0.999	

ArchWidthDiff	 3.101	 0.470	 0.109	

NavicDrift	 4.252	 0.549	 0.062	

NavicularDrop	 1.414	 0.288	 0.305	

	

Figure	36	-	Change	from	baseline	after	8	week	intervention	for	the	clinical	measures	
of	pain	and	function.		Increased	Kujala	demonstrates	improved	function.		Decreased	
Orebro	indicates	reduced	risk	of	chronic	pain.	AvgPain	=	Average	Pain;	6mo	=	6	
months.		
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Figure	37	-	Change	from	baseline	after	8	week	intervention	for	the	clinical	test	
battery	of	biomechanical	measures		

	

Kinematics	

Hip	

Significant	difference	was	observed	in	all	three	planes	of	motion	between	the	two	

groups	after	the	8-week	intervention	(Table	29).		The	change	values	of	coronal,	

sagittal	and	transverse	plane	hip	kinematics,	at	each	time	point	either	side	of	initial	

contact,	are	presented	in	Figures	37,	38	&	39	respectively.			

Table	31	-	Shows	the	kinematic	differences	for	each	plane	of	the	hip	at	each	time	
point	(ms	=	milliseconds)	either	side	of	initial	contact	(IC)	between	groups	after	the	8	
week	intervention	

Dependent	Variable	 Difference	of	Group	x	Time	

Hip	 F	 μ2	 P	

Coronal	Plane	

-200ms	 6.694	 0.222	 0.003*	

-100ms	 2.425	 0.094	 0.099	

IC	 0.524	 0.022	 0.596	
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+100ms	 1.189	 0.048	 0.314	

+200ms	 8.622	 0.268	 0.001*	

Sagittal	Plane	

-200ms	 58.275	 0.713	 <0.001*	

-100ms	 6.876	 0.226	 0.002*	

IC	 8.548	 0.267	 0.001*	

+100ms	 8.921	 0.275	 0.001*	

+200ms	 12.234	 0.342	 <0.001*	

Transverse	Plane	

-200ms	 8.244	 0.260	 0.001*	

-100ms	 10.300	 0.305	 <0.001*	

IC	 5.971	 0.203	 0.005*	

+100ms	 10.823	 0.315	 <0.001*	

+200ms	 19.989	 0.460	 <0.001*	
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Figure	39	-	Coronal	plane	hip	kinematic	change	scores	at	-200ms,	-100ms,	Initial	Contact	(IC),	
+100ms	and	+200ms	following	the	8	week,	tailored	and	untailored,	intervention	

Figure	38	-	Sagittal	plane	hip	kinematic	change	scores	at	-200ms,	-100ms,	Initial	Contact	(IC),	
+100ms	and	+200ms	following	the	8	week,	tailored	and	untailored,	intervention	
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Knee		

Significant	difference	in	knee	kinematics,	between	groups,	was	observed	in	all	planes	

of	motion	following	the	8	week	intervention	(Table	30).		The	change	values	of	

coronal,	sagittal	and	transverse	plane	knee	kinematics,	at	each	time	point	either	side	

of	initial	contact,	are	presented	in	Figures	40,	41	&	42	respectively.			

Table	32	-	Shows	the	kinematic	differences	for	each	plane	of	the	knee	at	each	time	
point	(ms	=	milliseconds)	either	side	of	initial	contact	(IC)	between	groups	after	the	8	
week	intervention	

Dependent	Variable	 Difference	of	Group	x	Time	

Knee	 F	 μ2	 P	

Coronal	Plane	

-200ms	 2.143	 0.084	 0.129	

-100ms	 5.143	 0.168	 0.010*	

IC	 5.146	 0.180	 0.010*	

+100ms	 8.648	 0.269	 0.001*	

+200ms	 11.140	 0.322	 <0.001*	

Sagittal	Plane	

-200ms	 45.475	 0.659	 <0.001*	

Figure	40	-	Transverse	plane	hip	kinematic	change	scores	at	-200ms,	-100ms,	Initial	Contact	(IC),	
+100ms	and	+200ms	following	the	8	week,	tailored	and	untailored,	intervention	
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-100ms	 0.904	 0.037	 0.412	

IC	 15.361	 0.395	 <0.001*	

+100ms	 15.919	 0.404	 <0.001*	

+200ms	 5.411	 0.187	 0.008*	

Transverse	Plane	

-200ms	 9.313	 0.284	 <0.001*	

-100ms	 9.942	 0.297	 <0.001*	

IC	 6.778	 0.224	 0.003*	

+100ms	 5.189	 0.181	 0.009*	

+200ms	 4.427	 0.159	 0.017*	

	

	

	

Figure	41	-	Coronal	plane	knee	kinematic	change	scores	at	-200ms,	-100ms,	Initial	Contact	(IC),	
+100ms	and	+200ms	following	the	8	week,	tailored	and	untailored,	intervention	
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Figure	43	-	Sagittal	plane	knee	kinematic	change	scores	at	-200ms,	-100ms,	Initial	Contact	(IC),	
+100ms	and	+200ms	following	the	8	week,	tailored	and	untailored,	intervention	

Figure	42	-	Transverse	plane	knee	kinematic	change	scores	at	-200ms,	-100ms,	Initial	Contact	
(IC),	+100ms	and	+200ms	following	the	8	week,	tailored	and	untailored,	intervention	

-6.00	

-5.00	

-4.00	

-3.00	

-2.00	

-1.00	

0.00	

1.00	

2.00	

3.00	

4.00	

-200ms	 -100ms	 IC	 +100ms	 +200ms	

Ch
an

ge
	fo

llo
w
in
g	
th
e	
8	
w
ee
k	
in
te
rv
en

2o
n	
(˚
)	-
	F
le
xi
on

	+
ve
	

Sagi;al	Plane	Knee	Kinema2cs	

Tailored	

Untailored	

*	

*	

*	 *	

0.00	

1.00	

2.00	

3.00	

4.00	

5.00	

6.00	

7.00	

8.00	

9.00	

-200ms	 -100ms	 IC	 +100ms	 +200ms	

Ch
an

ge
	fo

llo
w
in
g	
th
e	
8	
w
ee
k	
in
te
rv
en

2o
n	
(˚
)	-
	In

te
rn
al
	

Ro
ta
2o

n	
+v
e	

Transverse	Plane	Knee	Kinema2cs	

Tailored	

Untailored	

*	
*	 *	 *	 *	



	

	 	 	202	

Electromyography		

A	significant	difference,	of	large	effect,	between	groups	was	observed	in	VL	(f	=	

7.004,	μ2	=	0.667,	P	=	0.021),	GMax	(f	=	1159.293,	μ2	=		0.997,	P	=	<0.001)	and	GMed	

(f	=	270.602,	μ2	=		0.987,	P	=	<0.001)	peak	amplitudes	following	the	8	week	

intervention	(Table	31,	Figure	43).		

Table	33	-	Shows	the	difference	in	peak	EMG	amplitudes	of	the	vastus	lateralis	(VL),	
vastus	medialis	oblique	(VMO),	tensor	fascia	lata	(TFL),	gluteal	maximus	(GMax)	and	
gluteus	medius	(GMed)	muscles,	between	groups	after	the	8-week	intervention	

Dependent	Variable	 Difference	of	Group	x	Time	

EMG	Peak	Amplitude	 F	 μ2	 P	

VL	 7.004	 0.667	 0.021*	

VMO	 1.731	 0.331	 0.245	

TFL	 3.801	 0.521	 0.076	

GMax	 1159.293	 0.997	 <0.001*	

GMed	 270.602	 0.987	 <0.001*	
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Figure	44	-	Peak	electromyographic	change	scores	following	the	8	week,	tailored	or	
untailored,	intervention	
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Discussion	

The	primary	aim	of	this	study	was	to	determine	the	feasibility	of	delivering,	

recruiting	and	retaining	individuals	with	PFP	symptoms	into	an	8-week	randomised	

interventional	study.		Participants	were	recruited	from	within	both	the	private	and	

public	(NHS)	healthcare	sectors.		In	the	private	sector,	all	predefined	measures	of	

feasibility	where	achieved	during	the	3	month	recruitment	period.		However,	within	

the	public	sector,	the	number	of	individuals	who	were	willing	to	partake	in	the	study	

was	below	the	70%	conversion	from	identification	to	enrolment.		Across	both	

sectors,	2	or	more	potential	participants,	per	week,	were	identified.	All	enrolled	

participants	completed	the	8-week	intervention	without	adverse	effect	or	incident.			

The	secondary	aim	of	this	study	was	to	explore	specific	effects	of	tailored	compared	

to	untailored	intervention	to	inform	a	larger	scale	trial.		Following	the	8-week	

intervention	differences	in	function,	hip	and	knee	kinematics	and	peak	EMG	

amplitudes	were	observed	between	the	two	groups.		Based	on	the	findings	of	this	

feasibility	trial,	a	subsequent	trial	to	determine	the	effectiveness	of	a	tailored	

intervention	approach	at	modifying	function	(Kujala	Score)	at	6	months	would	

require	30	participants	per	group.					

Feasibility	

Within	the	private	sector	the	study	proved	to	be	feasible,	but	in	the	public	sector	

significant	limitations	in	conversion	from	identification	to	inclusion	were	evident.		

Variability	in	the	recruitment	process	offers	an	explanation	for	the	differences	

observed.		In	the	private	sector	potential	participants	were	introduced	to	the	study	

and	the	information	sheet	given	out	following	the	initial	face-to-face	consultation	

with	a	Consultant	Sports	Physician	or	Specialist	Musculoskeletal	Physiotherapist.	In	

comparison,	the	public	sector	patients	were	informed	of	the	study	by	a	

physiotherapist	over	the	telephone,	and	information	sheets	sent	in	the	post.		The	

differences	between	face	to	face	and	telephone	calls,	to	make	the	initial	introduction	

to	the	study,	may	have	been	critical	to	the	success	of	the	private	recruitment	

process,	with	non-verbal	cues	demonstrated	to	be	an	important	component	of	the	



	

	 	 	204	

recruitment	success	(138).		In	addition,	some	public	healthcare	patients	could	not	be	

contacted	via	the	phone,	and	after	three	attempts,	no	further	attempts	were	made.		

This	accounted	for	15%	of	the	potential	participants	in	the	public	sector,	and	further	

highlights	the	importance	of	optimising	the	patient’s	initial	introduction	to	the	

proposed	trial.			

In	the	private	sector,	the	clinician	introducing	potential	participants	to	the	study	was	

the	same	Consultant	Sports	Physician	or	specialist	Physiotherapist	who	had	assessed	

and	diagnosed	the	patient	at	their	initial	consultation.		A	positive	experience	in	this	

initial	consultation,	and	immediate	trust	achieved	between	the	clinician	and	the	

patient	may	have	further	positively	influenced	the	individual’s	decision	of	whether	to	

partake	in	the	study	or	not.		Future	studies	should	ensure	consistency	of	the	

healthcare	professional	introducing	the	study	to	potential	participants	across	

sectors,	and	that	it	forms	part	of	the	initial	assessment	process,	to	ensure	parity.	

Irrespective	of	the	recruitment	site,	all	participants	who	enrolled	on	the	study	

completed	the	8-week	intervention,	with	the	protocol	followed	consistently,	working	

within	predefined	maximum	pain	levels	(≤3/10	VAS)	and	appropriate	milestones	

used	to	direct	the	progression	through	the	programme.		There	were	no	adverse	

events	during	the	trial,	indicating	the	prescribed	interventions	were	of	an	

appropriate	level	of	intensity	for	this	patient	group.		From	an	exercise	prescription	

perspective,	these	are	important	findings,	as	the	prescribed	exercise	programme	got	

participants	working	at	a	level	of	60-70%	maximum	effort,	in	an	attempt	to	achieve	

strength	gains	(1).		Previous	studies	rehabilitating	individuals	with	PFP	have	not	

tended	to	work	to	this	level	of	intensity,	and	have	consequently	only	worked	at	a	

level	to	evoke	neuromuscular	or	strength	endurance	changes	(112).		It	is	possible	

that	this	failure	to	load	individuals	sufficiently	during	their	rehabilitation	programme	

also	results	in	poor	long-term	treatment	outcomes.		The	adherence	of	individuals	to	

a	higher	intensity	programme	during	this	study	indicates	that	it	is	safe	so	long	as	

progressions	are	made	when	milestones	are	being	achieved	and	that	participants	

work	to	either	the	prescribed	intensity	or	pain	levels.			
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Optimisation!of!the!recruitment!process,!including!introducing!the!study!through!

face5to5face!consultations!by!the!Medical!Consultant!or!specialist!physiotherapist!

who!has!assessed!the!patient,!subsequently!communicating!through!a!patient!

specified!communication!mode!and!not!introducing!the!study!solely!via!a!telephone!

conversation,!would!very!likely!increase!the!feasibility!of!the!study!across!both!the!

public!and!private!sectors.!!Currently,!it!would!appear!feasible!to!run!this!study!

within!the!private!sector,!with!easily!achievable!modifications!likely!to!make!it!

feasible!within!the!public!sector.!!!

The!economic!feasibility!of!this!tailoring!approach!was!not!evaluated!within!this!

study,!however,!it!is!considered!essential!that!to!ensure!widespread!application!of!

this!tailored!intervention!–!should!it!be!shown!to!have!superior!effectiveness!than!an!

untailored!intervention!–!will!need!to!be!easily!replicated!within!the!clinical!setting!

without!the!need!for!complex!laboratory!based!testing.!!Consequently,!a!subsequent!

study!is!required!to!evaluate!the!ability!of!the!clinical!test!battery!to!predict!the!

laboratory5defined!immediate!response!to!an!orthoses,!which!can!be!used!to!guide!

the!tailored!intervention!prescription.!!!

Effects,and,Mechanisms,

Consistent!with!current!evidence,!this!study!found!that!the!delivery!of!a!treatment!

intervention!that!includes!either!a!combined!proximal,!distal!and!local!treatment!

programme!(46),!orthoses!(21,!134)!or!proximal!rehabilitation!(112,!206)!exercise!

prescription,!reduces!symptom!severity!and!improves!function!in!individuals!with!

PFP.!!A!limitation!of!this!intervention,!however,!was!the!absence!of!formal!

monitoring!for!compliance!to!the!protocol!and!should!be!addressed!in!a!subsequent!

trial!design.!!Potential!mechanisms!of!effect!were!investigated!within!this!study,!

although!underpowered!to!be!conclusive,!to!give!an!indication!of!the!proposed!

analysis!in!a!subsequent!trial.!!Using!preparatory!analysis!software,!which!will!be!

developed!further!prior!to!publication!and!trial!analysis,!biomechanical!changes!

between!those!receiving!a!tailored!in!comparison!to!an!untailored!intervention!was!

observed.!!Specifically,!differences!in!the!kinematics!of!both!the!hip!and!knee!in!all!

planes,!and!EMG!peak!amplitudes!of!the!VL,!GMed!and!GMax!were!seen.!!These!
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observed	differences	indicate	that	the	mechanism	through	which	the	different	

treatment	approaches	have	their	effect	also	differs.		Within	a	subsequent	

effectiveness	study	powered	to	determine	change	in	function	(Kujala	scores	at	6	

months),	further	exploration	of	effect	mechanisms	could	offer	important	insight	into	

changes	of	dependent	variables	that	correlate	with	a	functional	improvement.		A	

robust	understanding	of	the	biomechanical	changes	that	occur	in	those	with	

functional	improvement	represents	an	in	depth	understanding	for	the	delivery	of	

tailored	intervention.		

Subsequent	Trial	Design	

A	two	arm	interventional	trial	design	was	adopted	to	investigate	the	secondary	aims	

of	the	study	and	to	assist	in	the	development	of	a	subsequent	effectiveness	trial	(i)	

the	effect	of	delivering	a	tailored	treatment	intervention	using	immediate	

biomechanical	change	to	a	prefabricated	foot	orthoses	as	the	method	of	treatment	

type	(proximal	or	distal)	allocation	(ii)	the	comparative	effectiveness	of	individuals	

with	PFP	receiving	a	tailored	or	untailored	intervention.		It	was	the	alternate	

hypothesis	of	this	study,	that	those	who	received	a	tailored	intervention,	specific	to	

their	immediate	biomechanical	response	to	the	orthoses,	would	achieve	a	better	

outcome	in	comparison	to	a	treatment	protocol	that	incorporated	all	treatments	

(Orthoses,	Quads	and	Gluteal	exercises).		Additionally,	a	battery	of	clinical	measures	

was	collected	at	both	the	0	and	8-week	time	points.		These	were	recorded	to	

maximise	the	clinical	applicability	of	the	study	findings,	exploring	the	magnitude	with	

which	rehabilitative	and	adjunctive	interventions	effect	these	specific	measures.		The	

premise	of	this	investigation	was	that	long	term	outcomes	following	conservative	

management	are	poor	(45,	149),	potentially	due	to	a	primary	biomechanical	deficit	

not	being	identified	and	subsequently	addressed.		Furthermore,	individuals	were	

receiving	aspects	of	multi-modal	physiotherapy	that	were	not	indicated,	potentially	

impacting	on	patient	compliance	and	that	some	aspects	of	the	treatment	may	be	

negatively	impacting	on	those	that	were	having	a	positive	effect.		At	present	it	is	

unknown	whether	treatment	approaches	are	deleterious	of	one	another	if	a	specific	

deficit	that	the	intervention	is	trying	to	effect	is	not	present	in	that	individual.		A	
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subsequent!clinical!trial!design!informed!by!this!feasibility!study!would!aim!to!fill!this!

knowledge!gap,!utilising!a!multi5model!intervention!group!as!a!control!–!helping!to!

identify!the!possible!deleterious!effects!of!an!individual!receiving!an!all!

encompassing!intervention!and!also!serving!as!a!gold!standard!upon!which!to!make!

a!comparison!of!effectiveness!–!and!a!treatment!arm!using!a!targeted!treatment!

protocol!as!the!comparative!group.!!The!primary!aim!of!a!subsequent!study!would!be!

to!investigate!the!effectiveness!of!delivering!a!tailored!treatment!intervention!on!

changing!function,!at!6!months,!in!individuals!with!PFP.!!Post!hoc!sample!size!

calculations,!based!on!mean!change!scores!for!65month!Kujala!scores!from!both!the!

tailored!and!untailored!groups,!indicate!that!28!individuals!per!group!are!required!

for!a!β of!0.8,!α!of!5%.!!!To!allow!for!a!5%!drop!out,!30!participants!per!group!should!
be!recruited.!!Secondary!outcomes!of!this!study!will!be!laboratory!measures!

obtained!pre5!and!post5intervention!that!capture!kinematic!and!EMG!measures!will!

be!incorporated!to!explore!the!mechanisms!of!effect!for!these!interventions!and!

further!the!specificity!of!the!intervention!to!the!individuals!need.!!!

Conclusion*

A!randomised!interventional!trial!exploring!the!effects!and!mechanisms!of!a!tailored!

and!untailored!treatment!intervention!is!feasible!within!the!private!sector.!!

Following!specific!suggestions!of!this!feasibility!study,!including!face5to5face!

recruitment!at!the!initial!consultation!and!subsequent!contact!via!a!participant!

specified!mode,!it!is!probable!that!this!study!would!be!feasible!within!the!public!

sector.!!The!method!of!intervention!delivery,!as!outlined!in!the!study,!is!safe!and!did!

not!result!in!adverse!reaction!or!incident.!!A!subsequent!trial,!of!30!participants!per!

group,!is!required!to!accurately!capture!the!comparative!effects!of!the!two!

treatment!arms!on!function!at!6!month!follow!up.!!!
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Chapter	9		

Conclusion	

Patellofemoral	pain	is	a	complex,	multifactorial,	musculoskeletal	pain	complaint	(45,	

63).		Individuals	with	PFP	commonly	present	with	altered	lower	limb	biomechanics	

(117)	and	despite	effective	conservative	interventions	having	been	identified	for	the	

short	term	(12),	long	term	outcomes	are	poor	(122,	149,	189).		To	achieve	better	

outcomes	patient-centred	and	deficit-targeted	interventions	have	been	advocated	

(54).		An	improved	understanding	of	effect	mechanisms	is	required	to	guide	the	

delivery	of	targeted	treatment.		This	thesis	investigated	the	interaction	of	hip	and	

foot	biomechanics	in	the	presentation	and	management	of	patellofemoral	pain	using	

studies	that	identified	effective	treatment	interventions	and	investigated	potential	

mechanisms	of	their	effects	(110,	112,	113).			

The	first	two	aims	of	this	thesis	centred	around	the	identification	of	clinically	

applicable	measures	that	could	be	predictive	of	conservative	management	success	

and	the	development	of	a	reliable	battery	of	clinical	measures	that	were	proposed	to	

evaluate	specific	biomechanical	variables	that	could	inform	the	delivery	of	a	tailored	

treatment	approach.		Figure	45	shows	studies	that	where	completed	to	test	these	

two	aims,	and	inform	the	final	stage	feasibility	trial.			

Consensus	of	world	leading	researchers	in	PFP	and	an	international	group,	who	have	

defined	research	priorities	for	non-pharmacological	management	of	musculoskeletal	

problems,	identified	the	need	for	future	studies	to	investigate	the	effectiveness	of	

delivering	targeted	treatment	to	specific	patient	subgroups	(54,	72).		The	

prioritisation	of	this	research	direction	being	driven	by	established	poor	long-	term	

treatment	outcomes,	and	the	heterogeneity	of	individuals	presenting	with	common	

musculoskeletal	complaints.		Research	to	identify	subgroups	specifically	within	PFP	

populations	has	been	completed	(180)	but	is	currently	in	the	derivation	stages	of	

development.		Using	systematic	review	and	meta-analysis	methodologies	within	this	

thesis,	synthesis	of	the	available	evidence	investigating	outcome	prediction	following	
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conservative	management	for	PFP,	demonstrated	a	large	number	of	predictors	have	

been	examined.		All	measures	that	were	indicative	of	outcome	prediction	were	at	a	

derivation	stage,	having	not	been	prospectively	tested	within	either	a	randomised	

controlled	clinical	trial	or	other	appropriate	study	design.			

Differentiation	between	predictors	of	outcome	and	prognostic	factors	represents	a	

significant	limitation	for	derivation	predictor	studies.		A	multicentre	observational	

study	assessment	of	prognostic	factors,	completed	in	2013,	provides	an	important	

comparator	for	the	predictors	of	outcome	that	have	been	reported	within	the	

literature	(45).	As	one	example,	relating	to	pain	severity,	our	systematic	review	

identified	higher	functional	index	questionnaire	scores	(215)	and	a	trend	towards	

less	‘usual’	and	less	‘worst’	pain	[19,	20]	predicted	orthoses	intervention	success.		

Similarly,	following	exercise	intervention,	shorter	symptom	duration	[27]	and	lower	

frequency	of	pain	(155)	predicted	better	outcomes.	When	these	findings	were	

compared	to	the	multicentre	PFP	prognostic	study,	which	showed	symptom	duration	

over	2	months	and	Anterior	Knee	Pain	Scale	score	less	than	70/100	(more	severe	

symptoms)	predicted	poor	outcomes	(45),	the	findings	from	our	review	are	unable	

to	differentiate	between	pain	variables	as	prognostic	factors,	rather	than	predictors	

of	success	following	orthoses	or	exercise	interventions.	Of	interest,	higher	pain	

severity	at	baseline	and	longer	pain	duration	has	also	shown	association	with	poor	

prognosis	in	other	musculoskeletal	pain	conditions	(126).		Consequently,	it	is	

imperative	that	future	studies	use	appropriate	prospective	designs	to	allow	for	

differentiation	between	prognosis	and	prediction;	ensuring	specific	interventions	are	

prescribed	based	on	assessment	findings	and	their	ability	to	positively	effect	

outcome.		

With	appropriate	caution,	predictors	of	treatment	outcome	were	reported	to	

support	a	clinically	reasoned	implementation	of	a	prescribed	treatment	approach.		It	

was	concluded	that	within	a	complex	heterogeneous	group,	such	as	those	diagnosed	

with	PFP,	single	predictors	might	be	insufficiently	sensitive	to	identify	individuals	

likely	to	experience	a	positive	outcome	following	a	specific	conservative	

intervention.		This	conclusion	provided	the	rationale	for	the	development	of	a	
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reliable	battery	of	clinical	tests	to	further	inform	this	tailored	approach	to	

conservative	management.			

Reliability	of	individual	clinical	measures	that	can	be	considered	relevant	in	the	

assessment	of	individuals	with	PFP,	including	assessment	of	strength	(125),	foot	

posture	(173),	and	joint	range	(79),	have	been	identified	within	the	existing	

literature.		However,	the	reliability	of	a	battery	of	clinical	measures	that	is	reflective	

of	clinical	practice,	and	is	commonly	used	to	tailor	management	to	the	individual	

patient,	has	not	been	tested	within	the	current	literature.		

The	reliability	study	demonstrated	measures	of	peak	strength	that	had	good	

reliability	including	hip	extension,	external	rotation,	knee	extension	and	ankle	

inversion.		The	muscle	groups	tested	act	as	antagonists	to	adverse	movement	

patterns	commonly	associated	with	PFP,	namely	increased	hip	adduction,	internal	

rotation	and	rear	foot	eversion	(10,	147,	151).	The	clinical	insight	afforded	by	good	

reliability	in	these	specific	measures,	when	managing	individuals	with	PFP,	is	

subsequently	high.		Whilst	existing	evidence	is	inconclusive	that,	in	particular,	

changes	in	hip	strength	result	in	significant	kinematic	change,	strength	gains	have	

been	reported	in	individuals	who	have	improved	symptoms	following	a	proximal	

rehabilitation	intervention	(112).	The	ability	of	the	clinician	to	reliably	measure	

strength	change	can	therefore	serve	to	inform	the	intervention	prescription	and	

enhance	tailored	rehabilitation.	Furthermore,	four	measures	of	static	and	quasi-

static	foot	posture	(FPI,	arch	width	difference,	navicular	drop	and	drift)	were	shown	

to	demonstrate	good	reliability	and	were	subsequently	included	in	the	test	battery.		

FPI	as	a	descriptor	of	foot	posture	has	consistently	been	reported	to	demonstrate	

good	levels	of	reliability,	however,	its	ability	to	predict	dynamic	function	remains	

inconclusive	within	the	current	literature	(34,	35,	116).			Specific	biomechanical	

variables	linked	with	the	development	and	presence	of	PFP	symptoms	have	been	

reported	to	affect	static	positions	or	postures	(84,	117,	164,	223).	The	way	in	which	

an	individual	is	statically	positioned	is	likely	to	influence	their	movement	strategy	

and	symptoms.		Static	measures,	in	contrast	to	dynamic	function	assessment	tools,	

are	often	more	easily	applied	within	the	clinical	setting,	seldom	require	expensive	
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equipment,	can	be	interpreted	immediately	and	are	not	time	consuming.		It	is	

plausible	that	this	rationale	created	a	space	for	quasi-static	measures,	such	as	arch	

width	difference,	navicular	drop	and	drift.		These	measures,	in	particular,	have	been	

reported	to	help	guide	orthoses	interventions	(134)	and	are	associated	with	PFP	

development	(147).		This	collective	test	battery	provides	a	comprehensive	clinical	

evaluation,	both	proximal	and	distal	to	the	PFJ,	which	can	be	applied	within	future	

studies	to	investigate	their	utility	as	prognostic	or	predictive	factors.				

Figure	45	–	Demonstrates	the	two	studies	(Outcome	Predictors	Systematic	Review	(Chapter	3)	and	
Clinical	Measures	Reliability	Study	(Chapter	5))	completed	within	stream	one	of	the	PhD	thesis,	for	
testing	of	hypothesis	1	&	2,	and	which	fed	into	the	feasibility	trial	(Chapter	8).		

Rehabilitative	exercise	forms	a	core	component	of	conservative	PFP	management,	

and	when	integrated	into	a	multimodel	physiotherapy	treatment	approach,	

represents	the	treatment	approach	with	the	strongest	evidence	base	(50,	54).		

Growing	evidence	for	impaired	proximal	muscle	strength	(118,	167,	170)	and	

function,(14)	combined	with	links	between	hip	mechanics	and	increased	risk	of	

PFP,(32,	151)	has	resulted	in	promotion	of	rehabilitation	aimed	at	addressing	

impairments	in	proximal	musculature	(163).	Our	recent	mixed	methods	study	of	

international	experts’	clinical	reasoning	when	managing	PFP	supported	this	

Stream	1	
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recommendation,	but	a	lack	of	supporting	level-one	evidence	was	also	identified	

(28).	Subsequently,	two	further	studies	(Figure	46)(Chapters	4	&	6),	which	

investigated	exercise	prescription	for	managing	PFP,	were	used	to	test	the	third	and	

fourth	hypotheses	of	this	thesis.	Synthesis	of	the	current	evidence	for	proximal	

rehabilitation	in	individuals	with	PFP	identified	positive	effects	on	pain	and	function,	

plus	the	analysis	of	effect	mechanisms.		

The	review	findings	indicated	that	a	combined	proximal	and	quadriceps	

rehabilitation	protocol	using	both	OKC	and	CKC	exercises	results	in	superior	short	

term	outcomes	of	pain	reduction	when	compared	to	CKC	quadriceps	rehabilitation	

alone.		An	important	consideration	when	interpreting	these	findings	is	that	the	CKC	

quadriceps	exercises	adopted	within	the	three	equivocal	studies	(24,	38,	40)	would	

also	facilitate	activation	of	proximal	musculature	and	as	such	could	also	be	

considered	a	combined	proximal	and	quadriceps	intervention.	A	similar	story	

emerges	when	comparing	proximal	and	quadriceps	rehabilitation.	Specifically,	within	

a	pooled	group	of	heterogeneous	studies	that	evaluated	proximal	compared	with	

quadriceps	rehabilitation,	a	large	multi-centre	trial	that	compared	an	OKC	proximal	

to	a	CKC	quadriceps	protocol	demonstrated	no	significant	differences	in	pain	

reduction	between	groups,	but	reported	significant	pain	reduction	within	both	

groups	in	the	short	term	(70).	Adding	proximal	rehabilitation	to	quadriceps	appears	

to	offer	the	most	favourable	short-term	outcome,	however,	it	is	clear	that	further	

research	to	identify	the	most	effective	rehabilitation	programme	design	is	required	

to	maximise	effectiveness.		

Given	the	primary	goal	of	PFP	treatment	is	often	pain	reduction,	utilising	exercise	

parameters	that	do	not	aggravate	symptoms	is	important.		Consequently,	utilising	

OKC	exercises	in	the	short	term	or	CKC	exercises	within	finite	pain	limits	throughout	

the	rehabilitation	process	is	advocated	within	the	current	evidence	(6,	58,	74).		It	is	

unclear	at	present	whether	these	parameters	are	essential	for	a	successful	outcome,	

with	further	research	required	to	determine	the	most	effective	protocol	design.		

The	strength	of	these	findings	informed	the	subsequent	rehabilitative	component	of	

the	feasibility	trial	(Chapter	8),	such	that	the	proximal	rehabilitation	group	of	the	
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tailored	arm,	and	the	untailored	arm	received	both	proximal	and	quadriceps	

exercises.		

The	limited	understanding	for	the	mechanism	of	effect,	for	the	exercise	

interventions	described	within	the	included	studies,	provide	rationale	for	an	

investigation	into	the	activation	pattern	exhibited	during	proximal	rehabilitation	

exercise	in	those	with	PFP.		Without	a	clear	understanding	of	mechanism,	it	is	not	

possible	for	clinicians	to	accurately	tailor	interventions	to	an	individual’s	identified	

deficits.		Electromyographic	examination	of	rehabilitation	exercise	has	been	

reviewed	previously,	however,	these	studies	have	not	been	completed	in	individuals	

with	knee	symptoms	(174).		The	subsequent	gluteal	mapping	study	(Chapter	7)	

aimed	to	investigate	which	group	of	neuromuscular	exercises,	directed	at	the	hip,	

demonstrated	patterns	of	activation	consistent	with	asymptomatic	individuals.		This	

study	reported	that	many	neuromuscular	rehabilitation	exercises	directed	at	the	hip	

were	similar	in	those	with	pain	compared	to	those	without.		Additionally,	the	study	

identified	patterns	of	muscular	activation,	during	specific	exercises,	which	

preferentially	activated	the	gluteal	region	compared	with	TFL.		It	was	concluded	that	

this	could	be	of	significant	benefit	in	PFP	populations	in	whom	level	one	evidence	

has	identified	gluteal	activation	delay	and	shorter	activation	duration	during	

functional	tasks	(14).		Identification	of	this	group	of	exercises	within	a	symptomatic	

population	is	novel,	and	of	significant	importance	for	prescribing	neuromuscular	

exercises	to	patients	with	PFP.		However,	subsequent	work	is	required	to	identify	in	

which	group	of	patients	are	these	specific	exercises	likely	to	evoke	neuromuscular	

change	that	results	in	improved	pain	and	function.				
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Figure	46	-	Demonstrates	the	additional	two	studies	(Proximal	Rehabilitation	Systematic	Review	
(Chapter	4)	and	Gluteal	Mapping	Case	Control	Study	(Chapter	6))	completed	within	stream	two	of	the	
PhD	thesis,	for	testing	of	hypothesis	3	&	4,	and	which	fed	into	the	feasibility	trial	(Chapter	8).	

Distal	interventions	have	been	consistently	reported	to	be	effective	in	the	short-term	

management	of	individuals	with	PFP	(12,	25,	54,	134),	however	the	mechanism	of	

their	effect	was	unknown	(25,	132).		To	improve	the	accuracy	of	targeted	

intervention	using	in-shoe	orthoses,	it	was	concluded	that	the	mechanism	of	effect	

in	individuals	with	PFP	needed	to	be	better	understood.		Figure	46	presents	the	

observational	study	completed	within	a	symptomatic	cohort	that	explored	the	

immediate	biomechanical	effect	mechanisms	of	in-shoe	orthoses.		

The	observational	study	evaluated	the	effects	of	anti-pronating	foot	orthoses	

(APFOS)	on	hip	and	knee	kinematics,	and	electromyography	during	a	functional	step	

up	task	in	individuals	with	PFP.	A	reduction	in	knee	internal	rotation	and	hip	

adduction,	and	a	reduction	in	GMed	amplitude	in	the	APFOS	condition	was	

observed.	These	biomechanical	changes	may	offer	potential	mechanisms	to	

underpin	reported	APFOS	effectiveness	in	individuals	with	PFP	(44,	68,	134).	
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Findings	from	our	study	did	contrast	with	previous	research	that	reported	no	

immediate	change	in	lower	limb	kinematics	or	EMG	activity	with	varying	density	

orthoses	in	individuals	with	PFP	(135),	the	explanation	likely	being	the	differing	tasks	

evaluated.		In	the	current	study	individuals	performed	a	step	up	task	rather	than	a	

running	task	(135).		Biomechanical	changes	are	particularly	pertinent	during	this	task	

given	reported	neuromuscular	(13)	and	kinematic	(118)	deficits	identified	within	PFP	

populations.		Additionally,	stair	stepping	is	commonly	cited	as	a	clinically	relevant	

pain	provoking	activity	(109).			

The	sequential	pattern	of	knee	transverse	plane	followed	by	hip	coronal	plane	

modification	observed	in	this	study	in	part	validates	the	theoretical	mechanism	of	

orthoses	effect	described	previously	(199).		This	theoretical	paradigm	proposes	that	

a	reduction	in	rear	foot	pronation	duration	results	in	less	internal	tibial	rotation	and	

consequently	less	compensatory	femoral	internal	rotation	(199).		Although	no	

significant	changes	were	observed	in	hip	transverse	plane	kinematics,	the	significant	

reduction	in	knee	internal	rotation	and	hip	adduction	evident	with	the	APFOS	(Figure	

3)	potentially	demonstrates	changes	evoked	through	distal	kinematic	change.	

Collection	of	rearfoot	motion	capture	in	future	studies	could	further	validate	this	

kinetic	chain	mechanism.		

The	significant	reduction	in	GMed	peak	amplitude	observed	is	in	contrast	to	a	

reported	increase	(89)	and	no	change	(135)	in	peak	amplitude	resulting	from	

orthoses	prescription	previously	described	in	a	different	task.		Hertel	et	al.	(89)	had	

asymptomatic	individuals	performing	a	maximal	single	leg	squat	activity	in	different	

orthoses	conditions,	and	Mills	et	al.	(135)	determined	peak	amplitude	values	in	a	

symptomatic	population	during	running.		Both	of	these	activities	are	in	contrast	with	

the	repeated	step	up	task	that	our	symptomatic	participants	performed	which	may	

explain	the	differences	observed.	The	reduction	in	GMed	amplitude	during	the	lesser	

demanding	activity	of	stepping	may	be	suggestive	of	this	muscle	having	to	be	less	

active	to	achieve	the	same	or	improved	lower	limb	alignment	as	a	result	of	APFOS	

insertion	(148).		Further	studies	investigating	the	neuromotor	changes	about	the	hip	
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resulting	from	distal	interventions	are	required	to	support	this	hypothesis	within	PFP	

populations.			

The	specific	biomechanical	changes	observed	within	this	observational	study,	

following	the	addition	of	an	orthoses,	were	integrated	within	the	subsequent	

feasibility	trial	design	to	tailor	treatment	delivery	within	the	tailored	treatment	arm.		

It	was	hypothesised,	that	if	the	identified	biomechanical	change	was	a	mechanism	

for	effect,	those	exhibiting	this	biomechanical	response	would	likely	benefit	from	a	

distal	intervention.		The	use	of	laboratory	measures	to	capture	this	biomechanical	

change	was	the	foundation	for	the	tailored	interventional	arm	of	the	feasibility	trial.					

Figure	47	-	Demonstrates	the	additional	study	(Immediate	Effects	of	Orthoses	(Chapter	4))	completed	
within	stream	three	of	the	PhD	thesis,	for	testing	of	hypothesis	5,	and	which	fed	into	the	feasibility	
trial	(Chapter	8).	

