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Share	—	copy	and	redistribute	the	material	in	any	medium	or	format	for	any	purpose,	even	commercially.	Adapt	—	remix,	transform,	and	build	upon	the	material	for	any	purpose,	even	commercially.	The	licensor	cannot	revoke	these	freedoms	as	long	as	you	follow	the	license	terms.	Attribution	—	You	must	give	appropriate	credit	,	provide	a	link	to	the
license,	and	indicate	if	changes	were	made	.	You	may	do	so	in	any	reasonable	manner,	but	not	in	any	way	that	suggests	the	licensor	endorses	you	or	your	use.	ShareAlike	—	If	you	remix,	transform,	or	build	upon	the	material,	you	must	distribute	your	contributions	under	the	same	license	as	the	original.	No	additional	restrictions	—	You	may	not	apply
legal	terms	or	technological	measures	that	legally	restrict	others	from	doing	anything	the	license	permits.	You	do	not	have	to	comply	with	the	license	for	elements	of	the	material	in	the	public	domain	or	where	your	use	is	permitted	by	an	applicable	exception	or	limitation	.	No	warranties	are	given.	The	license	may	not	give	you	all	of	the	permissions
necessary	for	your	intended	use.	For	example,	other	rights	such	as	publicity,	privacy,	or	moral	rights	may	limit	how	you	use	the	material.	The	sliding	filament	theory	is	a	complex	process,	especially	when	it’s	explained	in	an	intricate	way.	In	this	article,	I	will	break	down	the	basics	of	this	theory	to	help	you	understand	the	process	of	how	it	happens	and
what	some	key	words	mean.	The	sliding	filament	theory	was	proposed	by	Andrew	Huxley	in	1954	and	has	helped	scientists	understand	how	muscle	contractions	work	at	cellular	level	with	proteins	sliding	against	each	other	causing	cross-bridges	which	then	leads	to	muscle	contractions	–	thought	this	may	sound	complex,	this	is	how	movement	appears
which	is	unique	to	the	traits	of	an	individual	such	as	the	flexibility	or	ballerinas	or	the	strength	of	a	powerlifter.	In	this	article,	we	will	explain	the	sliding	filament	theory	in	a	more	simple	nature,	but	first,	to	help	our	understanding	on	the	sliding	filament	theory,	it’s	useful	to	have	a	quick	recap	on	muscle	structures	and	the	three	types	of	muscle
contractions…	Muscle	fibre	structure	–	When	muscle	fibres	(i.e.	a	muscle)	are	put	under	a	microscope,	we	can	see	they	contain	smaller	fibres	called	myofibrils.	Through	a	microscope	muscle	cells	form	a	striped-like	pattern,	with	each	unit	called	a	sarcomere.	Sarcomeres	–	There	are	thousands	of	sarcomeres	in	each	muscle	cell,	which	contain	filaments
called	actin	(thin)	and	myosin	(thick).	These	filaments	slide	in	and	out	between	each	other	causing	muscle	contractions,	hence	the	name	sliding	filament	theory!	Eccentric	muscle	contraction	–	the	muscle	is	lengthening	and	is	typically	used	to	resist	or	slow	motion	(eg.	lowering	phase	of	a	bicep	curl	or	squat).	Concentric	muscle	contraction	–	the
muscle	shortens	in	length	and	is	typically	used	to	generate	motion	(e.g.	upward	phase	of	a	bicep	curl	or	squat).	Isometric	muscle	contraction	–	there	is	no	change	in	muscle	length,	yet	the	muscle	is	still	contracted.	This	is	used	for	producing	shock	absorption	and	to	maintain	stability	(e.g.	plank	or	actively	hanging	from	a	bar).	Now	that	we	know	we’ve
covered	muscle	structure	and	the	types	of	muscle	contractions,	we’ll	now	use	a	practical	example	of	a	concentric	and	eccentric	contraction	when	performing	a	bicep	curl	to	explain	the	sliding	filament	theory…we’ll	explain	this	through	a	5	stage	process:	The	brain	sends	a	message	(nerve	impulse)	to	the	muscle	it	wants	to	contract.	For	example,	the
brain	will	send	a	message	to	the	bicep	brachii	during	a	bicep	curl.	This	will	cause	calcium	to	be	released	from	the	sarcoplasmic	reticulum	(note:	calcium	is	essential	for	contraction	mechanisms	to	take	place).	With	an	increase	in	calcium	ions	now	present,	they	attached	to	a	part	of	the	sarcomere	called	troponin.	The	binding	of	calcium	ions	to	troponin
results	in	it’s	changing	shape,	which	causes	it	to	move	tropomyosin	towards	actin.	This	causes	a	cross-bridge	to	be	formed.	Myosin	filaments	must	then	slide	over	one	another	and	pull	on	actin	filaments	to	cause	concentric	contraction	to	occur.	This	happens	across	every	sarcomere	in	the	muscle!	From	our	example	of	our	bicep	curl,	this	step	would
result	in	the	dumbbell	being	lifted	upwards.	Jacob	Krans	from	Central	Connecticut	State	University	provides	a	great	analogy	for	the	sliding	filaments	when	sarcomere	shortening	(i.e.	steps	1-3)	occurs,	which	we’ll	include	below:	Jacob	uses	a	bookcase	for	his	analogy,	he	says,	“imagine	you	are	standing	between	two	bookcases,	that	are	a	couple	of
meters	apart	and	each	filled	with	books.	You	must	bring	the	two	book	cases	together,	by	only	using	your	arms	and	two	ropes,	which	you	have	one	end	in	each	hand	and	the	other	end	tied	to	each	end	of	the	bookcases.	You	repeatedly	pull	each	rope	towards	you,	re-grip	it,	and	then	pull	again.	Eventually,	as	you	progress	through	the	length	of	the	rope,
the	bookcases	move	together	and	approach	you.	In	this	example,	your	arms	are	similar	to	the	myosin	molecules,	the	ropes	are	the	actin	filaments,	and	the	bookcases	are	the	z	discs	to	which	the	actin	is	secured,	which	make	up	the	lateral	ends	of	a	sarcomere.	Similar	to	the	way	you	would	remain	centered	between	the	bookcases,	the	myosin	filaments
remain	centered	during	normal	muscle	contraction.”	For	the	dumbbell	to	be	lowered,	myosin	lets	go	of	actin	with	the	cross-bridge	being	broken.	The	stages	are	then	reversed	as	tropomyosin	returns	to	it’s	original	place.	As	long	as	the	human	body	has	enough	energy	(and	calcium)	available,	then	this	process	can	occur	over	and	over	–	without	it,	we
would	not	be	able	to	function	as	humans.	Now	that	we’ve	explained	muscle	contraction	from	a	concentric	and	eccentric	portion	of	movement,	we	must	think	about	the	sliding	filament	theory	during	an	isometric	contraction.	During	an	isometric	contraction,	cross	bridges	are	still	formed	(stage	1-2),	however,	force	is	equally	distributed	between
filaments.	Though	it	must	be	noted	that	force	production	is	reduced	during	isometric	contraction	in	comparison	to	the	potential	force	production	of	eccentric	and	concentric	contraction.	Though	the	sliding	filament	theory	was	proposed	in	the	1950s,	it	has	been	proven	to	be	applicable	to	all	muscle	fibre	types	throughout	the	body.	This	process	occurs
over	and	over	throughout	the	muscle	during	everyday	life	from	performing	bicep	curls	in	the	gym	to	simply	standing	up	from	a	chair.	Now	that	you	understand	the	5	step	process	of	muscle	contraction,	we	must	begin	to	think	about	applying	this	knowledge	to	different	movements	such	as	a	squat	or	pull-up.	Though	the	process	is	the	same	for	every
single	muscle	fibre,	think	about	how	the	different	muscles	work	that	are	involved.		Below	I	have	referenced	a	few	important	sliding	filament	theory	papers	that	will	help	give	you	an	even	better	understanding	as	well	as	provide	a	reference	point	for	your	understanding.	Scott,	Stevens-Lapsey	&	Binder-Macleod	(2001)	–	Human	skeletal	muscle	fiber	type
