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What is the difference between:
Disc Protrusion and  Extrusion?

Fardon, TSJ, 2014

Protrusion Extrusion
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What is a Disc Sequestration?

Sequestration = free fragment

What is a Bulging Disc?

Greater than 25% of disc perimeter

Is NOT a Disc Herniation*

*Fardon, Spine Nomenclature 2.0 (Open Access)

So what does it mean when a person says:

“I have two bulging discs in my spine”

Imaging the Spine

X-ray         CT T1 MRI T2 MRI
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Imaging Orientation
Sagittal Axial Coronal

ResearchGate.net – sagittal Case.edu – axial Zephyr.com- coronal

R L

Disc Degeneration

• Disc Signal Loss
• Disc Height Loss
• Disc Bulge

Lumbar Spondylosis: 
Prevalence in Asymptomatic Persons

Age  Degen Bulge    Protrusion
20-29 37% 30% 30%
30-39 50% 40% 30%
40-49 70% 50% 35%
50-59 80% 60% 40%
> 60 90% 70% 40%

Level 1: Meta-analysis: 33 Studies, 3110 subjectsBrinjiki , Jarvik, AJNR: 2015:36:811-816
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Lumbar Spondylosis
(asymptomatic)   

Disc Deg signal loss height loss Bulge Protrusion Ann Fissure Facet Deg S-listhesis

Disc Degeneration

DiscHeightLoss

Facet Degeneration

Disc Protrusion

Disc Signal Loss

Disc Bulge

Spondylolisthesis

Annular Fissure

Brinjiki , Jarvik, AJNR: 2015:36:811-816 Level 1: Syst Review: 33 Studies, 3110 subjects

0

10

20

30

40

50

60

70

80

90

100

20 30 40 50 60 70 80

PR
EV

AL
EN

CE

AGE (YEARS)

Disc Deg signal loss height loss Bulge Protrusion Ann Fissure Facet Deg S-listhesis

Disc Degeneration
Signal Loss

Height Loss

Facet Degeneration

Spondylolisthesis

Disc Protrusion
Annular Fissure

Bulge

Signal Loss, Height Loss, Disc Bulge
Present by Age 20, Increases with age   

Level 1 Brinjiki , Jarvik, AJNR: 2015:36:811-816
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Disc Degeneration

DiscHeightLoss

Facet Degeneration

Disc Protrusion

Disc Signal Loss

Disc Bulge

Spondylolisthesis

Annular Fissure

Brinjiki , Jarvik, AJNR: 2015:36:811-816

Disc Protrusion:  30% at Age 20
Annular Fissure: 20% at Age 20

-Present by Age 20, doesn’t change much with time…   

Level 1
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Intra-discal Pressure

Kushchayev SV, 2018

Central Disc Protrusion
Age  Degen    Bulge    Protrusion
20-29 37%      30% 30% 

Image by Kushchayev 2018

Annular Fissure “Tear” 

Visible on MRI in 20% at age 30
(higher % with higher T magnet)

No correlation with pain
No correlation with trauma

Jarvik 2015, Fardon

Nucleus 
pulposus

Radiopaedia.org
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Brinjiki , Jarvik, AJNR: 2015:36:811-816

Level 1

Facet Degeneration:
Spondylolisthesis:

-Absent Early in Life, Increase With Age…

Facet Arthropathy

Foraminal narrowing Spondylolisthesis
(slip)

Nomenclature:

L5-S1: Left paracentral disc 
protrusion contacts the S1 
nerve root in the subarticular 
zone

8/5/2022 IAIME 2022 Annual Meeting - iaime.org
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What Does That 
Report say?  

