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Biomechanics of the Region
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4. Describe the differences in motion of the mobile segme
with side flexion occurring first in the Thoracic Spine.
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ANATOMY AND BIOMEC




THORACIC SPINE ANATOMY

Rib Cage Adds:

- Stiffness

- Strength

- Has energy absorbing capacity
- Protective cage for vital viscera

- Zygapophyseal/facet joint pla
rotation
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"Thoracic vertebrae animation4" by Anatomography - en:Anatomography (setting page of this image). Licensed under Creative Commons Attribution-Share Alike 2.1-jp via Wikimedia Commons
http://commons.wikimedia.org/wiki/File:Thoracic_vertebrae_animation4.gif#mediaviewer/File:Thoracic_vertebrae_animation4.gif



THORACIC SPINE ANATOMY

. Sternum
- Spinous processes are varing lengths
and relations to same level joint

- Costovertebral joint adds stabilj
against excessive lateral she

"Tho erfebrae animatio 4byA atomogr phy n:Anatomo g phy( ettin gp ge of this image). L sed unde C T C ommo ATTbT n-Share Alike 2.1-jp via ]
ka d C ommo hTTp// ommons.wikimedia g/wk/FI e:Tho ebrae_animation4.gif#me d ewer/File:Tho erfebra allaglelile]a¥:Xe]i



THORAX POSTERIOR VIEW

Cervicothoracic Junction

Center of Rotation of the Trunk
*Thoracic rings with 13 joints per rng (e
136 joints in the thorax
e Protective unit /
e Closely related to autonomic nervo
system

Rib Angle

Thorocolumbar junction
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Skeleton woman back". Licensed under Public domain via Wikimedia &Jmmc



Jugular notch

Sternum:
Manubrium
Body —

Xiphoid

process

Inferior

b) Anterior view of skeleton of thorax

Clavicular notch

Clavicle

Scapula

Sternal angle

Costal cartilages

Intercostal space

OpenStax Attribution 4.0 International (CC BY 4.0)



- Facet or

- Vague paininregion

. Possible visceral referral

By User Magnus Manske on en.wikipedia [Public domain], via Wikimedia Commons




*Thin intervertebral d

by ALL and PLL /
 Narrow oval shaped spinal canal- ngfroys

especially between T4 and T9




V N —

between two vertebrae ¢
infervening disc

« Ribs will prevent excessive lateral
translation




THORACIC SPINE ANATOMY

» T2 through T9 are considered typical

» 11, T10, T11, T12 are considered atypical

» Upper and lower thoracic vertebrae te
be transitional and show lumbar and
similarities

nAcal
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SURFACE ANATOMY

» Rule of threes applies in surface anatomy
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Tip of spinous process to TVP 1o same segment
» T1-3 1 finger breadth
» T4-6 2 finger breadth
» 17-19 3 finger breadth
» T10 3 finger breadth
» 111 2 finger breadth
» T12 1 finger breadth

» Palpate laterally- less tissue apd less tone
¥/ joint- Facet joint

Henry Vandyke Carter [Public domain], via Wikimedia Commons



Y/ joint planes are coronally oriented

| A
- AXis of rotation nearer to centrum of the vertebral body i

- Allows for pure rotation except for effect of ribs which restrict and
modify coupling 4,:



Typicalrib 6™ rib

74
Gray123" by User Magnus Manske on en.wikipedia - Originally from en.wikipedia; description page is (was) here21:18, 27 March <a title="By User Magnus Manske on en.wikipedia [Public domain], via Wikimedia Commons" an
2004 Magnus Manske 550x296 (21,331 bytes) (From [[:en:Gray's Anatomy]]. {msg:PD}}). Licensed under Public domain via href="http://commons.wikimedia.org/wiki/File%3AFirst_rib_Gray.png"><img width="256" alt="First ril> y"
Wikimedia Commons - hitp://commons.wikimedia.org/wiki/File:Gray123.png#mediaviewer/File:Gray123.png src="//upload.wikimedia.org/wikipedia/commons/0/09/First_rib_Gray.png




Line of the rib angles is Not ve
8th rib being furthest from the m
and the rib angles form a diomg
shape above and below
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- Rib angles are palpatedjust below or
at the same level of the TVP
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"Vertebral column" by Anatomist?0 - Own work. Licensed under Creative Commons Attribution-Share Alike 3.0 via Wikimedia Commons -



