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General Kinematics

Curvature
s Sagutal

m Shiape: of vertebrae & disks, ribrcage, Inclination: of
sacrallend plate

s Develepmental phenemenon, posture, rate of grewtn
a Add fiexinility: & shock anserbing capaniliby

6! degrees ofi freedem
a [ranslation’ & Retation
m 3 orthoegoenal planes
x Viotion: usually coupled

Center off gravity — in front of 279 sacral segment
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ROM

s Facet joints & Intervertebral disks
= C spine
Elexien-extension predeminates, midcervical

Axial rotation, Upper cervical
Lateral bending

T spine

Littler motion, rildr cage

L spine
Lateral bending), midl portion
Elexion-extension,, lumbesacral
Rotation, minimal

Greater moebllity' at € & L spine> more stress> more
clinicall complaints
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The Metion Segment

Eunctional SpinalfUnit
a 2 adjacent vertebrae & Intervening seiit tisste

ARterior
x Vertebral hedy.
a Disk

= ALL, PLL
SuUppert, aksor impact, restrct vertical transiatien

POSTEror
x Neural anch & IS processes
s Facet joint
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FLEXION/ LATERAL AXIAL
EXTENSION BENDING ROTATION

A
CERVICAL %

THORACIC




Disk
Major restraint te motion

\Viscoelastic enavior, demonstrates Creep: & Hysteresis

Avascular

s End-plate microfractures= vascular ingrowin & granulation
tissue> altered mechanicall hehavior

s End-platesiinfilence the nuthtien; diffusion

Cumbar ESU

a Disk —40% ofi torgue resistance
s Rest by posterior element and ligaments

Ditrmal change in helght
n 19 shorter at night; 2%, for children; 0.5% fier elderly;
a 50% ofi height lest during| first 2 heurs: N Uprgnt

IHealithy disks creep; slower




Intradiscal Pressure

s Compressive leads in
700N sIitting

» lncreased tor 3000 te

VIVe: 500N standing,

6000N durng lifting of

moederate welghts, decreases With load closer

1{0)" 0J0J6)\Y

s Estimate of P = 1.5X
9y the Cress Sectiona

DISk: pressure Is usua
Pressure lowest In su

DiIsk uisually: dees not
fracture

compressive lead divided
area

Iy Uniferm

pIne pPosition
fiall,, Ut enal plates




Pasition of body
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Annulus; Eibresus
= 90 coellagen sheets
s Filbers off adjacent sheets 30° 1o each ether

s Hyaline cartilage plates; & hony rnnalepiphyses
ol vertelbral bodies

s Vertical compenent — tension! resistor aurng
flex-ex & lateral hending

» Horizental componRent — rotary/ stress
s Axial load — tensile stress







Nucleus Pulposus
Eccentrically: pesitionead; posteronly
Younal & healthy,

50%, cress-sectional
O0% water, hound to preteoglycans

AQINg>' dessication>= Increase Viscosiity> fissurng

Pascal’s law

Fluid mass within closed container=: local Increase; in
pressure> transmit areund entire side walli (annulus)

Young nucleus= even distrbution: of Ioad
Old nucleus> undue cencentration en vertebral hbedy edges

Small displacement w/ RON,, ball-ibearng like
Compressive stress predominates







Verte

bral Body

Primany lead-transmitting; element, 60-90%

Bene Minerall Content, Size
a Osteoporesis> 10ss oi horizental tralveculae

» |ncreasing size frem

Compressive load>
enadl plates; thani pen

In vivo, filled withi b

C to L spine

pressure RIgGRer In CEnter ofi
phery

000> greater strengin,

ydraulic shoeck ansoller:
Weaker anterior trabeculae, Woltf's law
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Posterior Elements

pedicles, lamina;, facet Joints, SPINeUS) &
iranSVeErSe PrOCESSES

BonY pProcesses> Iengthen moement anms, of
muscles

EGNCES, 0N processes> transmitted te Lamina

EGICES 0Nl posteror elements> transmitted to
Vertebral hedies: frem Pedicles

Pars Interarticulars
x [Large hending forces; EXcessive extension
m Thicker than rest of lamina

= Common site of stress/fatigue fractures> Weakens
motion segment> spondylolithesis




Eacet Joints
= Major role in controlling moetion
= Resist torsion’ & shear, rele n conmpression

s Lumbar ESU — facets 40% torgue: resistence,
40% disk; 20% ligaments

s Load sharng vares with flexion; & extension
Seated pesitien>' decreased lumiar lordesis>

Increased Intradiscal pressure & decleased 1oaa-
Pearing ofi the: facets

» Orientatien off facets
C spine - 45° transyerse, parallel frontal
| spine - 60° transyerse, 20° frontal
L spine - 90° transverse, 45° frontal

s Capsules lax= allow: gliding




Ligaments

Nonsegmentaltlengitudinal (ALL, PLL,
SlUipraspinoeus)
Segmentaliiongittdinalt (Interspineus,
Intertransverse, ligamenta filava)

