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Functional Neurovascular
Anatomy Of The Spinal Cord

Viskasari P. Kalanjati

INTRODUCTION
_-\._:1|n,'|| cord '.|l.'|_'||'||!!.'| '.':|'||.'||'|':-} IS the caudal c‘i.l.ll'l\_ ed and eylin-
drical prt of the central nervoussvsiem [l:?\'hj. which s resided at
the vert il canaly this structure extends from the medulla oblon-
7 ratiially 1o the ol far v. WUntil the drd menth
of tetus odeupies entre veriebral canal, thereafter the verte col-
wmn grows faster, this the caudal’end oF the cor t reaching the
IITVETIES ate

located = 1 spine higher than the corresponding

highet, lumbar 3-4 spines- higher, A segmental struc-

armed from rostral o caudal (C1-C8, Ti-T12,

L1-L5, 51-55 and. Co-metameres); The spinal vord approximacely
I }

hasa cylindrical shape, with 2 enlargements/ inturmescentia; C5-T1
(maximum 4t 0o &£ 38 mm) and L1-583 {maximum-at 51 *35 mm
widel: from conus med is ak the caudal npis th y termimale
ateached to the dorsabsurface of cocoyx, the umbo-sacral radix form
achuster of canda equing thar residesar the candal part of the spina
canai.="

The spinal cord i€ covered byva pachymeniny {serous daver of
duramatar, with subdioral space at the desper side and
space ab thisaperficial layer donrins fatand plexus venosus) and
2 leptomenink (arachnoidmater and piamater; - with subarabinod
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. oy
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H.wt&ihcu;gmum' levels of the spina o " ’
30%.of these fibres wil CEALE 3 the

Approximately Ta
cussatio pyramidalis loc
ani thie Jower edn of the medulla oblong
Iillieross avmore caudal levels before exiting 1
f;iﬁﬁlm;'{:hg lateral vy, the ventra ! — -
mlﬂll fract controls the flexor musch
.'F%@Eﬂﬂﬂrmﬂnmmcsfmm-.r;._- gisilens ruiber of
tum mesencephali whilst decussate at the veniral ey ;
Secelves aflernes from the motor cortex and neo-cerebell
nfes a8 pare of extra-pyramidal pathway. The (ectospinal 1
ﬂm'dﬂn the visual pathway, fibies will decussar .t the
-'wdm'IHHunmd receives inputs from the :
ﬂ*ﬂﬂiﬂulu; SUpETiOr at tectum mesencepl
Hmm from the vestibular nuclei at the b
haitﬂﬂ“iﬂmru S0 the incilateral late:

ated ar the border Ry ¢ spina

and mediates excitation of inferior extensor muscie

globose nuclel of the cerebellum); and vital fug

1omE in coordina-
non o thie reticolar formation nuclel o

AINATEm) .

STRUCTURE OF THE SPINAL CORD BLOOD SUPPLY
EMBRYOLOGY

Vertebral Artery

A marked vanaden beoween individuals is shown due o dif-

1-3). The

ferences: in #mbryonic ' de vertebral ar

peries sarm o develop at day 32

Vof gestational period which

wiill fuse and shaping longitudinal anastomoses conngcet the cervical

intersegmental arterdes (15AY of the primitve paired dorsal aorta
Larer, the 7th ISA remains to form the proximal subclavian attery
which Branchis off vertebral artery: A the juncture of primitve dor-

a receded. the vertebeal artery shaped as beaded and:contor o

inastomnges, and the basilar artesy wobld then be forimed by

mitive vertebral siteries fosion,

lefr and nghp

Spinal Arteries

Spinal arteri
srtery network of the cond.
aned will fose as 4 longituelin
[ASA), prior td@ Var

aminantly in the thoragic

ol by the 4th month of feal life, Seemental arteries FRrouls inoim
L c 2 PR o ) ye b AT
the intercostal and lumbar areries, thi radiculsr arneries e EEa

vitl sources reinforte the anterior and posterior spinal arteris

specific period of negrulation, each cond metaTmers 15 sypported Di-

by radicularvessels. These vessels will run in theantere

T
laterally b o1

bral canals as the spinal arteries and penerate the spmnal meninges o
& als as the

Fromi &g vertebral thyrocervical

fallow thie nerve roots: They derive
costocervical, fcending cernical, deep CERVICAL A5Ee

| ¢ fntercos yrbar and lateral sacral ves
al), occipital, postenat intercostal, lumbar and lateral £4
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P e 'ﬂ:‘:clr;?l:u:: the columna medulla spinalis
Nervi Spinales
The 31 pairs © -
e ventral and dorzal 1o0Ls caprying MOtor and Sensory fibg, .
ely. The S0 of the efferent DEUTONES Are in i b
EI'15D.15 anil he sensary
compode the peripheril IENVOUS
iebrale. Several traumatic IH/Ury of the cord and the nerve mmga
lparion, cervical spondylosis (radiating pain, paraesthesiu, ek
and wasting muscles; Inss of tendon reflexes, accordingly)

Spmil Reflex
%h_qam:lfrﬂﬂ medigtes vig the mone- and
' monasynaptic stretch reflex produces deep tendane
g‘ﬁ’fﬁuf:&h) specific cord segments 1.e. Biceps reflex: G4
Tefles (supinator jerk): C5-C6, triceps reflex: CaL
_ (knee jerk): L3-L4, Achilles rendon reflex (@8
J: 85 Also known as the myoratic reflex, this pathwayE%
: hmma mmﬂr netrones of the strerched muse cle-sgi
i ‘tonfraction o maintain the muscle W0 (fiz
z‘hﬂpﬂllslrmpnc flexor and cross extensor refles medid*
from naxious stimuli.