The	feasibility	trial	that	was	completed	in	the	final	phase	of	this	doctoral	study	

integrated	the	findings	from	all	three	streams	of	the	thesis	(Figure	47).		The	primary	

aim	of	this	study	was	to	determine	the	feasibility	of	delivering,	recruiting	and	

retaining	individuals	with	PFP	symptoms	into	an	8-week	randomised	interventional	

study.		
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The	secondary	aims	of	the	study	were	to	explore	specific	effects	of	tailored	

compared	to	untailored	intervention	to	inform	a	larger	scale	trial.		Following	the	8-

week	intervention	differences	in	function,	hip	and	knee	kinematics	and	peak	EMG	

amplitudes	were	observed	between	the	two	groups.			

The	delivery	of	a	tailored	intervention	in	a	trial	design	is	novel	and	has	been	

identified	as	a	research	priority	of	the	international	PFP	and	non-pharmacological	

therapy	communities	(54,	72).		Researchers	in	Australia	(128),	Denmark	(128)	and	

the	United	Kingdom,	are	exploring	the	effectiveness	of	delivering	specific	

interventions	to	a	targeted	group	of	individuals.			The	rationale	supporting	this	

research	approach	is	one	of	poor	long-term	treatment	outcomes	(229)	and	

heterogeneous	presentations	in	PFP	populations.		The	outcome	of	these	studies	

should	add	insight	into	the	clinical	application	of	deficit	specific,	tailored	

intervention,	and	represent	a	significant	step	forward	in	the	management	of	PFP.			

Figure	48	–	Demonstrates	the	conclusive	outcomes	of	this	doctoral	thesis	following	all	three	streams	
of	study	and	the	completion	of	a	feasibility	trial.			
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This	thesis	investigated	whether	the	interaction	of	hip	and	foot	biomechanics	better	

explains	PFP	presentation	and	management,	and	could	be	used	to	inform	feasibility	

studies	of	delivering	tailored	interventions	for	individuals	with	this	recalcitrant	

condition.		The	thesis	has	identified	possible	indicators	of	outcome	prediction	and	

developed	a	reliable	battery	of	clinical	tests	for	the	assessment	of	lower	limb	

biomechanical	variables	pertinent	within	PFP	populations.	It	has	progressed	the	

understanding	of	effective	rehabilitation	delivered	proximally	to	the	knee	in	

individuals	with	PFP.		Further,	it	has	reported	on	possible	mechanisms	of	effect	

following	the	immediate	application	of	in-shoe	foot	orthoses	and	has	implemented	

these	biomechanical	findings	into	a	reasoned	application	of	a	tailored	intervention.		

Finally,	these	component	parts	have	been	brought	together	in	a	randomised	trial	

design	and	its	feasibility	proven.		It	is	a	viable	hypothesis	that	such	tailored	

interventions	could	lead	to	improved	long-term	outcomes	in	the	management	of	

PFP.		
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Appendix	1	

Anatomy	of	the	patella	

The	patella	is	the	largest	sesamoid	bone;	is	flat,	distally	tapered,	proximally	curved,	

and	has	anterior	and	posterior	surfaces,	three	borders	and	an	apex	that	forms	the	

distal	point	of	the	bone	(186).	Several	centres	of	ossification	occur	in	the	third	to	sixth	

years	and	coalesce	rapidly	(186).	It	consists	of	dense	trabecular	bone	covered	by	thin	

compact	lamina	(186).	The	convex	anterior	subcutaneous	surface	is	embedded	within	

the	expansion	of	the	quadriceps	femoris	tendon	and	is	separated	from	the	skin	by	a	

prepatellar	bursa.	The	arterial	supply	is	derived	from	anastomosis	of	five	genicular	

arteries	(216).	Variability	in	the	size	and	shape	of	the	articular	surface	of	the	patella	

has	been	classified	previously	into	Type	I,	II	and	III	(222).	Type	I	patellae	having	

concave	medial	and	lateral	facets	of	similar	size,	Type	II	patellae	exhibiting	a	medial	

facet	that	is	flat	or	slightly	convex	and	considerably	smaller	than	the	lateral	facet,	and	

Type	III	patellae	that	have	a	convex	medial	facet	which	is	again	significantly	smaller	

than	the	lateral	facet	(194,	222).		Additionally,	multiple	patella	anatomical	variants	are	

known	to	exist,	including	variants	in	size	and	form	(194).	Passive	soft	tissue	restraints	

attach	to	both	the	medial	and	lateral	borders,	as	deep	expansions	of	the	vastus	

medialis	and	lateralis	tendons,	and	are	described	as	medial	and	lateral	retinacula	

respectively	(186).		The	lateral	retinaculum	receives	contributions	from	the	iliotibial	

tract	(186).	

Anatomy	of	the	intercondylar	(femoral)	groove	

The	distal	end	of	the	femur	expands	significantly	to	form	two	large	weight-bearing	

condyles	that	are	partly	articular	(186).	The	articular	surface	for	both	the	tibiofemoral	

and	patellofemoral	joint	is	described	as	a	broad	area,	like	an	inverted	U,	with	the	

patella	surface	extending	anteriorly	on	both	condyles,	more	so	laterally	(186).		It	is	

transversely	concave,	vertically	convex	and	grooved	to	accommodate	the	articular,	

posterior	patella	surface	(186).		The	patella	surface	of	the	femoral	groove	extends	

more	proximally	on	the	lateral	side	resulting	in	the	proximal	border	being	oblique	as	it	

runs	distally	and	medially	(186).						
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Anatomy	of	the	patellofemoral	joint	

The	patellofemoral	joint	(PFJ)	is	a	synovial	joint	formed	between	the	asymmetrical	

sellar	surface	of	the	posterior	patella	and	the	intercondylar	(femoral)	groove	of	the	

distal	femur	(186,	194).	The	articular	component	of	the	patella	is	comprised	of	seven	

facets	that	are	situated	in	the	proximal	two	thirds	of	its	length	with	the	distal	third	a	

non-articular	surface	that	attaches	to	the	patella	tendon	(186).	A	smooth	vertical	ridge	

divides	the	posterior	surface	into	medial	and	lateral	facets	-	the	lateral	usually	larger.	

Three	medial	and	three	lateral	facets	are	divided	by	faint	horizontal	lines,	with	a	

seventh	'odd'	facet	present	as	a	narrow	strip	along	the	medial	border	(186,	194).	

During	full	knee	flexion,	only	the	'odd'	and	superior	lateral	facets	of	the	patella	are	in	

contact	with	the	anterolateral	medial	femoral	condyle	and	anterior	part	of	the	lateral	

femoral	condyle	respectively.		As	the	knee	extends	the	middle	and	lower	facets	

contact	the	femur,	with	some	authors	reporting	lateral	tilting	from	flexion	to	extension	

(139),	and	others	describing	lateral	to	medial	tilt	as	the	knee	extends	from	90		flexion	

(86,	208).		The	disparity	of	motion	description	potentially	relating	to	variance	in	study	

design,	with	MRI	analysis	(139)	being	compared	to	cadaveric	knee	models	(86,	208).		

The	specific	interactions	described	between	the	retropatella	surface	and	the	

intercondylar	groove,	which	creates	the	patellofemoral	joint	articulation,	is	the	region	

within	or	about	which	dysfunction	can	result	in	the	development	and	presentation	of	

patellofemoral	pain.		
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Appendix	2	–	Peer	Review	Publication	“Outcome	Predictors	for	
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Abstract
Background Patellofemoral pain (PFP) is highly pre-

valent within both sporting and recreationally active pop-

ulations. Multiple treatment approaches have been
advocated for the management of PFP, attempting to

address both intrinsic and extrinsic factors thought to

contribute to the development and persistence of pain. A
number of predictors of treatment success have been pro-

posed, and evaluated, for directing intervention choice.

Objective Our aim was to systematically review the lit-
erature that identifies outcome predictors of specific con-

servative interventions in the management of PFP,

including quality of the current evidence, to guide clinical

practice and future studies investigating outcome predic-
tors within this population.

Data Sources The AMED, CINAHL, EMBASE, MED-

LINE and Web of Science databases were searched from
inception to April 2013.

Study Selection Randomized controlled trials (RCTs) and

cohort studies.
Study Appraisal and Synthesis Methods Following initial

searching, all potential papers were assessed by two inde-

pendent reviewers for inclusion using a checklist devel-
oped from the inclusion criteria. Cited, and citing,

references were also searched in Google Scholar, but

unpublished work was not sought. Methodological quality
was assessed using a previously designed quality assess-

ment scale. Definitions for levels of evidence were guided

by recommendations made by van Tulder et al.
Results Fifteen low-quality (LQ) cohort studies were

included. No RCTs were found. This systematic review

identified the evaluation of 205 conservative management
outcome predictor variables. Of this large number of

variables that have been assessed, 19 (9 %) were found to
significantly predict a successful outcome. Where two or

more outcome predictors and success determinants were

consistent between studies, data were pooled. Within these
studies, the low number of participants per output variable,

and absence of controls, is likely to compromise the

validity of the predictor’s accuracy. Very limited evidence
identified higher functional index questionnaire scores

(mean 0.82, 95 % confidence interval [CI] 0.18–1.46),

greater forefoot valgus (mean 0.67, 95 % CI 0.05–1.28)
and greater rearfoot eversion magnitude peak (mean

-0.93, 95 % CI -1.84 to -0.01) to significantly predict

improved outcomes with orthoses interventions. Shorter
symptom duration (p = 0.019), lower frequency of pain

(p = 0.012), younger age, faster vastus medialis oblique
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reflex response time (p = 0.026), negative patella appre-

hension, absence of chondromalacia patella, tibial tubercle

deviation of \14.6 mm and greater total quadriceps cross-
sectional area on magnetic resonance imaging (p = 0.01),

and reduced eccentric average quadriceps peak torque

(p = 0.015) significantly predicted exercise intervention
success following multivariate statistical analysis. Limited

evidence identified increased Q-angle (mean 0.38, 95 % CI

0.05–0.72) and very limited evidence identified greater
usual pain (mean 0.43, 95 % CI 0.01–0.85) to predict

taping intervention success.

Conclusions This systematic review provides a compre-
hensive summary of current derivation level studies iden-

tifying indicators of prediction for conservative PFP

management. The overall strength of evidence was low.
With appropriate caution, clinicians should consider taping

for those with greater usual pain, orthoses for older indi-

viduals and exercise for younger individuals, and orthoses
intervention for patients with greater forefoot valgus and

rearfoot eversion magnitude peak. RCTs with evaluation of

outcome prediction as a primary aim are clearly warranted
to provide clinicians with robust evidence and facilitate

evidence-informed, tailored intervention to this heteroge-

neous patient population.

1 Introduction

Patellofemoral pain (PFP) has a high prevalence within

both sporting and recreationally active populations [1, 2].

Among 2,002 patients presenting to a sports medicine
clinic with running-related injuries, 842 (42.1 %) reported

knee pain, with 331 (46 %) being diagnosed with PFP [2].

PFP is characterised by the gradual onset of diffuse pain in
the retropatellar or peripatellar region that is aggravated

during tasks that increase patellofemoral joint (PFJ) load-

ing (e.g. running, jumping, squatting) [3].
Development and persistence of PFP is widely consid-

ered to be multifactorial [4], with both extrinsic and

intrinsic factors thought to contribute. Proposed extrinsic
factors include excessive training load, altered training

surface and/or inappropriate footwear. Proposed intrinsic

factors can be divided into local (around the knee), prox-
imal (thigh, hip, trunk or pelvis), and distal (foot and lower

leg) characteristics [5, 6].

Larger quadriceps angle, sulcus sign, patella tilt angle,
and lower peak torque knee extension, hip abduction and

external rotation strength have proven association with PFP

[7]. However, these studies have methodological weak-
nesses and the cross-sectional design inhibits determination

of causality. Prospectively, limited quadriceps and gas-
trocnemius flexibility, knee extension weakness and

increased knee valgus moment at initial contact when

landing have been identified as predictors of PFP devel-

opment [6]. Most of these studies utilized military popu-
lations with resultant limited generalizability to most

clinical populations. Put together, the findings from these

reviews highlight both the multifactorial nature of PFP and
the diversity of presenting characteristics that could be

addressed by treatment [6, 7].

Proximal [8–11], distal [12] and local [13, 14] inter-
ventions have all demonstrated favourable PFP treatment

outcomes. Multimodal physiotherapy, including a combi-
nation of patella taping, vasti retraining, gluteal strength-

ening, patella mobilisation and stretches, remains the gold

standard treatment option with the strongest reported evi-
dence base [15]. Considering the multifactorial nature of

PFP, greater intervention efficacy could be achieved

through better selection of treatment for a given patient,
therefore improving clinical outcomes and future research.

Furthermore, identification of outcome predictors that

guide tailored intervention packages may reduce recur-
rence, known to be high [16, 17].

It is important to consider overall prognosis differently

from outcome prediction. For example, a retrospective
analysis of two high-quality (HQ), randomised controlled

trials (RCTs) described the characteristics of the 55 % of

individuals with PFP who had unfavourable overall out-
come from multimodal packages of care at 3 months and

40 % at 12 months [18]. This prognostic analysis would

not guide clinicians’ specific intervention choice as a
function of positive outcome. Evaluating outcome predic-

tors to identify subgroups likely to respond to specific

interventions has therefore received increased attention in
the literature in recent years [19–32]. Consequently, the

aim of this review was to identify potential outcome pre-

dictors for conservative interventions in the management of
PFP in order to guide clinicians when considering the

likelihood of intervention success and steer the direction of

future research in this area.

2 Methods

2.1 Inclusion and Exclusion Criteria

Eligibility criteria were modified from a published review

of musculoskeletal clinical prediction rules [33]. These

included peer-reviewed journal publication, the primary
study aim being development or evaluation of outcome

predictors, application to treatment selection for patients

with PFP, and clear evidence that the measurement tool was
appropriate to the evaluated outcome predictor (e.g. use of

the Kujala pain questionnaire as an outcome measure for

individuals with PFP [34]). Unpublished work was not
sought. Only papers published in English were considered.
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2.2 Search Strategy

The AMED, CINAHL, EMBASE, MEDLINE and Web of
Science databases were searched from inception up to

April 2013. The keyword ‘predict*.ti ab.’ was used in

combination with keywords relating to PFP to capture
papers relating to the development of clinical prediction

rules. The search criteria were modified from a previous

PFP systematic review that evaluated the scope and quality
of systematic reviews on non-pharmacological conserva-

tive treatment for PFP [35]. The search strategy and results

are reported in the electronic supplementary material
(ESM) Table S1. Citing, and cited, references were sur-

veyed in Google scholar and at source, respectively.

2.3 Review Process

All titles and abstracts found were downloaded into End-
note X4 (Thomson Reuters, Philadelphia, PA, USA),

search returns collated and duplicates removed. Potential

papers were assessed by two independent reviewers (SL
and CB) using an inclusion criteria checklist. If sufficient

information could not be obtained from the title and

abstract, the full text was obtained for further evaluation.
Any disagreements were resolved by consensus, and a third

reviewer (DM) was available if needed, but was not

required.

2.4 Quality Assessment of Reviews

Methodological quality was assessed with a scale (ESM

Table S2) used previously for a PFP systematic review

[36], and applied by two reviewers independently (SL and
CB), with discrepancies resolved by discussion, and a third

reviewer (DM) was available if required. The quality

assessment scale consisted of 19 items divided into four
components—participants, interventions, outcome mea-

sures and data presentations. With RCTs considered the

gold standard of predictor analysis, the scale is scored out
of 40, with the total possible score given as a percentage.

Scores C70 % were considered to be ‘high quality’ and

scores \70 % considered to be ‘low quality’.

2.5 Data Extraction and Analysis

Study design characteristics were extracted and tabulated to

enable methodological comparison (Table 1). Treatment

‘success’ was defined within eight studies [19–23, 28, 30,
32], and not defined in a further six studies [24–27, 29, 31].

In studies where ‘success’ was defined, continuous and
dichotomous baseline outcome predictor data for both

‘successful’ and ‘unsuccessful’ subgroups was extracted to

allow univariate statistical analysis of effect size (ES)

[standardised mean difference] and risk ratio calculations,

respectively, using Review Manager (RevMan v5.1, 2011,
The Cochrane Collaboration, Copenhagen, Denmark). ES

and the associated 95 % confidence intervals (CIs) were

presented as forest plots to facilitate visual comparison.
Where two or more outcome predictors and success deter-

minants were consistent between studies, data was pooled.

Pooled results were reported as significant when the test for
overall effect (Z score) was p \ 0.05, and as a trend when

p \ 0.1. Determinants of success were considered consis-
tent if a justified, clinically meaningful measure was used in

the two or more studies pooled (e.g. ‘Marked improvement’

on a 5-point Likert scale). If adequate data was not available
to complete calculations from published reports, attempts

were made to contact corresponding authors. Where treat-

ment success was not defined, baseline measures of poten-
tial outcome predictors reported to significantly predict

change of the primary outcome through multivariate sta-

tistical analysis, were extracted. The primary outcome used
for each study is presented in Table 1.

Interpretation of calculated individual or pooled ES

were categorised based on those used by Hume et al. [37]
as small (B0.59), medium (0.60–1.19), or large (C1.20).

The level of statistical heterogeneity, defined as p \ 0.05,

for pooled data was established using the Chi-square and I2

statistics. Definitions for ‘levels of evidence’ were guided

by recommendations made by van Tulder et al. [38].

Strong evidence = pooled results derived from three or
more studies, including a minimum of two HQ studies,

which are statistically homogenous (p [ 0.05)—may be

associated with a statistically significant or non-significant
pooled result.

Moderate evidence = statistically significant pooled

results derived from multiple studies, including at least one
HQ study, which are statistically heterogeneous (p \ 0.05),

or from multiple LQ studies which are statistically

homogenous (p [ 0.05).
Limited evidence = results from multiple LQ studies

which are statistically heterogeneous (p \ 0.05), or from

one HQ study.
Very limited evidence = results from one LQ study.

Conflicting evidence = pooled results insignificant and

derived from multiple studies, regardless of quality, which
are statistically heterogeneous (p \ 0.05, i.e. inconsistent).

3 Results

3.1 Review Selection and Identification

The initial search yielded 1,888 citations. Following

application of the inclusion/exclusion criteria to citation
title, abstract and full text, 15 cohort studies remained
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Table 1 Study design characteristics for each included study

Study Sample size Treatment No. of
variables
tested

Statistical analysis used
for prediction

Outcome measures Success
defined
Y/N

Determinant
of success

Length of
follow-up

Significant predictors of
intervention success

Kannus and
Niittymaki
[31]

49 Rest

NSAIDs

Quadriceps
strength

For 6/52

22 Forward stepping
regression analysis

VAS

Lysholm

Tegner

N NA 6 weeks and
6 months

Younger age at both 6 weeks
and 6 months

Natri et al. [26] 49 Rest

NSAIDs

Quadriceps
strength

For 6/52

19 Forward stepping
regression analysis

VAS

Lysholm

Tegner

N NA 7 years Negative patellar
apprehension test

Witvrouw et al.
[27]

30 Seated leg press

2/1 knee bends

Stationary bike

Rowing machine

Step up and down

Progressive
jumping

For 5/52

13 Multiple stepwise
regression analysis

Kujala N NA 5 weeks and
3 months

Faster reflex response time
vastus medialis oblique

Shorter duration of symptoms

Selfe et al. [29] 77

(60 at 3/12)

Stretching

Vastus medialis
training

Patella taping/
biofeedback

7 sessions

1 Analysis of covariance Critical angle knee
flexion

Angular velocity knee
flexion

Treadmill test

Modified Functional
Index Questionnaire

N NA 3 months Not self-reporting ‘cold legs’

Sutlive et al.
[23]

45 21/7 of pre-
fabricated
orthoses use

Limitation of
physical activity

14 Sensitivity, specificity and
likelihood ratios ([2.0)

VAS

GRCQ

Y C50 % improvement
VAS

20–23 days Forefoot alignment (2" or more
valgus)

Passive great toe extension (78"
or less)

Navicular drop (3 mm or less)

Lesher et al.
[22]

50 Patella taping

Immediate effect

19 Sensitivity, specificity and
likelihood ratios

NPRS

GRCQ

Y C50 % improvement
mean NPRS or C?4
GRC

0 days Tibial angulation ([5" varum)

Ankle dorsiflexion knee flexed
(B15")

Positive patellar tilt

Relaxed calcaneal stance ([4"
varus)

Iverson et al.
[21]

49 Lumbopelvic
manipulation

43 Sensitivity, specificity and
likelihood ratios

NPRS

GRCQ

Y C50 % improvement
NPRS or C?4 GRC

0 days Difference in hip IR ([14")

Ankle dorsiflexion knee flexed
([16")

Navicular drop ([3 mm)

No stiffness sitting [20 mins

Squatting most painful activity
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Table 1 continued

Study Sample size Treatment No. of
variables
tested

Statistical analysis used
for prediction

Outcome measures Success
defined
Y/N

Determinant
of success

Length of
follow-up

Significant predictors of
intervention success

Wittstein et al.
[28]

30 Quadriceps, hip
abduction, hip
external rotation
and core
strengthening

Quadriceps,
hamstring and
iliotibial band
stretching

For 8 weeks

4 Sensitivity, specificity and
likelihood ratios

Patient seeking further
treatment

Y Complete resolution of
symptoms at follow-
up

2 months No evidence of chondromalacia
Patella

Tibial tubercle deviation
\14.6 mm

Piva et al. [24] 51 Quadriceps
strengthening

Quadriceps,
hamstring and
calf stretches

Taping

For 8 weeks

14 Multiple forward
regression analysis

Activity of daily living
scale of the knee
outcome survey

NPRS

N NA 8 weeks Positive change in fear
avoidance beliefs

Vicenzino et al.
[19]

42 Prefabricated foot
orthoses

12 weeks

16 Sensitivity, specificity and
likelihood ratios

5-point Likert scale Y ‘Marked improvement’
on Likert scale

12 weeks Age ([25 years)

Height (\165 cm)

Worst pain (\53.25 mm)

Mid-foot width diff
([10.96 mm)

Lan et al. [30] 100 Patella taping 9 Multivariate logistic
regression analysis

VAS Y ‘Marked improvement’
on Likert scale

0 days Lower body mass index

Smaller mean lateral
patellofemoral angle

Larger mean quadriceps angle

Barton et al.
[20]

60 Prefabricated foot
orthoses

For 12 weeks

15 Sensitivity, specificity and
likelihood ratios

5-point Likert scale Y ‘Marked improvement’
on Likert scale

12 weeks Footwear motion control
properties [\5 (less
supportive)]

Usual pain (\22 mm)

Ankle dorsiflexion knee bent
(\41.3")

Immediately reduced pain
during single-leg squat with
orthoses

Barton et al.
[32]

26 Prefabricated foot
orthoses

For 12 weeks

12 Discriminant analysis 5-point Likert scale Y ‘Marked improvement’
on Likert scale

12 weeks Greater peak rearfoot eversion
relative to the laboratory

Pattyn et al.
[25]

36 Tailored
strengthening,
stretching and
mobilisation

For 7 weeks

26 Linear regression model Kujala N NA 7 weeks Cross-sectional area total
quadriceps at mid-thigh level

Eccentric average peak torque
quadriceps at 60/s

Frequency of pain
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(Fig. 1). No RCTs were found. Two studies included data

from the same PFP population [26, 31], however they
reported findings from different follow-up durations and

were both therefore included in the review. Two further

studies, one that presented short- and long-term predictors
of outcome without differentiating predictors for specific

interventions [39], and the other that reported post hoc

baseline foot mobility measures [40], could not be used
within this review.

3.2 Additional Data

Additional data required for ES calculation was provided
by authors for one paper [19].

3.3 Quality Assessment

Results from the quality assessment scale are shown in the

ESM Table S2. Scores ranged from 15 to 24 out of a pos-
sible 40. Of the 15 included studies, all were scored as LQ.

3.4 Summary of Findings

3.4.1 Pain

Very limited evidence identified higher baseline functional

index questionnaire scores (mean 0.82, 95 % CI 0.18–1.46)

predicted improved outcome following 12-week orthoses
intervention in one LQ study [19]. Pooled results from two

LQ studies [19, 20] showed a trend towards less usual

(mean -0.45, 95 % CI -0.93 to 0.03, p = 0.07) and worst
pain (mean -0.45, 95 % CI -0.93 to 0.03, p = 0.07) being

associated with foot orthoses success (Fig. 2).

Multiple stepwise regression identified shorter symptom
duration predicted positive changes in Kujala scores asso-

ciated with successful exercise intervention in one LQ

study at 5-week and 3-month follow-up (p = 0.045 and
p = 0.019, respectively) [27]. Lower frequency of pain at

baseline, when identified with concurrent greater quadri-

ceps cross-sectional area (CSA) and reduced eccentric
quadriceps torque (see Sect. 3.4.3), was predictive of suc-

cessful outcome after a quadriceps exercise programme

combined with patella mobilisation and lower-limb stret-
ches tailored to the individuals mobility/flexibility restric-

tions (p = 0.012) in one LQ study [25].

Very limited evidence indicated greater usual pain
(mean 0.43, 95 % CI 0.01–0.85) significantly predicted

taping intervention success in one LQ study [30].

3.4.2 Demographics

Limited evidence showed patient height (mean -0.17,
95 % CI -0.60 to 0.27, p = 0.45) and weight (mean -0.09,T
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95 % CI -0.52 to 0.34, p = 0.68) did not predict foot

orthoses intervention success [19, 20]. Pooled results from
three LQ studies [19, 20, 23] showed a trend for older age to

predict successful outcomes from foot orthoses intervention

(mean 0.29, 95 % CI -0.06 to 0.65, p = 0.1) (Fig. 3).
Younger age predicted positive changes in pain

(decreased visual analogue scale score), Tegner and Lys-

holm scores at 6 weeks, and Tegner and Lysholm scores at
6 months’ follow-up after exercise intervention [31].

3.4.3 Knee

No local knee characteristics were shown to predict foot
orthoses intervention success (Fig. 4).

Faster vastus medialis oblique (VMO) reflex response

time (p = 0.041 and p = 0.026, respectively) predicted

positive changes in Kujala scores following exercise

intervention [27]. Multiple stepwise regression (forward
stepping) identified negative patella apprehension at

baseline to predict positive changes in Tegner and Lys-

holm scores at 7-year follow-up in one LQ exercise
intervention study [26]. An absence of chrondomalacia

patella and tibial tubercle deviation \14.6 mm on mag-

netic resonance imaging (MRI) predicted resolution of
symptoms at 5 weeks following exercise intervention in

one LQ study [27]. A further LQ exercise intervention
study identified a lack of self-reported ‘cold legs’

(p = 0.019) predicted delayed onset of pain during a

treadmill test [29]. Single variables added to a linear
regression model identified greater CSA of the total

quadriceps at mid-thigh level (p = 0.01) and reduced

eccentric average quadriceps peak torque at 60"/s

Fig. 1 Flow diagram summarising study selection for inclusion. PFP patellofemoral pain
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(p = 0.015) at baseline as predictors of successful out-

come, when identified with concurrent lower frequency of
pain (see Sect. 3.4.1), after a tailored exercise and

mobilisation programme in one LQ study [25].

Limited evidence indicated an increased Q-angle was a
significant predictor of a successful outcome following

patellar taping intervention (two LQ studies [22, 40], mean

0.38, 95 % CI 0.05–0.72, p = 0.03) [Fig. 4]. Very limited
evidence identified reduced lateral patellofemoral angle

(LPA) [mean -0.47, 95 % CI -0.89 to -0.05] predicted
patellar taping success [30].

Most pain squatting (mean 2.27, 95 % CI 1.57–3.28),

greater patella glide (mean 1.59, 95 % CI 1.18–2.26), less
stiffness (mean 0.43, 95 % CI 0.3–0.61) and fewer epi-

sodes of giving way (mean 0.65, 95 % CI 0.49–0.86) and

clicking (mean 0.64, 95 % CI 0.47–0.88) were shown to
be significant predictors of lumbopelvic manipulation

success [21]; however, these findings were not replicated

in a follow-up study using the methodological design
[41].

3.4.4 Hip and Pelvis

No significant predictors at the hip or pelvis for foot

orthoses, exercise, patellar taping or lumbopelvic manipu-
lation were identified (Fig. 5).

3.4.5 Foot and Ankle

Limited evidence showed great toe extension (mean -0.16,
95 % CI -0.59 to 0.27, p = 0.46) and ankle dorsiflexion

range with the knee bent (mean -0.25, 95 % CI -0.68 to

0.18) did not significantly predict orthoses success [20, 23].
Very limited evidence reported greater forefoot valgus

(mean 0.67, 95 % CI 0.05–1.28) predicted successful out-

comes following 20–23 days of wearing prescribed pre-
fabricated foot orthoses in one LQ study [23]. Greater

rearfoot eversion magnitude peak predicted orthoses

intervention success (mean -0.93, 95 % CI -1.84 to
-0.01) in one LQ study [32] (Fig. 6).

4 Discussion

The intent of this review was to identify outcome predic-
tors for specific conservative interventions in the manage-

ment of PFP in order to guide clinicians when considering

the likelihood of intervention success. With an absence of
RCTs prospectively validating outcome predictors, signif-

icant findings should only be considered as preliminary

indicators of successful outcome prediction. Addition-
ally, the potential for this review to categorically differ-

entiate between predictors of success following specific

Fig. 2 Baseline pain characteristics for ‘successful’ and ‘unsuccess-
ful’ groups following lumbopelvic manipulation, foot orthoses and
taping interventions. AKP Sc anterior knee pain score, FIQ Sc
functional index questionnaire score, SDatBase step-down at baseline,

SLRsitbase single-leg rises from sitting at baseline, U.P. usual pain,
W.P. worst pain, SD standard deviation, IV inverse variance, CI
confidence interval, df degrees of freedom. Barton 2011a [20], Barton
2011b [32]
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interventions and indicators of the probable course of PFP

symptoms (prognostic factors) is limited by an absence of

control groups.

We identified evaluation of 205 conservative man-

agement outcome predictors within 15 LQ cohort studies.

Of this comprehensive range, 19 (9 % of total) were

Fig. 3 Baseline demographic characteristics for ‘successful’ and
‘unsuccessful’ groups following lumbopelvic manipulation, foot
orthoses, exercise and taping interventions. BMI body mass index,

SD standard deviation, IV inverse variance, CI confidence interval, df
degrees of freedom. Barton 2011a [20], Barton 2011b [32]

Fig. 4 Baseline knee characteristics for ‘successful’ and ‘unsuccess-
ful’ groups following lumbopelvic manipulation, foot orthoses and
taping interventions. LPA lateral patellofemoral angle, LPD lateral

patellar displacement, TibTor tibial torsion, TibValgum tibial valgum,
SD standard deviation, IV inverse variance, CI confidence interval, df
degrees of freedom
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found to be significant. Of the 15 included studies, none

have reached the validation stage of prediction develop-
ment important for ensuring predictors accurately identify

individuals who will benefit from specific interventions

[33]. We found all studies used a single-arm design,
without the inclusion of a control group, and did not

recruit adequate participants relative to the number of

variables investigated [42]. Although this single-arm
design can be a useful tool in the derivation stage of

outcome prediction, it is not powerful enough to provide
definitive information on factors that can modify treat-

ment effects. As such, the outcome predictors identified

in these studies have a high risk of being non-specific
predictors of outcome—that is, predictive of outcome

regardless of management care plan rather than response

to specific interventions—or prognostic factors [33].
Variability in outcome measures and follow-up duration

was evident across the included studies, further limiting

evidence synthesis and therefore the strength of conclu-
sions drawn.

4.1 Potential Predictors

4.1.1 Pain

Higher functional index questionnaire scores [19] and a

trend towards less ‘usual’ and less ‘worst’ pain [19, 20]

predicting orthoses intervention success suggest that
lower symptom severity may be predictive of a favour-

able outcome. Similar findings were also evident fol-

lowing exercise intervention, with shorter symptom
duration [27] and lower frequency of pain [25] predicting

better outcomes. When compared with a multicentre PFP

prognostic study showing symptom duration over
2 months and Anterior Knee Pain Scale score less than

70/100 (more severe symptoms) predicted poor outcomes

[18], the findings from this review further implicate pain
variables as prognostic factors irrespective of orthoses or

exercise intervention. Of interest, higher pain severity at

baseline and longer pain duration have also shown
association with poor prognosis in other musculoskeletal

pain conditions [43]. Irrespective of being predictive or

prognostic, these findings highlight the clinical impor-
tance of implementing an effective intervention pro-

gramme early in the pain experience in order to increase

the likelihood of intervention success and reduce the risk
of chronicity.

In contrast, greater usual pain was identified within one
LQ study to be predictive of patellar taping success (mean

0.43, 95 % CI 0.01–0.85) [40]. The most significant limi-

tation of these findings is that only immediate effects were
assessed. With literature pertaining to the mechanisms and

effect of taping beyond the short-term being limited [13],

the strength of clinical inference for this predictor is
somewhat limited. Further research exploring longer-term

taping efficacy and the ability of greater usual pain to

predict its outcome is needed.

4.1.2 Demographics

Consistent with prognosis following physiotherapy inter-

vention including foot orthoses application [39], limited

evidence showed patient height and weight was not pre-
dictive of a successful outcome following foot orthoses

intervention [19, 20]. In contrast with prognostic data, a

trend towards older age was identified as a predictor of foot
orthoses success [20, 23], and younger age significantly

predictive of exercise intervention success [31]. There are

many plausible explanations for both of these results, pri-
marily speculative in nature. First, movement patterns may

be more entrenched in older individuals requiring an

external adjunct to facilitate changes that can lead to
symptom reduction. Second, younger individuals with pain

may have a greater capacity for muscular adaptation—both

neuromuscular adaptation and strength development—

Fig. 5 Baseline hip characteristics for ‘successful’ and ‘unsuccess-
ful’ groups following lumbopelvic manipulation, foot orthoses and
taping interventions. Craig’s Craig’s test, Hip IR hip internal rotation

range, Hip IR Diff hip internal rotation range difference, Pel. Crest
pelvic crest height, LL Diff leg-length difference, SD standard
deviation, IV inverse variance, CI confidence interval
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following exercise intervention. Validation of demographic

characteristics predicting orthoses and exercise interven-
tion warrants further investigation; however, consideration

of patient age in the clinical setting may be an important

characteristic for determining foot orthoses or exercise
intervention success.

Fig. 6 Baseline foot and ankle characteristics for ‘successful’ and
‘unsuccessful’ groups following lumbopelvic manipulation, foot
orthoses and taping interventions. A.df/KE ankle DF with knee
extended, A.df/KF ankle DF with knee flexed, CalcSt relaxed
calcaneal stance, FFalign forefoot alignment, GtToeEx great toe
extension, NavDrop navicular drop, RF STJN rearfoot in subtalar joint
neutral position, MFW WB mid-foot width (weight-bearing), MFW
NWB mid-foot width (non-weight-bearing), MFW Dif mid-foot width
difference (MFW WB-MFW NWB), AchHght arch height, AH Rat
arch height ration, STJN NWB subtalar joint neutral non-weight-
bearing, RF.TIB.EV.MP rearfoot relative to tibia eversion magnitude
peak, RF.TIB.EV.TP rearfoot relative to tibia eversion timing to peak,
RF.TIB.EV.ROM rearfoot relative to tibia eversion range of motion,

FF.RF.DF.MP forefoot relative to rearfoot motion dorsiflexion
magnitude peak, FF.RF.DF.TP forefoot relative to rearfoot motion
dorsiflexion timing to peak, FF.RF.DF.ROM forefoot relative to
rearfoot motion dorsiflexion range of motion, FF.RF.AB.MP forefoot
relative to rearfoot motion abduction magnitude peak, FF.RF.AB.TP
forefoot relative to rearfoot motion abduction timing peak,
FF.RF.AB.ROM forefoot relative to rearfoot motion abduction range
of motion, RF.LAB.EV.MP rearfoot relative to laboratory eversion
magnitude peak, RF.LAB.EV.TP rearfoot relative to laboratory
eversion timing peak, RF.LAB.EV.ROM rearfoot relative to laboratory
eversion range of motion, SD standard deviation, IV inverse variance,
CI confidence interval, df degrees of freedom. Barton 2011a [20],
Barton 2011b [32]
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4.1.3 Knee

To our knowledge, no prognostic studies have investigated
clinical measures of the knee as predictors of outcome. The

findings from this review identify derivation level indica-

tors of outcome prediction that require validation using
case-control study design. Some of the potential predictors

require expensive equipment (MRI) or cannot be easily

obtained within the clinic environment (VMO reflex
response time), limiting applicability to all clinical settings.

Identification of additional predictors of both exercise and

patellar taping intervention success that can be easily
applied within the clinical setting requires further work to

ensure maximal clinical utility.

A lack of sound clinical evidence for the role of lum-
bopelvic manipulation in the management of PFP, when

compared with foot orthoses, exercise and patellar taping,

questions the suitability of this modality undergoing an
outcome prediction derivation study. Furthermore, a sub-

sequent single-arm cohort study reported none of the ini-

tially identified predictors for lumbopelvic manipulation
success were predictive when the same methods were

repeated [41]. Further good-quality case-control studies,

exploring the effectiveness of this intervention within PFP
populations should be sought prior to attempting to identify

subgroups of individuals who may benefit.

4.1.4 Hip and Pelvis

The absence of significant indicators of prognosis or suc-
cessful outcome prediction at the hip and pelvis highlights

an area within the current literature where further research

is clearly needed. The role of the hip and pelvis in PFP
development [44] and maintenance of symptoms [7] has

received significant attention within recent literature.

Interventions focused at this area have also shown
favourable outcomes [45]. Therefore, identification of

predictors that can inform clinical reasoning concerning

hip and pelvis treatment has the potential to significantly
increase treatment efficacy.

