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•Vertebral column :also called the spine, backbone, or spinal column

•Functions to:
–Protect the spinal cord and spinal nerves
–Support the head, the trunk and the body
–Serve as a point of attachment for the ribs, pelvic girdle, and muscles
–Form the axis of the body
–Important role in posture
*facilitate movement 
*transmit body weight toward the lower limb 

[image: ]•Vertebrae and intervertebral discs (IVD) compose the vertebral column.
–Vertebral column ~ 72‐75 cm
–¼ of it is IVDs.

•The regions of vertebral column:

1-Cervical Region
–Cervical vertebrae (C1–C7)
–The atlas (C1) is the first cervical vertebra.
–The axis (C2) is the second cervical vertebra.
2-Thoracic Region
–Thoracic vertebrae (T1–T12)
–Articulate with the ribs.
3-Lumbar Region
–Lumbar vertebrae (L1–L5)
–Provide attachment for the large back muscles
4-Sacrum
–The sacrum is a triangular bone formed by the union of five sacral vertebrae    
(S1–S5) with aging.
–Serves as a strong foundation for the pelvic girdle.


5-Coccyx
–The coccyx, like the sacrum, is triangular in shape.
–It is formed by the fusion of usually four coccygeal vertebrae.




[image: ]Curves of the Vertebral Column:

• In newborn
• Single curve, concave anteriorly
*Lumbosacral angle appears during development.(between the lumber and the sacrum)

• In adult

1-Primary curves(concave anteriorly)
– Thoracic and sacral curves are formed
during fetal development.

2-Secondary curves(convex anteriorly)
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]**WHY are they formed? to help babies in walking and rising their head.
– Cervical curves is formed when infant raises head at 4 months.
– Lumbar curve  is formed  when infant sits up & begins to walk at 1 year.

*If we look at the vertebral column laterally we will see the curves but if we look at it posteriorly or anteriorly (2D image ) we will see it as a straight line.

Functions of vertebral column curves:
•Curves increase the column strength
•Help maintain balance in the upright position
•Absorb shocks during walking, and help protect the vertebrae from fracture (spring like structure,more flexible)
•Various conditions may exaggerate the normal curves of the vertebral
[image: ]column(pathologic)
(a)Scoliosis : the column is not straight line if we look at it posteriorly(2D).
 (b)kyphosis: thoracic curve is more concave anteriorly.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4](c)lordosis: lumber region is more convex anteriorly.

	



[image: ]Intervertebral Discs

>>It is a fibrocartilage ,softer than the bone so that  give flexibility to vertebral column. 
•Found between the bodies of adjacent vertebrae
•Thicker in cervical & lumbar regions (greatest movement).

•Functions to:
–Form strong joints.
–Permit various movements of the vertebral column.
–Absorb vertical shock.
[image: ]•Content :
1–Fibrocartilaginous ring (anulus fibrosus)
a-Concentric layers
b-Collagen bundles oriented in an alternative oblique directions (they are not in the same direction ,they are crossing each other to increase the strength of the disc)
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]2–Pulpy center (nucleus pulposus) in the center of the disc
   •Gelatinous material    
>> the pulpy center gives more flexibility to the vertebral column to handle shokes[image: ] and it rises from remnant of notochord in the embryo.
Typical Vertebrae
•Vertebra typically consists of:
–A body (weight bearing): located anteriorly.
–A vertebral arch (surrounds the spinal cord):connected posteriorly with the body( with the posterior of the body) .
–Several processes (points of attachment for muscles) : connected with the arch.



[image: ]Body (anterior)
–weight bearing
•Vertebral arch (formed by 2parts):
1–Pedicles (cylindrical)connected directly with the body.(thick)	
2–Laminae (flattened)
•Vertebral foramen
–Spinal cord and its
coverings
•Seven processes:
(2) transverse(for muscle attachment) 
(1) spinous (posterior)
•Muscle attachment
*connect the 2 laminea together
(4) articular
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]2 superior +2  inferior.
>>Located on the transverse process.
>>The Superior articular processes connected with the inferior articular processes of the above vertebraeto form a joints which are a synovial joints  between the articular processes of two adjacent vertebrae in addition to vertebral column joints.
*remember*we also have joints between the bodies of vertebra through the intervertebral disc.

•Vertebral notches on pedicles
–Superior & inferior one on each pedicle.
*note*The Gap between lamina and other lamina from other vertebrae is smaller than the gap between the pedicle and other pedicle due to the vertebral notches. 
*The connection between arch and body gives us vertebral foramen
>>Spinal canal is formed by the successive vertebral foramina collectively.

