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Clinical AnatomyClinical Anatomy

AnatomicAnatomic
FactFact

Clinical Clinical 
ApplicationApplication



Anatomical alignment of Anatomical alignment of 
vertebral columnvertebral column

•• Thoracic Thoracic kyphosiskyphosis
is 20is 20--45 deg.45 deg.

•• Lumbar Lumbar lordosislordosis is is 
2020--60 deg.60 deg.

•• Cervical spine is Cervical spine is 
highly mobile.highly mobile.



Anatomical alignment of Anatomical alignment of 
vertebral columnvertebral column

SaggitalSaggital balance:balance:
C7 C7 plumb lineplumb line cross @ the cross @ the 
middle or posterior part of middle or posterior part of 

the L5the L5--S1 disc  S1 disc  



Spinal deformitiesSpinal deformities
•• Scoliosis Scoliosis -- coronal.coronal.
•• Hyperkyphosis/hypokyphosisHyperkyphosis/hypokyphosis -- sagittalsagittal..



Basic Osseous Anatomy Basic Osseous Anatomy Lumbar Lumbar 
SpineSpine

Key WordsKey Words
•• BodyBody
•• PediclePedicle
•• LaminaLamina
•• ArticularArticular proc.proc.
•• Transverse proc.Transverse proc.
•• SpinousSpinous proc.proc.
•• Spinal canalSpinal canal



Basic Osseous Anatomy Basic Osseous Anatomy Lumbar Lumbar 
SpineSpine

Key Words
• (Intervertebral) 

Foramen
• Facet joint
• (Intervertebral) 

Disc



Radiographic Anatomy Radiographic Anatomy 
Lumbar SpineLumbar Spine

Key WordsKey Words
•• BodyBody
•• PediclePedicle
•• LaminaLamina
•• ArticularArticular proc.proc.
•• Transverse proc.Transverse proc.
•• SpinousSpinous proc.proc.
•• ParsPars
•• ForamenForamen
•• DiscDisc



Basic Osseous Anatomy Basic Osseous Anatomy Lumbar Lumbar 
SpineSpine

Pars Pars interarticularisinterarticularis



Pars Pars interarticularisinterarticularis defectdefect
= = SpondylolysisSpondylolysis



Disc & Facet jointDisc & Facet joint

SeparateSeparate
lecturelecture



Basic Osseous Anatomy Basic Osseous Anatomy Thoracic Thoracic 
SpineSpine

Key Words
• Transverse 

costal facet
• Inf. & sup. 

costal demi
facet

• Pedicle



Radiographic Anatomy Radiographic Anatomy 
Thoracic SpineThoracic Spine

Key Words
• Transverse 

costal facet
• Inf. & sup. 

costal demi
facet

• Pedicle



Pedicle ScrewsPedicle Screws

Instrument for reduction & stabilization of Instrument for reduction & stabilization of 
the spine during the spine during spinal fusionspinal fusion



Basic Osseous Anatomy Basic Osseous Anatomy Cervical Cervical 
Spine C0Spine C0--C2C2

•• Ant. & post. ArchAnt. & post. Arch
•• Lateral massLateral mass
•• Dens = Dens = odontoidodontoid proc.proc.



Basic Osseous Anatomy Basic Osseous Anatomy Cervical Cervical 
Spine C3Spine C3--C7C7

Key Words
• Intervertebral

foramen
• Vertebral 

foramen
• Facet joint
• Uncinate

process & the 
oncovertebral
joint of Luschka



Radiographic Anatomy Radiographic Anatomy 
Cervical SpineCervical Spine

Key Words
• (Intervertebral) 

Foramen
• Facet joint
• Uncinate

process & the 
oncovertebral
joint of Luschka



Spinal Motion SegmentSpinal Motion Segment

The The Spinal Motion SegmentSpinal Motion Segment is the functional is the functional 
unit of the spine.unit of the spine.