classifications.	Squire,	J	(2016)	–	Muscle	contraction:	Sliding	filament	history,	sarcomere	dynamics	and	the	two	Huxleys.	Cooke,	R	(2004)	–	The	sliding	filament	model.	Mijailovich	et	al.	(1996)	–	On	the	theory	of	muscle	contraction:	filament	extensibility	and	the	development	of	isometric	force	and	stiffness.	Recently	Updated	Pages	The	sliding	filament
theory	explains	how	muscle	fibres	contract.	The	sliding	filament	theory	can	be	best	explained	as	how	muscles	contract	by	the	interaction	of	actin	and	myosin	filaments	sliding	past	each	other	within	muscle	cells.	The	process	requires	ATP	for	energy.	The	sliding	filament	theory	was	proposed	in	1954	by	Andrew	Huxley	and	Rolf	Niedergerke.	In	this
article,	we	will	study	the	sliding	filament	theory	of	muscle	contraction	notes	in	detail.	What	is	Sliding	Filament	Theory?The	sliding	filament	theory	states	that	the	two	main	types	of	muscle	filaments	slide	past	each	other	during	contraction,	causing	the	muscle	to	shorten.	The	actin	filaments	are	thin	and	have	a	double	helix	structure,	while	the	myosin
filaments	are	thick	and	have	a	globular	head.		The	myosin	heads	bind	to	the	actin	filaments	and	pull	them	towards	the	center	of	the	muscle	fiber.	This	causes	the	muscle	fiber	to	shorten	and	the	muscle	to	contract.	The	sliding	filament	theory	is	important	because	it	helps	us	to	understand	how	muscles	work.	Also	Read:	Mechanism	of	Muscle
Contraction	What	is	Sarcomere	in	Muscle?A	sarcomere	is	the	fundamental	unit	of	muscle	contraction	and	consists	of	bundle	of	thick	and	thin	filaments.	It	has	the	following	key	features:	Sarcomeres	are	present	in	series	to	form	a	myofibril	and	span	from	Z-line	to	Z-line.	It	is	only	a	few	micrometers	long.	Z-lines	mark	the	boundaries	of	a	sarcomere	and
anchor	the	thin	filaments.It	consists	of	overlapping	actin	and	myosin	filaments.It	is	present	in	a	repeating	pattern.Actin	filaments	are	thin	and	extend	from	the	Z-line	towards	the	center.	Myosin	filaments	on	the	other	hand,	are	thicker	and	are	located	in	the	center.H-	Zone	is	the	central	region	of	a	sarcomere	where	only	myosin	filaments	are	present.	It
shortens	during	muscle	contraction.I-band	is	the	region	containing	only	actin	filaments,	extending	from	the	Z-line	towards	the	center,	and	shortening	during	muscle	contraction.A-band	is	the	central	region	of	the	sarcomere	where	both	actin	and	myosin	filaments	overlap.M-line	is	present	at	the	center	of	the	A-band	that	anchors	the	myosin
filaments.Muscle	contraction	occurs	as	actin	and	myosin	filaments	slide	past	each	other,	causing	the	sarcomere	to	shorten.Sarcomeres	contract	when	stimulated	by	a	nerve	impulse,	leading	to	the	shortening	of	the	muscle	fiber	and	the	generation	of	force.Sarcomere	DiagramAlso	Read:	Major	Difference	Between	Actin	and	Myosin	Sliding	Filament
Theory	of	Muscle	Contraction	Sliding	Filament	theory	describes	the	molecular	changes	that	occur	during	muscle	contraction	at	the	sarcomere	level,	which	is	the	basic	functional	unit	of	a	muscle	fiber.	In	the	resting	state,	myosin	heads	are	in	a	low-energy	position,	and	the	actin	and	myosin	filaments	do	not	overlap.When	a	motor	neuron	signals	a
muscle	fiber	to	contract,	an	action	potential	is	generated.	It	travels	along	the	muscle	cell	membrane	and	into	the	muscle	fiber	through	the	transverse	tubules.The	action	potential	triggers	the	release	of	calcium	ions	from	the	sarcoplasmic	reticulum.Calcium	binds	to	troponin	that	results	in	change	in	shape	of	troponin.	It	allows	tropomyosin	to	move
away	from	the	myosin-binding	sites	on	actin.With	the	myosin-binding	sites	exposed,	myosin	heads	can	bind	to	actin,	forming	cross-bridges.The	myosin	heads	undergo	forceful	contraction,	pulling	the	thin	actin	filaments	towards	the	center	of	the	sarcomere.As	myosin	heads	continue	to	cycle	through	binding,	pulling,	and	releasing,	the	actin	filaments
slide	past	the	myosin	filaments,	causing	the	sarcomere	to	shorten.When	the	action	potential	ceases	and	calcium	ions	are	actively	pumped	back	into	the	sarcoplasmic	reticulum,	the	troponin-tropomyosin	complex	returns	to	its	original	position,	blocking	the	myosin-binding	sites	on	actin.	This	leads	to	muscle	relaxation.Also	Read:	Muscular	Tissue	-
Structure,	Functions,	Types	and	Characteristics	Sliding	Filament	Theory	DiagramThe	following	is	a	well-labeled	diagram	of	sliding	filament	theory:	The	sliding	filament	theory	of	muscle	contraction	involves	the	steps:	Resting	State:	Actin	and	myosin	filaments	overlap	only	slightly	and	muscle	fibers	are	relaxed.Excitation	of	the	nerve:	A	nerve	impulse
stimulates	the	muscle	fiber.	It	causes	the	release	of	calcium	ions	from	the	sarcoplasmic	reticulum	into	the	sarcoplasm.Cross-Bridge	Formation:	Calcium	ions	bind	to	troponin,	causing	tropomyosin	to	move.	It	expose	the	myosin-binding	sites	on	actin.	Myosin	heads	then	bind	to	these	sites	and	forms	the	cross-bridges.Role	of	ATP:	The	ATP	molecule	is
hydrolyzed	and	causes	the	myosin	head	to	pivot.	It	pull	actin	filaments	towards	the	center	of	the	sarcomere.Repeat:	The	cycle	continues	as	long	as	calcium	ions	are	present	and	ATP	is	available,	resulting	in	the	shortening	of	sarcomeres	and	muscle	contraction.How	Does	Muscle	Contraction	Occur?Muscle	contraction	is	a	physiological	process	where
muscle	fibers	generate	tension	and	exert	a	force,	resulting	in	movement	or	the	stabilization	of	body	parts.	Muscle	contraction	begins	with	a	signal	from	the	central	nervous	system	through	a	motor	neuron.The	neuromuscular	junction	connects	the	motor	neuron	to	the	sarcolemma.Acetylcholine	is	released	at	the	neuromuscular	junction.	It	results	in	the
action	potential	in	the	sarcolemma.An	action	potential	triggers	the	release	of	calcium	ions	from	the	sarcoplasmic	reticulum	into	the	sarcoplasm.Calcium	ions	bind	to	troponin	on	actin	filaments.	It	exposes	the	myosin-binding	sites.Myosin	binds	to	the	exposed	active	sites	on	actin	and	forms	the	cross	bridges.The	hydrolysis	of	ATP	at	the	myosin	head
causes	sliding	of	thin	filaments	over	thick	filaments.As	thin	filaments	slide,	the	Z	lines	are	pulled	closer	together.	It	leads	to	muscle	contraction.The	cycle	of	cross-bridge	formation,	contraction,	and	sliding	repeats	until	calcium	ions	are	actively	pumped	back	into	the	sarcoplasmic	reticulum.With	decreasing	calcium	levels,	troponin	covers	the	myosin-
binding	sites	on	actin,	allowing	for	muscle	relaxation.Recurrent	muscle	activation	may	lead	to	the	accumulation	of	lactic	acid,	contributing	to	muscular	fatigue.Myoglobin,	a	pigment	in	muscles,	contributes	to	their	red	color.	Muscles	rich	in	myoglobin	are	adapted	for	sustained,	aerobic	activities.Red	fibers	with	myoglobin-rich	content	also	have	a	large
number	of	mitochondria,	supporting	energy	production	during	prolonged	activities.Muscles	lacking	myoglobin	appear	white	and	are	associated	with	anaerobic,	short	cycle	of	activity.As	calcium	is	pumped	back,	the	Z	lines	return	to	their	initial	positions,	and	the	muscle	returns	to	a	relaxed	state.Also	Read:	Difference	Between	Cardiac	Muscle	And
Skeletal	Muscle	Importance	of	Sliding	Filament	TheoryThe	sliding	filament	theory	is	the	most	widely	accepted	theory	for	explaining	how	muscle	fibers	contract.	It	describes	how	the	interaction	between	actin	and	myosin	filaments	produces	contractile	force.	Explains	the	molecular	mechanism	behind	muscle	contraction.Forms	the	basis	for
