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SPINAL ANATOMY
Oguz Aslan Ozen MD PhD, Ahmet Songur MD PhD

1. The Vertebral Column as a Whole 
The vertebral column is situated in the median line, 
as the posterior part of the trunk. It (backbone) con-
sists of a series of 26 individual irregular bones cal-
led vertebrae, separated by fibrocartilaginous in-
tervertebral discs and are secured to each other 
by interlocking processes and binding ligaments. 
There are 7 cervical, 12 thoracic, 5 lumbar, 5 fused 
sacral, and 4-5 fused coccygeal vertebrae (1-8). The 
vertebrae in the upper three regions of the column 
are known as true or movable vertebrae. Verteb-
rae enclose and protect the spinal cord, support the 
head and upper extremities while permitting free-
dom of movement, articulate with the rib cage, and 
provide for the attachment of various muscles and 
visceral organs (5,9,10). The fibrocartilaginous interver-
tebral discs lend flexibility to the vertebral column 
and absorb vertical shock. This structural arrange-
ment permits limited movement between adjacent 
vertebrae but extensive movement for the vertebral 
column. The lateral opening windows between the 
vertebrae are called intervertebral foramina that al-
low passage of spinal nerves (10,11). The vertebral co-
lumn presents several curves. Viewed laterally, the 
cervical, thoracic, lumbar curves are called by the 
type of vertebrae they include (Figure 1). The cer-
vical curve begins from apex of the odontoid pro-
cess, continues to the middle of the second thoracic 
vertebra. The thoracic curve begins from middle of 
the 2nd, continues to the middle of the 12th thoracic 
vertebra. The lumbar curve begins at the middle 
of the last thoracic vertebra, ends at the sacrover-
tebral angle. The pelvic curve (sacral curve) is for-
med by the shape of the sacrum and coccyx. The 

curves play an important functional role in incre-
asing the strength and maintaining the balance of 
the upper part of the body; they also make possible 
a bipedal stance. The four vertebral curves are not 
present in an infant. First, the cervical curve be-
gins to develop at about 3-4 months. The lumbar 
curve develops as a child begins to walk. The ver-
tebral canal follows the different curves of the co-
lumn (3,5,6,10-12).

2. General Characteristics of 
Vertebrae

The vertebrae are similar in their general characte-
ristics from one region to another. A typical vertebra 
consists of two essential parts, an anterior segment, 
drumshaped body, and a posterior part, the verteb-
ral or neural arch. These formed the vertebral fora-
men, through which the spinal cord passes. The ver-
tebral arch consists of two supporting pedicles and 
two arched laminae. Seven processes arise from the 
vertebral arch of a typical vertebrae: one spinous pro-
cess, two transverse processes, four articular proces-
ses (4,8,10) (Figure 2).

Between the pedicles of adjacent vertebrae are the 
intervertebral foramina, one on either side, for the 
transmission of the spinal nerves and vessels (4,8,10). 

The body (corpus vertebræ) is the largest part 
of a vertebra. Its upper and lower surfaces give at-
tachment to the intervertebral fibrocartilages. The 
pedicles (radices arci vertebræ) are two short, thick 
processes, which project backward, one on either 
side, from the upper part of the body. The laminae 
are two broad plates directed backward and medi-
alward from the pedicles. Their upper borders and 



Spinal Anatomy

M
in

im
al

ly
 In

va
si

ve
 P

ro
ce

du
re

s 
In

 S
pi

ne
 S

ur
ge

ry

8

Figure 1:  
Vertebral Column (lateral view).
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the lower parts of their anterior surfaces are rough 
for the attachment of the ligamenta flava. The spi-
nous process (processus spinosus) protrudes back-
ward and downward from the vertebral arch. The 
transverse processes (processus transversi) extend 
laterally from each side of a vertebra at the point 
where the lamina joins the pedicle. The spinous pro-
cess and transverse processes serve for the attach-
ment of muscles and ligaments. Two superior and 
two inferior articular processes limit twisting of the 
vertebral column (4,5,8,10,12). 

