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The Internal Structure
of Spinal Cord
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OUTLINE

- Gray Matter - White Matter
- Conscious Sensory & Motor Tracts

Roof plate Roof plate

Alar plate

Zone of
autonomic neurons

Basal plate
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Floor plate

Nerve fiber tracts Grey matter

White matter

Sensory
root

Anterior fissure
Pia matter
Arachnoid

Dura matter Spinal nerve

Motor nerve root

Subarachnoid space

Alar plate

— White matter
Zone of ,

autonomic neurons Posterior horn

Lateral horn
Basal plate Anterior horn
Floor plate Central canal
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The nervous system sorts and
interprets incoming information
before directing a response.

- transmitting - spinal

0 Receptors in the skin sense
a tap or other stimulus.

Interneuron

Cell body of

Afferent impulses sensory neuron

from stretch
receptor to
spinal cord

0 Sensory neurons trans-
mit the touch message.

Motor neuron
serving quadriceps

Efferent Motor neuron G The message is inter-

impulses to - = serving antagonist preted. A response
alpha (c) motor B 5 4 . muscle group is sent to the motor
neurons cause » . (hamstrings)
: | neurons.
tial contraction Spinal cord /

InE— of the stretched (Lo-Lg)

stimulus: muscle that

muscle  om ) Motor neurons trans-

stretch \ _the stretch

h

Muscle mit a response mes-

I )
fi Potetle_ spindie sage to the shoulder
L\~ Quadriceps  Muscles.
(extensors)
Muscle |

spindle e The neck muscles are
activated, causing the

Patellar

: ligament Hamstrings head to turn.
Efferent impulses (flexors)

to antagonist

muscles are

damped / Key:

(reqngr_o oy / + Excitatory synapse

biition) It - Inhibitory synapse




Sulcus medianus posterior Fasciculus gracilis

) Funiculus posterior
s Fasciculus cunealus

Sulcus intermedius posterior -: J—

Sulcus posterolateralis ~ 5

Substantia gelatinosa centralis
A

Formatio reticularis -

| Columna posterior,
[ Cormu posterius

Funiculiss |ateralis -

& 4 ~ Columna anterior, Cornu anterius
' '&\ Pia mater spinalis

Sulcus anterolateralis

Canalis centralis

Fila radicularia

Funiculus anterior
Commissura alba

Fissura mediana antarior

- white matter - grey matter - central canal




ﬁtmm ﬁmﬁ«fom? ~Wf-fffa#wva9{%—rw?;

Substantia
gelatinosa

Posterior thoracic nucleus

Marginal zone
g L

Intermediolateral
cell column Motor neurons

The Cytoarchitectural Lamination
(Rexed’s Laminae)
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Group I
and II
afferent

Axons of
¥ motor
neurons

Extrafusal
muscle fibers

Axon of
o motor
neuron

7 mmEEEE RN

Capsule
surrounding
spindle

Nuclear
bag fiber

4

Subcapsular
space

T

Nuclear
chain fiber
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Intrafusal
muscle fibers

\RY

0 7‘| -.--

1a afferent neurone

RO

Alpha motor neurone

Gamma motor neurone —

Extrafusal
muscle fibres

Intrafusal
muscle fibres

The Anterior Horn

- motor neuron — extrafusal muscle fibres
(voluntary movement)
-y motor neuron — intrafusal muscle fibers

(muscle tonus)
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- Renshaw cell:
a motor neuron (axon collaterals)

1a afferent

Intrafusal muscle fibre ¢
. Renshaw cell
Quadriceps muscle ¢
amotor neuron
(negative feedback mechanism)
2 Patellar
£ tendon
Alpha motor—
neurone
) .
; Pseudounipalar -

cellbody in
spinal ganglion

i

= Renshaw
- cell

i

; | Axon
collateral
“\\’

Alpha
motorneuron

—— Knee flexor muscles

— Inhibitory interneurone
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Lissauer's tract

I—Substantia  Jig medial nuclear group (lamina Vi) - axial
gelatinosa muscles

Vil = \ neuron pools

VI
AT In cervical
A \\\_ enlargement of
\ ' : ‘~-\sp|nal cord X ‘ p
Vi WA % N
IX—Motor A\ & &