8/5/2022

Zones:
• Central
• Subarticular Zone
• Foraminal 
• Lateral Recess 
• Extra Foraminal 

Lateral Recess

Clinical Correlation: Lumbar Radiculopathy
“My doc says I have 2 herniated discs in my back” 

Far Lateral Disc

radiopaedia.org
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Magnetic Resonance Imaging in Follow-up 
Assessment of Sciatica (at one year)

The following are NOT associated with outcome
• Disc Herniation.
• Nerve-Root Compression 
• Protrusion vs Extrusion 
• +/- epidural enhancement.

el Barzouhi et al,  2014 NEJM

Unfavorable 
Outcome (%)

Favorable 
Outcome (%)

p Value

Disc Herniation Present 33 35 0.70

Nerve root 
Compression Present

26 24 0.87

Spinal Stenosis: • Central  - Spinal Canal
• Foraminal  - Nerve Root Exit

Lateral Recess Stenosis

Arelhi Catalina González Cisneros Researchgate.net JNS doi.org/10.3171/2008.7.17634

a) Disc Bulge
b) Facet hypertrophy (arthrosis)
c) Fluid with the facet joint
d) Ligamentum flavum hypertrophy

a a

b

c d

Lumber MRI:  “A combination of disc bulge, facet hypertrophy, and ligamentum 
flavum hypertrophy lead to lateral recess stenosis.”
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Central Spinal Stenosis

Stenosis due to:
• Facet Hypertrophy
• Ligamentum flavum 

hypertrophy
• Disc bulge, protrusion, 

extrusion
• Disc/osteophyte formation
• Facet Cyst

- Report may not be clear AND
- Easy to miss clinically

Mild Moderate Severe

9mm 7mm 3mm

Lumbar MRI: “A combination of disc bulge, facet hypertrophy and ligamentum flavum 
hypertrophy lead to severe spinal stenosis.  AP diameter of the canal is 3mm.”

Neurogenic Claudication
Questions to ask:
• Can you walk? How far? What happens? If you sit and rest, does it get better?

• If you lay down at night, does your pain get better? If you get up and walk to 
the bathroom, by the time you get back to bed, is your pain better, or worse? 

local-physio.co.uk/articles/lower-back-pain/spinal-stenosis/

Vertebral Body Endplate Changes

Schmorl’s Node

Inflammation

Fat Infiltration

Endplate Sclerosis

Modic
Changes
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Cervical Spine

8/5/2022 IAIME 2022 Annual Meeting - iaime.org

Cervical Anatomy

Cervical Spondylosis  ≠  Pain 

Mild Moderate Severe
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Lordosis vs. Kyphosis ≠ Pain

Lordosis Straightening Kyphosis

Imaging:  “Kyphosis is present at C5-6”

Toyama Method: Bottom of C2- top of C7

Natural History of Cervical Spondylosis

Age < 40, Predominant Changes
• Decreased signal
• Disc protrusion
• Anterior Dural Compression

Okada 2009, Nakashima 2015 

Age >40, Predominant Changes
• Disc Space Narrowing
• Foramenal Stenosis
• Spinal Canal Narrowing
• Increased Signal Intensity in Cord

Incidental Imaging Findings in Asymptomatic Individuals

Clinical Correlation - Cervical Radiculopathy 
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Cervical Disc Protrusion
2014                 2019           2014             2019 

Cervical Disc Extrusion with a C6 radiculopathy
(did not have surgery)

Natural History of Cervical Spondylosis
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C2-3 C3-4 C4-5 C5-6 C6-7 C7-T1

Progression over 10 years by Cervical Level

Disc narrowing Dural compression Disc protrusion decreased signal foramenal stenosis

Okada Spine 2009:34:706-12

What is Uncovertebral Hypertrophy ?

Kushchayev 2018
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Disc-Osteophyte Complex

8/5/2022

Axial MRI Sagittal MRI

Foraminal stenosis is associated with radicular pain

Cervical Stenosis

Kang

Grade:
0: Normal
1: Indents thecal sac, not cord
2: Contacts, deforms the cord
3: Cord signal 

Cervical Stenosis

Grade 0

Grade 1

Grade 2

Grade 3

Grade:
0: Normal
1: Indents thecal sac, not the cord
2: Indents the cord
3: Cord signal, compromise
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Degenerative 
Spondylotic
Myelopathy

Degenerative Cervical Myelopathy

8/5/2022

Case Example:
Lumbar Disc Protrusion

L5-S1 central disc herniation in 
a 24-year-old female rower with 
right > left L5 radicular pain.