3. Regional Characteristics of 
Vertebrae

3.a. Cervical Vertebrae (Vertebrae Cervicales)
The bone tissue of cervical vertebrae is more dense 
than that found in the other vertebral regions, and 
the cervical vertebrae are the smallest of the true 
vertebrae. The seven cervical vertebrae support the 
head. Cervical vertebrae are distinguished from those 
of the thoracic or lumbar regions by the presence of 
a transverse foramen (foramen transversarium) in 
each transverse process. The vertebral arteries, ve-
ins and a plexus of sympathetic nerves pass thro-
ugh this opening in the upper six vertebrae. Cer-
vical vertebrae (C2–C6) generally have a short and 
bifid, the two divisions be-
ing often of unequal size, 
spinous process. The bi-
fid spinous processes inc-
rease the surface area for 
attachment of the nuc-
hal ligament (ligamentum 
nuchæ). The first cervical 
vertebra (atlas) has no 
spinous process, is ring-
like, and consists of an 
anterior and a posterior 
arch. The spinous process 
of 7th cervical vertebra 
(vertebra prominens) is 
not bifid and is more pro-
minent than those of the 
other cervical vertebrae. 
The atlas has no body, 
but it does have a rudi-
mentary spinous process 
called the posterior tu-

bercule. The tiny size of this process prevents any 
interference with movements between atlas and 
skull. It also has cupped superior articular surfa-
ces that articulate with the oval condyles of the oc-
cipital bone, and are admirably adapted to the nod-
ding movements of the head. The second cervical 
vertebra is named the axis (C2). It forms the pivot 
upon which the atlas rotates. It has a strong odon-
toid process which rises perpendicularly from the 
upper surface of the body for rotation with the atlas 
in turning the head from side to side (4,5,8,10,12).

3.b. Thoracic Vertebrae (Vertebrae 
Thoracales)

Thoracic vertebrae are intermediate in size between 
those of the cervical and lumbar regions and articu-
late with the ribs to form the posterior anchor of the 
rib cage. Twelve thoracic vertebrae are larger than 
cervical vertebrae and increase in size from above to 
downward, the upper vertebrae being much smal-
ler than those in the lower part of the region. They 
have facet joints on the posterolateral sides of the bo-
dies for articulation with the heads of the ribs. The 
tubercles of the ribs also articulates with the trans-
verse processes of the vertebra. The 11th and 12th tho-
racic vertebrae have articulation area with the ribs on 
the transverse processes. Thoracic vertebrae have a 
long, directed obliquely downward spinous process. 

Figure 2:  
Thoracic vertebra (superior view).
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The bodies resemble respectively those of the cervi-
cal and lumbar vertebrae at the ends of the thoracic 
region. They are heart-shaped in the middle of the 
thoracic region (4,5,8,10,12).

3.c. Lumbar Vertebrae (Vertebrae Lumbales)
The five lumbar vertebrae are the largest segments 
of the movable part of the vertebral column, and ea-
sily identified by their heavy bodies, the absence of 
a foramen in the transverse process and thick, blunt 
spinous processes. Their articular processes are also 
distinctive in that the facet articulation surface of the 
superior articular processes look backward and me-
dialward and the facet articulation surface of the in-
ferior articular processes are directed forward and 
lateralward (4,5,8,10,12).