In lumbar
enlargement
of spinal cord

Lateral motor n.
(to distal muscles)

Medial motor n.
(to axial muscles)
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+— Lumbosacral

— Phrenic nucleus

Retrodorsolateral

Dorsoolateral
Ventrolateral

Dorsoomedlial

Ventromedial

Substantia
gelatinosa
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Somatic efferent
fibers

- Medial Group: extends throughout the whole
length of spinal cord, supplies axial muscles

- Lateral Group: exists in the 2 enlargements,
supplies distal muscles

@%’ﬂr *ﬂf z’%»tmmm C:buﬁfinmf:;; C;mﬁmndm %Wmﬂ@ ::;:




¢4 tff‘wﬁrﬁzyﬂ

L1 .
“- Erector spinae

Anterior Psoas
gray horn
Posterior Fermal adductors
nerve root L2 Quadriceps extensors
Anterior Sartorius
nerve root

L3
Posterior
root ganglion
Spinal nerve Tibialis posterior

L4 Tibialis anterior

~ Femoral flexors
Tensor fasciae latae
- Femoral abductors
Long digital extensors
L5 - Gastrocnemius and soleus
4 Peronei
Muscles of the hand H
N . .|
Intrinsic limb muscles
--------- 1 Intrinsic foot muscles
e Long digital flexors
Limb muscles i Shuteus mexknus
originating from \ b Lateral femoral rotators
the trunk
Axial muscles S2

Nuclei in Cervical, Lumbar o3

Lo
Enlargements N\ B
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Substantia gelatinosa Nucleus marginalis Lissauer's tract

Columna posterior,

Nucleus proprius Cornu posterius Marginal tayer

Nucleus thoracicus posterior

Substantia

Columna intermedia, 9%/2M053

Cornu laterale

Nucleus
intermediolateralis Nucleus
propris

Canalis Columna anterior,
X centralis Cornu anterius
(Substantia grisea

Nucler Nucleus —
thoracicus

intermedia centralis)

Medial division fibers

Lissauer’s Tract

Lissauer's tract
Marginal layer

Substantia gelatinosa . . .
Nucleusgpropns The Nuclel in Posterior Horn

Area of laminay
Area of lamina Vi

marginal layer (lamina 1) throughout the
substantia gelatinosa (lamina 1) } whole length
nucleus propris (laminae I1I & [V) J of spinal cord
nucleus thoracicus (lamina VI)— thoracic region
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Spinothalamic Dorsal Medial division
tract column (large fibers)
: /

[ ¥ :
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Lateral division
(small fibers)

EaY
..

1

1 Nucleus thoracis
1 Nucleus proprius
' Substantia

Marginal layer

= marginal layer & substantia gelatinosa: pain, temperature, crude touch & pressure
- spinothalamic tract

- nucleus propris: discriminative touch, vibratory sense & conscious muscle joint sense
- fasciculi gracilis & cuneatus

= nucleus thoracicus: proprioceptive information to cerebellum
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Functions of Nuclei in Posterior Horn
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Substantia

Nucleus proprius

(Intermediolateral) Horn

7 =
The Nuclel in Lateral ’k‘

\ t—Nucleus thoracis
——————visceral grey Int dolateral
E - ntermedolatera
— Intermedomedial
1 P Retrodorsolateral

Dorsoomedial

Dorsoolateral
- Phrenic nucleus
— Ventrolateral

. R i Ventromedial
R Accessory
- <,  Dorsal r-:-ut | |
R dshen intermediolateral nucleus
% S - visceral motor

iIntermediomedial nucleus
- fibers constitute

spinocerebellar tract

visceral grey
- visceral sensory

sacral parasympathetic
nuclus

= hem | Su b prorl s feml i
H.-..-.

