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HEEl Anatomical Review

Vascular Supply to the Lumbar Spine: An Intimate Look at the

Lumbosacral Nerve Roots
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The vascular supply of the lumbar vertebral column is a
diverse collection of arteries originating from both central
and peripheral sites. Until recently, the majority of these
studies have been dedicated to the blood supply of the
spinal cord and vertebral bodies. More recent effort has
been directed toward the identification of the vascular
supply to the lumbar nerve roots. These studies have
conclusively documented the presence of a dual blood
supply to the nerve roots. In addition, this dual vascular
supply has been discovered to have the capability for bi-
directional flow. This unique property may allow for
prevention of localized, compressive ischemic symptoms

T hevascular supply of the lumbar nerve roots providesa
fascinating and complicated mechanism by which nutri-
tionisdelivered and breakdown productsremoved. Until
recently, the emphasis of most anatomic vascular studies
has been devoted to elucidating the supply of the spinal
cord. In fact, it was not until the 19" century that the
direct vascular supply of the spinal cord was correctly
identified (1,2). Only loose associ ations were made about
the lumbar nerveroots' vascular supply at that time. At-
tention to the arterial supply of the nerve roots was first
brought into the forefront by Verbiest et al (3) in 1954.
His landmark article examined lumbar spinal stenosis as
a cause for intermittent claudication of the lumbar nerve
roots resulting in lower extremity pain symptoms. Since
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secondary to either herniated disc material or osteophytes.
The nutrient contributions of the cerebrospinal fluid and
venous supply to nerve roots have also been investigated.
Early studiesindicate that they may play agreater rolethan
suspected. The presence of multiple sources of nutrient
supply to the lumbar nerve roots enablesthem to beresistant
to the potential compressive phenomenon that may occur
in the lumbar spine.
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then, anumber of anatomic studies have definitively iden-
tified the vascular supply of the lumbar nerve roots (4-8).
This article will consolidate the anatomic knowledge
gleaned to date involving the vascular supply of the lum-
bar nerve roots. A brief overview of the vascular supply
to thelumbar spinewill be presented to allow the reader a
more comprehensive understanding of the complex na-
ture of arterial and venous vascular patterns.

VASCULAR SUPPLY OF LUMBAR SPINE

In the lumbar region there are four paired lumbar arteries
that arise from the posterior wall of the abdominal aorta.
They provide blood supply to the first four lumbar
vertebral bodies. Thesevesselspasslaterally on each side
remaining closely applied to the center of the anterior and
sides of the vertebral bodies until they reach the
intervertebral foramina. The fifth lumbar segment is
supplied by small branching vessel sfrom the middle sacral
artery and branches from the iliolumbar arteries (4, 9).
Like the upper lumbar arteries, the middle sacral artery
also arisesfrom the posterior wall of the abdominal aorta.

Each lumbar artery gives off two sets of branches in
relation to the vertebral body. The first branch of the
lumbar artery is the short centrum branch (10). They
penetrate the vascular foramina at regular intervals,
subjacent to the lumbar artery. The second set of vessels
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are the longer ascending and descending branches that
form dense networks along the anterior and lateral aspects
of the vertebral bodies. Their terminal branches enter the
bonein the areaadjacent to each vertebral end plate, while
other branchesform fine vertical networks on the surfaces
of theanterior longitudinal ligament and annulusfibrosis
(12). The small segmental arteries subserving the fifth
lumbar vertebra, sacrum, and coccyx are of variable caliber
originating from the back of the aorta just above its
bifurcation and ending at the coccygeal body.

Atthelevel of theintervertebral foramina, butimmediately
lateral to the exit zone, each lumbar artery dividesinto a
series of major branches. These include the anterior,
intermediate, and posterior branches(11). The anterior
brancheslie medial to and then behind the psoas muscles
anterior to the lumbar plexus. Neural branches from the
dorsal rami descend with each anterior segment of the
lumbar nerve (12).

Theintermediate branch of the lumbar artery dividesinto
three subdivisions: the anterior spinal branches, nervous
system branches, and posterior spinal branches. The
anterior spinal canal branch bifurcates into an ascending
and descending branch immediately after entering the
spinal canal. They anastomose with corresponding
ascending and descending branchesfrom above and below
to form adense network of vessels on the anterior wall of
the spinal canal. The nervous branches from the
intermediate artery travel both proximal and distally with
nerves within the canal. The posterior branches of the
intermediate artery form a closely woven network on the
anterior surface of the lamina and ligamentum flavum
giving them blood supply. A laminar branch also arises
from the posterior spinal canal arterial network on each
side. Thislaminar branch enters the lamina and courses
toward the facet joints giving blood supply to both (11).

