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Message 

•  In the setting of low back pain, “value” 
can be added by imaging the 
pathophysiology of pain, not by 
demonstrating age-related 
“degeneration”  



Outline 

•  Challenges of imaging low back pain 
•  Sources of Low Back Pain 
•  Lumbar Disc Nomenclature 
•  Imaging pathophysiology of low back pain  
•  Special Considerations: 

– Retrodural Space of Okada 
– Segmental Instability 



Low Back Pain Paradox 

•  Second most common reason for 
physician office visits in US 

•  Health care costs > $100 billion annually 
•  Ever-increasing use of imaging 
•  Increasing surgical & other interventions 

•  Back pain remains the single greatest 
cause of work disability in the US 



Role of Imaging 
•  Primarily role of imaging is 

detection of underlying systemic 
disease 

•  Systemic disease is uncommon 
•  Presentation with back/leg pain: 

–  0.7% metastatic cancer 
–  0.01% spine infection 
–  4.0% osteoporotic compression fx 
–  0.3% ankylosing spondylitis 
 
Jarvik. Ann Intern Med 2002 
 

Why do we image the back pain 
patient? 

•  The primary role of imaging is the 
detection of underlying systemic 
disease: tumor, infection, 
spondyloarthropathy, fracture  

•  How common is systemic disease? 
•  Presentation with back / leg pain: 

– 0.7% metastatic cancer 
– 0.01% spine infection 
– 4.0% osteoporotic compression 

fracture 
– 0.3% ankylosing spondylitis 

Jarvik, Ann Intern Med 2002 



When to Image: ACR 
•  Low back pain + 

–  ?underlying systemic disorder or 
infection 

– Cauda equina sx 
– Persistent pain > 6 weeks, failed 

conservative Rx 
– Prominent radicular component 
– Progressive neurologic deficits 
– Risk factors for compression fx 
– Candidate for intervention 

Imaging Recommendations: 
American College of Radiology 
Davis, J Am Coll Radiol 2009 
No imaging in acute low back pain  except when 
red flag features: 

–  Recent significant trauma 
–  Minor trauma, age >50 
–  Weight loss 
–  Fever 
–  Immunosuppression 
–  History of neoplasm 
–  Steroid use, osteoporosis 
–  Age >70 
–  IV drug abuse 
–  Focal progressive neuro deficit, intractable 

symptoms 



Challenges of Imaging 
•  Low prevalence of systemic disease implies 

most findings seen will be “degenerative” 
•  Specificity Challenge: 

–  “Degenerative” findings in asymptomatic subjects 
•  Sensitivity Challenge: 

– Dynamic lesions 
•  Usefulness/Validity Challenge: 

– Can imaging predict clinical presentation or 
course? 

– Can imaging predict response to therapy? 



Specificity Challenge Cross-sectional magnetic resonance imaging 
study of lumbar disc degeneration in 200 

healthy individuals  
Kanayama J Neurosurg Spine 2009 

Segment Disc 
Herniation 

Nuclear 
T2 Signal 
Loss 

Modic 
Change 

HIZ 

L1 0.5% 7% 1% 0% 

L2 3.5% 12% 3% 4% 

L3 16.5% 15.5% 4% 5% 

L4 25.0% 49.5% 11% 23.5% 

L5 35.0% 53% 10% 24% 



Spine Imaging: Sensitivity Spine Imaging: Sensitivity 

Recumbent! Standing!!
ConeHbeam!CT!

Courtesy: Tim Maus 



Challenges of Imaging 

•  Imaging does not visualize pain 

•  Morphologic evaluation of spine not useful 
•  Age-related “degeneration” ≠ Pain 
•  Inflammation = Pain 
•  Need to image physiology of pain 

–  Identify source of pain 
– Assist in selection of therapies 



Sources of Low Back Pain CLBP3'Sources'



Clinical Pain Syndromes 

•  Axial low back pain 
•  Axial low back pain + Radicular pain 
•  Radicular pain 



Axial Low Back Pain 
•  Anterior column as source 

–  Younger patients 
–  IDD (discogenic pain, most common cause) 