Ventral reot

Sacral parasympathetic

- Intermediolateral § . . ) . —_—
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Substanfia gelatinosa

. Nucleus proprius
Posterior prop

gray colurmn Accessory nucleus for innervation of

sternacleidomastoid and trapezius

Gray commissure muscles

Phrenic nucleus for

B2 | innervation of diaphragm

Third cervical segment Medial group for innervation
of neck muscles

Anterior
gray column

Posterior
white column

Substantia gelatinosa

_ . 22202~ Nucleus proprius
Lateral ; 0 B~ R

white column Lateral group for innervation

of upper limb muscles
i,

2 Medial group lor innervation
Sixth cervical segment

Anterior of neck muscles

white column

=
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Substantia gelatinosa
Posterior

gray column Nucleus proprius

Nucleus dorsalis
Preganglionic sympathetic outflow

Lateral
gray column
3

. "’
Anterior Sixth thoracic segment

gray column

Medial group for innervation
of trunk muscles

Coronal Section of the Spinal Cord at
the Thoracic Levels

|\
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Substantia gelatinosa
Nucleus proprius

Nucleus dorsalis

Lateral group for innervation
of lower limb muscles

Medial group for innervation
of trunk muscles

Substantia gelatinosa
Nucleus proprius

Preganglionic
parasympainetic outflow

e Lateral group for innervation
QLD of leg muscles

, Third sacral segment
Madial group for innarvation of trunk muscles

LN
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Interneuron

€ Upper
4
N %\\\ motor
Ny L} neuron

Neuron in the
Sensory cortex

Third

SENsory
neuron

Second sensory 3
neuron

Cervical

Thoracic

Lateral
column

Motor )
intermneuron \

Lower
motor neuron

First sensory
neuron

Sacral

Veniral
column

The White Matter of Spinal Cord

- 3 funiculi (columns):

anterior (ventral), lateral
& posterior (dorsal)

Sacral

Gracile fasciculus
Lumbar

Dorsal

column Thoracic

; Cuneate fasciculus
Cervical

Lateral
corticospinal
tract

Cervical

' Lumbar}

Sacral

Cervicall Spinothalamic

/ tracts

- 2 commissures: anterior &
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Vestibulospinal Reticulospinal
tract tract

CF
PLT \ 1‘ / Anterior corticospinal
brospinal // — tract
PSCT Ru ros,tplnat -
rac Tectospinal
RSCT Olivospinal tract
LSTT tract Ascending sensory
Lateral cortico- 5. dorsal root fibers
ASCT spinal tract L] T ‘\\
SOT ' o
ASTT . i
Annulospiral fiber (1a) 4 %
IR : \
Fasciculus Proprius / L | |
N /;
E TSGR

/”

I

| . Golgi fiber i
& Anterior Commissure i) )
Afferent ) { \ | b | '
o\ i/ \ > .,'

Alpha motor neuron

- long tracts: ascending & descending tracts

- short tracts: fasciculus proprius

ol s

Contralateral Ipsilateral
flexor reflex extensor reflex
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Conscious Long Tracts

1st Sensory Neuron

Posterior gray hom

Posterior nerve root

- descending tract
- corticospinal tract

Spinal ganglion

Posterior

- ascending tracts

- fasciculi gracilis & cuneatus
- spinothalamic tract

O MN Anterior nerve root

Subconscious Long Tracts Anteior gray horn ‘
Lower Motor Neuron o s
- ascending tracts - descending tracts ==l
- spinocerebellar tract - rubrospinal tract —
- spinoreticular tract - vestibulospinal tract -

- reticulospinal tract
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Gyrus precentralls

Cerebrum__

Conscious Descending Tract:
Corticospinal Tract (System)

- anterior corticospinal tract
- axial muscles

interna
Decussation
of pyramids

Nucleus
lentiformis

- lateral corticospinal tract

Basis
pedunculi
cerebralis

— Medulla
oblongata

- distal muscles

Pons -~

= Upper Motor Neuron
- N - cerebral cortex
1 8 s v vamddita ™ | + Lower motor neuron
oblongata |/ """ - ant. horn of spinal cord

Medulla oblongata Interneuron
Y@ A\( Alpha motor -
Decussatio.-. néuron " D ecussation
pyramidum

_— Spinal cord - lateral corticospinal

Tractus -
corticospinalis o Traotus | tract decussates at the
{ _l-—-——' corticospinalis |

medulla oblongata

anterior

3

Cornu ventrale




\ ” ) / i Somatic sens
)ﬂ ??‘me ﬁ,,,‘,;f" va;-: Al eaa ‘&W Left motor cortex : :ﬂexlc ory