MRI: Central disc protrusion 
eccentric to the right that 
approximates the exiting nerve 
root with bilateral moderate 
foraminal stenosis

8/5/2022 IAIME 2022 Annual Meeting - iaime.org
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Example: Cervical Spine Disc/Osteophyte
Cervical Spine MRI: which tells you more about the patient?

a. C5-6:  Disc/osteophyes complex leads to moderate spinal stenosis. There 
is no signal within the spinal cord. Uncovertebral hypertrophy leads to 
bilateral, left greater than left stenosis.

b. C5-6:  Disc/osteophyte complex contacts the thecal sac and displaces it 
posteriorly. There is no signal within the spinal cord. AP diameter of the 
spinal canal is 9 mm. Uncovertebral hypertrophy leads to mild right and 
moderate left foraminal stenosis.

Cervical Spine Central Disc Protrusion

casereports.bmj.com/content/2009/bcr.07.2008.0573

Which is more descriptive?

a. Central disc protrusion contacts the thecal sac, 
contacts the cord, displacing it posteriorly leading 
to mild-moderate stenosis. There is increased 
signal at the disc periphery consistent with annular 
fissure. CSF is posterior to the cord. There is no 
increased signal within the spinal cord.

b. Central disc herniation with an annular tear 
leads to mild-moderate spinal canal stenosis. 
There is no signal within the spinal cord. 

Cervical Spine 
Disc/Oteophyte

Disc/osteophyte complex 
eccentric to the right contacts 
the thecal sac, does not contact 
the spinal cord.

Mild facet arthropathy and 
uncovertebral hypertrophy lead 
to moderate right 
neuroforaminal stenosis.

8/5/2022 IAIME 2022 Annual Meeting - iaime.org
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Neck Pain

Definition of Neck Pain: Guzman et al

Melhorn, Guides to Disease and Injury Causation

Strong Evidence for an association with current neck pain:
• Previous Neck/shoulder pain (strong)
• Age (some evidence)
• Female Gender (strong)

Insufficient Evidence for an association 
• Heavy Work
• Neck Posture
• Prolonged Work in a sedentary position
• Repetitive and Precision Work

Imaging findings do not predict neck pain.

What Does the Science Say?
Low Back Pain (LBP):

Strong Evidence: 
• Previous LBP is a risk factor for future LBP 

Strong Evidence: NOT associated with LBP
• Age
• Prolonged Sitting 
• Standing/Walking< 2 hrs/day 
• Exercise and Leisure Activities

Insufficient Evidence for 
• Heavy Work
• Awkward Positions
• Flexion
• Twisting

Imaging is not predictive of low back pain

References
• Deep Tendon Reflexes, Stanford Medicine: https://video.search.yahoo.com/search/video?ei=UTF-

8&p=adductor+reflex&vs=youtube.com#id=6&vid=611894e43b085ebd7581bcc3c0e924e6&action=click
• Battie MC, et al. Lumbar Disc Degeneration: Epidemiology and Genetic Influences: Spine: 2004:29:2679-2690.
• Battie MC, et al. The Twin Spine Study; Contributions to a Changing View of Disc Degeneration. The Spine J, 9:(2009):47-59
• Battié M, et al. Lumbar Spinal stenosis is a highly genetic condition partly mediated by disc degeneration.Arthritis Rheumatol. 