understanding	different	body	movements.It	help	in	diagnosing	and	treating	muscle-related	disorders.Forms	the	basis	for	studying	muscle	physiology	and	related	disorders.Also	Read:	Difference	between	Origin	and	Insertion	Muscles	Conclusion:	Sliding	Filament	TheoryThe	sliding	filament	theory	is	the	most	accepted	theory	that	explains	how	muscle
fibers	contract.	It	states	that	when	a	muscle	contracts,	the	actin	and	myosin	filaments	slide	past	each	other,	causing	the	sarcomere	to	shorten.	The	filaments	themselves	do	not	change	in	length.	The	number	of	fibers	that	contract	determines	the	strength	of	the	muscular	force.	The	theory	help	us	to	understand	various	muscle	functions	and	different
body	movements.	Also	Read:	Clark,	M.	Milestone	3	(1954):	Sliding	filament	model	for	muscle	contraction.	Muscle	sliding	filaments.	Nature	Reviews	Molecular	Cell	Biology	9,	s6–s7	(2008)	doi:10.1038/nrm2581.	Goody,	R.	S.	The	missing	link	in	the	muscle	cross-bridge	cycle.	Nature	Structural	Molecular	Biology	10,	773–775	(2003)	doi:10.1038/nsb1003-
773.	Hoyle,	G.	Comparative	aspects	of	muscle.	Annual	Review	of	Physiology	31,	43–82	(1969)	doi:10.1146/annurev.ph.31.030169.000355.	Huxley,	H.	E.	&	Hanson,	J.	Changes	in	the	cross-striations	of	muscle	during	contraction	and	stretch	and	their	structural	interpretation.	Nature	173,	973–976	(1954)	doi:10.1038/173973a0.	Huxley,	A.	F.	&
Niedergerke,	R.	Structural	changes	in	muscle	during	contraction:	Interference	microscopy	of	living	muscle	fibres.	Nature	173,	971–973	(1954)	doi:10.1038/173971a0.	Hynes,	T.	R.	et	al.	Movement	of	myosin	fragments	in	vitro:	Domains	involved	in	force	production.	Cell	48,	953–963	(1987)	Doi:10.1016/0092-8674(87)90704-5.	Lehman,	W.,	Craig,	R.	&
Vibertt,	P.	Ca2+-induced	tropomyosin	movement	in	Limulus	thin	filaments	revealed	by	three-dimensional	reconstruction.	Nature	368,	65–67	(1994)	doi:10.1038/368065a0.	Lorand,	L.	"Adenosine	triphosphate-creatine	transphosphorylase"	as	relaxing	factor	of	muscle.	Nature	172,	1181–1183	(1953)	doi:10.1038/1721181a0.	Spudich,	J.	A.	The	myosin
swinging	cross-bridge	model.	Nature	Reviews	Molecular	Cell	Biology	2,	387–392	(2001)	doi:10.1038/35073086.	The	sliding	filament	theory	is	a	complex	process,	especially	when	it’s	explained	in	an	intricate	way.	In	this	article,	I	will	break	down	the	basics	of	this	theory	to	help	you	understand	the	process	of	how	it	happens	and	what	some	key	words
mean.	The	sliding	filament	theory	was	proposed	by	Andrew	Huxley	in	1954	and	has	helped	scientists	understand	how	muscle	contractions	work	at	cellular	level	with	proteins	sliding	against	each	other	causing	cross-bridges	which	then	leads	to	muscle	contractions	–	thought	this	may	sound	complex,	this	is	how	movement	appears	which	is	unique	to	the
traits	of	an	individual	such	as	the	flexibility	or	ballerinas	or	the	strength	of	a	powerlifter.	In	this	article,	we	will	explain	the	sliding	filament	theory	in	a	more	simple	nature,	but	first,	to	help	our	understanding	on	the	sliding	filament	theory,	it’s	useful	to	have	a	quick	recap	on	muscle	structures	and	the	three	types	of	muscle	contractions…	Muscle	fibre
structure	–	When	muscle	fibres	(i.e.	a	muscle)	are	put	under	a	microscope,	we	can	see	they	contain	smaller	fibres	called	myofibrils.	Through	a	microscope	muscle	cells	form	a	striped-like	pattern,	with	each	unit	called	a	sarcomere.	Sarcomeres	–	There	are	thousands	of	sarcomeres	in	each	muscle	cell,	which	contain	filaments	called	actin	(thin)	and
myosin	(thick).	These	filaments	slide	in	and	out	between	each	other	causing	muscle	contractions,	hence	the	name	sliding	filament	theory!	Eccentric	muscle	contraction	–	the	muscle	is	lengthening	and	is	typically	used	to	resist	or	slow	motion	(eg.	lowering	phase	of	a	bicep	curl	or	squat).	Concentric	muscle	contraction	–	the	muscle	shortens	in	length
and	is	typically	used	to	generate	motion	(e.g.	upward	phase	of	a	bicep	curl	or	squat).	Isometric	muscle	contraction	–	there	is	no	change	in	muscle	length,	yet	the	muscle	is	still	contracted.	This	is	used	for	producing	shock	absorption	and	to	maintain	stability	(e.g.	plank	or	actively	hanging	from	a	bar).	Now	that	we	know	we’ve	covered	muscle	structure
and	the	types	of	muscle	contractions,	we’ll	now	use	a	practical	example	of	a	concentric	and	eccentric	contraction	when	performing	a	bicep	curl	to	explain	the	sliding	filament	theory…we’ll	explain	this	through	a	5	stage	process:	The	brain	sends	a	message	(nerve	impulse)	to	the	muscle	it	wants	to	contract.	For	example,	the	brain	will	send	a	message	to
the	bicep	brachii	during	a	bicep	curl.	This	will	cause	calcium	to	be	released	from	the	sarcoplasmic	reticulum	(note:	calcium	is	essential	for	contraction	mechanisms	to	take	place).	With	an	increase	in	calcium	ions	now	present,	they	attached	to	a	part	of	the	sarcomere	called	troponin.	The	binding	of	calcium	ions	to	troponin	results	in	it’s	changing
shape,	which	causes	it	to	move	tropomyosin	towards	actin.	This	causes	a	cross-bridge	to	be	formed.	Myosin	filaments	must	then	slide	over	one	another	and	pull	on	actin	filaments	to	cause	concentric	contraction	to	occur.	This	happens	across	every	sarcomere	in	the	muscle!	From	our	example	of	our	bicep	curl,	this	step	would	result	in	the	dumbbell
being	lifted	upwards.	Jacob	Krans	from	Central	Connecticut	State	University	provides	a	great	analogy	for	the	sliding	filaments	when	sarcomere	shortening	(i.e.	steps	1-3)	occurs,	which	we’ll	include	below:	Jacob	uses	a	bookcase	for	his	analogy,	he	says,	“imagine	you	are	standing	between	two	bookcases,	that	are	a	couple	of	meters	apart	and	each
filled	with	books.	You	must	bring	the	two	book	cases	together,	by	only	using	your	arms	and	two	ropes,	which	you	have	one	end	in	each	hand	and	the	other	end	tied	to	each	end	of	the	bookcases.	You	repeatedly	pull	each	rope	towards	you,	re-grip	it,	and	then	pull	again.	Eventually,	as	you	progress	through	the	length	of	the	rope,	the	bookcases	move
together	and	approach	you.	In	this	example,	your	arms	are	similar	to	the	myosin	molecules,	the	ropes	are	the	actin	filaments,	and	the	bookcases	are	the	z	discs	to	which	the	actin	is	secured,	which	make	up	the	lateral	ends	of	a	sarcomere.	Similar	to	the	way	you	would	remain	centered	between	the	bookcases,	the	myosin	filaments	remain	centered
during	normal	muscle	contraction.”	For	the	dumbbell	to	be	lowered,	myosin	lets	go	of	actin	with	the	cross-bridge	being	broken.	The	stages	are	then	reversed	as	tropomyosin	returns	to	it’s	original	place.	As	long	as	the	human	body	has	enough	energy	(and	calcium)	available,	then	this	process	can	occur	over	and	over	–	without	it,	we	would	not	be	able
to	function	as	humans.	Now	that	we’ve	explained	muscle	contraction	from	a	concentric	and	eccentric	portion	of	movement,	we	must	think	about	the	sliding	filament	theory	during	an	isometric	contraction.	During	an	isometric	contraction,	cross	bridges	are	still	formed	(stage	1-2),	however,	force	is	equally	distributed	between	filaments.	Though	it	must
