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Vertebral Anatomy:  The thoracic spine has a posterior kyphosis, primarily due to the wedge shape of the vertebral bodies (thicker posteriorly).   The thoracic vertebral segment is roughly equal in transverse and anteroposterior diameters.  The vertebral bodies are supported by the anterior and posterior longitudinal ligaments.


The posterior arch has z-joints on the superior and inferior articular pillars.  The superior facets face primarily posterior (rotation 60( from the horizontal plane), with lateral (20( from the frontal plane) and slightly superior angles.  They are convex in the transverse plane. The inferior joints face in reverse. The z-joints are supported by the capsular ligaments and the ligamenta flava, which extends from the anteroinferior border of the lamina to the posterosuperior border of the lamina below.


The spinous processes project backward and inferiorly and overlap the next inferior vertebrae.  They are supported by the interspinous ligaments connecting adjacent processes.  The supraspinous ligament originates in the ligamentum nuchae and continues along the tips of the spinous processes.  The level of the spinous processes vary with respect to the transverse process of the corresponding vertebrae as well as the one below:

· T1-3 spinous processes project directly posterior so the tips are at the same level of the transverse processes.

· T4-6 spinous processes project slightly downward so the tips are halfway between that vertebrae’s transverse process and those 


of the vertebrae below.

· T7-9 spinous processes project downward so that the tips are level with the transverse processes of the next vertebrae down.

· T10-12 spinous processes recapitulate the previous three groups in reverse:  T10 is like T7-9, T11 is like T4-6, T12 is like T1-3.


The transverse processes are supported by the intertransverse ligaments.


T1 has the broadest transverse processes in the T-spine and a superior unifacet for articulation with the first rib.  The inferior z-joint is typical of the thoracic spine whereas the superior z-joint resembles a cervical joint.  T1 is also the point of change in the anteroposterior curve between the cervical and thoracic spines.  


T12 has a typical thoracic superior z-joint and typical lumbar inferior z-joint.  Like T1 this vertebra articulates with only one rib and has a unifacet.  The transverse processes are short and difficult to palpate.  T12 is the location for change in the anteroposterior curve between the thoracic and lumbar spine segments.  

Rib Articulations:

· The vertebral bodies have posterior upper and lower demifacets for articulation with the rib heads. The costal head articulates with a 


demifacet of a segmental pair disk in a synovial articulation that is supported by the radiate ligament. The superior band of the radiate 


ligament runs to the vertebral body above the level of the rib while the inferior band runs to the vertebral body corresponding to the level of 


the rib.  The head of the rib also attaches to the intervertebral disc via the interosseous ligament and the intermediate band of the radiate 


ligament.



Ribs 1 and 10 have full facets.  Ribs 2-9 have demi facets.  Ribs 11 and 12 attach to the respective vertebral body, no the transverse 


process.

·   
The transverse processes have an anterior facet to articulate with the costal tubercles. This joint is surrounded by a weak capsule and


is supported by three costotransverse ligaments:  superior, posterior and interosseous (medial and lateral).  The superior ligament runs from 


the inferior border of the transverse process to the superior border of the underlying rib neck.  It splits laterally, surrounding the levator 


costae and external intercostal muscles.  The dorsal ramus of a thoracic nerve passes posterior to this ligament and the ventral ramus 


passes anterior to it.  

· Anterior articulations:

· the first rib articulates with the manubrium (cartilaginous joint)

· the second rib articulates with both the manubrium and sternum (synovial joint)

· the third through seventh ribs articulate with the sternum (synovial joints)

· the eighth through tenth ribs have cartilage that is continuous with that which is immediately above (eventually with the seventh).

· the eleventh and twelfth ribs are free floating anteriorly.

Biomechanics:


The costovertebral joint plays a critical role in stabilizing the thoracic spine during flexion and extension and the complete rib cage adds stiffness to the spine as well as provides support to vital organs.  


All twelve segments of the thoracic spinal cord give origin to preganglionic sympathetic nerve fibers.  


Muscles involved in motion:  deep paraspinals, erector spinae  and although not utilized in primary motion of the T-spine, the rhomboids, levator scapula and trapezius muscles can create dysfunction through their attachments on the T-spine.