•  Fissures 
•  End-plate inflammation 

–  Discography, MR 

•  Posterior column as source 
–  Older patients 
–  Facet joints 
–  Relief of index pain from anesthetically controlled blocks of 

joint innervation 
–  MRI with physiologic imaging 



Lumbar Discovertebral Complex 

The Lumbar Discovertebral 
Complex  

Homeostasis: Chondrocytes control synthesis  and 
degradation of the nuclear matrix: 
Proteoglycans, collagen, H20 
 

Hostile biochemical environment 
No direct blood supply  
Low O2 tension 
Anabolic metabolism pH (6.9-7.1) 
 

A variety of insults may upset this homeostatic 
balance   
Metabolic disease (DM, Ochronosis) 
Genetic factors 
Traumatic endplate injury 
Nutritional ( smoking, vascular disease)  
Infectious 



IDD: Endplate Fatigue Fracture  

© N Bogduk 2012 

Cyclic#

stress##

applied#

?me#

Courtesy: Tim Maus 



Internal Disc Disruption 

radial#fissure#
© N Bogduk 2012 

INTERNAL#DISC#DISRUPTION#

 
•  Distinct entity 
•  Not age related change 
•  Correlates with axial 

low back pain 
•  Presence of fissure 

differentiates an 
affected disc from a 
normal or 
“degenerated” disc 

circumferen?al#fissure#
© N Bogduk 2012 

INTERNAL#DISC#DISRUPTION#



Radial Fissure 



IDD: The Evidence 

Pain#

Reproduc?on#

#

III#

Annular#

II#

Disrup?on#

I#

Grade#

0#

Exact# 36# 13# 5# 3#

Similar# 39# 41# 25# 13#

Dissimilar# 15# 20# 5# 7#

None# 10# 26# 65# 77#

Vanharanta#,#et#al#The#rela?onship#of#pain#provoca?on#to#lumbar#disc#deteriora?on#

as#seen#by#CT/discography.#Spine#1987;#12#(3):#295.8.##

Internal Disc Disruption: The 
Evidence 

≠#degenera?on#
≠#age.changes#



Diagnosis of IDD:  
Provocation Discography 

•  Contrast injected into 
nucleus pulposus via 
percutaneously placed 
needle 

•  Two main elements 
–  Assessment of patient�s 

response to pain when fluid is 
injected into disc 

–  Disc morphology assessed 
with radiography and CT 



Discography Indications 

•  Not the initial study to evaluate for possible 
disc herniation or low back pain 

•  COMPLEMENTARY STUDY FOR 
TREATMENT PLANNING 
–  Identify IDD as source of chronic LBP 

•  Controversial: Can discography cause 
accelerated disc degeneration? 



Internal Disc Disruption 
Disc Stimulation  

Adult#athlete,#4#months##axial#back#pain#
Note#all#Grade#IV#discs,#despite#modest##
MRI#findings#

L3#

L4#

L5#



MR Signs of IDD 

•  Inflammatory end plate changes (Modic) 
– Physiologic response to altered load bearing 

as nuclear matrix degrades 
– Elevated TNFα in cartilaginous end plates 

•  High intensity zones (HIZ) 
–  Inflammatory lesion 
– Predicts a painful disc with high specificity, 

PPV, +LR 



High Intensity Zone (HIZ) 



65y LBP, End plate edema 



Radicular Pain 

•  Young patients, think disc herniation 
•  Older patients, fixed, stenotic lesions more 

common 
•  Fissure weakens posterior annulus 
•  Allows herniation of nuclear material into 

outer annulus as contained protrusion or 
breach the annulus and pass into epidural 
space as an extrusion 



Lumbar Disc Nomenclature 

•  “Nomenclature & Classification of Lumbar 
Disc Pathology,” – collaboration of task 
forces of NASS, ASNR, ASSR  

•  Version 2.0: The Spine Journal 14 (2014): 
2525-2545 

•  Goal: universal standardization of 
language 

•  Definitions based on anatomy & pathology, 
primarily as visualized on imaging studies 