be	noted	that	force	production	is	reduced	during	isometric	contraction	in	comparison	to	the	potential	force	production	of	eccentric	and	concentric	contraction.	Though	the	sliding	filament	theory	was	proposed	in	the	1950s,	it	has	been	proven	to	be	applicable	to	all	muscle	fibre	types	throughout	the	body.	This	process	occurs	over	and	over	throughout
the	muscle	during	everyday	life	from	performing	bicep	curls	in	the	gym	to	simply	standing	up	from	a	chair.	Now	that	you	understand	the	5	step	process	of	muscle	contraction,	we	must	begin	to	think	about	applying	this	knowledge	to	different	movements	such	as	a	squat	or	pull-up.	Though	the	process	is	the	same	for	every	single	muscle	fibre,	think
about	how	the	different	muscles	work	that	are	involved.		Below	I	have	referenced	a	few	important	sliding	filament	theory	papers	that	will	help	give	you	an	even	better	understanding	as	well	as	provide	a	reference	point	for	your	understanding.	Scott,	Stevens-Lapsey	&	Binder-Macleod	(2001)	–	Human	skeletal	muscle	fiber	type	classifications.	Squire,	J
(2016)	–	Muscle	contraction:	Sliding	filament	history,	sarcomere	dynamics	and	the	two	Huxleys.	Cooke,	R	(2004)	–	The	sliding	filament	model.	Mijailovich	et	al.	(1996)	–	On	the	theory	of	muscle	contraction:	filament	extensibility	and	the	development	of	isometric	force	and	stiffness.	Understanding	how	muscles	contract	is	crucial	for	comprehending
movement	and	various	physiological	processes	within	the	body.	The	sliding	filament	theory	offers	a	detailed	explanation	of	this	mechanism,	highlighting	interactions	at	the	molecular	level	that	facilitate	muscle	contraction.	This	concept	not	only	underpins	fundamental	biological	functions	but	also	informs	medical	and	sports	sciences.	Let’s	delve	into
the	components	and	sequence	of	events	that	enable	muscle	fibers	to	contract	efficiently.	Muscle	Fiber	Structure	Muscle	fibers,	the	fundamental	units	of	muscle	tissue,	exhibit	a	highly	organized	structure	that	facilitates	contraction.	These	fibers	are	long,	cylindrical	cells	encased	in	a	plasma	membrane	known	as	the	sarcolemma,	which	plays	a	crucial
role	in	conducting	electrical	impulses.	Beneath	the	sarcolemma	lies	the	sarcoplasm,	a	specialized	cytoplasm	containing	glycogen	and	myoglobin	for	energy	and	oxygen	storage.	Within	the	sarcoplasm,	myofibrils	are	densely	packed	and	run	parallel	along	the	length	of	the	muscle	fiber.	Myofibrils	are	composed	of	repeating	units	called	sarcomeres,	the
smallest	contractile	units	of	a	muscle.	The	sarcomere’s	arrangement	consists	of	interdigitating	thick	and	thin	filaments.	The	thick	filaments	are	primarily	composed	of	myosin,	while	the	thin	filaments	are	mainly	made	up	of	actin,	along	with	regulatory	proteins	such	as	tropomyosin	and	troponin.	This	precise	organization	is	critical	for	the	sliding
filament	mechanism,	where	the	interaction	between	actin	and	myosin	filaments	leads	to	muscle	contraction.	The	sarcomere’s	structure	is	further	defined	by	distinct	bands	and	lines,	visible	under	a	microscope.	The	A-band	corresponds	to	the	length	of	the	thick	filaments	and	remains	constant	during	contraction,	while	the	I-band,	which	contains	only
thin	filaments,	shortens	as	the	muscle	contracts.	The	Z-line	marks	the	boundary	between	adjacent	sarcomeres	and	anchors	the	thin	filaments,	while	the	M-line	holds	the	thick	filaments	in	place.	This	arrangement	ensures	that	the	force	generated	during	contraction	is	efficiently	transmitted	along	the	muscle	fiber.	Key	Proteins	Involved	The	sliding
filament	theory	hinges	on	the	interplay	between	several	proteins,	each	playing	a	specialized	role	in	muscle	contraction.	At	the	forefront	of	this	process	are	myosin	and	actin,	the	primary	proteins	constituting	the	thick	and	thin	filaments,	respectively.	Myosin	molecules	have	protruding	globular	heads	that	act	as	cross-bridges,	binding	to	specific	sites	on
the	actin	filaments.	This	interaction	enables	the	myosin	heads	to	pull	the	actin	filaments	inward,	shortening	the	sarcomere	and	generating	tension	within	the	muscle	fiber.	The	role	of	regulatory	proteins	such	as	tropomyosin	and	troponin	is	crucial.	Tropomyosin	runs	along	the	actin	filament,	blocking	myosin-binding	sites	in	a	resting	muscle	state.	This
blockade	prevents	unwanted	contractions	and	ensures	muscle	activation	is	controlled.	The	troponin	complex,	composed	of	three	subunits—troponin	C,	troponin	I,	and	troponin	T—serves	as	a	regulatory	switch.	Troponin	C	binds	calcium	ions,	triggering	a	conformational	change	that	shifts	tropomyosin	away	from	the	myosin-binding	sites	on	actin,
allowing	the	myosin	heads	to	engage	with	actin.	The	structural	integrity	and	function	of	the	sarcomere	are	supported	by	additional	proteins	such	as	titin	and	nebulin.	Titin	spans	half	the	length	of	the	sarcomere,	anchoring	the	thick	filaments	to	the	Z-line.	It	acts	as	a	molecular	spring,	providing	elasticity	and	stability.	Nebulin,	associated	with	the	thin
filaments,	is	thought	to	regulate	their	length,	contributing	to	the	uniformity	and	precision	of	the	sarcomere’s	architecture.	Mechanistic	Steps	Of	Contraction	The	process	of	muscle	contraction	is	a	finely	tuned	sequence	of	events	that	transforms	chemical	energy	into	mechanical	work.	This	sequence	is	orchestrated	through	interactions	between	myosin
and	actin	filaments,	facilitated	by	regulatory	proteins	and	driven	by	ATP	hydrolysis.	Cross-Bridge	Formation	The	initial	step	involves	the	formation	of	cross-bridges	between	the	myosin	heads	and	actin	filaments.	In	a	resting	state,	the	myosin	heads	are	in	a	high-energy	configuration,	primed	to	bind	to	actin.	When	calcium	ions	bind	to	troponin,	a
conformational	change	occurs,	moving	tropomyosin	away	from	the	myosin-binding	sites	on	actin.	This	exposure	allows	the	myosin	heads	to	attach	to	actin,	forming	cross-bridges.	Power	Stroke	Once	the	cross-bridges	are	formed,	the	power	stroke	ensues,	a	phase	where	the	myosin	heads	pivot,	pulling	the	actin	filaments	inward.	This	movement	is
powered	by	the	release	of	inorganic	phosphate	and	ADP	from	the	myosin	head,	which	were	products	of	ATP	hydrolysis.	The	energy	released	changes	the	myosin	head’s	angle,	dragging	the	actin	filament	along	with	it.	This	action	shortens	the	sarcomere,	generating	tension	and	contributing	to	muscle	contraction.	Detachment	And	Reactivation
Following	the	power	stroke,	the	myosin	heads	detach	from	the	actin	filaments	to	allow	for	another	cycle	of	contraction.	This	detachment	occurs	when	a	new	ATP	molecule	binds	to	the	myosin	head,	causing	a	conformational	change	that	reduces	its	affinity	for	actin.	The	hydrolysis	of	this	ATP	molecule	re-cocks	the	myosin	head,	returning	it	to	its	high-
energy	state,	ready	to	form	another	cross-bridge.	This	cycle	is	repeated	multiple	times	during	a	single	muscle	contraction.	Role	Of	Calcium	Ions	Calcium	ions	play	a	central	role	in	regulating	muscle	contraction,	acting	as	a	trigger	that	initiates	and	sustains	the	process.	Stored	within	the	sarcoplasmic	reticulum,	calcium	ions	are	released	into	the
sarcoplasm	in	response	to	an	electrical	signal	transmitted	through	the	sarcolemma.	This	release	ensures	that	muscle	contractions	occur	precisely	when	needed.	Once	in	the	sarcoplasm,	calcium	ions	bind	to	troponin	C,	inducing	a	conformational	change	in	the	troponin	complex,	causing	tropomyosin	to	shift	away	from	the	myosin-binding	sites	on	actin.