Supplementary motor area

3 l Upper
. . H medulla
Corticospinal System :
From % : %3
cerebral TR
cortex ‘~ Medullary
Pyramidal : pyramids
tract in E

medulla
e | — Lower Pyramidal N
ussall — medulla . pate
Decussation To posterior
Anterior _ column nuclei
Toarm <— corticospinal ;
muscles <— tract Pyramidal
decussation
\ \ /Cervical
spinal cord _ Olive
Lateral
corticospinal — Hypoglossal
tract nerve rootlets
3 Anterior )
Toleg <— ' corticospinal <l;’\,rramldzl
muscles <— E tract ecussation
Anterior

corticospinal tract

L Uncrossed lateral
corticospinal tract

| |
C1 ventral root  Lateral corticospinal tract
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Conscious Ascending Tracts

- fasciculus gracilis
- fasciculus
cuneatus

- proprioception &

discriminative
(fine) touch

- 1st sensory neuron
- spinal ganglion

- 2nd sensory neuron
- medulla oblongata

- Decussation
- no decussation
in spinal cord

Medial ——_|
lemniscus \

Lemniscal
decussation

Fasciculus
cuneatus

From —> ¢
am-—

Fasciculus ——«
gracilis

A

From—» ¢
leg > o | J

Cerebral cortex

f

Thalamus

t

-~ Lemniscal

fibers
ascending to

thalamus

o Medial
'\ lemniscus

Upper midbrain

Lemniscal
decussation

Afferent axon

(la) from arm
—\ \

\

Lower
medulla

Alpha motor
axon to arm

Afferent axon
(la) from leg

Lower /
Alpha motor spinal
axon to leg cord
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Dorsal horn

Intermediate
gray
Ventral horn
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Cervical
cord

Thoracic

Dorsal column:
cord

Fasciculus gracilis
Fasciculus cuneatus

Lumbral
cord

Ventral white
commissure

Cervical h *"__ Ventral median
fissure

Sacral
cord (S4)

Fasciculi Gracilis & Cuneatus

S5 v » )
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Sensory
cortex

Thalamus

Anterior
spinothalamic
tract Second neuron
Anterior
commissure

Anterior

Spinothalamic
First neuron
Tract
»
\
Receptive
field

- 1st sensory neuron
- spinal ganglion, fiber doesn’t decussate

- 2nd sensory neuron

Spinothalamic Tract

anterior spinothalamic tract
non-discriminative touch & pressure

ateral spinothalamic tract
pain & thermal sense (temperature)

Sensory
cortex

Thalamus
Third neuron

Lateral

Spinothalamic
Tract

Second neuron

First
neuron
Lateral
spinothalamic
tract

)

Receptive
field

- posterior horn, fiber decussates to opposite side by passing through anterior commissure .
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Cerebral cortex
T Anterior

Thalamus Lateral -

Lissauer’s tract

"~ Cellbody of Cell body of
second neuron  primary afferent neuron
in spinal ganglion

- Anterior Spinothalamic Tract

- contains ascending fibers of both side
Substantia gelatinosa

- Lissauer’s Tract
- ascend one to two segments before crossing
somatotopically arranged
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To posterior
column nuclei @ Type L, I
e mechanoreceplors

Sensory Nuclei & Sensory Tracts

Ad, C nociceptors,
thermoreceptors,
\ Mmechanoreceplors,
N\ visceral afferents

Dorsal column fiber

Discriminative touch/ ﬂ Pain/temperature/

joint position/ crude touch afferent
vibration afferent

AN

Spino-cerebellar
fiber (proprioception)

-—

To anterior horn

Sacral
Lumbar

Thoracic
Cervical

Interneuron

} Gracile fasciculus

Cuneate fasciculus Spino-thalamic

fiber (anterolateral

system)
R Cervical Latgral ;
‘ Lumbar corticospinal
. um tract
3
f Sacral |
[/ ¢ Spinothalamic tracts

Cervical
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cuneatus
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e R Sk
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I Movement
w g
= N aMN
GMN 20)
Passivestrewh ; v » ~ ';4 s
of spindle | =Ll ciosec
— P’ . — of spindle

Antagonist relaxing . Agomsl
- 2 contracting

Arrangement of the Major g " R
Ascending & Descending Tracts S~
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Subconscious Ascending Long Tracts

