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Recap:	Labeled	line	theory	
It’s	the	theory	that	explains	how	our	brains	differentiate	between	information	
conducted	by	each	neuron	even	though	they	all	use	action	potential	as	a	mode	of	
signaling,	it	has	three	principles:	

1-	Modality:	each	sensory	nerve	fiber	terminates	with	one	type	of	receptors,	and	
each	receptor	is	able	to	detect	one	type	of	energy	and	transform	it	into	action	
potential	

2-	Locality:	each	receptor	transports	its	signal	along	specific	pathway	of	neurons	
(1st	order,	2nd	order…)	all	the	way	to	reach	the	cerebral	cortex,	activation	of	this	
receptor	will	eventually	lead	to	activation	of	specific	site	in	the	cerebral	cortex,	
this	site	is	exclusive	for	the	pathway	and	that’s	how	the	cortex	will	recognize	the	
type	of	stimulus	

3-	Intensity:	the	amount	of	receptors	activated	and	the	frequency	of	developing	
action	potentials	by	these	receptors	allow	the	cortex	to	determine	the	intensity	of	
the	stimulus	

Adequate	stimulus:	the	minimum	amount	of	energy	of	specific	type	that	is	
needed	to	activate	the	receptor	

	

Posterior	White	Column-Medial	Lemniscal	Pathway	(PCML)	
The	white	matter	is	divided	into	3	columns;	anterior,	lateral,	and	posterior.	
In	this	pathway,	we’re	concerned	with	the	posterior	column	as	the	name	implies.	

	



Modality	of	the	pathway:	it’s	the	type	of	stimuli	(energy)	that	is	transported	
along	the	pathway,	PCML	pathway	transports	stimuli	of	discriminative	touch	
(including	vibration)	and	conscious	proprioception	to	the	cerebral	cortex.	

Proprioception:	it’s	the	sense	of	position	of	the	body,	received	by	proprioceptors	
in	muscles,	tendons,	and	joints	like:		
-	Muscle	spindle	receptors,	also	called	intrafusal	fiber,	these	sense	stretch	
(tension)	of	muscles	
-	Golgi	tendon	apparatus	which	senses	stretch	(tension)	of	tendons.	
Most	of	proprioceptive	signals	are	sent	to	cerebellum,	so	they’re	subconscious	
(anything	that	finishes	at	the	level	cerebellum	and	doesn’t	reach	the	cerebral	
cortex	is	subconscious),	but	proprioception	transported	by	PCML	pathway	
reaches	the	cerebral	cortex	and	that’s	why	it’s	conscious	proprioception.	

Receptors	of	the	pathway:	Most	of	the	receptors	mentioned	before	except	free	
nerve	endings.	
Fibers	of	this	pathway	are	of	high	velocity	(larger	diameter).	From	the	table	you	
can	see	that	PCML	uses	fibers	of	Aα	and	Aβ	types.	

	
	

	

	

	

	



Tracing	PCML	pathway:	

1st	order	neuron	(primary	afferent):	since	it’s	a	sensory	neuron,	it’s	pseudo	
unipolar	and	the	body	of	the	neuron	is	located	at	the	dorsal	root	ganglia.	
The	peripheral	process	of	the	neuron	goes	to	the	skin	or	other	tissue	with	
receptors	on	the	terminals.	
While	the	central	process	of	the	neuron	enters	the	spinal	cord	but	it	doesn’t	
synapse	with	a	2nd	order	neuron	at	the	posterior	horn,	instead	it	ascends	in	the	
ipsilateral(occurring	on	the	same	side	of	the	body)	side	of	the	posterior	white	
column.	(What	comes	from	the	left	side	of	the	body	ascends	in	the	left	side	of	the	
spinal	cord	and	same	for	the	right	side).	
	