"'Spﬂﬂi neTves griginate from thie spinal

5 SySTEr run via the '-“’“”"“"'lim-:r.-_g

poly-synaptics

(HIOVALON Snd |ntarven g
VERtion in Neurological Mew Era 202

resides i the dorsal Toot eanglia, the g,

Soructure of The Funiculus of Medulla Spinali

It the colummn of the spinal cord,
dens tracts ol sensory and mote berve § ,
rracie camy afferent information o i, T

wole, The dotsdl fumicull composed o ; 1
featus serve the proprioceptive and fine
AeurodeE are at thie LR i
second-order neoaron £
and ventoposteramed P )
NCoUrones Synapsc i B b
gex of the parietal lobe. T g
athier lesions may lead 16 ataxia and loss of d

The :-D-nr-lll‘l.lr.._ L
pain, meim;
in the corng dorsalis

EEMITE, L

This tract would: decus

Nus and

thal: project at

rract. Syringomyelia: may lead: to cissos

of the spinothalammc tr Spinocerebell:

hand, have @ muscle, joint-and &) T
trapyramidal motos contro lestom
dreich’s ataxia) ey Thie descend

TACDr GUEPLITE]

corticospinal tract, for examp
} movements; }

TG, T

This tract griginates from the pre-centrigys

and the fibres desce

wid LI CAprsLiE

mesencephalon, e

oblongata
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v of the spinal nerveg 1)

1. The arferisl suppl

Source of supply

Table
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peripher® L Usual -= to - Uniisyg| Wi
Qeeipital-yert T Table 3. The internal arterial supply of the
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thoracic

adial arteries  ( Territory 1
ke fa) Plesus and v
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Ly Inte N
E; Supreme int HEusy) I
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than lhe"“‘sd' <al horn and columns, with variable gupp|y[‘ | Josos e aery
I = Sl 2 i
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: ¥ [
1l corticospinal tracts): Tog 1 i, - i
laterat & :

s ki W

. - » i
edullaris, where the diameter of ASA is the laygeg; )

o conus I inale, these vessels ;
conus and filum terming end as, o

ing the e
'g?fanﬂ cruciantes (figure g2

Seqrania

R Ly nry
T ical extrinsic arterial variation of the spinal carg !
T emnr"-_h(}]Dgl ekt e

Table 2 h E (=]

ey s e r—
-"_'_'_—__._:;]'_'_—_—-El‘per Vo Lower % o
e thoracic thoracic cral
Radicular Cervical enfargement i i
SR enlargement 4
550-1200u b pe
Anterior N= 2-4 N=2-3 i N= (4
N=6-9 N=03 (5
. - Lt ety
: 0 s ecaid sy
J ; Could be 5001-600 8 }
| discontinued fil s artery
| 200-400 um
| —
1 : <250 um 200 ym 100-400:0
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I I teriar spinal
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r of anterior segmental yyy
from various sources i . _1.\..&.,
RN
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I
The numhf ot come :
intercostal arteries come from e
; [
¢ he subclavian artep iy,
poraclt 1721 g pranch of © an artety; .

. r\"'L'.AI i r.cosr:ll arteries of supreme intercogr, - #y
2nd pﬁgmnﬂ"_’ .mccrvical grunk of the subclavian artery), ;-lnh
L.horrlhc L?hti'lc choracic qortaand the subcostal arter, Fap
ofdorst o rental arterics from theaorta at 1 tg 2 vc-rl-b E.Dh 1
witl sm_a“ o i perfusion arca are SOMerimes trave i
ainferior R ply the lower part 2!
of theitsIte
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]ing EI‘;U:“.
of origin t0 SUP

stiral (1), radial (2) artarie:

F 8. Thie axjal distribution of the sulcocomis
<l (A) and the laeral (C) areas overlap with the ventral area of the sulcal an

The ASA in thoracic level is smaller than the other regions i
the fongitudinal artery system is supported by radiculomedully
arteries at each segment i.c. by Artery of Lazorthes at C5-CTk
\els, Artery of Adamkiewicz at the thoracolumbar region whichal
found at the left-side (75%). This artery arises from T9-T12 (5
from lumbar region (25%) and 10% from T6-T8 to L2. Artert
mHaHer, hairpin loop as it branches into ascending and
.I i lﬂngwm to join the ASA, can be found at the T5.% Ad
iateral blood supply can also be found as a Basket artery of the
nus medullaris whilst the internal iliac artery gives off inferford!
Msm branches, which branches supported 1
8 Via the anterior sacral foramen for conus medullaris 8¢
; U.I"firtgty'of Desproges-Gotteron, The posterior
ﬁﬂu 'th?t..?_r:_'tfr the neural foramen and pencuarin%‘ »

