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Functions of the Spine

ÁProvides stability and allows for motion

ÁProtects spinal canal and nerves

ÁActs as shock absorber for load bearing

ÁStructural foundation for head, shoulders, 
and pelvic girdle



Five Basic Spine Movements

ÁFlexion

ÁExtension

ÁRotation

ÁLateral Bending

ÁAxial Loading



General Indications for Spine Surgery

ÁDegenerative deformities

ĞSpondylolisthesis, disk disease, 
inflammatory/degenerative arthritis, spinal 
stenosis

ÁTrauma

ÁInfection

ÁTumor

ÁCongenital anomalies

ĞSpinal stenosis, spondylolysis/listhesis



Instability of the Spine

ÁClinically determined

ÁIn trauma, can be suggested by radiologists 
ÂÁÓÅÄ ÏÎ $ÅÎÉÓȭ ÔÈÒÅÅ ÃÏÌÕÍÎ ÍÏÄÅÌ

ÁMore objective checklists have also been 
developed based on ligament transection
experiments
ÁModified with results from other laboratory 

experiments and clinical observations

ÁCriteria not universally agreed upon



$ÅÎÉÓƦ 4ÈÒÅÅ #ÏÌÕÍÎ -ÏÄÅÌ

ÁAnterior
Ğ ALL

Ğ Ant 2/3 of vertebral body + annulus 
fibrosis/nucleus pulposis

ÁMiddle
Ğ Post 1/3 of vertebral body + annulus 

fibrosis/nucleus pulposis

Ğ PLL

ÁPosterior
Ğ Pedicles

Ğ Facets

Ğ Ligamentumflavum

Ğ Interspinousand supraspinousligs
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$ÅÎÉÓƦ 4ÈÒÅÅ #ÏÌÕÍÎ -ÏÄÅÌ

ÁGenerally, if 2 of 3 columns fail, spine considered 
unstable

ÁFunctions of Columns:
ĞAnterior
ÀBear axial load
ÀResist extension

ĞMiddle
ÀResist flexion
ÀBears some axial load

ĞPosterior
ÀResist flexion
ÀProvide stability during rotation and lateral bending



C- spine Instability Checklist
ELEMENT (Points)

ÁAnterior elements destroyed/unable to fxn (2)

ÁPosterior elements destroyed/unable to fxn (2)

ÁPositive stretch test: > 1.7 mm w/ head distraction (2)

ÁRadiographic criteria (2 each)
Ğ Flex-ex 82ȭÓ: (1) sag plane transl>3.5 mm or 20%, (2) sag plane 

rotation >20 degrees

Ğ Resting 82ȭÓ: (1) sag plane displ>3.5 mm or 20%, (2) rel sag plane 
angulation>11 degrees

ÁAbnldisc narrowing (1)

ÁDevelopmentally narrow (<13 mm) spinal canal (1)

ÁSpinal cord or nerve root injury (1 each)

ÁDangerous loading anticipated (1)

*5 or more points considered unstable



T- spine Instability Checklist

ELEMENT (Points)

ÁAnterior elements destroyed/unable to fxn (2)

ÁPosterior elements destroyed/unable to fxn (2)

ÁRadiographic criteria (2 each)
Ğ (1) sag plane displ>2.5 mm, (2) rel sag plane angulation> 5 degrees

ÁSpinal cord or caudaequinadamage (2)

ÁDisruption of costovertebralarticulations (1)

ÁDangerous loading anticipated (1) 

*5 or more points considered unstable



L- spine Instability Checklist

ELEMENT (Points)

ÁAnterior elements destroyed/unable to fxn (2)

ÁPosterior elements destroyed/unable to fxn (2)

ÁRadiographic criteria (2 each)
Ğ Flex-ex 82ȭÓ: (1) sag plane transl>4.5 mm or 15% (2) sag plane 

rotation (a) >15 degrees at L1-2 through L3-4, (b) >20 degrees at L4-
5, and >25 degrees at L5-S1 

Ğ Resting 82ȭÓ: (1) sag plane displ>4.5 mm or 15%, (2) rel sag plane 
angulation>22 degrees

ÁCaudaequinadamage (1)

ÁDangerous loading anticipated (1) 