The posterior branches of the lumbar artery pass
backwards away from the foramina to lie on the outer
surface of the lamina and cross each parsinterarticularis.
Asthese arteries pass the zygapophyseal jointsthey give
branches to supply the posterior aspects of thisjoint (11).
They continueto travel posteriorly lying along the middie
surface of each spinousprocess. They give ascending and
descending branches at this point to supply the paraspinal
muscles, and penetrating branches to give blood supply
to the spinous processes (11).

Direct branches off thelumbar arteries supply theinternal
aspect of the vertebral body, the corresponding superior
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and inferior end plates anteriorly, and posteriorly by
branches from the anterior division of the lumbar artery.
These vessels penetrate the vertebral body in ahorizontal
planeto form adensearterial complex. From thiscomplex
they send vertical branches superiorly and inferiorly to
supply the vertebral body and end plate(11).

Thevascular pattern for venous drainage closely resembles
its arterial supply (13). In the vertebral body there are
two main venous collection systems. The main vertebral
body contains a horizontal articular collecting system,
which receives drainage from the majority of theinterior
vertebral body (14). The peripheral aspectsof thevertebral
body drain directly into either the anterior internal or
external vertebral venous plexus. A second venous
drainage network is seen at the level of the vertebral end
plate. This network is termed the subchondral post-
capillary venous network of the vertebral bodies. It is
smaller and runsarelatively horizontal and parallel course
to the subarticular collecting vein system. This post-
capillary network drainsinto adjacent veins on the surface
of the vertebral bodies or sendstributariesto the articular
collecting system (15, 16). From these two internal
networks, venules drain into a large venous grid from
whichthebasivertebral veinsarise(13). Thebasivertebral
vein then proceeds posteriorly to merge with the anterior
internal vertebral plexus. This anterior internal plexus
runs along the anterior and posterior walls of the spinal
canal. It joinswith the external venous plexus at lumbar
intervertebral foramen to form lumbar veins. Theselumbar
veins are connected on the anterolateral surface of the
vertebral bodies by anetwork of veins called the external
vertebral venous plexus (11). Thelumbar veinsthendrain
into the vena cava and left common iliac vein. Posterior
elements of the lumbar vertebral canal receive venous
drainage from vesselstraveling in asimilar distribution to
the posterior arterial branches of the lumbar artery. They
empty into the lumbar vein at thelevel of theintervertebral
foramen (15). Thelumbar veinsthen end their course by
emptying into the inferior vena cava.

ANATOMY OF THE NERVE ROOT

Before discussing the vascular supply of the lumbosacral
roots we will briefly review some pertinent anatomical
aspects that differentiate nerve roots from peripheral
nerves. Aseach nerveroot exitsthe spinal cordit maintains
a connection with the thecal sac by carrying with it an
outer sleeve containing the dura mater, arachnoid mater,
and nerve root sheath (17). It was not until the mid-
twentieth century that this root sleeve was identified.
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Previous studies continued to report the presence of endo-
and perineurium overlying the nerveroot (18, 19). Gamble
et a (20) in 1964 published the first study to identify the
replacement of the endoneurial sheath with a“pial sheath”.
He also demonstrated the absence of an epineural sheath
overlying the nerve root. He identified the dural sac as
the continuation of the epineurium proximally (20). This
connection to the thecal sac allows cerebrospinal fluid
(CSF) to course along the length of the nerve roots (21).
A number of studieshave demonstrated the arachnoid and
nerve root sheath lining to have a gauze-like architecture
that allows the CSF to flow into and around the
endoneurium (22, 23). The presence of CSF gives the
nerve root an added supply of nutrients supplementing
the normal vascular supply. Some studies have reported
that as much as 50-70% of the nerve roots metabolic needs
may be provided by the CSF (22, 23). Fibrosis of the
arachnoid-root sheath complex can result in decreased
diffusion capacity of CSF thereby resulting in
arachnoiditis-like symptoms.

The nerve root sleeve terminates at the joining of ventral
and dorsal roots to form the foraminally located spinal
nerve. In contrast, the spinal nervesand their subsequent
peripheral nerve branches contain an outer lining
consisting of epineurium and perineurium (17). Thisouter
lining of the peripheral nerve contains an increased
collagen content that givesit stronger resistancetoinjury.
In comparison, the nerve root dural-arachnoid-sheath
lining containsless collagen fibersthereby making it less
apt to protect the nerve root from compressive or traction
forces (20, 24). Ligaments binding to the dural sleeve
serve to fix the nerve root to surrounding spinal canal
structures (25). These ligaments may potentially cause
tethering of nerve roots resulting in ischemia and
subseguent pain production (25).