Superior cerebellar
peduncle

Inferior
cerebellar

peduncle
3 Anterior
| spinocerebellar
tract !
Posterior
spinocerebellar
tract
Cell body
‘ of first neuron
\ ‘Cell body of
\ Ly _ first neuron
\ A
/
£ Receptive [/ \
4 field i
- Receptive
l field

Cell body of

second neuron
Cell body of
second neuron

-7 Posterior
j spinocerebellar
tract

Anterior
spinocerebellar
tract

1st sensory
neuron

2nd sensory neuron

- spinocerebellar tract

- ant. spinocerebellar tract
—sup. cerebellar peduncle

- post. spinocerebellar tract
—inf. cerebellar peduncle

- convey subconscious
proprioceptive sensation
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- spinoreticular tract

provides an afferent
pathway for the reticular

formation

- Spinotectal tract
provides afferent
information for spinovisual
reflexes and brings about
movements of the eyes

and head toward the
source of the stimulation.
* spino-olivary tract
conveys information to the
cerebellum from

cutaneous and
proprioceptive organs
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Superior colliculus

Inferior olivary nucleus . X

Midbrain

Pons

Spinereticular tract
passing to reticular
formation

Inferior
cerebellar peduncle

Spinoreticular tract in \ - Medulla ablongata

lateral white column
of spinal cord

Spinotectal tract in
anterolateral white column
of spinal cord

Spina-olivary tract in spinovisual reflexes

anterolateral white column
of spinal cord

Fram cutaneous and
propriocaptive organs

Afferent information
that infuences consclousness
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__—— Head of caudate
nucleus

Subconscious
Descending Long Tracts

Thalamus

Y Y ,.-' ‘\»
o l |
, AN 2~
.-’""‘ f‘[ l‘> =)
;'.-».~, @ ' » = A
Corticospinal —~—= 7-.-;_-.'-_:,—_&_»;';;_*"“ ;
tract N AN
| A 5N | F @
Putamen ‘:f;i_—,_-;:r:f;{—/w—*. i \ ) {
S 2 N\iv
~
ll

Substantia nigra —__

Bralnstem
Red nucleus

Decussation of Forel — 1.7 =

Pyramid =

Glabus pallidus

“5—— Cerebellum

Spinocerebellar
tract

Interneuron

tract

=

1 Vestibulo-
spinal / \

tract Jl'l \

Alpha motor neuron

g T

—

Muscle

//

Tectospinal Retlculospinal
tract tract

- tectospinal tract

concerned with reflex postural
movements in response to
visual stimuli.

- rubrospinal tract
facilitates the activity of the
flexor muscles

- vestibulospinal tract
facilitates the activity of the
extensor muscles

- reticulospinal tract

provides a pathway by which
the hypothalamus can control
the sympathetic outflow and the
sacral parasympathetic outflow
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Short Ascending &

Fasciculus gracilis Septomarginal fasciculus (oval bundle)

Desending Tracts

Fasciculus cuneatus Interfascicular fasciculus (comma tract)

Dorsolateral tract (fasciculus)
(of Lissauer)

Lateral corticospinal
_ (pyramidal) tract (crossed)

] Surrounding Dorsal (posterior)
th e g rey spinoce'r)eﬁellar tract
matter of the _ _

. Lateral spinothalamic

) p N al CcO rd tract and spinoreticular

. tract

= Ccon neCtlng Ventral (anterior) ac
tWO S | d es spinocerebellar tract
W|th|n one Spinoolivary tract
Segment or Spinotectal tract
con neCtI ng Ventral (anterior)

- spinothalamic tract
adjacent P
Segments Fasciculus proprius Medial longitudinal (sulcomarginal) fasciculi

Rubrospinal tract

Lateral (medullary)
reticulospinal tract

Ventral (anterior)
or medial (pontine)
reticulospinal tract

Vestibulospinal tract

Ventral (anterior)
corticospinal tract (direct)

Tectospinal tract

B Ascending pathways [l Descending pathways [l Fibers passing in both directions

The Principal Tracts of the Spinal Cord
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Loss of all
sensation

Impaired
proprioception,
vibration, 2-point
discrimination,
and joint and
position sensation
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