4.1.5 Foot and Ankle

The presence of excessive foot pronation has traditionally

formed the basis of foot orthoses prescription. Despite
multiple measures of foot posture reported in this review,

greater forefoot valgus (forefoot-to-rearfoot angle mea-

sured in subtalar joint neutral) [23] and peak rearfoot
eversion relative to laboratory [32] were the only identified

significant predictors of foot orthoses intervention success.
Although unable to extract specific interventions on which

the predictor was evaluated, Collins et al. [39] reported

weight-bearing arch height did not significantly predict

prognosis. Conversely, a change in mid-foot width has

been identified in two studies to predict foot orthoses
success [19, 46]. Vicenzino et al. [19] reported a mid-foot

width difference from non-weight-bearing to weight-bear-

ing [10.96 mm significantly predicted success when a
significance level of p \ 0.20 was used and in subsequent

regression analysis. Similarly, Mills et al. [40] reported a

difference in mid-foot width of [11.25 mm correctly pre-
dicted orthoses success in 7 of 10 individuals using a

classification tree model. Variability in clinical measures
prevents direct comparison between prognostic and pre-

dictor studies; however, considering dynamic rearfoot

eversion has been identified as a potential predictor of foot
orthoses success [32], there is clear merit for further

exploration of dynamic foot posture measures in predicting

orthoses intervention outcomes.

4.2 Future Directions

More robust study design, including the use of control

groups, would permit stronger conclusions to be made

about the predictive capacity of the variables measured and
allow differentiation from prognostic factors. Future stud-

ies should aim to address this evidence gap.

Consistency between studies and researchers for deter-
minants of treatment ‘success’ warrants development of

consensus in future research. It is acknowledged that var-

iability in the measure of success between studies can
influence the significance of the findings presented in this

review.

Further prediction studies for an evidence-based multi-
modal physiotherapy intervention [46] should be conducted

given this approach is the gold standard of therapy man-

agement for PFP [15]. Although this may seem contra-
dictory to attempting to deliver a more tailored intervention

from the appropriate use of outcome predictors, a multi-

modal approach still yields poor long-term outcomes.
Studies predicting individuals who do improve may help to

identify subgroups that require a novel intervention

approach.
Some of the predictors identified within this review

required the use of expensive (MRI scanning), sometimes

inaccessible (VMO reflex response and rearfoot eversion
magnitude peak) equipment to administer within the clinic.

To ensure maximal clinical utility of the outcome predic-

tors investigated, future studies should aim to assess
potential predictors that are easy to administer, take mini-

mal time, are repeatable, and provide useful information

that is relevant to the intervention.
Lastly, for outcome predictors to be accurately integrated

into a clinically reasoned and tailored intervention approach,

studies to progress the evidence base from derivation stage of
design to validation level are clearly warranted.

S. Lack et al.
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5 Conclusion

This systematic review provides a contemporary summary

of derivation level studies identifying indicators of pre-

diction for conservative PFP management. Without quality
randomised clinical trials to categorically prove any of

these identified predictors, this review is unable to differ-

entiate between predictors of success and prognostic fac-
tors. The identified indicators of prediction should be

considered non-specific prognostic factors and need to

undergo further investigation before being applied clini-
cally with confidence. The findings from this review do

however highlight important potential predictors, which

can be cautiously applied within clinical reasoning para-
digms, and give important direction for future research.

With appropriate caution, clinicians should consider

patellar taping for those with greater usual pain, foot
orthoses for older individuals and exercise for younger

individuals, and foot orthoses intervention for patients with

greater forefoot valgus and rearfoot eversion magnitude
peak. RCTs to validate indicators of prediction are clearly

warranted to provide clinicians with robust evidence to

deliver a tailored intervention to this heterogeneous patient
population.
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Patellofemoral pain is widely considered to be a condition that is 
multifactorial in nature, and that requires a multimodal approach to 
its successful management. Using an evidence-based approach to 
understanding the key predicators of its onset, the key determinants 
of its presence, and the key characteristics that predict a successful 
treatment outcome empowers the clinician to make better clinical 
decisions regarding it management.

BY SIMON LACK MSC MCSP 

INTRODUCTION
Patellofemoral pain (PFP) is reported 
to be one of the most common 
presentations within both recreationally 
active and sporting populations. 
In one particular study of 2002 
running injuries, 16.5% (331 patients) 
were diagnosed with PFP (1). A 2012 
consensus statement of leading 
clinicians and researchers in the field 
of PFP further highlighted its high 
prevalence, particularly among younger 
persons who are physically active (2). 
Despite its high prevalence and positive 
short-term treatment outcomes, 
the fact that 80% of individuals who 
complete a rehabilitation programme 
for PFP still report pain, and 74% 
report a reduction in physical activity 
at 5-year follow-up, highlights the 
need for greater understanding of the 
condition, and more effective long-term 
management plans to be identified.

With the aetiology of PFP widely 
accepted to be multifactorial in nature, 
these poor long-term outcomes may 
well represent a failure to address 
the key biopsychosocial factors that 
are contributing to its presence 
and persistence. A more tailored 

intervention approach, therefore, may 
well offer a more effective means of 
addressing the problem.

The knee
Local, distal and proximal biomechanical 
factors have all been extensively 
investigated to determine the relative 
contributions of these variables to the 
development and maintenance of PFP. 
Locally, patellofemoral mal-alignment 
and maltracking (pathomechanics) is 
theorised to overload the subchondral 
bone and thus lead to the development 
of pain (Fig. 1). Further theories including 
shortened lateral retinaculum, secondary 
nerve changes and a loss of tissue 
homeostasis (3) have also been 
proposed, however, the evidence for 
these is limited. Increased subchondral 

WHAT CAN BE PREDICTED 
WHEN IT COMES TO 
PATELLOFEMORAL PAIN?

Figure 1: Anatomy of the knee.
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metabolic activity was reported in 44% 
of 109 participants experiencing PFP, 
supporting this potential mechanism for 
pain, but is clearly far from conclusive 
(4). With pain being subjective, the 
influence of psychological factors must 
not be underestimated, and may offer 
explanation for the variance in local 
structural changes and perceived pain 
levels that have been reported within 
the literature.

The foot
Theoretical paradigms have linked the 
biomechanics of the foot (Fig. 2) to that 
of the knee and hip. Tiberio reported 
the mechanism through which delayed 
subtalar joint re-supination during gait 
can subsequently lead to increased 
tibial internal rotation, and resultant 
compensatory increased femoral 
internal rotation (5). Consequently, 
alterations in femoral rotation could 
lead to an increased dynamic knee 
valgus and subsequent increased 
patellofemoral joint (PFJ) stress. Further 
research has supported this relationship, 
with peak rearfoot eversion positively 
correlating with peak tibial internal 
rotation in PFP populations (6). Static 
measures of foot posture, however,  
have been reported to correlate 
poorly with dynamic foot function, and 
have shown not to correlate with PFP 
development. In contrast, dynamic 
measures of foot mobility have been 
shown to predict the success of specific 
distal interventions (7).

The hip
Deficits in hip abductor and external 
rotator muscle strength (Fig. 3) have 
been consistently observed within PFP 
populations (8,9). Additionally, altered 
neuromuscular activity has been 
reported within PFPS populations, with 
the systematic review by Barton et 
al. demonstrating moderate evidence 
for the delayed and shorter duration 
of gluteus medius (GMed) muscle 
activity during functional tasks (10). It is 
proposed that these deficits indicate an 
impaired ability to control frontal and 
transverse plane hip motion, commonly 
seen within PFP populations. The 
question as to whether these deficits 
represent cause or effect will be 
discussed later in this article.

With retrospective biomechanical 
deficits having been identified within 
PFPS populations, and the population 
consistently being identified to be 
heterogeneous in nature, a more 
tailored intervention approach is likely 
to result in better clinical outcomes. To 
achieve this, however, clinical markers 
that are able to predict the onset, 
presence and those likely to respond 
favourably to specific interventions are 
required.

CLINICAL PREDICTORS  
OF PFP DEVELOPMENT
Identification of clinical measures that 
are predictive of the onset of PFP 
requires a prospective study design. 
Clinical variables are assessed within 

a pain-free population, commonly prior 
to commencing a sporting season, or 
training programme, and the population 
is then monitored throughout the period 
to identify any injuries that have been 
sustained. Both Lankhorst et al. and 
Pappas et al. have recently produced 
systematic reviews that collate this 
research (11,12). Both identified seven 
papers that met their inclusion criteria, 
with Lankhorst et al. reporting a total of 
135 variables that were examined within 
the included studies. It is advised that in 
order to achieve sufficient power for this 
type of predictive study, ten participants 
for each variable being examined should 
be obtained. It was reported that within 
all of the studies, within both reviews, this 
level of statistical power was not reached.

The findings of the reviews, 
however, did produce interesting 
and clinically relevant results. No 
anthropometric measures, including 
height, body weight, body mass 
index, age, or body fat percentage 
were predictive of PFP development. 
Results could not be pooled, but some 
individual studies identified measures 
of fitness that were predictive of 
PFP development. These included 
participating in fewer hours of physical 
activity (13), being able to complete 
a greater number of press-ups(!) (14), 
and achieving a lower vertical jump 
compared to those who did not go 
on to develop symptoms (15). Eleven 
psychological measures were reported 
in one study identifying those who 

Figure 2: Ankle and subtalar joints. Figure 3: Hip rotators and abductors.Figure 2: Ankle and subtalar joints.
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sought less social support and had 
difficulty relaxing when confronted with 
a problem were statistically more likely 
to develop PFP (15).

Muscle strength measures reported 
in both reviews showed pooled data 
demonstrated weakness within the 
knee extensors to be predictive of 
future PFP (11,12). Hip muscle strength 
was not shown to be predictive of 
future pain. Lower measures of knee 
extension concentric peak torque at 
both fast (240°/s) and slower (60°/s) 
speeds significantly predicted future 
PFP development (11). Measures of 
concentric knee flexion peak torque did 
not show the same significant findings. 
In one study, reported reduced flexibility 
of the gastrocnemius and quadriceps, 
and greater joint laxity measures of 
knee extension, thumb to wrist and 
elbow extension were predictive of 
future PFP (15).

Q angle was the only measure 
of lower limb alignment that could 
be pooled, and was not significantly 
different between controls and those 
who developed PFP. Foot posture index 
was found by Thijs et al. (16) to not 
predict future PFP, however, greater 
navicular drop measures were reported 

as a significant predictor variable by 
Boling et al. (17). Pooled measures of 
biomechanical variables showed that 
peak knee valgus angles during drop-
landing tasks did not predict PFP.

The advantage of this information 
is twofold. Firstly, we can aim to 
identify characteristics that increase 
the risk of developing PFP, intervene 
appropriately, and consequently 
prevent its onset. This, however, is very 
rarely applicable to the normal clinical 
environment. It is only really within the 
elite sporting community where there 
is an opportunity to intervene in this 
way. Secondly, it allows us to determine 
which characteristics (movement 
patterns, strengths, tissue lengths etc) 
are causative of developing PFP, or 
are an effect of having the condition. It 
enables us, to some extent, to identify 
features that are pertinent to the 
pathology compared with those that 
represent the normal variance seen 
between individuals.

FACTORS ASSOCIATED 
WITH PATELLOFEMORAL 
PAIN
In order to tie this story neatly together, 
Lankhorst et al. (18) have reviewed the 
literature that has looked retrospectively 
at factors that are associated with 
patellofemoral pain. This enables further 
inferences regarding cause and effect to 
be made. Within this review, 47 studies 
were included, 523 variables assessed 
but only 8 pooled. Of which 170 variables 
were reported to be significantly different 
within PFP populations compared with 
controls. Of the 8 variables that could be 
pooled, significantly larger Q angle, larger 
sulcus angle, larger patellar tilt angle, 
lower peak torque knee extension, lower 
hip abduction strength and lower hip 
external rotation strength were observed 
within PFP patients compared to controls. 
No difference was found for arch height 
index of the foot or congruence angle of 
the patella (18).

Immediately we are witness 
to a clinical factor (Q angle) that is 

associated with PFP, but that is not seen 
prospectively to be a risk factor for its 
development. With reduced hip abduction 
and external rotation strength also being 
reported retrospectively, it may well be 
these deficits that result in increased Q 
angles. Furthermore, these weaknesses 
around the hip were not observed 
prospectively, and thus similarly to Q 
angle, represent changes that are more 
likely an effect of the condition and not 
the cause.

Knee extension strength, however, 
represents a clinical measure that sits 
on both sides of the fence. It has been 
shown in pooled results to be reduced 
within prospective PFP populations and 
retrospective ones. Historically weakness 
in this muscle group in patients has been 
attributable to pain, and the resultant 
inhibition that this causes. However, in 
these reviews, it highlights the potential 
protective role that stronger knee 
extensors have to the PFJ.

The intricacies of patella 
position were not well investigated 
prospectively; however, the one study 
that looked at patella position (15) found 
no significance between groups. Both 
measures shown retrospectively to be 
greater in PFP patients (larger sulcus 
and patellar tilt angle) may represent 
a link with the changes in femoral 
biomechanics resulting from altered Q 
angle and hip muscle activity reported 
earlier.

Altered gluteal activity has been 
extensively investigated within both 
intervention and case-control studies. 
The systematic review completed by 
our group at Queen Mary University 
London, exploring gluteal activity and 
PFP, identified consistent themes linking 
altered gluteal muscle activity within 
PFP populations. The results showed 
GMed to be delayed and of shorter 
duration during stair negotiation and 
running in PFP groups compared with 
controls. This may well represent 
a mechanism for the alterations 
in sagittal plane motion commonly 
observed within this group of patients.

OUTCOME PREDICTORS  
OF CONSERVATIVE  
MANAGEMENT
Maximising the clinical relevance of this 
article, we move on from identifying 
the characteristics that the literature 

BOX 1: KEY POINTS FOR PREDICTING THE 
DEVELOPMENT OF PFP

Positive predictors
n Knee extensor strength deficits
n Greater Navicular Drop
Negative predictors
n Static Q angle
n Peak knee valgus angles during landing.

BOX 2: KEY POINTS IDENTIFYING 
CHARACTERISTICS ASSOCIATED WITH PFP

n 170 significant variables associated with PFP
n  Larger Q angle, larger sulcus angle, larger patellar tilt 

angle, lower peak knee extension torque, lower hip 
abduction and external rotation strength variables 
with strongest evidence

n Gluteal EMG activity is altered within PFP populations.

80% OF INDIVIDUALS WHO COMPLETE A 
REHABILITATION PROGRAMME FOR PFP STILL 

REPORT PAIN, AND 74% REPORT A REDUCTION  
IN PHYSICAL ACTIVITY AT 5-YEAR FOLLOW-UP
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suggests can cause PFP, and the 
factors that are associated with PFP, 
to establishing which clinical features 
can become ‘outcome predictors of 
conservative management’. We have 
been writing a systematic review 
(currently under review) that has 
sought to address this question. As 
with the previous reviews a great 
number of predictors have been 
investigated (205 in total from within 13 
studies). Ten outcome predictors could 
be pooled. One demonstrated greater 
Q angle significantly predicted knee 
taping success, and two demonstrated 
a trend towards less usual pain 
and worse pain predicting orthoses 
intervention success. All other pooled 
results were insignificant or conflicting.

Consequently, the conclusions 
made were that there is: “moderate 
evidence for greater Q angle to predict 
taping success, very limited evidence 
identifying higher FIQ (functional index 
questionnaire) scores and greater 
forefoot valgus significantly predict 
orthoses intervention success. 
Limited evidence demonstrates 
shorter symptom duration and faster 
vastus medius oblique (VMO) reflex 
times predict exercise success, 
and greater usual pain and reduced 
lateral patellofemoral angles (LPA) 
predict taping success. The predictive 
capacity of the remaining variables 
was inconsistent, possibly owing to 
variability in study design or the lack of 
these variables clinical relevance to the 
specific intervention modality received”. 
Inevitably the studies included within 
this review had limitations. In particular, 
8 of the 13 studies failed to meet the 
pre-determined requirement of 10 
participants per variable assessed. 
Additionally, only one study reported a 
follow-up period of 12 months or more, 
with 7 studies only investigating the 

immediate effects of the intervention. 
This limited follow-up period seen 
across the included studies prevents 
strong clinically meaningful conclusions 
being made regarding the treatments 
effectiveness in long term management 
of this persistent pain complaint. With 
top-level evidence demonstrating 
that in the short-term physiotherapy 
interventions are effective, but with 
growing literature suggesting longer-
term success is not being achieved, 
future research focusing on long-term 
outcomes is required.

CONCLUSIONS
PFP remains widely accepted as one 
of the most common musculoskeletal 
presentations, with aetiology that is 
multifactorial in nature. Despite short-
term treatment interventions showing 
good effects, longer-term outcomes 
are less promising. It could be argued 
that this failure to achieve good long-
term results demonstrates a lack of 
tailored intervention that is specific to 
the individual, or a failure to sufficiently 
modify the true cause of the condition.

Improved understanding of 
the cause and effects within PFP 
populations and successful identification 
of characteristics that guide a tailored 
intervention approach may therefore 
increase treatment effectiveness. Using 
these clinical measures to assign 
individuals with PFP into particular sub-
groups is worthy of future research.

References
1. Taunton JE, Ryan MB, et al. A retrospective 
case-control analysis of 2002 running 
injuries. British Journal of Sports Medicine 
2002;36:95–101
2. Powers CM, Bolgla LA, et al. Patellofemoral 

pain: proximal, distal, and local factors, 2nd 
International Research Retreat. Journal of 
Orthopaedic & Sports Physical Therapy 
2012;42:A1–54
3. Dye SF. The pathophysiology of 
patellofemoral pain: A tissue homeostasis 
perspective. Clinical Orthopaedics and 
Related Research 2005;436:100–110
Sheehan FT, Borotikar BS, et al. Alterations in in 
vivo knee joint kinematics following a femoral 
nerve branch block of the vastus medialis: 
Implications for patellofemoral pain syndrome. 
Clinical Biomechanics 2012;27:525–531
5. Tiberio D. The effect of excessive subtalar 
joint pronation on patellofemoral mechanics: a 
theoretical model. Journal of Orthopaedic & 
Sports Physical Therapy 1987;9:160–165
6. Barton CJ, Levinger P, et al. The relationship 
between rearfoot, tibial and hip kinematics in 
individuals with patellofemoral pain syndrome. 
Clinical Biomechanics 2012;27:702–705
7. Mills K, Blanch P, et al. A randomised control 
trial of short term efficacy of in-shoe foot 
orthoses compared with a wait and see policy 
for anterior knee pain and the role of foot 
mobility. British Journal of Sports Medicine 
2012;46:247–252
8. Prins MR, Van Der Wurff P. Females with 
patellofemoral pain syndrome have weak hip 
muscles: a systematic review. Australian 
Journal of Physiotherapy 2009;55:9–15
Bolgla LA, Malone TR, et al. Comparison of hip 
and knee strength and neuromuscular activity 
in subjects with and without patellofemoral pain 
syndrome. International Journal of Sports 
Physical Therapy 2011;6:285–296
10. Barton CJ, Lack S, et al. Gluteal muscle 
activity and patellofemoral pain syndrome: a 
systematic review. British Journal of Sports 
Medicine 2013;47:207–214
11. Lankhorst NE, Bierma-Zeinstra SM, Van 
Middelkoop M. Risk factors for patellofemoral 
pain syndrome: a systematic review. Journal 
of Orthopaedic & Sports Physical Therapy 
2012;42:81–94
12. Pappas E, Wong-Tom WM. Prospective 
predictors of patellofemoral pain syndrome: A 
systematic review with meta-analysis. Sports 
Health 2012;4:115–120
13. Duvigneaud N, Matton L, et al. Relationship 
of obesity with physical activity, aerobic fitness 
and muscle strength in Flemish adults. The 

BOX 3: KEY POINTS DEMONSTRATING 
OUTCOME PREDICTORS OF CONSERVATIVE 
MANAGEMENT FOR PFP

n  Larger Q angle, greater usual pain and reduced LPA 
angle predictive taping success

n  Higher FIQ and greater forefoot valgus predictive 
orthoses success

n  Shorter symptoms duration and faster VMO reflex 
times predictive exercise success.



22 sportEX medicine 2013;57(July):18-22

QUIZ

STEP 1: Login at www.sportex.net 
and go to Online Access  

STEP 2: Go to the  
eLearning section

FOLLOW THESE STEPS TO TAKE PART IN THE ONLINE QUIZ

THE QUIZ FOR THIS ARTICLE IS CALLED: WHAT CAN BE PREDICTED IN PFPS?

Successful completion results in a downloadable CPD certificate under the ‘Print my certificates’ section of the My 
Account area of our website. 
Note: This quiz is accessible free with a subscription that includes online access to this journal. Alternatively some 
articles and quizzes can be purchased individually under the CPD quizzes section of our website at www.sportex.net.

CPD MCQ QUESTIONNAIRE

DISCUSSIONS

	 n  Which other features, not  
mentioned in this article, do you  
think are potentially predictive of  
PFP and why?

n Discuss the theories of PFP aetiology, and relate 
these to the predictors that have been reported.
n Discuss the mechanism through which greater Q 
angle or increased forefoot valgus might predict taping 
success.

THE AUTHOR
Simon Lack is a PhD student at Queen Mary 
University London (QMUL), studying the 
interaction of hip and foot biomechanics in the 

presentation and management of patellofemoral pain. He 
graduated from Brunel University in 2005 with a degree in 
physiotherapy, and has gone on to study an MSc in Sports 
and Exercise Medicine at QMUL in 2010. Simon works as a 
physiotherapist in two London-based private clinics, having 
previously worked in New Zealand with professional golfers, 
local rugby and football teams.

THTH
Simon Lack is a PhD student at Queen Mary 
University London (QMUL), studying the 
interaction of hip and foot biomechanics in the 

presentation and management of patellofemoral pain. He 

Journal of Sports Medicine and Physical Fitness 2008;48(2):201–
210
14. Milgrom C, Finestone A, et al. Patellofemoral pain caused by 
overactivity. A prospective study of risk factors in infantry recruits. 
The Journal of Bone & Joint Surgery (American volume) 
1991;73(7):1041–1043
15. Witvrouw E, Lysens R, et al. Intrinsic risk factors for the development 
of anterior knee pain in an athletic population. A two-year prospective 
study. American Journal of Sports Medicine 2000;28(4):480–489
16. Thijs Y, Van Tiggelen D, et al. A prospective study on gait-related 
intrinsic risk factors for patellofemoral pain. Clinical Journal of Sports 
Medicine 2007;17(6):437–445
17. Boling MC, Padua DA, et al. A prospective investigation of 
biomechanical risk factors for patellofemoral pain syndrome: the Joint 
Undertaking to Monitor and Prevent ACL Injury (JUMP-ACL) cohort. 
American Journal of Sports Medicine 2009;37(11):2108–2116
18. Lankhorst NE, Bierma-Zeinstra SM, Van Middelkoop M. Factors 
associated with patellofemoral pain syndrome: a systematic review. 
British Journal of Sports Medicine 2013;47:193–206.

onlineonline If you have a current online subscription, 
login at www.sportex.net to view this 
video or download the mobile apps which 
are free to subscribers with online access.

Videos: Further information on how to assess some clinical 
measures that are shown to predict conservative management 
outcomes in PFP.

Video 1: 
Navicular drop 
http://spxj.
nl/114mJYW

Video 2: 
Measuring 
lateral 
patellofemoral 
angle
http://spxj.
nl/15lcvrc

Video 3:  
Measuring  
forefoot valgus
http://spxj.
nl/1aDq32x

FURTHER RESOURCES
RehabRunning: iPhone app to help people back to running 
after injury (http://spxj.nl/12s5Euc)

http://spxj.nl/114mJYW
http://spxj.nl/114mJYW
http://spxj.nl/1aDq32x
http://spxj.nl/1aDq32x
http://spxj.nl/12s5Euc


	

	 	 	237	

Appendix	4	–	Peer	Reviewed	Publication	“Proximal	Muscle	

Rehabilitation	is	Effective	for	Patellofemoral	Pain:	A	Systematic	Review	

with	Meta-Analysis”



Proximal muscle rehabilitation is effective for
patellofemoral pain: a systematic review with
meta-analysis
Simon Lack,1 Christian Barton,1,2,3,4 Oliver Sohan,1 Kay Crossley,5 Dylan Morrissey1,6

▸ Additional material is
published online only. To view
please visit the journal online
(http://dx.doi.org/10.1136/
bjsports-2015-094723).
1Centre for Sports and Exercise
Medicine, Queen Mary
University of London, UK
2Complete Sports Care,
Melbourne, Australia
3Pure Sports Medicine,
London, UK
4Lower Extremity Gait Studies,
Health Sciences, La Trobe
University, Bundoora, Australia
5School of Health and
Rehabilitation Sciences,
University of Queensland,
Brisbance, Queensland,
Australia
6Physiotherapy Department,
Bart’s Health NHS Trust,
London, UK

Correspondence to
Dr Dylan Morrissey, Centre for
Sports and Exercise Medicine,
William Harvey Research
Institute, Bart’s and the
London School of Medicine
and Dentistry, Queen Mary
University of London, Mile End
Hospital, Bancroft road,
London E1 4DG, UK;
d.morrissey@qmul.ac.uk

Accepted 9 June 2015

To cite: Lack S, Barton C,
Sohan O, et al. Br J Sports
Med Published Online First:
[please include Day Month
Year] doi:10.1136/bjsports-
2015-094723

ABSTRACT
Background Proximal muscle rehabilitation is
commonly prescribed to address muscle strength and
function deficits in individuals with patellofemoral pain
(PFP). This review (1) evaluates the efficacy of proximal
musculature rehabilitation for patients with PFP;
(2) compares the efficacy of various rehabilitation
protocols; and (3) identifies potential biomechanical
mechanisms of effect in order to optimise outcomes
from proximal rehabilitation in this problematic patient
group.
Methods Web of Knowledge, CINAHL, EMBASE and
Medline databases were searched in December 2014 for
randomised clinical trials and cohort studies evaluating
proximal rehabilitation for PFP. Quality assessment was
performed by two independent reviewers. Effect size
calculations using standard mean differences and 95%
CIs were calculated for each comparison.
Results 14 studies were identified, seven of high
quality. Strong evidence indicated proximal combined
with quadriceps rehabilitation decreased pain and
improved function in the short term, with moderate
evidence for medium-term outcomes. Moderate evidence
indicated that proximal when compared with quadriceps
rehabilitation decreased pain in the short-term and
medium-term, and improved function in the medium
term. Limited evidence indicated proximal combined with
quadriceps rehabilitation decreased pain more than
quadriceps rehabilitation in the long term. Very limited
short-term mechanistic evidence indicated proximal
rehabilitation compared with no intervention decreased
pain, improved function, increased isometric hip strength
and decreased knee valgum variability while running.
Conclusions A robust body of work shows proximal
rehabilitation for PFP should be included in conservative
management. Importantly, greater pain reduction and
improved function at 1 year highlight the long-term
value of proximal combined with quadriceps
rehabilitation for PFP.

INTRODUCTION
Patellofemoral pain (PFP) is one of the most
common presentations at both primary care and
sports injury clinics.1 2 Prevalence rates in groups of
active individuals, including military recruits and
novice runners, are reported to be between 3% and
20%.3–5 PFP has been linked to reduced contact
area and increased stress in the lateral patellofemoral
joint (PFJ)6 7 as a result of patellar maltracking,
including greater lateral patellar translation,8–10 tilt8

and spin.9 The cause of maltracking in PFP is
thought to be multifactorial with local,11 distal12

and proximal13 factors proposed to contribute to it,
with good evidence that long axis femoral rotation
in relation to the patella is a key contributor to mal-
tracking and a valid rehabilitation target.14

Consistent with the multifactorial nature of PFP,
management of PFP has traditionally focused on a
variety of interventions, including rest, analgesia,
general quadriceps and vastus medialis oblique
rehabilitation exercises, proximal rehabilitation exer-
cises, patellar taping, foot orthoses and gait retrain-
ing.15 Each of these interventions has a varying level
of efficacy, with multimodal interventions appearing
to be the most effective.16 17 Growing evidence for
impaired proximal muscle strength18–20 and func-
tion,21 combined with links between hip mechanics
and increased risk of PFP,5 22 has resulted in promo-
tion of rehabilitation aimed at addressing impair-
ments in proximal musculature.14 Our recent mixed
methods study of international experts’ clinical
reasoning when managing PFP supported this rec-
ommendation, but a lack of supporting level-one
evidence was also identified.17 The effectiveness of
proximal rehabilitation protocols have been evalu-
ated in high quality recent research,23–26 and
commonly consist of open and closed kinetic chain
exercises which reflect clinical practice.27

A recent low quality (LQ) systematic review con-
cerning proximal rehabilitation for PFP28 con-
cluded that hip interventions were effective in
improving pain and function in individuals with
PFP. However, the search for available evidence was
limited to a 2-year period ( January 2011–January
2013), with no attempt at data pooling nor mech-
anistic exploration and there is, therefore, a need
for a more detailed and inclusive review in order to
optimally guide practice.
Our systematic review and meta-analysis aims to

(1) evaluate the effects of proximal muscle rehabili-
tation for patients with PFP, (2) compare the effects
of various rehabilitation protocols, and (3) evaluate
potential mechanism of action in order to opti-
mally guide clinical practice in rehabilitating
patients. Further, we aimed to promote clarity in
rehabilitation programme design and reporting,
with particular respect to the term ‘strengthening’.

METHODS
The PRISMA statement was consulted prior to the
start of this review and the checklist completed.29

Inclusion and exclusion criteria
Randomised clinical trials (RCTs) and cohort
studies evaluating proximal muscle rehabilitation
programmes were considered for inclusion. A
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proximal muscle rehabilitation protocol was defined as progres-
sive exercise directed at the hip or lumbopelvic musculature or
both. Studies of multimodal interventions were included where
the effects of adding proximal rehabilitation could be clearly
determined. Case reports and non-English studies were
excluded. The inclusion criteria required participants to be
described as having PFP, anterior knee pain or chondromalacia
patella in the absence of other knee pathologies, including patel-
lar tendinopathy, Osgood-Schlatters disease and Sinding-
Larsen-Johanssons syndrome. Studies evaluating all age ranges
were considered for inclusion, as well as studies involving both
single sex and mixed sex sample groups.

Search strategy
Web of Knowledge, CINAHL, EMBASE and Medline (via
OVID) databases were searched from inception to December
2014, using the search strategy outlined in box 1. Reference lists
of included publications were screened and citation tracking was
completed in Google Scholar.

Review process
Titles and abstracts identified using the search strategy were
downloaded into EndNote X7.1 (Thomson Reuters, California,
USA). Duplicates were deleted before all abstracts were screened
for inclusion by two independent reviewers (SL and OS). A
third reviewer (CB) was available to settle any disputes if neces-
sary. Full texts were obtained where necessary.

Quality assessment
Study methodological quality was assessed with the PEDro
scale30 and a PFP inclusion/exclusion criteria checklist31 by two
independent reviewers (OS and SL). Discrepancies were resolved
by consensus, with a third reviewer (CB) available, if needed.
Based on the PEDro scores,30 and guidance by Moher et al,32

studies scoring >6 were considered high quality (HQ) and ≤6
as LQ. The PFP diagnosis checklist31 is a seven-item scale that
identifies key inclusion and exclusion criteria for the diagnosis
of PFP. Higher scores indicate a greater number of key criteria
having been reported.

Study analysis
Sample sizes, participant demographics, interventions, variables
evaluated and follow-up times were extracted from each study.
Further analysis of intervention programme design was com-
pleted to determine the type of ‘rehabilitation’ that was pre-
scribed (table 2) allowing for direct comparison between

reported training methodology and accepted principles of
‘neuromuscular activation’ (exercise performed at <30% 1 repe-
tition maximum, for >20 repetitions), ‘strength’ (exercise per-
formed ≥70% 1 repetition maximum), ‘strength-endurance’
(exercise performed at 30–70% 1 repetition maximum) and
‘power’ (exercise performed at either 85–100% 1 repetition
maximum or 0–60% 1 repetition maximum at an explosive vel-
ocity).33 This was in response to concerns raised at the recent
PFP research retreat in Vancouver15 that the word strengthening
or strength training is used synonymously for all types of
rehabilitation exercise consequently limiting the identification of
exercise prescription specificity. It was considered that evaluating
methods of exercise prescription (eg, focus on strength, endur-
ance, etc.) and summarising the range of specific exercise
descriptors (% repetition maximum, repetitions, time-under-
tension) could maximise the clinical utility of this review and
facilitate translation to clinical practice.

Means and SDs for all baseline and follow-up data were
extracted and entered into Cochrane Review Manager (V.5.2) to
allow calculation of standard mean differences (SMDs).
Meta-analysis was completed where studies evaluated similar
interventions using comparable outcome measures (eg, VAS,
Visual Analogue Scale and NPRS, Numeric Pain Rating Scale).
Where multiple measures were used, a consistent measure
between studies was used for pooling (eg, stair ascent). Pooling
of data across time points was performed for studies that evalu-
ated outcomes in the ‘short term’ (<3 months), ‘medium term’

(3–12 months), and ‘longer term’ (≥12 months). All outcome
measure scores were converted so that favourable outcomes
(reduced pain, improved function, improved strength, etc) were
entered as positive values into Cochrane Review Manager
Software, to facilitate consistent visual representation of SMDs
and pooled findings along with 95% CIs. For studies without
comparative groups, the results were extracted and reported in
the results section, but no meta-analysis performed. Following
methodology proposed by Hume et al,34 individual and pooled
SMDs were categorised as small (≤0.59), medium (0.60–1.19),
or large (≥1.20). These criteria were chosen to increase strin-
gency compared to traditional criteria.35 Statistical heterogeneity
of pooled data was established using the X2 and I2 statistics (with
heterogeneity being defined as p<0.05). Levels of evidence were
guided by recommendations proposed by Van Tulder et al:36

Strong evidence=based on results derived from multiple studies,
including a minimum of two HQ studies, which are statistically
homogenous (I2<50%).
Moderate evidence=based on results derived from multiple
studies, including at least one HQ study, which are statistically
heterogeneous (I2>50%), or from multiple LQ studies which
are statistically homogenous (I2<50%).
Limited evidence=based on results derived from multiple LQ
studies which are statistically heterogeneous (I2>50%), or from
one HQ study.
Very limited evidence=based on results derived from one LQ
study.
Conflicting evidence=based on insignificant pooled results
derived from multiple studies regardless of quality, which are
statistically heterogeneous (I2>50%).

RESULTS
The results of the database search are shown in figure 1. Fourteen
studies were identified for the final review. Eleven of these studies
were randomised or comparative control trials,23 24 26 37–44 and
three were cohort studies.25 45 46 Study details, including sample
sizes and participant demographics, are shown in online

Box 1 Search strategy

Patellofemoral Pain OR Anterior Knee Pain OR Patellofemoral
Syndrome OR retropatellar pain OR peripatellar pain OR
patellofemoral joint pain OR parapatellar pain OR PFP OR
chondromalacia patellae
AND
Proximal OR gluteal
AND
Strength*
AND
Training OR program OR exercise OR rehab*

*, a truncation indicator for searching.
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supplementary file 1. Intervention and control/comparison group
protocols, outcome measures and follow-up duration findings are
presented in online supplementary files 2–5.

Quality assessment
Results from the PFP diagnostic checklist and the PEDro scale
are shown in online supplementary file 6 and table 1, respect-
ively. All 12 studies scored five or greater out of seven on the
PFP diagnostic checklist, demonstrating a good level of consist-
ency between studies for diagnostic inclusion/exclusion criteria.
Scores ranged between 3 and 10 for the PEDro scale. Of the 14
studies, 7 were classed as HQ,23 38–40 42–44 and 7 were classed
as LQ.24–26 37 41 45 46

Exercise prescription and mechanobiological analysis
Results of exercise prescription and mechanobiological analysis
are shown in tables 2 and 3, respectively. Three of the 14
included studies23 38 44 were considered to have evaluated the
same exercise approach as stated in their title and methodology.
Commonly (10 of 14 studies), studies reported evaluation of a
strength protocol, despite exercise programmes being consid-
ered to be of an intensity to evoke strength-
endurance24 37 39 42 45 46 or neuromuscular25 26 40 43 activation
changes. In one study, the description of exercise prescribed was
unclear and could not be interpreted.41 Analysis of mechanobio-
logical descriptors of exercise prescription from within the 14
included studies highlighted the absence of all ‘classical descrip-
tors’ (eg, load magnitude, % of maximum) and rest period
between sets (s/min)) in all but one study39 (table 3). The seven
new descriptors proposed by Toigo and Boutellier47 were
absent, in their entirety, in the methodology of all included
studies. Inclusion of the 13 descriptors in future studies is
reported to be imperative for the delivery of effective and tai-
lored exercise prescription.47

Effects of proximal rehabilitation
Proximal rehabilitation—compared with—control
Pain and function
One LQ study26 compared proximal rehabilitation in PFP patients
to a control group receiving only Omega-3 and calcium supple-
mentation in the short term (figure 2). Very limited evidence (1
LQ study26) with large effect indicated proximal rehabilitation,
using exclusively open kinetic chain (OKC) exercises with

progressively higher resistant elastic band (see online supplemen-
tary file 2 for further programme details), reduces pain (VAS)
(SMD, 95% CI 2.80,1.71 to 3.88), and improves function
(Western Ontario and McMaster osteoarthritis index (WOMAC))
(SMD, 95% CI 2.88, 1.78 to 3.98) in the short term.

Proximal rehabilitation—compared with—quadriceps
rehabilitation
Pain
Three HQ42–44 and one LQ study24 compared proximal rehabili-
tation to quadriceps rehabilitation in the short and medium term
(see online supplementary file 3 for further programme details;
figure 3). Moderate evidence (3 HQ42–44 and 1 LQ24 study) of a
small effect indicated greater pain reduction following a prox-
imal rehabilitation programme compared with a quadriceps
rehabilitation protocol in the short term (I2=81%, p=0.001;
SMD, 95% CI 0.36, 0.13 to 0.59). In the medium term, there
was strong evidence (2 HQ studies43 44) of a medium effect indi-
cating greater pain reduction following a proximal rehabilitation
programme compared with a quadriceps rehabilitation protocol
(I2=45%, p=0.18; SMD, 95% CI 1.07, 0.55 to 1.59).

