
LEC	15:	CONTROL	OF	MUSCLE	FUNCTION		
TYPES	OF	MOVEMENT		

	

	

	

	

	

	

	

	

	

	

- movement	is	a	coordinated	response	to	many	things	
–	however	there	are	particular	types	of	movements	
that	the	muscles	detect	and	respond	to	themselves		-	
these	are	reflexes	

- Reflexes	are	the	simplest	kinds	of	movement,	
voluntary	movements	are	the	most	complex,	and	
rhythmic	movements	have	an	element	of	voluntary	
control	and	an	element	of	rhythmic		

- Rhythmic:	pre-programmed	repetition	underpinning	
the	movements	

- We	focus	on	reflexes.		

PHASES	OF	VOLUNTARY	MOVEMENT		

- voluntary	movements	are	initiated	consciously	and	thus	are	much	more	complex	than	reflect	actions	
- there	are	centres	(with	networks	of	neurons)	that	talk	to	each	other	in	the	cerebral	cortex	and	basal	ganglia		
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Types of  Movement 

3 

Silverthorn DU: Human Physiology 5th Ed ISBN 10: 
0-321-60061-4,  
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Phases of  Voluntary Movement 

Voluntary movements can be divided into three phases: 



- The	post-synaptic	depolarizing	potential	(termed	end-plate	potential	reflecting	its	location)	is	>>20	mV	and	
causes	the	membrane	potential	of	the	resting	muscle	fibre	to	reach	threshold	for	AP	generation		

- EPPs	are	big	–	one	action	potential	must	go	from	RMP	to	threshold			
- This	voltage	change	at	the	EPP	is	then	large	enough	to	create	local	current	flow	between	the	depolarized	muscle	

end	plate	and	the	adjacent	muscle	fibre	–	this	distance	between	the	end	plate	and	the	muscle	fibre	is	not	
myelinated.	In	the	muscle	fibre,	the	depolarization	from	the	end	plate	is	large	enough	to	generate	another	
action	potential	and	open	voltage-gated	Na+	channels	in	the	sarcolemma	(the	membrane)	the	of	muscle	fibre		

- The	muscle	fibres	are	told	to	activate	altogether			

	

- The	body	generally	wants	the	action	potential	to	dissipate	quickly	in	order	to	be	able	to	fire	another	action	
potential	–	thus	in	the	synapse,	there	are	enzymes	called	acetylcholinesterases	which	degrade	Ach.		

SKELETAL	MUSCLE	REFLEXES	

- Reflexes	are	generally	generated	by	the	spinal	cord	–	the	spinal	cord	acts	as	the	integration	centre	for	reflex	
actions,	but	they	can	be	modulated	by	the	CNS;	for	the	most	part,	brain	is	not	alerted	of	reflex	movements	

- The	simplest	reflexes	are	monosynaptic	reflexes	generated	by	simple	circuits	which	normally	involve	a	pathway	
from	sensory	neurone	to	motor	neurone	–	a	synapse	in	the	CNS	allows	a	signal	to	go	directly	from	the	sensory	
neuron	to	the	motor	neuron	-	these	simple	ones	are	not	very	common	

- Most	reflexes	(polysynaptic)	have	more	than	one	synapse	and	can	be	complex	–	branching	(divergence	and	
convergence)	in	the	CNS	may	involve	multiple	interneurons	and	hence	many	targets.	Modification	in	
polysynaptic	pathways	may	involve	excitation	or	inhibition.		

- If	muscle	contraction	is	the	appropriate	response,	the	CNS	activates	somatic	motor	neurons	to	the	muscle	fibers.	
If	muscle	needs	to	be	relaxed	to	achieve	the	response,	sensory	input	activates	inhibitory	interneurons	in	the	
CNS,	and	these	interneurons	inhibit	activity	in	somatic	motor	neurons	controlling	the	muscle		

Neuromuscular Junction  

A synapse between 
the α-motor neuron 
and skeletal muscle 
fibres. 
 
Highly specialised 
compared with CNS 
synapses. 
 
What are the 
specilisations that 
ensure that every 
neuronal AP is 
converted into an AP 
in the muscle fibres? 
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- But!	Excitation	of	somatic	motor	
neurons	always	causes	contraction	
in	skeletal	muscle	–	there	is	no	
inhibitory	neuron	that	synpases	on	
skeletal	muscles	to	cause	them	to	
relax.	Instead,	relaxation	results	
from	the	absence	of	excitatory	
input	by	the	somatic	motor	
neuron		

	

	

	

	

	

	

TYPES	OF	SENSORY	RECEPTORS	IN	THE	SKELETAL	MUSCLE		

- Muscles,	joints	and	ligaments	are	innervated	with	sensory	receptors	that	inform	CNS	about	body	position	and	
muscle	activity.	The	two	main	sensors	are;		

- Muscle	spindle:	designed	to	sense	the	length	of	the	muscle	fibres	during	contraction	and	rate	of	change	of	
length	(the	velocity	at	which	the	muscle	is	lengthening)	

- Golgi	tendon	organs:	designed	to	sense	the	forces	developed	by	the	fibre	(the	forces	being	generated	by	the	
muscle)	

- They	are	complementary	in	function	and	provide	necessary	feedback	for	the	control	of	movements	including	
maintenance	of	posture		

MUSCLE	SPINDLES		

- a.k.a	‘stretch	receptors’		
- they	are	specialized	muscle	

fibers		
- send	information	to	the	CNS	

about	muscle	length	via	
sensory	neurons	

- muscle	spindles	are	small	
elongated	structures	located	
within	the	belly	of	the	muscle	
and	arranged	parallel	to	the	
contractile	extrafusal	muscle	
fibres		
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Skeletal Muscle Reflexes 

Monosynaptic reflexes are 
the simplest reflexes. 
A synapse in the CNS allows 
a signal to go directly from 
the sensory neuron to the 
motor neuron. 
 
Most reflexes have more 
than one synapse and can 
be complex – branching 
(divergence and 
convergence) in the CNS 
may involve multiple 
interneurons and hence 
many targets. 
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!  so-called �stretch 
receptors� 

!  they send information to 
CNS about muscle length 

!  small, elongated 
structures scattered 
among and arranged 
parallel to the contractile 
extrafusal muscle fibres 

Muscle Spindles 



	

TYPES	OF	MOTOR	NEURONS	

- Motor	neurons	are	divided	into	a	and	g.	A-motor	neurons	innervate	extrafusal	muscle	fibres,	which	are	
responsible	for	force	generation	

- G-motor	neurons	innervate	intrafusal	muscle	fibres,	which	are	components	of	one	of	the	two	main	muscle	
sensors	–	the	muscle	spindle	and	the	Golgi	tendon	organs	

GOLGI	TENDON	ORGANS	(GTOS)	
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Fig 8-25, p288 

When α-motor 
neurons fire muscle 
fibre shortening 
would unload 
(slacken) the spindle 
unless the spindle 
fibres also shortened 
at the same time.  
 
This maintains the 
ability of  the sensor 
to keep accurately 
tracking the length of  
the muscle.  

Co-activation of  
α- and γ-motor 
neurons 