Fibers	from	lower	parts	of	the	body	are	the	first	to	enter	the	posterior	white	
column,	so	they	take	their	position	closest	to	the	midline	and	start	ascending	
upward.	The	next	fibers	to	enter	take	positions	lateral	to	the	previous	ones	and	so	
on	(medial	to	lateral	rule).The	last	fibers	to	enter	(from	the	upper	part	of	the	
body)	will	be	the	most	lateral	in	the	posterior	white	column.	
Along	the	way	up,	fibers	in	the	posterior	white	column	line	into	two	fasciculi	
(bundles	of	axons):		
-	Fasciculus	Gracilis;	proximal	to	the	midline,	contains	fibers	from	spinal	nerves	T6	
and	below	
-	Fasciculus	Cuneatus;	distal	from	midline,	contains	fibers	from	spinal	nerves	T5	
and	above.	

	
	

Fibers	in	the	two	fasciculi	keep	ascending	along	the	posterior	white	column	until	
they	reach	the	medulla	oblongata.	



2nd	order	neuron:	in	the	lower	part	of	medulla	oblongata,	fibers	from	the	
posterior	white	column	synapse	with	two	collections	of	cell	bodies	(two	nuclei):	
-	Fibers	from	fasciculus	Gracilis	synapse	with	cell	bodies	in	nucleus	Gracilis	
-	Fibers	from	fasciculus	Cuneatus	synapse	with	cell	bodies	in	nucleus	Cuneatus	
The	cell	bodies	in	the	two	nuclei	are	those	of	2nd	order	neurons.	

2nd	order	neurons	cross	to	the	other	side	(right	to	left	and	left	to	right)	in	an	arch-
like	manner,	that’s	why	they’re	called	internal	arcuate	fibers	(arcuate=arch).	
While	crossing	to	the	other	side,	internal	arcuate	fibers	form	the	major	sensory	
decussation( 	.( يسحلا بلاصتلا
	

After	decussation	and	complete	
crossing,	internal	arcuate	fibers	
ascend	in	the	brain	stem	as	a	bundle	
of	axons	close	to	the	midline,	this	
bundle	is	called	medial	lemniscus	
(lemniscus	is	similar	to	fasciculus	but	
crescent	in	shape).	
Then	fibers	leave	the	brain	stem	and	
enter	the	thalamus	(in	the	
diencephalon,	forebrain)	precisely	in	
VPL	of	the	thalamus.		

	

	

	

	

	

	

	

	

3rd	order	neuron:	fibers	of	2nd	order	neurons	synapse	with	cell	bodies	of	the	3rd	
order	neurons	in	VPL	nucleus	in	the	thalamus.	

The	thalamus	is	an	egg-like	organ	which	is	a	relay	station	(secretary)	for	any	pathways	that	
reach	the	cerebral	cortex	(the	big	boss);	no	fibers	reach	the	cortex	unless	they	pass	in	the	
thalamus	except	for	olfactory	fibers.	
It	has	sensory	nuclei	(like	ventrobasal	complex)	and	motor	nuclei	(like	VA	and	VL).	
Ventrobasal	complex	in	the	thalamus	has	two	parts:		
VPL:	ventral	posterolateral	which	is	related	to	PCML	system,	PCML	is	responsible	for	sensation	
from	the	whole	except	for	head	and	neck.	
VPM:	ventral	posteromedial	which	is	related	to	the	trigeminal	system	(will	be	discussed	later)	for	
sensation	of	head	and	neck.	



Then	fibers	of	3rd	order	neurons	are	projected	to	cerebral	cortex.	

During	projection,	the	fibers	pass	into	a	
narrow	area	of	white	matter	called	
internal	capsule,	surrounded	medially	
by	the	thalamus	and	caudate	nucleus	
and	laterally	by	lentiform	nucleus.	
The	internal	capsule	is	very	important	
because	it	is	narrow	and	well	
surrounded	by	structures,	so	it’s	
common	for	a	stroke	to	affect	this	area	
producing	sensory	or	motor	deficits	
(motor	fibers	pass	there	too	but	they’re	
not	of	the	PCML	system).	

Fibers	of	PCML	mainly	pass	in	the	posterior	limb	of	internal	capsule	(the	figure	G)	

	

	

	

	

	

Fibers	projection	toward	the	cortex	is	not	haphazard;	they	follow	the	map	of	
cortical	homunculus,	meaning	that	fibers	coming	from	the	foot	end	in	a	site	of	
the	cortex	representative	for	the	foot	and	so	on.	

