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OutlineOutline

 Thoracic disc diseaseThoracic disc disease

 Lumbar degenerative disc diseaseLumbar degenerative disc disease

 Lumbar spinal stenosis and disc herniationsLumbar spinal stenosis and disc herniations

 Lumbar spondylolisthesisLumbar spondylolisthesis

Thoracic Disc HerniationsThoracic Disc Herniations
EpidemiologyEpidemiology

 Uncommon and underreportedUncommon and underreported

 Challenging to diagnoseChallenging to diagnose

 Asymptomatic TDH 7Asymptomatic TDH 7--15% (autopsy studies)15% (autopsy studies)

 Overall, symptomatic TDH is only 1% of all Overall, symptomatic TDH is only 1% of all 
spinal disc herniationsspinal disc herniations

Thoracic Disc HerniationsThoracic Disc Herniations
EtiologyEtiology

 Most are degenerative in natureMost are degenerative in nature

 Trauma may play a role in a subset of ptsTrauma may play a role in a subset of pts Trauma may play a role in a subset of ptsTrauma may play a role in a subset of pts

 Scheuermann’s disease ?Scheuermann’s disease ?

Thoracic Disc HerniationsThoracic Disc Herniations
PathoanatomyPathoanatomy

 75% occur between T8 and L175% occur between T8 and L1

 70% are either central of centrolateral70% are either central of centrolateral

 Often calcified, may adhere to the duraOften calcified, may adhere to the dura

CTQ

Thoracic Disc HerniationsThoracic Disc Herniations
ClinicalClinical

 HistoryHistory
 Variable clinical presentationsVariable clinical presentations
 Axial painAxial pain
 Radicular “bandlike” painRadicular “bandlike” pain
 L t it k / l p thL t it k / l p th Lower extremity weakness/myelopathyLower extremity weakness/myelopathy

 SC:Canal ratio in SC:Canal ratio in thoracic spine 40%thoracic spine 40%
 SC:Canal ratio in SC:Canal ratio in lumbar spine only 25%lumbar spine only 25%

 PhysicalPhysical
 Usually normal examUsually normal exam

CTQ
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Thoracic Disc HerniationsThoracic Disc Herniations
ClinicalClinical

Thoracic Disc HerniationsThoracic Disc Herniations
ClinicalClinical

Thoracic Disc HerniationsThoracic Disc Herniations
TreatmentTreatment

 Indications for surgeryIndications for surgery

 Leg weaknessLeg weakness

 Bowel/bladderBowel/bladder

 MyelopathyMyelopathy

 Refractory radicular painRefractory radicular pain

Thoracic Disc HerniationsThoracic Disc Herniations
SurgicalSurgical TreatmentTreatment

 LaminectomyLaminectomy

 Poor resultsPoor results

 Associated with 20 Associated with 20 -- 40% worsening neurologic 40% worsening neurologic 
statusstatus

 Likely due to tenuous blood supplyLikely due to tenuous blood supply

Love, J Neurosurg 1950

CTQ

Thoracic Disc HerniationsThoracic Disc Herniations
SurgicalSurgical TreatmentTreatment

 Preferred surgical Preferred surgical 
approachapproach

 Transthoracic Transthoracic 

 Costrotransversectomy Costrotransversectomy 
(above T5)(above T5)

 Lateral extracavitaryLateral extracavitary

Transthoracic Approach:
Discectomy

Partial corpectomy

Lumbar Degenerative Disc Disease (LDDD)Lumbar Degenerative Disc Disease (LDDD)

EpidemiologyEpidemiology

 Lifetime incidence       Lifetime incidence       
6060--90%.90%.

CTQ

 90% resolve 90% resolve 
spontaneously. spontaneously. 

 Peak incidence approx. Peak incidence approx. 
40 years.40 years.
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Lumbar Degenerative Disc DiseaseLumbar Degenerative Disc Disease
EpidemiologyEpidemiology

 Radiographic evidence Radiographic evidence 
increases with age.increases with age.

 LBP and radiographic LBP and radiographic 
evidence of LDDD doevidence of LDDD do
NOT correlate.NOT correlate.

 LDDD begins in 2LDDD begins in 2ndnd

decade of life.decade of life.