3.d. Sacrum (os sacrum)
The sacrum is a large, triangular bone, situated in 
the lower part of the vertebral column and provi-
des a strong foundation for the pelvic girdle. It con-
sists of five sacral vertebrae which are united in the 
adult. The sacrum has an ear-shaped, extensive au-
ricular surface on each lateral side for the formation 
of a sacroiliac joint with the ilium. A middle sacral 
crest (crista sacralis mediana) is formed along the 
posterior surface (facies dorsalis) by the fusion of 
the rudimentary spinous processes. Lateral to the 
articular processes are the four posterior sacral fo-
ramina on either side of the crest allow for the pas-
sage of posterior divisions of the sacral nerves from 
the spinal cord. The sacral canal (canalis sacralis) is 
the triangular cavity within the sacrum that is conti-
nuous with the vertebral canal. Paired superior arti-
cular processes are oval, concave, directed backward 
and medialward. They articulate with the 5th lumbar 
vertebra, occur from the roughened sacral tuberosity 
along the lateral surface. The smooth, concave ante-
rior surface (facies pelvina) of the sacrum forms the 
posterior surface of the pelvic cavity. Its middle part 
is crossed by four transverse ridges denoting the fu-
sion of the vertebral bodies. At the ends of the rid-
ges are the paired anterior sacral foramina. The an-
terior and upper margin of the anterior surface of 
the sacrum, is known as the sacral promontory, is 
an important obstetric landmark for pelvic measu-
rements (4,5,8,10,12).

3.e. Coccyx
The triangular coccyx (tailbone) consists of three to 
five fused rudimentary vertebrae. The first and lar-
gest coccygeal vertebra commonly is not fused with 
the second vertebra. It has two long coccygeal cor-
nua, which are attached by ligaments to the lower 
end of the sacrum (4,5,8,10,12).

4. Spinal Cord (Medulla Spinalis) 
Spinal cord which is the part of central nervous sys-
tem (CNS) lies within the vertebral canal. Its average 
length is 42-45 cm, its diameter 1 cm, its weight 30 
g and it constitutes 2% of the CNS. Spinal cord ex-
tends from the upper border of atlas to the lower bor-
der of first lumbar (L1) vertebra in males, to the mid-
dle level of second lumbar (L2) vertebra in females. 
It may extend to the lower border of third lumbar 
(L3) vertebra in newborns. It is continuous rostrally 
with the medulla oblongata and caudally with the 
filum terminale (1,2,7). 

The spinal cord is enclosed by vertebral column, pe-
riosteum, fat and connective tissue, dura mater, arach-
noid mater and pia mater. These three membranes 
are continuous with the cranial meninges. The space 
between periosteum and spinal dura mater is called 
epidural space (cavum epidurale) and, similarly, the 
space between spinal dura mater and spinal arach-
noid mater is called subdural space (cavum subdurale) 
and merely being potential. The subarachnoid space 
(cavum subarachnoidea) lies between spinal arach-
noid mater and spinal pia mater and it contains ce-
rebrospinal fluid (CSF). It is clinically important be-
cause of lumbar puncture (2,7,9,10) (Figure 3). 

Vertebral column: It consists of 33-34 vertebras 
(7 cervical, 12 thoracic, 5 lumbar, 5 sacral, 4-5 coccygeal) 
which are united by 23 intervertebral discs. Its aver-
age length is 70 cm in males and 60 cm in females. 
Spinal cord lies in the vertebral canal which is located 
in the middle of vertebral column (5,10,12).

Spinal dura mater: It extends from foramen mag-
num to the second sacral vertebra. Spinal cord is en-
closed in a tube shaped dura mater. The lower end 
descends to the coccyx forming a fibrous band (coc-
cygeal ligament)  (1,2,7). 

Spinal arachnoid mater: It lies deep to spinal dura 
mater and extends to the S2 vertebra (1,2,7). 
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Spinal pia mater: It is firmly united to the surface 

of spinal cord and continuous with the cranial pia 
mater. It divides into two layers called lamina externa 
and lamina interna. The lamina interna closely invests 
the spinal cord. The lamina externa forms the dentic-
ulate ligaments which lie on each side of spinal cord 
and connect the spinal cord with the dura mater. It 
has bow shaped recesses at the levels of the spinal 
nevre roots. There are 21 pairs of denticulate liga-
ments. They protect the spinal cord during move-
ment by connecting it to the dura mater (1,2,7).

