Back to Table of Contents

Back to Physical Medicine Table of Contents
Cervical Spine

Vertebral anatomy:


The body is small in relation to the posterior arch compared the thoracic and lumbar vertebrae.  The bodies of C2-C7 are separated by an intervertebral disc.  


The vertebral arch encloses the vertebral foramen, which is large in the cervical spine compared to the thoracic spine.  The vertebral arch is composed of two pedicles projecting postero-laterally meeting two laminae.  The laminae are flat projecting postero-medially and meet to form the spinous process.  The laminae overlap the lamina of the vertebra below.  The pedicles have indentations known as the superior (smaller) and inferior (larger) vertebral notches which comprise the intervertebral foramen.   When two vertebrae are in articulation the spinal nerve roots exit through the intervertebral foramen.  

C1 and C2:


C1 (atlas) is a ring shaped vertebrae lacking a body and spinous processes.  The transverse processes are long and palpable between the tip of the mastoid process and the angle of the mandible


C2 (axis)  is the strongest cervical vertebrae.  The superior articular facets allow the atlas to rotate.  This rotation of C1 is contained by the dens which projects superiorly from the body of C2. APOM (anteroposterior open mouth view) imaging demonstrates the spinous process of C2 as a reference point for amount of rotation as C2 is should not be rotated in a neutral position.

Processes:  

Seven processes arise from the vertebral arch:  three levers (one spinous and two transverse) and four articular processes.  In the cervical spine, each transverse process has a transverse foramen that conducts the vertebral artery (except in C7 where the foramina are smaller and only transmit small accessory vertebral veins).  


C1 does not have a spinous process.  C 2 has a large bifid spinous process, which is the first one that can be felt in the posterior groove of the neck.  The spinous processes of C3 to C 6 are short and bifid.  The spinous process of C7 is quite long and is not bifid.  The articular pillars of C2-C7 are at the same level of the spinous processes.  The spinous process of C6 disappears with head extension while C7 does not.

The transverse processes are bifid serving as the attachment site for the deep cervical muscles. Being quite tender to palpation, they are not easily used in structural diagnosis of the cervical spine.  

Articulations: The zygapophysial joints (Z joints) of the vertebrae come together in the shape of a universal joint.  The Z joints are relatively flat, oval.  The superior facets face posterior and superior at about 45(.  The posterolateral corner of each vertebral body contains the unconvertebral joint of Luschka, a small synovial joint found only in the cervical region.


	Atlas
	Axis
	inferior C2, C3-7 

	Superior Z-joint
	Inferior Z-joint
	superior  Z-joint
	Odontoaxial joint
	Superior Z-joint
	Inferior Z-joint

	Vertebral bodies

	concave anteroposterior 

(occipital condyles are convex anteroposterior)
	convex anteroposteriorly
	convex medial to lateral and anteroposterior 
	anterior dens articulates with posterior aspect of the anterior arch of the atlas
	convex anteroposterior
	concave anteroposterior
	superior:  convex anteroposteriorly, 
concave medial-lateral

	-medial to lateral concavity -long axis projects from medial to lateral along the anteroposterior line (anterior wedging of the long axis)
	concave medial to lateral (rests on the shoulders of the axis)
	higher on medial aspect (like a pair of shoulders)
	posterior dens articulates with trans-axial ligament
	concave lateral
	convex lateral
	inferior concave anteroposteriorly,
convex medial-lateral


Range of Motion:

	
	Observation
	Maximum
	Minimum

	Flexion
	ability to touch  chin to chest
	80 – 90(
	< 40(

	Extension
	ability to look straight up
	70(
	< 50(

	Rotation
	ability to align chin with shoulder bilaterally
	70 - 90(
	< 60(

	Lateral Flexion
	
	20 – 45(
	< 30 (


Cervical Plexus:


The cervical plexus is formed by the ventral primary rami of the 1st through 4th spinal nerves with some contribution from the 5th spinal nerve.  Peripheral nerves from the cervical plexus innervate most of the anterior and lateral muscles of the neck and supply sensory fibers to part of the head and most of the neck.  