•• 2 vertebra2 vertebra
•• JointsJoints
•• Ligaments & joint capsulesLigaments & joint capsules

Motion & StabilityMotion & Stability



Spinal Motion SegmentSpinal Motion Segment
7 spinal ligaments 7 spinal ligaments –– from C1 to sacrumfrom C1 to sacrum



Traumatic injury to the Traumatic injury to the 
Spinal Motion SegmentSpinal Motion Segment

Chance fractureChance fracture



Spinal Motion SegmentSpinal Motion Segment

Lumbar spine Lumbar spine -- 3 joints3 joints



SPINAL  STENOSISSPINAL  STENOSIS

Canal measures less than 10 mmCanal measures less than 10 mm



Spinal Motion Segment Spinal Motion Segment 
Thoracic spineThoracic spine –– costovertebralcostovertebral articulationarticulation

•• CostotransverseCostotransverse
•• CostocorporealCostocorporeal

•• Less motionLess motion
•• High stabilityHigh stability



Thoracic spine Thoracic spine –– less less 
motionmotion

•• Only 1% of Only 1% of intervertebralintervertebral
disc disc herniationherniation occur at the occur at the 
T T -- spinespine

T10

T11



Spinal Motion SegmentSpinal Motion Segment
Cervical spine Cervical spine -- 5 joints5 joints

•• 1 x Disc1 x Disc
•• 2 x facet joints2 x facet joints
•• 2 x 2 x LuschkaLuschka jointsjoints



OncovertebralOncovertebral joint of joint of LuschkaLuschka & & 
Cervical Spinal Cervical Spinal StenosisStenosis



Vascular Anatomy of the SpineVascular Anatomy of the Spine

Key wordsKey words
•• IntercostalIntercostal A. A. 

(segmental A.)(segmental A.)
•• Ant. Ant. RadicularRadicular A.A.
•• Post. Post. RadicularRadicular A.A.
•• Ant. Spinal A.Ant. Spinal A.



Vascular Anatomy of the SpineVascular Anatomy of the Spine

•• Anterior spinal A.Anterior spinal A.
•• AdamkiewiczAdamkiewicz’’ss A. A. 

arises from arises from 
intercostalintercostal A. of T8 A. of T8 
to L2 (LT>RT)to L2 (LT>RT)

•• Vascular supply to T Vascular supply to T 
spine is sparse. spine is sparse. 



Spinal cord infarctSpinal cord infarct

•• LigationLigation of of AdamkiewiczAdamkiewicz’’ss A. during A. during 
surgerysurgery

•• T T –– spine is spine is ““at riskat risk”” for vascular injuriesfor vascular injuries



Vascular Anatomy of the SpineVascular Anatomy of the Spine
C C -- spinespine

Vertebral arteriesVertebral arteries
Origin: Origin: subclaviansubclavian A.A.
Supply: Basilar A.Supply: Basilar A.

Ant. Spinal A.Ant. Spinal A.
Spinal A. Spinal A. (enter (enter 

foramina)foramina)

VariantsVariants



Vascular Anatomy of the SpineVascular Anatomy of the Spine

Epidural venous plexusEpidural venous plexus



Spinal Column Spinal Column –– Nervous sys Nervous sys 
RelationshipRelationship

The spinal cord The spinal cord 
is shorter than is shorter than 

the spinal the spinal 
column.column.



Spinal Column Spinal Column –– Nervous sys Nervous sys 
RelationshipRelationship

Variations in the Variations in the conusconus
medullarismedullaris locationlocation



Spinal Column Spinal Column –– Nervous sys Nervous sys 
RelationshipRelationship

CaudaCauda EquinaEquina & & LumbosacralLumbosacral
nerve rootsnerve roots



Spinal Column Spinal Column –– Nervous sys Nervous sys 
RelationshipRelationship

Most disc herniations will compress the 
transversing N. root.

List



Spinal Column Spinal Column –– Nervous sys Nervous sys 
RelationshipRelationship

•• The The intraduralintradural arrangement arrangement 
of nerve roots at the of nerve roots at the caudacauda
equinaequina



KinematicsKinematics

The study of motionThe study of motion



KinematicsKinematics

2 types of motion exist:2 types of motion exist:
Translations & rotations = 6 deg. of freedom.Translations & rotations = 6 deg. of freedom.



KinematicsKinematics

The Instantaneous axes of rotationThe Instantaneous axes of rotation
•• Different for T, L & C spinal segments Different for T, L & C spinal segments 
•• Different under changing loadsDifferent under changing loads

T-
spine



Mechanism of traumatic InjuryMechanism of traumatic Injury

Instantaneous Axis of Rotation (IAR) Instantaneous Axis of Rotation (IAR) 
dictates the pattern of deformation of a dictates the pattern of deformation of a 
motion segmentmotion segment when a force vector is when a force vector is 

applied.applied.