*5 or more points considered unstable*



Basic Principles of Spine 
Surgery

ÁPurpose to achieve bony fusion and stabilize 
spine

ÁInternal fixators/hardware
ĞProvide and maintain anatomic reduction

ĞTemporary, will eventually fail or loosen

ĞDecrease the risk of pseudoarthrosis

ĞMore effective than immobilization/external 
bracing

ĞDecrease recovery time and need for bed rest



Implant Failure

ÁCan be immediate or delayed

ÁImmediate

ĞLoad applied to implant exceeds static strength of 
implant

ÁDelayed

ĞMuch more common than immediate

ĞDue to cumulative damage related to critical 
loading

ÁAverage spine undergoes 3 million cycles/yr



Types of Implants

ÁMultisegmentalFixation Implants

Ğ1. Anchors

Ğ2. Longitudinal members

Ğ3. Cross-connectors

Ğ4. Accessories

ÁAbutting Implants



Anchors

ÁPenetrating

ĞScrews

ĞStaples

ĞNails

ĞSpikes

ÁGripping

ĞHooks

ĞWires



Screws

ÁPenetrating implants with pullout resistance

ÁPullout resistance dependent on qualities of  
the following:

ĞScrew

ĞBone

ĞSurgical placement



Anatomy of a Screw



Anatomy of a Screw

ÁPullout resistance dependent upon volume and 
quality of bone between threads

ÁCan increase pullout resistance by
ĞIncreasing thread depth/diameter or thread length

ĞIncreasing pitch

ĞStronger bone (ie cortical bone)

ĞCortical penetration

ĞTriangulation
ÀToed-in and toed-out demonstrate equally increased 

pullout resistance

ÀToed-out resists axial loads more than toed-in



Types of screws A

Cortical Cancellous Lag Knoringer



Types of spine screws

ÁCortical screws have smaller thread and must be 
pre-tapped

ÁCancellousscrews have larger threads
ÁLag screws have threaded end and smooth 

neck/shank
ĞPull fragments together
ĞSame effect by overtappingproximal bone 

ÁKnoringerscrews are threaded on both ends, 
with smooth shaft in middle
ĞDifferent pitch on two threaded ends
ĞDifferential advanced of threaded portions results in 

compression



Triangulation



Screw Fixation by Levels

Á Transcortical
Ğ Anterior screws at any level

Á Lateral mass screws
Ğ C1, C3-C7

Á Laminar screws
Ğ Cross diagonally
Ğ Uncommon, can be seen at any level, often C2

Á Pars/Transpedicularscrews
Ğ Definition of pars vspedicle screw is dependent on depth of screw 

penetration
Ğ C2, entire thoracic and lumbar spine
Ğ C3-C7, but more often lateral mass screws at these levels

Á Facet screws
Ğ Uncommon, and placed across facet joints

Á Of note, placement of lateral mass or pedicle screws at C7 is 
difficult



Screw Fixation by Levels

ÁC1
ĞLateral masses

ÁC2
ĞPedicles

ÁC3-C6
ĞLateral masses

ÁC7
ĞLateral masses > Pedicles
ĞLateral masses smaller at this level than C3-C6
ĞLevel often skipped

ÁT-spine + L-spine
ĞPedicles



Screw Fixation Types

ÁPedicle Screw:



Screw Fixation Types

ÁLateral Mass Screw:



Screw Fixation Types

ÁLaminar Screw:



Screw Fixation Types

ÁFacet Screw:



Screw Fixation Types

ÁCortical Screw:



Screw Fixation Types

ÁTransarticularScrew:

ĞOften placed from C2->C1

ĞTechnically difficult



Screw Fixation Types



Surgical Approaches by Levels

ÁAnterior approach

ĞȰ!ÎÔÅÒÉÏÒȱ ÄÅÆÉÎÅÄ ÁÓ ÁÎÔÅÒÉÏÒ ÔÏ ÃÏÒÄ

ÀIncludes lateral VB hardware in T+L spine

ĞIncreased morbidity and technical difficulty as 
must traverse neck, chest, or abdomen

ĞWell defined landmarks exist for spine surgeons in 
neck

ĞIn chest/abdomen, often requires help of separate 
surgeon



Surgical Approaches by Levels

ÁAnterior approach

ĞPreferred in C-spine because pathology is 
primarily discogenic

ĞCan access disc directly, as opposed to attacking 
problem indirectly by posterior decompression

ĞLordosisan early degenerative change in C-spine, 
and can be corrected with bone graft



Surgical Approaches by Levels

ÁPosterior approach

ĞPreferred in thoracic and lumbar spine, as no need 
to traverse anterior organs

ĞOf note, the spinal cord can not be moved at all, 
so disc can only be accessed posteriorlybelow 
caudaequinaat L1-2