Disc Herniation Nomenclature 



Disc Herniation Nomenclature Disc Herniation Nomenclature 
Protrusion, extrusion, sequestration in sagittal 

plane  



Lumbar Disc Nomenclature: Zones 

 
 
 
Grading Spinal Canal and Foraminal Stenosis: 
 
Genevay et al. have reported that researchers used different combinations of 
symptoms, clinical signs and radiological criteria for trials in patients with lumbar spinal 
stenosis. Imprecise definitions limit the interpretability and clinical relevance of trials. In 
a recent literature review, Steurer et al., compiled a list of quantitative radiological 
criteria for lumbar spinal canal stenosis; they found that the most commonly used 
criteria for central canal stenosis are anteroposterior diameter and cross-sectional area 
of the spinal canal with varying cutoff levels; height and depth of the lateral recess for 
lateral recess stenosis and foraminal diameter for foraminal stenosis. Recently Mamisch 
et al. conducted a Delphi survey involving an expert panel of 21 radiologists, for 
assessing the usefulness of 10 quantitative radiologic criteria (compiled from the prior 
study) and 7 qualitative radiologic criteria for the diagnosis of spinal canal stenosis; 
based on the survey, they suggested that there are no broadly accepted quantitative 
criteria and only partially accepted qualitative criteria (which include disc protrusion, lack 
of perineural intraforaminal fat, presence of hypertrophic facet joint degeneration, 
absence of fluid around the cauda equina and hypertrophy of the ligamentum flavum) 
for diagnosis of lumbar spinal stenosis. 
 
The revised combined task force recommendations mention a simple scheme of 
obtaining 2 dimensional measurements taken from an axial section at the site of most 

539



Acute Foraminal Disc Extrusion 
Foraminal Disc Extrusion 

⥼  Foramen: evaluate on 
sagittal  CT or MRI 

⥼  Neural Foramen: 
Teardrop shaped 

⥼  Stenosis causes: 
⥼  Disc extrusion 
⥼  Osteophytes 
⥼  Synovial cyst 
⥼  Spondylolisthesis 

(spondylolysis) 
L4 foraminal extrusion (arrow) 

displacing the L4 ventral ramus 
superiorly & posteriorly   

L3#



Lumbar Radicular Pain 

PAIN(

lancina&ng,((

shoo&ng,(or((

“electric”(

(

traveling(down(the(limb;(

in(a(narrow(band.(

 

  

Compression of neural tissue 



Lumbar Radicular Pain 

•  Why might epidural corticosteroids be 
therapeutic in a condition whose primary 
anatomic basis is neural compression? 

•  Neural compression & an inflammatory 
reaction 



Pathogenesis of Radicular Pain 
  
Evidence of an inflammatory component:  

1.  Surgical relief of neural compression is not 
uniformly clinically successful 

2.  Severity of symptoms has no relationship with 
herniation size or shape 

3.  Conservative therapy including ESI is often 
effective 

4.  Introduction of nucleus pulposis into the epidural 
space, without nerve compression, induces 
nerve dysfunction & degeneration  

Mulleman D, et al. Pathophysiology of disk-related sciatica. I.--Evidence 
supporting a chemical component. Joint Bone Spine 2006; 73 (2): 151-8.  



How to detect inflammation on MRI? 

•  Fat-saturated T2 / STIR 
•  Gadolinium enhanced 

– Demonstrates extent of granulation tissue & 
associated chemical radiculitis 

•  If no evidence of a neural compressive 
lesion on standard imaging consider an 
enhanced examination 



Sequestration, inflammatory 
enhancement 

Sequestration, inflammatory 
enhancement  

Tissue fills right L4 foramen 
Vast majority of the tissue enhances 
(inflammatory reaction) about a small disc 
fragment 



Chemical Radiculitis 

Disc Herniation: 
Contrast enhancement 

suggests chemical radiculitis 

Left hip pain 
Enhancing annular fissure 
Inflammatory enhancement, exiting L3 root 
Chemical Radiculitis 

L3!