4.a. External Features
Spinal cord is divided into five parts, namely cervi-
cal, thoracic, lumbar, sacral and coccygeal. There is an 
enlargement each in cervical and lumbosacral parts. 
Cervical enlargement (intumescentia cervicalis) is lo-
cated between C3 and Th2 vertebrae. Lumbosacral en-
largement (intumescentia lumbosacralis) extends from 
Th9-10 to L1-2 vertebrae. Spinal nerves (brachial and lum-
bosacral plexus) which emerge from these enlarge-
ments innervate upper and lower extremities. The 
cervical enlargement is 38 mm and lumbosacral en-
largement is 35 mm width (1,2,7,9,10).

The lower termination of spinal cord is called co-
nus medullaris due to its shape which resembles a cone. 
Enlargement of the central canal at the end of the co-
nus medullaris is called terminal ventricle (ventriculus 
terminalis). The structure which descent from apex of 
conus medullaris and attaches to the base of coccyx 
is called filum ter-
minale. It consists of 
spinal pia mater su-
perficially and neuro-
glial elements which 
lie deep to the pia 
mater. Its average 
length is 20 cm and 
the part which ex-
tends to the S2 ver-
tebra is enclosed in 
spinal dura mater 
(filum terminale in-
ternum, piale). The 
central canal is con-
tinued into filum for 
5-6 mm. A capacious 
part of subarachnoi-
dal space surrounds 
the filum terminale 

internum; it is site of election for spinal (lumbar) punc-
ture. The part which lies distal to this level fuses with 
investing dura mater (coccygeal ligament) and is called 
filum terminale externum. Since the spinal cord ends at 
the level of L1 vertebra, nerve roots below this level 
descend as a collection of fibers (approximately 10-23 
cm) before passing through intervertebral foramina. 
This structure resembles a horse tail and therefore it 
is called cauda equina (1,2,7,9,10).

Spinal cord has four aspects. Anterior median fis-
sure is deep longitudinal fissure (average depth is 3 
mm) along to the anterior aspect. Posterior median 
sulcus and posterior median septum which is a contin-
uation of the posterior median sulcus is present in 
the posterior aspect of spinal cord. Two structures 
seperate the spinal cord into right and left halves. 
Also there are two sulci in each half, one of them 
is the anterolateral sulcus (shallow furrow occasionally 
present) and the other is posterolateral sulcus. Ven-
tral roots of spinal nerves (radix anterior) emerge 
from anterolateral sulcus and dorsal roots of spi-
nal nerves (it is strictly rootlets and called radix poste-
rior) enter the cord along the posterolateral sulcus. 
The anterolateral sulcus and the posterolateral sul-
cus divide each half of the spinal cord into three 
parts which are anterior funiculus, lateral funiculus 
and posterior funiculus (1,2,7,9,10).

There is a third sulcus, posterior intermediate sulcus, 
which extends rostrally along the posterior aspect of 

Figure 3:  
Vertebra and spinal cord (section through lumbar vertebra).
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spinal cord and it is seen in the cervical and upper 
thoracic segments. It divides the area between pos-
terolateral sulcus and posterior median sulcus into 
two parts which are fasciculus gracilis (medial) and 
fasciculus cuneatus (lateral) (1,2,7,9,10).

We mentioned above that sensorial fibers enter 
the spinal cord via the radix posterior (sensoria) and 
motor fibers emerge from radix anterior (motoria). Both 
of the roots unite in the intervertebral foramen to 
form spinal nerve. There are 31 pairs of spinal nerves. 
They are named according to the level where they 
leave the intervertebral foramen. The region of spi-
nal cord associated with the emergence of a pair of 
spinal nerves is called a spinal segment. There are 8 
cervical, 12 thoracic, 5 lumbar, 5 sacral and 1 (or 3) 
coccygeal segments (1,2,7,9,10).

Spinal nerve: It is approximately 2-2.5 cm long 
and contains mixed type fibers. It divides into ventral 
(anterior ramus) and dorsal (posterior ramus) branches 
just after leaving the intervertebral foramen. Ven-
tral branches are larger and connect to form plex-
uses. Dorsal branches are smaller and innervate the 
muscles of the posterior regions and the related cu-
taneous areas (1,2,7). 