@qﬁlﬂmemngeal (dural) artery s fie nerve!
ery supply both the

in[.gjm
he 0¥
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= Ion ang In Wy,
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and its dura, the radiculomedullary arter
radicular artery supply the ante

medullary artery also support the ASA

Anteriar view

"‘? - Vol 2

Verwbeat 2 —4 A | Tl | A "
fi f“! e |3 3
\ | +:1 i 1A
\ritegior gl mevllary 2277 bl ¥
1y: Gt {
s LAY ZOAL
_\j J" . d I e
Al 4 F
Adkrrion sgrmertal medlary = - b
47 1 i1
Pasterior Intercosid o |
r r Sepmrur Sietedd W
Major anlenar segmental - q
mecullary a. fa’ & Adsembiewics I
[}
.
- i
Lumbuar & —% v ]
A —Lomber &

i perd sl

Figure 9. The diagram of amerial

In the spinal cord, the veins are more

the arterial system with less vari

to left segments. The anterior me
from t

dian fissure receiving drainage

to the filum terminale at the ters

drain into the radiculomedullary veins,

at the root sheath.'
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Hiswlog)’ has layers, {rom superficial to ”“‘d
ita [’ormed by fibrous ancioose CONnecy, ¥
entit rum whilst tunica media Composeq i,

125211250
yas v le and fibrous tissue, ang iy rc-:l;,._
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e
na and relative lac) It
se € \crcmalelastlclamil Kof fi ~ of ty gy g
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rentitia are 0 A
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Figure 6. The histology of the coronal section of the midthor

<faining shaws the funiculum at the peripheral part whilse the h
venml Aarsaliand lateral side of the deeper part surrounding the central canal o &
spinal cord.

are 4 parts of vertebral arteries, V1-V4, the first pan
of the. rght and left subclavian artery, although in 80-90%!
mm t:muaIIy to enterthe €6 or C7 transverse foramen whils

._ fb&t'?-’een the left common carotid artery y and left sul:\
Other variation includes VA from the aortic arch

_mﬂs_ into the transverse foramen of C5; the left VA is from t¢#
common caro et
| ronaond artery or external carotid artery; the right ve®

s
d f_m the aorta, carotid arteries, or braduouphaln lT'J

hngs of rami musculares in the cervical part: The *

cranially from ). “C6, where A. Meningeal Anterior sprouts]
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l.
or of flat epithelium. However, in i, A “nu:\_

proximately at C2-C3, whereas falx cerebelli and occipital posterior
fossa medial duramater are supplied by the posterior meningeal ar-
tery. The VA3 is a wide external cervical loop at C2-C1 that is
to gmmioamulvam or dissection. This part passes away at the si-
perior of atlas (C1) transverse foramen, then Joc: superior to the
C1 corpus bLfon. poes posteromedially around the ar

prone

ANt ||'\|[ al

articulation to posterior and acutely turn ante rosuperierly and pene-

trates duramater at the foramen magnum. Several variatior

ed are the persistent Ist intersegmental artery resides at t
of €1 arch, just after exiting the C2 transverse foramen (3-

The VA4 is the last one and located intrac

ramen magnum, where the branches include the anterior spinal

As), and the rami
perforantes. The ASA and two PSAs branch off at the tal ver-
tebral arteries at foramen magnum, whilst ASA then resided on
the median ventral sulcus, the PSAs run parallel to each other in
a dorsal paramedian area.**!! Posterior Inferior Cerebellar
(PICA) that might be from the VA4, has several vanations include
vertebral arteries are not fused to form the basilar artery rather to
end in PICA. The ASA may also from the PICA, and is supported
by segmental feeders where its central branches supply the ]

artery (ASA), two posterior spinal arteries (P

Arteries

or 2/3 of the cord (cbrnu ventralis, spinothalamic and cortic
nal tracts).#*'Approximately 2-3 anterior and posterior rac

medullary artéries arise from the vertebral arteries in the cervical

srart
" The

mentale

segment, largest is the artery of intumescentia cervical:

the C4-C8 (most common at €6 nerve root) (figure 4
ASA and PSAs are supported by 8 to 10 Aa. Medullares Se
(from A. Spinalis Segmentalis); the largest is A. Radicularis Magna
(of Adamkiewicz) usually developes at the left thoracolumbar seg-
ments to support the inferior part of the spinal cord includ

]

g
intumescentia lumbalis (figure 7). A copy of ASA untill the C5-Cé
jevel are reported often, the branches supply the lamina VIII-IX ot
the ventral horn, lamina VIl of the lateral horn, the central grey mat-
ter of lamina X, the ventrolateral funiculi and the anterior part of the
dorsal horn,%1 Meanwhile the vasocorona arteries supply pramater
spinalis, whilst the PSAs and the pial arterial plexus (vasocorona)
supply dorsal funiculi e.g. the I-V1 Rexed laminae.™=
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