THORA :
COSTOTRANSVERSE JOINTS

Radiate ligament

Superior costo
Transverse
ligament

Joint space

Intra arficular ligament
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Gray312". Licensed under Public domain via Wikimedia Commons - http://commons.wikimedia.org/wiki/File:Gray312.png#mediaviewer/File:Gray312.png Q



THORACIC SPINE ANATOMY:
COSTOTRANSVERSE JOINTS

Costotransverse
ligament

Lateral costotransverse
ligament

Gray313". Licensed under Public domain via Wikimedia Commons - http://commons.wikimedia.org/wiki/File:Gray313.png#mediaviewer/File:Gray313.png
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THORACIC SPINE ANATOMY:
COSTOTRANSVERSE JOINTS

» Upper six ribs - concave surface of
TVP - rotation of rib on long axis

» Convex tubercle of the rib fits in’ry
concave facet

» Lower three ribs (7-10) fub
flatter and face obliquely”down,
medial and backwar

are
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*TVP lateral to SP
* 1st rib articulates with T1 only

« Small demi facet on inferior aspgct of T1
for head of 2nd rib

 1strib *hangs” anteroinfefiorly from TVP of
T1




Sternum and Manubrium

Lateral View
Manubrium ‘

Sternal Bod \m—SS

Anterior View

Can flex, extend and side flex
at manubrial sternal junction

Ossified in 10% of the
population /

Xiphoid
Process
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Sterno
stable

Clavicles are 25-30 degrees fiz
horizontal with normal breating
patterns







Note change in Orientation of Facet Joints

UG @

- Junction between the thoracig spine which
rotates and the lumbar spine‘which doesn't

D. Dent 2014 ‘




» Lumbar spine cannot rotate in extension

» This transitional vertebrae may occur at T11/12 or T12/L1




There is stress due to the change in orientation
and function of both sections of the spine.

THOROCOLUMBAR JUNCTION
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By BruceBlaus. When using this image in external sources it can be cited as:
Blausen.com staff (2014). "Medical gallery of Blausen Medical 2014". WikiJournal of Medicine 1 (2). DOI:10.15347/wjm/2014.010. ISSN 2002-4436. (Own wo



Central tendon
of diaphragm
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Diaphragm %/

Vertebrae

Diaphragm (inferior view)

Sternum

Vena cava
passing through
caval opening

Esophagus
passing through
esophageal hiatus

Aorta passing
through aortic
hiatus

12th (floating) ribs

Left psoas major

Left quadratus
lumborum

Diaphragm crura

Diaphragm crura originate from
L1-L3 on the right and L1-2 on the
left

Tendons of the crura connect
facially to the anterior
longitudinal ligament

Diaphragm shares con
with the quadratus lu
and psoas major
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» Poor diaphr
» Can restrict motion of the L1-L3 segments

» May cause the the lower lumbar spine segments L4-L5 to become hypegrolle.

THOROCOLUMBAR JUNCTION
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THORACIC




THORACIC SPINE BIOMECHANICS: FLEXION

Osteokinematics
*Anterior sagittal rotation
Anterior translation

Arthrokinematics /

Superior vertebrae’s inferior fa
glide superoanterior at “Z" jo4
open

From: Panjabi et al 1976 Superior facefts of infgrior vertebrae

superoanterior glide E



FLEXION T1-T7

Flexion

«Occurring at vertebral sternal region T1-T7

*Anterior translation pulls the rib info
anterior rotation at the costovertebral o]

This is due to a concave CT joint an
convex tubercle
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EXPIRATION:TI-T/

Occurring at vertebral sternal region T1-T7
*Depression of anterior aspect of rib
*Elevation of posterior aspect of rib /
‘The convex tubercles of ribbs 1-7 glide superighty
at concave CT joints and produce an anf
rotation of ribb during expiration

Anterior aspect of rib |

depresses e : . T S .
During quiet respiration, “Z" joints h&ve minimal
movement
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Osteokinematics

*Posterior sagittal rotation

Extelnsion Posterior Translation

Posterior translation or shear

Arthrokinematics

Inferior facets of superior
vertebrae glide inferopos
or close

EXTENSION Superior facets ar

posteroinferiorglide
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EXTENSION:T1-T7