The	extent	of	organ	representation	on	cortex	(cortical	homunculus)	is	not	
proportional	to	the	size	of	the	organ,	for	example,	legs	and	back	are	large	but	
their	representation	is	relatively	small,	whereas	palms	and	face	are	small	but	their	
representation	is	large.	
The	extent	of	representation	depends	on	the	number	of	receptors	in	the	organ,	
so	hands	and	face	have	high	density	of	receptors	(small	receptive	field),	while	legs	
and	back	have	low	density	of	receptors.	

To	be	discussed	later:	types	of	fibers	(white	matter)	in	the	
cerebrum:		
-	Commissural	fibers:	from	right	to	left	or	left	to	right	hemisphere.	
-	Association	fibers:	connect	two	areas	within	one	hemisphere.	
-	Projection	fibers:	from	lower	center	to	higher	center,	or	from	
higher	center	to	lower	center	in	the	same	hemisphere.	(The	
internal	capsule	is	from	this	type	of	fibers)	



Corona	radiata	is	a	term	that	
describes	the	shape	of	fibers	that	
extend	from	internal	capsule	to	the	
cortex;	as	they	are	packed	tightly	in	
the	capsule	then	they	spread	wide	
so	each	fiber	ends	in	specific	spot	on	
the	cortex	

	

Note:	PCML	pathway	that	started	
on	the	right	side	of	the	body	ends	
on	the	left	side	of	cerebral	cortex,	
and	vice	versa.	

	

Now	take	a	look	at	the	full	PCML	
pathway:	

	

	



The	cerebrum:		
Cerebral	cortex	(mentioned	above)	is	the	outer	layer	of	the	cerebrum,	the	
cerebrum	is	divided	into	two	hemispheres	(right	and	left),	and	each	hemisphere	is	
divided	into	lobes	(frontal,	parietal,	temporal,	and	occipital).	
	
Cerebral	lobes	are	aligned	in	a	
way	so	that:	
-	Frontal	lobe	is	the	motor	lobe,	
or	executive	( يذیفنتلا )	lobe	
because	it	has	other	functions	
-	Parietal	lobe	is	the	sensory	
lobe	
-	Temporal	lobe	is	the	auditory	
lobe	
-	Occipital	lobe	is	the	visual	
lobe	

Note:	the	outer	surface	of	cerebral	cortex	has	sulci	(the	tunnel-like	structures)	and	
gyri	(the	protruding	structures	between	two	sulci).	

The	central	sulcus	separates	the	frontal	lobe	(in	front	of	the	sulcus)	from	the	
parietal	lobe	(behind	the	sulcus).	
The	first	gyrus	behind	the	central	sulcus	is	called	postcentral	gyrus,	this	is	an	
anatomic	name	but	the	functional	name	of	this	gyrus	is	primary	somatosensory	
cortex	S1.	Brodmann	further	divided	this	area	into	four	smaller	functional	areas;	
2,1,3b,3a	from	posterior	to	anterior,	each	area	has	a	specific	function.	

	



Area	3a:	mainly	for	muscle	spindle	afferent	fibers	
Area	2:	mainly	for	Golgi	tendon	apparatus	and	joint	afferent	fibers	
Areas	3b	and	1:	They	receive	cutaneous	afferents	from	the	rest	of	the	receptors	
(such	as	Meissner	corpuscles	and	Merkel	cells).	Also	receive	input	from	cutaneous	
receptors	that	transmit	pain	and	temperature	

Note:	area	4	is	the	primary	motor	cortex,	and	areas	5	and	7	are	the	
somatosensory	association	cortex.	

	

Lateral	inhibition:	
It’s	a	mechanism	found	in	the	nervous	system,	mainly	in	touch,	visual,	and	
auditory	systems.	The	idea	of	this	mechanism	is	to	sharpen	the	signal	that	reaches	
the	cortex,	to	end	up	with	better	localization	of	the	site	of	the	stimulus.	