2014;66(12): 3505–3510. doi:10.1002/art.38823
• Benzel E: ASD Perspective: Oschner J. 2014:78-83
• Brinjikji, Jarvik: Systematic Literature Review of Imaging Features of Spinal Degeneration in Asymptomatic Populations. AJNR 2015 April 

; 36(4): 811–816.
• Carragee EJ, Does Discography Cause Accelerated Progression of Degeneration Changes in the Lumbar Disc? A Ten-Year Matched 

Cohort Study.  SPINE 2009:34:2338–2345 
• Carragee E, et al.  Does minor trauma cause serious low back illness? Spine(2006):31:2942-2949
• Carroll LJ et al. Course and Prognostic Factors for Neck pain in Whiplash-Associated Disorders (WAD). Spine(2008):33:45:581-592
• el Barzouhi et al, Magnetic Resonance Imaging in Followup Assessment of Sciatica, NEJM, 2013;368:11:999-1007
• Fardon DF et al, Lumbar disc nomenclature: v 2.0: Recommendations of the combined task forces of the NASS, ASSR and ASNR. The 

Spine J, 2014:14:2525-2545 http://dx.doi.org/10.1016/j.spinee.2014.04.022
• Guzman et al,  A New Model of Neck Pain, Task Force Proposal. SPINE 2008:33: S14–S23
• Hashem LE, et al.  Exploration of the Inter-relationships between Obesity, Physical Inactivity, Inflammation and LBP.  Spine 

2018:43:1218-1224
• Holm LW et al.  The Burden and Determinants of Neck Pain in Whiplash-Associated Disorders (WAD) after Traffic Collisions.  Spine 

2008:33:45:552-59
• Kang, New MRI Grading System for the Cervical Canal Stenosis. AJR:197, July 2011. www.ajronline.org/doi/pdf/10.2214/AJR.10.5560
• Kalichman L, et al. Computed tomography–evaluated features of spinal degeneration: prevalence, intercorrelation, and association with 

self-reported low back pain. The Spine Journal 2010:10:200–208

46

47

48



8/5/2022

17

References
• KushcKovalova I, Kerkovsky M, Kadanka Z, Kadanka Z Jr, Nemec M, Jurova B, Dusek L, Jarkovsky J, Bednarik J. Prevalence 

and Imaging Characteristics of Nonmyelopathic and Myelopathic Spondylotic Cervical Cord Compression. Spine (Phila Pa 
1976). 2016 Dec 15;41(24):1908-1916. doi: 10.1097/BRS.0000000000001842. PMID: 27509189.

• Khayev, S.V., Glushko, T., Jarraya, M. et al. ABCs of the degenerative spine. Insights Imaging 9, 253–274 (2018). 
https://doi.org/10.1007/s13244-017-0584-z

• Matsumoto M et al. Prospective Ten-Year Follow-up Study Comparing Patients With Whiplash-Associated Disorders and 
Asymptomatic Subjects Using Magnetic Resonance Imaging. SPINE 2010:35:1684–1690

• Matsumoto M et al. Age-related Changes of thoracic and Cervical Intervertebral Discs in Asymptomatic Subjects. Spine 
2010;35:1359–1364

• Matsumoto M et al. MRI of cervical intervertebral discs in asymptomatic subjects. JBJS (J Bone Jt Surgery) 1998:80-B:19-24 
• Matsumoto M, et al. Tandem age-related lumbar and cervical intervertebral disc changes in asymptomatic subjects, Eur Spine J 

(2013) 22:708–713. DOI 10.1007/s00586-012-2500-z
• Melhorn, JM:  AMA guides to the Evaluation of Disease and Injury Causation, 2nd Edition, AMA Press, 2013
• Nakashima H, et al. Abnormal Findings on Magnetic Resonance Images of the Cervical Spines in 1211 Asymptomatic 

Subjects. SPINE 2015:40(6):92-398
• Okada E, et al. Aging of the Cervical Spine in Healthy Volunteers A 10-Year Longitudinal Magnetic Resonance Imaging Study. 

SPINE 2009;34:706–712  
• Parida S, Dey S. Magnetic Resonance Imaging in Low Back Pain: A Review of Current Recommendations and Its Usefulness 

in Low Back Pain Evaluation. J Recent Adv Pain 2017;3(3):131-135.
• Pfirrmann CWA:  Magnetic Resonance Classification of Lumbar Intervertebral Disc Degeneration.  Spine 2001:26:1873-1878.

49


