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Discogenic Pain: Definition

 Axial pain arising from the intervertebral disc 
including the disc annulus and endplates

 Generally associated with disc degeneration, 
disc derangement, segmental instability and/or 
inflammation

 High incidence of disc degeneration in older 
patients (90% by the mid 60s)

 High incidence of disc degeneration in 
asymptomatic volunteers

 Need for a test or marker to identify painful discs



Discogenic back pain: Clinical 
Exam

 Central back pain 

 Mechanical back pain

 May radiate to the buttocks or posterior 
thighs

 Increased with prolonged sitting, bending 
over and activity

 May be exacerbated with coughing or 
sneezing



Anesthetic and Provocative testing 
in the diagnosis of Discogenic Pain

 Weak evidence to support its use in the lumbar 
spine to select patients for fusion surgery

 High false positive rate in select patients 
(patients with psychosocial issues and post-op 
patients) 

 Variable technique and interpretation

 May predispose to accelerated disc 
degeneration and disc herniations (Caragee)

 Risk of discitis (1 in 1000)



Biomarkers of Discogenic Pain

 High Signal Intensity Zones

 Modic type 1 signal changes

 Central disc herniation

 Metabolic Activity

 pH

 Glycosaminoglycan (GAG) content



Discogenic Pain:  HIZ

 Signal intensity on sagittal T2 imaging is higher 
than CSF (or nucleus pulposis)



Discogenic Pain:  HIZ

 Annular fissure

 Disruption of the annulus fibrosis which 
allows leakage of the nucleus pulposis

 Leaked nuclear materials incite an 
inflammatory reaction and neovascular 
ingrowth.

 Several studies have shown vascularized 
granulation tissue within the annular 
fissure.



Discogenic Pain:  HIZ
 There is a significant correlation between the 

presence of an HIZ on MRI and abnormal disc 
morphology.

 Several authors have reported a significant 
correlation between an HIZ on MRI and exact or 
similar pain reproduction on provocative 
discography. (Aprill and Bogduk) 

 Specific but not sensitive for a painful disc (87% and 
27% (Ricketson).

 Given that the incidence of HIZ is between 25% and 
50% in patients with low back pain, this specificity 
may be overstated.



Discogenic Pain:  Modic type I 
Signal changes

 Low signal intensity on T1 weighted images and 
High SI on T2 images



Active or acute Schmorl’s Node



Discogenic Pain:  Modic type I 
Signal changes

 Pathology is vascular fibrogenic changes

 Associated with inflammation and axonal 
ingrowth

 Associated with a local increase in 
inflammatory markers

 Moderate or marked Modic 1 signal 
changes have high specificity for positive 
discography in patients with discogenic 
pain patterns



Discogenic Pain:  Modic type I 
Signal changes

 Odds ratio for positive discography varies 
from 1.32 to 13.59 (Weishupt 2001)

 Braithwaite et al. in 1998 reported that the 
sensitivity, specificity, PPV and NPV of 
Modic changes were 23%, 96.8%, 91.3% 
and 46.5% respectively. 

 Modic type 1 signal changes are specific, 
but not sensitive for discogenic low back 
pain.



More specific pain generators

Central Disc Herniation



Endplate avulsion



75 year old with back pain after lifting her suitcase

Acute or subacute fragility fractures are associated with marrow edema
And can be difficult to identify with adjacent disc degeneration

T1 T2 FSE STIR



Persistent micromotion with 
Pseudarthrosis



Infection: Spondylodiscitis

Typically present with disproportionate pain



Inflammatory Spondyloarthopathy



Back to Modic type I Signal changes

With multilevel disc degeneration, is there any way 
to tell which is the primary pain generator?



 Primary pain generator identification by 
CT-SPECT in patients with degenerative 

spinal disease.  Tender et al. 2019

Retrospectively reviewed all patients with 
chronic axial spine pain who underwent 
diagnostic CT-SPECT at their institution 
and analyzed pain improvement in those 
who underwent surgical treatment in order 
to determine whether CT-SPECT correctly 
identified the primary pain generator.



Tender et al.  Patients with single 
Level uptake offered single level 
fusion.



Tender et al.  CT-SPECT scans demonstrating physiologic uptake in the 
vertebral bodies, deemed nonsurgical candidates.  



Tender et al.  Patients with diffuse or multilevel uptake deemed non surgical 
candidates.



 315 patients underwent diagnostic CT-SPECT

 48 patients underwent either cervical or lumbar fusion: 
26 women (16 cervical, 10 lumbar) and 22 men (9 
cervical, 13 lumbar). 

 At 6 months post-operatively the VAS improved from 8.8 
± 1.8 to 3.92 ± 2.2 (p = 0.019) for cervical spine fusion 
patients. 

 At 6 months post-operatively, the VAS improved from 
9.35 ± 0.7 to 4.87 ± 2.3 (p = 0.008) for lumbar spine 
fusion patients.