CTQ

CTQ

Lumbar Degenerative Disc DiseaseLumbar Degenerative Disc Disease
Risk FactorsRisk Factors

 Association between Association between 
smoking and DDD.smoking and DDD.

 Likely secondary to Likely secondary to 

CTQ

e y seco da y toe y seco da y to
vasoconstrictive and vasoconstrictive and 
atherosclerotic effects of atherosclerotic effects of 
nicotine. nicotine. 

 Industrial vibrations.Industrial vibrations.

CTQ

Lumbar Degenerative Disc DiseaseLumbar Degenerative Disc Disease
Risk FactorsRisk Factors

 Prolonged driving.Prolonged driving.

 Human spine has a Human spine has a 
resonance frequency of resonance frequency of 

CTQ

eso a ce eque cy oeso a ce eque cy o
5Hz, nearly identical to 5Hz, nearly identical to 
dominant frequency in dominant frequency in 
many vehicles.many vehicles.

Lumbar Degenerative Disc DiseaseLumbar Degenerative Disc Disease
Disc Anatomy/PhysiologyDisc Anatomy/Physiology

 Functional spine unit:Functional spine unit:
 2 adjacent vertebral 2 adjacent vertebral 

bodiesbodies

I b l diI b l di Intervertebral disc.Intervertebral disc.

 Anterior elements bear Anterior elements bear 
90% of forces in sitting, 90% of forces in sitting, 
80% during standing.80% during standing.

Lumbar Degenerative Disc DiseaseLumbar Degenerative Disc Disease
Disc Anatomy/PhysiologyDisc Anatomy/Physiology

 Intradiscal pressure Intradiscal pressure 
lowest in lowest in supinesupine position position 
with appropriate pillow with appropriate pillow 
supportsupportsupport.support.

 Highest when Highest when standing standing 
and leaning forward.and leaning forward.

Nachemson, Clin Orthop, 1966

CTQ

CTQ

Lumbar Degenerative Disc DiseaseLumbar Degenerative Disc Disease
Anatomic ChangesAnatomic Changes

 KirkaldyKirkaldy--Willis has Willis has 
described described 3 anatomic 3 anatomic 
phasesphasesphases.phases.

 Comprises a continuum Comprises a continuum 
with gradual transition.with gradual transition.
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Lumbar Degenerative Disc DiseaseLumbar Degenerative Disc Disease
Anatomic ChangesAnatomic Changes

 Phase 1 Phase 1 –– Dysfunctional phase.Dysfunctional phase.

 Biochemical changes in aggregating proteoglycans.Biochemical changes in aggregating proteoglycans.

 Circumferential tears or fissures in outer annulus.Circumferential tears or fissures in outer annulus.

Lumbar Degenerative Disc DiseaseLumbar Degenerative Disc Disease
Anatomic ChangesAnatomic Changes

 Phase 1 Phase 1 ––
Dysfunctional phaseDysfunctional phase..

 Radial tears.Radial tears.ad a tea s.ad a tea s.

 Pain.Pain.

 Most common levels Most common levels 
are L4are L4--5 and L55 and L5--S1.S1.

Lumbar Degenerative Disc DiseaseLumbar Degenerative Disc Disease
Anatomic ChangesAnatomic Changes

 Phase 2 Phase 2 –– Unstable Unstable 
PhasePhase

 Progressive loss of Progressive loss of 
mechanical integrity.mechanical integrity.

 Multiple annular tears Multiple annular tears 
(radial, circumferential).(radial, circumferential).

 Loss of discLoss of disc--space height.space height.

Lumbar Degenerative Disc DiseaseLumbar Degenerative Disc Disease
Anatomic ChangesAnatomic Changes

 Phase 2 Phase 2 –– Unstable Unstable 
PhasePhase

F j i / lF j i / l Facet joint/capsular Facet joint/capsular 
laxity, subluxation.laxity, subluxation.

 Segmental instability.Segmental instability.

 Disc herniation.Disc herniation.

 Pain.Pain.

Lumbar Degenerative Disc DiseaseLumbar Degenerative Disc Disease
Anatomic ChangesAnatomic Changes

 Phase 3 Phase 3 ––
Final/Stabilization Final/Stabilization 
PhasePhase

 Further disc resorption.Further disc resorption.