The	exposure	of	these	sites	enables	the	myosin	heads	to	attach	to	actin,	facilitating	cross-bridge	formation.	The	availability	and	concentration	of	calcium	ions	directly	influence	the	force	and	duration	of	muscle	contraction.	Changes	In	The	Sarcomere	The	sarcomere	undergoes	significant	structural	changes	during	muscle	contraction,	influencing
muscle	function	and	efficiency.	As	the	myosin	heads	pull	on	the	actin	filaments,	the	distance	between	the	Z-lines	decreases,	compressing	the	sarcomere	and	consequently	the	entire	muscle	fiber.	These	changes	are	not	uniform	across	the	sarcomere.	The	A-band,	which	contains	the	myosin	filaments,	remains	constant	in	length,	while	the	I-band,
occupied	by	actin	filaments,	diminishes.	The	H-zone,	a	region	within	the	A-band	where	only	myosin	filaments	are	present,	also	decreases	as	actin	filaments	slide	deeper	into	the	A-band.	These	spatial	dynamics	are	vital	for	understanding	how	muscle	tension	is	generated	and	sustained.	The	sliding	filament	theory	is	a	complex	process,	especially	when
it’s	explained	in	an	intricate	way.	In	this	article,	I	will	break	down	the	basics	of	this	theory	to	help	you	understand	the	process	of	how	it	happens	and	what	some	key	words	mean.	The	sliding	filament	theory	was	proposed	by	Andrew	Huxley	in	1954	and	has	helped	scientists	understand	how	muscle	contractions	work	at	cellular	level	with	proteins	sliding
against	each	other	causing	cross-bridges	which	then	leads	to	muscle	contractions	–	thought	this	may	sound	complex,	this	is	how	movement	appears	which	is	unique	to	the	traits	of	an	individual	such	as	the	flexibility	or	ballerinas	or	the	strength	of	a	powerlifter.	In	this	article,	we	will	explain	the	sliding	filament	theory	in	a	more	simple	nature,	but	first,
to	help	our	understanding	on	the	sliding	filament	theory,	it’s	useful	to	have	a	quick	recap	on	muscle	structures	and	the	three	types	of	muscle	contractions…	Muscle	fibre	structure	–	When	muscle	fibres	(i.e.	a	muscle)	are	put	under	a	microscope,	we	can	see	they	contain	smaller	fibres	called	myofibrils.	Through	a	microscope	muscle	cells	form	a	striped-
like	pattern,	with	each	unit	called	a	sarcomere.	Sarcomeres	–	There	are	thousands	of	sarcomeres	in	each	muscle	cell,	which	contain	filaments	called	actin	(thin)	and	myosin	(thick).	These	filaments	slide	in	and	out	between	each	other	causing	muscle	contractions,	hence	the	name	sliding	filament	theory!	Eccentric	muscle	contraction	–	the	muscle	is
lengthening	and	is	typically	used	to	resist	or	slow	motion	(eg.	lowering	phase	of	a	bicep	curl	or	squat).	Concentric	muscle	contraction	–	the	muscle	shortens	in	length	and	is	typically	used	to	generate	motion	(e.g.	upward	phase	of	a	bicep	curl	or	squat).	Isometric	muscle	contraction	–	there	is	no	change	in	muscle	length,	yet	the	muscle	is	still
contracted.	This	is	used	for	producing	shock	absorption	and	to	maintain	stability	(e.g.	plank	or	actively	hanging	from	a	bar).	Now	that	we	know	we’ve	covered	muscle	structure	and	the	types	of	muscle	contractions,	we’ll	now	use	a	practical	example	of	a	concentric	and	eccentric	contraction	when	performing	a	bicep	curl	to	explain	the	sliding	filament
theory…we’ll	explain	this	through	a	5	stage	process:	The	brain	sends	a	message	(nerve	impulse)	to	the	muscle	it	wants	to	contract.	For	example,	the	brain	will	send	a	message	to	the	bicep	brachii	during	a	bicep	curl.	This	will	cause	calcium	to	be	released	from	the	sarcoplasmic	reticulum	(note:	calcium	is	essential	for	contraction	mechanisms	to	take
place).	With	an	increase	in	calcium	ions	now	present,	they	attached	to	a	part	of	the	sarcomere	called	troponin.	The	binding	of	calcium	ions	to	troponin	results	in	it’s	changing	shape,	which	causes	it	to	move	tropomyosin	towards	actin.	This	causes	a	cross-bridge	to	be	formed.	Myosin	filaments	must	then	slide	over	one	another	and	pull	on	actin
filaments	to	cause	concentric	contraction	to	occur.	This	happens	across	every	sarcomere	in	the	muscle!	From	our	example	of	our	bicep	curl,	this	step	would	result	in	the	dumbbell	being	lifted	upwards.	Jacob	Krans	from	Central	Connecticut	State	University	provides	a	great	analogy	for	the	sliding	filaments	when	sarcomere	shortening	(i.e.	steps	1-3)
occurs,	which	we’ll	include	below:	Jacob	uses	a	bookcase	for	his	analogy,	he	says,	“imagine	you	are	standing	between	two	bookcases,	that	are	a	couple	of	meters	apart	and	each	filled	with	books.	You	must	bring	the	two	book	cases	together,	by	only	using	your	arms	and	two	ropes,	which	you	have	one	end	in	each	hand	and	the	other	end	tied	to	each
end	of	the	bookcases.	You	repeatedly	pull	each	rope	towards	you,	re-grip	it,	and	then	pull	again.	Eventually,	as	you	progress	through	the	length	of	the	rope,	the	bookcases	move	together	and	approach	you.	In	this	example,	your	arms	are	similar	to	the	myosin	molecules,	the	ropes	are	the	actin	filaments,	and	the	bookcases	are	the	z	discs	to	which	the
actin	is	secured,	which	make	up	the	lateral	ends	of	a	sarcomere.	Similar	to	the	way	you	would	remain	centered	between	the	bookcases,	the	myosin	filaments	remain	centered	during	normal	muscle	contraction.”	For	the	dumbbell	to	be	lowered,	myosin	lets	go	of	actin	with	the	cross-bridge	being	broken.	The	stages	are	then	reversed	as	tropomyosin
returns	to	it’s	original	place.	As	long	as	the	human	body	has	enough	energy	(and	calcium)	available,	then	this	process	can	occur	over	and	over	–	without	it,	we	would	not	be	able	to	function	as	humans.	Now	that	we’ve	explained	muscle	contraction	from	a	concentric	and	eccentric	portion	of	movement,	we	must	think	about	the	sliding	filament	theory
during	an	isometric	contraction.	During	an	isometric	contraction,	cross	bridges	are	still	formed	(stage	1-2),	however,	force	is	equally	distributed	between	filaments.	Though	it	must	be	noted	that	force	production	is	reduced	during	isometric	contraction	in	comparison	to	the	potential	force	production	of	eccentric	and	concentric	contraction.	Though	the
sliding	filament	theory	was	proposed	in	the	1950s,	it	has	been	proven	to	be	applicable	to	all	muscle	fibre	types	throughout	the	body.	This	process	occurs	over	and	over	throughout	the	muscle	during	everyday	life	from	performing	bicep	curls	in	the	gym	to	simply	standing	up	from	a	chair.	Now	that	you	understand	the	5	step	process	of	muscle
contraction,	we	must	begin	to	think	about	applying	this	knowledge	to	different	movements	such	as	a	squat	or	pull-up.	Though	the	process	is	the	same	for	every	single	muscle	fibre,	think	about	how	the	different	muscles	work	that	are	involved.		Below	I	have	referenced	a	few	important	sliding	filament	theory	papers	that	will	help	give	you	an	even	better
understanding	as	well	as	provide	a	reference	point	for	your	understanding.	Scott,	Stevens-Lapsey	&	Binder-Macleod	(2001)	–	Human	skeletal	muscle	fiber	type	classifications.	Squire,	J	(2016)	–	Muscle	contraction:	Sliding	filament	history,	sarcomere	dynamics	and	the	two	Huxleys.	Cooke,	R	(2004)	–	The	sliding	filament	model.	Mijailovich	et	al.	(1996)
–	On	the	theory	of	muscle	contraction:	filament	extensibility	and	the	development	of	isometric	force	and	stiffness.	The	sliding	filament	theory	is	our	best	understanding	of	how	muscles	actually	contract;	it	provides	detail	on	the	phenomenon	of	muscle	contraction	at	the	microscopic	level.	Originally	published	in	1954	by	two	separate	research	teams,	the
sliding	filament	theory	describes	overlapping	fibers—or	filaments—that	shorten	the	muscle.	Despite	being	published	~70	years	ago,	it	is	still	the	most	widely	accepted	description	for	the	mechanisms	of	muscle	contraction.	To	understand	the	summary	below,	you	should	first	understand	some	basics	about	muscle	structure.	A	skeletal	muscle	(e.g.,	the
biceps	brachii)	is	comprised	of	many	smaller	bundles	called	fascicles.	The	fascicles	are	bundles	of	muscle	cells,	called	myocytes,	which	are	the	individual	muscle	fibers.	All	muscle	fibers	consist	of	myofibrils	which	are	comprised	of	the	individual	myofilaments	(actin	and	myosin,	described	below)	identified	in	the	name,	sliding	filament	theory	(are	you
already	confused?	Don’t	worry.	It	should	make	more	sense	after	seeing	some	images).	Thus,	muscular	anatomy	from	the	smallest	to	largest	components:	myofilaments	→	myofibrils	→	muscle	fibers	(muscle	cells)	→	fascicles	(bundles	of	muscle	fibers)	→	muscles	(e.g.,	biceps	brachii)	Tap/click	to	enlarge	Brief	summary	The	sliding	filament	theory	explains
how	a	muscle	is	able	to	contract	or	shorten.	Below	is	a	list	of	definitions	(use	the	pictures	above	and	below	to	follow	along)	to	refer	to	when	reading	about	the	sliding	filament	theory	and	its	moving	parts.	Sarcomere	[pictured	above]:	the	contractile	unit	of	muscle	fibers;	under	a	microscope,	you	can	identify	individual	sarcomeres	by	the	striated
patterns	and	defined	lines;	the	defined	lines	that	make	up	the	borders	of	each	sarcomere	are	called	Z-lines	or	Z-disks.	Sarcoplasmic	reticulum	(SR)	[pictured	above]:	a	structure	within	muscle	cells	that	stores	the	calcium	ions	necessary	to	initiate	a	muscle	contraction;	the	SR	is	a	reservoir	for	calcium	and	appears	as	a	web-like	structure	surrounding
muscle	cells.	At	its	ends,	the	SR	has	a	cufflike	structure	surrounding	the	muscle	cell	called	terminal	cisternae.	Transverse	tubules	(T-tubules)	[pictured	above]:	extensions	of	the	muscle	cell	membrane	that	penetrate	into	the	muscle;	the	role	of	t-tubules	is	to	drive	the	action	potential	(the	nerve	impulse	to	initiate	a	muscle	contraction)	into	the	muscle.