Function
Moderate evidence (3 HQ42–44 and 1 LQ24 study) indicated no
difference in functional patient-reported outcome measures
(Lower Extremity Functional Scale, LEFS; Anterior Knee Pain
Score; AKPS and WOMAC) within a pooled group of statistic-
ally heterogeneous studies comparing proximal and quadriceps
rehabilitation protocols in the short term (I2=69%, p=0.02;
SMD, 95% CI 0.18, −0.05 to 0.42). In the medium term,
strong evidence (2 HQ studies43 44) of medium effect indicated
proximal rehabilitation improves functional patient-reported
outcome measures (LEFS and WOMAC) when compared with
quadriceps rehabilitation protocols (I2=0%, p=0.54; SMD,
95% CI 0.87, 0.36 to 1.37). Limited evidence (1 HQ study44)
of a medium effect indicated improved objective function, as
measured by single leg hop performance, following proximal
compared to quadriceps rehabilitation in the short term.

Proximal combined with quadriceps rehabilitation—compared
with—quadriceps rehabilitation
Four HQ23 38–40 and three LQ24 37 41 studies compared prox-
imal combined with quadriceps rehabilitation to quadriceps

Table 1 PEDro scale

Author I II III IV V VI VII VIII IX X XI Total score

Baldon et al44 1 1 1 1 1 0 1 1 1 1 1 10
Nakagawa et al40 0 1 1 1 1 0 1 1 1 1 1 9
Ismail et al39 1 1 1 1 0 0 0 1 1 1 1 8
Fukuda et al23 1 1 1 1 0 0 1 1 1 1 1 8
Fukuda et al38 1 1 1 1 0 0 1 1 1 1 1 8
Ferber et al42 1 1 1 0 0 0 1 0 1 1 1 7
Khayambashi et al43 1 1 0 1 0 0 0 1 1 1 1 7
Razeghi et al37 1 1 1 0 0 0 0 1 1 1 1 6
Dolak et al24 0 1 1 1 0 0 0 0 1 1 1 6
Ferber et al46 1 0 0 1 0 0 0 1 1 1 1 5
Khayambashi et al26 0 0 0 1 0 0 0 1 1 1 1 5
Avraham et al41 0 1 0 0 0 0 1 0 1 1 0 4
Tyler et al45 1 0 0 0 0 0 0 1 1 0 1 3
Earl and Hoch25 1 0 0 0 0 0 0 1 1 0 1 3

I=Eligibility criteria specified, II=Random allocation, III=Concealed allocation, IV=Similar at baseline, V=Subject blinding, VI=Therapist blinding, VII=Assessor blinding, VIII=Outcome
measures obtained from >85%, IX=Treatment received as allocated, X=Between-group statistical comparison, XI=Point measures and measures of variability.
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Table 2 Analysis of programme design and aims

Author
Stated exercise
aim (title)

Method exercise aim
(within text)

Reviewers’ interpretation of
actual exercise aim

Fit of stated exercise aim (in text)
and actual exercise Outcome measure suitability for reviewer defined exercise aim and comment

Nakagawa et al40 Str Str NM 0 1 No patient capacity specific loading; no additional load; Assessed muscle
EMG and isokinetic strength

Ismail et al39 Str Str StrEnd 1 2 Proximal rehabilitation performed at 60% of 10 RM; No patient specific
training intensity for CKC exercises reported

Fukuda et al23 Str Str Str 2 1 Programme used 70% of ‘estimated 1 RM’ that could be performed pain
free

Fukuda et al38 Str Str Str 2 1 Programme used 70% of ‘estimated 1 RM’ that could be performed pain
free

Razeghi et al37 Str Str StrEnd 1 2 McQueen method of load progression used
Dolak et al24 Str Str StrEnd 1 2 Load progression as % of body weight, not of muscle capacity
Ferber et al46 Str Str StrEnd 1 1 Progression offered if exercise performed ‘too easily’, definition of ‘too

easily’ not reported
Ferber et al42 Str NM StrEnd 1 1 Clinician led load prescription, ensuring last 3 of 10 repetitions were

‘challenging’
Khayambashi
et al26

Str Str NM 0 2 Resistance progression was generic, 3×20–25 repetitions were performed
for each exercise

Baldon et al44 NM/Str NM/Str NM/Str 2 2 NM programme 20 repetitions plus isometric holds; Str performed at 75%
1 RM 3×12 repetitions

Khayambashi
et al43

Str Str NM 0 1 Generic progression of resistance, 3×20–25 repetitions were performed
for each exercise

Avraham et al41 Str Str Unclear Unclear Unclear Programme not clearly defined, repetitions dependent on patient
‘capability’; no additional load described

Tyler et al45 Not stated Str StrEnd/NM/P 0 1 Programme described as ‘progressive resistive exercise’ but exact number
of repetitions and load not described

Earl and Hoch25 Str NM NM 1 1 Assessed kinematic change, but also assessed strength

0=No, 1=In part, 2=Yes.
CKC, closed kinetic chain; EMG, electromyography; NM, neuromuscular (>20 repetitions, <30% 1 RM); P, power (85–100% 1 RM or 0–60% 1 RM at explosive velocity); RM, repetition maximum; Str, strength (≥70% 1 RM); StrEnd, strength endurance
(30–70% 1 RM).
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rehabilitation alone (see online supplementary file 4 for further
programme details), covering short,23 24 37 39–41 46

medium,23 24 and longer23 follow-up (figures 4 and 5).

Pain
Strong evidence (3 HQ38–40 and 2 LQ studies24 37) of a small
effect indicated greater pain reduction favouring proximal com-
bined with quadriceps rehabilitation using both OKC and CKC
exercises compared to a quadriceps rehabilitation alone in the
short term (I2=14%, p=0.33; SMD, 95% CI 0.55, 0.22 to
0.88). In the medium term, there was moderate evidence
(1 HQ23 and 1 LQ study24) of a large effect indicating greater
pain reduction following proximal combined with quadriceps
rehabilitation using OKC and CKC compared to quadriceps
rehabilitation alone in the medium term (I2=92%, p=0.0003;
SMD, 95% CI 1.36, 0.83 to 1.90). Within the same HQ study, at
6 months, there was limited evidence (1 HQ study23) of a large
effect indicating greater reduction in pain following proximal
combined with quadriceps rehabilitation compared to quadriceps
rehabilitation alone (SMD, 95% CI 2.58, 1.81 to 3.35).

In the longer term, there was limited evidence (1 HQ
study23) of a large effect indicating greater pain reduction

following proximal combined with quadriceps rehabilitation
compared to quadriceps rehabilitation alone (SMD, 95% CI
2.99, 2.16 to 3.83).

Function
Strong evidence (2 HQ38 39 and 1 LQ24 study) of a small effect
indicated greater functional patient-reported improvement (how
measured) following proximal combined with quadriceps
rehabilitation compared to quadriceps rehabilitation alone in
the short term (I2=18%, p=0.30; SMD, 95% CI 0.42, 0.03 to
0.81). Limited evidence (1 HQ study38) indicated no difference
in functional performance measured with the single leg hop test
scores (SMD, 95% CI 0.32, −0.30 to 0.93) in the short term.

In the medium term, moderate evidence (1 HQ23 and 1 LQ24

study) of a large effect indicated increased patient reported
function, measured by LEFS (I2=96%, p<0.00001; SMD, 95%
CI 1.32, 0.75 to 1.89). Limited evidence (1 HQ study23) of a
large effect indicated increased patient-reported function mea-
sured by AKPS (SMD, 95% CI 1.86, 1.18 to 2.54). Limited evi-
dence (1 HQ study23) of large effect indicates increased
performance-based function, measured by single leg hop scores
(SMD, 95% CI 1.54, 0.89 to 2.18). Within the same study, at

Figure 1 Flow chart of included studies. PFP, patellofemoral pain.
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Table 3 Analysis of specific descriptors of exercise prescription

Author

Classical set of descriptors New set of descriptors

Load
magnitude

Repetitions
(n)

Sets
(n)

Rest
in-between
sets ([s] or
[min])

Number of
exercise
interventions
(per [day] or
week)

Duration of the
experimental
period ([day] or
weeks)

Fractional and
temporal
distribution of the
contraction modes
per repetition and
duration [s] of one
repetition

Rest
in-between
repetitions
([s] or [min])

Time
under
tension
([s] or
[min])

Volitional
muscular
failure

Range
of
motion

Recovery time
in-between
exercise
sessions ([h] or
[d])

Anatomical
definition of
the exercise
(exercise form)

Nakagawa
et al40

X Y Y X Y Y X X X X Y X Y

Ismail et al39 Y Y Y Y Y Y Y X X X Y X X
Fukuda et al23 Y Y Y X Y Y X X X X Y X X
Fukuda et al38 Y Y Y X Y Y X X X X Y X X
Razeghi
et al37

X Y X X X Y X X X X X X X

Dolak et al24 Y Y Y X Y Y X X X X X X X
Ferber et al46 X Y Y X Y Y Y X X X X X X
Ferber et al42 X Y Y X Y Y X X X X X X Y
Khayambashi
et al26

X Y Y X Y Y X X X X Y X X

Baldon et al44 Y Y Y X Y Y X X X X X X X
Khayambashi
et al43

X Y Y X Y Y X X X X Y X X

Avraham
et al41

X X X Y Y Y X Y X X Y X X

Tyler et al45 X X X X Y Y X X X X X X X
Earl and
Hoch25

X Y Y X Y Y X X X X X X Y

Y=Incorporated in study, X=Not incorporated in study.
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6 months, limited evidence (1 HQ study23) of a large effect
indicated increased patient-reported function, as measured by
LEFS (SMD, 95% CI 2.49, 1.73 to 3.25), AKPS (SMD, 95% CI
1.86, 1.18 to 2.54), and performance-based function measured
as single leg hop scores (SMD, 95% CI 1.85, 1.17 to 2.52).

In the longer term, limited evidence (1 HQ study23) of a
large effect indicated greater patient-reported functional
improvement as measured by LEFS (SMD, 95% CI 2.65, 1.86
to 3.43), AKPS (SMD, 95% CI 1.76, 1.09 to 2.42), and
performance-based function measured with the single leg hop
(SMD, 95% CI 2.06, 1.36 to 2.77) at 12 months, with proximal
and quadriceps rehabilitation compared to quadriceps rehabilita-
tion alone.

Mechanisms of proximal rehabilitation
Ten24–26 37 39 40 42 44–46 of the 14 studies explored variables
with potential to explain proximal rehabilitation effects in the
short term. No studies investigated mechanisms of effect at
medium or longer-term follow-up.

Proximal rehabilitation—compared with—control
Limited evidence (2 LQ study26 46) of a large effect indicated
that proximal rehabilitation using OKC band exercises increased
isometric hip abduction strength (I2=81%, p<0.00001; SMD,

95% CI 1.69, 1.03 to 2.36) (figure 6). Very limited evidence (1
LQ study26) of a large effect indicated increased isometric hip
external rotation strength in the OKC rehabilitation group in
both the left (SMD, 95% CI 2.45, 1.43 to 3.46) and right
(SMD, 95% CI 2.73, 1.66 to 3.80) hip. Very limited evidence
(1 LQ study46) of a large effect indicated OKC proximal
rehabilitation reduced the degree of knee valgum variability
during consecutive footfalls while running (SMD, 95% CI 2.68,
1.54 to 3.82), but did not change peak knee genu valgum
angles while running (SMD, 95% CI 0.83, −0.01 to 1.67).

Proximal rehabilitation—compared with—quadriceps
rehabilitation
Moderate evidence (1 HQ and 1 LQ study24 42) indicated no
difference in maximal isometric strength for hip abduction
(I2=60%, p=0.11; SMD, 95% CI 0.18, −0.08 to 0.44), exter-
nal rotation (I2=0%, p=0.44; SMD, 95% CI 0.11, −0.15 to
0.37) or knee extension (I2=0%, p=0.33; SMD, 95% CI 0.09,
−0.17 to 0.35) following a proximal (OKC) rehabilitation pro-
gramme, as compared to a quadriceps (OKC/CKC) rehabilita-
tion programme (figure 7). Limited evidence (1 HQ study42)
indicated no difference in hip extension (SMD, 95% CI 0.09,
−0.19 to 0.37) or internal rotation (SMD, 95% CI 0.02, −0.26

Figure 2 Proximal rehabilitation compared with control group for pain and function (WOMAC, Western Ontario and McMaster osteoarthritis index;
‘short term’, <3 months; IV, inverse variance; Std., standard mean difference).

Figure 3 Proximal rehabilitation compared with quadriceps rehabilitation for pain and function (LEFS, Lower Extremity Functional Score; AKPS,
Anterior Knee Pain Score; ‘short term’, <3 months; IV, inverse variance; Std., standard mean difference).
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to 0.30) strength when comparing an OKC proximal with a
CKC quadriceps rehabilitation programme.

Limited evidence (1 HQ study44) indicated proximal rehabili-
tation using CKC exercises, when compared with a CKC quadri-
ceps rehabilitation protocol, increased the degree of pelvis
anteversion (SMD, 95% CI 1.21, 0.43 to 1.98), hip flexion
(SMD, 95% CI 1.16, 0.39 to 1.92), trunk contralateral inclin-
ation (SMD, 95% CI 0.90, 0.16 to 1.65), pelvis elevation
(SMD, 95% CI 0.94, 0.19 to 1.68), hip abduction (SMD, 95%
CI 2.20, 1.28 to 3.11), and knee adduction (SMD, 95% CI
0.81, 0.07 to 1.55) during a single leg squatting task.
Additionally, anterior (SMD, 95% CI 2.03, 1.14 to 2.92),
lateral (SMD, 95% CI 2.50, 1.53 to 3.46), and posterior (SMD,
95% CI 1.54, 0.73 to 2.36) trunk endurance (seconds), and
proximal abductor (SMD, 95% CI 1.24, 0.47 to 2.02) and knee

extensor (SMD, 95% CI 0.97, 0.22 to 1.72) torque (nm/kg)
increased in the proximal rehabilitation group when compared
with quadriceps rehabilitation.44

Proximal combined with quadriceps rehabilitation—compared
with—quadriceps rehabilitation alone
Strong evidence (2 HQ studies39 40) indicated no difference in
isokinetic, concentric and eccentric hip abduction, and external
rotation strength following a proximal (OKC) combined with
quadriceps (CKC) rehabilitation programme when compared to
a quadriceps rehabilitation (CKC) programme alone (figure 8).
Very limited evidence (1 LQ study24) indicated no difference in
isometric hip abduction (SMD, 95% CI 0.54, −0.16 to 1.23) or
external rotation (SMD, 95% CI 0.63, −0.07 to 1.33) strength
following a proximal combined with quadriceps rehabilitation

Figure 4 Proximal and quadriceps rehabilitation compared with quadriceps rehabilitation for pain (‘short term’, <3 months; ‘medium term’, 3–
12 months; ‘longer term’, ≥12 months; IV, inverse variance; Std., standard mean difference).

Figure 5 Proximal and quadriceps rehabilitation compared with quadriceps rehabilitation for function (LEFS, Lower Extremity Functional Score;
AKPS, Anterior Knee Pain Score; ‘short term’, <3 months; ‘medium term’, 3–12 months; ‘longer term’, ≥12 months; IV, inverse variance; Std.,
standard mean difference).
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programme compared to quadriceps rehabilitation alone.
Moderate evidence (2 LQ studies24 37) indicated no difference
in isometric knee extension strength (I2=0%, p=0.37; SMD,
95% CI 0.07, −0.42 to 0.56) following comparison of proximal
and quadriceps rehabilitation with quadriceps rehabilitation
alone.

Proximal rehabilitation alone
One LQ study45 divided their cohort into ‘successful’ (≥1.5 cm
reduction in VAS) and ‘unsuccessful’ groups, reporting an
improvement in isometric proximal abduction and adduction
strength was unrelated to success. Very limited evidence (1 LQ
study25) indicated an improvement in lateral core endurance
(p=0.001), hip abduction (p=0.008) and external rotation
(p=0.03) isometric strength, and knee abduction internal
moments (p=0.05) after an 8-week OKC and CKC neuromus-
cular activation intervention directed at the proximal muscula-
ture. A trend in increased anterior (p=0.06) and posterior

(p=0.1) core endurance, and hip abduction moment (p=0.06)
was reported in the same study.25 However, no change in rear
foot eversion, knee abduction, hip adduction and internal rota-
tion angles, rear foot inversion or hip external rotation
moments were reported during a running task.25

DISCUSSION
This systematic review and meta-analysis evaluated the effects of
proximal muscle rehabilitation on pain and function in indivi-
duals with PFP and the potential mechanisms for effectiveness.
Fourteen studies of varying quality were identified, including 11
RCTs.23 24 26 37–44 In the short term, strong evidence indicates
proximal combined with quadriceps rehabilitation is signifi-
cantly better at reducing pain than quadriceps rehabilitation
alone,23 24 37 39–41 46 moderate evidence indicates proximal
rehabilitation is better at improving pain compared to quadri-
ceps rehabilitation alone,24 42–44 and very limited evidence indi-
cates proximal rehabilitation reduces pain compared to a no

Figure 6 Proximal rehabilitation compared with control group for strength and biomechanics in the short term (<3 months) (LHER, left proximal
external rotation; RHER, right proximal external rotation; IV, inverse variance; Std., standard mean difference).

Figure 7 Proximal rehabilitation compared with quadriceps rehabilitation for isometric strength in the short term (<3 months) (IV, inverse variance;
Std., standard mean difference).
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intervention control.26 In the medium term, strong and moder-
ate evidence indicates proximal and proximal combined with
quadriceps rehabilitation, respectively, is more effective at redu-
cing pain then quadriceps rehabilitation alone.23 43 44 In the
longer term, limited evidence indicates proximal combined with
quadriceps rehabilitation is more effective at reducing pain than
quadriceps rehabilitation alone.23 Greater improvements in
function were also reported for proximal, and proximal com-
bined with quadriceps rehabilitation compared with quadriceps
rehabilitation alone in the short (strong evidence), medium
(strong to moderate evidence) and longer (limited evidence)
term.23 24 38 39 Put together, these findings support the imple-
mentation of proximal muscle rehabilitation programmes for
the management of PFP in clinical practice.

Effects of proximal rehabilitation
Pain
Strong evidence suggests that a combined proximal and quadri-
ceps rehabilitation protocol using both OKC and CKC exercises
results in superior short term outcomes of pain reduction when
compared to CKC quadriceps rehabilitation alone. This pooled
result is, however, driven by one LQ study37 that reported sig-
nificant improvement in pain. In contrast, three24 38 40 of the
five pooled studies reported no greater short-term pain reduc-
tion when compared to a quadriceps rehabilitation programme.
An important consideration when interpreting these findings is
that the CKC quadriceps exercises adopted within the three
equivocal studies24 38 40 would also facilitate activation of prox-
imal musculature and as such, could also be considered a com-
bined proximal and quadriceps intervention. A similar story
emerges when comparing proximal and quadriceps rehabilita-
tion. Specifically, within a pooled group of heterogeneous
studies that evaluated proximal compared with quadriceps
rehabilitation, a large multicentre trial that compared an OKC
proximal to a CKC quadriceps protocol demonstrated no

significant differences in pain reduction between groups, but
reported significant pain reduction within both groups in the
short term.42 Adding proximal rehabilitation to quadriceps
appears to offer the most favourable short-term outcome;
however, it is clear that further research to identify the most
effective rehabilitation programme design is required to maxi-
mise effectiveness.

In the medium term, pooled results indicate proximal
rehabilitation more effectively reduced pain when compared to
quadriceps rehabilitation alone. Among the pooled studies, exer-
cise programme design differed significantly, with one utilising
exclusively neuromuscular OKC43 and the other using neuro-
muscular and strength CKC44 exercises. Of these protocols, the
neuromuscular OKC protocol resulted in the greatest positive
symptom change, but further research directly comparing these
different protocols is needed. Proximal combined with quadri-
ceps rehabilitation was more effective than quadriceps rehabili-
tation in reducing pain in the medium and longer term, with
treatment effects of large magnitude. The single study reporting
significant pain reduction in the long-term used a combination
of both OKC and CKC at an intensity assessed to be sufficient
to evoke strength changes (ie, >70% 1 RM).23 These exercise
parameters may be relevant to the successful outcome given that
OKC exercises are commonly used clinically to allow for specific
isolation of proximal musculature48 while attempting to reduce
loading of the PFJ. These preliminary findings require further
research to determine the most efficacious protocol to reduce
pain, in the medium and long term.

Function
Fewer studies evaluated the effects of proximal muscle rehabili-
tation on functional outcomes, which limits the conclusions that
can be drawn. Greater improvements in self-reported measures
(WOMAC, LEFS, AKPS) and performance-based measures
(Single Leg hop test) of function were observed in the short

Figure 8 Proximal and quadriceps rehabilitation compared with quadriceps rehabilitation for strength in the short term (<3 months) (Abd,
abduction; ER, external rotation; Ecc, eccentric; Ext, extension; HABD, hip abduction; HER, hip external rotation; IV, Inverse variance; Std., standard
mean difference.
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term following proximal rehabilitation compared to a no inter-
vention control; and following proximal combined with quadri-
ceps rehabilitation compared to quadriceps rehabilitation.
Moderate evidence indicated no difference in function when
comparing proximal with quadriceps rehabilitation, which
differs from findings related to pain. It is possible that interven-
tions that address the deficits in gluteal strength20 19 and activa-
tion21 and quadriceps strength19 that are evident in individuals
with PFP could be sufficient to result in the short-term improve-
ment of function, but not in the medium and longer term.
Importantly, greater functional improvements are provided by
proximal compared to quadriceps rehabilitation (strong evi-
dence), and a combined proximal and quadriceps rehabilitation
compared to quadriceps rehabilitation alone (limited to moder-
ate evidence) in the medium and longer term. It is possible that
superior pain outcomes with proximal compared to quadriceps
rehabilitation in the short-term results from the quadriceps
loading causing irritation to the PFJ, although further research
documenting pain levels during exercise is needed to clarify
this. These findings suggest that incorporating proximal rehabili-
tation into the management of PFP is beneficial to functional
outcomes. However, considering the currently limited to moder-
ate supporting evidence, further high quality studies are needed
to confirm these positive results.

Mechanisms of proximal rehabilitation
This review evaluated potential short-term mechanisms of treat-
ment effect, with studies reporting improvement in isomet-
ric24 26 46 and isokinetic strength,39 40 eccentric torque,44 trunk
muscle endurance,44 single leg squat kinematics,44 reduced knee
joint motion variability, 46 and reduced peak knee abduction
internal moments.25 Changes in strength were measured in 10
of the 14 included studies. Limited evidence of large effect indi-
cated greater improvement in isometric hip abduction strength
in the short-term following a neuromuscular or strength-
endurance resistance band intervention when compared to no
intervention, offering a potential mechanism for changes in pain
and function.26 46 However, given the absence of significant dif-
ference in maximal isometric hip abduction, extension, external
and internal rotation, and knee extension strength when com-
paring OKC proximal rehabilitation to CKC quadriceps rehabili-
tation,42 it is also plausible that the positive effects of a
rehabilitation intervention are not exclusively derived through
changes in strength, but through a combination of more global
lower limb strength changes, a change in lower limb biomechan-
ics, possible central or systemic mechanisms,49 or most likely a
combination of these factors.

Three studies exploring kinematic and/or kinetic change result-
ing from proximal rehabilitation reported small but significant
changes about the hip and knee25 44 46 that offer potential
mechanisms for treatment effects. Increased hip adduction and
internal rotation has been identified previously as a risk factor for
and is associated with PFP symptoms.5 14 Consequently interven-
tions that demonstrate capacity to modify these parameters
warrant further investigation. Although some evidence reports
clinical measures are able to identify individuals with movement
deficits and detect biomechanical change of small magnitude,50 it
is important to ensure clinical tools are sufficiently sensitive to
direct intervention choice and determine treatment effects.

Further exploration of the mechanisms for treatment effects
following a rehabilitation intervention on muscle structure,
neural innervation, systemic systems and biomechanics is needed
to guide a tailored exercise approach to address patient-specific
deficits and predict outcomes in individuals with PFP.

Clinical implications
Interventions that aim to improve strength, strength-endurance
and neuromuscular activity of proximal musculature are effect-
ive in the management of PFP, and should be incorporated in
clinical practice. From within the largest high quality study that
explored the effect of proximal compared with quadriceps
rehabilitation, OKC proximal rehabilitation in isolation was not
more effective at reducing pain than a CKC quadriceps rehabili-
tation programme42 in the short term. These findings suggest
CKC quadriceps rehabilitation is as effective at increasing prox-
imal strength as an isolated OKC proximal rehabilitation pro-
gramme and have potentially important clinical implications for
exercise intervention design. These suggest that clinicians could
choose different treatment approaches and achieve the same or
similar strength gains. Subsequently, this would allow clinicians
to be guided by patient response, preference or available equip-
ment, without negatively impacting on patient care.

Proximal rehabilitation combined with quadriceps rehabilita-
tion using both OKC and CKC exercises produced better pain
and functional outcomes in the short,44 medium and longer
term23 compared to quadriceps rehabilitation alone. Therefore,
therapists treating PFP should aim to prescribe exercise interven-
tions targeting the quadriceps and proximal musculature in indi-
viduals with PFP using a combination of OKC and CKC
exercises.

Rehabilitation exercises from studies included in this review
were completed between 3 and 7 times per week, with the
intensity of the programmes varying significantly. Exercise fre-
quency did not appear to be dependent on the type and inten-
sity of the rehabilitation protocols prescribed. Given established
guidelines33 that indicate neuromuscular training has greater
effect if performed frequently (daily) and strength training less
frequently (2–3×per week) on physiological adaptation, the spe-
cificity of exercise frequency in the management of PFP is
lacking within the current evidence base and requires further
research.

Given that the primary goal of PFP treatment is often pain
reduction, utilising exercise parameters that do not aggravate
symptoms is important. Consequently, utilising OKC exercises
in the short term or CKC exercises within finite pain limits
throughout the rehabilitation process is advocated by the
current evidence.23 24 44 It is unclear at present whether these
parameters are essential for a successful outcome; further
research is required to determine the most effective protocol
design. Furthermore, identification of individuals who are more
likely to respond to a specific proximal intervention approach is
an important consideration given the dearth of evidence explor-
ing indicators for proximal intervention success.51

Limitations
There are limitations that need to be considered when interpret-
ing the results of this review. Variability in study design, type of
protocol (OKC or CKC), and differing outcome measures
limited further data pooling. Where pooling was possible, het-
erogeneity of rehabilitative exercise prescription remained
evident in both exercise frequency and intensity. Nonetheless,
given the paucity of available evidence, we felt that data pooling
was valuable to strengthening the findings of the review.
Non-English language publications were not sought in this
review. While it is arguable that high-quality RCTs would aim to
be published in higher impact journals written in the English
language, identification of further trial data may have influenced
the outcomes of analysis. Assessment of methodological quality
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was completed using the PEDro scale. It was identified that only
43% of the included 11 studies blinded the assessor to the inter-
vention delivered and only one study attempted to blind the
participants to their group allocation. Given growing evidence
for proximal intervention efficacy, future studies should aim to
blind the participants and researchers to the allocated group.
Finally, it has been identified that mechanobiological determi-
nants of exercise prescription are poorly reported or defined
within the included rehabilitation studies. To ensure clinical
utility and consistency of exercise parameter reporting within
future studies, these determinants must be detailed.

CONCLUSION
The best available evidence indicates that proximal rehabilitation
with or without simultaneous quadriceps rehabilitation is benefi-
cial to pain and function in individuals with PFP in the short and
medium term. While fewer studies have evaluated long-term
effects, the limited evidence available indicates proximal and
quadriceps rehabilitation combined has greater positive benefit
on pain and function than quadriceps rehabilitation alone. A
combination of both OKC and CKC exercise are most likely to
result in favourable outcomes. Given variability in rehabilitation
protocols within the current literature, further studies designed
to identify the most effective protocol by considering exercise
type, load and dose are required. To improve clinical applicabil-
ity, these studies must detail specific exercise descriptors.
Regardless, proximal rehabilitation should be incorporated into
clinical reasoning paradigms for the management of PFP.

Summary box

▸ Proximal combined with quadriceps rehabilitation reduces
pain and improves function more than quadriceps
rehabilitation in the short, medium and long term.

▸ Proximal rehabilitation is more effective than quadriceps
rehabilitation in decreasing pain in the short term, and
decreasing pain and improving function in the medium term.

▸ Maximum hip muscle isometric strength can be increased by
proximal rehabilitation compared to no exercise controls, but
not significantly more than a closed kinetic chain quadriceps
focused rehabilitation programme.
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PROXIMAL INTERVENTION   
 FOR THE MANAGEMENT  
  OF PATELLOFEMORAL PAIN

This article offers the reader an evidence-informed and 
clinically reasoned review of the current literature with 
respect to proximal interventions in the management of 
patellofemoral pain. The evidence clearly backs up this 
approach, but it is not possible to establish the mechanism 
of the effect or to identify patient subgroups within which 
favourable outcomes are more likely. From reading this 
article you will gain a broader understanding of how 
hip strengthening can be implemented, targeted to 
specific individuals and consequently results in more 
favourable outcomes for your patients.

BY SIMON LACK MSC, MCSP 

INTRODUCTION
Patellofemoral pain (PFP) is reported 
to be one of the most common 
presentations within both recreationally 
active and sporting populations. 
In one particular study of 2002 
running injuries, 16.5% (331 patients) 
were diagnosed with PFP (1). A 2014 
consensus statement of leading 
researchers and clinicians in the 
field of PFP further highlighted its 
high prevalence, particularly among 
females (2). Despite its high prevalence 
and positive short-term treatment 
outcomes, 80% of individuals who 
complete a rehabilitation programme 
for PFP still report pain and 74% 
report a reduction in physical activity 
at 5-year follow-up. This highlights 
the need for greater understanding 
of the condition and more effective 
long-term management plans to be 
identified. With the aetiology of PFP 
widely accepted to be multifactorial (3), 
these poor long-term outcomes may 
well represent a failure to address the 
specific deficits that are contributing to 
its presence and persistence.

Current literature has identified 
deficits in proximal (hip), distal (foot/
ankle) and local (structures associated 
with patellofemoral joint articulation) 

anatomy to be associated with the 
development and maintenance of PFP. 
Prospectively, Noehren et al. reported 
significantly increased hip adduction 
angles in runners who developed 
PFP compared to controls within a 
cohort followed over a 2-year period 
(4). In part these findings have been 
compounded retrospectively, with 
greater hip adduction angles reported 
in individuals with a diagnosis of PFP 
(5). Moderate-to-strong evidence 
indicates PFP sufferers demonstrate 
delayed gluteus medius onset times 
and reduced activation duration during 
functional tasks (6) offering a potential 
link between hip muscle function and 
kinematics. An absence prospectively 
of hip abductor and lateral rotator 
weakness (7), however, would suggest 
that these movement faults may not 
exclusively be derived from the muscles 
inability to generate force about the 
hip. Furthermore, with strength deficits 
identified within the hip abductors 
compared with controls without 
variance in hip and knee kinematics 
(8), the connection between muscle 
strength and movement patterns is not 
firmly established.

Randomised controlled trials 
advocate a proximal-focused approach 
to the management of PFP (9,10), with 
a proximal strengthening programme 

RANDOMISED 
CONTROLLED TRIALS 

ADVOCATE A PROXIMAL-
FOCUSED APPROACH TO THE 
MANAGEMENT OF PFP
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before specific quadriceps exercise 
being reported to achieve greater 
short-term outcomes than quadriceps 
exercise alone (11). Furthermore, 
a recent systematic review (12) 
concluded that consistent moderate 
to high quality evidence demonstrates 
proximal strengthening programmes 
achieve effective pain relief and 
improved function in the short term 
compared with knee programmes that 
achieved only varied effects. Despite 
these reported successful outcomes, 
a lack of evidence correlating 
improvement in strength with changes 
in lower limb kinematics currently 
exists.

DEVISING A HIP  
EXERCISE PROGRAMME
The current literature describes a 
variety of proximal/posterolateral hip 
strengthening programmes, with the 
term ‘strengthening’ being used freely 
to describe the intervention prescribed. 
This was the topic of some debate 
within the 2014 PFP retreat, given that 
many of the interventions described 
exposed the individuals to insufficient 
load over many repetitions to be 
termed a strengthening programme 
(2). It was felt that interventions such 
as those used by Earl et al. that 
included exercises such as ‘monster 
walks’, mini-squats (body weight) and 
side plank, were more likely to evoke 
neuromuscular changes, but possibly 
not result in significant hypertrophy (13).

Therefore guidance for devising a 
posterolateral hip exercise programme 
from within the literature alone 
lacks clarity, and the mechanisms 
of the effects of specific protocols 
have not yet been defined. A better 
understanding of the mechanism 
for the effects of different exercises 
will enable clinicians to tailor the 
intervention to address the particular 
deficit identified in individuals with PFP. 
Furthermore, with generic intervention 
periods commonly of 6 weeks, and 
progressive daily exercises of two to 
four sets of ten or more repetitions 
being prescribed (14), the failure of 
strengthening programmes to be more 
specific to the individual’s identified 
strength/movement deficits may well 
explain why long-term resolution of 
symptoms is poor for this population 

within the current evidence base 
(3). Development of more tailored 
interventions through improved 
understanding of the effects of 
specific interventions may have a 
significant impact on recovery in the 
longer term. For example, individuals 
with good strength, but poor lower 
limb alignment may achieve better 
outcomes with a neuromuscular/
movement pattern re-education 
programme, where as an individual 
with significant weakness but fair 
alignment may require a hypertrophy 
programme. This tailored approach is 
further discussed later in this article.

Despite these shortcomings, 
the overall picture of proximal 
exercise-based intervention is 
consistently positive, with a very 
recent systematic review concluding, 
“Proximal interventions provide relief 
of pain and improved function in the 
short and long term and therefore 
physical therapists should consider 
using proximal interventions for 
treatment of patellofemoral pain” 
(12). Furthermore, it has been shown 
that using a proximal exercise 
programme before commencing 
quadriceps strengthening results in 
improved outcomes compared to a 
quadriceps-focused programme in 
isolation (15). In situations where pain 
limits progression of loading within 
the quadriceps, use of this proximal 
approach may facilitate a speedier 
recovery. Once again it is probable 
that individuals in this specific situation 
represent a subgroup of PFP patients; 
however, this has not been validated 
within the literature and tools for 
identifying this group have not been 
defined.

NEUROMUSCULAR 
PROGRAMME
In an electromyography study 
that looked at specific exercises 
commonly prescribed to individuals 
with PFP, data analysis showed that 
some exercises result in significantly 
different neuromuscular activity within 
different muscles about the hip (16). 
Altered and delayed neuromuscular 
activity has been described within 
PFP patient populations and therefore 
exercises that preferentially activate 
specific muscle groups are desirable. 

Figure 1: Four-point kneeling fire hydrant exercise with 
resistance band for gluteus maximus activation. (Photo 
credit: S. Lack, 2014)

Figure 2: Side lying hip abduction–extension exercise with 
resistance band for posterior gluteus medius activation. 
(Photo credit: S. Lack, 2014)

FAILURE OF 
STRENGTHENING 

PROGRAMMES TO BE MORE 
SPECIFIC TO THE INDIVIDUAL’S 
IDENTIFIED STRENGTH/
MOVEMENT DEFICITS MAY 
WELL EXPLAIN WHY LONG-
TERM RESOLUTION OF 
SYMPTOMS IS POOR FOR 
THIS POPULATION WITHIN 
THE CURRENT EVIDENCE 
BASE
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Selkowitz et al. performed this 
electromyographic experiment using 
fine wire electrodes in the tensor 
fasciae latae (TFL), gluteus medius and 
superior gluteus maximus in individuals 
without PFP (17). They reported that 
during bilateral and unilateral bridging, 
quadruped hip extension, the clam, 
sidestepping and squatting, the gluteal 
muscles were significantly more 
active than the TFL. Although this 
experiment may be useful in guiding 
clinicians who wish to address specific 
muscle imbalances, the exercises 
were performed on individuals without 
PFP and were repeated only 5 times 
representing significant limitations for 
direct clinical utility. In order to achieve 
neuromuscular adaptations exercises 
should be of low to moderate load, 
held or repeated for longer durations 
and repeated frequently: 1–2 times 
daily are advocated. The importance of 
optimal alignment/muscle recruitment 
patterns is encouraged to ensure the 
dysfunctional movement patterns are 
modified or corrected. The capacity 
for this style of exercise to achieve 
these goals is not definitive within 
the literature; however, clinically it is 
widely used. Prescription of exercises 
that elicit greater neural excitability 
within specific muscle groups, with this 
frequency, is suspected to result in 
desirable neuromuscular adaptations. 
The exercises presented in Figures 
1 and 2 look to achieve these 
adaptations.

The negative side of 
neuromuscular-focused intervention, 
however, is its susceptibility to 
reversibility, especially if movement 
patterns are not or cannot be 
corrected during this early phase of 
the rehabilitation process. As with any 
adaptation within neural pathways, in 
the early phase they are at risk of 
being forgotten and need to be built 
into everyday activity to become fully 
engrained. Having greater muscle 
capacity (strength/hypertrophy) and 
improving movement patterns are two 
ways to facilitate this change in the 
long term.

Hypertrophy programme
To achieve hypertrophy within a 
specific muscle or muscle group, 
the stimulus needs to exceed the 

muscle’s capacity to induce overload. 
Overload leads to an immediate local 
upregulation of mechanogrowth factor 
(MGF) as described by Khan and 
Scott when presenting the principles 
of mechanotherapy (18). MGF in turn 
stimulates satellite cells within the 
muscle resulting in muscle hypertrophy. 
Challenges exist within a population of 
patients in pain to achieve this goal, 
as often loading the target muscle 
sufficiently to induce mechanical 
overload commonly results in 
exacerbation of pain. Additionally, with 
closed kinetic chain (CKC) exercises 
advocated in the rehabilitation of PFP 
(14), the challenge is even greater, 
as inevitably CKC exercise loads 
the patellofemoral joint articulation. 
However, as articular cartilage is 
also mechanosensitive through 
chondrocytes (18), it is plausible that a 
slowly progressive loading programme 
could elicit desirable changes within 
the articular surface, especially if 
preceding exercise intervention has 
optimised muscle activation patterns. 
When prescribing a strengthening 
programme, therefore, building load 
sufficient to induce muscle overload 
while avoiding pain exacerbation form 
the key principles of programme 
design. Use of other strength training 
principles may assist in achieving these 
effects. Specificity will ensure that 
the target muscle or muscle group 
within which hypertrophy is desired 
will be stimulated, while minimising 
unnecessary joint loading on non-
specific strengthening activities.