Look	at	the	figure:	F		
-	When	a	stimulus	affects	
the	area	of	Y1	it	will	lead	to	
activation	of	this	neuron.	
-	But	it	will	also	activate	(to	
a	lesser	extent)	neurons	X1	
and	Z1.	
-	To	sharpen	the	signal,	Y1	
activates	two	inhibitory	
interneurons	
-	These	two	will	inhibit	
neurons	X1	and	Z1	so	that	
the	signal	only	reaches	Y2	
(not	X2	and	Z2)	and	the	
stimulus	is	well	localized.	

	

	 	



Spinothalamic	tract:	
Modality	of	the	tract:	pain,	temperature,	and	crude	touch.	
Receptors	of	the	tract:	free	nerve	endings.	

The	doctor	explains	this	tract	as	two	parts;	lateral	spinothalamic	tract	for	pain	and	
temperature,	and	anterior	spinothalamic	tract	for	crude	touch,	but	recently	these	
two	parts	are	no	longer	considered	separate	entities	because	they	overlap	a	lot.	
So	now	together	they’re	called	spinothalamic	tract	but	we’ll	discuss	each	part	
separately	for	better	understanding.	

Lateral	spinothalamic	tract:	
Modality	of	the	tract:	pain	and	temperature.	

Receptors	of	the	tract:	free	nerve	endings.	
Fibers	of	this	pathway	are	of	lower	velocity	(smaller	diameter).	From	the	table	in	
page	3	you	can	see	that	signals	of	pain	and	temperature	are	carried	along	fibers	
of	Aδ	and	C	(slowest,	unmyelinated)	types.	

Tracing	Lateral	spinothalamic	tract:	

1st	order	neuron:	pseudo	unipolar	neuron,	its	body	is	located	at	the	dorsal	root	
ganglia,	and	the	peripheral	process	goes	to	the	skin	with	receptors	on	the	
terminals,	while	the	central	process	enters	the	spinal	cord	and	synapses	with	cell	
body	(of	a	2nd	order	neuron)	in	the	dorsal	horn.	

The	gray	matter	of	the	spinal	cord	
used	to	be	subdivided	into	many	
nuclei,	until	Rexed	made	new	
classification	and	divided	the	gray	
matter	into	ten	laminae:	the	
dorsal	horn	consists	of	laminae	1-
7,	the	ventral	horn	consists	of	
laminae	8	and	9	(related	to	the	
motor	system),	and	lamina	10	is	
around	the	central	canal.	

	

	



Brief	description	of	the	sensory	laminae	in	the	posterior	horn:		
•	Lamina	1:	or	posteromarginal	nucleus,	relay	information	related	to	pain	and	temperature	
•	Lamina	2:	or	substantia	gelatinosa,	relay	information	related	to	pain	and	temperature	(pain	
modulation)	
•	Lamina	3	and	4:	nucleus	proprius;	these	laminae	have	many	interneurons	
•	Lamina	5:	relay	information	related	to	pain	and	temperature	
•	Lamina	6:	presents	only	at	the	cervical	and	lumbar	enlargements	and	receives	proprioception	
•	Lamina	7:	
-	Intermedio-lateral	nucleus	contains	preganglionic	fibers	of	sympathetic	(T1	-L2).	
-	Intermedio-medial	nucleus,	all	over	the	spinal	cord,	receives	visceral	pain.	
-	Dorsal	nucleus	of	Clark’s	presents	at	(C8	–	L2	or	T1-L4),	relay	center	for	unconscious	
proprioception	

2nd	order	neuron:	fibers	of	1st	order	neurons	
enter	the	posterior	horn	and	synapse	with	
bodies	of	2nd	order	neurons	as	follows:		

-	Aδ	fibers	synapse	in	lamiae	1	and	5,	since	
these	fibers	are	myelinated	and	larger	in	
diameter	than	C	fibers,	they	carry	signals	of	
fast	pain	(and	it’s	well	localized).	
-	C	fibers	synapse	in	laminae	1	and	2,	these	
carry	signals	of	slow	pain	(and	it’s	not	well	
localized).	

Note:	some	signals	of	pain	and	temperature	reach	
laminae	3	and	4	but	they’re	less	important,	so	don’t	
panic	if	you	read	that	substantia	gelatinosa	is	laminae	
2	and	3	for	example.	