•Intervertebral foramen is formed by 2 vertebral notches together.
[image: ]–Transmit spinal nerves and blood vessels(each spinal nerve pass through its specific foramen and this is important because if  there is a problem in one foramen ,we will know which nerve is damaged and  will be able to know what areas are affected). 
Typical Cervical Vertebrae (C3‐C7)
•Smaller bodies
–Uncus of the body (elevated superolateral margin)
[image: ]•Larger vertebral foramen
–triangular in shape
•Transverse processes
–shorter
–transverse foramen(can be found only in cervical vertebrae):
>>For vertebral artery and veins except C7 (actually it has transverse foramen but there is no artery getting through it)
>>Anterior and posterior tubercles
–For levator scapulae &scalenes
–Carotid tubercle (anterior tubercle
    of C6)
[bookmark: OLE_LINK18][bookmark: OLE_LINK19]•Spinous processes of C2 to C6 often Bifid
   –C7 (prominens) has long prominent
        spinous process(not bifid).
>>The first one that we can located is the spinous of C7 , (and in some people  C6 is  also obvious) and why this is important ?
It is important for surface anatomy of the internal organs 
[bookmark: OLE_LINK24][bookmark: OLE_LINK25]*(superficial structure>>you can feel it >>you can locate it and you can relate internal structure to it )

•Superior articular processes face posterosuperior.


*Notes*
*The vertebral bodies progressively increase in size from cervical to lumbar segments.
[bookmark: OLE_LINK16][bookmark: OLE_LINK17]-Whereas the intervertebral foramen decrease in size GENERALLY (has no fixed size).ليست قاعدة 
-so we can say that intervertebral foramena of cervical and lumber are larger than thoracic ones.
-spinous processesتبدا صغيرة ثم يزداد حجمها ثم يقل مجددا
لهذا تكون اكبر ما يمكن في ال thoracic
[bookmark: OLE_LINK20][bookmark: OLE_LINK21]*thoracic vertebrae are characterized by long spinous processes


[image: ]


[image: ]Atypical Cervical  Vertebrae

•C1 (Atlas)
–NO body
(WHY? because of the dens of axis)
-NO  spinous process
–Ring shape bone
**Contains:
1-Anterior arch(connect to dens of axis)
   –Anterior tubercle
2-Posterior arch:
   –Posterior tubercle
   –Groove for the vertebral a.
[image: ]3–Lateral masses contain:
[bookmark: OLE_LINK22][bookmark: OLE_LINK23]   -Superior facets for occipital condyles(occipital condyles connect to superior articular processes)
4-Transverse process
–More laterally placed than others.
   (atlas is the widest)
–Nodding movement at atlantooccipital
joint signifies “yes”
**The most laterally located transverse foramina of cervical vertebra is that of Atlas ,why? Due to the presence of occipital condyle so the vertebrae become more wider.
•C2 (Axis)
–Dens or odontoid process.
•from body of axis.
((And occupy the place of the missed body of atlas))
[image: ]–Superior articular facets.
–Pivotal movement at
atlanto‐axial joint signifies “no”.


[image: ]
Thoracic Vertebrae
(T1‐T12)
•Larger and stronger bodies(heart shaped).
•Longer transverse processes
•Longer spinous process
(pointed downward)
[image: ]•Facets or demifacets on body
for head of rib.	
•Facets on transverse processes of (T1‐T10) for tubercle of ribs.
•Superior articular processes
face posterolateral.
**The ribs are connected directly with the corresponding vertebrae (1st rib with 1st vertebra ,,12th with 12th ,,11th with 11th…)but the rest of the ribs(2nd – 10th) is connected between the  corresponding vertebrae and above one .
So that some times I can see demifacets why? because The head of the rib connects with 2 vertebra and the disc between them.  
[image: ]
Lumbar Vertebrae (L1‐L5)
•Strongest & largest
•Body is large (kidney shaped)
  –L5 is the largest
•Vertebral foramen is
triangular in shape
–cervical > lumbar > thoracic(least triangular)
•Transverse processes are long and
[image: ]slender
–Accessory process for:
  •Attachment of lumbar
    intertransversarii mm.
•Short thick spinous process
(backward)
  –back musculature

[image: ]
[image: ]Sacrum
•Union of 5 vertebrae (S1 ‐ S5) by age 30
 –median sacral crest from  fused spinous  processes.
 –sacral ala is from  fused transverse processes
•Sacral promontory (anterosuperior margin)
•Sacral canal ends at sacral hiatus (laminae don’t meet)
•Auricular surface & sacral tuberosity of sacroiliac joint
•Anterior and posterior sacral foramina
–Ventral and dorsal rami of spinal nerves respectively
>>-sacral hiatus notch like structure, you can locate It superficial. 
•why we have  Anterior and posterior sacral foramina on each side(right/left) of sacrum (2 foramina)??
Usually the spinal nerve exits from the intervertebral foramen and branches BUT in the in the sacrum the spinal nerve Branches to ant. And post. rami before exit from the sacral foramina.
>>Because the sacrum is part of the hipbone and if the nerve continue without branching it will reach a closed route and then cannot go anteriorly and posteriorly .
[image: ]
Coccyx
•Shape ..
•Coccygeal cornua
•Union of 4 vertebrae (Co1 ‐ Co4) by age 30