	Spinal Segment
	Muscles

	C1, 2, 3
	sternocleidomastoid

	C3, 4, 5
	levator scapula

	C2, 3, 4
	trapezius (all parts)

	C3, 4, 5, 6, 7, 8
	all three scalenes 

	C2, 3, 4, 5, 6, 7
	longus coli

	C1, 2
	rectus capitis anterior, lateralis

	C3, 4, 5
	diaphragm

	C1-8
	head and neck extensors (dorsal 1( ramus)


The Brachial Plexus

The brachial plexus is comprised of the ventral rami of C5-C8, the greater part of T1 and a communicating loop from C4 to C5.  These nerve roots combine to successively form the trunks, divisions, cords (lateral, medial and posterior) and branches of the brachial plexus. Peripheral nerves exit directly from various components of the brachial plexus, some directly from the ventral rami or the branches. The posterior cord branches to become the axillary and radial nerves. The medial cord receives a branch from the Iateral cord and becomes the ulnar nerve. One branch of the Iateral cord becomes the musculocutaneous nerve and the other unites with one from the medial cord to form the median nerve.
Peripheral Nerves of the Brachial Plexus
	Section 
	Peripheral nerves
	Nerve Root levels

	Roots
	Long thoracic
	C5, 6, 7, (8)

	
	Dorsal scapular
	C4,5

	Superior Trunk
	nerve to subclavius
	C5,6

	
	Suprascapular nerve
	C4,5,6

	Divisions
	No peripheral nerves
	

	Cords
	Posterior
	Upper subscapular
	C(4), 5, 6, (7)

	
	
	Thoracodorsal
	C(5), 6, 7, 8

	
	
	Lower subscapular
	C5, 6, (7)

	
	Lateral
	Lateral pectoral
	C5, 6, 7

	
	Medial
	Medial Pectoral
	C(6),7, 8, T1

	Branches
	Axillary (from posterior cord)
	C5, 6

	
	Radial (from posterior cord)
	C5, 6, 7, 8, T1

	
	Musculocutaneous (from medial cord)
	C(4), 5, 6, 7

	
	Ulnar (from medial cord)
	C7, 8, T1

	
	Median (from medial and lateral cords)
	C5, 6, 7, 8, T1


Muscle Innervation by the Brachial Plexus

	Section
	Peripheral Nerve
	Muscles
	Spinal

Segments

	Roots
	Long thoracic
	Serratus Anterior
	C5, 6, 7, (8)

	
	Dorsal scapular
	Rhomboid Major and Minor
	C4, 5

	Superior

Trunk
	Nerve to subclavius
	Subclavius
	C5, 6

	
	Suprascapular
	Supraspinatus and infraspinatus
	C4, 5, 6

	Posterior

cord
	Upper subscapular
	Subscapularis
	C5, 6, 7

	
	Thoracodorsal
	Latissimus dorsi
	C 6, 7, 8

	
	Lower subscapular
	Subscapularis and teres major
	C5, 6, 7

	
	Axillary (branch from

posterior cord)
	Deltoid and teres minor
	C5, 6

	
	Radial

(branch from

posterior cord)
	Triceps
	C6, 7,8, T1

	
	
	Anconeus
	C7, 8

	
	
	Brachialis (small part), brachioradialis
	C5, 6

	
	
	Extensor carpi radialis longus
	C5, 6, 7, 8

	
	
	Extensor carpi radialis brevis
	C6, 7, 8

	
	
	Supinator
	C5, 6 (7)

	
	
	Extensor digitorum, extensor digiti minimi, extensor carpi ulnaris,

abductor pollicis longus, extensor pollicis brevis and longus, extensor indicis
	C6, 7, 8

	Medial cord
	Ulnar

(branch from medial

cord)
	Palmar and dorsal interossei, adductor pollicis, flexor pollicis brevis

(deep head)
	C8, T1

	
	
	Flexor carpi ulnaris, flexor digitorum profundus III and IV
	C7, 8, T1

	
	
	Palmaris brevis, abductor digiti minimi, opponens digiti minimi, flexor
	C(7), 8, T1

	
	
	digiti minimi, lumbricales III and IV
	

	
	Medial pectoral
	Pectoralis major (lower) and pectoralis minor
	C(6), 7, 8, T1

	Lateral cord
	Musculocutaneous

(branch from lateral cord)
	Biceps and brachialis
	C 5, 6

	
	
	Coracobrachialis
	C6,7

	
	Lateral pectoral
	Pectoralis major (upper)
	C5, 6, 7

	
	
	Pectoralis major (lower)
	C6, 7, 8, T1

	Medial and

Lateral cord
	Median

(branch from medial

and lateral cords)
	Pronator teres
	C6,7

	
	
	Flexor carpi radialis
	C6, 7, 8

	
	
	Palmaris longus, flexor pollicis longus, lumbricales I and II
	C(6), 7, 8, T1

	
	
	Abductor pollicis brevis, opponens pollicis, flexor pollicis brevis 

(superior head)
	C6, 7, 8, T1

	
	
	Flexor digitorum superficialis, flexor digitorum profundus I and II,

pronator quadratus
	C7, 8, T1


Supporting structures
Connective tissue:

· Transverse ligament of the atlas limits translation, located from C1 to dens of C2

· Ligamenta flava attach on the superior and inferior borders of the laminae limit flexion

· Interspinous and supraspinous ligaments attach on the spinous processes limit flexion

· Anterior and posterior longitudinal ligaments limit extension and flexion, respectively

· Alar ligament from the dens to base of skull 
Nervous tissue:
· The articular and periarticular structures, particularly the upper cervical complex, are heavily invested by mechanoreceptors and 
· nociceptors.
· The superior cervical ganglion of the ANS, which regulates cerebral blood flow, is closely related to the longus colli and the anterior surface of C2
Muscles involved in motion:

· Layer one:  trapezius (CN 11)

· Layer two:  no muscles attach to the cervical spine

· Layer three:  spinalis, semispinalis, longissimus (segmental innervation)

· Layer four:  multifidi, rotatores, intertransversarii, suboccipital muscles (segmental innervation)  

Biomechanics:


The vertebral articulations resemble a tripod consisting of the bodies with intervertebral discs and a pair of posterior synovial Z-joints.  A functional unit of the vertebral column is composed of tow segments.  The anterior segment, consisting of two vertebral bodies separated by an intervertebral disc,  is supportive, weight-bearing and shock-absorbing.  The posterior segment, consisting of the two vertebral arches, regulates direction of joint motion.  The two segments combined protect the spinal cord.


The closed-packed position of the vertebrae maintains the support with reliance on ligaments rather than muscular tissue.  Therefore, motion is transmitted through the bodies of the vertebrae into the first movable Z-joint which can result in somatic dysfunction if the movement disrupts the motion dynamics of the Z-joint.  The effect of preload is greatest at C5 although stress and scoliosis can alter the distribution of preload due to an imbalance in muscle tone.  


Motions:


flexion: turning along x axis leading to anterior approximation coupled with anterior translatory slide


extension: turning along x axis leading to posterior approximation coupled with posterior translatory slide


rotation:  turning of the anterior aspect of the vertebral body coupled with compress ion of the vertebral disk.


sidebending:  turning along the z axis causing lateral approximation coupled with contralateral compensatory slide


The intervertebral disc is composed of obliquely intertwining fibers that permit rolling, rotation, and translation of one vertebra on another.  



Each of these motions occurs in a single plane and on an instantaneous axis of rotation.  When motions are coupled, motion occurs in 


multiple planes on a helical axis of rotation.  

	Joint
	Type of Motion
	Extent of Motion

	C0-C1:  occipitoatlantal
	Type I neutral, always
	-1( forward and back bending (50% of total cervical motion in this direction)

-small amount of coupled sidebending (~5() and rotation (~5() to opposite sides:  one occipital condyle slides upward, the other downward 

	C1-C2:  atlantoaxial
	rotation
	-1( R/L rotation which creates a small amount of inferior (caudad) translation (50% of cervical motion in this direction)

-forward bending, backward bending  (30-45( of flexion with rotation)
-sidebending

	C2-C7:  typical cervical
	Type II, non-neutral
	-movement in all directions
-forward bending/backward bending (least movement of all)

     -extension causes side bending to be the 1( motion

     -flexion causes rotation to be the 1( motion
-coupled sidebending and rotation to the same side

	Unconvertebral Joint of Luschka
	
	-limit translation during forward bending and backward bending
-limit translation during coupled sidebending and rotation

-protect the posterolateral aspect of the intervertebral disc from herniation 


C0-C1, C1-C2 and the upper surface of C2 function as an integrated unit

· Reflexes:  
· C5, C6 (musculocutaneous nerve):  biceps

· C6, C7, C8 (radial nerve):  brachioradialis

· C6, C7 (radial nerve):  triceps

· Motor Function:

· C5, C6:  deltoid (axillary nerve), biceps (musculocutaneous nerve)
· C6, C7:  wrist extensors (radial nerve)
· C6, C7, C8: wrist flexors (including T1) and finger flexors (median and ulnar nerves) 
· C8, T1:  interossei (ulnar nerve)

· Sensory Function (dermatomes)

· C5: lateral aspect of deltoid 
· C6:  lateral forearm, 1st and 2nd digits 
· C7:  middle finger 
· C8:  distal medial forearm, 4th and 5th digits
· T1:  medial arm and forearm

· T2:  axilla
Special considerations to adjustment of various areas:

Spinal cord:  congenital, inflammatory and traumatic alteration in the upper cervical region place the spinal cord at risk from improper diagnostic and manipulative techniques.

Risk to the spinal cord:

· Down’s syndrome

· agenesis of the odontoid process

· rheumatoid arthritis

· fracture of the odontoid process