This level of strengthening activity 
has not been well documented within 
the literature for individuals with PFP. 
Figures 3 and 4 show exercises aimed 
at overloading the proximal musculature 
sufficiently to induce hypertrophy while 
minimising excessive joint loading.

 
Movement re-education
Modification of movement patterns has 
received significant attention within 
recently published literature. Largely 
this has been fuelled by studies that 
have shown that strengthening-based 
interventions induce little, if any, 
measurable kinematic change in the 
lower limbs (13,19,20). In contrast, as 
was extensively discussed at the 2013 
Patellofemoral Pain Research Retreat 

Figure 4: Weighted straight-leg dead lift, eccentrically/
concentrically loading the hamstrings and gluteal muscles. 
(Photo credit: S. Lack, 2014)

Figure 3: Weighted 
step down with 

trunk lean to 
eccentrically/
concentrically 

strengthen gluteal 
muscles and 

quadriceps. (Photo 
credit: S. Lack, 

2014)

INTERVENTIONS TO 
IMPROVE HIP MUSCLE 

ACTIVITY THROUGH 
NEUROMUSCULAR AND 
HYPERTROPHY PROGRAMMES 
FORM A FUNDAMENTAL 
PART OF REHABILITATION



25www.sportEX.net

EVIDENCE INFORMED PRACTICE

in Vancouver, Canada, “movement 
feedback interventions during treadmill 
running may change movement 
patterns of people with PFP during 
weight-bearing activities and these 
kinematic adjustments may reduce PFP 
symptoms” (2). With prospective data 
demonstrating increased hip adduction 
as a risk factor for PFP development 
(4) and movement retraining shown 
to be able to modify this kinematic 
variable (21), this strategy not only 
represents a potential treatment 
modality, but also a possible preventive 
strategy as well. Further research is 
being completed exploring differing 
clinical applications of this technique; 
also how/where strengthening fits 
into this approach needs clarification. 
Once again, it is very likely that a 
specific group of individuals will need 
a combination of both movement re-
education and strengthening, whereas 
other individuals will need more of 
one type of exercise and another 
group more of the other type of 
exercise in order to make significant 
improvements.

WHO SHOULD WE 
BE DIRECTING A HIP 
STRENGTHENING 
PROTOCOL AT?
Our research group at Queen Mary 
University London has been reviewing 
the outcome prediction literature to 
identify patient characteristics that may 
be indicative of a favourable outcome 
following a specific intervention. 
However, given the relative infancy 
of work exploring hip-focused 
interventions, prediction studies for 
this approach have not yet been 
completed. The greatest limitation of 
the literature pertaining to outcome 
prediction in general is the absence 
of control groups. Consequently we 
are unable to determine whether the 
characteristic(s) identified to predict 
a successful outcome are indeed 
predictive or prognostic (ie. individuals 
with a specific set of characteristics 
may have favourable outcomes without 
the particular intervention investigated). 
Nevertheless, some important 
considerations for clinical practice were 
identified. Most notable was that lower 
pain scores predicted success with 
quadriceps strengthening exercise and 

orthoses intervention; however, higher 
pain scores predicted success using 
taping. Given what we have discussed 
in this article, use of a neuromuscular 
programme in non-weight-bearing 
positions initially, and then progressing 
into weight-bearing situations, may 
provide another useful treatment tool 
to manage individuals for whom high 
pain levels are a significant limitation 
to progression through a rehabilitation 
programme. With only taping 
intervention shown to be effective for 
individuals with high pain levels, another 
treatment modality to add to the 
toolbox for patients with high levels of 
pain could prove invaluable.

Development of reliable and valid 
clinical measurement tools, potentially 
more dynamic in nature [eg. single-
leg squat (SLSq)], needs to be done 
within populations of patients in pain. 
Excellent preliminary work has been 
completed identifying gluteal muscle 
activation deficits associated with 
poor performance on the SLSq (22), 
and kinematic alterations in groups 
with lower scores on a SLSq rating 
scale (23) in asymptomatic individuals. 
Given that experienced clinicians 
are reported to demonstrate good 
inter- and intra-tester reliability when 
assessing hip/pelvic function during this 
simple clinical test (24), extrapolation 
of these results may give the clinician 
rationale for directing interventions 
proximally. Again further work is being 
done exploring the clinical utility of this 
tool and represents exciting potential 
to deliver more tailored intervention 
approaches to PFP management in the 
future.

CONCLUSION
Patellofemoral pain is a common 
presentation within both sporting 
and recreationally active populations. 
Altered movement patterns about 
the hip have been shown to be a 
risk factor for PFP development, and 
that strength deficits are evident 
in the hip muscles when pain is 
present. Consequently, interventions 
to improve hip muscle activity through 
neuromuscular and hypertrophy 
programmes form a fundamental part 
of rehabilitation. Additionally, the use 
of movement re-education looks to 
have a key role in achieving favourable 

ALTERED MOVEMNET 
PATTERNS ABOUT THE 

HIP INCRESE THE RISK  
OF PFP DEVELOPMENT 
outcomes and possibly addresses the 
biomechanical component to initial 
symptom development. These findings 
look to be an exciting intervention 
approach to achieving excellent and 
long lasting outcomes.
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KEY POINTS
n  Patellofemoral pain (PFP) is common and 

currently has poor long-term treatment success.
n  Proximal interventions for PFP are shown to be 

effective.
n  The mechanism of the effect is unknown.
n  Movement re-education in addition to a 

strengthening programme may improve 
outcomes.

n  Current interventions are unlikely to evoke 
muscle hypertrophy.

n  Neuromuscular changes are like to be effective in 
the short term, but may be at risk of regression.

n  To ensure muscle hypertrophy basic training 
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need to be considered.

n  It is plausible that appropriate loading 
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changes within the chondral surface through 
mechanotransduction.
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1. Video demonstrating single-leg squats to 
strengthen the gluteal muscles  
http://spxj.nl/1tDN4eD

2. Video showing another method for gluteus 
maximus activation, lying prone with a resistance 
band. http://spxj.nl/12eDgC1

FURTHER  
RESOURCES

DISCUSSIONS

n  Through what mechanism do you think a proximal 
strengthening programme is effective at reducing 
patellofemoral pain (PFP) symptoms and improving 
function?

n  Given that intervention programmes found in current 
randomised controlled trials are unlikely to evoke 
muscle hypertrophy, what are the potential longer-term 
risks of a neuromuscular strengthening programme?

n  What tools could be used to reduce the long-term risk 
of regression?

n  What cues have people found effective at modifying 
movement patterns in individuals with PFP?

http://spxj.nl/1tDN4eD
http://bit.ly/1rhPvDy
http://bit.ly/1tpGlEV
http://spxj.nl/12eDgC1
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Appendix	6	–	Supplementary	Files	



Author Sample Size Gender 
(F:M) Age Range (mean age) Height (m) Weight (kg) 

INT CON INT CON INT CON INT CON INT CON 

Nakagawa et al. 40  7 7 10:4 17-40 (23.6 ± 5.9) NR NR NR NR 

Fukuda et al. 23 25 24 25:0 24:0 
20-40 (22.0 ± 
3.0) 

20-40 (23.0 ± 
3.0) 

1.59 ± 
0.10 

1.60 ± 
0.30 

60.0 ± 2.6 61.5 ± 3.6 

Ferber et al. 46 15 10 10:5 6:4 NR (35.2 ± 12.2) 
NR (29.9 ± 
8.3) 

1.65 ± 
0.34 

1.73 ± 
0.41 

69.1 ± 
11.6 

73.1 ± 
15.7 

Avraham et al. 41 10, 10, 10 NR NR NR NR NR NR NR NR 

Tyler et al. 45 
35 
(45k) 

 29:6  NR (33 ± 16)  NR  NR  

Khayambashi et al. 
26 

14 14 14:0 14:0 NR (28.9 ± 5.8) 
NR (30.5 ± 
4.8) 

1.582 ± 
0.058 

1.609 ± 
0.046 

60.8 ± 
10.4 

62.6 ± 
10.6 

Earl & Hoch 25 19  19:0  
16-40 (22.68 ± 
7.19) 

 
1.64 ± 
0.07 

 
60.2 ± 
7.35 

 

Razeghi et al. 37 
16 
(28k)* 

16 
(24k) 

16:0 16:0 18-30 (22.62 ± 2.67) NR NR NR NR 

Fukuda et al. 38 
(KHE) 

21  23 21:0  23:0 NR (25.0 ± 7.0)  
NR 24.0 ± 
7.0) 

1.62 ± 
0.6 

1.60 ± 
0.5 

61.3 ± 8.1  57.8 ± 6.2 

Fukuda et al. 38 
(KE) 

20  23 20:0 23:0 NR (25.0 ± 6.0) 
NR 24.0 ± 
7.0) 

1.64 ± 
0.6 

1.60 ± 
0.5 

57.1 ± 7.3 57.8 ± 6.2 

Dolak et al. 24 17 16 17:0 16:0 NR (25 ± 5) NR (26 ± 6) 
1.66 ± 
0.08 

1.66 ± 
0.08 

NR NR 

Ismail et al. 39 16 16 12:4 11:5 
18-
30(20.8±2.7) 

18-30 
(21.2±3.2) 

1.64 ± 
0.85 

1.66 ± 
0.53 

64.5±9.6 66.6±9.8 

Baldon et al. 44 15 16 15:0 16:0 
18-30 
(21.3±2.6) 

18-30 
(22.7±3.2) 

1.60 ± 
0.1 

1.66 ± 
0.1 

58.3 ± 7.3 57.1 ± 8.2 

Khayambashi et al. 
43 

18 18 9:9 9:9 NR (28.2 ± 7.9) 
NR (27.3 ± 
6.7) 

1.71 ± 
0.89 

1.71 ± 
0.99 

70.6 ± 
11.5 

66.7 ± 
14.7 

Ferber et al. 42 111 88 133:66 NR (29±7.1) 170.4± 0.94 67.7 ± 9.5 

* 1 subject lost to follow up in intervention group 
INT, intervention; CON, control; F, female; M, male; NR, not reported; k, knees; KHE, knee and proximal exercise; KE, knee exercise 



Supplementary File 2 – Proximal rehabilitation compared to a control group study characteristics 
 
 
Author 
 

 
Intervention 

 
Control 

 
Variables measured 

 
Follow up 

 
Proximal rehabilitation v Control Group 
 
Khayambashi et 
al. 26 

Bilateral proximal abductor & external 
rotator rehabilitation (n=14) 
3xper week  
x 5 minute walking warm up 
x Standing proximal abduction with band 
x Seated external rotation with band 
x Progressive band strength through 

sets and weeks 
x 20-25repetitions completed per 

exercise per set 
x All exercises performed bilaterally 
x 5minute walking cool down 

No exercise (n=14) 
x 1000mg Omega-3 and 400mg 

calcium daily supplements  
x Pain relief medication as needed 

x Pain 
x VAS 
x Health status 
x WOMAC 
x Strength 
x Proximal abduction  
x Proximal external 

rotation  

8 weeks & 6 
months 

Ferber et al. 
46 

Proximal abductor rehabilitation 
programme (n=15) 
x Performed daily over 3weeks 
x Supervised initially and after 7-10 days 

to check technique 
x Standing proximal abduction and 

extension with the resistance of band 
3x10repetitions on each leg, 2secs in each 
direction 

No exercise (n=10) 
x Asymptomatic population 
 

x Pain  
x VAS 

x Strength 
x Proximal abduction 

strength 
x Kinematics 

x Peak knee genu valgum 
angle 

x Stride-to-stride knee-
joint variability 

3 weeks 

VAS = Visual analogue scale, WOMAC =  Western Ontario and McMaster osteoarthritis index 



Supplementary File 3 – Proximal rehabilitation compared to quadriceps rehabilitation group study characteristics 

 
Author 
 

 
Intervention 

 
Control 

 
Variables measured 

 
Follow 
up 

 
Proximal rehabilitation v Quadriceps rehabilitation 
 
Ferber et al. 42 Proximal and core focused 

exercises (n= 111) 
x Performed 6xper week (3x per 

with trainer) 
x 6 week intervention period 
Week 1 
x Proximal abduction – standing; 

Proximal external rotator – 
standing; Proximal external 
rotator – sitting; All 
3x10repetitionss (resistance 
band) 

Week 2 
x Proximal abduction – standing; 

Proximal external rotator – 
standing; Proximal internal 
rotator – standing; All 3x10reps 
(resistance band) 

Week 3 
x Proximal abduction – standing; 

Proximal external rotator – 
standing; Proximal external 
rotator – sitting; All 3x10reps 
(stronger resistance band) 

x Balancing 2 feet on Airex® pad 
3x30-45seconds 

Quadriceps exercise (n= 88) 
x Performed 6xper week (3x per with trainer) 
x 6 week intervention period 
Week 1 
x Isometric quadriceps setting  Knee 

extensions—standing  Double-legged, one-
quarter squats; 3x10 repetitions 

Week 2 
x Isometric quadriceps setting;   Double-

legged, one-half squats;   Terminal knee 
extension w/ resistance band;   3x15 
repetitions; Double-legged, one-quarter 
squats  ; 3x30seconds 

Week 3 
x Double-legged, one-half squats  ; Single-

legged, one-quarter squat;   Double-legged, 
one-quarter wall squats; 3x10 repetitions;    

x Terminal-knee extension w/ resistance band 
3x10 repetitions with stronger band 

Week 4 
x Single-legged, one-half squats  ; Forward, 

one-quarter lunge;   Lateral step-down (4-
inch [3.6 cm] step), No.;   Forward step-
down (4-inch [3.6 cm] step), No.  ; 3x10 
repetitions;  

x Double-legged, one-half wall squats; 

x Pain 
x VAS 

x Function 
x Anterior knee 

pain score 
x Strength 

x Proximal 
abduction 

x Proximal 
extension 

x Proximal internal 
rotation 

x Proximal 
external rotation 

x Knee extension 

6 weeks 



Week 4-6 
x Proximal extension 45˚ – 

standing; Proximal external 
rotator – standing; Proximal 
external rotator – sitting; All 
3x10-15reps (resistance band) 

x Balancing 1 foot on Airex® pad 
3x45-60seconds 

 

3x30seconds 
Week 5-6 
x Double-legged wall squat (to max 908 knee 

flexion); 3x45-60seconds;  
x   Lateral step-down (6–10 in [5.6–9.6 cm] 

step);   Forward step-down (6–10 in [5.6–
9.6 cm] step)  ; Forward one-half full lunge 
(to maximum 90˚ of knee flexion); Single-
legged one-half full squat (to maximum 90˚ 
of knee flexion); 3x15 repetitions 

 
Dolak et al. 24 4 weeks initial proximal abduction 

and external rotation rehabilitation 
followed by 4 weeks weight bearing 
exercises (n=17) 
x Exercise completed 3xper week 

(1 supervised, 2 at home) 
x Seated hamstring stretch, 

standing quadriceps stretch and 
standing wall stretch for triceps 
surae for 3x30sec prior to 
rehabilitation 

x Progression made on an 
individual basis by the treating 
clinician within protocol limits 

x Side-lying proximal 
abduction/external rotation +/- 3-
7% of body weight 
3x10repetitions 

x Standing proximal abduction +/- 
3-7% body weight 
3x10repetitions 

x Seated proximal external 

4 weeks initial quadriceps rehabilitation followed 
by 4 weeks weight bearing exercises (n=16) 
x Exercise completed 3xper week (1 

supervised, 2 at home) 
x Seated hamstring stretch, standing 

quadriceps stretch and standing wall stretch 
for triceps surae for 3x30sec prior to 
rehabilitation 

x Progression made on an individual basis by 
the treating clinician within protocol limits 

x Quad sets 
x Short arc quads +/- 3-7% body weight 
x Straight leg raises +/- 3-7% body weight 
x Terminal knee extension with 3-7% body 

weight 
 

x Pain 
x VAS 
x Function  
x LEFS 
x Strength 
x Isometric 

proximal 
abduction 
strength  

x Isometric 
proximal external 
rotation strength  

x Isometric knee 
extension 
strength 

4 Weeks 



rotation +/- 3-7% body weight 
3x10repetitions 

x Quadruped hydrant +/-3% body 
weight 3x10repetitions 

 
Khayambashi 
et al. 43 

8 weeks posterolateral proximal 
rehabilitation exercises 
x Exercise completed 3 times per 

week, supervised by a therapist 
x 5 min walking warm up 
x 20 mins resistance banding 

exercises for proximal abduction 
and external rotation – 3 sets of 
20-25 reps using progressively 
increasing resistance banding 

x 5 min walking cool down 

8 weeks quadriceps rehabilitation exercises 
x Exercise completed 3 times per week, 

supervised by a therapist 
x 5 min walking warm up 
x 20 mins resistance banding exercises – 

seated knee extension against resistance 
banding, and squatting - 3 sets of 20-25 
reps using progressively increasing 
resistance banding 

x 5 in walking cool down 

x Pain 
x VAS 

x Function 
x WOMAC 

8 weeks 
and 6 
months 

Baldon et al. 
44 

8 weeks functional stabilisation 
exercises directed at the proximal 
and trunk 
x Exercises performed 3 times per 

week supervised 
x First 2 weeks – exercises 

focused at enhancing motor 
control at trunk and proximal – 
20% of 1 repetition maximum – 
2x20repetiitons 

x Next 3 weeks – exercises to 
increase proximal strength and 
maintain motor control – 75% of 
1 repetition maximum – 3x12 
repetitions 

x Final 3 weeks – intensity 
increased whilst maintaining 

8 week standard training programme focused on 
quadriceps rehabilitation 
x Exercises performed 3 times per week 

supervised 
x Comprised of combination of stretches, 

open and closed kinetic chain exercises 
x Included straight leg raise, knee extension, 

leg press, wall squats, step ups, single leg 
standing on unstable platform 

x First 2 weeks – exercises focused at 
enhancing motor – 20% of 1 repetition 
maximum – 2x20repetiitons 

x Next 3 weeks – exercises to increase 
quadriceps strength and maintain motor 
control – 75% of 1 repetition maximum – 
3x12 repetitions 

x Final 3 weeks – intensity increased whilst 

x Pain 
x VAS 

x Function 
x LEFS 
x Single leg triple 

hop 
x Single leg squat 

kinematics 
x Trunk, pelvis, 

proximal and 
knee 

x Trunk endurance 
and eccentric torque 

8 weeks 
and 3 
months 



 

good lower limb alignment - 75% 
of 1 repetition maximum 

x 1 repetition maximum assessed 
at 3 and 6 weeks 

x All exercises performed within 
3/10 pain limits 

maintaining good lower limb alignment - 
75% of 1 repetition maximum 

x 1 repetition maximum assessed at 3 and 6 
weeks 

x All exercises performed within 3/10 pain 
limits 

 
WOMAC =  Western Ontario and McMaster osteoarthritis index 



Supplementary File 4 – Proximal rehabilitation combined with quadriceps rehabilitation compared to quadriceps rehabilitation alone study 
characteristics 
 
Author 
 

 
Intervention 

 
Control 

 
Variables measured 

 
Follow 
up 

 
Proximal rehabilitation & Quadriceps rehabilitation v Quadriceps rehabilitation 
 
Ismail et 
al. 39  

Closed Kinetic Chain and 
proximal exercise group (n = 
16) 
x 18 supervised sessions 
x Static stretching 

hamstrings, iliotibial band, 
gastrocnemius, 
quadriceps 3x30sec 

x Mini wall squat with ball 
between knees 0˚-40˚, 
6sec hold x10repetitions 

x Forward step up on 8inch 
step, 6sec hold 
x10repetitions 

x Lateral step up on 8inch 
step, 6sec hold 
x10repetitions 

x Terminal knee extension 
with resistance banding 0-
30˚, 6sec hold in full 
extension 

x Proximal abduction in 
sidelying with ankle 
weight*, 6sec hold, 

Closed Kinetic Chain exercise 
group (n = 16) 
x 18 supervised sessions 
x Static stretching 

hamstrings, iliotibial band, 
gastrocnemius, 
quadriceps 3x30sec 

x Mini wall squat with ball 
between knees 0˚-40˚, 
6sec hold x10repetitions 

x Forward step up on 8inch 
step, 6sec hold 
x10repetitions 

x Lateral step up on 8inch 
step, 6sec hold 
x10repetitions 

x Terminal knee extension 
with resistance banding 0-
30˚, 6sec hold in full 
extension 

 

x Pain  
x VAS (0-10) 
x Kujala Score (0-100) 
x Strength 
x Isokinetic (60˚/s) peak force/body mass index 

� Concentric proximal abduction  
� Eccentric proximal abduction 
� Concentric proximal external 

rotation 
� Eccentric proximal external 

rotation 

6 weeks 



2x10repetitions 
x Proximal external rotation 

in sitting with ankle 
weight*, 6sec hold, 
2x10repetitions 

*load, 60% 10 repetition 
maximum 

Fukuda et 
al. 23 

Knee and proximal exercise 
group (KHE) (n = 28) 

x 12 supervised 
sessions (nil at home)  

x Therapist assisted 
stretching hamstrings, 
plantar flexors, 
quadriceps and ilitibial 
band 3x30s 

x Seated knee extension 
90˚-45˚, 
3x10repetitions* 

x Leg press 0˚-45˚, 
3x10repetitions* 

x Squatting 0˚-45˚, 
3x10repetitions* 

x Single-leg calf raises, 
3x10repetitions* 

x Prone knee flexion 
(maintaining patella off 
table) 3x10repetitions* 

x Proximal abduction 
with weights 
(sidelying) 
3x10repetitions* 

Knee exercise group (KE) (n 
= 26) 
x 12 supervised sessions 

(nil at home)  
x Therapist assisted 

stretching hamstrings, 
plantar flexors, quadriceps 
and ilitibial band 3x30s 

x Seated knee extension 
90˚-45˚, 3x10repetitions* 

x Leg press 0˚-45˚, 
3x10repetitions* 

x Squatting 0˚-45˚, 
3x10repetitions* 

x Single-leg calf raises, 
3x10repetitions* 

x Prone knee flexion 
(maintaining patella off 
table) 3x10repetitions* 

x *load, 70% of 1 pain free 
repetition maximum 

†maximum resistance that 
enables 10 repetitions 

x Pain  
x NPRS ascending stairs 
x NPRS descending stairs 

 
x Function 

x LEFS (0-80) 
x AKPS (0-100)  
x Single-limb hop test (cm) 

3 
months, 
6 
months 
& 12 
months 



x Proximal abduction 
against elastic band 
(standing) 
3x10repetitions† 

x Proximal external 
rotation against elastic 
band (sitting) 
3x10repetitions† 

x Proximal extension 
(machine) 
3x10repetitions* 

x *load, 70% of 1 pain 
free repetition 
maximum 

†maximum resistance that 
enables 10 repetitions 

Dolak et 
al. 24 

4 weeks initial proximal 
abduction and external 
rotation rehabilitation followed 
by 4 weeks weight bearing 
exercises (n=17) 
x Exercise completed 3xper 

week (1 supervised, 2 at 
home) 

x Seated hamstring stretch, 
standing quadriceps 
stretch and standing wall 
stretch for triceps surae 
for 3x30sec prior to 
rehabilitation 

x Progression made on an 
individual basis by the 

4 weeks initial quadriceps 
rehabilitation followed by 4 
weeks weight bearing 
exercises (n=16) 
x Exercise completed 3xper 

week (1 supervised, 2 at 
home) 

x Seated hamstring stretch, 
standing quadriceps 
stretch and standing wall 
stretch for triceps surae 
for 3x30sec prior to 
rehabilitation 

x Progression made on an 
individual basis by the 
treating clinician within 

x Pain 
x VAS 
x Function  
x LEFS 
x Strength 
x Isometric proximal abduction strength  
x Isometric proximal external rotation strength  
x Isometric knee extension strength  

4 weeks, 
8 weeks 
& 3 
months 



treating clinician within 
protocol limits 

x Side-lying proximal 
abduction/external rotation 
+/- 3-7% of body weight 
3x10repetitions 

x Standing proximal 
abduction +/- 3-7% body 
weight 3x10repetitions 

x Seated proximal external 
rotation +/- 3-7% body 
weight 3x10repetitions 

x Quadruped hydrant +/-3% 
body weight 
3x10repetitions 

x Single leg balance with 
front pull/diagonal pull/on 
airex pad/airex pad and 
diagonal pull 3x30sec 

x Wall slides with 
resistance/single leg mini 
squats/lunges to 20.3cm 
step/lunges to a 10cm 
step 3x10repetitions 

x  Lateral step down 10cm 
step/15.25cm step/ 
15.25cm step with 
resistance/20.3cm step 
3x10repetitions 

x 2 leg calf raises/single leg 
calf raises/off step/on 
airex pad 3x10repetitions 

protocol limits 
x Quad sets 
x Short arc quads +/- 3-7% 

body weight 
x Straight leg raises +/- 3-

7% body weight 
x Terminal knee extension 

with 3-7% body weight 
x Single leg balance with 

front pull/diagonal pull/on 
airex pad/airex pad and 
diagonal pull 3x30sec 

x Wall slides with 
resistance/single leg mini 
squats/lunges to 20.3cm 
step/lunges to a 10cm 
step 

x  Lateral step down 10cm 
step/15.25cm step/ 
15.25cm step with 
resistance/20.3cm step 

x 2 leg calf raises/single leg 
calf raises/off Painstep/on 
airex pad 



Fukuda et 
al. 38 

Knee and proximal exercise 
group (KHE) (n = 23) 

x 12 supervised 
sessions (nil at home)  

x Therapist assisted 
stretching hamstrings, 
plantar flexors, 
quadriceps and ilitibial 
band 3x30s 

x Iliopsoas rehabilitation 
in non-weight bearing, 
3x10repetitions* 

x Seated knee extension 
90˚-45˚, 
3x10repetitions* 

x Leg press 0˚-45˚, 
3x10repetitions* 

x Squatting 0˚-45˚, 
3x10repetitions* 

x Proximal abduction 
against elastic band 
(standing) 
3x10repetitions† 

x Proximal abduction 
with weights 
(sidelying) 
3x10repetitions* 

x Proximal external 
rotation against elastic 
band (sitting) 
3x10repetitions† 

x Side-stepping against 

Knee exercise group (KE) (n 
= 22) 
x 12 supervised sessions 

(nil at home) 
x Therapist assisted 

stretching hamstrings, 
plantar flexors, quadriceps 
and ilitibial band 3x30s 

x Iliopsoas rehabilitation in 
non-weight bearing, 
3x10repetitions* 

x Seated knee extension 
90˚-45˚, 3x10repetitions* 

x Leg press 0˚-45˚, 
3x10repetitions* 

x Squatting 0˚-45˚, 
3x10repetitions* 

x *load, 70% of 1 pain free 
repetition maximum 

†maximum resistance that 
enables 10 repetitions 

x Pain  
x NPRS ascending stairs 
x NPRS descending stairs 
x Function 
x LEFS (0-80) 
x AKPS (0-100)  
x Single-limb hop test (cm) 

4 weeks 



elastic band 3x1minute 
x *load, 70% of 1 pain 

free repetition 
maximum 

†maximum resistance that 
enables 10 repetitions 

Razeghi et 
al.  
37 

Proximal & knee rehabilitation 
exercise programme (n=16) 

x Programme not 
explicitly described 

x “Progressive resistive 
exercises for the 
proximal muscles” 

x “Terminal and 90˚to 
50˚ resistive knee 
extension and mini 
squats for the 
quadriceps” 

x “The McQueen 
progressive resistive 
technique was applied 
to increase exercise 
resistance” 

 

Knee rehabilitation exercise 
programme (n=16) 

x Programme not 
explicitly described 

 
x “Terminal and 90˚to 

50˚ resistive knee 
extension and mini 
squats for the 
quadriceps” 

x “The McQueen 
progressive resistive 
technique was applied 
to increase exercise 
resistance” 

 

In case and control group: 
x Pain  
x VAS 
x Successful/unsuccessful outcome 
x Strength 
x Knee extension strength 

In success /unsuccess groups only 
x Strength 

x Proximal flexion strength 
x Proximal extension strength 
x Proximal abductor strength 
x Proximal adductor strength 
x Proximal internal rotation strength 
x Proximal external rotation strength 
x Knee extension strength 

4 weeks 

Nakagawa 
et al. 
40 

Proximal and Knee Exercise 
Group (n = 7) 
x All exercises performed in 

addition to the knee 
exercise group exercises 

x Once per week 
supervised, 4 times per 
week independently at 

Knee Exercise Group (n = 7) 
x Once per week 

supervised, 4 times per 
week independently at 
home 

x Stretches (all exercise 
sessions) 3 repetitions/30-
second hold. Sitting 

x Pain 
x VAS – usual, worst, stair ascent and decent, 

squatting and prolonged sitting 
x Gluteal Electromyography  

x Max Voluntary Isometric Contraction (MVIC) 
x Eccentric Contraction (EC) 
x EC expressed as % of MVIC 

6 weeks 



home 
Weeks 1 and 2 exercises; 2 
sets of 15 repetitions/ 10-
second hold 
x Transversus abdominus 

muscle contraction in the 
quadruped position 

x Isometric combined 
proximal abduction–lateral 
rotation in side- lying with 
the proximals and  knees 
slightly flexed elastic 
resistance 

x Side-lying isometric 
proximal abduction with 
extended knee 

x Isometric combined 
proximal abduction–lateral 
rotation in the quadruped 
position   

Weeks 3 and 4 exercises; 2 
sets of 15 repetitions/ 10-
second hold or   3 sets of 10 
repetitions 
x Pelvic drop exercise on  a 

20-cm step  Upper 
extremity extension of the 
contralateral arm with 
elastic resistance 
performed in a single-leg 
stance 

x Rotation of the body in the 

hamstring stretch. Sitting 
patellar mobilization. 
Standing quadriceps, calf 
and iliotibial band stretch. 

Weeks 1 and 2 exercises; 2-4 
sets of 10 repetitions/ 10-
second hold 
x Isometric quadriceps 

contractions while sitting 
with 90˚ of knee flexion  

x Straight-leg raise in 
supine 

x   Mini squats to 40˚ of 
knee flexion 

Weeks 3 and 4 exercises; 3 
sets of 10 repetitions  
x Wall slides (0–60˚ of knee 

flexion) 
x Steps-up and steps-down 

from a 20-cm step 
x Forward lunges (0–45˚ of 

knee flexion)   
Weeks 5 and 6 exercises, as 
for weeks 3 and 4 plus; 3 sets 
of 30-second hold each 
exercise 
x Balance exercises: 

unilateral stance on the 
floor and on an air-filled 
disc, with opened and 
closed eyes 

x Progressive walking or 

x Eccentric Isokinetic Peak Torque 
x Knee extensor 
x Proximal abductor 
x Proximal lateral rotator 



direction of the 
contralateral side, holding 
an elastic resistance with 
the ipsilateral arm while 
main- taining the lower 
extremity static 

Weeks 5 and 6 exercises, as 
for weeks 3 and 4b 
x Additional elastic 

resistance around the 
affected leg in the forward 
lunges to encourage 
lateral rotation and 
abduction of the proximal 

 

running programme 

Avraham 
F et al. 
41 

Proximal and quadriceps 
rehabilitation exercises (n = 
10) 
Two treatment sessions/week 
in clinic, 4 sessions 
independently at home 
x 3 minutes Straight leg 

raises 
x 3 minutes Single leg 

squats 
x 3 minutes ITB stretches 
x 3 minutes hamstring 

stretches 
x 3 minutes proximal 

external rotators 
rehabilitation 

x 15minutes TENS 

Quadriceps rehabilitation 
exercises (n = 10) 
Two treatment sessions/wk in 
clinic, 4 sessions 
independently at home 
x 7.5 minutes straight leg 

raises 
x 7.5 minutes single leg 

squats 
x 15 minutes TENS 

x Pain  
x VAS (0-10) 

x Function  
x Patellofemoral evaluation scale (0-100) 

3 weeks 



 

 
VAS – Visual analogue scale; NPRS – Numeric pain rating scale; LEFS – Lower extremity functional score; AKPS – Anterior knee pain score; 
TENS – Transcutaneous electrical nerve stimulation; ITB – Iliotibial band 



Supplementary File 5 – Proximal rehabilitation alone study characteristics 

 
Author 
 

 
Intervention 
 

 
Control 

 
Variables measured 

 
Follow up 

 
Proximal rehabilitation alone 
 
Earl & Hoch 
25 

Proximal & core muscle rehabilitation 
programme (n=19) 
x 8-15 supervised sessions lasting 

30-60minutes over 8 weeks 
x Additional 3xper home exercise 

programme 
x Hamstring, Quadriceps and calf 

stretches 
x Abdominal draw in 
x Side lying clamshell 
x Side lying straight leg raising 
x Supine arm/leg extension 
x Quadruped arm/leg extension 
x Isometric single leg stance +/- 

proximal abduction/quick kicks 
x Single leg column weights 
x Prone and side plank 
x Monster walks 
x Mini squats 
x Single leg stance with sport specific 

upper limb movements 

None x Pain  
x VAS 
x AKPS 

x Strength 
x Isometric proximal abduction 

strength 
x Isometric proximal external 

rotation strength 
x Anterior, lateral and posterior 

core endurance 
x Kinematics 
1. Peak internal joint moments 

during the stance phase of 
running 

x Clinical measures 
x Joint range of motion 

8 weeks 



 

Tyler et al. 
25 

Proximal rehabilitation and flexibility 
programme (n=35, 43 Knees) 
x Home exercise programme 

performed daily 
x Progressive resisted exercise - 

Seated proximal flexion, adduction, 
extension, abduction 

x Stretching proximal flexors, 
quadriceps, iliotibial band 

x Manual therapy – patella mobs 
x Mini squats 
x Balance exercise 
x Step ups and step downs 
x Upper and lower extremity reaches 
x Plyometric/agility exercises 
x Lunges 
x Return to sport 

None x Pain  
x During activities of daily living 

VAS 
x Exercise VAS 

x Strength 
x Proximal flexion strength 
x Proximal abduction strength  
x Proximal adduction strength 

x Clinical Measures 
x Obers test 
x Thomas test 

6 weeks 

VAS – Visual analogue scale; AKPS – Anterior knee pain score 



Supplementary File 6 - PFP diagnosis checklist 

 

Author Inclusion Items Exclusion Items Total 
Score Clear 

definition of 
location 

Insidious onset 
unrelated to trauma 

Symptoms consistent 
with diagnosis 

Previous 
knee 
surgery 

Internal 
derangement 

Ligamentous 
instability 

Other sources of 
anterior knee 
pain 

Tyler et al. 45 1 1 1 1 1 1 1 7 
Razeghi et al. 
37 

1 1 1 1 1 1 1 7 

Nakagawa et 
al. 40 

1 1 1 1 1 1 1 7 

Earl & Hoch 25 1 1 1 1 1 1 1 7 

Dolak et al. 24 1 1 1 1 1 1 1 7 

Ferber et al. 42 1 1 1 1 1 1 1 7 

Baldon et al. 
44 

1 1 1 1 1 1 1 7 

Ismail et al. 39 1 1 1 1 1 1 0 6 

Khayambashi 
et al. 26 

1 0 1 1 1 1 1 6 

Khayambashi 
et al. 43 

1 0 1 1 1 1 1 6 

Fukuda et al. 
23 

1 0 1 1 1 1 1 6 

Fukuda et al. 
38 

1 0 1 1 1 1 1 6 

Ferber et al.  
46 

1 1 1 1 0 0 1 5 

Avraham et al. 
41 

1 0 1 0 0 0 0 2 
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Appendix	7	-	Clinical	Measures	–	Pre	Method	Modification	

	



Strength	Measures	
	
Hip	
Abductors	
With	the	participant	lying	on	their	side,	a	belt	with	a	
hand	held	dynamometer	was	placed	on	the	distal	1/3	of	
the	lateral	thigh.		The	participant	was	instructed	to	push	
with	maximum	effort	directly	upwards	as	hard	as	
possible	for	a	count	of	5sec.	This	was	repeated	3	times,	
with	a	30sec	rest	between	bouts	of	effort.	
	
Extensors	
With	the	participant	lying	on	their	front,	a	belt	with	a	
hand	held	dynamometer	was	placed	on	the	posterior,	
distal	1/3	of	the	femur,	with	the	knee	flexed	to	90˚.		The	
participant	was	instructed	to	push	with	maximum	effort	
directly	upwards	as	hard	as	possible	for	a	count	of	5sec	
with	the	knee	bent.	This	was	repeated	3	times,	with	a	
30sec	rest	between	bouts	of	effort.	
	
Internal	Rotation/External	Rotation	
The	participant	was	sitting	on	the	end	of	the	couch	with	
the	entire	thigh	supported	and	the	knees	bent	to	90˚.	The	
hand	held	dynamometer	was	placed	on	the	inside	of	the	
ankle	of	the	tested	leg	for	external	rotation	strength	
testing,	and	outside	of	the	ankle	of	the	tested	leg	for	
internal	rotation	supported	by	a	belt.		The	participant	
was	instructed	to	push	with	maximum	effort	into	the	
dynamometer	as	hard	as	possible	for	a	count	of	5	sec.		
This	was	repeated	3	times,	with	a	30	sec	rest	between	
bouts	of	effort.		
	
Knee	
Extensors	
The	participant	sat	on	the	end	of	the	couch,	with	the	
entire	thigh	supported,	and	the	knee	bent	to	90˚.		A	
support	web	belt	was	tightened	across	the	lap	of	the	
participant.		The	dynamometer	was	placed	over	the	distal	
1/3	of	the	tibia,	with	the	belt	tied	to	the	couch.		The	
participant	was	instructed	to	push	the	knee	straight	with	
maximum	effort	into	the	dynamometer	for	a	count	of	5	
sec.		This	was	repeated	3	times,	with	a	30	sec	rest	
between	bouts	of	effort.	
	