Motions:  Compared to the cervical and lumbar spine, the thoracic spine has relatively little mobility.  Motion is restricted by the individual rib attachments, the rib cage and the small intervertebral disk height, which reduces intersegmental motion.  Flexion/extension are the least motions, progressively decreasing up the  T-spine given the nature of the free ribs below and attached ribs above.

· Forward bending/flexion:  Motion is limited by the interspinous ligaments, the ligamenta flava and the posterior longitudinal ligament.  The 


anterior longitudinal ligament is relaxed.

· Back bending/extension:  Motion is limited by approximation of the articular and spinous processes and the anterior longitudinal ligament.  


The posterior longitudinal ligament, the ligamenta flava and the interspinous ligaments are relaxed.

· Rotation is the greatest motion, particularly T11-12, followed by sidebending.  Rotation is inhibited by the ribs and ligaments; considering 


the free end of the 11th and 12th ribs, rotation is the most free at these levels.  Yet, DiGiovanna et al describe greatest rotation from T1-


T10 as increased shearing forces of the intervertebral disc decrease the amplitude of rotation in the lower T-spine (???).

· Coupled side bending and rotation:  Lateral flexion to one side is accompanied by axial rotation to the opposite side because of 


compression on the anterior of the intervertebral disk.  Stretching of the contralateral ligaments causes the ligaments to move toward the 


posterior midline in an attempt to minimize stretching.  Therefore, the contralateral transverse processes tend to appear more prominent.

· Rib motion is determined  by the costovertebral and costotransverse articulation.

	Joint
	Type of Motion
	Extent of Motion

	Costo-vertebral 
	Type 1
	if sidebending is introduced with the thoracic spine in a neutral kyphosis, rotation occurs to the opposite side after neutral vertebral motion

	
	Type 2
	if rotation is introduced first in the presence of a normal thoracic kyphosis, sidebending and rotation occur to the same side after  non-neutral motion 

	T1-T3
	Type 2
	most commonly behave as a carryover from the lower cervical spine.  


Syndromes of Dysfunction: 


Approximate Location of Sx (overlap obviously occurs):


The preganglionic sympathetic nerve innervation to the soma and viscera above the diaphragm makes origin form the first four to five segments of the thoracic cord.  All of the viscera and soma below the diaphragm receive their preganglionic sympathetic nerve fibers from the spinal cord below T 5.  


Identification of the dysfunctional segment begins with palpation for soft tissue changes in the medial groove between the spinous process and the longissimus.  Palpable muscle hypertonicity of the deepest muscle layers is pathognomonic of dysfunction at that level.

Spinal Syndromes:

Flat spots:  nonneutral type II dysfunction

T1-T5:  evaluated with active forward/back bending

Lower T-spine:  patient evaluated in three static positions of forward and back bent and neutral.  

T 4 syndrome:  extension fixation typically @ T4, mid back pain that shoots up into the neck and into the arms, usually b/l.  Usually have thoracic outlet problems, chest pain, radiation arm pain, dyspnea.

Kyphosis

Dowager’s hump

Gibbens

Chest Syndromes

Pes Excavatum

Pes Carnvatum

Barrel Chest

Scoliosis
Ankylosing Spondylitis

Rib Conditions:

· Costochondritis:  point tenderness over one or two rib heads or costal junctions lateral to the sternum at the 2nd, 3rd or 4th costochondral junctions.  Discomfort or pain occurs with deep inhalation.  Treatment should include ice, electrotherapy and antiinflammatories

· Intercostal Strain:  Presents with tenderness at the rib interspace with referred pain to the spine.  Flexion of the trunk or extending the arms overhead produces pain.

· Intercostal neuralgia:  Presents with pain along the intercostal nerve, including shingles.  Pressure on a tender spot elicits pain anteriorly and posteriorly.  Treatment should include reduction of muscle spasm, moist heat and electrotherapy.

· Rib subluxation:  Can be caused by derangement of the rib head and dorsal vertebrae subluxation.  Presents with point tenderness and protective muscle spasm with increasing pain.

· Pectoralis Muscle strain:  Occurs from intense physical activity such as heavy weight lifting.  Palpation reveals ropiness or swelling of the muscle.  Adduction against resistance produces pectoral pain

Special considerations to adjustment of various areas:  Osteoporosis