KinematicsKinematics

The Spinal Motion Segments exhibit a The Spinal Motion Segments exhibit a 
““Coupled MotionCoupled Motion”” pattern.pattern.
(d/t facet orientation)(d/t facet orientation)



Cervical Facet DislocationCervical Facet Dislocation

The mechanism of The mechanism of 
traumatic unilateral traumatic unilateral 
facet dislocation is facet dislocation is 

related to the related to the 
coupled motion coupled motion 
exhibited by the exhibited by the 
cervical spinecervical spine



Motion preserving implantsMotion preserving implants
Total Disc Replacement (TDR)Total Disc Replacement (TDR)



KinematicsKinematics

Facet joint Facet joint 
orientationorientation

•• Motion patternMotion pattern
•• CouplingCoupling
•• biomechanicsbiomechanics



KinematicsKinematics
•• C C –– spine has the spine has the 

overall greatest overall greatest 
ROMROM

•• Rotation is limited Rotation is limited 
in L in L –– spinespine

•• Note: the number Note: the number 
of segments!of segments!



Predisposition for fracture Predisposition for fracture 
@ the T@ the T--L junctionL junction

•• Change in stiffness.Change in stiffness.
•• Change in range of motion.Change in range of motion.
•• Change in Change in sagittalsagittal alignment.alignment.
•• An almost 90 degrees change An almost 90 degrees change 

in the orientation of the facets in the orientation of the facets 
at the Tat the T--L junction.L junction.

L1



KinematicsKinematics

1.1. LL--spine spine 
flexion flexion 

2.2. Hip flexionHip flexion

Bending forward is a 2 part motion:



Spinal FusionSpinal Fusion

T12T12--L5L5



BiomechanicsBiomechanics

Biomechanics is the science of the action Biomechanics is the science of the action 
of forces on the living body.of forces on the living body.



BiomechanicsBiomechanics

The biomechanical functions of the The biomechanical functions of the 
spinespine

•• Transfer weight of head limbs & trunk to Transfer weight of head limbs & trunk to 
the pelvisthe pelvis

•• Allows motionAllows motion
•• Protects the spinal cordProtects the spinal cord



BiomechanicsBiomechanics

•• BoneBone
•• JointJoint
•• LigamentsLigaments
•• Muscles and nervesMuscles and nerves



BiomechanicsBiomechanics
The physical properties of the The physical properties of the 
Spinal Motion Segment Spinal Motion Segment 

Key wordsKey words
•• StressStress--strain strain 

curvecurve
•• Biphasic Biphasic 

behaviorbehavior
•• Neutral zoneNeutral zone
•• Elastic zoneElastic zone



BiomechanicsBiomechanics
L L –– spine in flexion and extensionspine in flexion and extension
Motion & StabilityMotion & Stability
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Degeneration of the Degeneration of the 
spinal motion segmentspinal motion segment

•• Less total range of motionLess total range of motion
•• Proportionally larger Neutral Zone Proportionally larger Neutral Zone 



BiomechanicsBiomechanics

The The intradiscalintradiscal pressurepressure
(A.L. (A.L. NachemsonNachemson 1976)1976)



BiomechanicsBiomechanics

The intradiscal pressure
Clinical applications

(A.L. Nachemson 1976)



BiomechanicsBiomechanics
The intradiscal pressure

Clinical applications



BiomechanicsBiomechanics

The The intradiscalintradiscal pressurepressure
Clinical applicationsClinical applications



ConclusionsConclusions
AnatomyAnatomy

•• SagittalSagittal and coronal alignment. and coronal alignment. 
•• Basic anatomy: Pedicle, Basic anatomy: Pedicle, ““parspars””, , ““facetfacet””, , 

““foramenforamen””, , LuschkaLuschka..
•• The motion segment: 3 L joints, 5 C joints, The motion segment: 3 L joints, 5 C joints, 

T T costovertebralcostovertebral articulation, 7 ligaments.articulation, 7 ligaments.
•• Vascular anatomy: Vascular anatomy: AdamkiewiczAdamkiewicz’’ss A.A.
•• ConusConus medullarismedullaris & anatomical & anatomical 

relationships of the nerve roots.  relationships of the nerve roots.  



ConclusionsConclusions
kinematicskinematics

•• Instantaneous axes of rotation.Instantaneous axes of rotation.
•• Coupled Motion.Coupled Motion.
•• Facet joint orientation.Facet joint orientation.
•• range of motion in C, T & L spine.range of motion in C, T & L spine.
•• Bending forward is a 2 part motionBending forward is a 2 part motion



ConclusionsConclusions
BiomechanicsBiomechanics

•• StressStress--strain curve.strain curve.
•• Biphasic behavior.Biphasic behavior.
•• Motion & Stability.Motion & Stability.
•• The The intradiscalintradiscal pressure.pressure.


