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ABSTRACT

BACKGROUND

Spinal cord is situated within the vertebral canal extending from the lower end of the medulla oblongata at the upper border of
first cervical vertebra. In early foetal life, it extends throughout the length of the vertebral canal, and at the time of birth, it
reaches the level of third lumbar vertebra. In adult, it ends at the lower border of first lumbar vertebra and thereafter continued
as filum terminale, which gets attached to tip of coccyx. Spinal cord is covered by three protective membranes called spinal
meninges, diameter, arachnoid and pia mater. The diameter and arachnoid mater extent up to second sacral vertebra and the
pia mater forms filum terminale and extend at the tip of coccyx.

MATERIALS AND METHODS

Forty spinal cord cadaveric specimen were studied by dissection method after exposing the vertebral canal. The roots of spinal
nerve were sectioned on both sides and the cord is released along with its coverings. The dura and arachnoid mater were
incised longitudinally and the subarachnoid space, blood vessels, nerve roots, ligament denticulata, cervical and lumbar
enlargements were observed. The blood vessels including radicular arteries were also studied photographed.

RESULTS

The spinal cord is a highly vascular structure situated within the vertebral canal, covered by diameter, arachnoid mater and pia
mater. Spinal dura is thicker anteriorly than posteriorly. The pia mater forms linea splendens, which extend along the whole
length of the cord in front of the anterior median fissure. The average length of the cord is 38 cm. The length and breadth of
cervical enlargement was more compared to lumbar enlargement. The number of rootlets in both dorsal and ventral roots
accounts more in cervical compared to other regions of the cord. The ligament denticulata is a thin transparent bands of pia
mater attached on either sides of the cord between the dorsal and ventral roots of spinal nerves. The tooth like extensions are
well developed in cervical and upper thoracic region and become thin in the lower thoracic and lumbar regions. The last tooth
of the ligament elongated and tendinous. The cord was surrounded by rich vascular plexus and seen more towards the lower
and posterior aspect.

CONCLUSION

Spinal cord is a highly vascular neuronal structure situated within the vertebral canal covered with meninges and anchored by
ligamentum denticulatum on either sides. It has a unique vascular anatomy. The anterior and posterior radicular arteries provide
very crucial role in the vascular supply of the cord. Arteria radicular magna was observed in 70% of specimens, of which 50%
at T11 segmental level. A profuse vascular anastomosis was observed around the cord between the branches of anterior and
posterior spinal arteries supplemented by radicular arteries in the lumbar and sacral segments of the cord.
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BACKGROUND

The spinal cord is a cylindrical cord like structure occupying
in the anterior two thirds of the vertebral canal covered by
meninges. The spinal diameter appears to be thicker
anteriorly than the posterior aspect and extend up to the
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level of second sacral vertebra. The arachnoid was found to
be thin and transparent and also extend up to second sacral
vertebra. The subarachnoid space contained one anterior
spinal artery in relation to the anterior median fissure and
two posterior spinal arteries in the poster lateral sulcus. The
lower part of the cord is surrounded by vascular plexus. The
subarachnoid space surrounding cauda equina is enlarged to
form lumbar cistern. The pia mater is modified to form 21
pairs of tooth-like extensions named ligamentum
denticulatum, which helps to anchor the cord to inner
surface of the dura. These triangular process were emerged
between the dorsal and ventral roots. They are small and
numerous at cervical level and large and less numerous at
thoracic levels. In the lower thoracic regions, it get attached
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to dura by fibrous bands. There are school of thought that
anterior and posterior nerve roots were affected by
abnormal tension in the ligament.! The average length of
filum terminale measures about 18 cm length in adult and 5
cm at birth and provides a connecting link between conus
medullaris and coccyx, which stabilises the entire cord. The
spinal nerves were formed by anterior and posterior roots,
which are made up of 10-12 rootlets and passes through the
intervertebral foramen. The lower lumbar sacral and
coccygeal roots are long and forms cauda equina and
together with filum terminale occupies inside the lumbar
cistern. A condition called cauda equine syndrome in which
any compression may cause radicular pain, bowel/bladder
dysfunction and saddle anaesthesia of the lower extremities
weakness at the level of lumbar and sacral roots. The spinal
accessory nerve arises by rootlets from the sides of the cord
from upper 4-5 spinal segments. There are five longitudinal
arteries around the cord formed from spinal arteries,
reinforced by spinal twigs from segmental arteries. These
radicular arteries are large at first thoracic and eleventh
thoracic levels and called arteries of Adamkiewicz. These
radicular arteries are important in the vascular supply of the
cord.2 Any damage to Adamkiewicz artery will result in
decreased perfusion of thoracoabdominal region of spinal
cord due to the lack of collateral blood flow and poor
anastomosis to this region.3