Flexors	
The	participant	lay	prone	on	the	couch.		The	dynamometer	was	positioned	on	
the	middle	1/3	of	the	posterior	tibia,	supported	by	a	web	belt.		The	participant	
was	instructed	to	bend	the	knee	pushing	with	maximum	effort	into	the	



dynamometer	for	a	count	of	5	sec.		This	was	repeated	3	times,	with	a	30	sec	rest	
between	bouts	of	effort.	
	
Ankle	
Invertors	
The	participant	was	positioned	in	side	
lying,	with	the	limb	to	be	tested	
uppermost,	and	extended.		The	
contralateral	limb	was	flexed	at	the	hip	and	
knee	to	aid	stability.		The	distal	1/3	of	the	
tibia	was	stabilised	by	the	tester	on	a	
folded	towel,	and	the	dynamometer	placed	
on	the	couch	at	the	level	of	the	1st	MTPJ.		
The	participant	was	instructed	to	push	
with	maximum	effort	downward	into	the	
dynamometer,	whilst	the	tester	applied	
pressure	to	the	distal	tibia.			
	
Evertors	
The	participant	was	positioned	in	side	
lying,	with	the	limb	to	be	tested	lowermost	
and	extended.		The	contralateral	limb	was	
flexed	at	the	hip	and	knee	and	rested	on	the	
couch	anterior	to	the	tested	limb.		The	
distal	1/3	of	the	tibia	was	stabilised	by	the	
tester	on	a	folded	towel,	and	the	
dynamometer	placed	on	the	couch	at	the	
level	of	5th	MTPJ.	The	participant	was	
instructed	to	push	with	maximum	effort	
downward	into	the	dynamometer,	whilst	
the	tester	applied	pressure	to	the	distal	tibia.			
	



Structural	Measures	

Hip	
External	Rotation	
Lying	prone	with	the	leg	to	be	examined	bent	to	90˚	at	the	
knee	and	the	pelvis	stabilised	with	a	webbing	strap	
tightened	at	the	level	of	the	posterior	superior	iliac	spine,	
the	digital	inclinometer	was	placed	on	the	lateral	tibia	
whilst	the	ankle	is	allowed	to	rotate	towards	the	opposite	
leg	with	external	pressure	applied	to	maintain	the	knee	at	
90˚,	whilst	allowing	gravity	to	take	the	leg	into	rotation.		
The	maximal	angle	of	rotation	was	then	recorded.	
	
Internal	Rotation	
Lying	prone	with	the	leg	to	be	examined	bent	to	90˚	at	the	knee	and	the	pelvis	
stabilised	with	a	webbing	strap	tightened	at	the	level	of	the	posterior	superior	
iliac	spine,	the	digital	inclinometer	was	placed	on	the	medial	tibia	whilst	the	
ankle	is	allowed	to	rotate	outwards	with	external	pressure	applied	to	maintain	
the	knee	at	90˚,	whilst	allowing	gravity	to	take	the	leg	into	rotation.		The	maximal	
angle	of	rotation	was	then	recorded.	
	
Hamstring	extensibility	
Lying	supine,	the	participant’s	hip	to	be	examined	was	
bent	up	to	just	beyond	90˚.		The	digital	inclinometer	was	
‘zeroed’	to	the	couch.		The	examiner	holds	the	distal	tibia	
and	lifts	the	leg	upwards	until	first	resistance	is	felt	whilst	
simultaneously	extending	the	hip.		The	inclinometer	was	
initially	placed	on	the	anterior	aspect	of	the	thigh.		When	
a	value	of	90˚	was	visible,	the	manoeuvre	was	stopped.		
The	inclinometer	was	placed	on	the	anterior	aspect	of	the	
tibia	whilst	the	tension	is	maintained	and	the	angle	
recorded.	
	
Hip	Flexor	extensibility	
Sitting	on	the	edge	of	a	couch,	the	leg	not	being	
assessed	was	held	close	to	their	chest	by	the	
participant.	They	were	controlled	into	lying	on	
their	back	and	the	examined	leg	remained	
relaxed.		The	inclinometer	was	‘zeroed’	to	the	
horizontal	of	the	couch,	and	the	angle	
measured	when	the	inclinometer	was	rested	
on	the	most	distal	point	of	the	anterior	thigh	
(inclinometer	touching	the	superior	pole	of	the	
patella).		
	
Foot	
Forefoot	angle	



The	participant	lay	prone,	with	the	foot	to	be	tested	
off	the	end	of	the	couch.		The	examiner	applied	
pressure	through	the	3rd	MT	until	the	ankle	was	at	a	
neutral	DF/PF	angle.		The	participant	was	then	
asked	to	‘hold	the	ankle	in	this	position’.		A	
photograph	was	taken	from	above	the	ankle,	
ensuring	that	the	end	of	the	couch	and	the	forefoot	
was	visible.		The	angle	was	measured	subsequently	
using	Protractor	360˚	iPad	software	application.	
	
Forefoot	angle	–	knee	bent	90˚	
The	participant	lay	prone,	with	the	knee	bent	to	~90˚	flexion.		The	examiner	
applied	pressure	to	the	3rd	MT	until	the	ankle	was	at	a	neutral	DF/PF	angle.	The	
participant	was	then	asked	to	‘hold	the	ankle	in	this	position’.		The	digital	
inclinometer	was	‘zeroed’	to	the	horizontal	of	the	couch,	and	subsequently	rested	
on	the	forefoot	(head	of	5th	to	1st	MTs).	The	angle	was	then	recorded	as	the	
forefoot	angle.	
	
Forefoot	angle	–	Root,	Weed	and	Orien	
The	participant	lay	prone,	and	a	line	to	bisect	the	calcaneum	drawn	on	the	
posterior	heel.		The	knee	was	bent	to	~90˚	flexion.		The	examiner	applied	
pressure	through	the	lateral	3	toes	to	‘lock’	the	mid	tarsal	joint.	The	inclinometer	
was	‘zeroed’	along	the	line	of	the	calcaneal	bisection	and	subsequently	placed	on	
the	forefoot,	with	the	angle	between	the	two	recorded	as	the	forefoot	angle.		
	
Reducible	or	non-reducible	inverted	forefoot	
The	participant	lay	prone,	with	the	foot	to	be	tested	off	the	end	of	the	couch.		The	
examiner	applied	pressure	through	the	3rd	MT	until	the	ankle	was	at	a	neutral	
DF/PF	angle.	Whilst	maintaining	the	foot	in	this	position,	the	examiner	pulled	the	
dorsal	surface	of	the	1st	MTPJ	in	a	caudad	direction.		The	foot	was	scored	as	
reducible	if	the	1st	MTPJ	could	be	pulled	in	line	with	or	below	the	5th	MTPJ.		
	
	
Big	Toe	range	of	motion	
The	participant	lay	supine,	the	examiner	
extended	the	big	toe	to	the	point	of	
maximal	resistance.		The	inclinometer	
was	‘zeroed’	along	the	length	of	the	1st	
MT.		The	angle	was	measured	between	
the	MT	and	the	proximal	phalanx.		
	
	



Weight	Bearing	Measures	
	
Arch	Width	Difference	
In	standing,	the	total	foot	length	was	measured	and	a	mark	made	on	the	foot	at	
50%	of	this	distance.	The	participant	then	sat	on	the	end	of	the	couch	with	their	
feet	hanging	from	the	end	and	their	knees	bent	to	90	degrees.		With	the	foot	in	a	
relaxed	position,	a	measure	of	the	foot	width	at	the	50%	of	foot	length	mark	was	
taken.	The	participant	then	stood	up	and	a	further	measure	at	the	same	point	on	
the	foot	was	taken.		The	difference	between	the	two	measures	was	taken	as	the	
arch	width	difference.			
	
Navicular	drop	
The	participant	marched	on	the	spot	and	came	to	a	stop	in	a	relaxed	stance.		The	
navicular	tuberosity	was	palpated	and	marked.		The	examiner	guided	the	
participant	into	a	'neutral'	foot	position	through	palpation	of	the	medial	and	
lateral	talar	head	anteriorly.	When	both	bony	prominences	were	palpated	
equally,	the	foot	was	considered	to	be	in	a	neutral	position.		A	measure	from	the	
mark	to	the	floor	was	taken.		The	participant	then	relaxed	the	foot,	and	a	further	
measure	from	the	mark	to	the	floor	was	taken.		The	difference	between	the	two	
measures	was	calculated	as	the	navicular	drop	(mm).	
	
Navicular	drift	
The	participant	marched	on	the	spot	and	came	to	a	stop	in	a	relaxed	stance,	
stood	on	a	piece	of	paper.		The	same	mark	used	to	determine	navicular	drop	was	
utilised	(point	on	the	navicular	tuberosity).		The	examiner	guided	the	participant	
into	a	'neutral'	foot	position	through	palpation	of	the	medial	and	lateral	talar	
head	anteriorly.	When	both	bony	prominences	were	palpated	equally,	the	foot	
was	considered	to	be	in	a	neutral	position.		A	mark	vertically	downwards	was	
made	on	the	paper,	the	participant	then	relaxed	the	foot.		A	Further	mark	was	
made	on	the	paper	vertically	downwards	from	the	navicular	tibersoity.		The	
distance	between	the	two	marks	on	the	paper	was	calculated	as	the	navicular	
drift	(mm).		
	
Tibial	angle	
The	inclinometer	method	for	tibial	angle	has	been	described	previously	47.	
Briefly,	the	participant	marched	on	the	spot	and	came	to	a	stop	in	a	relaxed	
stance.		The	examiner	measured	the	vertical	angle	between	the	landmarks	of	the	
neck	of	the	talus	and	the	tibial	tuberosity.	
	
Foot	Posture	Index	
Static	foot	posture	was	assessed	using	the	six-item	foot	posture	index	(FPI)	
score.		Participants	were	instructed	to	march	on	the	spot	and	then	stand	in	a	
comfortable	position	as	the	examiner	assessed	both	feet.		A	score	from	-12	to	
+12	will	be	obtained	with	scores	between	0	to	5	normal,	6	to	9	pronated,	10+	
highly	pronated,	-1	to	-4	supinated	and	-5	to	-12	highly	supinated.	
	
Relaxed	calcaneal	(heel)	position	



The	participant	marched	on	the	spot	and	came	to	a	stop	in	a	relaxed	stance.		The	
examiner	measured	the	angle	of	the	calcaneal	bisection	relative	to	the	floor	using	
the	digital	inclinometer.	
	
Ankle	dorsiflexion	range	(knee	straight	and	knee	bent)	
The	participant	stood	with	the	foot	of	the	leg	to	be	tested	straight	on	a	line	of	
tape	on	the	floor.	The	digital	inclinometer	was	‘zeroed’	to	the	anterior	tibia	
whilst	the	participant	was	in	an	upright	standing	position.	They	lunged	forwards	
to	the	point	of	first	stretch	into	the	back	of	the	leg,	whilst	the	knee	is	kept	
straight.		The	inclinometer	was	maintained	on	the	anterior	tibia	and	a	single	
measure	taken	at	this	point	of	the	lunge.	The	same	test	was	performed	again,	but	
with	the	knee	bent,	and	a	second	measure	taken.			
	
Single	Leg	Squat	
All	participants	were	provided	with	standard	instructions	on	how	to	complete	
the	Single	Leg	Squat	(SLSq)	task.		Participants	were	instructed	to	fold	their	arms	
across	their	chest	and	squat	down	as	far	as	possible	5	times	consecutively	in	a	
slow	controlled	manner,	maintaining	their	balance	at	a	rate	of	1	squat	per	2	
seconds.		During	the	SLSq	task	participants	were	videoed	from	the	front.		The	
camera	was	placed	3m	away,	on	a	tripod,	at	the	participant’s	waist	height	above	
the	ground.		
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Appendix	8	–	Complete	Proforma	of	the	Clinical	Test	Battery		

	 	

Participant Number…………..  Date…………..   Tester………….. 

 

Test	Group	 Position	 Test	 Right																					 Left	

Strength	

	 Prone	 Hip	extension	 	 	

	 Knee	flexion	 	 	

Side	Lying	 Hip	abduction	 	 	

Supine	 Ankle	eversion	 	 	

	 Ankle	inversion	 	 	

Sitting	 Knee	extension	 	 	

	 Hip	internal	rot.		 	 	

	 Hip	external	rot.		 	 	

Structural	Nb.	Mark	navicular	position,	50%	foot	length	and	bisect	calcaneus		

	 Prone	 Hip	internal	rot.		 	 	

	 Hip	external	rot.		 	 	

Forefoot	position	 Knee	straight	 	 	

	 Knee	bent	@90˚	 	 	

	 Knee	bent	-	calc.	bisect,	

examiner	hold	

	 	

	 Reducible		 	 	

Supine	 H/S	flexibility	 	 	

	 1st	MTPJ	range	 	 	

Sitting	 Hip	flexor	length	 	 	

	 Arch	width	50%	 	 	

Weight	Bearing	

	 Relaxed	Stance	 FPI	 	 	

	 Navicular	height	 	 	

	 											 Arch	width	50%	 	 	

	 Tibial	angle	 	 	

	 Calc.	angle	 	 	

	 Navicular	Drift	 	 	

TNJ	Neutral	 Navicular	height	 	 	

	 Tibial	angle	 	 	

	 Calc.	Angle	 	 	

	 Navicular	Drift	 	 	

Single	leg	 Gastroc.	Length	 	 	

	 Soleus	length	 	 	

	 SLSQ	 	 	
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Appendix	9	-	Clinical	Measures	–	Final	Test	Battery,	Post	Method	

Modification	

Strength	

Hip	

Extensors	

With	the	participant	lying	prone,	a	belt	with	a	hand	

held	dynamometer	was	placed	on	the	posterior,	

distal	1/3	of	the	femur,	with	the	knee	flexed	to	90˚.		

The	participant	was	instructed	to	push	with	

maximum	effort	directly	upwards	as	hard	as	

possible	for	a	count	of	5sec	with	the	knee	bent.	

This	was	repeated	3	times,	with	a	30sec	rest	

between	bouts	of	effort.	

External	Rotation	

Sitting	with	the	entire	thigh	supported,	arms	crossed	and	

the	knees	bent	to	90˚.	The	hand	held	dynamometer	was	

placed	on	the	inside	of	the	ankle	of	the	tested	leg	

supported	by	a	belt.		The	participant	was	instructed	to	

push	with	maximum	effort	into	the	dynamometer	for	a	

count	of	5	sec.		This	was	repeated	3	times,	with	a	30	sec	

rest	between	bouts	of	effort.		

Knee	

Extensors	

The	participant	sat	on	the	end	of	the	couch,	with	the	entire	

thigh	supported,	and	the	knee	bent	to	90˚.		A	support	web	

belt	was	tightened	across	the	lap	of	the	participant.		The	

dynamometer	was	placed	over	the	distal	1/3	of	the	tibia,	

with	the	belt	tied	to	the	couch.		The	participant	was	

instructed	to	push	the	knee	straight	with	maximum	effort	
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into	the	dynamometer	for	a	count	of	5	sec.		This	was	repeated	3	times,	with	a	30	sec	

rest	between	bouts	of	effort.	

Ankle	

Invertors	

Side	lying,	with	the	limb	to	be	tested	uppermost,	

and	extended.		The	contralateral	limb	flexed	at	the	

hip	and	knee	to	aid	stability.		The	distal	1/3	of	the	

tibia	was	stabilised	by	the	tester	on	a	folded	towel,	

and	the	dynamometer	placed	on	the	couch	at	the	

level	of	the	1st	MTPJ.		The	participant	was	

instructed	to	push	with	maximum	effort	downward	

into	the	dynamometer,	whilst	the	tester	applied	pressure	to	the	distal	tibia.			

Range	of	Motion	

Hip	External	Rotation	

Lying	prone	with	the	leg	to	be	examined	bent	to	90˚	at	the	

knee	and	the	pelvis	stabilised	with	a	webbing	strap	

tightened	at	the	level	of	the	posterior	superior	iliac	spine,	

the	digital	inclinometer	was	placed	on	the	lateral	tibia	

whilst	the	ankle	is	allowed	to	rotate	towards	the	opposite	

leg	with	external	pressure	applied	to	maintain	the	knee	at	

90˚,	whilst	allowing	gravity	to	take	the	leg	into	rotation.		

The	maximal	angle	of	rotation	was	then	recorded.	

Hip	Internal	Rotation	

Lying	prone	with	the	leg	to	be	examined	bent	to	90˚	at	the	

knee,	the	pelvis	stabilised	with	the	examiners	hand	and	

the	iPhone	inclinometer	attached	to	the	mid	shank	by	a	

neoprene	strap.	The	ankle	was	allowed	to	rotate	outwards	

with	external	pressure	applied	to	maintain	the	knee	at	

90˚,	whilst	allowing	gravity	to	take	the	leg	into	rotation.		

The	maximal	angle	of	rotation	was	then	recorded.	
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1st	MTPJ	range	of	motion	

The	participant	lay	supine,	the	examiner	extended	the	big	toe	to	the	point	of	maximal	

resistance.		The	iPhone	inclinometer	was	‘zeroed’	along	the	length	of	the	1st	metatarsal	

(MT).		The	angle	was	measured	between	the	1st	MT	and	the	proximal	phalanx.		

	

Ankle	dorsiflexion	range	(knee	straight	and	knee	bent)	

The	participant	stood	bearing	weight	evenly	on	both	feet.	The	iPhone	was	attached	to	

the	mid	portion	of	the	shank	using	a	neoprene	strap,	and	the	inclinometer	was	

‘zeroed’	when	participant	was	in	an	upright	standing	position.	They	lunged	forwards	to	

the	point	of	first	stretch	into	the	back	of	the	leg,	whilst	the	knee	is	kept	straight.		A	

single	measure	was	taken	at	this	point	of	the	lunge.	The	same	test	was	performed	

again,	but	with	the	knee	bent,	and	a	second	measure	taken.			
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Foot	

Arch	Width	Difference	

In	standing,	the	total	foot	length	was	measured	and	a	mark	made	on	the	foot	at	50%	of	

this	distance.	The	participant	then	sat	on	the	end	of	the	couch	with	their	feet	hanging	

from	the	end	and	their	knees	bent	to	90	degrees.		With	the	foot	in	a	relaxed	position,	a	

measure	of	the	foot	width	at	

the	50%	of	foot	length	mark	

was	taken.	The	participant	

then	stood	up	and	a	further	

measure	at	the	same	point	

on	the	foot	was	taken.		The	

difference	between	the	two	

measures	was	taken	as	the	

arch	width	difference.			

	

Navicular	drop	

The	participant	marched	on	the	spot	and	came	to	a	stop	in	a	relaxed	stance.		The	

navicular	tuberosity	was	palpated	and	marked.		The	examiner	guided	the	participant	

into	a	'neutral'	foot	position	through	palpation	of	the	medial	and	lateral	talar	head	

anteriorly.	When	both	bony	prominences	were	palpated	equally,	the	foot	was	

considered	to	be	in	a	neutral	position.		A	measure	from	the	mark	to	the	floor	was	

taken.		The	participant	then	relaxed	the	foot,	and	a	further	measure	from	the	mark	to	

the	floor	was	taken.		The	difference	between	the	two	measures	was	calculated	as	the	

navicular	drop	(mm).	

	

Navicular	drift	

The	participant	marched	on	the	spot	and	came	to	a	stop	in	a	relaxed	stance,	stood	on	a	

piece	of	paper.		The	same	mark	used	to	determine	navicular	drop	was	utilised	(point	



	

	 	 	246	

on	the	navicular	tuberosity).		The	examiner	guided	the	participant	into	a	'neutral'	foot	

position	through	palpation	of	the	medial	and	lateral	talar	head	anteriorly.	When	both	

bony	prominences	were	palpated	equally,	the	foot	was	considered	to	be	in	a	neutral	

position.		A	mark	vertically	downwards	was	made	on	the	paper,	the	participant	then	

relaxed	the	foot.		A	Further	mark	was	made	on	the	paper	vertically	downwards	from	

the	navicular	tibersoity.		The	distance	between	the	two	marks	on	the	paper	was	

calculated	as	the	navicular	drift	(mm).		

	

Foot	Posture	Index	

Static	foot	posture	was	assessed	using	the	six-item	foot	posture	index	(FPI)	score.		

Participants	were	instructed	to	march	on	the	spot	and	then	stand	in	a	comfortable	

position	as	the	examiner	assessed	both	feet.		A	score	from	-12	to	+12	will	be	obtained	

with	scores	between	0	to	5	normal,	6	to	9	pronated,	10+	highly	pronated,	-1	to	-4	

supinated	and	-5	to	-12	highly	supinated.	

	

Single	Leg	Squat	

All	participants	were	provided	with	standard	instructions	on	

how	to	complete	the	Single	Leg	Squat	(SLSq)	task.		

Participants	were	instructed	to	fold	their	arms	across	their	

chest	and	squat	down	as	far	as	possible	5	times	

consecutively	in	a	slow	controlled	manner,	maintaining	their	

balance	at	a	rate	of	1	squat	per	2	seconds.		During	the	SLSq	

task	participants	were	videoed	from	the	front.		The	camera	

was	placed	3m	away,	on	a	tripod,	at	the	participant’s	waist	

height	above	the	ground.		
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Appendix	10	–	Peer	Reviewed	Publication	“The	Immediate	Effects	of	

Foot	Orthoses	on	Hip	and	Knee	Kinematics	and	Muscle	Activity	During	

a	Functional	Step-up	Task	in	Individuals	with	Patellofemoral	Pain”
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Background: Evidence shows that anti-pronating foot orthoses improve patellofemoral pain, but there is a paucity
of evidence concerning mechanisms. We investigated the immediate effects of prefabricated foot orthoses on
(i) hip and knee kinematics; (ii) electromyography variables of vastus medialis oblique, vastus lateralis and
gluteus medius during a functional step-up task, and (iii) associated clinical measures.
Methods: Hip muscle activity and kinematics were measured during a step-up task with and without an anti-
pronating foot orthoses, in people (n = 20, 9 M, 11 F) with patellofemoral pain. Additionally, we measured
knee function, foot posture index, isometric hip abductor and knee extensor strength and weight-bearing
ankle dorsiflexion.
Findings: Reduced hip adduction (0.82°, P = 0.01), knee internal rotation (0.46°, P = 0.03), and decreased
gluteus medius peak amplitude (0.9 mV, P = 0.043) were observed after ground contact in the ‘with orthoses’
condition. With the addition of orthoses, a more pronated foot posture correlated with earlier vastus medialis
oblique onset (r = −0.51, P = 0.02) whilst higher Kujala scores correlated with earlier gluteus medius onset
(r = 0.52, P = 0.02).
Interpretation: Although small in magnitude, reductions in hip adduction, knee internal rotation and gluteus
medius amplitude observed immediately following orthoses application during a task that commonly aggravates
symptoms, offer a potential mechanism for their effectiveness in patellofemoral pain management. Given the
potential for cumulative effects of weight bearing repetitions completedwith a foot orthoses, for example during
repeated stair ascent, the differences are likely to be clinically meaningful.

© 2014 Published by Elsevier Ltd.

1 . Introduction

Patellofemoral pain (PFP) is one of the most common presentations
in recreationally active and sporting populations (Baquie and Brukner,
1997; Taunton et al., 2002). Of 2429 injury presentations to a sports
medicine clinic over a 12 month period, 668 (27.5%) cases affected the
knee, with PFP reported to be the most common knee complaint
(Baquie and Brukner, 1997). Furthermore, a study of 2002 running
injuries over a two-year period in a sports medicine clinic, reported
331 patients (16.5%) were diagnosed with PFP (Taunton et al., 2002).
PFP is commonly aggravated by stair ascent and descent, squatting, sit-
ting for long periods and high impact activity such as running (Kujala
et al., 1993). Despite its high prevalence and positive short term treat-
ment outcomes (Collins et al., 2008; Crossley et al., 2002), 80% of indi-
viduals who complete a rehabilitation programme for PFP still report
pain, and 74% report a reduction in physical activity at 5 year follow

up (Stathopulu and Baildam, 2003), highlighting the need for more ef-
fective management plans to be identified. With the aetiology of PFP
widely accepted to be multifactorial in nature (Powers et al., 2012),
these poor long-term outcomes may represent a failure to address the
specific deficits contributing to the development and persistence of PFP.

Anti-pronating foot orthoses (APFOS) are commonly prescribed to
individuals with PFP, and have been reported to effectively reduce
pain and improve function (Collins et al., 2008; Eng and Pierrynowski,
1993; Mills et al., 2012a). However the mechanism for their effective-
ness is poorly understood (Barton et al., 2010). Tiberio (1987) proposed
that excessive sub-talar joint pronation may lead to greater tibial and
hip internal rotation, and consequently increased lateral tracking and
loading of the patellofemoral joint (PFJ). This proposed kinematic cou-
pling between lower limb segments has been supported by reports
that greater peak rearfoot eversion is associated with greater tibial
internal rotation during walking in individuals with PFP (Barton et al.,
2012). It is proposed the APFOS may prevent these aberrant movement
patterns and hence reduce pain associated with PFP (Tiberio, 1987).

Step negotiation was chosen to explore lower limb biomechanics in
PFP populations due to higher loading forces reported within the PFJ
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during this activity (Andriacchi et al., 1980) and patients commonly
reporting symptoms with stairs (Kujala et al., 1993). Contrary to pre-
vious findings that reported changes in symptomology (Eng and
Pierrynowski, 1993), foot and knee (Eng and Pierrynowski, 1994)
and hip (Lack et al., 2014) kinematics resulting from foot orthoses,
Mills et al. (2012b) reported no significant changes to hip or knee ki-
nematics in individuals with PFP during running with the addition of
APFOS (Mills et al., 2012b). The lack of consistent findings between
studies potentially highlights the multifactorial nature of the condi-
tion, differences in biomechanical response to orthoses during
differing tasks, or possibly a delay in the influence of APFOS on kine-
matic variables in individuals with PFP.

Another proposed mechanism for foot orthoses effectiveness is al-
tered neuromotor control. Nigg et al. (1999) proposed that an orthoses
that supports a preferred movement path could minimisemuscle activ-
ity and reduce fatigue by providing input through the sole (Nigg et al.,
1999). Individualswith PFP have been reported to frequently possess al-
tered neuromotor control with delayed onsets of vastus medialis
oblique (VMO) (Chester et al., 2008; Lankhorst et al., 2013) and gluteus
medius (GMed) (Barton et al., 2013) muscle. Despite these identified
deficits and theoretical rationale for foot orthoses to address them, a
paucity of research exploring the effects of orthoses on neuromotor var-
iables exists (Mills et al., 2010). Recent studies exploring proximal
neuromotor effects of APFOS have reported no immediate changes in
gluteal and quadriceps muscle onsets or amplitudes during running in
individuals with PFP (Mills et al., 2012b) or during a functional step-
up task in asymptomatic individuals (Lack et al., 2013). However, with
electromyography (EMG) changes described as being highly variable
within a heterogeneous population (Mundermann et al., 2006) and
PFP widely regarded as having a multifactorial aetiology (Powers
et al., 2012), further work exploring the association of specific EMG
changes with clinically applicable measures is clearly warranted.

The primary aim of this study was to explore the immediate effects
of prefabricated foot orthoses on (i) hip and knee kinematics; and
(ii) electromyography (EMG) variables of VMO, vastus lateralis (VL)
and GMed. The secondary aim of this studywas to identify clinical mea-
sures that may be associated with these changes.

2 . Methods

Symptomatic participants had biomechanical data collected at the
knee and hip during a functional step-up task. Clinical measures were
obtained prior to testing and subsequently analysed to determine any
correlation with changes observed due to orthoses application.

2.1 . Participants

Twenty individuals (9M 11 F; Table 1) were recruited to participate
in the study through referral from private sports medicine clinics in
greater London. A sports physician or registered physiotherapist with
over 5 years clinical experience assessed all potential participants for

inclusion based on; (1) age 18–40 years; (2) insidious onset of anterior
knee or retropatellar pain of greater than six weeks' duration;
(3) provoked by at least two of prolonged sitting or kneeling, squat-
ting, running, hopping, or stair walking; (4) tenderness on palpation
of the patella, or pain with step down or double leg squat; and
(5) worst pain over the previous week of at least 30 mm on a 100 mm
visual analogue scale. Exclusion criteria were; (1) concomitant injury
or pain from the hip, lumbar spine, or other knee structures; (2) previ-
ous knee surgery; (3) patellofemoral instability; (4) knee joint effusion;
(5) any foot condition that precluded use of foot orthoses; (5) physio-
therapy or foot orthoses treatment within the previous year; and
(6) use of anti-inflammatory drugs (Collins et al., 2008). Ethical approv-
al was obtained from Queen Mary University Ethics of Research Com-
mittee and each participant provided written informed consent.

2.2 . Clinical measures

2.2.1 . Kujala patellofemoral score
The Kujala patellofemoral score (KPS) is a 13-item questionnaire

categorising symptoms and current knee function, such as the ability
to negotiate stairs, walk, run, jump and sit for prolonged periods. Each
item is weighted and a total score between 0 and 100 calculated, with
higher scores representing greater levels of function (Kujala et al.,
1993).

2.2.2 . Foot posture index
Methods for measuring foot posture index (FPI) have been reported

previously (Lack et al., 2013). Briefly, the lead author with established
excellent intra-tester reliability (ICC = 0.94) assessed static foot pos-
ture (SL). Participants were instructed to march on the spot and then
stand in a comfortable position as the examiner assessed the dominant
foot. A score from−12 to+12was obtainedwith scores between 0 and
5 normal, 6 and 9 pronated, 10+ highly pronated,−1 and−4 supinat-
ed and−5 and −12 highly supinated.

2.2.3 . Ankle dorsiflexion range
Weight bearing, knee straight (KSAD) and knee bent (KBAD) ankle

dorsiflexion range was measured using digital inclinometer methods
previously described (Lack et al., 2013). The long axis of the foot was
aligned with a taped line on the floor perpendicular to a wall. Partici-
pants lunged as far forward as possible whilst keeping the heel on the
ground. The largest KSAD and KBAD angle of the threemeasureswas re-
corded from the inclinometer (Baseline® Digital Inclinometer 12-1057;
Fabrication Enterprises Inc, New York, USA) placed on the anterior tibia
with the knee fully straight and maximally bent respectively.

2.2.4 . Others
Orebro musculoskeletal pain questionnaires were administered to

evaluate the risk of long-term disability (Linton and Boersma, 2003),
and hip abduction and knee extension maximum voluntary isometric
strength were measured using a hand held dynamometer method
described previously (Bohannon, 1986).

2.3 . Electromyographic recordings

Muscle activity of VMO, VL andGMedof the participant's affected leg
was recorded by wireless surface electromyography (sEMG) (Telemyo
2400 TG2, Noraxon, USA).Where subjects reported bilateral symptoms,
their most symptomatic leg was used. The subject's skin was prepared
and pairs of Ag/AgCl surface electrodes with an intra-electrode distance
of 20 mm (Tyco Healthcare, Germany) were placed over the muscles of
interest according to standard SENIAM guidelines (Freriks et al., 2000).
The GMed electrodewas placed halfway along the line between the iliac
crest and greater trochanter, orientated vertically. The VMO electrode
was placed at 80% of the distance down the line between the anterior
superior iliac spine (ASIS) and the medial knee joint line just anterior

Table 1
Patient demographics and clinical measures.
Values are mean (SD) unless otherwise stated.

Measure N = 20

Age 28.5 years (4.2)
Height 171.9 cm (7)
Weight 64.8 kg (9.7)

Kujala patellofemoral score (Median (IQR)) 80 (10.75)
Orebro SCORE (Median (IQR)) 63 (20.75)

Foot posture index 5.4 (3.2)
Knee straight ankle dorsiflexion 39.4° (5.8)
Knee bent ankle dorsiflexion 45° (6.6)

Hip abduction strength 26.2 kg (6.2)
Knee extension strength 30.8 kg (7.4)
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to themedial ligament, orientated ~55° to the vertical. The VL electrode
was placed 2/3 of the distance down the line from the ASIS to the lateral
patellar border, orientated ~15° to the vertical. Surface EMG signals
were sampled at 1500 Hz, pre-amplified and band-pass filtered be-
tween 10 and 500 Hz, prior to export to Matlab (version 2009a,
Mathworks, Natwick, MA, USA) for post-processing.

2.4 . Kinematics

During the 5-minute rest following collection of clinical measures,
participants were fitted with the motion capture equipment (Fig. 1). A
modified Helen-Hayes marker protocol was used (Kadaba et al., 1990)
to place active infra-red markers bilaterally over the ASIS and PSIS on
the pelvis, lateral femoral condyle, lateral malleolus, and on the outside
of the shoe in locations to best represent the lateral calcaneus and fifth
metatarsal head. Marker mounting wands were placed over the lateral
femur, and at the level of the tibial tuberosity. Movement data was cap-
tured using four CodaMotion Cx1 sensor units (Charnwood Dynamics,
Rotheley, Leicestershire, UK) sampling at 200Hz.

2.5 . Step-up task

Methods for collecting data during the step-up task have been
reported previously (Lack et al., 2013). Briefly, participants stepped
up onto a Kistler force plate (Type 9281CA, Kistler Corporation,
Switzerland) mounted on a wooden step (combined height 22 cm), in
response to a verbal command. The symptomatic leg was always the
lead leg. Participants were randomised into either APFOS–no APFOS or
no APFOS–APFOS test groups by a coin toss. Data was collected during
five separate repetitions for each test condition,with a 30 second sitting
break between the two test conditions. Participants wore standardised
neutral footwear (Asics Nimbus, Asics, Cheshire, UK) during all test con-
ditions. The APFOS devices were unmodified prefabricated 6° varus
posted orthoses (Vasyli easy fit, Vasyli, Essex, UK) (Fig. 2) designed to
reduce rearfoot pronation, and placed directly under the heel when
required.

2.6 . Data analysis

The rawEMGwas rectified and smoothed using a 0.02 s runningme-
dian method. A time window 0.5 s prior to and 0.5 s post initial contact
(determined from the first positive change in the force record exceeding

a N10 N threshold) was set up, within which kinematic and EMG data
were further analysed.

Peak EMG amplitude values were extracted within this time win-
dow for each subject and averaged across the five trials for each test
condition.

Muscle onsets of GMed, VMO and VL were identified using a novel
algorithm. No previously identified method of onset determination
has been reported as optimal (Uliam Kuriki et al., 2011), and attempts
to implement on our data were unsuccessful. A rise of EMG activity
above a predetermined threshold that was maintained for a period of
N30 ms was described as muscle onset. The threshold was calculated
from the minimum of the means of all trials plus 10% of the range
(maxima of means of all trials minus minima of means of all trials).
The algorithm-determined muscle onset was imposed onto the EMG
record to allow for visual confirmation. Negative values represent mus-
cle onset prior to foot contact, and a positive value was subsequent to
foot contact.

Kinematic data across the three planes and two joints (hip and knee)
were averaged across the five trials for each subject, andwere extracted

Fig. 1. Demonstrating the CODAmotion and electromyography (EMG) set up during completion of the step-up task.

Fig. 2. Prefabricated foot orthoses (Vasyli Easy Fit, Vasyli International, UK) prescribed to
each participant.
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at four time points (−100 ms, 0 ms, +100 ms and +200 ms) either
side of initial contact for further analysis between conditions.

2.7 . Statistical analysis

Statistical analysis was performed using SPSS (version 18.0, SPSS Inc,
Chicago, Il). Between-conditions comparisons were made at the four
extracted time points using paired t-tests for GMed, VMO and VL
onset times and peak amplitudes, and for peak hip adduction, hip inter-
nal rotation angles, knee adduction and knee internal rotation angles.
Effect size was calculated for significant post hoc findings as a ratio of
mean difference divided by the between-subject standard deviation. It
has been suggested that effect size of 0.20 or less represents small
change; 0.60 represents moderate change; and 1.20 represents large
change (Hopkins et al., 2009). Bonferroni adjustment was not made
for pairwise comparisons to ensure potentially clinicallymeaningfulfind-
ings were not missed due to stringent statistical correction (Perneger,
1998). Subsequent Spearman's rank correlation analysis was calculated
between FPI and the change in the biomechanical variables, and within
the change in kinematic and EMG variables induced by the APFOS. The
alpha level was set at 0.05.

3 . Results

3.1 . Hip and knee kinematics

A significant reduction in hip (femur relative to pelvis) adduction
(0.82°, P = 0.01, SMD 0.86) was observed 200 ms after initial contact
with the APFOS in situ (Table 2, Fig. 3). A trend towards reduced hip in-
ternal rotation at initial contact (−1.4°, P = 0.07) was observed with
the APFOS. A small but significant reduction in knee (tibia relative to
femur) internal rotation (0.46°, P = 0.03, SMD 0.53) was observed
100ms after initial contact with the APFOS in situ. No significant chang-
es were observed in the sagittal plane at the hip or knee.

3.2 . Electromyography findings

No significant changes in VMO (P = 0.26), VL (P = 0.61) or GMed
(P = 0.69) muscle onset times measured relative to initial contact
were observed (Table 3). A significant reduction in GMed peak ampli-
tude was observed with the APFOS (0.9 mV, P = 0.043, SMD 0.49). No
significant changes in VMO and VL peak amplitudes were observed.

3.3 . Clinical measures

The mean and standard deviations of all clinical measures are pre-
sented in Table 1. Eight participants were assessed to have a normal
(0 to 5) FPI score, 10 had a pronated (6 to 9) FPI score, one had a severe-
ly pronated (10 to 12) and one had a supinated (−1 to−5) FPI score.

3.4 . Relationship of clinical measures to biomechanical changes induced by
APFOS application

A more pronated foot posture, determined using the FPI, correlated
with greater change to earlier VMO onset with the addition of orthoses
(r =−0.51, P = 0.02) (Fig. 4). Higher Kujala scores, indicating greater
function and less pain, were associated with a greater change to earlier
GMed onset with the addition of orthoses (r = 0.52, P = 0.02) (Fig. 5).
Ankle dorsiflexion range, hip abduction and knee extension strength,
and Orebro score did not correlate with any of the biomechanical
variables.