Spinal ganglion: It is a group of neurons where 
sensorial fibers in the spinal nerve make synapses in 
radix posterior (1,2,7).

4.b. Internal Structure
Spinal cord consists of the outside myelin-rich white 
matter (substantia alba) and inside myelin-poor gray 
matter (substantia grisea).

White matter (substantia alba): It contains glia 
cells and myelinated nerve fibers which are also 
called tractus or fasciculus. It completely surrounds 
the gray matter and contains nerve pathways. The 
area between anterior median fissure and anterior 
horn is called funiculus anterior. Funiculus posterior is 
situated between the posterior horn and posterior 
median septum (1,2,7,10). 

The area between ventral and dorsal horns is 
called funiculus lateralis. Anterior white commissure 
(commissura alba anterior) and posterior white com-
missure (commissura alba posterior) connect the left 
and right white matter (1,2,7,10). 

Gray matter (substantia grisea): It contains neu-
ronal cell bodies and dendrites. In transvers section, it 
is butterfly or H shaped and has a ventral projection 

called cornu anterior and a dorsal projection called cornu 
posterior on each side. The two hornes lie throughout 
the spinal cord and form gray collums (1,2,7,10). 

Ventral horns (or ventral gray column) are the site of 
origin of somatomotor fibers. Dorsal horns (or dorsal 
gray column) are the place where sensorial fibers form 
synaptic connections. A mass of gray matter which is 
called pars intermedia connects dorsal and ventral horns. 
Anterior and posterior gray commissures connect 
pars intermedia of left and right sides (1,2,7,10) (Figure 3).

A lateral horn (or lateral gray column) is present 
between Th1 and L2(3) spinal segments. This lateral 
horn (columna intermediolateralis) consists of 14 seg-
ments and it is the site of origin of sympathetic fi-
bers. First 4 segments are called centrum ciliospinale 
(center of Budge) and it is the site of origin of the sym-
pathetic fibers innervating the structures in the neck 
and above this level (1,2,7,10). 

In the centre of the spinal gray matter, a canal 
which is called central canal extends along the spinal 
cord. It contains cerebrospinal fluid (CSF) and origi-
nates as a continuation of 4th ventricle and, rostrally, 
it extends into the filum terminale and terminates af-
ter a course of 5-6 mm. It is oblitered remains of the 
embryonic neural tube lumen (1,2,7,10).

Substantia geletinosa centralis is a narrow zone 
around the central canal with processes from ependy-
mal cells. Anterolateral nucleus is situated antero-
laterally in the anterior horn. It is localized in seg-
ments C4-8 and L2-S1 and innervates the muscle of 
the limbs (1,2,7,10).

Spinal laminae (Rexed’s laminae): The spinal 
gray matter is divided into 10 laminae on the basis 
of neuronal size, shape and density. These laminae, 
with not so well defined boundaries, are numbered 
dorsoventrally using roman numerals. They are not 
of much clinical use.

Spinal lamina I: Marginal nucleus.
Spinal lamina II: Gelatinous substance (substantia 

gelatinosa). It is glassy substance above the apex of 
the posterior horn. It consist primarily of glia and 
small ganglion cells.

Spinal lamina III-IV: Nucleus proprius. These 
four laminae contain synapses of cutaneous senso-
rial fibers

Spinal lamina V-VI: They contain synapses of pro-
prioceptive afferent fibers and fibers from motor cor-
tex. They play a role in movement regulation.
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Spinal lamina VII: It has connections with mes-

encephalon and cerebellum. It is involved in the 
regulation of posture. There are also sympa-
thetic (nuc. intermediolateralis, nuc. intermediome-
dialis, nuc. thoracicus posterior) and parasympa-
thetic (nuc. parasympathici sacrales) nuclei located 
in this lamina. 

Spinal lamina VIII: It contains interneurons. It con-
nects with especially neurons in the ventral horn 
(Lamina IX).