MATERIALS AND METHODS

Spinal cord was studied by exposing the vertebral canal
during routine dissection classes. Forty specimens including
four full-term foetuses were subjected to the study. Roots of
spinal nerves were sectioned on both sides and the cord was
isolated along with the meninges. The diameter was
inspected and cut longitudinally along its length and visualise
the arachnoid mater, blood vessels, nerve roots of spinal
nerve and origin of spinal accessory nerve. The ligamentum
denticulatum were numbered and observed its attachments.
The conus medullaris and filum terminale were also studied.
The weight and length of the cord were measured. The
length and breadth of cervical and lumbar enlargements
were measured and tabulated. The anterior spinal arteries,
posterior  spinal arteries, radicular arteries and
corresponding veins were observed and photographed.

OBSERVATIONS AND RESULTS

The spinal cord is an elongated neuronal cord with a minimal
flattening anteroposteriorly and lodged within the upper
two-thirds of the vertebral canal in close contact with the
anterior aspect of the vertebral column covered by
meninges. The cord was anchored by the roots of spinal
nerves on either side and by the attachment of filum
terminale to the coccyx (Figure 1).
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Figure 1. Showing Cauda Equina and Filum Terminale

The average weight measured was 30 g and length 38
cm. The filum terminale having a length of 19.5 cm and
passing through sacral canal along with coccygeal nerve and
attached to tip of coccyx. It was thin and straight in 80% of
specimens, whereas in 20% of cases, it was fairly thick and
fleshy. The dura mater was found to be thicker in the
anterior lateral aspects of the cord and is thin posteriorly.
The spinal cord is surrounded by vertebral venous plexus
surrounding the anterior and posterior aspects within the
vertebral canal (Figure 2). The arachnoid mater was very
thin and transparent. The pia mater is closely adherent to
the substance of the cord and modified to form a transparent
thread-like structure called linea splendens that extend
along the anterior median fissure throughout the length of
the cord. The ligamenta denticulata were seen as two
transparent bands of pia mater on either side of the cord
(Figure 3) extending between the anterior and posterior root
of spinal nerves. Twenty one pairs of tooth-like processes
were seen extending from it to get attached to the inner
surface of the dura mater. This triangular extensions were
small and more numerous at the cervical level and less in
number at the thoracic level. The tooth becomes more
elongated and thread like when reached the lower part of
the cord measuring about 21-26 mm length. The filum
terminale also appears to be a thin thread-like structure in
80% of cases (Figure 4), whereas in 20% cases, it was found
to be cord like resembling whip-like structure (Figure 5)
accompanied by terminal part of anterior spinal artery.
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Figure 4. Showing Filum Terminale
(FT) with Coccygeal Nerves
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Figure 5. Showing Filum Terminale
Embedded among the Cauda Equina
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Figure 6. Showing the Spinal Cord of Full-Term Foetus
Exposing Cauda Equina and Filum Terminale (FT)
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Figure 7. Showing Vascular Plexus

Figure 8. Showing Adamkiewicz
Artery (Arteria Radicularis Magna)

i PSA

Figure 9. Showing Tortuous
Posterior Spinal Arteries (PSA)
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Figure 11. hog Posterior Radicular
Arteries (PRA) at L1 and T11 joining
with Posterior Spinal Artery (PSA)
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. ASA
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Figure 12. Showing Anterior Spinal Artery
accompanied by Descending Branch of AKA

The conical lower end of the spinal cord forms conus
medullaris, which gives origin to three to four filaments of
coccygeal nerves (Figure 4). In this study, it was found that
the length of filum accounts for half of the total length in
adults, whereas in newborn (Figure 6), it measures only one-
third of the total length and made up of dense connective
tissue covered by pial sheath.

Group I |Group II | Group III Group IV
Length (cm) 30-35 | 36-40 41-45 | 45-50

Number of cases 3 27 10 0

Table 1. Showing Length of Spinal Cord Group I-1IV

In the present study, the specimens are grouped into
three according to the length (Table 1) and it was found that
90% (27 cases) belongs to the category of group II having
a length of 36-40 cm. The average length of filum terminale
was 18 cm and appears as fibrous thread-like structure
throughout the length. In two specimens (5%) cases, it
appears to be thick and cord like resembling a whip-like
structure. The anterior spinal artery accompanies it at the
terminal end.