Fibers	of	2nd	order	neurons	cross	to	the	opposite	site	(right	to	left	and	left	to	right)	
in	the	anterior	white	and	gray	commissures	(you	can	see	them	in	the	first	figure	
in	the	sheet).	Then	the	fibers	ascend	in	the	lateral	white	column.	

Note:	when	talking	about	the	spinothalamic	tract	as	one	unit,	2nd	order	neurons	
ascend	in	the	anterolateral	system	(ALS).	

Note:	2nd	order	neurons	of	the	PCML	cross	at	the	level	of	the	medulla,	whereas	
2nd	order	neurons	of	the	lateral	spinothalamic	tract	cross	at	the	level	of	the	spinal	
cord.	



	

The	rest	of	the	pathway	is	similar	to	that	of	PCML:	

- Fibers	of	2nd	order	neurons	synapse	with	cell	bodies	of	the	3rd	order	
neurons	in	VPL	nucleus	in	the	thalamus.	

- Then	fibers	of	3rd	order	neurons	are	projected	to	cerebral	cortex.	
- During	projection,	the	fibers	pass	in	the	internal	capsule	
- Fibers	spread	after	they	exit	the	narrow	area	and	produce	corona	radiata.	
- Then	each	fiber	ends	a	specific	site	of	the	cortex	(cortical	homunculus).	

		
	

In	addition,	lateral	spinothalamic	tract	fibers	of	2nd	order	neurons	
terminate	in	other	sites:	

Reticular	formation:	it	is	considered	the	conscious	mind,	and	can	be	thought	of	
as	an	ON/OFF	switch	of	the	cerebral	cortex.	When	you’re	asleep,	the	reticular	
formation	is	off,	consequently	the	cerebral	cortex	is	off,	meaning	that	signals	of	
external	stimuli	doesn’t	reach	the	cortex.	



When	a	stimulus	is	strong	enough,	shouting	for	example,	high	sensory	input	
ascend	in	the	reticular	formation	leading	to	its	activation,	consequently	the	cortex	
is	switched	on	and	you	hear	this	noise	and	you	wake	up.	

Some	2nd	order	neurons	of	the	lateral	spinothalamic	tract	terminate	in	the	
reticular	formation,	this	will	make	us	aware	of	the	pain	(the	type	of	pain	that	
doesn’t	let	you	sleep	or	do	anything	but	seeing	a	doctor).	This	pathway	is	
sometimes	called	spinoreticular	tract.	

Cingulate	gyrus:	found	below	the	lateral	fissure	and	it’s	part	of	the	limbic	system.	
The	limbic	system	(or	limbic	loop)	is	considered	the	emotional	mind,	it’s	
composed	of	cortical,	subcortical,	and	connecting	pathways.	
Some	2nd	order	neurons	of	the	lateral	spinothalamic	tract	terminate	in	the	
cingulate	gyrus,	which	is	responsible	for	the	emotional	component	of	the	pain.	

To	test	the	emotional	component	of	pain,	an	experience	was	done	in	which	a	rat	
is	placed	in	a	neutral	room	which	has	a	white	and	soft	room	on	one	side,	and	a	
dark	rough	room	on	the	other	side,	food	is	put	in	the	two	rooms,	but	when	the	rat	
goes	to	the	dark	room	it	is	exposed	to	painful	stimulus.	After	few	times,	whenever	
the	rat	is	placed	in	the	neutral	room,	it	goes	to	the	white	room	and	avoids	the	
dark	one,	this	is	called	“pain-based	aversion”.	
When	the	anterior	cingulate	gyrus	of	this	rat	is	cut	surgically,	the	rat	no	more	
avoids	the	dark	room;	it	has	lost	the	memory	of	pain!	

Note:	pain	is	a	very	complicated	experience,	awareness	about	pain	is	produced	by	
reticular	formation,	but	localization	of	pain	happens	at	the	level	of	cerebral	
cortex,	and	the	emotional	component	is	in	the	cingulate	gyrus.	

:) 