4 . Discussion

This study is the first to evaluate the effects of anti-pronating foot
orthoses (APFOS) on hip and knee kinematics, and electromyography
during a functional step-up task in individualswith PFP. Results indicate
a reduction in knee internal rotation (100 ms, 0.46°) and hip adduction
(200 ms, 0.82°) with an APFOS after initial contact. Additionally, a
reduction in GMed amplitude in the APFOS condition (0.9 mV, P =
0.043) was observed. Although small in magnitude, these biomechani-
cal changes may offer potential mechanisms to underpin reported
APFOS effectiveness in individuals with PFP (Collins et al., 2008; Eng
and Pierrynowski, 1993; Mills et al., 2012a).

Findings from the present study are in contrast with previous re-
search that reported no immediate change in lower limb kinematics
or EMG activity with varying density orthoses in individuals with PFP
(Mills et al., 2012b), the explanation likely being the differing tasks eval-
uated. In the current study individuals performed a step-up task rather
than a running task (Mills et al., 2012b). Biomechanical changes are par-
ticularly pertinent during this task given reported neuromuscular
(Barton et al., 2013) and kinematic (Lankhorst et al., 2013) deficits iden-
tified within PFP populations. Additionally, stair stepping is commonly
cited as a clinically relevant pain provoking activity (Kujala et al., 1993).

The sequential pattern of knee transverse plane followed by hip cor-
onal plane modification observed in this study in part validates the the-
oretical mechanism of orthoses effect described previously (Tiberio,
1987). This theoretical paradigm proposes that a reduction in rear foot
pronation duration results in less internal tibial rotation and conse-
quently less compensatory femoral internal rotation (Tiberio, 1987). Al-
though no significant changes were observed in hip transverse plane
kinematics, the significant reduction in knee internal rotation and hip
adduction evident with the APFOS (Fig. 3) potentially demonstrates
changes evoked through distal kinematic change. Collection of rearfoot
motion capture in future studies could further validate this kinetic chain
mechanism.

The significant reduction in GMed peak amplitude observed is in
contrast to a reported increase (Hertel et al., 2005) and no change
(Mills et al., 2012b) in peak amplitude resulting from orthoses prescrip-
tion previously described in a different task. Hertel et al. (Hertel et al.,
2005) had asymptomatic individuals performing a maximal single leg
squat activity in different orthoses conditions, and Mills et al. (Mills
et al., 2012b) determined peak amplitude values in a symptomatic

Table 2
Pairwise comparison between orthoses and no orthoses conditions for maximum coronal and transverse plane hip and knee angles at time points before and after initial contact.

Time Hip angle (°) Knee angle (°)

Coronal plane Transverse plane Coronal plane Transverse plane

MD CI P value MD CI P value MD CI P value MD CI P value

−100 ms 0.29 −0.6 to 1.1 0.49 −1.2 −2.7 to 0.3 0.1 −1.57 −4.0 to 0.9 0.2 −0.32 −1.5 to 0.9 0.6
IC −0.51 −1.6 to 0.5 0.32 −1.4 −2.9 to 0.1 0.07 −1.48 −3.5 to 0.5 0.14 0.16 −1.0 to 1.3 0.78
+100 ms 0.28 −0.4 to 1.0 0.41 −1.3 −3.6 to 1.0 0.26 −1.49 −3.7 to 0.8 0.18 0.46 0.06 to 0.9 0.03*
+200 ms 0.82 0.4 to 1.3 0.001* −0.8 −3.0 to 1.4 0.45 −1.46 −3.4 to 0.5 0.14 −0.22 −0.7 to 0.3 0.4

Key;MD = Mean difference, CI = Confidence interval -100 ms = 100 ms before initial contact with the force plate; IC = initial contact with force plate;+100 ms = 100 ms after ini-
tial contact with force plate; +200 ms = 200 ms after initial contact with the force plate.
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population during running. Both of these activities are in contrast with
the repeated step-up task that our symptomatic participants performed
which may explain the differences observed. The reduction in GMed
amplitude during the lesser demanding activity of stepping may be
suggestive of this muscle having to be less active to achieve the same
or improved lower limb alignment as a result of APFOS insertion (Nigg
et al., 1999). Further studies investigating the neuromotor changes
about the hip resulting fromdistal interventions are required to support
this hypothesis.

The secondary aim of this study was to explore the correlation of
easily applied clinical measures with observed biomechanical changes.
Correlation between FPI and earlier VMO onset (r = −0.51, P =

0.02), and higher Kujala scores with degree of earlier GMed onset
change (r = 0.52, P = 0.02) were observed with APFOS application.
Although it is important to acknowledge that correlation does not

Table 3
Pairwise comparison between orthoses and no orthoses conditions formuscle onset times
(ms) and muscle amplitudes (mV).

Muscle Muscle onset Muscle amplitude

MD CI P value MD CI P value

VMO −8.95 −25.2 to 7.3 0.26 0.2 −2.0 to 2.0 0.87
VL 2.8 −8.5 to 14.1 0.61 −0.3 −1.0 to 0.7 0.55
GMed 3.05 −12.9 to 19.0 0.69 0.9 0.03 to 2.0 0.04*

Key; MD = Mean difference, CI = Confidence interval, VMO = vastus medialis oblique,
VL = vastus lateralis, GMed = gluteus medius.

Fig. 4.Demonstrating the correlation between vastusmedial obliquemuscle onset change
and foot posture index score.

Fig. 3. Graph showing the kinematic mean and SEM 500 ms either side of initial contact (0) for APFOS (open symbols, SEM grey) and no APFOS (closed symbols, SEM black) and paired
mean difference (grey symbols). Coronal plane; +ve = adduction,−ve = abduction. Transverse plane; +ve = internal rotation,−ve = external rotation.
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imply causation (Buldt et al., 2013), the findings of this study suggest
specific clinical measures may serve as secondary indicators of bio-
mechanical change resulting from APFOS prescription. Currently
there is an absence of validated clinical predictors for the successful
application of foot orthoses in the management of PFP, however, less
pain has been reported to be a predictive indicator for orthoses inter-
vention success (Barton et al., 2011a; Vicenzino et al., 2010). This
previously reported predictive relationship is interesting in the con-
text of our finding as the greater change to earlier GMed muscle
onset times was seen in those with less severe symptomology po-
tentially representing an underpinning mechanism for orthoses
treatment success. This suggestion is strengthened in the context
of moderate-to-strong level 1 evidence that GMed onset is common-
ly delayed in individuals with PFP (Barton et al., 2013).

A more pronated foot posture, as measured using the FPI, correlated
with change to earlier onset in VMO in theAPFOS condition (r=−0.51,
P= 0.02). Previously, a more pronated foot type was found to be asso-
ciated with reduced pain during a single leg squat and number of pain
free rises from sitting following the application of a similar APFOS
(Barton et al., 2011b), although this association was not evident after
a 12 week APFOS intervention (Barton et al., 2011a). The current find-
ings identify a potential neuromotor mechanism by which previously
reported immediate pain reduction with APFOS may be achieved
(Barton et al., 2011b).

Interestingly, ankle dorsiflexion range demonstrated no correlation
with change in hip adduction angle in this pain population, compared
to previous association identified in an asymptomatic group (Lack
et al., 2013). An absence of causation may be secondary to themultifac-
torial presentation of PFP, with limitation in ankle range only one
component.

4.1 . Clinical implications

Although statistically significant, kinematic changes resulting from
APFOS in this study were small, and may be exceeded by the measure-
ment error of 3D motion capture reported previously (McGinley et al.,
2009). Specifically, a 0.46° reduction, representing a small effect, in
knee internal rotation and a 0.82° reduction, representing a moderate
effect, in hip adduction with an APFOS were observed. Despite the
small magnitude of these biomechanical changes, given the potential
for cumulative effects of high number/volume weight bearing repeti-
tions that are completed with an APFOS in situ, they have the potential
to be clinically meaningful (Nawoczenski et al., 1995). Additionally, the
total range of hip adduction and internal rotation were consistently

bigger in the pain population, demonstrating a greater degree of excur-
sion frommovement patterns observed within our previous study of an
asymptomatic population (Lack et al., 2013). It is possibly that this
greater range is less amenable to distal intervention alone, offering a po-
tential explanation for the lesser degree of change observed between
the two groups.

Neuromotor changes that are occurring at the hip within symptom-
atic individuals demonstrate a treatment adjunct that may enable clini-
cians to optimise muscle activity that directly and indirectly affect the
PFJ. Importantly biomechanical changes resulting from APFOS may
optimise treatment outcomes with interventions such as exercise in
some individuals with PFP. Within this study, the novel assessment of
clinical measure association with mechanistic changes has direct appli-
cability to the clinical environment. In particular more pronated foot
posture using the FPI and higher Kujala scores associated with VMO
and GMed onsets respectively, demonstrate tools that can help guide
clinicians in delivering a tailored intervention approach for themanage-
ment of PFP. Given the widely accepted multifactorial nature of PFP
(Powers et al., 2012), having measures to create more homogenous
groups to guide intervention approach is likely to have a direct impact
on outcome success. Further research exploring the longer-term effects
of a tailored approach is clearly warranted.

4.2 . Limitations

Bonferroni adjustments were not made to reduce the risk of type
2 error through stringent statistical correction, however, it is impor-
tant to acknowledge that this does increase the risk of type 1 error
(Perneger, 1998). The small magnitude of kinematic change observed
to be significant may be sufficient to optimise treatment outcomes or
result in cumulative larger biomechanical changes given the high vol-
ume of repetitive activity performed using an APFOS. Further studies,
with longer follow-up are required to explore this potential effect.

A study design that utilised within-subject and session comparisons
was used to minimise the risk of measurement error. Review of three
dimensional gait analysis reliability studies has reported errors that
commonly range between 2° and 5° in the majority of gait variables
(McGinley et al., 2009). The extent with which this degree of variability
is evident during stepping tasks, however, has not been evaluated.

Unmodified prefabricatedAPFOSwere used in this study as there are
no clear guidelines for customisation in PFP. However, this is not reflec-
tive of clinical practice where APFOS are frequently moulded and/or
customised with varying wedging. Further studies tailoring the APFOS
to the individual might demonstrate greater biomechanical changes
than those found in the current study.

The rate of stair stepping, potentially affecting both movement and
muscle activation patterns, was not standardised within this study to
maximise the direct correlation with real life daily function, but it may
be worth considering standardisation in future work. However, with
onlywithin-subject comparisons beingmade the likely effect of variable
step rate is small.

Future research that explores the direction of compensatory change
resulting fromorthoses interventions could offer further insight into the
individual's response to distal interventions assisting in the delivery of a
target treatment approach. It is important to acknowledge, that given
the dearth of current literature linking EMG and kinematic variables to
the effects of APFOS interventions, this study offers potential mecha-
nisms underlying observed clinical efficacy within PFP populations.

5 . Conclusion

Anti-pronating foot orthoses used during a step-up task reduced hip
adduction and knee internal rotation after initial contact and peak
GMed amplitude in individuals with PFP. The small magnitude of
these biomechanical changes during high repetition activities may
have significant clinical implications and explain potential mechanisms

Fig. 5. Demonstrating the correlation between Gluteus Medius muscle onset change and
Kujala Questionnaire score. r = 0.52.
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for treatment success of APFOS in PFP populations. This is exploratory
research of several biomechanical variables, only a fewofwhich showed
significant change, which therefore needs to be followed up by clinically
relevant hypothesis driven research.
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The role of interventions directed at the foot 
for managing patellofemoral pain

Introduction
Patellofemoral pain (PFP) is one of the most common 
presentations in recreationally active and sporting populations 
(Baquie & Brukner 1997; Taunton et al 2002). A study of PFP 
prevalence identified that, of 2,002 running injuries over a two-
year period presenting to a sports medicine clinic, 331 patients 
(16.5%) were diagnosed with PFP (Taunton et al 2002). 

PFP is commonly aggravated by stair ascent and descent, 
squatting, sitting for long periods and high-impact activity such as 
running (Kujala et al 1993). Despite its high prevalence and positive 
short-term treatment outcomes (Collins et al 2008; Crossley et al 
2002), 80% of individuals who complete a rehabilitation 
programme for PFP still report pain, and 74% report a reduction in 
physical activity at five-year follow up (Stathopulu & Baildam 2003). 
This highlights the need for more effective management plans to 
be identified. With the aetiology of PFP widely accepted to be 
multifactorial in nature (Powers et al 2012), these poor long-term 
outcomes may represent a failure to address the specific deficits 
contributing to the development and persistence of PFP. 

The foot upwards
Current literature has identified proximal, distal and local deficits 
associated with the development and maintenance of PFP.  
Distally, increased navicular drop measures have been reported as 
a risk factor for PFP development (Lankhorst et al 2012a).  
In contrast, dynamic measures of foot function, including  
rear-foot position during running, have been reported not to 
increase the risk of PFP development (Noehren et al 2013). 
Furthermore, pooled results from two studies that reported on 
arch height index found no association with PFP (Lankhorst et al 
2012a). However, a more pronated foot posture in relaxed stance 
was found in individuals with PFP compared to controls  
(Lankhorst et al 2013). 

Theoretical paradigms have linked foot biomechanics to the 
maintenance and development of PFP (Tiberio 1987) through 
kinetic chain coupling within the lower limb (Figure 1). Excessive 
pronation was described to result in delayed re-supination 
during the mid-to-late stance phase of gait. Consequently, 
the external tibial rotation required for knee extension would 
also be delayed due to its kinetic linkage with the rear-foot. To 
achieve a normal “screw home mechanism” at knee extension a 
compensatory internal femoral rotation would result, leading to 
elevated retropatella load (Powers 2003). It has been proposed 
that, with sufficient repetition, this altered loading pattern may 
be enough to exceed the “envelope of function” or homeostasis 
of the retropatella cartilage and sub-chondral bone and lead 
to pain (Dye 2005). Treatment adjuncts purported to influence 
the pronatory biomechanics of the rear-foot have the potential, 
therefore, to influence retropatella loading through this coupling 
mechanism. 

Learning outcomes

1 Gain an understanding of the potential 
mechanisms for distal interventions.

2 Identify common deficits in PFP and how they may 
be modified through distal interventions. 

3 Better understanding the current evidence base for 
foot based interventions in the management of PFP.

4 Identify clinical predictors for distal interventions.

Patellofemoral pain (PFP) is a common presentation with multifactorial aetiology. 

Proximal, distal and local deficits have been identified as risk factors for 

development and as potential treatment targets. Although short-term outcomes 

following conservative management are good, the long-term outcome is poor, with 

more targeted interventions theorised to be a potential solution. Understanding the mechanism of effect underpinning 

specific interventions should assist individual specific treatment prescription. This article explores these mechanisms 

and discusses the role of distal, or ‘ground up’, interventions in the management of PFP.

Simon Lack  MSc MCSP MHCPC MACPSM

Physiotherapist 



In Touch • Spring 2015 • No 150 • Articles  19

Figure 1: Diagrammatic representation of the hypothesised  

kinematic coupling within the lower limb

The hip downward
Prospectively, significantly increased hip adduction angles in 
runners who developed PFP compared to controls within a cohort 
followed over a two-year period, have been reported (Noehren et 

al 2013). However, an absence, prospectively, of hip abductor and 
lateral rotator muscle weakness (Lankhorst et al 2012a) would 
suggest these movement faults may not exclusively be derived from 
the inability of the muscles to generate force in the hip. It is possible 
that, given the kinetic chain coupling proposed earlier, changes 
driven from the ground up could be influential in the altered hip 
biomechanics observed. As yet, prospective evidence is not 
conclusive, with no significant changes in the rear-foot reported 
(Noehren et al 2013), but changes in plantar pressure in the 
forefoot having been identified as risk factors for developing PFP 
symptoms (Lankhorst et al 2012b). In part, these findings have 
been compounded retrospectively, with greater hip adduction angles 
(Barton et al 2009) and a more pronated foot posture in relax stance 
reported in individuals with PFP (Lankhorst et al 2013). Moderate-
to-strong evidence indicates that PFP sufferers demonstrate delayed 
gluteus medius onset times and reduced activation duration 
during functional tasks (Barton et al 2013), offering a potential link 
between hip muscle function and kinematics. Changes to hip 
mechanics and gluteal muscle activity observed in asymptomatic 
(Lack et al 2014a) and symptomatic populations (Lack et al 
2014b) resulting from orthoses thought to influence rear-foot 
motion, further compounds the relationship between foot and hip. 

The treatment efficacy  
of distal interventions
The evidence supporting a biomechanical rationale for 
interventions directed at the foot for individuals with PFP, as 

described, is clearly growing. In a high-quality, randomised 
control trial, Collins et al (2008) concluded that, while orthoses 
are superior to flat inserts according to patient perception, they 
are similar to multi-model physiotherapy, and that multi-model 
physiotherapy plus orthoses was not superior to multi-model 
physiotherapy intervention alone in the short term. However, in 
a subsequent trial, significant benefits of orthoses intervention, 
when compared to a control (wait-and-see) intervention was 
reported (Mills et al 2012a). Together, the conclusions from 
these two studies should be that, given the long-term success of 
physiotherapy and orthoses interventions, orthotic interventions 
prescribed early could be a useful treatment adjunct to hasten 
recovery. Importantly, the lack of consistent outcomes between 
studies may be indicative of a washout effect, with some 
individuals responding favourably and others not. This hypothesis 
is supported to some extent by post-hoc analysis performed by 
Mills et al (2012a) who reported a clinical measure of mid-foot 
width differences >11.25mm was associated with favourable 
outcomes when compared to those with less mid-foot mobility. 
Identifying clinical measures that are predictive of treatment 
success is a significant research priority. 

With funding from the Private Physiotherapy Education Foundation 
(PPEF), our group set out to explore the potential mechanisms for 
the positive outcomes that have been reported following orthoses 
intervention, while also evaluating the strength of correlation 
between biomechanical changes, Kujala scores and the foot 
posture index (FPI). Following the completion of the questionnaire 
and assessment of FPI, we looked at the immediate effects of foot 
orthoses on hip and knee kinematics and electromyography during 
a step up task. The project recruited 20 individuals with a diagnosis 
of PFP to perform the step up task with and without a Vasyli 
prefabricated 6˚ varus orthoses inserted into the back of a neutral 
trainer. 

Participants were fitted with 3D motion capture equipment 
(Codamotion) and EMG electrodes on the gluteus medius and 
vasti (Figure 2). Each participant completed five stepping trials on 
to a 22cm block for both conditions (orthoses / no-orthoses)  
(Lack et al 2014a). 

Figure 2:  Demonstrating the CODA motion and electromyography 

(EMG) set up during completion of the step up task 
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The results of this study demonstrated small, yet significant 
kinematic changes occurring about the transverse plane of the 
knee (tibia relative to femur) and coronal plane of the hip (femur 
relative to pelvis) in response to orthoses intervention. Additionally, 
these changes looked to occur sequentially after initial ground 
contact, with observable reduction in knee internal rotation 100ms 
after contact and hip adduction 200ms after contact. Furthermore, 
a reduction in GMed amplitude was observed after initial ground 
contact in response to the orthoses. It was theorised that this 
electromyographic change may be indicative of a weakened 
muscle having to be less active to achieve the same or improved 
lower limb alignment as a result of orthoses insertion. Longer-
term follow-up is required to establish the lasting potency of 
these effects, however these findings represent exciting support of 
previously theoretical treatment paradigms. 

Both the kinematic and EMG changes observed are in contrast to 
similar studies looking at the immediate effect of foot orthoses. 
Mills et al (2012b) reported no change in either kinematics or 
EMG activity of the lower limb during a running task in individuals 
with PFP. While in earlier studies, during the completion of 
maximal single leg squatting in asymptomatic individuals, an 
increase in gluteal EMG amplitude was observed (Hertel et al 
2005). Both of these are in contrast with the repeated step up task 
completed in our experiment and may well explain the differences 
in result. 

In our study a more pronated foot posture, determined using the 
FPI, correlated with greater change to earlier VMO onset with the 
addition of orthoses. Furthermore, higher Kujala scores, indicating 
greater function and less pain, were associated with a greater 
change to earlier GMed onset with the addition of orthoses. 
Additional work is warranted to assess the ability of these 
measures to be predictive of positive outcomes, especially given 
that delayed VMO and GMed muscle onsets have been reported 
previously in PFP patients.  

Distal interventions do not necessarily have to be passive, with a 
new paradigm of active rehabilitation for the “foot core” having 
been proposed in the recent literature (McKeon et al 2014). Foot 
function, as measured by changes in navicular drop and arch 
height index, improved following a four-week short foot exercise 
training programme in healthy individuals (Mulligan & Cook 
2013). The conclusion being that this form of exercise could offer 
a further effective intervention to modify proximal mechanics, 
but research in symptomatic populations is required. McKeon 
et al (2014) also proposed that the use of minimal / barefoot 
running could also be used as a training tool to strengthen the 
foot core system. Although its integration into the rehabilitation of 
PFP would require careful management and is currently lacking 
evidence, it may be of significant benefit in some individuals. 

Clinical predictors for positive foot 
intervention 
The presence of excessive foot pronation has traditionally formed 
the basis of foot orthoses prescription. Multiple measures of foot 

posture have been reported within the current literature. A 
systematic review (Lack et al 2014c) completed by our group at 
Queen Mary University of London identified greater forefoot valgus; 
forefoot-to-rearfoot angle measured in subtalar joint neutral 
(Sutlive et al 2004) and rearfoot relative to laboratory eversion 
magnitude peak (Barton et al 2011) were the only identified 
significant predictors of the intervention success of  
foot orthoses. 

Although unable to extract specific interventions on which the 
predictor was evaluated, Collins et al (2010) reported that weight 
bearing arch height did not significantly predict prognosis. 
Conversely, a change in midfoot width has been identified in 
two studies to predict the success of foot orthoses (Mills et al 
2012a; Vicenzino et al 2010). Vicenzino et al (2010) reported 
that a midfoot width difference from non-weight bearing to 
weight bearing >10.96mm significantly predicted success when 
a significance level of p<0.20 was used, and a subsequent 
regression analysis was performed. Similarly, Mills et al (2012a) 
reported that a difference in midfoot width >11.25mm correctly 
predicted orthoses success in seven out of 10 individuals using a 
classification tree model, as mentioned above. 

Variability in clinical measures prevents direct comparison 
between prognostic and predictor studies, however, considering 
dynamic rearfoot eversion has been identified as a potential 
predictor of foot orthoses’ success (Barton et al 2011). There 
is clear merit for further exploration of dynamic foot posture 
measures in predicting orthoses’ intervention outcomes. 

It is important to acknowledge that with an absence of 
randomised controlled trials prospectively validating outcome 
predictors identified in the literature from retrospective analyses, 
significant findings should only be considered as preliminary 
indicators of successful outcome prediction. Additionally, the 
potential for the current literature to categorically differentiate 
between predictors and prognostic factors is limited by an 
absence of control groups. These are important considerations 
when interpreting studies that are reporting clinical measures  
that are predictive of outcome, and when adopting these into 
clinical practice. 

Conclusion
Patellofemoral pain is a common complaint within sport and 
recreationally active individuals. Commonly proximal, distal and 
local deficits have been identified and form the target of specific 
treatment interventions. Foot directed interventions are commonly 
employed to help treat pain, improve function and modify specific 
deficits. These deficits may inter-relate from a foot-up and a 
hip-down perspective, and the literature demonstrates the effect 
interventions directed at the foot have throughout the lower limb. 
Consequently, within clinical reasoning paradigms, clinicians 
should consider the use of distal treatment adjuncts not only for 
distal but also proximal deficits in conjunction with appropriate 
rehabilitation exercises.
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A PPEF funded project 
The PPEF recently funded the study that explored the potential 
mechanisms that underpin the use of foot orthoses within clinical 
practice. Twenty individuals with patellofemoral pain were tested 
in the Human Performance laboratory of Queen Mary University 
of London, using 3D motion capture and EMG during a step up 
task. Findings indicate that a prefabricated foot orthoses has 
the capacity to modify movement patterns throughout the lower 
limb and alter muscle activity about the hip. The findings of this 
study have been published in Clinical Biomechanics (www.
sciencedirect.com/science/article/pii/S0268003314001983) and 
will form the basis of a clinical trial, conducted by our group and 
supported by PPEF, that is due to commence this year.

 ● For more information on PPEF grants, go to  
www.physiofirst.org.uk 
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NRES Committee London - Westminster 
4 Minshull Street 

Manchester 
M1 3DZ 

 
Telephone: 0161 625 7827 

 Fax: 0161 625 7299 
19 August 2015 
 
Mr Simon Lack 
Queen Mary University London 
Centre for Sports and Exercise Medicine 
Mile End Hospital 
London 
E1 4DG 
 
 
Dear Mr Lack 
 
Study title: Biomechanically determined interventions for 

patellofemoral pain - a randomised interventional pilot 
trial 

REC reference: 15/LO/1447 
IRAS project ID: 145061 
 
Thank you for your submission of 17 August 2015, responding to the Proportionate Review 
Sub-Committee’s request for changes to the documentation for the above study. 
 
The revised documentation has been reviewed and approved by the sub-committee. 
 
We plan to publish your research summary wording for the above study on the HRA website, 
together with your contact details. Publication will be no earlier than three months from the date 
of this favourable opinion letter. The expectation is that this information will be published for all 
studies that receive an ethical opinion but should you wish to provide a substitute contact point, 
wish to make a request to defer, or require further information, please contact the REC Manager 
Ms Rachel Katzenellenbogen, nrescommittee.london-westminster@nhs.net. Under very limited 
circumstances (e.g. for student research which has received an unfavourable opinion), it may 
be possible to grant an exemption to the publication of the study. 

Confirmation of ethical opinion 
 
On behalf of the Committee, I am pleased to confirm a favourable ethical opinion for the above 
research on the basis described in the application form, protocol and supporting documentation 
as revised. 
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Conditions of the favourable opinion 
 
The favourable opinion is subject to the following conditions being met prior to the start of the 
study. 
 
Management permission or approval must be obtained from each host organisation prior to the 
start of the study at the site concerned. 
 
Management permission (“R&D approval”) should be sought from all NHS organisations involved 
in the study in accordance with NHS research governance arrangements. 
 
Guidance on applying for NHS permission for research is available in the Integrated Research 
Application System or at http://www.rdforum.nhs.uk.  
 
Where a NHS organisation’s role in the study is limited to identifying and referring potential 
participants to research sites (“participant identification centre”), guidance should be sought from 
the R&D office on the information it requires to give permission for this activity. 
 
For non-NHS sites, site management permission should be obtained in accordance with the 
procedures of the relevant host organisation. 
 
Sponsors are not required to notify the Committee of approvals from host organisations.  
 
Registration of Clinical Trials 

 
All clinical trials (defined as the first four categories on the IRAS filter page) must be registered on 
a publically accessible database. This should be before the first participant is recruited but no later 
than 6 weeks after recruitment of the first participant. 

There is no requirement to separately notify the REC but you should do so at the earliest 
opportunity e.g. when submitting an amendment. We will audit the registration details as part of 
the annual progress reporting process. 
  
To ensure transparency in research, we strongly recommend that all research is registered but for 
non-clinical trials this is not currently mandatory. 
  
If a sponsor wishes to request a deferral for study registration within the required timeframe, they 
should contact hra.studyregistration@nhs.net. The expectation is that all clinical trials will be 
registered, however, in exceptional circumstances non registration may be permissible with prior 
agreement from NRES. Guidance on where to register is provided on the HRA website. 
 
It is the responsibility of the sponsor to ensure that all the conditions are complied with 
before the start of the study or its initiation at a particular site (as applicable). 
 
Ethical review of research sites 
 
The favourable opinion applies to all NHS sites taking part in the study, subject to management 
permission being obtained from the NHS/HSC R&D office prior to the start of the study (see 
“Conditions of the favourable opinion” above). 
 
Approved documents 
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The documents reviewed and approved by the Committee are: 
 
Document  Version  Date  
Evidence of Sponsor insurance or indemnity (non NHS Sponsors 
only) [QMUL indemnity]  

2015-16  17 August 2015  

GP/consultant information sheets or letters [GP Letter]  1.3  06 March 2015  
GP/consultant information sheets or letters [GP Psych Ref letter]  1.3  06 March 2015  
Letter from sponsor [Sponsor letter]    23 July 2015  
Other [Description of clinical measures]      
Other [Response to Reviewers]    17 August 2015  
Participant information sheet (PIS) [PIS and consent form]  1.4  17 August 2015  
REC Application Form [REC_Form_03082015]    03 August 2015  
Research protocol or project proposal [Non-CTIMP protocol 1.3]  1.3  27 May 2015  
Summary CV for Chief Investigator (CI) [Simon Lack CV]      
Summary CV for supervisor (student research) [Dylan Morrissey CV]    05 December 2014  
Validated questionnaire [Kujala]      
Validated questionnaire [OMPQ]      
 
Statement of compliance 
 
The Committee is constituted in accordance with the Governance Arrangements for Research 
Ethics Committees and complies fully with the Standard Operating Procedures for Research 
Ethics Committees in the UK. 
 
After ethical review 
 
Reporting requirements 
 
The attached document “After ethical review – guidance for researchers” gives detailed guidance 
on reporting requirements for studies with a favourable opinion, including: 
 

x� Notifying substantial amendments 
x� Adding new sites and investigators 
x� Notification of serious breaches of the protocol 
x� Progress and safety reports 
x� Notifying the end of the study 

 
The HRA website also provides guidance on these topics, which is updated in the light of changes 
in reporting requirements or procedures. 
 
Feedback 
 
You are invited to give your view of the service that you have received from the National Research 
Ethics Service and the application procedure. If you wish to make your views known please use 
the feedback form available on the HRA website: 
http://www.hra.nhs.uk/about-the-hra/governance/quality-assurance  
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We are pleased to welcome researchers and R & D staff at our NRES committee members’ 
training days – see details at http://www.hra.nhs.uk/hra-training/  
 
15/LO/1447   Please quote this number on all correspondence 
 
With the Committee’s best wishes for the success of this project. 
 
Yours sincerely 

 
Dr Alan Ruben 
Chair 
 
Email: nrescommittee.london-westminster@nhs.net 
 
Enclosures:    “After ethical review – guidance for researchers”  
 
Copy to: Sally Burtles, Queen Mary University London, Joint Research 

Management Office (JRMO)�
�
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Appendix	13	–	Visual	Analogue	Scale	
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Appendix	14	–	Kujala	Knee	Pain	Questionnaire	

	

Reference: Kujala UM, Jaakkola LH, Koskinen SK, Taimela S, Hurme M, Nelimarkka O: Scoring of 
patellofemoral disorders. Arthroscopy 1993, 9:159-163. 
 

Appendix 1: Anterior Knee Pain Questionaire (modified from Kujala, 
1993) 

 
 
 
Identity Coding: 
 
Knee: L/R 
 
Duration of symptoms: ______ years _______ months 
 
For each question, circle the latest choice (letter), which corresponds to your knee symptoms. 
 
1. Limp 
(a) None (5) 
(b) Slight or periodical (3) 
(c) Constant (0)         _____ 
 
2. Support 
(a) Full support without pain (5) 
(b) Painful (3) 
(c) Weight bearing impossible (0)       _____ 
 
3. Walking 
(a) Unlimited (5) 
(b) More than 2 km (3) 
(c) 1-2 km (2) 
(d) Unable (0)         _____ 
 
4. Stairs 
(a) No difficulty (10) 
(b) Slight pain when descending (8) 
(c) Pain both when descending and ascending (5) 
(d) Unable (0)         _____ 
 
5. Squatting 
(a) No difficulty (5) 
(b) Repeated squatting painful (4) 
(c) Painful each time (3) 
(d) Possible with partial weight bearing (2) 
(e) Unable (0)         _____ 
 
6. Running 
(a) No difficulty (10) 
(b) Pain after more than 2 km (8) 
(c) Slight pain from start (6) 
(d) Severe pain (3) 
(e) Unable (0)         _____ 
 
7. Jumping 
(a) No difficulty (10) 
(b) Slight difficulty (7) 
(c) Constant pain (2) 
(d) Unable (0)         _____ 
 
8. Prolonged sitting with the knees flexed 
(a) No difficulty (10) 
(b) Pain after exercise (8) 
(c) Constant pain (6) 
(d) Pain forces to extend knees temporarily (4) 
(e) Unable (0)         _____ 
 
9. Pain 
(a) None (10) 
(b) Slight and occasional (8) 
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Reference: Kujala UM, Jaakkola LH, Koskinen SK, Taimela S, Hurme M, Nelimarkka O: Scoring of 
patellofemoral disorders. Arthroscopy 1993, 9:159-163. 
 

(c) Interferes with sleep (6) 
(d) Occasionally severe (3) 
(e) Constant and severe (0)       _____ 
 
10. Swelling 
(a) None (10) 
(b) After severe exertion (8) 
(c) After daily activities (6) 
(d) Every evening (4) 
(e) Constant (0)         _____ 
 
11. Abnormal painful kneecap (patellar) movements 
(subluxations) 
(a) None (10) 
(b) Occasionally in sports activities (6) 
(c) Occasionally in daily activities (4) 
(d) At least one documented dislocation (2) 
(e) More than two dislocations (0)       _____ 
 
12. Atrophy of thigh 
(a) None (5) 
(b) Slight (3) 
(c) Severe (0)         _____ 
 
13. Flexion deficiency 
(a) None (5) 
(b) Slight (3) 
(c) Severe (0)         _____ 

 

        Total__________________ 
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Appendix	15	–	Orebro	Musculoskeletal	Pain	Questionnaire	

	

   
  Office Work Only:  Total Score  

Örebro Musculoskeletal Pain Questionnaire 
(Linton, S.J. & Boersma, K., 2003) 

 
 

Today’s Date:          /         / Claim No.: 

Name: 

Job Title:  

Work Status:    Not working – date last worked __________________ 

     Modified/light duties 

     Normal duties 

 
 
These questions and statements apply if you have aches or pains, for example back, shoulder 
or neck pain.  Please read and answer each question carefully. Do not take too long to answer 
the questions. However, it is important that you answer every question. There is always a 
response for your particular situation. 
 
 
1. What year were you born?   

 ___________________ 
 

2. Are you:    male      female 

 

3. Where do you have pain? Place a tick (�) for all the appropriate sites.     

  neck  shoulders  upper back  lower back   

  leg  arm   other (state) ____________  
 
4. How many days of work have you missed because of pain during the past 12 months? Tick (�) 

one.  
  0 days [1] 1-2 days [2]  3-7 days [3]  8-14 days [4]  15-30 days [5] 

  1 month [6]  2 months [7]  3-6 months [8]  6-12 months [9]  over 1 year [10] 

 

5. How long have you had your current pain problem? Tick (�) one.  
  0-1 weeks [1]  1-2 weeks [2]  3-4 weeks [3]  4-5 weeks [4]  6-8 weeks [5] 

  9-11 weeks [6]  3-6 months [7]  6-9 months [8]  9-12 months [9]  over 1 year [10] 

 

  Sub Total: ______ 
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6. Is your work heavy or monotonous? Circle one.  
 0 1 2 3 4 5 6 7 8 9 10    
 Not at all         Extremely 
 
7. How would you rate the pain you have had during the past week? Circle one.  
 0 1 2 3 4 5 6 7 8 9 10    

 No pain         Pain as bad  
           as it could be 
 
8. In the past three months, on average, how intense was your pain? Circle one.  
 0 1 2 3 4 5 6 7 8 9  10    

 No pain         Pain as bad  
           as it could be 
 
9. How often would you say that you have experienced pain episodes, on average, during the 

past 3 months?  Circle one. 
 

 0 1 2 3 4 5 6 7 8 9  10    

  Never           Always 
 
10. Based on all things you do to cope or deal with your pain, on an average day, how much are 

you able to decrease it?  Circle one. 
 

 0 1 2 3 4 5 6 7 8 9  10    

 Can't decrease         Can decrease  
 it at all          it completely 
 
11. How tense or anxious have you felt in the past week? Circle one.  
 0 1 2 3 4 5 6 7 8 9  10    

 Absolutely calm        As tense and anxious  
 and relaxed        as I’ve ever felt 
 
12. How much have you been bothered by feeling depressed in the past week? Circle one.  
 0 1 2 3 4 5 6 7 8 9  10    

 Not at all         Extremely   
 
13. In your view, how large is the risk that your current pain may become persistent? Circle one.  
 0 1 2 3 4 5 6 7 8 9  10    

  No risk         Very large risk 
 
14. In your estimation, what are the chances that you will be working in 6 months? Circle one.  

  
 0 1 2 3 4 5 6 7 8 9  10    

 No chance         Very large chance 
 

  Sub Total: ______ 
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15. If you take into consideration your work routines, management, salary, promotion possibilities 

and workmates, how satisfied are you with your job?  Circle one. 
 

 0 1 2 3 4 5 6 7 8 9  10    

 Not at all         Completely 
 satisfied         satisfied 
 

Here are some of the things that other people have told us about their back pain.  For each 
statement, please circle one number from 0 to 10 to say how physical activities would 
affect your back (or other area of pain). 
 

16. Physical activity makes my pain worse          

 0 1 2 3 4 5 6 7 8 9  10    

 Completely         Completely 
 disagree         agree 
 

17. An increase in pain is an indication that I should stop what I am doing until the pain 
decreases.   

 

 0 1 2 3 4 5 6 7 8 9 10    

Completely         Completely 
disagree         agree 

18. I should not do my normal work with my present pain.         

 0 1 2 3 4 5 6 7 8 9 10    

 Completely Completely 
 disagree agree 

Here is a list of 5 activities. Please circle the one number which best describes your current 
ability to participate in each of these activities. 