Neural content:
1. [image: ]Spinal cord
Spinal cord: flattened cylinder 16-18 inches long and ¾ inch diameter. It has imaginary segments named according to its location in the vertebral column. 
· Branches of the spinal cord exit through intervertebral foramen. 
· Spinal cord ends in adult between L1 and L2, but in newborns it ends at L4.
    Why?
 Because we need the spinal cord to be full developed at early age to control the whole body, so the growth of spinal cord stops at age 5.
 But the development of the skeleton will continue until the age of 18 approximately. 
Because of that the spinal cavity will become longer and longer but spinal cord will be at the same length. So it will be shorter than the spinal cavity.

>>When that happened the inferior nerves will be stretched downward trying to exit from their intervertebral foremen.

>>Because of the increased neural input and output to the upper limbs and lower limbs 2 enlargement happened: 
1-Cervical enlargement – for upper limbs/2- Lumbar enlargement –for lower limbs
>>>this is maybe why the vertebral foramen of cervical and lumbar are larger than other.

>>We can differentiate between spinal cord segments by its branches externally. 

Inferior End of Spinal Cord
• Conus medullaris: cone‐shaped end of spinal cord.
• Filum terminale : thread‐like extension of pia mater which stabilizes spinal cord in canal.
• Caudae equinae (horse’s tail): dorsal& ventral roots of lowest spinal nerves
( all spinal nerves that fall below the spinal cord collectively called caudae equinae)

Spinal nerves
-There is 31 Pairs of spinal nerves Named & numbered by the cord level of their origin: 
[image: ]– 8 pairs of cervical nerves (C1 to C8)
– 12 pairs of thoracic nerves (T1 to T12). 
 – 5 pairs of lumbar nerves (L1 to L5)
– 5 pairs of sacral nerves (S1 to S5)
– 1 pair of coccygeal nerves

Spinal cord and spinal nerve:
Spinal nerves begins as 2 roots: 
1-posterior (dorsal) root which is a sensory fibers, and
2- anterior (ventral) root which is motor fibers. ---Both of them attached to the spinal cord by rootlets. 
-Posterior and anterior root united to form the spinal nerve  whis contains both sensory and motor fibers. (mixed nerve )
[image: ]  
**The dorsal root contains a ganglion == cell body of sensory neuron.





 The level of Exit of spinal nerves:
• C1‐C8:
– C1‐C7 exit above the corresponding vertebra
– C1 exit between the atlas and the occipital bone
– C8 exit between the C7 and T1 vertebrae
•  T1 to L5: spinal nerves exit from the IVF below their encountered vertebrae
[image: ]• S1‐S4 rami exit from their encountered sacral foramens.
• S5 & Co1 exit from sacral hiatus.

Meninges of spinal cord
1. Dura mater (superficial)
– Dense irregular CT tube
– Ends at the lower border of S2
– Follows the nerve roots and become    continuous with epineurium
>>In some places it connects to the vertebrae itself.
>> protect the spinal cord .

2.  Arachnoid(middle layer) = spider web of collagen fibers
– Ends at the lower border of S2
– Follows the nerve roots into the IVF

3. Pia mater(deepest layer)
[bookmark: _GoBack]**Connected directly to the spinal cord and follows its shape unlike dura and arachnoid maters.
– Thin layer covers BV
– At both sides of pia mater, there is small ligaments called Denticulate ligaments which penetrate the arachnoid mater and connected to the dura mater. They help holding spinal cord in place laterally.

Because pia is connected directly to the spinal cord, it will form a ligament at the end of the spinal cord called filum terminale. It will connect the spinal cord to the coccyx. 


Spaces:
· Epidural space filled with fat. It is between vertebrae and dura mater
· Subdural space : filled with interstitial fluid. It is between dura mater and arachnoid mater. It is potential space because although they are not attached to each other physically, there is no real space between them.
• Subarachnoid space = CSF
· [image: ]Lumbar cistern (enlargement in subarachnoid space)
· Range: L2‐S2

Innervation of the Back

· Posterior rami of the spinal nerves forms:
– Cutaneous branches innervate the skin of the back
– Muscular branches innervate the back muscles
• Dura matter innervated by the recurrent meningeal branches of the spinal nerves
– Afferent and sympathetic fibers 
• IVD is innervated by the meningeal branches
• Zygapophysial joints is innervated by the articular branches of the posterior rami
>>The articular branch of the posterior ramus feeds the zygapophysial joints
 ( the joints between the articular processes).
 >>the meningeal branches feed the meninges, IVD, and some ligaments.

 *note* the ventral rami of spinal nerve is larger than dorsal rami ,and it forms nerve plexuses.
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(a) Scoliosis (b) Kyphosis (c) Lordosis
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