Spinal lamina IX: It contains alpha motor neurons 
and which innervate skeletal muscles, gama motor 
neurons which innervate intrafusal muscle fibers 
and interneurons.

Spinal lamina X: A part of sensorial fibers form 
synapses here (1,2,7,9,10).

There are three kinds of cells in gray matter:
a) Funicular cells: These are afferent (receptor) cells 

which extend from gray matter to white matter.
b) Radicular cells: These are efferent cells which ex-

tend to spinal nerves. 
Renshaw cells: They are located in the ventral horn 

and depending on the aim of movement. They 
regulate the number of muscle fibers which are 
to take part in the movement

c) Inner cells: They do not extend out of the gray 
matter and they form connections between neu-
rons.

- Association cells: They lie sagitally in the same 
segment.

- Comissural cells: They lie transversally in the 
same segment and connect the gray matters 
of each side.

- Projection cells: They lie vertically and extend 
to other segments (1,2,7).

4.c. Vessels
Arteries: The spinal cord is mainly supply from spi-
nal branch of vertebral, deep cervical, intercostals 
and lumbar arteries. These arteries form longitudi-
nal channel along the spinal cord (1,2,7,10). 

Vertebral artery: It is the largest branch of subcla-
vian artery which originates from the first part of 
this artery. It courses upwards through the foramen 
transversarium above the C6 vertebra and enters the 
cranium through the foramen magnum. Two of its 
branches are related to the spinal cord:

1- Anterior spinal artery: It is formed by the fusion 
of two trunks which originate from vertebral arter-
ies just before they join to form basilar artery. It de-
scends in the anterior median fissure and extends to 
the conus medullaris. It supplies the anterior 2/3 of 
the spinal cord (1,2,7,10).

2- Posterior spinal arteries: It is formed by the poste-
rior branches of vertebral arteries at the level of medulla 
oblongata. Unlike the anterior spinal artery, it descends 

as two seperate trunks 
along the posterior sur-
face of the cord. It sup-
plies the posterior 1/3 of 
the spinal cord (1,2,7,9,10).

Spinal branches (rr. spi-
nales): They originate from 
neighboring arteries (a. 
cervicalis ascendens, a. cer-
vicalis profunda, aa. inter-
costales posteriores, aa. lum-
bales ve a. sacralis lateralis). 
These segmental arteries 
enter the vertebral canal 
through the intervertebral 
foramina and then divide 
into peripheral and neu-
ral branches. The neural 
branch pierces the spi-
nal dura mater and di-

Figure 4:  
Spinal cord (anterior view).
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vides into anterior (rr. radiculares anterior) and pos-
terior radicular (rr. radiculares posterior) which follow 
the nerve roots. The posterior radicular arteries sup-
ply the dorsal root ganglion. These terminal branches 
anastomose with anterior and posterior spinal arter-
ies and form a vascular plexus called arterial vasoco-
rona (1,2,7,9,10).

Veins: Spinal veins drain into six tortuous lon-
gitudinal channels. They run along the arteries and 
also connect together freely and form a venous plexus 
called venous vasocorona. These drain into the epidu-
ral venous plexus via anterior and posterior radic-
ular veins. Epidural venous plexus (plexus venosus 
vertebralis externus anterior at posterior) joins with ver-
tebral vein, sigmoid sinus and occipital sinus at the 
level of foramen magnum (1,2,7,9,10).

4.d. Functions 
1- To transmit all sensory information (except cranial 

nerves) coming from the body.
2- To transmit the somatomotor stimuli coming from 

encephalon to target organs.
3- To provide autonomic innervation.
4- Reflex responses: The stimuli which are gener-

ated at the receptors in muscles, joints or skin 
are processed in the spinal cord without trans-
mission to higher levels control and the motor 
response which is activated as a result of this is 
called spinal reflex. It may be either monosynap-
tic or polysynaptic depending on the number of 
interneurons involved (1,2,7,9,10).
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