T-tubules	are	adjacent	to	the	terminal	cisternae	of	the	SR	so	the	action	potential	can	reach	the	SR	allowing	the	release	of	calcium.	The	two	terminal	cisternae	with	the	t-tubules	are	called	triads	of	the	muscle	cells.	Actin	[pictured	below]:	the	thin	filaments	that	arise	off	each	Z-line;	the	actin	filaments	overlap	with	myosin	(thick	filaments).	Tropomyosin:
strands	that	exist	on	each	actin	filament	and	cover	binding	sites	while	the	muscle	is	relaxed.	When	tropomyosin	is	in	its	resting	state,	a	muscle	contraction	cannot	occur.	Troponin:	also	on	each	actin	filament,	these	molecules	are	the	calcium-binding	components.	When	calcium	binds	to	troponin	molecules,	the	tropomyosin	strands	shift	to	expose	the
binding	sites	on	the	actin	filaments.	At	this	point,	a	muscle	contraction	can	occur.	Myosin	[pictured	below]:	the	thick	filaments;	according	to	the	sliding	filament	theory,	the	myosin	filaments	are	those	that	pull	the	actin	filaments	inwards	to	move	Z-lines	closer	to	each	other,	thereby	shortening	(or	contracting)	the	entire	muscle.	Myosin	filaments	are
comprised	of	hinged	rods;	at	the	ends	of	the	rods,	myosin	has	heads	that	can	attach	to	the	bindings	sites	on	actin	filaments.	Adenosine	triphosphate	(ATP)	[not	shown]:	ATP	are	adenosine	molecules	bound	to	three	phosphate	groups.	ATP	is	an	energy	source	for	the	human	body.	For	muscles,	ATP	is	necessary	for	the	contraction	as	described	in	the
sliding	filament	theory.	ATP	can	be	hydrolyzed,	which	means	it	loses	a	phosphate	group	resulting	in	adenosine	diphosphate	(ADP)	plus	the	remaining	phosphate	(Pi);	this	process	releases	energy.	Tap/click	to	enlarge	A	quick	review	of	the	process	When	you	consciously	contract	a	muscle,	your	brain	sends	a	signal	to	that	muscle;	this	signal	is	called	an
action	potential.	The	action	potential	drives	into	the	muscle	cells	where	it	causes	the	release	of	calcium	ions	from	the	sarcoplasmic	reticulum.	Calcium	ions	will	bind	to	troponin,	shifting	tropomyosin	strands	to	expose	myosin	binding	sites	on	the	actin	filaments.	The	heads	of	the	hinged	rods	of	the	myosin	filaments	are	then	able	to	take	hold	of	the	actin
filaments	and	pull	them	inwards.	When	this	occurs,	the	Z-lines	come	closer	to	each	other;	this	occurs	for	each	sarcomere	from	one	end	of	the	muscle	to	the	other,	and	thus,	the	entire	muscle	becomes	shorter.	For	a	more	detailed	description,	read	below.	Sliding	filament	theory	explained	Bold	terms	in	the	following	description	refer	to	the	definitions
listed	above.	Every	muscle	contraction	begins	in	the	brain;	your	motor	cortex	will	deliver	a	signal	through	the	nervous	system	to	a	target	muscle	to	trigger	a	contraction.	This	nerve	impulse	to	and	into	the	muscle	is	also	called	an	action	potential.	When	the	nerve	impulse	reaches	the	muscle,	the	t-tubules	drive	the	action	potential	to	the	interior	of	the
muscle	cells.	Each	t-tubule	in	human	skeletal	muscle	sits	adjacent	to	two	terminal	cisternae*	of	the	sarcoplasmic	reticulum	allowing	immediate	release	of	calcium	for	the	muscle	cells.	On	each	actin	(thin)	filament	are	strands	called	tropomyosin	which	cover	binding	sites	at	rest.	Also	at	rest,	the	actin	and	myosin	(thick)	filaments	overlap	but	are	not
bound	to	each	other	regardless	of	their	positioning.	However,	when	a	muscle	contraction	is	initiated	by	the	action	potential,	calcium	is	released	from	the	sarcoplasmic	reticulum	and	begins	binding	to	the	troponin	molecules	on	the	actin	filaments.	When	calcium	binds	to	troponin,	the	tropomyosin	strands	shift	to	expose	the	binding	sites	for	the	myosin
filaments.	With	the	binding	sites	exposed,	the	myosin	filaments	can	link	to	the	actin	filaments.	Myosin	filaments	are	comprised	of	many	rods,	each	of	which	has	a	head	that	can	bind	to	the	actin	filaments;	these	rods	are	also	hinged.	The	heads	of	myosin	also	bind	with	ATP,	and	when	ATP	is	hydrolyzed	(broken	down	to	ADP	+	Pi),	the	myosin	heads	can
then	bind	to	actin	forming	a	cross	bridge.	ADP	and	Pi	are	then	released	causing	the	myosin	filaments	to	bend,	pulling	the	actin	filaments	inwards;	myosin	rods	bending	at	their	hinges	to	pull	actin	is	called	a	power	stroke.	(Tap/click	to	enlarge	images	below)	Another	molecule	of	ATP	is	then	required	to	release	the	myosin	heads	from	the	actin	and	to
straighten	the	hinged	rods	(ATP	binding	to	the	myosin	heads	removes	the	cross	bridge).	The	myosin	rods	can	then	attach	again	and	repeat	the	cycle.	If	calcium	is	bound	to	troponin	and	ATP	is	available,	the	process	continues.	Through	the	entire	process,	neither	the	myosin	nor	actin	filaments	change	length	and	instead	appear	to	slide	across	each
other,	thus	the	name,	sliding	filament	theory.	Relaxation	occurs	when	the	nerve	impulse	(action	potential)	is	diminished,	and	calcium	will	then	be	sequestered	back	into	the	sarcoplasmic	reticulum.	Without	calcium	binding	to	troponin,	tropomyosin	strands	cover	the	myosin	binding	sites,	and	contraction	is	no	longer	possible.	Why	does	it	matter?	Art	of
Anatomy‘s	program	design	utilizes	variable	muscle	lengths,	or	training	ranges,	to	target	each	muscle	for	maximum	hypertrophy.	When	training	a	muscle	in	a	lengthened	or	shortened	training	range,	your	strength	will	generally	be	diminished	in	comparison	to	training	a	muscle	in	the	neutral	training	range.	This	strength	discrepancy	can	be	explained
by	the	sliding	filament	theory	and	is	most	often	described	as	the	length-tension	relationship.	Despite	the	changes	in	strength,	each	of	these	three	training	ranges	are	invaluable	in	creating	an	exercise	program	that	will	maximize	muscle	growth.	As	you	will	learn	in	following	sections,	your	muscles	are	not	strong,	individually.	This	simple	fact	is	also
unimportant	because	muscle	strength	is	not	the	most	important	factor	for	muscle	growth;	muscle	strength	is	not	directly	correlated	with	muscle	mass!	Stanislas	De	Longeaux	The	sliding	filament	theory	can	also	help	you	to	understand	how	exercises	targeting	the	same	muscle	are	similar	or	different	from	each	other.	For	example,	a	standing	biceps
curl	with	dumbbells	(with	the	forearms	supinated)	is	no	different	than	a	standing	biceps	curl	with	a	barbell	other	than	the	equipment.	At	the	microscopic	level,	the	filaments	of	your	muscle	fibers	slide	within	the	same	ranges	for	both	version	of	the	biceps	curl.	For	exercises	to	be	physiologically	different	than	others,	the	target	muscle	needs	to	be
trained	through	a	different	range	(length)	or	trained	at	a	different	angle	(position).	For	example,	a	standing	hammer	curl	(with	the	forearm	neutral,	as	in	when	swinging	a	hammer)	is	different	than	the	supinated	curl	because	the	muscle	changes	position	(and	length,	minimally).	Preacher	curls	are	also	different	than	standing	curls	(both	supinated	grip
and	hammer	curl	variations)	due	to	a	notable	change	in	muscle	length	throughout	the	movement.	The	preacher	curl	shortens	the	biceps	brachii	fully	where	the	standing	curls	do	not.	The	sliding	filament	theory	also	provides	a	look	into	the	basics	of	biochemistry	and	the	necessity	of	electrolyte	minerals	(sodium,	potassium,	calcium,	and	magnesium).