Anchors

ÁPenetrating

ĞScrews

ĞStaples

ĞNails

ĞSpikes

ÁGripping

ĞHooks

ĞWires



Anchors ƵPenetrating

ÁStaples

ĞCan be placed across growth plate to decrease 
growth



Anchors ƵGripping

ÁHooks

ĞUsually hook around lamina

ĞCan be upgoingor downgoing

ÀIf both types seen at one level, called claw 
mechanism

ĞCan place transverse process or pedicle hooks

ĞBetter in osteopenicpatients than screws



Anchors ƵGripping

ÁHooks



Anchors ƵGripping

ÁWires
ĞWires can directly fixate portions of the spine, or 

can attach to rods

ĞCommonly attached to rods (Harrington, Luque, 
Cotrel-Debousset), Hartshillrectangles, etc

ĞVery good at limiting flexion

ĞPoor at limiting rotation and treating patients w/ 
compression of anterior thecalsac

ĞTypically made of 20 gauge stainless steel

ĞPrimarily used in C-spine



Wires

Four common techniques to 
attach wire to rods:

Á A: Sublaminar(double strand)

Á B: Interspinous

Á C: SublaminarSongercable

Á D: Subpars



Wires

ÁSublaminarwires passed under lamina at 
each level blindly, w/ risk of possible damage 
to thecalsac

ÁDrummond system

ĞInterspinouswires: passed through spinous
processes and secured w/ buttons on each side of 
the spinousprocess



Wires

ÁSongercables

ĞBraided titanium 
or stainless steel

ĞMore pliable than 
wire

ĞHeld in place by 
metal 
crimp/collar



Wires

ÁInterspinouswires



Longitudinal Members

ÁPlates ɀ3 major types of screw-plate 
connectors

ĞConstrained

ĞSemiconstrained

ĞAxially dynamic connectors

ÁRods

ĞMultiple different types of rods



Constrained Screw - Plate Connectors

ÁScrew rigidly fixed to plate

ÁDoes not permit significant subsidence

ÁTypically fail due to three problems
ĞConstruct failure
ÀImplant bending, kickout, bone graft fracture

ĞImplant fracture
ÀScrew fx: Head if fixed core. Mid-screw if ramped.

ÀPlate fx: Transverse in mid plate.

ĞStress shielding
ÀPrevents fusion



Constrained Screw - Plate Connectors

ÁStrategies to rigidly fix screw to plate:

ĞExpansion heads

ĞCam Locks

ĞScrew head securing mechanisms

ĞLocking plates

ĞScrew with thread beneath neck to attach to 
plate



Constrained Screw - Plate Connectors

ÁMorscherPlate

ĞScrew cap that locks plate and screws together

ĞScrews have characteristic fenestrations



Semiconstrained Screw- Plate Connectors

ÁScrew used to approximate plate to bone

ÁNot rigidly affixed to plate

ÁAllow for toggling of screw in plate

ÁTherefore, allow for bone formation and 
fusion by permitting axial stress

ÁExamples:
ĞCaspar plates

ĞDynamic compression plates

ĞLateral mass fixators



Semiconstrained Screw- Plate Connectors

ÁCaspar Plate



Semiconstrained Screw- Plate Connectors

ÁDynamic Compression Plates



Semiconstrained Screw- Plate Connectors

ÁSteffeePlates



Semiconstrained Screw- Plate Connectors

ÁHaidPlates
ĞMade of titanium

ÀLess severe artifact than stainless steel d/t its lower x-ray 
attenuation coefficient

Ğ Concave plate, fixation of lateral masses



Semiconstrained Screw- Plate Connectors

ÁSpinousProcess Plates



Semiconstrained Screw- Plate Connectors

ÁMalleable Reconstruction Plates



Axially Dynamic Screw - Plate Connectors

ÁAllow for axial deformation

ÁResist toggle in coronal and sagittalplanes

ÁInclude absorbable implants and deforming 
implants

ÁTypes:

ĞDOC Ventral Stabilization System by Depuy-
AcroMed

ĞAdvanced Biomechanical Concept (ABC) by 
Aesculap



Screw- Plate Connectors

ÁRadiologic distinction between different 
types of screw-plate connectors has not been 
studied in detail at this time

ÁComplications are different

ĞConstrained more likely to result in poor bony 
fusion and implant fracture

ĞSemiconstrainedand axially dynamic more likely 
to result in loosening



Rods

ÁPreviously

ĞHarrington

ĞKnodt

ĞLuque

ĞCottrell-Debousset

ÀAttached with hooks or screws

ĞScottish Rite Hospital

ÁCurrent

ĞSegmental Instrumentation Rods

ĞGrowing Rods/Telescoping Growth Rods



Rods

ÁHarrington
ĞAttached with hooks, wires

ĞSmooth rod w/ ratcheted end

ĞCan be distracting or compressing

ĞTypically, ratcheted end is superior w/ distracting rods

ĞDevice is placed, and increased distraction achieved 
by tightening ratcheted end