Extension

Occurring at vertebral sternal region T1-T7

*Posterior translation pulls the rib info
posterior rotation at the costovertebral /

joint

«Costotransverse joint Is concave an
tubercle of rib Is convex

*Posterior rotation of rib

AN
210



INSPIRATION:TT-T/

- Occurring at vertebral sternal region T1-T7

- Sternum moves anterosuperior

- Anterior aspect of rib elevates
- Posterior aspect depresses
- Posterior rotation of rib during inspi

- 7" joints may glide inferior

ring forced
inspiration

Lee, Diane. Manual therapy for the thoracic spine, a Biomechanical Approach. DOPC, Delta, BC, 1994 :\



ROTATION: (T1-T7)

Rotation and sideflexion is coupled to the same
side and translation is to the opposite side

‘When axial rotation is the first motion, rotation and
sideflexion occur to the same side

Superior vertebrae right rotates and translates
the left

Pulls left rib forward and produces anteri
rotation of left ribb

*Pushes right rib backwards and produces
posterior rotation of right rib
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Once franslation limit has been reached all
costovertebral and costotransverse ligaments
become tensed

Further rotation of superior vertebrae causes
tilting to the right /

- Tilting is side flexion to right

“Z" joints: for RROT
Left “Z" joint opens
Right “Z" joint closes
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RIGHT SIDE FLEXION T3 AND BELOW

* Side Flexion causes ribs to approximate with

each other on right and separate on left /

*Ribbs on the right will stop moving in respect
thoracic spine during sideflexion to theri
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RIGHT SIDE FLEXION

*Once the ribs can no longer move the
thoracic vertebrae continue 1o sideflex right
on immobile rib.

This causes the right rib to anteriorly rotation
and the left rib to posteriorly rotate

*This action bilaterally causes the verte
rotate to the left
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VERTEBROMANUBRIAL BIOMECHANICS FLEXION: T1-3 .

*Ribs 1 and 2 are not as mobile as ribs 3-7

Superior vertebrae anteriorly rotates and anteriorly
translates

"7" joint opens /
*Pulls rib into anterior rotation

*Ribbs move inferiorly at anterior aspect an
superiorly at posterior aspect

AN
210



Superior ver
posteriorly translates

7" joint closes
*Rib is forced into a posterior rotation /

*Anterior aspect of the rib rises superiorly
posterior aspect of the rib drops inferiog,
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Contralatera

Uncinate processes prevent rib from affecting biomechanics

- T1T2 couples the same : side flexion same with “Z" joint closing on righj-and opening
on left

Changes at T2/13




CERVICAL




Same mechanics from C2/3 to L5/S1







Deviation from these mecho
degeneration

Right side flexion/rotation




STERNOCLAVICULAR AND MANUBRIAL ANATOMY

Clavide x

Articular disc
o Interclavicular ligamen

Cozgoad:l:,tsular, ‘? = Y , B ~ Costoclavicular

Articular capsule - kAT T TR | s ligament
Costal cartilage I

.Stemoclavicular ligament
Manubrium x-—

~_Radiate sternocostal lig.
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- Refraction - @
- Rolls anterior and posterior

STERNOCLAVICULAR AND MANUBRIAL
BIOMECHANICS
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Rotate anterio




Posterior rotation o

Rib Rings translate to the left

Right clavicle elevates and posteriorly rotates- SC joint glides inferiorly

Left Clavicle anteriorly rotates

Manubrium will side bend to the right




LEFT ARM ELEVATION
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THORACIC SPINE BIOMECHANICS

LOWER THORAX




- Anterolateroinferior (ALl) glide of the tubercle

Posteromediosuperior (PMS) glide of the tubercle of

the rib occurs with flexion /

rio occurs with extension
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Innervation:

Ventral nerve roots
Dorsal nerve roots
Sympathetic
ganglion
Sinuvertebral nerve

Dorsal Root medial
bbranch

Dorsal root lateral branch

NN
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rtebral Nerve ympathetic

Lateral cutaneous /4%
branch



http://en.wikipedia.org/wiki/Gray's_Anatomy
http://en.wikipedia.org/wiki/public_domain










CASE HISTORY

SHOULDER IMPINGEMENT




- Rib cage gene
- Poor general trunk rotation
- Rib Rings 2 and 3 are literally shifted to the right.

IMPINGEMENT




» Altered Breathing Effects c
» Sleep Apnea

» Breathing Theories

IN CLOSING
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