75M Left L5 Radicular Pain 



Disc Extrusion: Resolution 
Disc Extrusion: Resolution 

11'14'08# 12'2'09#

Resolution of left L2 
extrusion  over 1 year 
Symptoms resolved as well 



•  Inflammatory response in fixed 
lesions (spinal stenosis) is 
precipitated by venous 
hypertension 

•  Pain syndrome typically consists 
of gluteal & LE pain worse with 
walking, relieved with rest, 
usually with back pain +/-
weakness 

Radicular Pain: Fixed lesions 



 
Spinal Stenosis 



Image Guided Rx: Epidural Steroids 

•  Evidence Based Indications: 
–  Radicular pain in patients whom: 

•  Have failed conservative therapy 
•  Pain is likely to have an inflammatory component 
•  Lack contraindications to the procedure 

•  Lumbar TFESI 
–  high quality evidence of efficacy in treatment of 

radicular pain 
–  greater clinical effectiveness in acute pain patients (< 

3 months) 
•  Attenuates local inflammatory response, patient 

remains functional 



Importance of Pre-Procedure Imaging F,#68#Anterior#thigh#pain#

68F anterior thigh pain 



68F anterior thigh pain 
F,#68#Anterior#thigh#pain#

Lateral#/far#lateral#disc#extrusion#contacts#L4#root#
Subpedicular##approach#risks#nerve#contact#
Infraneural#appoach#has#open#lateral#recess,#
access#to#ventral#epidural#space#



Posterior Element Pain Generators 

•  Facet synovitis 
– Axial low back pain, can be radicular if mass 

effect, referred pain syndromes 
– Synovial cysts 

•  Acute or subacute pars defects 
•  Interspinous bursitis 

•  Inflammation is common element  



Facetogenic Pain 
•  Nonspecific exam  
•  Mechanical pain exacerbated 

with bending, rotation, or 
extension  

•  Structural changes of facet 
arthrosis do not correlate with 
pain: age-related change  

•  Imaging can provide 
physiologic information 
regarding inflammation 

clearly defined5-6 or were arbitrarily designated as those greater
than the adjacent vertebral body,4 which could be problematic
because vertebral body activity at the levels of degenerative spinal
disease is highly variable in our experience. In addition, prior
studies have included patients and proceduralists who were not
clearly blinded,4-6 had widely overlapping statistical error mea-
surements between treatment and control groups,4 and/or used

facet joint injections/single medial branch blocks.4-6 A prior case
series analysis describes a positive response to treatment of facet
joints selected with 99mTc SPECT/CT where the patients and pro-

ceduralists were not clearly blinded, there was no control group,

and comparative medial branch blocks were not used.9 Although

facet joint injections remain a treatment
option in routine clinical practice, these
have a 32% placebo rate.10 Comparative
medial branch blocks are now considered
the reference standard for diagnosis of pain-
ful facet joints and should be used for rigor-
ous prospective study that will be fully ac-
cepted by the pain medicine community.11

There are many possible explanations
for the results of our study, though these
are speculative given the retrospective
study design. 99mTc MDP facet joint ac-
tivity may not be necessary for or provide
sufficient evidence of a painful facet joint.
That is, facet joint activity is dependent on
vascularity and chemisorption into bone
mineral, particularly during osteoneo-
genesis,12 and therefore has multiple po-
tential causes such as active growth of an
osteophyte13 or inflammation.4,14 These
may not be equally associated with pain.
In addition, the pathomechanism of facet
joint pain is not fully understood and is
likely multifactorial.15 It is possible that
bone scan activity is present with some,
but not all, causes or predisposing factors
of facet joint pain. Clinicians may have
also, knowingly or unknowingly, consid-
ered the reported prevalence of facet joint
pain at specific spinal levels in decision
making, which would be consistent with
the finding that many facet joints without
activity that were treated were at the L4 –5
level.16 Because clinical localization of
facet joint pain is challenging, it is possi-
ble that some cases had false assignment
of discordant facet joint activity and clin-
ical findings. However, the cases of com-
plete side discrepancy indicate that false
clinical localization is unlikely in all dis-
cordant cases; note that a prior study
found no instances of contralateral facet
joint pain referral.17 Finally, it is possible
that patients who underwent 99mTc MDP
SPECT/CT were a subgroup with confus-

ing or challenging clinical findings and were not fully representa-
tive of all patients with facetogenic back pain.