These	minerals	are	directly	involved	in	nerve	impulse	(namely,	sodium	and	potassium)	and	muscle	contraction	(calcium)	and	relaxation	(magnesium).	Although	not	described	earlier,	magnesium	can	also	bind	to	troponin	molecules	but	will	not	cause	a	shift	in	tropomyosin.	Thus,	magnesium	can	act	as	a	natural	calcium	blocker	which	helps	muscles	to
relax	(note:	this	mechanism	is	not	part	of	the	process	of	conscious	muscle	contraction;	normal	levels	of	blood	magnesium	will	not	cause	weaker	or	inhibited	contractions	during	exercise).	The	sliding	filament	theory	is	a	complex	process,	especially	when	it’s	explained	in	an	intricate	way.	In	this	article,	I	will	break	down	the	basics	of	this	theory	to	help
you	understand	the	process	of	how	it	happens	and	what	some	key	words	mean.	The	sliding	filament	theory	was	proposed	by	Andrew	Huxley	in	1954	and	has	helped	scientists	understand	how	muscle	contractions	work	at	cellular	level	with	proteins	sliding	against	each	other	causing	cross-bridges	which	then	leads	to	muscle	contractions	–	thought	this
may	sound	complex,	this	is	how	movement	appears	which	is	unique	to	the	traits	of	an	individual	such	as	the	flexibility	or	ballerinas	or	the	strength	of	a	powerlifter.	In	this	article,	we	will	explain	the	sliding	filament	theory	in	a	more	simple	nature,	but	first,	to	help	our	understanding	on	the	sliding	filament	theory,	it’s	useful	to	have	a	quick	recap	on
muscle	structures	and	the	three	types	of	muscle	contractions…	Muscle	fibre	structure	–	When	muscle	fibres	(i.e.	a	muscle)	are	put	under	a	microscope,	we	can	see	they	contain	smaller	fibres	called	myofibrils.	Through	a	microscope	muscle	cells	form	a	striped-like	pattern,	with	each	unit	called	a	sarcomere.	Sarcomeres	–	There	are	thousands	of
sarcomeres	in	each	muscle	cell,	which	contain	filaments	called	actin	(thin)	and	myosin	(thick).	These	filaments	slide	in	and	out	between	each	other	causing	muscle	contractions,	hence	the	name	sliding	filament	theory!	Eccentric	muscle	contraction	–	the	muscle	is	lengthening	and	is	typically	used	to	resist	or	slow	motion	(eg.	lowering	phase	of	a	bicep
curl	or	squat).	Concentric	muscle	contraction	–	the	muscle	shortens	in	length	and	is	typically	used	to	generate	motion	(e.g.	upward	phase	of	a	bicep	curl	or	squat).	Isometric	muscle	contraction	–	there	is	no	change	in	muscle	length,	yet	the	muscle	is	still	contracted.	This	is	used	for	producing	shock	absorption	and	to	maintain	stability	(e.g.	plank	or
actively	hanging	from	a	bar).	Now	that	we	know	we’ve	covered	muscle	structure	and	the	types	of	muscle	contractions,	we’ll	now	use	a	practical	example	of	a	concentric	and	eccentric	contraction	when	performing	a	bicep	curl	to	explain	the	sliding	filament	theory…we’ll	explain	this	through	a	5	stage	process:	The	brain	sends	a	message	(nerve	impulse)
to	the	muscle	it	wants	to	contract.	For	example,	the	brain	will	send	a	message	to	the	bicep	brachii	during	a	bicep	curl.	This	will	cause	calcium	to	be	released	from	the	sarcoplasmic	reticulum	(note:	calcium	is	essential	for	contraction	mechanisms	to	take	place).	With	an	increase	in	calcium	ions	now	present,	they	attached	to	a	part	of	the	sarcomere
called	troponin.	The	binding	of	calcium	ions	to	troponin	results	in	it’s	changing	shape,	which	causes	it	to	move	tropomyosin	towards	actin.	This	causes	a	cross-bridge	to	be	formed.	Myosin	filaments	must	then	slide	over	one	another	and	pull	on	actin	filaments	to	cause	concentric	contraction	to	occur.	This	happens	across	every	sarcomere	in	the	muscle!
From	our	example	of	our	bicep	curl,	this	step	would	result	in	the	dumbbell	being	lifted	upwards.	Jacob	Krans	from	Central	Connecticut	State	University	provides	a	great	analogy	for	the	sliding	filaments	when	sarcomere	shortening	(i.e.	steps	1-3)	occurs,	which	we’ll	include	below:	Jacob	uses	a	bookcase	for	his	analogy,	he	says,	“imagine	you	are
standing	between	two	bookcases,	that	are	a	couple	of	meters	apart	and	each	filled	with	books.	You	must	bring	the	two	book	cases	together,	by	only	using	your	arms	and	two	ropes,	which	you	have	one	end	in	each	hand	and	the	other	end	tied	to	each	end	of	the	bookcases.	You	repeatedly	pull	each	rope	towards	you,	re-grip	it,	and	then	pull	again.