19. I can do light work for an hour.            

 0 1 2 3 4 5 6 7 8 9 10   

 Can't do it because Can do it without pain  
 of pain problem being a problem  

20. I can walk for an hour.            

 0 1 2 3 4 5 6 7 8 9 10   

 Can't do it because        Can do it without pain  
 of pain problem        being a problem 

21. I can do ordinary household chores.           

 0 1 2 3 4 5 6 7 8 9 10    

 Can't do it because        Can do it without pain  
 of pain problem        being a problem 

  Sub Total: ______ 
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22. I can do the weekly shopping.   
 0 1 2 3 4 5 6 7 8 9 10    

 Can't do it because        Can do it without pain  
 of pain problem        being a problem 

23. I can sleep at night.             
0 1 2 3 4 5 6 7 8 9 10    

 Can't do it because        Can do it without pain  
 of pain problem        being a problem 
 
 
  Sub Total: ______ 
 
 
 
Source:  
 
Linton, S.J. & Boersma, K. (2003). Early identification of patients at risk of developing a persistent back 
problem:  The predictive validity of the Orebro Musculoskeletal Pain Questionnaire.  The Clinical Journal 
of Pain 19:80-86. 
 
 
For further information on the background of the Orebro Musculoskeletal Pain Questionnaire, as well as 
specific information for using the questionnaire in clinical practice (administration, scoring, interpretation 
and linking to clinical practice, developing intervention), see: 
 
Linton, S. J. (2005).  Understanding pain for better clinical practice: A psychological perspective.  
Edinburgh: Elsevier Science. 
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Appendix	16	–	Hip	and	Quadriceps	rehabilitation	exercise	prescription	

	

Phase	1a	–	Sta9c	loading	in	lying	

•  Clam	with	band	–	in	side	lying,	have	knees	in	line	with	

hips.	Place	the	loop	of	band	above	both	knees.	Bend	the	

knees	to	90˚.	Raise	the	top	knee	away	from	the	boVom	

knee	without	rota9ng	the	pelvis	and	keeping	your	knees	

together.		

•  Fire	Hydrant	with	band	–	on	your	hands	and	knees	with	

the	band	above	both	knees.	Turn	your	knee	out,	and	kick	

your	heel	towards	the	sky.	

•  Hip	abduc9on/extension	with	band	–	on	your	side	bend	

your	boVom	leg	to	90˚	and	fully	straighten	your	top	leg.	

LiY	the	top	leg	up	and	backwards	without	rota9ng	the	

pelvis.		

•  For	all	exercises	

•  You	should	feel	the	muscles	in	your	boVom	

working	

•  Hold	for	10sec	in	each	posi9on	and	repeat	3	9mes	

•  Steadily	increase	the	dura9on	of	the	holds	un9l	

you	are	able	to	hold	the	posi9on	for	3x45secs	
•  ……when	achieving	this	goal	move	on	to	Phase	1b	

Phase	1b	–	Progression	of	sta9c	loading	in	lying	

•  Side	plank	clam	–	in	side	lying,	have	knees	in	line	with	

hips	and	your	elbow	tucked		under	your	shoulder.	Place	

the	loop	of	band	above	both	knees.	Bend	the	knees	to	

90˚.	Raise	yourself	into	a	side	plank	posi9on	and	liY	the	

top	knee	away	from	the	boVom	knee	without	rota9ng	

the	pelvis	and	keeping	your	feet	together.		

•  Side	plank	hip	abduc9on/extension	-		on	your	side,	bend	

your	boVom	leg	to	90˚	and	fully	straighten	your	top	leg.	

Tuck	you	elbow	under	your	shoulder	and	liY	up	your	

hips	to	adopt	a	side	plank	posi9on.		LiY	the	top	leg	up	

and	backwards	without	rota9ng	the	pelvis.		

•  Con9nue	with	Fire	Hydrant	with	band	as	previously	

described	

•  For	all	exercises	

•  You	should	feel	the	muscles	in	your	boVom	

working	

•  Hold	for	10sec	in	each	posi9on	and	repeat	3	

9mes	

•  Steadily	increase	the	dura9on	of	the	holds	un9l	

you	are	able	to	hold	the	posi9on	for	3x45secs	
•  ……when	achieving	this	goal	move	on	to	Phase	2	

Repeat	5	days	in	7	
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Phase	2a	–	Sta9c	loading	in	standing	
•  Squat	–	with	the	band	around	your	thigh,	stand	

with	feet	shoulder	width	apart	and	squat	down	to	
≈60˚	knee	bend.	Concentrate	on	keeping	the	knee	
over	the	middle	toes.	

•  Surfer	Squat	–	with	the	band	around	your	thigh,	
posi9on	your	feet	one	facing	forward	and	one	out	
to	the	side.	Sit	back	into	a	squat	posi9on	
distribu9ng	your	weight	evenly	between	the	two	
feet	keeping	both	knees	over	your	toes.	

•  Gluteal	Wall	Press	–	with	the	band	around	your	
thigh,	posi9on	yourself	close	to	the	wall.	Assume	a	
¼	squat	posi9on	with	your	knees	over	your	toes.	
Lean	on	the	wall	with	your	inside	shoulder	and	liY	
your	inside	leg	up	and	forwards.		Press	the	inside	
knee	into	the	wall	whilst	maintaining	the	outside	
leg	in	the	ini9al	posi9on.	

•  For	all	exercises	
•  You	should	feel	the	muscles	in	your	

boVom	working	
•  Hold	for	10sec	in	each	posi9on	and	

repeat	3	9mes	
•  Steadily	increase	the	dura9on	of	the	

holds	un9l	you	are	able	to	hold	the	
posi9on	for	3x45secs	

•  ……when	achieving	this	goal	move	on	to	
Phase	2b	

	
	

Repeat	5	days	in	7	
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Phase	2b	–	Progression	sta9c	loading	
•  Squat	with	trunk	ac9va9on	–	with	the	band	

wrapped	around	your	thigh,	crossed	across	
your	body	and	held	in	each	hand,	descend	into	
a	squat	posi9on	with	knees	over	your	toes.	
Simultaneously	raise	your	arms	above	your	
head.		

•  Fire	Hydrant	standing	–	with	the	band	around	
your	thigh,	stand	on	one	leg	and	descend	into	a	
¼	squat	with	knee	over	toes.		Simultaneously	
turn	your	‘none	stance’	leg	outwards	and	
backwards	to	tension	the	band.		Lean	forward	
through	the	trunk.	

•  Single	leg	squat	–	standing	on	one	leg,	9p	your	
trunk	forwards	and	descend	into	a	¼	squat	
keeping	your	knee	over	your	middle	toes.		

•  For	these	three	exercises	
•  You	should	feel	the	muscles	in	your	

boVom	and	thigh	working	
•  Hold	for	10sec	in	each	posi9on	and	

repeat	3	9mes	
•  Steadily	increase	the	dura9on	of	the	

holds	un9l	you	are	able	to	hold	the	
posi9on	for	3x45secs	

•  ……when	achieving	this	goal	move	on	to	
Phase	3	

•  Crab	Walk	–	with	the	band	around	your	thigh	
assume	a	¼	squat	posi9on.		Take	medium	size	
strides	out	to	the	side	and	back	again.	

•  For	this	exercise	
•  You	should	feel	the	muscles	in	your	

boVom	working	
•  Complete	10	strides	in	each	direc9on	

and	repeat	3	9mes		
•  Steadily	increase	the	number	of	strides	

to	be	a	total	of	30	in	each	direc9on	3	
9mes	

•  …when	achieving	this	goal	move	on	to	
phase	3	

	

Repeat	5	days	in	7	
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Phase	3	–	Dynamic	loading	standing	

•  Squat	with	trunk	ac9va9on	–	with	the	band	

wrapped	around	your	thigh,	crossed	across	your	

body	and	held	in	each	hand,	descend	into	a	squat	

posi9on	with	knees	over	your	toes.	Simultaneously	

raise	your	arms	above	your	head.	Squat	to	a	depth	

of	90˚	knee	bend	and	then	raise	back	up	into	an	

upright	standing	posi9on	with	your	arms	by	your	

side.	

•  Lunge	with	back	leg	support	–	start	with	the	back	

of	your	legs	against	the	box/bench/chair,	take	a	full	

stride	forwards,	and	hook	the	back	leg	up	onto	the	

apparatus.		With	the	knee	tracking	over	the	toes,	

decend	into	a	lunge	posi9on	leaning	the	trunk	

forwards.		Your	hands	should	end	around	your	mid	

shin/ankle.		Push	through	the	heel	back	into	a	

straight	leg	posi9on.			

•  Romanian	DeadliY	–	with	light	weight	in	your	hand,	

slightly	flex	the	stance	leg.		Keeping	your	back	

straight,	9p	through	the	hip	to	lean	forwards	

keeping	your	back	leg	straight	behind	you.		Feel	the	

tension	build	into	the	back	of	the	stance	leg,	and	

then	return	to	an	upright	posi9on.	

•  Fire	Hydrant	squat	–	with	the	band	around	your	

thigh,	stand	on	one	leg,	simultaneously	turn	your	

‘none	stance’	leg	outwards	and	backwards	to	

tension	the	band.		Lean	forward	through	the	trunk	

and	squat	down	through	the	stance	leg	to	a	¼	

depth	squat.		Ensure	the	knee	tracks	over	the	toes,	

then	return	to	an	upright	posi9on.	

•  For	all	exercises	

•  You		should	feel	the	muscles	of	your	

boVom,	front	and	back	of	thigh	working	to	

an	intensity	of	6-7/10	effort,	where	10	is	

your	maximal	effort,	and	0	is	no	effort	at	all	

•  The	exercise	should	be	performed	with	

good	control	at	a	speed	of	2-3sec	for	the	

descent	and	2-3	sec	for	the	ascent	phase	

•  Start	at	3x6	reps	per	exercise	and	build	to	

3x12	reps	steadily.		

•  When	this	goal	is	being	achieved	you	should	

be	able	to	return	to	physical	ac9vity	with	

appropriate	movement	re-educa9on	

Repeat	3	days	in	7	
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Phase	4	–	Weighted	dynamic	loading	in	standing	
•  Romanian	DeadliY	–	with	weight	in	your	hands,	

slightly	flex	the	stance	leg.		Keeping	your	back	
straight,	9p	through	the	hip	to	lean	forwards	
keeping	your	back	leg	straight	behind	you.		Feel	
the	tension	build	into	the	back	of	the	stance	leg,	
and	then	return	to	an	upright	posi9on.	

•  Weighted	Lunge	with	Trunk	Lean	–	take	a	large	
stride	forwards	carrying	weights	in	both	hands.		
Keeping	the	weight	through	the	heel	of	the	front	
leg,		bend	your	front	knee	over	your	toes	and	
rock	your	trunk	forwards	at	the	pelvis.		With	the	
knee	bent	to	90˚	push	through	your	heel	to	
straighten	up	your	front	leg.		

•  Weighted	Sumo	Squat	–	Stand	with	you	feet	
wider	than	your	hips,	turn	your	toes	outward	
slightly.		With	a	single	weight	in	both	hands,	
squat	down	keeping	your	knees	tracking	
outwards	over	your	toes.		Squeeze	your	bum	
muscles	to	ini9ate	the	upward	mo9on	whilst	
keeping	the	weight	through	your	heels.		

•  Weight	Step	Down	with	Trunk	Lean	–	carrying	
weights	in	both	hands,	rock	your	trunk	forwards	
from	your	pelvis,	keep	your	weight	through	your	
heel	of	the	lowering	leg,	and	slowly	descend	
keeping	your	knee	over	your	toes.		Get	to	
approximately	90˚	on	the	stance	leg	and	then	
stand	back	upright	again	pushing	through	the	
heel.	

•  For	all	exercises	
•  Ensure	the	addi9onal	load	is	challenging	

to	a	level	of	6-7/10	effort,	where	10	is	
your	maximal	effort,	and	0	is	no	effort	at	
all	

•  The	exercise	should	be	performed	with	
good	control	at	a	speed	of	2-3sec	for	the	
descent	and	2-3	sec	for	the	ascent	phase	

•  Start	at	3x6	reps	per	exercise	and	build	to	
3x12	reps	steadily.		

•  When	this	goal	is	being	achieved	you	
should	be	able	to	return	to	your	normal	
physical	ac9vity	with	appropriate	
movement	re-educa9on	

	

Repeat	3	days	in	7	



	

	 	 	265	

	

Week	1	

Isometric	quadriceps	se>ng	–	si>ng	or	 lying	down,	with	your	knee	fully	straight,	1ghten	

the	muscle	on	the	front	of	your	thigh	

	

	

	

	

	

	

Knee	extensions—standing	–	1e	the	band	around	the	knee	and	onto	a	secure	object.	Bend	the	

affected	 knee	 to	 a	maximum	45˚,	 then	 straighten	 the	 knee,	 1ghtening	 the	 band	 and	 sqeezing	

1ght	through	the	thigh	muscles	

Double-legged,	one-quarter	squats	–	standing	evenly	on	both	feet,	bend	to	a	quarter	squat	

posi1on,	keeping	the	weight	evenly	distributed	through	the	front	and	back	of	the	foot;		

3x10	repe11ons	all	exercises	

Add	load/resistance	to	work	to	either	

²  Maximum	3/10	pain	

²  6-7/10	effort		

²  Repeat	5	days	in	7	
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Week	2	

Isometric	quadriceps	se3ng	–	si3ng	or	 lying	down,	with	your	knee	fully	straight,	=ghten	

the	muscle	on	the	front	of	your	thigh	

	

	

	

	

	

	

Knee	extensions—standing	–	=e	the	band	around	the	knee	and	onto	a	secure	object.	Bend	the	

affected	 knee	 to	 a	maximum	45˚,	 then	 straighten	 the	 knee,	 =ghtening	 the	 band	 and	 sqeezing	

=ght	through	the	thigh	muscles	

Double-legged,	 one-quarter	 squats	 HOLDS	 –	

3x30sec	–	standing	evenly	on	both	feet,	bend	to	a	

quarter	squat	posi=on,	keeping	the	weight	evenly	

distributed	through	the	front	and	back	of	the	foot;		

Double-legged,	one-half	squats	–	standing	evenly	on	

both	feet,	bend	to	a	quarter	squat	posi=on,	keeping	

the	weight	evenly	distributed	 through	 the	 front	and	

back	of	the	foot;		

3x10	repe==ons	all	exercises	

Add	load/resistance	to	work	to	either	

²  Maximum	3/10	pain	

²  6-7/10	effort		

²  Repeat	5	days	in	7	
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Week	3	
Knee	extensions—standing	–	2e	the	band	around	the	knee	and	onto	a	secure	object.	Bend	the	
affected	knee	to	a	maximum	45˚,	then	straighten	the	knee,	2ghtening	the	band	and	sqeezing	
2ght	through	the	thigh	muscles	

Double-legged,	 one-quarter	 squats	 HOLDS	 –	
3x30sec	–	standing	evenly	on	both	feet,	bend	to	a	
quarter	squat	posi2on,	keeping	the	weight	evenly	
distributed	through	the	front	and	back	of	the	foot;		

Double-legged,	one-half	squats	–	standing	evenly	on	
both	feet,	bend	to	a	quarter	squat	posi2on,	keeping	
the	weight	evenly	distributed	 through	 the	 front	and	
back	of	the	foot;		

Single	leg	–	one	quarter	squat	–	standing	on	the	affected	leg,	bend	the	knee	to	approximately	one	
quarter	depth	squat	

3x10	repe22ons	all	exercises	
Add	load/resistance	to	work	to	either	
²  Maximum	3/10	pain	
²  6-7/10	effort		
²  Repeat	5	days	in	7	
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Week	4	
Double-legged,	one-half	squats	–	standing	evenly	on	
both	feet,	bend	to	a	half	squat	posi;on,	keeping	the	
weight	evenly	distributed	through	the	front	and	back	
of	the	foot;		

Single	 leg	–	one	half	squat	–	standing	on	the	
affected	leg,	bend	the	knee	to	approximately	
one	half	the	depth	of	a	full	squat		

3x10	repe;;ons	all	exercises	
Add	load/resistance	to	work	to	either	
²  Maximum	3/10	pain	
²  6-7/10	effort		
²  Repeat	5	days	in	7	
	

Forward,	 one	 half	 lunge	 –	 step	 forwards	
with	the	affected	limb,	and	drop	into	a	half	
lunge,	keeping	the	knee	over	the	toes	

Lateral	 Step	Down	 (4	 inch	 step)	 –	 standing	
on	your	affected	leg,	lower	your	unaffected	
leg	 over	 the	 side	 of	 the	 step	 un;l	 light	
contact	 is	made	with	the	floor,	 then	return	
to	the	start	posi;on	

Forward	 Step	 Down	 (4	 inch	 step)	 –	 standing	 on	
your	affected	 leg,	 lower	your	unaffected	 leg	over	
the	 front	 of	 the	 step	 un;l	 light	 contact	 is	 made	
with	the	floor	then	return	to	the	start	posi;on	
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Week	5-6	
Double-legged,	one-half	squats	–	standing	evenly	on	
both	feet,	bend	to	a	half	squat	posi<on,	keeping	the	
weight	evenly	distributed	through	the	front	and	back	
of	the	foot;		

Single	 leg	–	one	half	squat	–	standing	on	the	
affected	leg,	bend	the	knee	to	approximately	
one	half	the	depth	of	a	full	squat		

3x10	repe<<ons	all	exercises	
Add	load/resistance	to	work	to	either	
²  Maximum	3/10	pain	
²  6-7/10	effort		
²  Repeat	3	days	in	7	
	

Forward,	full	lunge	–	step	forwards	with	the	
affected	 limb,	 and	 drop	 into	 a	 full	 lunge,	
keeping	the	knee	over	the	toes	

Lateral	 Step	 Down	 (6-10	 inch	 step)	 –	
standing	 on	 your	 affected	 leg,	 lower	 your	
unaffected	leg	over	the	side	of	the	step	un<l	
light	 contact	 is	 made	 with	 the	 floor,	 then	
return	to	the	start	posi<on	

Forward	Step	Down	(6-10	inch	step)	–	standing	on	
your	affected	 leg,	 lower	your	unaffected	 leg	over	
the	 front	 of	 the	 step	 un<l	 light	 contact	 is	 made	
with	the	floor	then	return	to	the	start	posi<on	
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Week	7-8	
Double-legged,	one-half	squats	–	standing	evenly	on	
both	feet,	bend	to	a	half	squat	posi<on,	keeping	the	
weight	evenly	distributed	through	the	front	and	back	
of	the	foot;		

Single	 leg	 –	 one	 half	 squat	 with	 load	 –	
standing	 on	 the	 affected	 leg,	 bend	 the	 knee	
to	approximately	one	half	 the	depth	of	a	 full	
squat		

3x10	repe<<ons	all	exercises	
Add	load/resistance	to	work	to	either	
²  Maximum	3/10	pain	
²  6-7/10	effort		
²  Repeat	3	days	in	7	
	

Forward,	 full	 lunge	 with	 load	 –	 step	
forwards	 with	 the	 affected	 limb,	 and	 drop	
into	a	full	 lunge,	keeping	the	knee	over	the	
toes	

Lateral	 Step	 Down	 (6-10	 inch	 step)	 –	
standing	 on	 your	 affected	 leg,	 lower	 your	
unaffected	leg	over	the	side	of	the	step	un<l	
light	 contact	 is	 made	 with	 the	 floor,	 then	
return	to	the	start	posi<on	

Forward	Step	Down	(6-10	inch	step)	–	standing	on	
your	affected	 leg,	 lower	your	unaffected	 leg	over	
the	 front	 of	 the	 step	 un<l	 light	 contact	 is	 made	
with	the	floor	then	return	to	the	start	posi<on	
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Appendix	17	–	Skills	point	database	

Learning	and	Skills	Gained	during	the	PhD	

The	skills	to	design	and	develop	appropriate	studies	to	answer	the	hypotheses	outlined	

in	Chapter	2	has	been	a	significant	part	of	the	learning	that	has	occurred	during	this	

PhD	and	is	presented	in	the	skill	points	database.		The	methodologies	of	high	quality	

systematic	reviewing	has	occurred	through	supervisor	support,	involvement	in	reviews	

outside	of	the	thesis	(8,	12),	supervision	of	students	at	both	MSc	and	iBSc	levels	who	

complete	systematic	reviews	and	the	two	reviews	completed	as	part	of	this	thesis.			

Development	of	case	control	and	observational	study	design	has	occurred	through	

being	immersed	in	the	literature,	weekly	meetings	and	discussions	with	supervisors,	

peers	and	colleagues,	but	has	not	been	without	error	and	reflection.		The	limitations	of	

the	studies	are	presented	within	the	chapters	and	represent	aspects	of	reflection	that	

has	occurred	as	to	how	studies	may	be	improved	if	they	were	to	be	repeated.		The	

feasibility	trial	sought	to	draw	on	these	experiences	and	implement	a	study	of	robust	

design	within	both	the	private	and	public	health	care	sectors.		The	outputs	of	these	

studies	have	been	disseminated	widely	to	maximise	engagement,	but	also	to	

encourage	wider	peer	review	and	critique.		Presenting	findings	at	conferences,	

submitting	to	both	peer	review	and	translational	journals,	and	delivering	symposia	

specific	to	the	area	of	research	has	tested	the	findings	within	multiple	scientific	

areanas.		All	of	the	skills	that	have	been	gained	and	nurtured	during	the	PhD	will	

continue	to	be	developed	in	the	rest	of	my	career.					

	



	

	 	 	272	

	

18/11/2016, 07*48QMUL | Skills Points Record | Student Record

Page 1 of 4https://webapps2.is.qmul.ac.uk/sps/print-student.action?ID=161

Total

Mr SD Lack (100409176)
Progress

Personal Details

Full Name: Simon David Lack Gender: Male
Username: hhw821 Email: s.d.lack@qmul.ac.uk
Telephone: Mobile: 07884435803

Enrolment Status: R-E-E Programme: RRPP-QMWHRN1 PhD PT WHRI (Non-Clinical)
Course Name: PhD PT William Harvey Research Institute (Non-Clinical) Award Code: RP

Start Date: 01-Nov-2011 Expected End Date: 01-Nov-2018
Route: RSWHN

Faculty: Medicine and Dentistry School: William Harvey Research Institute
Department: William Harvey Research Institute

Supervisors

Title Given Names Last Name Telephone Email Active
Dr Dylan Morrissey d.morrissey@qmul.ac.uk true
Prof Bruce Lindsay Kidd b.l.kidd@qmul.ac.uk true

Points Summary

Year Type Pts: A B C D Total Cap: A B C D Total
1st    CAPD Course 0.0 0.0 1.0 2.0 3.0

Course/event attendance sub-total 0.0 0.0 1.0 2.0 3.0
   Journal Club/Reading Group/lab meeting/mentoring group - attendance 0.5 0.0 0.0 0.0 0.5
Meeting/club/reading group attendance sub-total 0.5 0.0 0.0 0.0 0.5
   Conference Presentation (oral/poster) 3.0 3.0 0.0 4.0 10.0
   Organising an event/seminar/conference 5.0 8.0 8.0 9.0 30.0
   Publication - Paper, Article NOT Abstract 2.0 0.0 0.0 8.0 10.0
   Supervisor Meeting 0.5 0.0 0.0 0.5 1.0 3.0 3.0 6.0
Other sub-total 10.5 11.0 8.0 21.5 51.0
   Mentoring/supervising of Project Student 2.0 1.0 0.0 2.0 5.0
   Teaching/demonstrating/marking/preparation 0.0 7.0 0.0 7.0 14.0
Teaching sub-total 2.0 8.0 0.0 9.0 19.0

 

 

Total
target
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Year 1 Total (with caps applied) 13.0 19.0 9.0 32.5 73.5

2nd    Conference Attendance (Three days) 9.0 6.0 0.0 0.0 15.0

Conference attendance sub-total 9.0 6.0 0.0 0.0 15.0
   External funding application <£2,000 0.0 0.0 2.0 2.0 4.0

   External funding application >£10,000 3.0 0.0 4.0 3.0 10.0

   External funding application £2,000 - £10,000 0.0 0.0 2.0 2.0 4.0

Funding application sub-total 3.0 0.0 8.0 7.0 18.0
   Conference Presentation (oral/poster) 3.0 3.0 0.0 4.0 10.0

   Presenting - internal to QM 1.0 1.0 0.0 2.0 4.0

   Public Engagement/Outreach Activities 0.0 0.0 0.0 3.0 3.0

   Publication - Paper, Article NOT Abstract 2.0 0.0 0.0 8.0 10.0

Other sub-total 6.0 4.0 0.0 17.0 27.0
   Mentoring/supervising of Project Student 6.0 3.0 0.0 6.0 15.0

   Teaching/demonstrating/marking/preparation 0.0 4.8 0.0 4.8 9.5

Teaching sub-total 6.0 7.8 0.0 10.8 24.5
   Publication - review paper 1.0 0.0 0.0 3.0 4.0

Written publications sub-total 1.0 0.0 0.0 3.0 4.0
Year 2 Total (with caps applied) 25.0 17.8 8.0 37.8 88.5

3rd    CAPD Course 0.0 3.0 0.0 7.0 10.0

   CILT Module 1 0.0 5.0 0.0 5.0 10.0

   CILT Module 2 0.0 5.0 0.0 5.0 10.0

Course/event attendance sub-total 0.0 13.0 0.0 17.0 30.0
   Journal Club/Reading Group/lab meeting Presentation 3.0 0.0 0.0 1.0 4.0

Giving presentations sub-total 3.0 0.0 0.0 1.0 4.0
   Publication - Paper, Article NOT Abstract 4.0 0.0 0.0 16.0 20.0

Other sub-total 4.0 0.0 0.0 16.0 20.0
   Mentoring/supervising of Project Student 6.0 3.0 0.0 6.0 15.0

   Teaching/demonstrating/marking/preparation 0.0 1.5 0.0 1.5 3.0

Teaching sub-total 6.0 4.5 0.0 7.5 18.0
   Publication - review paper 1.0 0.0 0.0 3.0 4.0

Written publications sub-total 1.0 0.0 0.0 3.0 4.0
Year 3 Total (with caps applied) 14.0 17.5 0.0 44.5 76.0

4th    Conference Attendance (Three days) 9.0 6.0 0.0 0.0 15.0

Conference attendance sub-total 9.0 6.0 0.0 0.0 15.0
   External funding application >£10,000 5.0 5.0 5.0 5.0 20.0

Funding application sub-total 5.0 5.0 5.0 5.0 20.0
   Conference Presentation (Oral) 3.0 3.0 0.0 4.0 10.0

Giving presentations sub-total 3.0 3.0 0.0 4.0 10.0
Year 4 Total (with caps applied) 17.0 14.0 5.0 9.0 45.0

Total    Conference Attendance (Three days) 18.0 12.0 0.0 0.0 30.0

Conference attendance sub-total 18.0 12.0 0.0 0.0 30.0 18.0 12.0 30.0
   CAPD Course 0.0 3.0 1.0 9.0 13.0

   CILT Module 1 0.0 5.0 0.0 5.0 10.0

   CILT Module 2 0.0 5.0 0.0 5.0 10.0

Course/event attendance sub-total 0.0 13.0 1.0 19.0 33.0
   External funding application <£2,000 0.0 0.0 2.0 2.0 4.0 8.0 4.0 12.0

   External funding application >£10,000 8.0 5.0 9.0 8.0 30.0

   External funding application £2,000 - £10,000 0.0 0.0 2.0 2.0 4.0 12.0 6.0 18.0

Funding application sub-total 8.0 5.0 13.0 12.0 38.0
   Conference Presentation (Oral) 3.0 3.0 0.0 4.0 10.0 9.0 9.0 12.0 30.0

   Journal Club/Reading Group/lab meeting Presentation 3.0 0.0 0.0 1.0 4.0 6.0 6.0 12.0

Giving presentations sub-total 6.0 3.0 0.0 5.0 14.0
   Journal Club/Reading Group/lab meeting/mentoring group - attendance 0.5 0.0 0.0 0.0 0.5 30.0 30.0

Meeting/club/reading group attendance sub-total 0.5 0.0 0.0 0.0 0.5
   Conference Presentation (oral/poster) 6.0 6.0 0.0 8.0 20.0

   Organising an event/seminar/conference 5.0 8.0 8.0 9.0 30.0

   Presenting - internal to QM 1.0 1.0 0.0 2.0 4.0

   Public Engagement/Outreach Activities 0.0 0.0 0.0 3.0 3.0 60.0 60.0

   Publication - Paper, Article NOT Abstract 8.0 0.0 0.0 32.0 40.0

   Supervisor Meeting 0.5 0.0 0.0 0.5 1.0

Other sub-total 20.5 15.0 8.0 54.5 98.0
   Mentoring/supervising of Project Student 8.0 4.0 0.0 8.0 20.0 8.0 4.0 8.0 20.0

   Teaching/demonstrating/marking/preparation 0.0 13.2 0.0 13.2 26.5 15.0 15.0 30.0

Teaching sub-total 8.0 17.2 0.0 21.2 46.5
   Publication - review paper 2.0 0.0 0.0 6.0 8.0 3.0 9.0 12.0

Written publications sub-total 2.0 0.0 0.0 6.0 8.0
Total (with caps applied) 63.0 65.2 22.0 117.8 268.0
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Target 60.0 20.0 15.0 30.0 210.0

Pending Activities

Nothing found to display

Activity Record

Type Code Title Provider From To Hours A B C D Total

Publication - Paper, Article NOT Abstract Blog Feb 2012- PFPS Clinical Journal of Sports
Medicine

22-Nov-
2011
10:00

22-Nov-
2011
12:00

0.0 2.0 0.0 0.0 8.0 10.0

Journal Club/Reading Group/lab
meeting/mentoring group - attendance Lab meetings HPL Team

23-Nov-
2011
09:00

17-Oct-
2012
10:00

0.0 0.5 0.0 0.0 0.0 0.5

Mentoring/supervising of Project Student Mentoring MSc Student Simon Lack
14-Dec-
2011
09:00

14-Dec-
2011
11:00

0.0 2.0 1.0 0.0 2.0 5.0

CAPD Course R155 Writing Your Thesis The Learning Institute
14-Feb-
2012
10:00

14-Feb-
2012
13:00

0.0 0.0 0.0 1.0 2.0 3.0

Organising an event/seminar/conference QMUL Conference SEM QMUL
17-Aug-
2012
08:30

17-Aug-
2012
18:30

0.0 5.0 8.0 8.0 9.0 30.0

Conference Presentation (oral/poster) Ankle Injury and Assessment ECOSEP - Simon Lack
18-Aug-
2012
10:00

18-Aug-
2012
13:00

0.0 3.0 3.0 0.0 4.0 10.0

Teaching/demonstrating/marking/preparation iBSc and MSc Lectures Yr 1 Simon Lack
03-Sep-
2012
00:00

05-Sep-
2012
00:00

14.0 0.0 7.0 0.0 7.0 14.0

Supervisor Meeting 3/12 Meeting Dylan Morrissey
22-Oct-
2012
17:00

22-Oct-
2012
18:00

1.0 0.5 0.0 0.0 0.5 1.0

Teaching/demonstrating/marking/preparation iBSc Lecture (Spine Anatomy) Simon Lack
13-Nov-
2012
13:00

13-Nov-
2012
14:30

1.5 0.0 0.8 0.0 0.8 1.5

Mentoring/supervising of Project Student Mentoring MSc students Simon Lack
14-Nov-
2012
09:00

14-Nov-
2012
12:00

0.0 2.0 1.0 0.0 2.0 5.0

Public Engagement/Outreach Activities Meeting with Consultant Simon Lack
14-Nov-
2012
09:00

14-Nov-
2012
12:00

3.0 0.0 0.0 0.0 3.0 3.0

Teaching/demonstrating/marking/preparation MSc Neurodynamics Simon Lack
27-Nov-
2012
12:30

27-Nov-
2012
14:30

2.0 0.0 1.0 0.0 1.0 2.0

Publication - Paper, Article NOT Abstract Interaction of hip and foot in PFPS SportEx
30-Nov-
2012
10:00

30-Nov-
2012
13:00

0.0 2.0 0.0 0.0 8.0 10.0

External funding application >£10,000 Novice Researcher Grant PPEF
03-Dec-
2012
00:00

02-Dec-
2013
00:00

0.0 3.0 0.0 4.0 3.0 10.0

Teaching/demonstrating/marking/preparation MSc Neurodynamics Simon Lack
04-Dec-
2012
12:30

04-Dec-
2012
14:30

2.0 0.0 1.0 0.0 1.0 2.0

Mentoring/supervising of Project Student Meeting MSc Students Simon Lack
06-Dec-
2012
15:00

06-Dec-
2012
17:00

0.0 2.0 1.0 0.0 2.0 5.0

Mentoring/supervising of Project Student Meeting Students Simon Lack
19-Dec-
2012
09:00

16-Jan-
2013
11:00

0.0 2.0 1.0 0.0 2.0 5.0

Presenting - internal to QM RIP Presentation Simon Lack
09-Jan-
2013
13:00

09-Jan-
2013
14:00

0.0 1.0 1.0 0.0 2.0 4.0

Teaching/demonstrating/marking/preparation iBSc LL biomechanics Simon Lack
22-Jan-
2013
11:00

22-Jan-
2013
13:00

2.0 0.0 1.0 0.0 1.0 2.0

Teaching/demonstrating/marking/preparation iBSc LL Rehab Simon Lack
25-Jan-
2013
09:00

25-Jan-
2013
11:00

2.0 0.0 1.0 0.0 1.0 2.0

External funding application £2,000 -
£10,000 Research Grant QMUL

21-May-
2013
12:00

21-May-
2013
12:30

0.0 0.0 0.0 2.0 2.0 4.0

External funding application <£2,000 Travel Grant ARUK
14-Jun-
2013
12:00

14-Jun-
2013
12:30

0.0 0.0 0.0 1.0 1.0 2.0

Conference Presentation (oral/poster) WHRI Poster Presentation Simon Lack
04-Jul-
2013
14:00

04-Jul-
2013
15:00

0.0 3.0 3.0 0.0 4.0 10.0

External funding application <£2,000 Travel Grant QMUL
08-Jul-
2013
12:00

08-Jul-
2013
12:30

0.0 0.0 0.0 1.0 1.0 2.0

Publication - review paper Gluteal activity PFP BJSM
02-Aug-
2013
12:00

02-Aug-
2013
13:00

0.0 1.0 0.0 0.0 3.0 4.0

04-Sep- 06-Sep-
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Conference Attendance (Three days) Patellofemoral Pain Retreat Vancouver 2013
00:00

2013
00:00

0.0 9.0 6.0 0.0 0.0 15.0

CAPD Course A254 Train Your Voice for Teaching Centre for Academic and
Professional Development

01-Nov-
2013
10:00

01-Nov-
2013
13:00

0.0 0.0 3.0 0.0 3.0 6.0

Publication - review paper Taping for PFP r/v BJSM
08-Nov-
2013
12:00

08-Nov-
2013
13:00

0.0 1.0 0.0 0.0 3.0 4.0

Publication - Paper, Article NOT Abstract Immediate Effects Orthoses
Asymptomatics Clinical Biomechanics

20-Nov-
2013
12:00

20-Nov-
2013
13:00

0.0 2.0 0.0 0.0 8.0 10.0

Publication - Paper, Article NOT Abstract Taping for PFP SportEx
13-Jan-
2014
12:00

13-Jan-
2014
13:00

0.0 2.0 0.0 0.0 8.0 10.0

CILT Module 1 CILT Module 1 ESDM013 Learning Institute
12-Feb-
2014
12:00

12-Feb-
2014
13:00

0.0 0.0 5.0 0.0 5.0 10.0

Journal Club/Reading Group/lab meeting
Presentation Prospective hip etiology in PFP Simon Lack

24-Feb-
2014
18:00

24-Feb-
2014
21:00

0.0 3.0 0.0 0.0 1.0 4.0

CAPD Course A248 Interactive Teaching Centre for Academic and
Professional Development

13-Mar-
2014
14:00

13-Mar-
2014
15:00

0.0 0.0 0.0 0.0 1.0 1.0

Mentoring/supervising of Project Student Meeting with iBSc students Simon Lack
18-Mar-
2014
09:00

18-Mar-
2014
12:00

0.0 2.0 1.0 0.0 2.0 5.0

CAPD Course A249 Enhancing Visual Presentation in
Lectures

Centre for Academic and
Professional Development

25-Mar-
2014
13:00

25-Mar-
2014
14:00

0.0 0.0 0.0 0.0 1.0 1.0

CAPD Course A162 Dealing with Disruptive Behaviour in
the Classroom

Centre for Academic and
Professional Development

01-Apr-
2014
13:00

01-Apr-
2014
14:00

0.0 0.0 0.0 0.0 1.0 1.0

Mentoring/supervising of Project Student Meeting with iBSc students Simon Lack
14-Apr-
2014
11:30

14-Apr-
2014
12:30

0.0 2.0 1.0 0.0 2.0 5.0

CAPD Course A224 Evaluation of Teaching Centre for Academic and
Professional Development

15-Apr-
2014
13:00

15-Apr-
2014
14:00

0.0 0.0 0.0 0.0 1.0 1.0

Teaching/demonstrating/marking/preparation Rocktape Presentation UEL
Physiotherapists Simon Lack

29-Apr-
2014
13:00

29-Apr-
2014
16:00

3.0 0.0 1.5 0.0 1.5 3.0

Mentoring/supervising of Project Student Meeting with iBSc students Simon Lack
13-May-
2014
09:00

13-May-
2014
13:00

0.0 2.0 1.0 0.0 2.0 5.0

CILT Module 2 CILT Module 2 ESDM016 Learning Institute
11-Jul-
2014
12:00

11-Jul-
2014
13:00

0.0 0.0 5.0 0.0 5.0 10.0

External funding application >£10,000 Private Physiotherapy Education
Fund - A2 Scheme PPEF

01-Jan-
2015
00:00

31-Dec-
2015
00:00

0.0 5.0 5.0 5.0 5.0 20.0

Conference Presentation (Oral) Proximal Muscle Rehabilitation is
Effective in the Management of PFP

Danish Sports Medicine
Congress

22-Jan-
2015
00:00

24-Jan-
2015
00:00

0.0 3.0 3.0 0.0 4.0 10.0

Conference Attendance (Three days) Patellofemoral Pain Retreat University of Manchester
02-Sep-
2015
00:00

04-Sep-
2015
00:00

0.0 9.0 6.0 0.0 0.0 15.0

Not Applicable Activities

Nothing found to display