Because our institution did not collect outcome data in a consis-
tent standardized format for all patients during the period of this
retrospective study, lack of outcome assessment was a limitation.
However, outcome data derived from patients treated primarily with
steroid injections would have had limited usefulness because reliable
determination of facet joint pain depends on consistent use of diag-
nostic comparative medial branch blocks.11 Strict use of comparative
medial branch blocks would likely require a prospective study design,
ideally randomized and double blinded. Even with this limitation,
the results of this study do enhance clinical equipoise for such a future

FIG 3. Left-right discordance with treatment of side with no reported activity in addition to a
side with activity in a 90-year-old woman with bilateral low back pain. 99mTc MDP SPECT/CT
demonstrates activity at the right, but not left, L3/L4 facet joint (A), and no reported increased
activity at the bilateral L4/L5 facet joints (B) or other lumbar facet joints. Because of severe
bilateral low back pain attributed to facet arthropathy, she underwent bilateral L3/L4 and L4/L5
facet joint injections.

FIG 4. Left-right discordance with absent treatment on a side with activity as well as level
discordance in a 60-year-old woman with back pain and clinical findings supporting a left upper
facet joint pain generator. Mildly increased activity in the left L1–L2 facet joint (A) and marked
increased activity in the right L4 –L5 facet joint (B). Only the left L1–L2 facet joint underwent
facet joint steroid injection.

Table 2: Reasons for discrepancy between facet joint activity and treatment

Reason

Patient Group

Lumbar
(n = 41)

Cervical
(n = 11)

Overall
(n = 52)

Not documented (%) 18 (44) 3 (27) 21 (40)
Active facet joint not concordant with clinical findings (%) 13 (32) 5 (45) 18 (35)
Consideration of response (or lack of) to prior targeted
treatment (%)

6 (15) 3 (27) 9 (17)

Relatively low reported activity (%) 2 (5) 0 (0) 2 (4)
Too many active facet joints to inject (%) 0 (0) 0 (0) 0 (0)
Information from other imaging (%) 2 (5) 0 (0) 2 (4)

AJNR Am J Neuroradiol 35:609 –14 Mar 2014 www.ajnr.org 613

60F right lower facet 
pain syndrome, 
SPECT/CT 



Facet Joint: Physiologic Imaging 
Facet Joint: Physiologic 

Imaging 
T1! T2!FS! T1,!Gad!FS!

•  T2 Hyperintensity, enhancement 
•  Perifacet soft tissue, joint, bone 
•  Conceptually suggestive, but no 

current evidence 



Facet Joint Innervation 

Dorsal Ramis!

•  Cutaneous distribution !

•  Paraspinal muscles!
–  Lateral division!
iliocostalis!

–  Intermediate division!
longissimus!

– Medial division!
multifidus!

•  Facet joints and Spinous 
ligaments – medial division!

Courtesy: F.H. Willard 



Blocking Facet Joint Innervation 

Courtesy: F.H. Willard 



Synovial Cyst 

M,#61##Lei#L5#radicular#pain#

L435#synovial#cyst,#T2#hyperintense,#impinges#on#
traversing#L5#nerve#
Lei#L5#TFESI#iniFally,#including#20mg#lidocaine#
This#will#reduce#discomfort#from#rupture#



Synovial Cyst Rupture 
M,#61##Lei#L5#radicular#pain#

22#ga#needle#placed#in#the#facet;#rupture#with#dilute#
contrast#and#lidocaine##
Rupture#is#heralded#by#loss#of#resistance#and#
dispersal#of#contrast#into#the#epidural##space#



Posterior Element Pain: 
Interspinous Bursitis 



Attempted ESI: Bilateral Facet Arthrograms 
Courtesy: William Palmer, MD 



Retrodural Space of Okada 

AJR:196, June 2011 W785

Imaging of Retrodural Space of Okada

nous musculature. Figure 5 depicts this extra-
capsular extension during a therapeutic facet 
joint injection performed for mechanical back 
pain. It can be postulated that the inflamma-
tory process from within the joint may spread 
through the retrodural space transversely to 
involve the contralateral facet joint.