 Endplate destruction, Endplate destruction, 
osteophyte formation.osteophyte formation.

 Less pain.Less pain.

Lumbar Degenerative Disc DiseaseLumbar Degenerative Disc Disease
ClinicalClinical

 Waddell’s SignsWaddell’s Signs
 Tenderness: Pain with light touchTenderness: Pain with light touch
 Simulation: Pain with light axial loading, pelvic rotation Simulation: Pain with light axial loading, pelvic rotation 
 Distraction: Negative sitting, Positive supine SLR testingDistraction: Negative sitting, Positive supine SLR testing
 Regional: Nonanatimic complaintsRegional: Nonanatimic complaints

CTQ

g pg p
 OverreactionOverreaction

 Used to evaluate psychologic componentUsed to evaluate psychologic component

 >2 suggestive of malingering, secondary gain, or psych >2 suggestive of malingering, secondary gain, or psych 
componentcomponent
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Management of Lumbar Management of Lumbar 
Degenerative Disc DiseaseDegenerative Disc Disease

DiscographyDiscography

 Controversial.Controversial.

 Indications:Indications:
 Failed conservative Failed conservative 

therapy.therapy.

 Diagnostic tests Diagnostic tests 
inconclusive.inconclusive.

 Verification of levels to Verification of levels to 
be fused.be fused.

Management of Lumbar Management of Lumbar 
Degenerative Disc DiseaseDegenerative Disc Disease

DiscographyDiscography

 Provocative testing of Provocative testing of 
concordant pain.concordant pain.

 Key is patient’s response, Key is patient’s response, 
not disc appearance. not disc appearance. 

Management of Lumbar Management of Lumbar 
Degenerative Disc DiseaseDegenerative Disc Disease

Intradiscal Electrothermal Treatment (IDET)Intradiscal Electrothermal Treatment (IDET)

 Postulated mechanisms:Postulated mechanisms:
 Destruction of Destruction of 

i tii tinociceptive nerve nociceptive nerve 
endings by heat energy.endings by heat energy.

 Modulation of collagenModulation of collagen..

 Overall, mixed results.Overall, mixed results.

Management of Lumbar Management of Lumbar 
Degenerative Disc DiseaseDegenerative Disc Disease

Intradiscal Electrothermal Treatment (IDET)Intradiscal Electrothermal Treatment (IDET)

 Most studies show Most studies show 
improvement in 50improvement in 50--75% 75% 

f ti tf ti tof patients.of patients.

 No long term outcomes.No long term outcomes.

Management of Lumbar Management of Lumbar 
Degenerative Disc DiseaseDegenerative Disc Disease
Operative Intervention Operative Intervention -- FusionFusion

 Remains controversial.Remains controversial.

 No prospectiveNo prospective No prospective, No prospective, 
randomized, blind study randomized, blind study 
demonstrating demonstrating 
superiority of any superiority of any 
surgical approach or surgical approach or 
technique.technique.

Spinal StenosisSpinal Stenosis
EtiologyEtiology

 Primary stenosisPrimary stenosis
 CongenitalCongenital

 Spinal dysraphismSpinal dysraphism
 OsteopetrosisOsteopetrosispp

 UncommonUncommon

 Secondary (Acquired)Secondary (Acquired)
 DegenerativeDegenerative
 IatrogenicIatrogenic
 Systemic (neoplasm, AS)Systemic (neoplasm, AS)
 TraumaTrauma
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Spinal StenosisSpinal Stenosis
CausesCauses

 Degenerative ProcessDegenerative Process

 Disc bulge or herniationDisc bulge or herniation

 Facet hypertrophyFacet hypertrophy

 Osteophyte formationOsteophyte formation

 InstabilityInstability

Spinal StenosisSpinal Stenosis
SymptomsSymptoms

 Narrowing + inflammation Narrowing + inflammation 
causes symptomscauses symptoms

 P iP i

CTQ

 PainPain

 NumbnessNumbness

 WeaknessWeakness

Spinal StenosisSpinal Stenosis
SymptomsSymptoms

 Neurogenic Neurogenic 
claudicationclaudication
 Radiates from proximal to Radiates from proximal to 

distaldistal CTQ

 Alleviated by flexing Alleviated by flexing 
forwardforward

 Vascular claudicationVascular claudication
 Radiates retrogradeRadiates retrograde

 Alleviated by stoppingAlleviated by stopping

CTQ

Spinal StenosisSpinal Stenosis
DiagnosisDiagnosis

 History and Physical History and Physical 
ExamExam..