ĞTypically fracture at junction of ratcheted and smooth 
portions

ĞRotation of rod about its round base can cause 
slippage of hooks



Rods ƵHarrington Rod



Rods

ÁKnodt

ĞAttached to hooks

ĞThreaded distraction rod w/ central fixed 
nut/turnbuckle (characteristic feature)

ĞTwo ends threaded in opposite directions

ÀResult in distraction when tightened



Rods ƵKnodt Rod



Rods

ÁLuque

ĞSmooth rod

ĞAttached with wires

ĞRotational and translational stability

ĞDoes not produce distraction or resist axial 
loading 

ĞGalveston technique

ÀPelvic extension of rods into iliac bones

ÀUsually single rod curved back on itself superiorly



Luque Rod



Rods

ÁLuqueRectangle

ĞVariation of Luquerod

ĞStiffer that separate rods and more stability, 
especially with rotational forces

ĞDrawback is lack of substantial structural support



Luque Rectangle



Rods

ÁHartshillRectangle

ĞSimilar appearance and function to Luque
rectangle

ĞHas additional bends in upper and lower ends to 
accommodate posterior spine anatomy



Rods ƵHartshill Rectangle



Rods

ÁCotrel-Debousset

ĞSerrated surface

ĞAttached to rods or hooks

ĞFixed screw or set screw



Rods ƵCotrel - Debousset



Rods

ÁTexas Scottish Rite Hospital Hardware

ĞNuts/bolts more stable c/wCotrel-Deboussetrods

ĞRoughened surface, not serrated

ĞRods cut to desired length, leaving characteristic 
bevel on one end

ĞOther end is hexagonal, can be torquedintra-
operatively



Rods ƵTexas Scottish Rite



Rods

ÁGrowing Rods

ĞFixed proximally and distally

ĞCan be two distally fused vertebra and one 
proximal vertebra

ĞFixed with screws and/or hooks

ĞReturn to OR every 6 months for extension

ĞPossible magnetic adjustment in future



Rods ƵGrowing Rods
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Cross- Connectors

ÁOriented perpendicular to, and adjoining, two 
longitudinal members

ÁIncrease stiffness and stability

ÁLong constructs

ĞIncrease torsionalstability

ĞShould be placed at 1/3 and 2/3 of length of construct

ÁShort constructs

ĞDecrease sagittaland lateral bar deformity

ĞIncreased pullout resistance w/ triangulated screws



Cross- Connectors
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Accessories

ÁWashers

ÁSleeves

ĞIncrease resistance to rod deformation



Abutting Implants

ÁBone graft material

ĞOften harvested from rib, fibula, tibia

ÀAutograft: harvested from individual receiving the 
graft

ÀAllograft/homograft: harvested from another 
individual, often cadaver



Abutting Implants

ÁCan place bone graft in any of 3 compartments
ĞAnterior
ÀDisc removed

ÀShave down to cartilage of endplates

ÀBone strut placed

ĞMiddle
ÀTransverse processes

ĞPosterior
ÀFacet joints excised/taken down

ÀSpinousprocesses

ÀLaminae



Anterior Compartment Bone Graft



Middle Compartment Bone Graft



Posterior Compartment Bone Graft



Anterior Abutting Implants

Á Definitions
Ğ Struts
ÀAny device placed b/w vertebral bodies
ÍCan occur w/ or w/o corpectomy

ÀFunction as spacers
ÀMay be
ÍBone graft
ÍCage filled w/ bone
ÍInert material (metal, ceramic)

Ğ Cage
ÀCan be made of
ÍTitanium
¶Harms cage, Ray cage, Pyrameshcage, InterFixcage, lordotic LT cage

ÍCarbon fiber
¶Brantigancage

ÍPEEK or PEEK/Carbon fiber mixture



Metal Cages

SynexCage Moss Cage



Metal Cages

Harms Cage



Metal Cages

Bagby& Kuslich



Brantigan
Cage



Methylmethacrylate Strut



Special Types of Hardware

ÁZero profile fusion

ĞLess protrusion of prosthesis reduces secondary 
dysphagiaor impingement on vascular structures



Special Types of Hardware

ÁDisc Replacement

ĞPain believed to be primarily from disc

ĞContraindicated in pts w/ facet joint degeneration

ĞMust have at least 4 mm disc space and no 
endplate sclerosis

ĞTwo parallel metal plates w/ teeth and 
polyethylene core b/w plates



Special Types of Hardware

ÁDisc Replacement - ProDisc



Special Types of Hardware

ÁDisc Replacement - SB Charite



Special Types of Hardware

ÁSIJ fusion screws



Special Types of Hardware

ÁSIJ fixation screws



Other Devices

ÁExternal Thoracolumbarbrace/orthosis