Group I Group II Group III
Length (cm) | Diameter (cm) | Length (cm) | Diameter (cm) | Length (cm) | Diameter (cm)
Cervical enlargement 5.5 1.4 6.9 1.3 7.2 1.3
Lumbar enlargement 4.8 0.8 5.4 1.1 5.3 1.1

Table 2. Showing Dimensions of Cervical and Lumbar Enlargement

The cervical enlargement is more compared to lumbar
enlargement in length and diameter. Measures about 7 cm
length and 1.4 cm thickness. The lumbar enlargement was
found to be 5.5 cm in length and 1.1 cm thickness (Table 2).
It was observed from the present study that as the length
of the cord increases, the dimensions also increased. The
spinal nerves are seen arising from the cord by two roots,
anterior and posterior by the fusion of rootlets. The rootlets
are multiple (12-16) in the cervical enlargement and lesser
in number in the lumbar enlargement. Cervical enlargement
formed by C3-T2 spinal segments and lumbar enlargement
by L1-S3 segment. The spinal accessory takes origin from
upper four cervical segments in all cases.

Blood supply of spinal cord arise from one anterior and
two posterior spinal arteries supplemented by segmental or
radicular arteries. The anterior spinal artery is single and
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straight, arise from vertebral arteries by two roots and join
together to form single vessel in all cases. It runs through
the anterior median fissure lying in front of linea splendens
and extend up to the tip of coccyx. The segmental arteries
are 8-10 in number, which divides into anterior and posterior
radicular arteries. The anterior radicular arteries runs along
with anterior root of spinal nerves and enters vertebral canal
and joins with anterior spinal artery. It forms plexus around
the anterior aspect of the cord along with accompanying
veins. This plexus are more pronounced on the lower
thoracic and lumbar segments of the cord (Figure 7). The
anterior radicular arteries are larger in size and is called
arteria radicularis magna (artery of Adamkiewicz) was found
in 70% of total specimens. The present study shows that
50% of these arteries were found at the level of T11. The
arteria radicularis magna were also observed at T1, T10, T12
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and L1 segments of the cord. The posterior radicular arteries
were seen at T11l segment level is 20% and this artery
having the same size as arteria radicularis magna was seen
on the left side (17.5%) at the same level (Table 3). It was
also observed that when anterior radicular artery is
prominent, the posterior radicular artery was thin or seen a
segment above or below (Figure 8).

The posterior spinal arteries are two in number, which
originates from the posterolateral aspects of the vertebral
arteries of right and left side and runs on posterolateral
aspects of the spinal cord. The arteries descends separately
in cervical region and at the lower end of the cervical
enlargement fuse to form plexus on the posterior aspects of
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the cord. The posterior spinal arteries are found to be
tortuous in its course (Figure 9) unlike anterior spinal artery,
which was straight in its course Figure (10). Single posterior
spinal artery was also found in 2 specimens (5%). The large
posterior radicular arteries was seen at level of L1 in 2
specimens (5%) in which large anterior radicular arteries
were also seen three segments above at T10 on the right
side (Figure 11). An arteria radicularis magna joins with
anterior spinal artery at T10 segment divides into an
ascending and descending branches (Figure 12) and the
descending branch accompanies anterior spinal artery up to
the tip of the coccyx.

Segment Right Right Left Left Total Total
Lgevel Antgrior Post%rior Percentage Anterior | Posterior Percentage Cases | Percentage |

T1 1 0 2.5% 0 3 7.5% 4 10%

T10 1 0 2.5% 1 0 2.5% 2 5%

T11 4 1 12.5% 16 7 57.5% 28 70%

T12 1 0 2.5% 2 0 5% 3 7.5%

LI 0 0 0 2 1 0 3 7.5%

Table 3. Showing the Percentage of Large Radicular Arteries at Different Spinal Segment