 XX--raysrays –– Always the first Always the first 
studystudystudy.study.

 MRIMRI –– The best tool to The best tool to 
diagnose spinal stenosis.diagnose spinal stenosis.

 CT Scan/myelogramCT Scan/myelogram ––
Good alternative if unable to Good alternative if unable to 
have an MRI. have an MRI. 

Spinal StenosisSpinal Stenosis
NonNon--SurgicalSurgical TreatmentTreatment

 Physical therapyPhysical therapy

 MedicationsMedications

 Epidural steroid injectionsEpidural steroid injections

 Efficacy not yet Efficacy not yet 
establishedestablished

 6060--80% report relief80% report relief

 25% long term relief25% long term relief

Schonstrom, Spine 1985

Spinal StenosisSpinal Stenosis
Surgical TreatmentSurgical Treatment

 Diagnosis dependent. Diagnosis dependent. 
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Spinal StenosisSpinal Stenosis
Surgical TreatmentSurgical Treatment

 Diagnosis dependent. Diagnosis dependent. 

 Laminectomy isLaminectomy is Laminectomy is Laminectomy is 
procedure of choice for procedure of choice for 
uncomplicated central uncomplicated central 
stenosis.stenosis.

Spinal StenosisSpinal Stenosis
Surgical TreatmentSurgical Treatment

 Spinal stenosis + Spinal stenosis + 
spondylolisthesesspondylolistheses

 LaminectomyLaminectomya ecto ya ecto y

 PSFPSF CTQ

Lumbar Foraminal StenosisLumbar Foraminal Stenosis

 ForamenForamen

 Openings through which Openings through which 
spinal nerves exit.spinal nerves exit.

 In lumbar spine, nerve In lumbar spine, nerve 
exists exists BELOWBELOW
numbered pedicle.numbered pedicle.

CTQ

Lumbar Foraminal StenosisLumbar Foraminal Stenosis
Three ZonesThree Zones

 Entrance ZoneEntrance Zone
 Subarticular areaSubarticular area

 “Lateral recess”“Lateral recess”

 Medial to pedicle and SAPMedial to pedicle and SAP Medial to pedicle and SAPMedial to pedicle and SAP

 Symptoms withSymptoms with::

 SAP hypertrophySAP hypertrophy

 HNPHNP

Lee, Spine 1980.

Lumbar Foraminal StenosisLumbar Foraminal Stenosis
Three ZonesThree Zones

 Mid ZoneMid Zone
 “Foraminal” stenosis“Foraminal” stenosis

 Underneath the pars andUnderneath the pars and Underneath the pars and Underneath the pars and 
below pediclebelow pedicle

 Symptoms withSymptoms with::

 Fibrocartilaginous Fibrocartilaginous 
hypertrophy of a pars hypertrophy of a pars 
defectdefect

Lee, Spine 1980.

Lumbar Foraminal StenosisLumbar Foraminal Stenosis
Three ZonesThree Zones

 ExitExit--zonezone
 IntraforaminalIntraforaminal

 Nerve lies closest to the Nerve lies closest to the 
SAP when exiting the SAP when exiting the 
foramenforamen

 Symptoms fromSymptoms from::

 Foraminal HNP, Foraminal HNP, 
instability, scoliosisinstability, scoliosis

Lee, Spine 1980.

CTQ
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Lumbar Spinal StenosisLumbar Spinal Stenosis
Foraminal StenosisForaminal Stenosis

Lumbar Spinal StenosisLumbar Spinal Stenosis
Foraminal StenosisForaminal Stenosis

Lumbar Spinal StenosisLumbar Spinal Stenosis
Foraminal StenosisForaminal Stenosis

Lumbar Spinal StenosisLumbar Spinal Stenosis
Foraminal StenosisForaminal Stenosis

 Superior Articular Superior Articular 
Facet Syndrome (SAF)Facet Syndrome (SAF)

 Segmental Segmental Seg e taSeg e ta
degeneration and degeneration and 
dysfunctiondysfunction