The superior articular recess is entirely 
intracapsular; however, there have been re-
ports of a communication with the neural fo-
ramen and an opening along the lateral as-
pect of the superior articular recess [12]. 
Figure 6 exemplifies this reported finding. A 
facet joint injection was performed in hopes 
of addressing an intraspinal synovial cyst 
arising from the targeted facet. During the 
injection, contrast agent was seen to opacify 
not only the retrodural and retroligamentous 
space but also the adjacent ipsilateral epidur-
al space within the neural foramen.

Additional communications with the retro-
dural space have been described in patients with 
advanced degenerative changes or adventitial 
bursa formation between the spinous processes 
(i.e., Baastrup disease) and the adjacent facet 
joints [13]. These findings also lend support to 
an extensive potential retrodural space seen 
with inflammatory or infectious processes. As 
seen in Figure 6, the injected contrast agent also 
communicates with the adventitial bursa be-
tween the spinous processes. The MRI scans in 
Figure 7 reveal contiguous T2 signal hyperin-
tensity within the same level facet joints, the ret-
rodural space, and the adventitial bursa between 
the spinous processes in a patient with a pre-
sumed inflammatory right L5 radiculopathy. In 

another case, an interlaminar epidural injection 
performed in a patient with pseudoclaudication 
inadvertently accessed the retrodural and retro-
ligamentous space because of a premature loss 
of resistance (Fig. 8). Contrast agent opacifica-
tion revealed the extradural position while 
communicating with the adjacent facet joint. 
Yet another case (Fig. 9) depicts a communica-
tion between the facet joint and the adventitial 
bursa between the spinous processes during a 
therapeutic facet joint injection.

Awareness of these potential retrodural 
communications during diagnostic imaging 
interpretation and interventional spine injec-
tion procedures can play an important role in 
patient care and management. These commu-
nications may be conduits for infectious or in-
flammatory processes, as discussed previously 
in the article, but may also depict intended or 
unintended avenues of contrast agent spread in 
cases where a steroid injectate will be used for 
diagnostic or therapeutic purposes.
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Retrodural Space of Okada 

W788 AJR:196, June 2011

A

D

Fig. 6—38-year-old woman with right L5 
radiculopathy related to right L4–L5 facet joint 
intraspinal synovial cyst. 
A, Image shows 25-gauge needle placed in right L4–
L5 facet joint, with contrast agent filling facet joint 
and retrodural space to midline (arrows). 
B and C, CT images confirm contrast agent 
opacification of right L4–L5 facet joint (arrow, B) 
and retrodural space (black arrow, C). Faint contrast 
opacification of ipsilateral epidural space (white 
arrow, C), presumably resulting from reported 
communication of neural foramen with lateral aspect 
of superior articular recess, is seen. 
D and E, Contrast agent eventually fills adventitial 
bursa (arrow, D and E) between spinous processes.

B

A

Fig. 7—60-year-old man with right L5 radiculopathy. 
A, Image shows increased T2 signal (arrows) representing inflammatory change or fluid involving both L4–L5 facet joints and retrodural space. 
B and C, Additional abnormal T2 signal is seen extending into interspinous region (arrow, B and C), representing communication to interspinous adventitial bursa.
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Segmental Instability 

•  Degenerative, isthmic etiology 
•  Abnormal motion segment 

–   posterior column (facet DJD, 
pars defect) 

–   anterior column (disk 
degeneration) 

–   translation, rotation, angular 
curvature 

•  Unremitting sx, surgical fusion 



Segmental Instability 



Segmental Instability 



Take Home Points 

•  Pathophysiology of spine imaging rooted 
in biochemistry of inflammation 

•  Inflammation is basis of low back pain 
clinical pain syndromes 

•  IDD is mechanism for discogenic pain 
•  Facet pain syndromes – older patients 
•  Physiologic imaging can be valuable in 

establishing diagnosis & in directing 
treatment 



Thank You 

•  Questions??? 
•  Contact: Vinil.shah@ucsf.edu 