DISCUSSION cauda equina syndrome, there is compression of the roots

The spinal cord is an elongated cylindrical nerve cord
situated within the vertebral canal covered by three layers
of meninges. The spinal diameter is thick and is firmly
adherent to periosteum of foramen magnum above and
periosteum of the lower border of the second sacral vertebra
below. The extensions of the dura along the roots of spinal
nerves through the intervertebral foramen forms a thick
cuff-like investment over it and later fuses with the
epineurium of the spinal nerves. Unlike peripheral nerves,
cauda equina nerve roots lack perineurium to hold the
injured end together during attempts were made to suture
it.* The epidural anaesthesia is given to the space around
the dura and vertebral canal at a desired site in such a way
that the anaesthetic fluid diffuses through the dural sheath
and the nerve gets anaesthetised. The diameter invest the
cauda equina as a sac-like structure and loosely invest the
structures and subarachnoid space is ballooned out to form
lumbar cistern. The roots are ensheathed by thick dural
investment at the level of its exit at the corresponding
intervertebral foramen. There are school of thought that the
anterior and posterior nerve roots are affected by abnormal
tension in the ligamentum denticulatum, which are attached
to the inner surface of the dura mater. The high extensibility
of the ligament need less force to rapture them as its
strength is less in cervical region.” A longitudinal linear band
of pia mater, linea splendens runs along the anteromedian
fissure, which extend throughout the length of the cord and
support the anterior spinal artery.6 It is uniform in thickness,
seen as whitish shining fibrous membrane and can be easily
peeled off along with anterior spinal artery. The white matter
gradually ceases towards the end of spinal cord (Figure 6,
7) and gray matter blends into a single mass, the conus
medullaris. Below the conus, the pia mater is continued as
the filum terminale, which runs along with the lower spinal
roots and together forms the so called cauda equina. In
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of lower lumbar, sacral and coccygeal nerves by prolapsed
intervertebral disc or by extradural tumour and is
characterised by severe root pain, saddle anaesthesia, lower
motor neurone type of paralysis and late bowel and bladder
retention.” The compression of conus medullaris is usually
presented with sudden onset of low back pain and bowel
and bladder dysfunction and motor weakness. There may be
congenital abnormalities, e.g. spina bifida, lipomata or
diastematomyelia, the conus may extend below the lower
border of L1 often with a tethered filum terminale.® The
central herniation of the disc may compress the cord
segment itself, while the lateral herniation affect the roots
of spinal nerves.

The source of blood supply and distribution are constant
in most of the specimens. The cord depends on the three
longitudinal arterial channels, namely one anterior spinal
and two posterior spinal arteries supplemented by radicular
arteries. The radicular arteries of varying size and length
were seen embedded along with the nerve roots. They are
found in the lower cervical, lower thoracic and upper lumbar
regions and larger enough to reach the anterior median
fissure to anastomose with anterior spinal artery as
medullary feeder arteries. The present study also reveals
medullary feeder arteries in these regions and more on the
left side. The longitudinal arteries cannot supply the whole
length of the cord without the input from segmental
medullary feeder vessels, especially true of Adamkiewicz
artery in supplying lower part of the cord. A profuse
anastomosis was observed around the cord between the
branches of the anterior and posterior spinal arteries
supplemented by radicular arteries in the lumbar and sacral
segments of the cord. This observation of rich anastomotic
channels offer an alternative pathway for arterial flow under
conditions of stress.® The artery of Adamkiewicz, the large
anterior radicular artery was observed in 70% of the total 40
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specimens, of which 52.5% are found on the left side. It is
important to identify the location of AKA during surgical
treatment of aortic aneurysm to prevent damage, which
would result in insufficient blood supply to the spinal cord.!0

The arteria radicularis magna was also observed at T1
segment in 7.5% specimens (Table 2) on the left posterior
aspect joining with posterior spinal artery. The same
specimen shows arteria radicularis magna at T10 spinal
segment (Figure 11). The profuse anastomotic network of
vessels are observed more on the lower segments of the
cord especially more on the posteriomedian aspects suggest
the anastomose between branches of subclavian artery
cranially and hypogastric arteries caudally.!! This provide a
compensatory flow to the spinal cord whenever there occurs
occlusion of large caliber routes, but it was an established
fact that the central perforating and pial vessels, which
supply the cord are end arteries and there is no anastomoses
at the capillary beds.!2 There was a rich anastomotic circle
found within the spinal canal in the loose connective tissue
of extra dural space with greatest concentration in the
cervical and lumbar region. They are formed from the
branches of segmental arteries and offer alternative
pathways of flow in conditions of stress and after ligation of
segmental arteries of one side. A knowledge of blood supply
to the spinal cord is important when planning for the
treatment of diseases involving aorta. Anterior spinal artery
is crucial to the vascularisation of spinal marrow and anterior
and lateral funiculi. Anterior and posterior spinal arteries are
interconnected with ascending and descending branches of
radicular arteries.!3

CONCLUSION

The spinal cord can be damaged without any radiological
evidence of vertebral injury in site where vertebral canal is
narrowed as seen in thoracic region or due to osteoarthritic
changes, which is more in the cervical region. Direct or
indirect vascular lesions can cause ischaemic damage to
spinal cord. Thus, the inherent anatomic features of the cord
and vertebral canal makes the spinal cord more vulnerable
to compressive and ischaemic insult than other parts of
central nervous system. The cauda equina syndrome can
result due to spinal canal stenosis at lower level or extradural
tumour and disc prolapse. The present study reveals that
the arterial vasocorona is abundant in the lower segment of
the cord. The enlarged radicular arteries were seen in the
lower cervical and at first lumbar segmental level play an
important role in the vascular supply of the cord. Knowledge
of blood supply of human spinal cord is very essential in
operations for correction of severe scoliosis, since there is a
high incidence of paraplegia following surgical correction.
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