 SAP rides up into the SAP rides up into the 
foraminal zoneforaminal zone

Lumbar Spinal StenosisLumbar Spinal Stenosis
Foraminal StenosisForaminal Stenosis

 Superior Articular Superior Articular 
Facet Syndrome (SAF)Facet Syndrome (SAF)

 Segmental Segmental Seg e taSeg e ta
degeneration and degeneration and 
dysfunctiondysfunction

 SAP rides up into the SAP rides up into the 
foraminal zoneforaminal zone

SAP

Lumbar Spinal StenosisLumbar Spinal Stenosis
Foraminal StenosisForaminal Stenosis

 Superior Articular Facet Superior Articular Facet 
Syndrome (SAF)Syndrome (SAF)

 Segmental degeneration Segmental degeneration 

NL

g gg g
and dysfunctionand dysfunction

 SAP rides up into the SAP rides up into the 
foraminal zoneforaminal zone

DRG flattened
by hypertrophied ligamentum
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Lumbar Disc HerniationLumbar Disc Herniation
EpidemiologyEpidemiology

 Most commonly at L4Most commonly at L4--55

 Posterolateral HNP most common (PLL is Posterolateral HNP most common (PLL is 
weakest)weakest) CTQ

Lumbar Disc HerniationLumbar Disc Herniation
ClinicalClinical

YOU MUST KNOW THIS !!!

Lumbar Disc HerniationLumbar Disc Herniation
ClinicalClinical

 Tension signsTension signs

 Straight leg raise (L4Straight leg raise (L4--5, L55, L5--1)1)

 Femoral nerve stretch (L2Femoral nerve stretch (L2--3, L33, L3--4)4)

 Contralateral SLR Contralateral SLR –– Most specific for HNPMost specific for HNP

CTQ

Lumbar Disc HerniationLumbar Disc Herniation
ClinicalClinical

 At L4At L4--5:5:

 PL disc herniation PL disc herniation 
affects L5 nerveaffects L5 nerve..a ects 5 e vea ects 5 e ve..

 Far lateral HNP Far lateral HNP 
affects L4 nerve.affects L4 nerve.

CTQ

Lumbar Disc HerniationLumbar Disc Herniation
ClinicalClinical

 At L4At L4--5:5:

 PL disc herniation affects PL disc herniation affects 
L5 nerve.L5 nerve.

 Far lateral HNP affects Far lateral HNP affects 
L4 nerveL4 nerve..

CTQ

Lumbar Disc HerniationLumbar Disc Herniation
ClinicalClinical

Far lateral HNP Posterolateral HNP
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Lumbar Disc HerniationLumbar Disc Herniation
ClinicalClinical

CT myelogram demonstrating 
L5-S1 posterolateral HNP

Lumbar Disc HerniationLumbar Disc Herniation
SurgicalSurgical TreatmentTreatment

 Laminotomy with Laminotomy with 
discectomydiscectomy
 Initial results excellentInitial results excellent

M i d lM i d l Many patients develop Many patients develop 
chronic LBP in long term chronic LBP in long term 
f/uf/u

 Recurrent HNPRecurrent HNP
 Fusion ?Fusion ?

SpondylolisthesisSpondylolisthesis
Wiltse ClassificationWiltse Classification

 Dysplastic (Congenital)Dysplastic (Congenital)

 IsthmicIsthmic

 DegenerativeDegenerative

 TraumaticTraumatic

 PathologicPathologic

SpondylolisthesisSpondylolisthesis
Wiltse ClassificationWiltse Classification

 Dysplastic (Congenital)Dysplastic (Congenital)

 High rate of spina bifidaHigh rate of spina bifida

 High rate of nerve entrapmentHigh rate of nerve entrapment

CTQ

SpondylolisthesisSpondylolisthesis
Wiltse ClassificationWiltse Classification

 IsthmicIsthmic

 Early in lifeEarly in life

 Most common at L5Most common at L5--S1S1 CTQ
 Causes L5 radiculopathy (S1 with HNP)Causes L5 radiculopathy (S1 with HNP)

 Pars defectPars defect

 ElongatedElongated

 Lytic (spondylolysis)Lytic (spondylolysis)

 Acutely fractured (repeated stress under hyperextension)Acutely fractured (repeated stress under hyperextension)

 NoteNote: Unilateral spondylolysis may not lead to slippage.: Unilateral spondylolysis may not lead to slippage.