VASCULAR SUPPLY OF THE NERVE ROOT

Blood supply to the lumbar spinal nerve roots occurs
proximally from branches of the longitudinal vessels of
the conus medullaris. These vessels only travel a few
centimeters along the rootlets before terminating (8). The
posterior (or dorsal) nerve roots receive their vascular
supply via the dorsolateral longitudinal spinal arterial
system. This system is an extension of the vasa corona
that formsaplexiform, interrupted network of vessel sthat
isalwaysin close proximity to the posterior rootlets. The
ventral roots each receive adirect branch from the nearest
vasa corona (8).
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Theremaining proximal portions of the nerverootsreceive
blood supply viathe dorsal and ventral proximal radicular
arteries(15). These blood vessels are derived from the
dorsal longitudinal spinal artery and accessory
anterolateral artery, respectively. The proximal radicular
arteries enter the nerve root and follow the length of the
nervedistally to anastomosewith thedistal radicular artery
(15). Their entranceinto the proximal nerve roots occurs
dlightly distal to the roots exit from the spinal cord. This
delay in contact ismost likely due to proximal regions of
the nerve root already receiving vascular supply from the
dorsal and anterior longitudinal vessels. Asthe proximal
radicular artery entersthe nerveroot it followsaong with
oneof themain fascicular bundles. A number of collateral
branches occur directly off of the main radicular artery.
These smaller branchestend to form parallel coursesalong
other nerveroot fascicles(8). Precapillary branching from
these long running parallel vessels give supply to the
subdivisions of fiber bundles not directly overlying the
radicular arteries. These branchesare uniquein that they
are coiled shaped. Coiling of these precapillary vessels
has been noted to endow these vessel swith aresistanceto
compression during flexion and extension moments of the
spine, thereby preventing ischemiato nerveroot fascicles

).

Thedistal radicular artery branchesfrom thelumbar artery
at the level of the intervertebral foramen. It then divides
into two branches, one entering each dorsal and ventral
root. At this point it travels both proximal and distally
along the length of the nerveroots giving it blood supply
(7). Asthedista radicular artery travelsproximally it forms
numerous arteriovenous anastomoses with neighboring
veins (26).

There are two venous systems involved in drainage of
lumbar nerveroots. They are divided into proximal and
distal radicular venous systems. Thedistal radicular veins
draininto thelumbar vein at thelevel of theintervertebral
foramen. Theproximal radicular veinsdraininto the spinal
cord venous plexuses(7). They have been documented to
return viathe vasa coronaand then pass proximally inthe
anterior and posterior longitudinal veins of the cord (8).
A study has demonstrated that theveinsaresimilar to nerve
root arteries in they have a variable location and number
in the nerve root (15). The major veins of the nerve root
demonstrate closer morphology and arrangement to those
of the central nervous system. Their walls are
comparatively thinand lack atunicamedia. Incontrast to
peripheral nerves, nerverootstend to have fewer numbers
of veins and tend toward a more spiraling course through

Pain Physician Vol. 5, No. 3, 2002



Gilchrist et al  Vascular Supply

the deeper portions of the nerve root (8).
NUTRITIONAL SUPPLY OF NERVE ROOT

As mentioned earlier, the nerve roots are unique in they
receive a dual nutrient supply (22, 23). The degree of
contribution of the CSF was only theorized upon until the
work of Rydevik et a (22) in 1984. In their study, they
compared the uptake of methyl-H-glucose in pigs by
performing concomitant intravenous and subarachnoid
injections. They discovered that the CSF contributed 58%
of theisotope, and theradicular vessels gave only 35% of
the labeled isotope (22). This finding stands in stark
contrast to the peripheral nerve, which receives 95% of
its nutritional supply from the arterial vessels (8). Ina
secondary analysisby Rydevik et a (22) sectionsof lumbar
nerve root and sciatic nerve were performed on pigs. A
microscopic analysis of capillaries was conducted.
Microscopically, the peripheral nerve demonstrated twice
the number of capillaries per field asthe nerveroot. This
study lends credenceto Rydevik’s other work that the CSF
contributes a significant portion of the nutrient supply to
the nerve root (22). In support of Rydevik’s studies is
more recent works published study performed by
Yoshizawaet al (27). They documented flow of CSFinto
the subarachnoid space and endoneurium of the nerveroot.
Interruption of the CSF flow through the pial-root sheath
may cause potential ischemia to the nerve root. This
interruption most likely would be due to either an acute
compressive phenomenon or chronic fibrosis of the pial-
root sheath secondary to chronic inflammatory changes
(28). In both instances surgical decompression is a
possible option for early treatment in the injury process.
Nerve root steroid injection may also play arole in
preventing the cascade of inflammatory eventsthat result
in fibrosisformation. More anatomic studies are needed
to investigate the prevalence of fibrosis of the pial-root
sheath in patients with chronic low back or leg pain
complaints.