Capsularligaments

Limit metion;, provide: stapility/equilierum
ALLL

s Interlinked to disks

s REesists extension
x 2X tensile strength of PLL




PLL

= Narrow: ever vertebral bodies, flare out over disks;
thin laterall extension

s Resists flexion
n Ossification> spinall stenesis

LCigamentums Elavum

s Elastic & strong

m “shingled™ configuratien with laminae

n |.engthen w/ flexien, sherten W/ extension

m [@ss ofi disk helght or hyperextension> buckie Inte
spinal canal

IRterspInous & SuUpraspIinous

m Resist flexion

s Long moment amms




Cenvicall Spine

Almest Infinite RUMBEr 6ff head Positions
SPINBUS Processes Increase intlengi distally

C 1-2 almost transverse, C 2- T 1 45° to
transverse

Occiplioatianteaxial cemplex — specializead
articulation), larger RO, ne disk

n 60% axial retation — € 1-2, difificult fer eceipital
condyles teislide on C 1, noe less/w/ aging

s [ateral’ bending— small; alar ligament
n |AR'— clese to cord, retate without Impingement




C 3-7 - flex-ex predominates, lateral bending

x |AR'— lewer vertehra (flex-ex); upper vertehra (lateral
PENCINgG)

s Distinct coupling pattern — lateralfbending & axial
retation, SPINoUS Precess Polnt epposite 1o lateral
penad

x Axial retation — limited by’ Uncinate: Processes & facets

Intracural sagitial diameter
m 2-3mm Iower In extension

s Posteroinferior margin ol UPREer Vertehra &
ligamentim: flavum

n Cord thicker in extension>' less play in:ext
s Canal widest at C 1-2, narrews at C 5




Thoracic Spine

RI0Id, transition hetween) € & L regions

=ACEl erentation changes, may: be: abrupt: IF 9-12
=lex-ex — upper: 4°, middie: 62, lewer: 12°
Laterall bending = upper: 62, lower: 2/3: 92

Axial rotation — upper 1/2: 82, lower 3
Segments: 2° each

Upper & lewer region — laterali bending & axial
retation strongly: ceuplea

Middle — variable coupled motion




Lumbbar Spine

Elexion-Extension

a laige, due to)Sizahle disks & lack: off facet
estraint

x |AR — poesterior hall of disk, meves W/ flex-ext

Centrede — path ofi moving| IAR

Lateral bending — AR enilefit side off disk
W/ gt benad

Axial retation — AR I poesteror nucleus
Disk degeneration — AR spread eut







Sagittal’ plane: transiation

x 2-3 mm, nermal 1 sym
s Upto5 mminL 3-4 &

Lateral hending & axia

ptom free pts
LA-5, 4 mmi i L5-Si

fetation coupling

= SPINOUS Processes Polnt Ini same: direction| as

lateral hending

= Opposite off cervical, UppPEr thoracie,

lUmbosacrai




Sacrolliac Region

Poeery Understoed

Paiitly: synoevial, partly’ syndesmoetic

Stiifif;, coarse interdigitating artictlar surfaces
AR scatteread

Complete ankylosist in uprter 76% over age ofi 50

JoInt Moetion — overcome ligamentous resistance,
1 leg| stance




Vertebral Muscles

Spine kuckies wy/ small compressive: fierces
Witheut: muscles

ARterior, pesterior, lateral
Glross-funcioN; — Span severallmoetien Segs
Elne-functien —'span; 1 or 2 segs

Deepihack muscles ane major spine
MOGVENS; many. other greups




Function

Anterior
Muscles in front flex the spine.

If the muscle runs 2 little obliquely
and contracts independantly of the

corresponding muscle on the
apposite side, it rotates and
bands the spine laterally,

as weil as flaxes it.

Muscles

Lamgus collis®

Langus capitis

Rectus capifis ankerior
Rectus capitis lateralis®
Obliquus extarnus abdominis®
Obliquus internus abdominis*®
Psoas major'

Psoas minor

Iliacus
{Quadratus lwumborm




Fosterior
Muscles in back extend the spina. Superficial stratum

If the muscle runs a little obliquely  Splenius capitis™

and contracts independently of Splenius cervicis®

the corresponding muscle on the Erector spinae {sacrospinzalis)
oppasite side, it rotates and bends  Ihocostalis®®

the sping lzterally, as well Longissimus®

a5 extends it. Spinalis®!

Deep stratum

Semispinali
Thoracis™
Copvicis”
Capitis®

Multifidi*
Rotatones®
Intarspinales
Intestransvarsanl™




- Lateral

- Muscles on the side bend the Trapezius

~ spine laterlly Starnocleidomastoid®

| Quadratus lumborum
Scalenus® '

Anteror
Madial
Posterior




Littler muscular activity: to maintain
Upright: pesition

u Spine N near equilinnum

n Cenvical & lumbar curn/atures

s [runk relatively: even in firont &
penmnaline of gravity

Elexion

s Anterior muscles iitiate (Isetonic)>
anterior dyseguilibriuni> gravity.
takes over, controelled by extensors

(ececentric)
Lina of Grawty