Primary pain generator identification by 
CT-SPECT in patients with degenerative 

spinal disease.  Tender et al. 2019



Preoperative SPECT imaging as a tool for surgical 
planning in patients with axial neck and back pain.  
Brusko et al. Neurosurg Focus 47 (6):E19, 2019

 Retrospective review of patients who underwent 
CT/SPECT imaging

 23 patients with primary axial neck or back pain 
underwent spine surgery directed at a 
hypermetabolic foci - 5 patients at more than 1 level.

 At 3 months, 18 patients (78.3%) reported clinical 
improvement in pain.

 At 6 months, 11 patients (47.8%) reported complete 
symptom resolution.

 At 12 months, 19 patients (82.6%) reported 
improvement in their symptoms.



High metabolic activity with increased uptake on Bone 
SPECT/CT was associated with the following conditions:  

• Modic type I signal changes - 96.1% , 
• MC type II – 56%, 
• MC type III – 77.8%, and
• Pfirrmann grade 5 disc spaces – 73%

Hybrid Bone SPECT/CT Imaging in Evaluation 
of Chronic Low Back Pain:  Correlation with 

Modic Changes and Degenerative Disc 
Disease.  

Russo VM et al. 
World Neurosurg. 2017 Aug;104:816-823.



PET/CT in the diagnosis of 
Discogenic Pain

 Nguyen et al. in 2018 reported on the use of 18F-
FDG PET/CT in the evaluation of symptomatic 
osteoarthritis in the hip, knee, AC joint and 
glenohumeral joint.

 SUV exhibited moderate utility for the detection of 
symptomatic joint dysfunction.

 SUV could serve as a useful inflammation activity 
index could improve localization of painful foci in the 
joints.

 SUV was an independent predictor of OA 
progression.



Investigational techniques for the evaluation 
of the painful spine

 Decreased pH in the nucleus pulposis:  qCEST  – A 
strong positive correlation was observed between 
the expression of pain markers and an increase in 
the qCEST signal.  

 Decreased pH on MR Spectroscopy

 UTI Disc Sign on MRI.  Pang et al. showed that a 
UDS sign was significantly related to LBP (p=0.009), 
whereas T2W cumulative disc degeneration score 
was not.

 GAG measures a/w disc degeneration but not 
painful discs





Facet mediated back pain

 Clinical correlation

 Lateralizing low back pain with tenderness 
over the facet joint often worse when arising 
from sitting

 May be associated with inflammatory 
changes – Worse in the morning

 Facet joint intra-articular injections

 Facet nerve injections



Facet Inflammation: A relatively specific sign 
for facet mediated pain



16 y.o. with activity related lbp

Subacute incomplete L5 spondylolysis



Subacute Spondylolysis



Sacroiliitis with Inflammatory SA



Facet inflammation is not sensitive for 
facet mediated pain

100% relief of pain



Frequency of Discordance between Facet Joint Activity 
on Technetium Tc99m Methylene Diphosphonate 

SPECT/CT and Selection for Percutaneous Treatment at 
a Large Multispecialty Institution 

Lehman VT, Murphy RC, et al.
AJNR 2014; 35:609-14. 

• 78 pts with a SPECT/CT had a 
subsequent facet joint injection

• Facet joints undergoing targeted 
percutaneous treatment were frequently 
discordant with those demonstrating 
increased technetium Tc99m MDP 
activity identified on SPECT/CT. 

• 34 (46%) of 74 patients had a right-left 
side discrepancy. 



Discrepancy between CT/PET and the 
selection for percutaneous injection

Pain on the left at L1-2.  L1-2 facet joint selected for injection.  Lehman et al.



Low Back Pain:  Prediction of Short Term 
Outcome of Facet Joint Injection with 

Bone Scintigraphy
Pneumaticos SG, Chatziioannou SN et al.

Radiology 2006

 13/15 patients with increased uptake on bone 
scan had >1 standard deviation improvement in 
pain up to 6 months

 Improvements in only 2/16 patients without 
increased uptake

 Improvement in only 5/16 patients who did not 
undergo bone scan



Comparison of facet joint activity on 
99mTc-MDP SPECT/CT with facet joint 

signal change on MRI with fat 
suppression.  

Lehman VT, Murphy RC, et al.
Diagn Interv Radiol 2016; 22:277-283. 

• Facet joint activity on 99mTc MDP SPECT/CT do not 
always correlate with signal change on MRI with fat 
suppression. 
• 99mTc MDP SPECT/CT bone scan and MRI with fat 
suppression should not be viewed as substitute 
examinations for facet joint evaluation in clinical practice 
or research. 



Comparison of [18F] FDG-PET/MRI and Clinical 
Findings for Assessment of Suspected 

Lumbar Facet Joint Pain: A Prospective Study to 
Characterize Candidate Nonanatomic Imaging 

Biomarkers and Potential Impact on Management.

Lehman VT et al.  AJNR 2019

• There was low concordance of perifacet signal 
change and FDG activity with clinically 
implicated facet joints. 

•This could indicate either the potential to change 
patient management or a lack of biomarker 
accuracy. 
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