DIRECTION OF ARTERIAL FLOW

Until recently, it was generally accepted that arterial flow
through the lumbar nerve roots occurred toward the spinal
cord (8). Parke et al (7), in 1981, was one of the first to
establish adual arterial supply of the lumbar nerveroots.
A proximal radicular artery gives blood flow in a distal
direction from the cord towards the spinal nerve.
Concomitantly, a distal radicular artery provided blood
flow in aproximal direction toward the cord. An area of
hypovascularity was noted in the proximal third of the

291

nerveroot. Thisdiscovery led the authorsto postulate on
the possibility of a “watershed area,” which could be
responsible for the neuroischemic manifestations of
compressive phenomenon involving the lumbar nerveroot
(7). Other later studieswere unableto reproducethisarea
of hypovascularity (5,28). Kobayashi et al (28) in 1989
injected Indiaink into the aorta of dogsand obtained high-
speed serial photographs of surgically exposed lumbar
nerve roots. Through the use of serial photography they
were able to document cephal ad arterial flow inthe distal
extradural root and caudal flow from the proximal radicular
arteries. Compression of proximal arterial flow caused a
marked compensatory response from the distal ascending
arterial flow. Thedistal flow was noted to extend beyond
its' normal boundaries and give blood supply to the more
proximal nerve root segments. In addition, complex,
intricate networks of intrinsic arteries were noted
throughout the substance of the nerve. The presence of
these intrinsic vessels prevents development of a
“watershed area’ in the proximal third of the nerve root.
A more recent study by Kobayashi et al (29) in 2000
examined nerveroot circulation using seriography inlive
dogs. They injected 3cc of Indiaink through an aortic
catheter to determine direction of blood flow in vessels
running along the roots. Once completed, the nerve root
was then compressed to evaluate for any compensatory
flow adaptations. Finally, 300 mL of Indiaink wasinjected
through the aortic catheter and the nerve root vascular
structures were observed under a stereoscopic microscope.
The dogs were then sacrificed and nerve roots were
harvested to undergo Spalteholz technique preparation.
The specimens were then analyzed under a stereoscopic
microscope (29). After Indiaink injection therewas caudal
and cephalad arterial flow observed. The main vessels
identified were the proximal and distal radicular arteries.
Merging of thetwo arterial flowswas seen to occur at the
bundling of the nerveroot filamentsjust lateral to the edge
of the spinal cord. A potential watershed areawas seen to
exist at this site of merging. Clamping of the nerve root
near the inlet of the dural sleeve resulted in reversal of
normal blood flow. This compensatory response by the
proximal radicular artery isprobably achieved through the
watershed areaby of numerousintra-radicular connections.
Inthe case of compression, these arterial connectionswere
seldom seen to be affected (29).

The presence of thisdual flow pattern makes compression
of the distal radicular artery less likely to be a cause of
ischemic spinal stenosis symptoms. In addition, thewalls
of the radicular arteries are thick and resistive to
compression, and the arterial flow isunder ahigh-pressure
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system. These secondary factorsaid in maintaining their
patency and preventing ischemiato the nerve roots.

A more likely cause of impairment in blood flow is
disruption of venousflow in the nerveroot. Theveins of
the nerve root have thin walls and are under much lower
flow pressures, thereby making them more apt to
deformation from compressive forces than their
neighboring root arteries (30, 31). This impairment in
venous flow causes resultant edema of the surrounding
nerveroot (32). Blood flow throughintrinsic vesselsand
surrounding CSF flow is subsequently arrested dueto this
edema and ischemia of the nerve root results (32, 33).

CONCLUSION

The vasculature of nerve roots has gone relatively
unexplored until the latter half of the twentieth century.
Around that time, the diagnosis of lumbar spinal stenosis
was postulated leading to an increased focus on the
vascular anatomy of the lumbar nerveroots. Sincethena
number of morphologic studies have been ableto establish
the presence of adual arterial blood supply to the nerve
roots. More recent studies have shown that compression
of proximal or distal radicular vesselsiswell compensated
by flow of the opposing radicular artery. Dueto thisdual
blood supply, ischemic symptomsare unlikely to be caused
by compression of one of these arteries. The most popular
current theory of ischemic nerve root symptoms is via
vasogenic edemaof the nerveroot created by interruption
of venous flow. This edema subsequently prevents flow
of CSF, whichisresponsiblefor the majority of nutritional
supply to the nerve root.
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