Q

SpondylolisthesisSpondylolisthesis
Wiltse ClassificationWiltse Classification

 DegenerativeDegenerative

 Late in lifeLate in life

 Most common at Most common at L4L4--55

 L5L5 nerve usually compressednerve usually compressed CTQ

 Females > malesFemales > males

 TraumaticTraumatic

 Any ageAny age

 PathologicPathologic
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SpondylolisthesisSpondylolisthesis
Meyerding (1932) GradingMeyerding (1932) Grading

 Grade 1:  Grade 1:  less than 25% less than 25% 

 Grade 2: Grade 2: 25 25 -- 50%50%

 Grade 3:  Grade 3:  50 50 –– 75%75%

 Grade 4:  Grade 4:  75 75 –– 100%100%

 Spondyloptosis:  Spondyloptosis:  ggreater reater 
than 100%than 100%

SpondylolisthesisSpondylolisthesis
DiagnosisDiagnosis

 XraysXrays
 Oblique projectionOblique projection

 FlexionFlexion--ExtensionExtension

 SPECTSPECT
 Best for diagnosing Best for diagnosing 

isthmic typeisthmic type

 CTCT

CTQ

SpondylolisthesisSpondylolisthesis
DiagnosisDiagnosis

 XraysXrays
 Oblique projectionOblique projection

 FlexionFlexion--ExtensionExtension

 SPECTSPECT
 Best for diagnosing Best for diagnosing 

isthmic typeisthmic type

 CTCT

SPECT: Bilateral L5 pars fractures

SpondylolisthesisSpondylolisthesis
DiagnosisDiagnosis

 XraysXrays
 Oblique projectionOblique projection

 FlexionFlexion--ExtensionExtension

 SPECTSPECT
 Best for diagnosing Best for diagnosing 

isthmic typeisthmic type

 CTCT CT Scan: Bilateral pars fractures

SpondylolisthesisSpondylolisthesis
Sacral InclinationSacral Inclination

 Angle formed between :Angle formed between :

 Posterior sacral border Posterior sacral border 

 Vertical line perpendicular Vertical line perpendicular 
to the floor.to the floor.

Wiltse, JBJS, 1983.

SpondylolisthesisSpondylolisthesis
Sacrohorizontal LineSacrohorizontal Line

 Sacral ‘tilt’.  Angle Sacral ‘tilt’.  Angle 
formed between:formed between:

 Cranial border of S1Cranial border of S1

 Horizontal line Horizontal line 
perpendicular to the floorperpendicular to the floor

Wiltse, JBJS, 1983.



10/1/2010

12

SpondylolisthesisSpondylolisthesis
Slip AngleSlip Angle

 Angle formed between:Angle formed between:

 Inferior endplate of L5Inferior endplate of L5

 Cranial border of S1Cranial border of S1

Wiltse, JBJS, 1983.

SpondylolisthesisSpondylolisthesis
Indications for SurgeryIndications for Surgery

 Neurologic signs unresponsive to conservative Neurologic signs unresponsive to conservative 
measuresmeasures

 Slip > 50%Slip > 50%

SpondylolisthesisSpondylolisthesis
Surgical TreatmentSurgical Treatment

 Posterolateral fusionPosterolateral fusion

 Low grade L5Low grade L5--1 1  Fuse L5Fuse L5--S1S1

 High grade High grade  Fuse L4Fuse L4--S1S1

 +/+/-- Interbody graftInterbody graft

CTQ

SpondylolisthesisSpondylolisthesis
Surgical TreatmentSurgical Treatment

Pre-op: Grade II/III L5-S1 slip Post-op: L4-S1 PSF

SpondylolisthesisSpondylolisthesis
Surgical TreatmentSurgical Treatment

 Slip reductionSlip reduction

 Improves standing postureImproves standing posture

P id i lP id i l Provides anterior column supportProvides anterior column support

 Lowers nonLowers non--union rateunion rate

 55--30% rate of nerve injury 30% rate of nerve injury (L5 root for L5(L5 root for L5--S1 slip)S1 slip)

CTQ

Thank You.Thank You.