Eventually,	as	you	progress	through	the	length	of	the	rope,	the	bookcases	move	together	and	approach	you.	In	this	example,	your	arms	are	similar	to	the	myosin	molecules,	the	ropes	are	the	actin	filaments,	and	the	bookcases	are	the	z	discs	to	which	the	actin	is	secured,	which	make	up	the	lateral	ends	of	a	sarcomere.	Similar	to	the	way	you	would
remain	centered	between	the	bookcases,	the	myosin	filaments	remain	centered	during	normal	muscle	contraction.”	For	the	dumbbell	to	be	lowered,	myosin	lets	go	of	actin	with	the	cross-bridge	being	broken.	The	stages	are	then	reversed	as	tropomyosin	returns	to	it’s	original	place.	As	long	as	the	human	body	has	enough	energy	(and	calcium)
available,	then	this	process	can	occur	over	and	over	–	without	it,	we	would	not	be	able	to	function	as	humans.	Now	that	we’ve	explained	muscle	contraction	from	a	concentric	and	eccentric	portion	of	movement,	we	must	think	about	the	sliding	filament	theory	during	an	isometric	contraction.	During	an	isometric	contraction,	cross	bridges	are	still
formed	(stage	1-2),	however,	force	is	equally	distributed	between	filaments.	Though	it	must	be	noted	that	force	production	is	reduced	during	isometric	contraction	in	comparison	to	the	potential	force	production	of	eccentric	and	concentric	contraction.	Though	the	sliding	filament	theory	was	proposed	in	the	1950s,	it	has	been	proven	to	be	applicable
to	all	muscle	fibre	types	throughout	the	body.	This	process	occurs	over	and	over	throughout	the	muscle	during	everyday	life	from	performing	bicep	curls	in	the	gym	to	simply	standing	up	from	a	chair.	Now	that	you	understand	the	5	step	process	of	muscle	contraction,	we	must	begin	to	think	about	applying	this	knowledge	to	different	movements	such
as	a	squat	or	pull-up.	Though	the	process	is	the	same	for	every	single	muscle	fibre,	think	about	how	the	different	muscles	work	that	are	involved.		Below	I	have	referenced	a	few	important	sliding	filament	theory	papers	that	will	help	give	you	an	even	better	understanding	as	well	as	provide	a	reference	point	for	your	understanding.	Scott,	Stevens-
Lapsey	&	Binder-Macleod	(2001)	–	Human	skeletal	muscle	fiber	type	classifications.	Squire,	J	(2016)	–	Muscle	contraction:	Sliding	filament	history,	sarcomere	dynamics	and	the	two	Huxleys.	Cooke,	R	(2004)	–	The	sliding	filament	model.	Mijailovich	et	al.	(1996)	–	On	the	theory	of	muscle	contraction:	filament	extensibility	and	the	development	of
isometric	force	and	stiffness.	Understanding	the	Sliding	Filament	Theory:	Muscle	Contraction	Explained	The	Sliding	Filament	Theory	is	a	fundamental	concept	in	muscle	physiology	that	explains	how	muscles	contract	to	produce	movement.	This	theory,	developed	independently	by	Hugh	Huxley	and	Andrew	Huxley	in	the	1950s,	provides	a	detailed
explanation	of	the	interaction	between	actin	and	myosin	filaments	within	muscle	fibers.	Let’s	delve	into	the	intricacies	of	this	theory	and	understand	how	it	underpins	the	functioning	of	our	muscular	system.	The	Basics	of	Muscle	Structure	To	comprehend	the	Sliding	Filament	Theory,	it’s	essential	to	first	understand	the	basic	structure	of	muscles.
Skeletal	muscles,	responsible	for	voluntary	movements,	are	composed	of	bundles	of	muscle	fibers.	Each	muscle	fiber	is	a	single,	long	cell	containing	numerous	myofibrils,	which	are	the	contractile	elements	of	the	cell.	Myofibrils	are	made	up	of	repeating	units	called	sarcomeres,	the	fundamental	units	of	muscle	contraction.	Sarcomeres	are	delineated
by	Z-lines	and	contain	two	primary	types	of	protein	filaments:	thick	filaments	(myosin)	and	thin	filaments	(actin).	The	regular	arrangement	of	these	filaments	within	the	sarcomere	gives	muscles	their	striated	appearance	under	a	microscope.	The	Mechanism	of	Sliding	Filament	Theory	The	Sliding	Filament	Theory	posits	that	muscle	contraction	occurs
through	the	sliding	of	actin	filaments	over	myosin	filaments	within	the	sarcomere.	This	sliding	action	shortens	the	sarcomere,	leading	to	overall	muscle	contraction.	Here’s	a	step-by-step	breakdown	of	this	process:	Activation	and	Calcium	Release:	The	process	begins	with	a	nerve	impulse	triggering	the	release	of	calcium	ions	(Ca²⁺)	from	the
sarcoplasmic	reticulum	into	the	cytoplasm	of	the	muscle	cell.	Binding	of	Calcium	to	Troponin:	Calcium	ions	bind	to	the	troponin	complex	on	the	actin	filaments.	This	binding	causes	a	conformational	change	in	the	troponin-tropomyosin	complex,	exposing	the	myosin-binding	sites	on	the	actin	filaments.	Cross-Bridge	Formation:	Myosin	heads,	which	are
equipped	with	ATP	(adenosine	triphosphate),	bind	to	the	now-exposed	binding	sites	on	actin,	forming	cross-bridges.	Power	Stroke:	The	myosin	heads	pivot,	pulling	the	actin	filaments	towards	the	center	of	the	sarcomere.	This	action	is	known	as	the	power	stroke	and	is	powered	by	the	hydrolysis	of	ATP	to	ADP	(adenosine	diphosphate)	and	inorganic
phosphate.	Detachment	and	Resetting:	After	the	power	stroke,	a	new	ATP	molecule	binds	to	the	myosin	head,	causing	it	to	detach	from	the	actin	filament.	The	myosin	head	then	resets	to	its	original	position,	ready	to	bind	to	another	actin	site.	Repetition	and	Sarcomere	Shortening:	This	cycle	repeats	multiple	times,	causing	the	actin	filaments	to	slide
past	the	myosin	filaments	progressively.	As	this	occurs	across	many	sarcomeres,	the	muscle	fiber	contracts.	Relaxation:	When	the	nerve	impulse	ceases,	calcium	ions	are	pumped	back	into	the	sarcoplasmic	reticulum,	and	the	troponin-tropomyosin	complex	returns	to	its	original	state,	blocking	the	myosin-binding	sites	on	actin.	This	leads	to	muscle
relaxation.	The	Importance	of	ATP	ATP	plays	a	crucial	role	in	muscle	contraction.	It	is	not	only	necessary	for	the	power	stroke	of	myosin	heads	but	also	for	their	detachment	from	actin	after	the	stroke.	Without	sufficient	ATP,	muscles	would	remain	in	a	contracted	state,	leading	to	conditions	such	as	rigor	mortis	after	death.	Applications	and
Implications	Understanding	the	Sliding	Filament	Theory	is	essential	for	various	fields,	including	medicine,	sports	science,	and	rehabilitation.	For	instance,	in	conditions	such	as	muscular	dystrophy	or	during	muscle	injuries,	the	normal	sliding	filament	mechanism	is	disrupted,	leading	to	impaired	muscle	function.	In	sports,	knowledge	of	this	theory
helps	in	designing	effective	training	and	rehabilitation	programs	that	enhance	muscle	performance	and	recovery.	Furthermore,	understanding	muscle	contraction	at	the	molecular	level	aids	in	the	development	of	treatments	for	muscle-related	diseases	and	conditions.	Frequently	Asked	Questions	(FAQs)	1.	What	is	the	Sliding	Filament	Theory?	The
Sliding	Filament	Theory	explains	how	muscles	contract	by	the	sliding	action	of	actin	and	myosin	filaments	within	the	sarcomere,	leading	to	the	shortening	of	muscle	fibers.	2.	Who	developed	the	Sliding	Filament	Theory?	The	theory	was	independently	developed	by	Hugh	Huxley	and	Andrew	Huxley	in	the	1950s.	3.	What	role	does	calcium	play	in
muscle	contraction?	Calcium	ions	bind	to	troponin	on	the	actin	filaments,	causing	a	conformational	change	that	exposes	myosin-binding	sites,	allowing	muscle	contraction	to	occur.	4.	Why	is	ATP	important	for	muscle	contraction?	ATP	provides	the	energy	needed	for	the	power	stroke	of	myosin	heads	and	their	detachment	from	actin	after	the	stroke.
Without	ATP,	muscles	would	remain	contracted.	5.	How	does	muscle	relaxation	occur?	Muscle	relaxation	occurs	when	calcium	ions	are	pumped	back	into	the	sarcoplasmic	reticulum,	and	the	troponin-tropomyosin	complex	blocks	the	myosin-binding	sites	on	actin.	6.	What	happens	if	there	is	insufficient	ATP	in	the	muscle?	Insufficient	ATP	can	lead	to
muscle	stiffness	and	the	inability	to	relax,	as	seen	in	rigor	mortis.	7.	How	does	the	Sliding	Filament	Theory	apply	to	sports	and	rehabilitation?	The	theory	helps	in	understanding	muscle	function,	which	is	essential	for	designing	effective	training	and	rehabilitation	programs	to	enhance	muscle	performance	and	recovery.	8.	Can	muscle	diseases	affect
the	Sliding	Filament	Mechanism?	Yes,	diseases	like	muscular	dystrophy	can	disrupt	the	normal	sliding	filament	mechanism,	leading	to	impaired	muscle	function	and	weakness.	Understanding	the	Sliding	Filament	Theory	provides	valuable	insights	into	how	our	muscles	work,	paving	the	way	for	advancements	in	medical	treatments,	sports	science,	and
overall	health	and	wellness.	This	comprehensive	overview	of	the	Sliding	Filament	Theory	offers	a	detailed	look	at	the	molecular	mechanisms	driving	muscle	contraction	and	its	broad	applications.


